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Abstract 

 

Khuram Moaz Ahmad Amini  

Chemotherapy Dose Reduction in Palliative Lung Cancer 

Evaluating Chemotherapy Dose Reductions following Neutropenia in Palliative 

Lung Cancer to prevent further Adverse Events  

Keywords: Chemotherapy, Neutropenia, Dose reduction, Relative Dose 

Intensity, Predictive Model, Palliative, Lung Cancer, Haematological Toxicity 

Introduction 

Neutropenia is a life-threatening and dose-limiting toxicity of palliative lung 

cancer chemotherapy. Whilst some neutropenias are inevitable, evidence 

suggests that patients with a previous neutropenic event are 50% more likely to 

have a further neutropenic event. The aim of this research is to evaluate the 

variables associated with the risk of secondary neutropenic events and the role 

of chemotherapy dose reductions.  

Methods 

A retrospective analysis was carried out on 361 biochemical neutropenic events 

in palliative lung cancer patients across 5 sites in South Yorkshire and 

Bassetlaw. Predictors for a secondary neutropenic event were investigated in 

univariate and multivariate logistic regression analysis. The predictive model 

was validated through discrimination statistics, described by Receiver Operating 

Characteristic Area Under Curve (ROC-AUC).  

Results 

The incident rate for secondary neutropenic events was 32.7%. Patients with a 

successful intervention received a higher mean Relative Dose Intensity (RDI) of 

75.65% compared to 65.05%, across the 2 chemotherapy cycles. The 

univariate analysis found that the biochemical type of neutropenia (depth and 

length of suppression) (p=0.003), dose reduction of drug 1 (p=0.042), average 
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dose reduction (p=0.019), and cumulative dose reduction (p=0.018) were 

significant at reducing the risk of secondary neutropenia. Granulocyte-Colony 

Stimulating Factor did not offer a protective effect. The final logistic regression 

model evaluated 357 events and included all variables due to significant 

interrelationship. The model had a ROC-AUC of 0.76 (0.71-0.81) (p= 0.0021), 

explaining 27% of the variance.      

Conclusion 

Appropriate dose reductions play a vital role in preventing secondary 

neutropenic events and delivering optimal RDIs. The results of this study can 

aid in identifying high-risk patients. 

 

      



 

ii | P a g e  
 

Acknowledgements/ Dedications 

 

I would like to thank God for providing me with this wonderful opportunity. I have 

truly learned that undertaking such an extensive task is a challenge for one’s 

patience, perseverance and determination. Only with the support of my family 

and friends was I able to accomplish this achievement. It is true when they say 

that ‘dreams are not those that you have when you sleep, but the ones which 

keep you awake at night!’ 

There are many who have helped over the years and I will be indebted to them 

for the rest of my life. Those who deserve a special praise are my family, my 

friends and supervisors. I would like to dedicate this to my parents who 

supported me throughout this journey. My beautiful wife Simi, without whom I 

would not have been able to complete this. She has always been by my side 

and selflessly looked after our children. My adorable children Eshaan and 

Haariz who provided me with endless love & cuddles and remind me every day 

that they love me a billion!!! A big number to beat! They also remind me of the 

looming deadline by asking “how many more days till you can play with us?”  

A special praise to my supervisors Jon Silcock, Rajendran Gopalan and 

Muhammad Faisal for the invaluable advice and guidance. Without your help, I 

may have fallen a long time ago. Jon has been exceptional in making himself 

available, providing feedback and his motivational words of wisdom.   

A special thanks to Ian Cawthrone who not only helped me throughout the 

journey but also took the time to proofread my thesis. Special appreciation to 

my friend Ifzal, who has spent countless weekends in the library with me, 

motivating and supporting me.   

For those who dare to dream, this is an example that dreams do come true. The 

journey is not for everyone but a journey worth taking. 

 



 

iii | P a g e  
 

Table of Contents  

Abstract ................................................................................................................ i 

Acknowledgements/ Dedications ........................................................................ ii 

Table of Contents ............................................................................................... iii 

Table of Figures .................................................................................................. x 

List of Tables..................................................................................................... xii 

Glossary of terms and Abbreviations ............................................................... xiv 

1. Chapter 1 - Introduction ................................................................................ 1 

 Focus on lung cancer............................................................................. 1 

 Incidence ............................................................................................... 1 

 Lung Cancer Histology........................................................................... 3 

 Epidemiology ......................................................................................... 3 

 Age ........................................................................................................ 4 

 Smoking ................................................................................................. 4 

 Gender ................................................................................................... 5 

 Genetics ................................................................................................. 6 

 Environment ......................................................................................... 12 

 Radon ............................................................................................ 12 

 Asbestos ....................................................................................... 13 

 Air Pollution ................................................................................... 13 

 Obesity .......................................................................................... 13 

 Infections .......................................................................................... 15 

 Mortality and Survival in Lung Cancer .............................................. 18 

 Financial Burden on the NHS ........................................................... 19 

 Clinical Effectiveness of Treatments ................................................. 22 

 Chemotherapy ........................................................................... 22 

 Targeted Therapy ...................................................................... 26 



 

iv | P a g e  
 

 Chemotherapy Burden in Palliative Lung Cancer ............................. 35 

 Risk of Neutropenia ................................................................... 36 

 Types of neutropenia ................................................................. 37 

2. Chapter 2 - Literature Review ..................................................................... 39 

 Systematic Scoping Review ................................................................. 43 

 Rationale .............................................................................................. 44 

 Aim and Objectives of the Review ....................................................... 46 

 Methods ............................................................................................... 46 

 Eligibility Criteria .................................................................................. 48 

 Information Sources ............................................................................. 50 

 Study Selection .................................................................................... 52 

 Data Collection .................................................................................... 54 

 Literature analysis ................................................................................ 55 

 Thematic Analysis ............................................................................ 56 

 Data Review & Coding ............................................................... 56 

 Search & Review Themes .......................................................... 57 

 Define Preliminary Themes ........................................................ 57 

 Define & Refine .......................................................................... 58 

 Quality of the Studies ....................................................................... 60 

 Results.............................................................................................. 63 

 Benefits of Neutropenia .................................................................... 65 

 Discussion ........................................................................................ 66 

 Myelosuppressive Primary Dose Reduction Factors .................. 66 

 Non-myelosuppressive Primary Dose Reduction Factors .......... 69 

 Myelosuppressive Secondary Dose Reduction Factors ............. 72 

 Non-myelosuppressive Secondary Dose Reduction Factors ..... 75 

 Limitations .................................................................................. 76 



 

v | P a g e  
 

 Conclusion ........................................................................................ 77 

 Human Factor ................................................................................... 78 

 Gap in the Knowledge ...................................................................... 82 

3. Chapter 3 - Research Question .................................................................. 84 

 Impact on RDI ...................................................................................... 85 

 Research Aim ...................................................................................... 89 

 Objectives ............................................................................................ 89 

 Outcome .............................................................................................. 90 

4. Chapter 4 - Methodology and Methods ...................................................... 91 

 Methodology ........................................................................................ 91 

 Study Justification ......................................................................... 93 

 Study Variables ............................................................................. 96 

 Theoretical Framework ................................................................ 108 

 Sample size calculation ............................................................... 110 

 General methods ............................................................................... 112 

 Study Setting ............................................................................... 112 

 Routinely collected data - Medical History ................................... 114 

 Clinical Information ...................................................................... 114 

 Data collection methods .............................................................. 115 

 Ethics Approval .................................................................................. 118 

 Study Sponsorship ............................................................................. 121 

 Analytical Methods ............................................................................. 121 

 Relationship between variables (Covariates) .............................. 123 

 Procedure of data analysis .......................................................... 127 

 Enhancing the quality of data - Internal validation ....................... 128 

 Limitations of data ....................................................................... 131 

5. Chapter 5 - Results and Analysis ............................................................. 132 



 

vi | P a g e  
 

 General Reporting ............................................................................. 134 

 Relative Dose Intensities ................................................................... 147 

 Specific Analysis ................................................................................ 150 

 Age and risk of Secondary Neutropenia (N2) .............................. 152 

 Gender and risk of Secondary Neutropenia (N2) ........................ 153 

 Performance Status and risk of Secondary Neutropenia (N2) ..... 153 

 Comorbidity Type - Arthritis, Heart Failure, Respiratory, Diabetes, 

Immune Conditions .................................................................................. 153 

 Number of Comorbidities and risk of Secondary Neutropenia (N2)

 153 

 Myelosuppressive drugs and risk of Secondary Neutropenia (N2)

 153 

 Nutritional Status – measured as BMI and risk of Secondary 

Neutropenia (N2) ...................................................................................... 154 

 Type of Neutropenia (N1) and risk of Secondary Neutropenia (N2))

 154 

 Thrombocytopenia and risk Secondary Neutropenia (N2) ........... 154 

 Anaemia and risk of Secondary Neutropenia (N2) ................... 154 

 Renal Impairment and risk of Secondary Neutropenia (N2) ..... 154 

 Hepatic Impairment and risk of Secondary Neutropenia (N2) .. 155 

 GCSF and risk of Secondary Neutropenia (N2) ....................... 155 

 Drug 1 & 2, Average, Cumulative dose reductions and the risk of 

Secondary Neutropenia (N2) .................................................................... 155 

 Sub-group analysis ............................................................................ 156 

 Correlation Analysis of Dose Reductions. ................................... 156 

 Association of Age with Covariates ............................................. 161 

 Association of Type of Neutropenia with Covariates ................... 161 

 Regression Analysis .......................................................................... 163 



 

vii | P a g e  
 

 Descriptive statistics .................................................................... 165 

 Statistical Model A ....................................................................... 167 

 Statistical Model B ....................................................................... 171 

 Statistical Model C ....................................................................... 173 

 Receiver Operator Characteristic Area Under Curve (ROC-AUC)

 176 

 Assessment of study data .................................................................. 178 

 Summary of Results........................................................................... 179 

6. Chapter 6 - Discussion ............................................................................. 181 

 General Discussion ............................................................................ 181 

 Review of Aims & Objectives ............................................................. 185 

 Impact of Dose Reduction on Relative Dose Intensities (RDI) ........... 186 

 Non-Significant Independent Predictors to risk of Secondary 

Neutropenia ................................................................................................. 189 

 Aging ........................................................................................... 189 

 Gender ........................................................................................ 191 

 Body Mass Index (BMI) ............................................................... 192 

 Thrombocytopenia and Anaemia................................................. 194 

 Liver and Renal dysfunction ........................................................ 195 

 Myelosuppressive Drugs ............................................................. 197 

 Performance Status ..................................................................... 199 

 Number and Type of Comorbidities ............................................. 200 

 GCSF .......................................................................................... 202 

 Significant Independent Predictors to risk of Secondary Neutropenia205 

 Type of Neutropenia .................................................................... 205 

 Dose Reduction of Individual drugs ............................................. 209 

 Average and Cumulative Dose Reductions ................................. 212 

 Sub-group analysis ............................................................................ 215 



 

viii | P a g e  
 

 Association between Dose Reduction of Drug 1 and Drug 2 ....... 215 

 Association between Age and Dosing of Chemotherapy ............. 216 

 Association between Average and Cumulative Dose Reduction . 217 

 Association between Type of Neutropenia and Dose Reduction . 217 

 Association between Age and Performance Status .................... 218 

 Association between Age with BMI ............................................. 219 

 Association between Thrombocytopenia and Anaemia ............... 219 

 Prediction Risk Model ........................................................................ 221 

 Strengths and limitation of the study .................................................. 225 

 Summary ........................................................................................... 226 

7. Chapter 7 – Conclusion ............................................................................ 227 

 Research Conclusion ......................................................................... 227 

 Clinical Implications ........................................................................... 229 

 Personal Journey ............................................................................... 231 

Appendix 1 – Literature Search ....................................................................... 232 

CINHAL Search Example ............................................................................ 232 

CINHAL ....................................................................................................... 233 

Cochrane ..................................................................................................... 236 

Embase ....................................................................................................... 237 

Medline ........................................................................................................ 240 

Pubmed ....................................................................................................... 244 

Science Direct ............................................................................................. 245 

Bradford Summons Search History ............................................................. 246 

Selected Articles screened based on abstract for Systematic Scoping review

 .................................................................................................................... 255 

Appendix 2 – Thematic Analysis ..................................................................... 268 

Risk Factors in relation to Neutropenia ........................................................ 268 



 

ix | P a g e  
 

Secondary Literature review ........................................................................ 295 

Organistaion into Broader Themes .............................................................. 302 

SmPC Dose Reduction Advice .................................................................... 312 

Appendix 3 – Drug associated with neutropenia ............................................. 317 

Appendix 4. Ethics Approval documentation ................................................... 319 

Supporting Evidence for email exchanges to provide further Information. ... 352 

Vidatum Profile on RIS ............................................................................. 352 

Supporting Evidence ................................................................................ 353 

Research and Development Approval ......................................................... 362 

Health Research Authority ........................................................................... 363 

Research Ethics Committee ........................................................................ 364 

Confidentiality Advisory Group .................................................................... 365 

References...................................................................................................... 366 

 

 

 

 

 

 

 

 

 

 

 

 



 

x | P a g e  
 

Table of Figures  

Figure 1. Lung Cancer, European Age-Standardised Incidence Rates UK 1993-

2015 (Cancer-Research-UK 2015) ..................................................................... 2 

Figure 2. Cell Activation pathways (Larsen and Minna 2011) ........................... 10 

Figure 3. Extracted from ‘The Importance of Planned Dose of Chemotherapy on 

Time: Do We Need to Change Our Clinical Practice? (Foote 1998)’ ................ 45 

Figure 4.  Chemotherapy dose reductions ........................................................ 53 

Figure 5. Model of diagnostic reasoning based on pattern recognition and dual-

process theory (Croskerry 2009). ...................................................................... 79 

Figure 6. ECOG Scale (Oken et al. 1982) ....................................................... 100 

Figure 7. Theoretical Framework to conceptualise risk factors and dose 

reduction. ........................................................................................................ 109 

Figure 8. Showing Relationship between Covariables .................................... 126 

Figure 9. Patient recruitment in Study from 2017 and 2016 SACT data ......... 135 

Figure 10. Histogram showing distribution of Age ........................................... 135 

Figure 11. Normal Q-Q Plot of Age ................................................................. 136 

Figure 12. Diagnosis and relevant line of treatment in the Study .................... 137 

Figure 13. GCSF use within the Study Population .......................................... 139 

Figure 14. Representation of patients taking Myelosuppressive drugs ........... 140 

Figure 15. Showing Performance Status within the study ............................... 141 

Figure 16. Occurrence of neutropenia post cycle number .............................. 142 

Figure 17. Showing spread of BMI (kg/m2) within the study population .......... 145 

Figure 18. Distribution of Dose Reduction of Drug 1 (Platinum agent) ............ 145 

Figure 19. Distribution of Dose Reduction of Drug 2 ....................................... 146 

Figure 20. Distribution of Percentage Average Dose Reduction (%) .............. 146 

Figure 21. Distribution of Percentage Cumulative Dose Reduction (%) .......... 147 

Figure 22. Scatter graph of the correlation between percentage dose reduction 

of drug 1 and 2. ............................................................................................... 157 

Figure 23. Scatter graph of average percentage dose reduction with age ...... 159 

Figure 24. Scatter graph of cumulative percentage dose reduction with age .. 160 

Figure 25. Logistic regression of multiple predictors (Peng et al. 2002). ......... 163 

Figure 26. Boxplot without outlier for continuous covariables with respect to the 

patient’s neutropenic outcome post dose reduction phase. ............................ 166 

file://///MYHSFP03B/docs2$/khuram.amini/My%20Documents/Uni/Thesis%20-%20Final%20Oct%202020.docx%23_Toc54796885


 

xi | P a g e  
 

Figure 27. Scatter plots showing the observed risk of secondary neutropenia 

with continuous covariables. ........................................................................... 167 

Figure 28. Model A: Basic model with all covariates ....................................... 169 

Figure 29. Logistic Regression Model of all variables and the non-linear terms

 ........................................................................................................................ 172 

Figure 30. Logistic regression model of all covariates with nonlinear terms and 

the appreciation of two-way interactions ......................................................... 176 

Figure 31. ROC-AUC demonstrating the performances of regression models A-

C ..................................................................................................................... 177 

Figure 32. Example of Neutrophil recovery between types of neutropenia ..... 206 

Figure 33. Demonstrating the correlation of RDI and Survival (Luciani et al. 

2009) ............................................................................................................... 213 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

xii | P a g e  
 

List of Tables 

Table 1. Frequency and type of mutations in NSCLC (Adapted from my cancer 

Genome (Lovly 2019)). ....................................................................................... 8 

Table 2. Patient overall survival rates for all stages (Cancer-Research-UK 2015)

 .......................................................................................................................... 18 

Table 3. Key randomized controlled trials (RCTs) comparing immune 

checkpoint inhibitors (ICIs) with chemotherapy for previously treated advanced 

non-small-cell lung cancer (NSCLC) ................................................................. 33 

Table 4. Terms used during the literature search.............................................. 48 

Table 5. Resultant hits for literature search ...................................................... 50 

Table 6.  Resultant hits of Grey Literature ........................................................ 51 

Table 7. Themes associated with dose reduction and neutropenia .................. 58 

Table 8. The categorisation of themes into the type of dose reduction and 

myelosuppressive confounder or mediators. .................................................... 59 

Table 9. Chemotherapy with One dose reduction ............................................. 86 

Table 10. Chemotherapy with Two dose reduction ........................................... 86 

Table 11. Highlighting the correlation of comorbidities and risk of neutropenia

 ........................................................................................................................ 101 

Table 12. Prevalence of comorbidities and unadjusted odds ratios of FN among 

patients with and without comorbidities at the start of chemotherapy, by cancer 

type (Li et al. 2015) ......................................................................................... 103 

Table 13. Patients eligible for surgical resection (Cancer-Research-UK 2015)

 ........................................................................................................................ 111 

Table 14. Data extraction, format recorded, and the relevant sources used to 

extract ............................................................................................................. 116 

Table 15. Showing possible Covariates .......................................................... 124 

Table 16. Gender distribution in Study ............................................................ 136 

Table 17. GCSF use per Diagnosis ................................................................ 138 

Table 18. Number of Comorbidities within the Study Population .................... 139 

Table 19. Comorbidity representation in the Study ......................................... 140 

Table 20. Showing the type of neutropenia within the study population .......... 142 

Table 21. Occurrence of Thrombocytopenia in Study Population ................... 143 

Table 22. Occurrence of Anaemia in Study Population ................................... 143 



 

xiii | P a g e  
 

Table 23. Occurrence of Liver dysfunction as measured by the Liver Function 

Tests (LFTs).................................................................................................... 143 

Table 24. Occurrence of Renal dysfunction as measured by CrCl < 60mls/min 

or 1.5x base or KDIGO of 26.5 micromole ...................................................... 144 

Table 25. Prevalence of secondary neutropenic event following a dose 

reduction if applied .......................................................................................... 144 

Table 26. Demonstrating the RDIs prior to and after the neutropenic event. .. 148 

Table 27. Impact of dose reduction on RDI ..................................................... 149 

Table 28. To describe the testing of Variables in relation to risk of secondary 

neutropenia ..................................................................................................... 150 

Table 29. Evaluation of the hypothesis between secondary neutropenia and 

individual variables .......................................................................................... 151 

Table 30. Relationship between type of neutropenia and affiliated variables .. 162 

The revised dataset with the relative descriptive statistics can be summarised in 

Table 31. Table 31. Descriptive statistics of study data excluding single agents.

 ........................................................................................................................ 165 

Table 32. ROC-AUC of regression models A-C .............................................. 177 

Table 33. Extrapolation of dose reductions across 4 cycles ........................... 187 

Table 34. Risk Factors in relation to neutropenia that influence dose reductions 

of chemotherapy and the relevant dose reduction strategies employed. ........ 268 

Table 35. Summary of articles for relevant risk factors and any dose reduction 

strategies. ....................................................................................................... 295 

Table 36. Organisation of codes into broader themes .................................... 302 

Table 37. Examples of SmPC recommendation on neutropenia .................... 312 

 

 

 



 

xiv | P a g e  
 

Glossary of terms and Abbreviations 

 

ALC - Absolute Lymphocyte Count 

ALK - Anaplastic Lymphoma Kinase  

ALT - Alanine transaminase  

AML - Acute Myeloid Leukaemia 

ANC - Absolute Neutrophil Count  

ASCO - American Society of Clinical Oncology 

AST - Aspartate transaminase 

AUC - Area Under the Curve  

BMI - Body Mass Index  

BSA - Body Surface Area 

BTOG - British Thoracic Oncology Group 

CAG- Confidential Advisory Group  

CARG - Cancer and Aging Research Group  

CASP - Critical Appraisal Skills Program 

CDF - Cancer Drug Fund  

CDSR - Cochrane Database of Systematic Reviews 

CFU-S - Colony Forming Units 

CI - Confidence Interval 

CIN - Chemotherapy-Induced Neutropenia 

CIRS-G - Cumulative Illness Rating Scale‐Geriatric  

CISNE - Clinical Index of Stable Febrile Neutropenia  



 

xv | P a g e  
 

CNS - Central Nervous System 

COPD - Chronic Obstructive Pulmonary Disease 

CSF - Cerebral Spinal Fluid   

CTC - Common Toxicity Criteria 

CTCAE - Common Terminology Criteria for Adverse Events 

CTL - Cytotoxic T Lymphocytes  

DARE - Database of Abstracts of Reviews of Effects  

DFS - Disease-Free Survival 

DOC - Docetaxel  

ECOG - European Cooperative Oncology Group 

EGFR - Epidermal Growth Factor Receptor 

EML4-ALK - Echinoderm Microtubule-associated Protein-like 4 

EORTG - European Organisation for Research and Treatment of Cancer 

ER - Oestrogen Receptors  

ESBC - Early Stage Breast Cancer  

ESMO - European Society of Medical Oncology 

FBC - Full Blood Count (FBC) 

FN - Febrile Neutropenia 

GCSF - Granulocyte-Colony Stimulating Factor  

GDP - Guanosine Diphosphate 

GTP - Guanosine Triphosphate 

HER2 - Human Epidermal Growth Factor Receptor 2  

HGF - Hepatocyte growth factor 

HPV - Human Papilloma Virus  



 

xvi | P a g e  
 

HR - Hazard Ratio 

HRA - Health Research Authority 

ICI - Immune Checkpoint Inhibitors 

IRAS - Integrated Research Application System 

KDIGO - Kidney Disease Improving Global Guidelines  

KPS - Karnofsky Performance Status 

KRAS - v-Ki-ras2 Kirsten rat sarcoma viral oncogene homolog 

MAB - Monoclonal Antibodies 

MAC - Mycobacterium Avium Complex 

MAPK - RAS–mitogen-activated protein kinase  

MAR - Missing at Random 

MASCC - Multinational Associate of Supportive Care in Cancer 

MAX-2 - Tool to calculate risk of Chemotherapy Toxicity 

MCAR - Missing Completely at Random  

MDS - Myelodysplastic Syndrome 

MNAR - Missing Not at Random 

MTb - Mycobacterium Tuberculosis 

NCCN - National Comprehensive Cancer Network 

NHS - National Health Service 

NICE - National Institute for Health and Care Excellence 

NNK - 4-(methylnitrosamino)-1-(13-pyridyl-1-butanone)  

NSCLC - Non-Small Cell Lung Cancer 

OR - Odds Ratio 

ORR - Objective Response Rate 



 

xvii | P a g e  
 

OS - Overall Survival  

p53 - Tumour Suppressor Protein 53  

PAH - Polycyclic Aromatic Hydrocarbons   

PD-1 - Programmed Cell Death-1  

PD-L1 - Programmed Death Ligand-1  

PDR - Primary Dose Reductions  

PFS - Progression-Free Survival  

PHA - Human Phytohemagglutinin  

PHSC - Pluripotent Haemopoietic Stem Cells 

PI - Proliferation Index  

PI3K - phosphoinositide 3-kinase 

PMW - pokeweed mitogen  

PS - Performance Status 

PTEN - Phosphatase with Tensin Homology  

QALY - Quality-Adjusted Life-Year 

QoL - Quality of Life  

RBC - Red Blood Cells 

RCS - Restricted Cubic Splines 

RCT - Randomised Controlled Trials 

RDI - Relative Dose Intensity 

REC - Research and Ethics Committee  

RET - Rearranged during Transfection  

ROC-AUC - Receiver Operator Characteristic Area Under Curve 

RR - Response Rate  



 

xviii | P a g e  
 

RTK - Receptor Tyrosine Kinases  

SACT - Systemic Anticancer Therapy 

SALSA - Search, Appraisal, Synthesis & Analysis 

SCLC - Small Cell Lung Cancer 

SCR - Summary Care Records  

SD - Standard Deviation 

SDR - Secondary Dose Reduction 

SMI - Small Molecule Inhibitor 

SmPC - Summary Product Characteristics 

STH - Sheffield Teaching Hospital 

TKI - Tyrosine Kinase Inhibitor 

TNF - Tumour Necrosis Factor 

TPS - Tumour Proportion Score 

TSNA - Tobacco-Specific N-Nitrosamines  

UK - United Kingdom 

VEGF - Vascular Endothelial Growth Factor 

WC - Waist Circumference  



 

1 | P a g e  
 

1. Chapter 1 - Introduction 

 

This chapter introduces the concepts of chemotherapy in lung cancer. It 

provides an overview of types of lung cancer, discussing its epidemiology, 

associated risk factors and the present focus of treatments in managing cancer. 

It provides an overview of the therapies used in lung cancer and why 

chemotherapy is still the cornerstone for the majority of lung cancer treatment. 

The chapter also discusses the main risk of chemotherapy, neutropenia and its 

impact on the patient and providing effective chemotherapy. 

 Focus on lung cancer 

In the early 19th century, it was widely believed that each disease and different 

type of cancers had a single specific cause, and in time medicine would 

generate a specific and effective cure (Barnett 2017). However, the aetiology of 

lung cancer was poorly understood at that time. Many explanations for the 

changes to human tissue were presented over the centuries, ranging from 

lymph theory where cancer was the result of lymph fluid, to parasite infestation, 

which implied that it is an infectious disease (Sudhakar 2009). Only after the 

discovery of DNA and the broader understanding of its implication in the 

formation of cancerous cells did relevant treatment options emerge (Sudhakar 

2009). This also led to a surge in the identified cases of lung cancer from a 

mere 374 documented by Adler in 1912 to 1.8 million worldwide in 2012 (de 

Groot et al. 2018). The increase in identified cases was also contributed to 

better detection techniques and an indepth understanding of the causative risk 

factors for lung cancer. National incentives to address these risk factors have 

led to a steady decline in recent times. However, global trends also indicate an 

inequality between developed and less-developed countries reflecting the 

investment in these incentives (Youlden et al. 2008). 

 Incidence 

Lung cancer is the most common type of malignancy in the world, accounting 

for 11.6% of cancers and 2.1 million new cases annually. Incidence tends to be 

higher in deprived regions. It is most common in Central and Eastern Europe, 

closely followed by Eastern Asia. Lung cancer is strongly related to age, with 
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44% of new cases being diagnosed in people aged 75 and over (Cancer-

Research-UK 2015).   

In the UK, lung cancer is the third most common type of cancer. It accounts for 

38,381 cases every year, 20,560 in males and 17,821 in females (Ellis 2016). 

Incidence rates tend to be higher in males than females although there is an 

alarming increase in new female lung cancer cases, narrowing the gap as 

shown in Figure 1.  

 

Figure 1. Lung Cancer, European Age-Standardised Incidence Rates UK 
1993-2015 (Cancer-Research-UK 2015) 

This trend may be related to a more risk-seeking lifestyle some females are 

adopting, i.e. uptake in smoking. According to current trends by 2035, the 

incidence of lung cancer will increase by 68% (Ferlay et al. 2015). However, for 

the UK, lung cancer incidences are projected to fall by 7% to 88 cases per 

100,000 (Cancer-Research-UK 2015). This is largely the result of a reduction in 

the risk factors associated with lung cancer such as occupational hazards, early 

diagnosis and improved lifestyle. Despite the drop in expected cases, three-

quarters of lung cancer patients are commonly diagnosed with late-stage 

cancer (III or IV) (72-76%). This limits the clinically available options to manage 

patients and their associated expectation of survival.   
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 Lung Cancer Histology 

Lung cancer can broadly be divided into two main categories, Non-Small Cell 

Lung Cancer (NSCLC) and Small Cell Lung Cancer (SCLC). NSCLC accounts 

for most cases, approximately 80-85% (Larsen and Minna 2011; Wood et al. 

2015; Suh et al. 2017).  NSCLC can be further subdivided into adenocarcinoma 

~40%, squamous carcinoma ~25-30%, large cell carcinoma ~10-15% and 

others with mixed histology (e.g. adeno-squamous) (Larsen and Minna 2011; 

Wood et al. 2015). During the last 25 years, the distribution of histological types 

has changed significantly, especially for NSCLC. Squamous cell, which is 

heavily linked to smoking is gradually decreasing whilst adenocarcinoma cases 

are still increasing (Esmo-Guidelines et al. 2018). This is primarily due to an 

improved understanding of the link between smoking and cancer. Defining the 

histology of the cancer is vital in determining the appropriate treatment pathway, 

considering that different histological sub-types have a different metastatic 

patterns, recurrence and survival (Esmo-Guidelines et al. 2017). Depending on 

the stage and the suitability for surgical resection of the cancer, patients’ 

prognosis can often be determined (Wood et al. 2015). Patients suitable for 

radical treatment such as surgery, tend to have better overall survival. 

In SCLC there is no histological sub-type differentiation. The only determining 

factor is the stage of presentation, confined to either limited or extensive stage. 

The prognosis is dependent on the ability to completely resect the cancer, 

which again is subject to the stage of presentation (Früh et al. 2013).  

 Epidemiology 

Global trends for lung cancer vary across the world depending on the 

associated risk factors of the nation. Known risk factors for lung cancer can be 

divided into three main categories, namely behavioural, environmental and 

genetic (de Groot et al. 2018). The exposure of these risk factors has led to a 

division in international incidence trends. Whilst occurrences in developed 

countries are declining, contrasting pictures are seen in less-developed 

countries. This is principally due to the behavioural changes in the general 

population and the up-take or the cessation of smoking habits (Youlden et al. 

2008). Developed countries have a higher proportion of educated individuals 

who are aware of the risks associated with smoking (Hiscock et al. 2012). They 

may also have access to other forms of help to cease smoking habits such as 
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nicotine replacement products. Education levels correlate with socioeconomic 

factors, including employment, income and access to healthcare facilities (de 

Groot et al. 2018). All these factors contribute to a greater uptake of smoking 

and to less frequent smoking cessation. Patients with low educational levels, or 

from poor socioeconomic status, are also less likely to seek out medical 

attention and even when they do seek help, they are more probable to present 

at an advanced disease stage. This in combination with the accessibility of 

healthcare, exposure to various environmental factors, health behaviour, and 

lifestyle, leads to a disparity in mortality and overall survival (Sidorchuk et al. 

2009; Siegel et al. 2018). 

 Age 

Old age is also associated with cancer development due to the biological 

degradation of DNA. Although it is not the numerical age which increases the 

risk of cancer but the exposure to life-long risk factors associated with age such 

as preventable chronic conditions, hazardous exposures, and modifiable 

behaviours (White et al. 2014). Whether the relationship between age and 

cancer risk is due primarily to the time-dependent accumulation of genetic and 

epigenetic mutations or to an increased susceptibility of older adults to 

oncogenic mutations is not fully understood (White et al. 2014).  Younger 

patients are usually less exposed to risk factors and have fewer comorbidities, 

decreasing the overall incidence of lung cancer (de Groot et al. 2018). However, 

younger lung cancer patients may have greater involvement of genetic 

instability due to inherited mutations, increasing the prevalence of certain types 

of lung cancer in younger adults (Kligerman and White 2011).  

 Smoking 

The use of tobacco cigarettes is the single greatest risk factor in the 

development of lung cancer, with up to 85-90% of lung cancers attributed to 

smoking (Larsen and Minna 2011; de Groot et al. 2018). It wasn’t until the 

1950s when major epidemiological studies indisputably established cigarette 

smoking as a causative factor (de Groot et al. 2018). This was probably linked 

to the gradual increase in cigarette production in the late 1880s and 

improvements in detection techniques by the use of low dose CT scans which 

were introduced in the 1980s (Blandin Knight et al. 2017). 
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Cigarettes contain nicotine, which itself is not a carcinogen, but it upregulates 

nicotinic receptors and produces alterations in gene expression that foster 

tobacco dependence and is associated with the progression of existing lung 

tumours. Polymorphism studies associated with lung cancer identified single 

nucleotide polymorphism variations in region 15q24-q25.1, which were 

associated with both nicotine dependence and the development of lung cancer 

(Larsen and Minna 2011).  Tobacco combustion produces at least 60 known 

carcinogens. The most significant are polycyclic aromatic hydrocarbons (PAH), 

including: benzo[a]pyrene; nitrates; and tobacco-specific N-nitrosamines 

(TSNAs), such as 4-(methylnitrosamino)-1-(13-pyridyl-1-butanone) (NNK) (de 

Groot et al. 2018). It is not just the smokers themselves who are at risk of 

cancer but also bystanders or co-habitants. Multiple studies have shown that 

non-smoking spouses of smokers have an approximately 20% to 30% 

increased risk of lung cancer, with a remarkable agreement between almost all 

studies (de Groot and Munden 2012). 

Other substances such as cannabis have also been shown to have the potential 

to induce carcinogenic changes. The combustion of organic material while 

smoking produces carcinogenic material, capable of inducing histological 

changes in the bronchial epithelium, mimicking the effects of tobacco use 

(Aldington et al. 2008; Callaghan et al. 2013; de Groot et al. 2018). 

 Gender 

Historically lung cancer affects more men than women, although the trends are 

inversely linked to smoking habits, which are rising for women but decreasing 

for men (de Groot et al. 2018). There are also conflicting data regarding the 

possibility that women may be more susceptible to developing lung cancer, 

which is associated with telomere length (Machiela et al. 2014; Seow et al. 

2014; de Groot et al. 2018). There is a higher incidence of lung cancer in non-

smoking women than non-smoking men and a higher proportion of epidermal 

growth factor receptor (EGFR) mutations and KRAS mutation in females than 

males (Planchard et al. 2009). 
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 Genetics 

Genetic mutations play a vital role in the development and prevention of all 

cancers, especially lung. Understanding the unique genetic driver mutations 

and the altered expression of biomolecules in lung cancer enable a 

personalised approach to treatment (Wood et al. 2015). Familial risk of lung 

cancer has been reported in several registry-based studies and is estimated at 

18% (Esmo-Guidelines et al. 2018). The Whole Human Genome Project has 

highlighted the vast amount of genetic mutations in different types of lung 

cancers, which increase the susceptibility of carcinogenesis. By April 2016, 

25,058 genetic mutations in adenocarcinoma, 21,422 mutations in squamous 

cell carcinoma and 7,798 mutations in small cell lung cancer had been identified 

(Zhang et al. 2017). Not all genetic mutations result in direct carcinogenesis. 

Some mutations are a secondary result to accommodate the primary genetic 

change. Epigenetic mutations occur during the carcinogenesis process, which 

allows genetic mutations to thrive by minimising the “oncogene stress” that 

genetic mutations exert, which can result in cellular death (Larsen and Minna 

2011). Consequently, during the initial phase of tumour growth, cancerous cells 

may have relatively few genetic mutations; however, as the tumour progresses, 

it may acquire additional epigenetic mutations to sustain the original driving 

force for cellular proliferation. The impact of all these mutations in the various 

lung types is still to be understood. However, it is generally believed that 

mutations aid in the development of the tumour and are a driving force for the 

proliferation of the cancerous cells. Genetic and epigenetic mutations can affect 

two key pathways,  

1. The activation of proto-oncogenes, promoting the carcinogenesis;  

2. The inhibition of tumour suppressor genes, which allows for cell 

proliferation (Larsen and Minna 2011).  

The effect of the most common genetic mutations can be further subdivided into 

two discreet categories: genetic abnormalities and susceptibilities related to 

smoking; and those not related to smoking. Mutations related to the 

susceptibility of smoking increase the likelihood of cancer due to increased 

exposure to carcinogens. Carcinogenic exposure propels genetic and 

epigenetic changes, which can result in lung epithelial cells steadily acquiring 

genetic instabilities at either chromosome, nucleotide or transcriptome levels 
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(Larsen and Minna 2011). Genetic mutations such as an over-expression of the 

CYP1A1 gene, mutation of the glutathione S-transferase M1 enzyme, mutations 

of the p53 tumour suppressor gene, and over-expression of X-linked gastrin-

releasing peptide receptor all increase the likelihood of smokers developing 

lung cancer in comparison to non-smokers (de Groot et al. 2018). 

Overexpression of the CYP1A1 gene, which is more commonly found in 

women, has been shown to metabolise polycyclic aromatic hydrocarbons (PAH) 

which are a by-product of tobacco smoking. This leads to an increased 

formation of DNA adducts that bind to carcinogenic compounds, increasing the 

prospect of carcinogenesis (Kligerman and White 2011; Marshall and Christiani 

2013). Glutathione S-transferase enzyme is absent in 40-60% of the population 

and inhibits the formation of reactive oxygen species that are responsible for the 

formation of cancerous cells (Novello and Baldini 2006). Again, female smokers 

with glutathione S-transferase mutations are twice as likely to develop lung 

cancer than their male counterparts (Kligerman and White 2011). Protein 53 

(p53) tumour suppressor gene mutations occur in 50% of NSCLC and 70% of 

SCLC (Toyooka et al. 2003). The prevalence of this mutation was found to be 

higher in smokers than in non-smokers suggesting a tobacco-related 

transformation (Toyooka et al. 2003).    

Genetic mutations not associated with smoking have a higher occurrence in 

non-smokers, women and East Asians (Larsen and Minna 2011). Approximately 

15-25% of lung cancer cases occur in a lifetime “never smokers” (Larsen and 

Minna 2011; Esmo-Guidelines et al. 2018). The majority of the identified genetic 

mutations occur at a molecular level and are recurrent 'drivers' that occur in 

multiple oncogenes mainly in NSCLC (Lovly 2019). These are often related to 

the activation of growth-promoting proteins [e.g., v-Ki-ras2 Kirsten rat sarcoma 

viral oncogene homolog (KRAS), Epidermal Growth Factor Receptor (EGFR), 

B-RAF, MEK-1, Human Epidermal Growth Factor Receptor 2 (HER2), MET, 

Anaplastic lymphoma kinase (ALK) and Rearranged during Transfection (RET)]  

as well as inactivation of tumour suppressor genes [e.g., Tumour protein p53, 

phosphatase with tensin homology (PTEN), LKB-1] and presence of a specific 

genetic mutation, which increase the susceptibility of developing lung cancer 

(Cooper et al. 2013). Table 1 summarises the gene, type of alteration and 

frequency of the mutation.   



 

8 | P a g e  
 

 

Table 1. Frequency and type of mutations in NSCLC (Adapted from my 
cancer Genome (Lovly 2019)). 

Gene Alteration 
Frequency in 

NSCLC 

AKT1 Mutation 1% 

ALK Rearrangement 3–7% 

BRAF Mutation 1–3% 

DDR2 Mutation ~4% 

EGFR Mutation 10–35% 

FGFR1 Amplification 20% 

HER2 Mutation 2–4% 

KRAS Mutation 15–25% 

MEK1 Mutation 1% 

METa Amplification 2–4% 

NRAS Mutation 1% 

PIK3CA Mutation 1–3% 

PTEN Mutation 4–8% 

RET Rearrangement 1% 

ROS1a Rearrangement 1% 

 

EGFR mutations are present in non-smoking lung cancer patients. EGFR 

belongs to the ERBB family, closely related to receptor tyrosine kinases (RTK). 

On activation, the EGFR undergoes conformational change and 

phosphorylation of the intracellular domain occurs, leading to downstream 

signal transduction through various pathways (Bethune et al. 2010). The result 

of any of these pathways is cell proliferation or cell maintenance by inhibition of 

apoptosis (Bethune et al. 2010). DNA mutations in EGFR, either as over-

expression or mutations in intracellular EGFR, have been observed in 43-89% 

of NSCLC cases (Bethune et al. 2010) These mutations can result in permanent 

activation of the pathway, leading to continual cell proliferation or avoidance of 

the programmed cell death, also known as apoptosis.   
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KRAS belongs to the RAS family and is the most commonly mutated member in 

lung cancer (Westcott and To 2013). KRAS mutations often occur in 

adenocarcinomas (30%), a subtype of NSCLC, although mutations have also 

been found in another subtype known as squamous cell carcinoma (5%) 

(Karachaliou et al. 2013). Whilst EGFR mutations are more commonly found in 

non-smokers, KRAS mutations have often been found in smokers (Karachaliou 

et al. 2013). RAS signalling begins by the activation of an RTK, such as EGFR 

which promotes the exchange of guanosine diphosphate (GDP) and guanosine 

triphosphate (GTP) (Westcott and To 2013). In RAS mutations, this exchange is 

impaired, leading to permanent activation of the GTP-bound conformation 

activating a persistent engagement in the downstream signalling (Westcott and 

To 2013). Two key pathways are affected by this downstream signalling. 

1. The pathway of RAS/RAF/MEK/ERK controls cellular proliferation   

2. The PI3K/PDK1/AKT pathway promotes cell survival (Figure 2) (Cooper 

et al. 2013; Karachaliou et al. 2013; Westcott and To 2013).  

A systemic review with a meta-analysis, conducted by (Meng et al. 2013), 

involving 41 trials and 6939 patients evaluated the prognostic value of KRAS in 

NSCLC and found that KRAS mutations are associated with worse overall 

survival in patients with NSCLC, especially early stage (stage I-II) 

adenocarcinoma. 
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Figure 2. Cell Activation pathways (Larsen and Minna 2011)  

Anaplastic Lymphoma Kinase gene (ALK) is another common rearrangement 

mutation and occurs in approximately 4% of NSCLC cases (Shaw and 

Engelman 2013). Though it was only first reported in 2007 significant advances 

have been made to understand and target the relevant mutation to improve lung 

cancer survival. There are various sub-types of ALK fusion mutations, however, 

the most significant one is regarded as the ALK fusion – echinoderm 

microtubule-associated protein-like 4 (EML4-ALK) (Shaw and Engelman 2013).  

Similar to EGFR, ALK gene encodes an RTK to activate or regulate a canonical 

signalling pathway, which is often shared with other RTKs (Shaw and Engelman 

2013). These pathways include the RAS–mitogen-activated protein kinase 

(MAPK), phosphoinositide 3-kinase (PI3K) –AKT, and JAK-STAT pathways 

(Shaw and Engelman 2013). The fusion of the ALK gene results in aberrant 

activation of the ALK kinase and the downstream pathways leading to cell 

proliferation and the arrest of apoptosis (Shaw and Engelman 2013). This led to 
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the development of ALK tyrosine kinase inhibitors (e.g. crizotinib), which have 

shown relative success in phase one and phase two trials and have a superior 

progression-free survival than conventional chemotherapy (Shaw and 

Engelman 2013). 

The discovery of the Programmed Cell Death-1 protein (PD-1) and 

Programmed Death Ligand-1 (PD-L1) has provided an exciting opportunity in 

the management of advanced lung cancer. The immune system may prevent 

the development and progression of malignant tumours by activation of 

Cytotoxic T Lymphocytes (CTLs), which recognise and kill tumour cells (Yoneda 

et al. 2018). Tumour cells regulate this activity by stimulatory and inhibitory 

signals, collectively known as “immune checkpoints”, which negatively control 

the activation of CTLs. The Programmed Cell Death is an inhibitory immune 

checkpoint, which is found on activated CTLs (Yoneda et al. 2018). Tumour 

cells expressing PD-L1, bind to the PD-1, downregulating the activation of the 

CTLs and thus evade immune attacks, allowing for the spread of cancer.  

Immune Checkpoint Inhibitors (ICIs) restore cellular function by preventing the 

inhibition of effector T-cell function and thus can maintain their tumour cell killing 

functionality (Nadal et al. 2019). Considering the natural adaptation of the 

immune system and its capacity to develop durable immune memory, it is 

conceivable that these agents could induce a long-term response, improving 

overall survival (Nadal et al. 2019) although the concept of long-term survival in 

lung cancer is only defined as 2 years from the time of diagnosis (Nadal et al. 

2019). Key studies involving ICIs used in Checkmate and Keynote trials have 

shown superior overall survival rates in comparison to conventional 

chemotherapy (Nadal et al. 2019).  

Ki-67 is a tumour proliferation biomarker and is used as the Proliferation Index 

(PI) with significant prognostic value in breast, prostate and colorectal cancer 

(Warth et al. 2014). It is a DNA-binding nuclear protein that is expressed 

throughout the cell cycle proliferation but not in quiescent (G0) cells (Warth et 

al. 2014). A high Ki-67 could indicate cancerous cells in a constant state of cell 

division and thus could aid in the clinical decision-making process for cancers 

on the cusp of further or adjuvant need of treatments. In a systematic review of 

the literature with meta-analysis for lung cancer patients expressing Ki-67, the 

combined hazard ratio for NSCLC was 1.56 (95% CI: 1.30-1.87) (Martin et al. 
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2004).  In conclusion, this shows that high expression of the Ki-67 factor is a 

poor prognosis for survival in NSCLC.    

Oestrogen Receptors (ER) which are usually not present in lung cancer tissue 

have shown to be overexpressed not only in lung adenocarcinoma of women, 

but also for men (Elío et al. 2018). ERβ which is found in both healthy lung and 

lung tumours is expressed to a similar extent in both men and women 

(Kligerman and White 2011). However, ERα, which is not normally present in 

lung tissue, can be overexpressed in adenocarcinoma of the lung ranging from 

7 to 97% (Kligerman and White 2011). Interestingly, the stimulation of the ERα 

receptors by oestradiol only resulted in cancerous growth for women (Susan et 

al. 2006). This variance in response to the stimuli between the genders 

highlights the influence of external factors in the development and progression 

of lung cancer.   

 Environment 

Many environmental pollutants increase the risk of cancer. These include radon 

gas, asbestos, air pollution and obesity. 

 Radon 

One of the more prominent environmental exposures linked to lung cancer is 

radon gas. Radon is a naturally occurring gas, classified as a Class 1 human 

carcinogen, it is the second most significant cause of lung cancer after tobacco 

smoking (Elío et al. 2018). Radon gas usually dissipates once it reaches the 

outdoor atmosphere from the soil. However, in confined spaces, like 

underground mines, the concentration rises to a substantial concentration, 

raising the relative risk of lung cancer (Elío et al. 2018). The risk is believed to 

follow a linear relationship. Darby et al. (2005) estimated that the risk of lung 

cancer increases by about 16% for each 100 Bq/m3 increase of radon exposure; 

and that between 3% to 14% of lung cancer deaths globally may be attributed to 

inhalation exposure of radon gas. However, there is no safe level of radon 

exposure as even in low radon concentration areas are at risk of developing 

lung cancer. This also raises the notion of cancer associated with prolonged 

cumulative exposure.    
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 Asbestos  

Asbestos is a term used to define a group of minerals incorporated in a variety 

of products. There are two main classes of asbestos (chrysotile and amphibole), 

which have different shapes of fibres (Martinez et al. 2018). On inhalation, the 

size and shape of these fibres determine the clearance from the lung and thus 

affect the length of exposure. In addition to the exposure, the type of asbestos 

increases the risk to cancer with amphibole fibres having a greater carcinogenic 

potency than chrysotile fibres (Wolff et al. 2015). The relative exposure leads to 

inflammation of the lungs which eventually form into lung fibrosis and lead to 

carcinogenesis (Martinez et al. 2018). Occupational exposure to asbestos has 

been strongly linked to the development of 80% of all malignant mesothelioma 

and is estimated to account for 5-7% of all lung cancer cases (Wolff et al. 2015; 

Martinez et al. 2018).  

 Air Pollution   

Many studies have shown a robust association between the risk of lung cancer 

and levels of fine-particulate pollution regardless of smoking status, though this 

is strongest in non-smokers (de Groot and Munden 2012). A prospective 

European study involving 312,944 cohort members evaluated the effects of air 

pollution by correlating the particulate matter diameter size (PM) and the 

incidence of lung cancer. The meta-analyses showed a statistically significant 

association between risk for lung cancer and PM10 size (hazard ratio [HR] 1.22 

[95% CI 1.03–1.45] per 10 μg/m3) and PM2.5 size (HR 1.18 [95% CI 0.96–1.46] 

per 5 μg/m3) (Raaschou-Nielsen et al. 2013). This shows that the particulate 

matter in air pollution contributes to the incidence of lung cancer. Hence, related 

occupational hazards are associated with an up to 50% increase in the relative 

risk of lung cancer for truck drivers (de Groot et al. 2018). 

 Obesity 

For decades, obesity measured as Body Mass Index (BMI), has been 

associated with a greater risk of cancer. In many cancers, the relationship is 

regarded as accurate; however, obesity does not contribute to all types of 

cancer risk and may have an inverse relationship. Three main pathways have 

been postulated as an underlying mechanism to increase the obesity-related 

cancer risk: the actions of sex hormones affected by obesity; insulin resistance 

and insulin-like growth factor 1; and adipokine pathophysiology and systemic 
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inflammation (Samet 2018). Adiponectin is the most abundant adipokine 

secreted by mature adipocytes and decreases with increasing BMI (Renehan et 

al. 2015). The correlation with BMI is not clearly defined as shown by a study 

from (Park et al. 2004), which explored the relationship between serum 

adiponectin and leptin concentrations and body fat distribution. The study found 

that the concentration of adiponectin was lower in the visceral fat dominant 

group compared to the subcutaneous fat dominant group (8.9±0.4 μg/ml versus 

11.4±0.7 μg/ml, P=0.006) (Park et al. 2004).  

Adiponectin has a protective influence by direct and indirect effects on tumour 

development. It affects growth factors, sensitising cells to insulin and through 

anti-inflammatory activities reduces carcinogenesis (Renehan et al. 2015). 

Consequently, adiponectin negatively affects the production of fatty acids and 

proteins, cellular growth, proliferation,and DNA mutagenesis, and increases cell 

arrest and apoptosis (Renehan et al. 2015). There is an inverse relationship 

between circulating adiponectin concentrations and risk of obesity-associated 

cancers, including endometrial, breast, advanced prostate, colorectal, renal, 

and pancreatic cancers but not lung cancer (Renehan et al. 2015).  

For lung cancers, a higher BMI of ≥35 vs 22.5–24.99 kg/m2, in both men and 

women is associated with a reduced risk of lung cancer in current and former 

smokers (HR = 0.81, 95% CI = 0.70 - 0.94 & HR = 0.73, 95% CI = 0.61 - 0.87 

respectively) (Smith et al. 2012). However, considering that smokers generally 

have lower BMI than non-smokers, there is a debate on whether smoking is a 

confounder to patients with low BMI. Although, obesity measured as BMI is not 

a simple correlation to the likelihood of cancer. Yu et al. (2018) explored the 

pattern of obesity and whether greater central obesity, measured as waist 

circumference (WC) was associated with a higher risk for lung cancer. Taking 

the level of obesity into account, results demonstrated participants with BMIs of 

less than 25 kg/m2 but high WC had a 40% higher risk (HR = 1.40, 95% CI = 

1.26 to 1.56) than those with BMIs of 25 kg/m2 or greater but normal/moderate 

WC (Yu et al. 2018). Therefore, a simple correlation of BMI and lung cancer is 

not entirely due to smoking and relative reverse causation (Yu et al. 2018) 
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 Infections 

The link between cancer and chronic infections has been widely established 

such as in the case of hepatitis and liver cancer. Worldwide, it is estimated that 

infectious diseases cause 16.1% of all cancers (Xiong et al. 2017). Chronic 

infections lead to chronic inflammation, which results in carcinogenesis through 

the formation of fibrotic or scar tissue in an endless cycle of repair (Lande et al. 

2012). The causal association between chronic inflammatory conditions and 

lung cancer has been observed not only clinically but in experimental mice 

models, using mutated K-RAS that mimicked chronic inflammation and 

promoted cancer progression (Yu et al. 2011). However, it is debatable if this is 

also applicable in lung cancer as authors have debated whether the mechanism 

is due to direct DNA damage or the irregularity of the apoptosis process (Zhan 

et al. 2011). Many pulmonary and systemic infections are known to increase the 

risk of lung cancer (de Groot and Munden 2012). Some of the infections 

associated with lung cancer are the Human Papilloma Virus (HPV), 

Mycobacterium Avium Complex (MAC), Mycobacterium Tuberculosis (MTb) and 

Chlamydia Pneumonia.   

The HPV is as an established carcinogen in a variety of cancers, such as Head 

& Neck and Cervical cancers (de Groot and Munden 2012; Xiong et al. 2017). 

However, its role in lung cancer remains to be determined. There are over 150 

types of HPV, which are primarily transmitted through skin and sexual contact. 

Three theories are suggested for the transmission of HPV into the lung 

endothelium. Transmission through a cervical lesion to the lung, high-risk 

sexual-behaviour and through air to lung transfer (Xiong et al. 2017). The lung 

is rich with endothelium cells and it is believed that HPV infects undifferentiated 

cells in the basal layers of the stratified squamous epithelium (Xiong et al. 

2017). This leads to the pathogenesis of lung cancer depending on the type of 

HPV. HPV E6 and E7 subtypes oncogenes can regulate the expression of 

multiple target genes such as p53, pRb, HIF-1α, VEGF, IL-6, IL-10, Mcl-1, Bcl-

2, cIAP-2, EGFR, FHIT, hTERT, HER-2, ALK, ROS1, and AhR to promote lung 

cell proliferation, angiogenesis and cell immortalization through various 

signalling pathways (Xiong et al. 2017). Even though a mechanism of 

pathogenesis has been identified, the supporting evidence to establish a link 

remains outstanding. Seven independent systematic reviews and meta-analysis 
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have evaluated the evidence of HPV being a risk factor for lung cancer. 

However, due to high causal interference, the link still remains to be asserted 

(Xiong et al. 2017). A meta-analysis conducted by Xiong et al. (2017) did show 

pooled Odds Ratio (OR) for HPV 16 and HPV 18 infection, was 3.14 (95% CI: 

2.07–4.76) and 2.25 (95% CI: 1.49–3.40) respectively. This supports the 

hypothesis of HPV being associated with lung cancer, especially squamous cell, 

adenocarcinoma and small cell cancer.  

MAC is a common infection in patients with chronic obstructive pulmonary 

disease (COPD) and observations have shown an increase in the number of 

lung cancer patients infected with MAC. Although, the observations fail to 

address if the MAC prevalence is a predisposition to the development of lung 

cancer or a secondary result of cancer-suppressing the immune system, 

allowing the opportunistic growth of the infection (Lande et al. 2012). A 

retrospective analysis by (Lande et al. 2012), did show a non-statistically 

significant increase in the occurrence of squamous cell carcinoma in the Lung 

cancer/MAC vs the control group (40% v 28%). However, as MAC infections 

tend to affect the peripheral bronchi and bronchioles more than the central 

airways, the finding of 71% of squamous carcinoma occurring in the periphery 

of the lung cancer/MAC group compared to 40% in the control group, may 

suggest a carcinogenic pathogenesis (Lande et al. 2012). 

A history of pneumonia or mycobacterium tuberculosis (MTb) infection is also 

associated with a higher risk of lung cancer. The ORs of developing lung cancer 

are 1.43 and 1.76 respectively, independent of the smoking status (de Groot 

and Munden 2012; de Groot et al. 2018). As the name suggests, MTb is the 

main causative organism for tuberculosis. Approximately 80% of tuberculosis 

cases primarily affecting the lungs entail chronic inflammation, which 

subsequently leads to carcinogenesis (Yu et al. 2011). The incidence of lung 

cancer is reported to be 11-fold higher in patients with tuberculosis compared to 

non-tuberculosis patients (Yu et al. 2011). 

MTb not only increases the likelihood of lung cancer, but there is also evidence 

to suggest that it promotes the spread, increasing the risk of lung cancer 

mortality. In vivo studies, subjects receiving MTb and lung cancer treatment 

were observed to have an inhibition of the T-cell mediated cellular immune 
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response via the PD-1/PD-L pathway, which significantly promoted the tumour 

metastasis (Cao et al. 2019). Thus, the blockade of the PD-1/PD-L pathway 

may benefit MTb patients in the prevention of lung cancer spread (Cao et al. 

2019). This is also supported by a retrospective analysis by Engels et al. 

(2009), who showed the risk of lung cancer mortality was eightfold higher (25 

versus 3.1 per 1000 person-years) for those with tuberculosis than those 

without in a population of 42,422 subjects.  

Chlamydia pneumonia is transmitted via respiratory secretions and is believed 

to cause 7-10% of community-acquired pneumonia in adults (Zhan et al. 2011). 

Many studies have tried to link the association of chlamydia pneumonia to 

carcinogenesis but have been unsuccessful due to small cohorts. However, a 

meta-analysis by Zhan et al (2011) of 12 studies involving 2,595 lung cancer 

cases demonstrated that people exposed to chlamydia pneumonia infection had 

an OR of 1.48 (95% confidence interval (CI), 1.32–1.67) for lung cancer risk 

(Zhan et al. 2011). 

Lung cancer is the most common non-AIDS defining malignancy in people with 

HIV infections. Patients with HIV have a two to four times greater cancer risk 

than the general population, even after adjustment for smoking intensity and 

duration (Mani et al. 2012). Incidentally, in epidemiological studies, more than 

90% of all HIV-positive patients who have lung cancer are smokers, which 

possibly potentiates the spread and development of lung cancer (Mani et al. 

2012). The introduction of highly active antiretroviral therapy or the control of 

the viral count had little impact on the risk of lung cancer. Studies suggest that 

the main causative factor is immunosuppression, which increases the risk of 

lung cancer. This was also demonstrated by a meta-analysis involving 444,172 

people with HIV/AIDS, which showed a lung cancer standardized incidence 

ratio of 2.72 (CI: 1.91-3.87) among HIV group compared to 2.18 (CI: 1.85-2.57) 

in the immunosuppressed organ transplant group (Grulich et al. 2007). 

Nevertheless, analysis of a French cohort involving 52,000 HIV-positive patients 

did show a higher incidence rate for patients with lower levels of CD4+ cell 

counts, which correlate to the viral load. This indicates that prolonged 

immunosuppression due to viral therapy may also contribute to lung cancer risk 

(Mani et al. 2012).  
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 Mortality and Survival in Lung Cancer  

Despite the advances in modern medicine, survival rates are relatively poor and 

have not significantly changed in the last 40 years. Patient overall survival rates 

for all stages are demonstrated in Table 2. 

Table 2. Patient overall survival rates for all stages (Cancer-Research-UK 
2015) 

Survival year survival – Percentage alive 

One year 32% 

Five years 10% 

Ten years 5%. 

 

Survival is fundamentally dependent on the type of lung cancer, stage of 

diagnosis and success of the intervention. The Office for National Statistics 

(ONS) shows that one-year survival is greatest among stage I of lung cancer at 

81% for men and 85% for women. In contrast, stage IV has the worst data with 

a one-year survival of 15% for men and 19% for women (Hounsome 2016).  

Thus, earlier diagnosis is key to improve survival. This also supported by 

McPhail et al. (2015), who states that further reductions in mortality may be 

most effectively achieved by diagnosing all cancers before they progress to 

stage IV, but for lung and ovarian cancers there is also a need to improve 

stage-specific survival at all stages. The extremely poor 5 and 10-year survival 

rate highlight the depth of work required to address the deficits. The UK Lung 

Cancer Coalition’s report, 25 by 25: A Ten-Year Strategy to Improve Lung 

Cancer Survival Rates, found that 84% of healthcare professionals believed that 

regional inequalities in health and care services significantly affect lung cancer 

survival rates (Wise 2016; Exarchakou et al. 2018). 

Lung cancer has one of the highest rates of mortality making up 19.4% of all 

cancer deaths, due to late-stage and late-age diagnosis (Ferlay et al. 2015). In 

the UK, it accounted for 18,810, deaths in males and 16,338 deaths in females 

in 2017. Over the last decade, lung cancer mortality rates in the United 

Kingdom (UK) for males and females combined have decreased by 9%. 

However, there is a contrasting picture between the genders, as mortality rates 
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for males are falling, whilst slightly increasing for females. Future UK projections 

estimate a fall in mortality by 21% to 58 deaths per 100,000 by 2035 (Cancer-

Research-UK 2015). The fall in mortality can largely be attributed to better 

management of lung cancer patients. Healthier lifestyles, improved 

management of chemotherapy-related side-effects and newer or novel agents 

being available, contribute to patients opting for intensive rather than palliative 

management. However, despite all the advances, the likelihood of elderly 

patients receiving active radical treatment appears to decrease with age (Suh et 

al. 2017). Age itself does not seem to preclude patients from standard 

treatments, but in some cases, comorbidities may force to an alternative 

approach (Weinmann et al. 2003). It is more personal beliefs, social and cultural 

factors, which sway a patient’s decision to be managed palliative rather than 

radically. Untreated cancer patients tend to have a poorer prognosis than 

treated patients and thus it is important to discuss factors that can influence 

patient treatment (Suh et al. 2017). 

 Financial Burden on the NHS 

Every pound spent by the NHS is under great scrutiny. The current financial 

climate and an increased drive in efficiency saving has led to a deeper 

discussion on the use of NHS resources. Commissioners are under increasing 

pressure to justify their decisions. “What has a greater sense of value?” Money 

spent on palliative chemotherapy to extend the expected life by a few months or 

raising awareness of a self-limiting condition such as cold or flu, which could 

benefit millions? The pressure is being exerted on the clinician to justify their 

selection. However, simultaneously, patient choice and availability of supporting 

research is increasing the use of futile medicines. In the USA, over-utilisation is 

partly driven by medico-legal concerns and the fear, on many levels, of missing 

something or failing to do everything. However, this difference in healthcare 

practice in the USA is mainly driven by the private structure and individual 

expectations of client and provider; whilst in the UK the NHS is publically 

funded, avoiding disparity or over-utilisation of such practice. Estimates of the 

effect of defensive medicine on health-care spending vary, with several studies 

showing that tort (legal) reform would have little effect on cost (Sullivan et al. 

2011).   
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Cancer is becoming a long-term condition with higher survival rates, increased 

availability of novel agents leading to more years of treatment. The NHS net 

expenditure has increased significantly from £78.9 billion in 2006/07 to £120.5 

billion in 2016/17 and is anticipated to grow further in the forthcoming years 

(NHS-Confederation 2017). The total cancer spending was £5.86 billion in 

2009–10, representing 5.6% of total health spending for the year (Sullivan et al. 

2011). It is the third-largest NHS expenditure of all disease groups (Kennedy et 

al. 2016). The rise in cost is driven by a marked increase in the use of 

chemotherapy and radiation therapies. Patients are being risk-stratified using 

online tools to estimate the risk of relapse. Subsequently, patients are being 

offered adjuvant chemotherapy, which in some instances may offset the cost of 

hospitalisation and future care. However, sometimes the cost of the intervention 

may not justify the outcome. In the UK, the National Institute for Health and 

Clinical Excellence (NICE) evaluates the clinical and cost-effectiveness of 

oncology interventions, explicitly considering additional cost per quality-adjusted 

life-year (QALY) gained. However, there is evidence to suggest that these 

generic measures are not sensitive, and perhaps the estimated QALY gain 

does not accurately reflect the experience of a cancer patient (Devlin and 

Lorgelly 2017), The average incidence cost per patient in the UK for lung cancer 

is £25,847 for 18-64 year olds and £23,734 for over 65s (Laudicella et al. 2016). 

The first month of diagnosis aggregates to the greatest expense due to 

diagnostic investigations and potential interventions (Kennedy et al. 2016). 

Factors often associated with increased cost in lung cancer are young age, 

good performance status and NSCLC (Kennedy et al. 2016). Both palliative and 

radical treatments are associated with increased costs compared to best 

supportive care. However, palliative cancer costs usually reduce due to a 

limited number of interventions and shorter patient survival (Kennedy et al. 

2016).  

The primary goal of any medical intervention is rarely to reduce costs and 

reducing costs usually reduces the quality and intensity of services being 

delivered (Dalal and Bruera 2017). However, with the spiralling costs of cancer 

care, emphasis needs to be put on means to deliver efficiencies. The cost of 

cancer can be lowered by reducing the price of services or interventions, or by 

reducing over-utilisation. The cost of services is frequently identified as an area 
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for efficiency. Even though in some circumstances, this may be justifiable, in 

most cases, this leads to deteriorations in services and thus has a negative 

impact on patient care. The cost of intervention is particularly interesting as it is 

often determined and justified by the cost of research. Chemotherapy is an 

intervention, where the cost to the NHS is set by the pharmaceutical industries 

and can only be lowered by agreeing on relevant discounts or special access 

agreements. Many drugs are routinely reimbursed through NHS England, whilst 

others with limited evidence or the need of further evidence are made available 

through Cancer Drug Fund (CDF). The utilisation of new drugs is monitored 

through the National Institute for Health and Care Excellence (NICE). Over-

utilisation or identifying areas of redundant use may provide the greatest 

efficiency in cancer care. Risk-stratification tools have helped significantly in 

contouring patient choice and eliminating needless treatments. Similarly, the 

introduction of personalised medicine has reduced the use of generic 

chemotherapy, which allows for the delivery of targeted treatment offering 

comparatively better value for money (Kalia 2013). Medicine has evolved, 

especially in cancer intending to be “predictive, preventive, personalized and 

participatory” (Kalia 2013). 

Palliative chemotherapy can often be regarded as a contentious topic as its 

purpose may be misunderstood by all parties. Patients and clinicians focus on 

survival rather than Quality of Life (QoL). Not all palliative chemotherapy is 

guaranteed to benefit the patient and as the 30-day chemotherapy-induced 

mortality review highlights, some interventions may shorten survival. Yet, the 

topic of palliative care or end-of-life is reluctantly approached by the clinician as 

many patients see this as a ‘death sentence’ and would rather be treated with 

the hope of success than fear of failure. However, palliative care has shown a 

clear benefit in improving quality of life and survival in patients with advanced 

cancer (Romano et al. 2017).  In terminally ill cancer patients, effective 

outcomes inevitably vary with the stage of illness and functionality, 

necessitating individualised approaches that respect patient goals, even ones 

relating to increased survival or sustained quality of life (Dalal and Bruera 

2017). 
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 Clinical Effectiveness of Treatments 

Treatment aims to detect the cancer at an early stage and provide the most 

clinically effective and safest therapy to the patient. Early intervention has 

shown to have a positive outcome on the long-term survival of the patient. This 

may be in the form of surgery, radiotherapy or Systemic Anticancer Treatment 

(SACT). SACT is a commonly used umbrella term and often includes cytotoxic 

chemotherapy, monoclonal antibodies and targeted biological treatments. Each 

treatment modality is associated with its unique risks and therefore can’t be 

deployed in all clinical scenarios e.g. surgery on a metastatic or elderly frail 

patient. Depending on the type and stage of cancer, multiple treatment 

modalities can sequentially be employed to improve the efficacy of treatment 

and long-term survival. SCLC is renowned to be chemotherapy sensitive and 

therefore chemotherapy is employed upfront to shrink cancer, followed by 

radiotherapy to the chest to consolidate the treatment response. Multimodal 

therapy is preferred as evidence shows to improve patient survival. However, 

some intensive interventions may leave the patient with treatment-related 

burdens, impacting their quality of life in the survival period. 

 Chemotherapy 

The cornerstone of lung cancer chemotherapy is grounded on the use of 

platinum agents, specifically carboplatin and cisplatin (Cosaert and Quoix 

2002). Platinum agents have shown a favourable outcome in all chemotherapy 

settings, 

• Neo-adjuvant – Prior to surgery or radiotherapy with the aim to shrink 

the size of the primary cancer 

• Adjuvant – Post surgery or radiotherapy with the aim to consolidate 

response by eliminating any remaining micro-metastases 

• Palliative – Treatment to alleviate symptoms and prolong life but not to 

cure cancer 

In the palliative setting especially; the use of chemotherapy is widespread. 

Approximately 75% of patients are classified with advanced disease on 

diagnosis and, therefore, unsuitable for radical surgical intervention (Cosaert 

and Quoix 2002; Hounsome 2016). The use of platinum agents was first 

established in the 1970s and initially raised great pessimism amongst their 
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users, due to poor efficacy and considerable toxicity (Cosaert and Quoix 2002). 

However, after an extensive number of years of use, numerous randomised 

trials and meta-analysis, the Non-Small Cell Lung Cancer Collaborative Group 

(NSCLC-CG) established a vibrant role for the use of chemotherapy in the 

management of NSCLC (Bunn 1989; NSCLC-Collaborative-Group 1995). 

Comparison trials of etoposide vs etoposide plus cisplatin (Rosso et al. 1990), 

vinorelbine vs vinorelbine plus cisplatin (Depierre et al. 1994) and docetaxel vs 

docetaxel plus cisplatin (Georgoulias et al. 2004), all showed a positive 

outcome for the cisplatin doublets. Similar favourable evidence was shown 

when comparing cisplatin monotherapy against combination with etoposide 

(Crino et al. 1999), paclitaxel (Gatzemeier et al. 2000) and gemcitabine 

(Sandler et al. 2000). Constructive evidence is also demonstrated for 

carboplatin doublet chemotherapy when compared to its combining agent used 

as monotherapy. A meta-analysis by (Lilenbaum et al. 1998) involving 25 

eligible trials, including 5,156 patients, showed the combination chemotherapy 

produced a nearly two-fold increase in response rate compared with single-

agent chemotherapy (Response Rate [RR], 1.93; 95% confidence interval [CI], 

1.54-2.42).  However, the combination chemotherapy was also associated with 

a significant increase in toxicity, including a 3.6-fold increase in the risk of 

treatment-related death (RR, 3.5; 95% CI, 1.8-6.7) (Lilenbaum et al. 1998). 

Nevertheless, the combination of chemotherapy amplified objective response 

with a comparable toxicity profile and a modest prolongation of survival.  Based 

on the substantive evidence for platinum agents, NICE recommends a platinum 

agent, carboplatin or cisplatin, in combination with a third-generation drug 

(docetaxel, gemcitabine, paclitaxel or vinorelbine) for the management of 

NSCLC (NICE-CG121 2011).  

In SCLC, platinum chemotherapy has less robust evidence for use. A 

systematic review by Amarasena et al. (2015) evaluated platinum and non-

platinum chemotherapy in SCLC. The review included 32 studies and 6075 

patients from Europe, North America and Asia, between the years of 1981 and 

2014. Although platinum-based chemotherapy did not offer a statistically 

significant benefit in survival or tumour response, it did increase complete 

response rates, though there were higher rates of adverse events of nausea & 

vomiting, anaemia and thrombocytopenia (Amarasena et al. 2015). Similar 
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conclusions were drawn by Baka et al. (2008) and de Jong et al. (2007) for the 

efficacy of  of platinum based regimens, but they also found that non-platinum 

regimens had a higher incidence of grade 3-4 neutropenia with associated 

hospitalisation and antibiotic treatment. The respective neutropenia incidence 

for platinum and non-platinum groups were 64% vs 9% (P < 0.0001) (de Jong et 

al. 2007) and 57% vs 90% (P <0.005) (Baka et al. 2008). The increased 

mylotoxicity could also be attributed to a greater number of drug use. Platinum 

regimens tend to be doublets, whilst the non-platinum regimens are a 

combination of three. Comparativley  In SCLC, the evidence for cisplatin is 

deemed slightly superior to carboplatin, thus NICE recommends cisplatin-based 

combination chemotherapy, although it may be substituted with carboplatin in 

patients with impaired renal function, poor performance status (Eastern 

Cooperative Oncology Group (ECOG) 2 or more) or significant comorbidity 

(NICE-CG121 2011). 

Over the years, the debate has remained about which platinum agent or which 

combination is superior, however, the consensus considers any combination 

with a platinum agent as the standard line of treatment. The British Thoracic 

Oncology Group (BTOG) evaluated the choice of the platinum agents 

concerning patient outcomes by comparing chemo-naïve stage IIIB/IV patients 

with gemcitabine plus cisplatin 80mg/m2, cisplatin 50mg/m2 or carboplatin AUC 

6 (Ferry et al. 2017). The study concluded, whilst the cisplatin 50mg/m2 was 

inferior to the other arms, carboplatin at AUC6 is not inferior to cisplatin at 

80mg/m2 in terms of survival, although carboplatin was associated with more 

adverse events and poor quality of life (Ferry et al. 2017). The evidence was 

also supported by Schiller et al. (2002), who conducted a randomized study 

involving 1207 patients, to determine whether any of three experimental 

regimens: cisplatin and gemcitabine, cisplatin and docetaxel, or carboplatin and 

paclitaxel were superior to cisplatin and paclitaxel in patients with advanced 

non-small-cell lung cancer. None of the above four chemotherapy regimens 

offered a significant advantage over the others in the treatment of advanced 

non-small-cell lung cancer (Schiller et al. 2002). In everyday practice, 

carboplatin is the preferred choice of drug as the cisplatin is highly nephrotoxic 

and thus requires an extensive pre and post hydration management plan 

(Cosaert and Quoix 2002).  
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Although platinum agent combinations can be used in either of the two histology 

groups, substantial differences are found for the in the subgroup analysis for 

NSCLC. One of the stark differences was highlighted in the investigation of 

pemetrexed, an antifolate drug, in advanced NSCLC. A phase III, non-inferiority 

trial, involving 1725 patients, compared cisplatin-gemcitabine to cisplatin-

pemetrexed (Scagliotti et al. 2008). Although the trial met its primary endpoint of 

non-inferior Overall Survival (OS) for the pemetrexed versus gemcitabine arm, 

on a subgroup analysis of the histology, the OS survival for the adenocarcinoma 

(12.6 vs 10.9 months; HR 0.84, P= 0.03) and large-cell carcinoma (10.4 vs 6.7 

months; HR 0.67, P= 0.03) was superior for the pemetrexed arm compared to 

the gemcitabine arm (Scagliotti et al. 2008). Conversely, in the squamous cell 

histology, the gemcitabine arm was superior compared to the pemetrexed arm 

(10.8 vs 9.4 months; HR 1.24, P= 0.05). This also highlights the importance to 

scrutinise commercially sponsored non-inferiority trials, where on meeting the 

endpoint, treatments can be recommended, but may infact provide mediocre 

outcomes in certain subroups. This was also supported by a meta-analysis by Li 

et al. (2012), which showed pemetrexed plus platinum chemotherapy improved 

survival compared with other platinum-based regimens in patients with 

advanced NSCLC (HR = 0.91, 95% CI: 0.83–1.00, p = 0.04), especially in those 

with non-squamous histology (HR = 0.87, 95% CI: 0.77–0.98, p = 0.02). Benefit 

for the non-squamous subtype was also demonstrated in the PARMOUNT trial, 

which investigated whether continuation maintenance with pemetrexed 

improved progression-free survival (PFS) after induction therapy. The trial which 

involved 1022 patients, demonstrated a significant advantage of the 

pemetrexed arm over the placebo with median PFS measured from 

randomisation at 4.1 months (95% CI 3.2-4.6) and 2.8 months (95% CI 2.6-3.1) 

respectively (Paz-Ares et al. 2012).  
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 Targeted Therapy  

Chemotherapy is regarded as first port of call for most lung cancer types, but 

with the improved understanding of the subtypes, histo-chemistry and genetic 

abnormalities involved, targeted novel therapies are being deployed to improve 

response rates. Almost two-thirds of patients with NSCLC harbour an oncogenic 

mutation driving the cancer and approximately half of these have a 

therapeutically targetable lesion, expanding the available treatment options 

(Rotow and Bivona 2017). Development of Small Molecule Inhibitors (SMI) has 

played a pioneering role in targeting intracellular targets or genetic mutations 

(Zhang et al. 2009). SMI tend to be selective inhibitors with a favourable 

pharmaceutical side effect profile compared to cytotoxic chemotherapy (Zhang 

et al. 2009). Although treatment with targeted therapies improves patient 

outcomes in patients with NSCLC, response to these agents is generally 

incomplete and temporary due to the development of resistance. Three types of 

resistance mechanisms have been identified (namely: intrinsic, adaptive and 

acquired) and can further be classified as ‘on-target’ or ‘off-target’ (Rotow and 

Bivona 2017). Over the years, many targeted agents have been investigated 

focusing on the Tyrosine Kinase pathway. In the human genome, there are at 

least 90 tyrosine kinases and 56 receptor tyrosine kinases that can be 

subdivided into 19 families (Broekman et al. 2011). In different malignancies 

various tyrosine kinases are mutated or overexpressed and targeting these 

kinases allows for the control of cancer spread. Some of the Tyrosine Kinase 

Inhibitors (TKI’s) explored over the decade are EGFR-TKI’s, ALK-TKI’s, 

Vascular Endothelial Growth Factor (VEGF)-TKI’s, ROS1-TKI’s, and BRAF 

V600E-TKI’s. Some have shown great promise, whilst others have failed to 

show statistical benefit.  

EGFR-TKI inhibitors have shown great aptitude in the management of EGFR 

positive NSCLC. The development of the EGFR inhibitors was serendipity 

coupled with scientific intuitions, but the impact on patient survival is 

undisputable (Toschi et al. 2017). The first two EGFR inhibitors, gefitinib and 

erlotinib, were investigated in combination with chemotherapy in unselected 

NSCLC. Gefitinib was first explored in combination with gemcitabine and 

cisplatin (Giaccone et al. 2004) as well as with paclitaxel and carboplatin 

(Herbst et al. 2004). Both combinations failed to demonstrate any clinical benefit 
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to survival or response rate by the addition of gefitinib. Similarly, combining the 

other EGFR-TKI erlotinib with carboplatin and paclitaxel (Herbst et al. 2005) or 

with gemcitabine and cisplatin (Gatzemeier et al. 2007), proved no benefit to 

survival either. However, whilst investigating gefitinib as a single agent, in the 

phase-2 IDEAL-1 and IDEAL-2 trials, efficacy was demonstrated with a reported 

RR of 18.4% and 11.8% respectively and symptomatic improvement in patients 

who had a partial radiographic response (Fukuoka et al. 2003; Kris et al. 2003). 

This led to the development of NICE TA 175 and subsequently NICE TA 374, 

approving gefitinib and erlotinib to be used as a second-line treatment for locally 

advanced or metastatic cancer NSCLC (NICE-TA-374 2015). NICE TA 374 

looked at the clinical effectiveness of gefitinib and erlotinib by identifying 12 

Randomised Clinical Trials (RCTs) and comparing the respective drugs to 

conventional chemotherapy or best supportive care. Whilst erlotinib had enough 

clinical evidence to be recommended as an option following non-targeted 

chemotherapy for treating locally advanced or metastatic NSCLC in patients 

with unknown EGFR-TKI mutation status, gefitinib failed to substantiate the 

relevant evidence.  However, both drugs were not recommended for treating 

locally advanced or metastatic non-small cell lung cancer that has progressed 

after non-targeted chemotherapy in people with tumours that are EGFR-TK 

mutation-negative (NICE-TA-374 2015).  

NICE TA 192 was the first national guidance, recommending an EGFR TKI, 

gefitinib, as a first-line treatment for locally advanced or metastatic NSCLC 

(Brown et al. 2010). The recommendation stemmed from the IPASS study, 

which compared gefitinib to carboplatin and paclitaxel in advanced 

adenocarcinoma patients, who were non-smokers or former light smokers. The 

results showed an impressive 12-month Progression-Free-Survival (PFS) of 

24.9% for gefitinib group compared to 6.7% in the carboplatin-paclitaxel group ( 

HR 0.74; 95% CI 0.65 - 0.85; P<0.001) (Mok et al. 2009; Keedy et al. 2011). In 

the subgroup analysis, the dominance of gefitinib was more apparent in the 

EGFR positive group compared to a carboplatin-paclitaxel group, with gefitinib 

increasing the median progression-free survival by 3.2 months (Brown et al. 

2010; NICE-TA-374 2015). In the EGFR negative group, the contrary was seen 

as chemotherapy carboplatin-paclitaxel was superior (Mok et al. 2009).  
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The efficacy of the TKIs also varies among the specific type of EGFR mutations. 

The vast majority of EGFR mutations (85-90%) are due to exon 19 deletion and 

EGFR L858R mutation which have a high response rate to TKIs (Rotow and 

Bivona 2017). However, approximately 4% of cases have exon 20 insertions, 

which does not impact the affinity of EGFR for ATP and thus EGFR TKIs have 

little response on the cancer activity (Rotow and Bivona 2017). Despite the 

early success of EGFR-TKI responsive NSCLC, many cases have eventually 

developed resistance to the therapy. An analysis by Yu et al. (2013) involving 

155 EGFR positive lung cancer patients re-biopsied samples to establish 

histology and genotyping for any acquired mutations. The results showed that 

63% had a second-site EGFR T790M mutation and four had a small cell 

transformation (Yu et al. 2013). This led to the development of a third-

generation TKI, osimertinib, which blocks the T790M mutation pathway (Wang 

et al. 2016). In the phase-2 AURA-2 study, osimertinib showed anti-tumour 

activity in the T790M acquired group with a RR of 62% and PFS of 12.3 months 

(Toschi et al. 2017). Similarly, the AURA-3 trial showed an improved PFS of 

10.1 months for osimertinib compared to 4.4 months for conventional 

chemotherapy of platinum-pemetrexed (Toschi et al. 2017). Considering the 

findings of IMPRESS studies, NICE recommended the use of osimertinib for 

treating locally advanced or metastatic EGFR T790M mutation-positive non-

small-cell lung cancer (Ramalingam et al. 2017).   

ALK mutations only affect a minority of patients, but the impact of this mutation 

is momentous in patient management. Whilst chemotherapy only produced 

modest results, patients with ALK-positive NSCLC are highly responsive to 

ALK-inhibitors. Crizotinib was the first Food and Drug Administration (FDA) and 

NICE approved ALK-inhibitor. ALK-positive patients treated with crizotinib have 

superior PFS of 7.7 months vs 3.0 months and RR of 65% vs 20% when 

compared to conventional chemotherapy (docetaxel or pemetrexed) (Kwak et 

al. 2010; Shaw et al. 2013). Since the emergence of crizotinib, further ALK-

inhibitors have been recommended by NICE. Ceritinib (NICE TA 500), based on 

the ASCEND-4 trial, has shown a median PFS of 16.6 months compared to 8.1 

months with chemotherapy (cisplatin/ carboplatin + pemetrexed) (Soria et al. 

2017). Alectinib (NICE TA 536) is the latest SMI in the conveyor belt of ALK-

inhibitors. In a head to head comparison with crizotinib (ALEX trial), alectinib 
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produced a greater 12-month PFS of 68.4%, compared to 48.7% with crizotinib 

(Peters et al. 2017). 

However, the passion for ALK-inhibitors has been dampened by the emergence 

of drug resistance and the rise of central nervous system (CNS) metastases 

due to the poor bioavailability of the drug in the cerebral spinal fluid (CSF) of 

only 0.26% (Awad and Shaw 2014; Rotow and Bivona 2017) even though poor 

bioavailability into the CNS is a common feature with all the SMIs. Multiple 

resistance mechanisms have been described in ALK-positive NSCLC, mainly 

secondary mutations of L1196M (the “gate-keeper” mutation) and G1269A and 

amplifications of the re-arranged ALK locus (Awad and Shaw 2014). As with the 

EGFR TKIs, there is also a variance in response depending on the type of ALK 

mutation. The EML4-ALK mutation is the most common type, however, 

eccentricities within the mutation translate to a diverse response rate to ALK-

Inhibitors. An analysis by Woo et al. (2017) involving a nominal 54 tumours, 

showed three main variants of the EML4-ALK mutation, variant 3a/b (44.4%), 

variant 2 (11.1%) and variant 1 (33.3%). The significance of the variants is 

demonstrated when comparing the response rates of the various ALK-inhibitors. 

Patients treated with crizotinib had a 2-year PFS rate of 76.0% [95% (CI) 56.8-

100] in group EML4-ALK variants 1,2 & others versus 26.4% (95% CI 10.5-

66.6) in group variants 3a/b (P = 0.034) (Woo et al. 2017). Results were also 

similar for patients treated with alectinib and ceritinib (Woo et al. 2017).  

Certain ALK-inhibitors are also potent inhibitors of other tyrosine kinases, such 

as ROS1. This is due to structural homology between the ALK and ROS1 

kinase domains allowing ALK-inhibitors to serve as functional inhibitors for 

patients found to have ROS1 rearrangement (Awad and Shaw 2014; Rotow and 

Bivona 2017). Subsequently, crizotinib was investigated in 50 patients with 

ROS1 rearrangement of whom 43 had previous therapy. The objective 

response rate was 72% and a median PFS of 19.2 months (Shaw et al. 2014). 

In unselected and untreated NSCLC, chemotherapy provides PFS of around 5 

months and only 3 months in previously treated disease, NICE clinical experts 

deemed the results as meaningful and agreed that crizotinib should have NICE 

recommendation (NICE TA 529) as it can induce durable tumour shrinkage and 

slow disease progression, particularly in previously treated ROS1‑positive 

advanced NSCLC (NICE-TA529 2018). Ceritinib has also been investigated in 
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32 patients who had ROS1 rearranged in NSCLC. Apart from two patients, all 

had previous crizotinib treatment. Despite the small number of participants, the 

results were promising with an objective RR of 62% and a median PFS of 9.3 

months for all patients (Lim et al. 2017).  

BRAF is a well-established target in melanoma but also occurs in 3-8% of lung 

adenocarcinomas (Rotow and Bivona 2017). The V600E mutation is the most 

commonly found BRAF mutation, affecting approximately 50% of cases, 

followed by G469A/V (35%) and D594G (6%) (Rotow and Bivona 2017). 

Currently, there are only two BRAF inhibitors that have shown activity to the 

V600E mutation, dabrafenib and vemurafenib. Planchard et al. (2016b) 

investigated dabrafenib in a phase-2 trial involving 84 patients with BRAF 

V600E positive advanced NSCLC, which showed an investigator-led overall 

response of 33% and a PFS of 5.1 months. Vemurafenib showed similar results 

in patients with NSCLC and unspecified BRAFV600 mutations with a reported 

overall response of 42% and a PFS of 7.3 months (Hyman et al. 2015).  

Dabrafenib has also been investigated in combination with trametinib, a MEK 

inhibitor, in a phase-2 trial involving 59 patients with BRAF V600E positive 

advanced NSCLC. The results showed a positive outcome with an overall 

response rate of 63.2% and a PFS of 9.7 months (Planchard et al. 2016a).  

The MET signalling pathway is another potential target being explored in both 

SCLC and NSCLC. MET receptor over-expression can be identified in up to 

40% of lung cancer tissues and has a significant correlation to a poor outcome 

in many solid tumours (Gelsomino et al. 2014). The MET gene encodes a 

protein product called the hepatocyte growth factor (HGF) and upon stimulation, 

activates four pathways: PI3K-Akt signalling; RAS-MAP kinase cascades; 

STAT; and the factor-kB complex (Gelsomino et al. 2014). The activation of 

these pathways, subsequently promotes cell proliferation, angiogenesis, 

morphogenesis, survival, cell scattering migration and invasiveness (Gelsomino 

et al. 2014). Aberrant MET activation can be caused by several altered 

biological processes, but the two of clinical interest in cancer are MET gene 

amplification and MET gene mutation (Toschi et al. 2017). MET gene 

amplification is an oncogenic driver and has been reported in 2-21% of TKI-

naïve lung adenocarcinomas and 5-25% of EGFR-TKI resistant NSCLC 

(Gelsomino et al. 2014). TKI treatments already target pre-existing MET clones, 
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thus concomitant blockade of the MET pathway may overcome EGFR-TKI 

resistance (Gelsomino et al. 2014). Although many MET inhibitors have been 

investigated, the overall evidence remains inconclusive. Cabozantinib was 

investigated in a phase-2 RCT in patients with wild-type EGFR NSCLC, alone 

or in combination with erlotinib versus erlotinib alone. PFS was significantly 

improved in the cabozantinib groups, with the combination having PFS of 4.7 

months, followed by cabozantinib alone at 4.3 months and 1.8 months for 

Erlotinib (Neal et al. 2016). Similar results were obtained for another MET 

inhibitor onartuzumab when combined and compared to erlotinib plus placebo 

(PFS 12.4 vs 6.4 months) (Spigel et al. 2013). Regrettably, the larger phase-3 

trial combing erlotinib and onartuzumab showed a decrease in median OS 

(Spigel et al. 2017), similar to the combination of tivantinib and erlotinib in the 

MARQUEE trial which revealed ineffectiveness, as no difference in OS between 

the groups was found (Scagliotti et al. 2015). A meta-analysis by (Ye et al. 

2016) evaluated the efficacy and risk profile of MET inhibitors in NSCLC.  

Patients in the target drugs group had longer PFS (HR 0.80, 95% CI 0.66–0.99, 

p = 0.04) but not OS than those in the control group, especially in subgroups for 

Asian participants (HR 0.57, 95% CI 0.42–0.76, p < 0.001), non-squamous (HR 

0.79, 95% CI 0.64–0.97, p = 0.03), Phase-3 (HR 0.66, 95% CI 0.50–0.86, 

p = 0.002), previously treated (HR 0.77, 95% CI 0.63–0.95, p = 0.01) and small 

molecular compounds (HR 0.62, 95% CI 0.50–0.78, p < 0.001) (Ye et al. 2016).  

PD1 and the PD-L1 inhibitors also known as Immune Checkpoint Inhibitors (ICI) 

are one of the most exciting treatments to have emerged in recent years and 

can be used in most cancers with results showing great promise. ICIs provide a 

suitable alternative to the traditional platinum-based chemotherapy with 

improved efficacy and favourable side-effect profiles. There are three ICI’s 

currently in use, two are anti-PD-1 antibodies (nivolumab, pembrolizumab) and 

one is an anti-PD-L1 antibody (atezolizumab). ICIs are currently used in various 

clinical settings, ranging from frontline treatment for patients with a high 

expression of PD-L1 (>50%) to first or second relapse. Patients whose disease 

relapse or have signs of progress are routinely treated with second-line 

docetaxel, which provides meaningful benefit compared to best supportive care 

(BSC) (Fossella et al. 2000) or comparative chemotherapy (Shepherd et al. 

2000). However, results are still relatively modest, with one-year survival at 37% 
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and 32% for the respective interventions. ICIs were compared in several RCTs 

to second-line chemotherapy docetaxel. Key trials such as Keynote-010 for 

Pembrolizumab (Herbst et al. 2016), CheckMate 017 & 057 (Borghaei et al. 

2015; Brahmer et al. 2015) for Nivolumab and POPLAR for Atezolizumab 

(Fehrenbacher et al. 2016) all showed a favourable outcome in terms of 

Objective Response Rate (ORR), PFS and median OS for patients on ICIs 

compared to the standard docetaxel (Table 3). Considering the abundance in 

clinical evidence, all three ICIs were granted NICE commissioned status, 

pembrolizumab TA428, nivolumab TA484 & TA483 and atezolizumab TA520. 

However, subgroup analysis incorporating the presence of ALK or EGFR 

mutation also found ICIs to be less effective than docetaxel for EGFR mutated 

and ALK re-arranged patients (Yoneda et al. 2018). 
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Table 3. Key randomized controlled trials (RCTs) comparing immune 
checkpoint inhibitors (ICIs) with chemotherapy for previously treated 
advanced non-small-cell lung cancer (NSCLC) 

Trial  Histology (PD-

L1 status) 

Trial Arms ORR PFS 

(median) 

OS 

(median) 

Pembrolizumab 

(anti-PD-1 

antibody) 

KEYNOTE-010 

TPS ≥ 1% DOC (n=343)  

 

Pembrolizumab 

(2 mg/kg) 

(n=344)  

 

 

 

 

 

Pembrolizumab 

(10 mg/kg) 

(n=346)  

 9.30%  

 

18.00% 

P=0.0005 

(vs DOC) 

18.50% 

P=0.0002 

(vs DOC)  

4.0 m            

 

3.9 m 

HR=0.88 

(95% CI, 

0.71-1.05); 

P=0.07 (vs 

DOC) 

 

 

4.0 m 

HR=0.79 

(95% CI, 

0.66-0.94); 

P=0.004  

8.5 m           

 

10.4 m 

HR=0.71 

(95% CI, 

0.58-

0.88); 

P=0.0008 

(vs DOC)  

 

12.7 m 

HR=0.61 

(95% CI, 

0.49-

0.75); 

P<0.0001 

(vs DOC) 

Nivolumab 

(anti-PD-1 

antibody) 

CheckMate 017 

Any DOC (n=137)  

 

Nivolumab 

(n=135) 

9% 

 

20% 

P=0.008 

(vs DOC) 

2.8 m 

 

3.5 m 

HR=0.62 

(95% CI, 

0.47-0.81); 

P<0.001 

(vs DOC) 

6.0m 

 

9.2 m  

HR = 0.59 

(95% CI, 

0.44-

0.79); 

P<0.001 

(vs DOC) 

Nivolumab 

(anti-PD-1 

CheckMate 057 

Any DOC (n=290)  

 

Nivolumab 

(n=292) 

12% 

 

19% 

P=0.002 

(vs DOC) 

4.2 m 

 

2.3 m 

HR=0.92 

(95% CI, 

0.77-1.11); 

P=0.39 (vs 

DOC) 

9.4 m 

 

12.2 m  

HR = 0.73 

(95% CI, 

0.59-

0.89); 

P=0.002 

(vs DOC) 

Atezolizumab Any DOC (n=143)  14.7% 3.0 m 9.7 m 
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(anti-PD-L1 

antibody) 

POPLAR 

 

Atezolizumab 

(n=144) 

 

14.6%  

 

2.7 m 

HR=0.94 

(95% CI, 

0.72-1.23); 

P=0.645 

(vs DOC) 

 

12.6 m  

HR = 0.73 

(95% CI, 

0.53-

0.99); 

P=0.04 

(vs DOC) 

ORR: objective response rate, PFS: progression-free survival, OS: overall survival, PD-

L1: programmed death ligand 1, PD-1: programmed cell death 1, NSCLC: non-small cell 

lung cancer, TPS: tumour proportion score, DOC: docetaxel, HR: hazard ratio, CI: 

confidence interval 

 

CheckMate 057 trial also highlights the importance of the Tumour Proportion 

Score (TPS) as patients with higher expression of PD-1 ligand were associated 

with even greater efficacy compared to docetaxel across all end points 

(Borghaei et al. 2015). This led to the exploration of ICIs as first-line treatment 

for patients with untreated advanced NSCLC. KEYNOTE-021 (Langer et al. 

2016) and KEYNOTE-024 (Reck et al. 2016) compared pembrolizumab to 

conventional chemotherapy, in combination or as a single agent. The 

KEYNOTE-021 enrolled non-squamous NSCLC patients with any PD-L1 status 

and compared the trial arm of pembrolizumab with Carboplatin/ Pemetrexed to 

standard Carboplatin/ Pemetrexed. The investigational trial arm was reported to 

have a superior ORR of 55% vs 29 % (P=0.0016) and a median PFS of 13.0m 

to 8.9m (HR = 0.53 (95% CI 0.31-0.91) P=0.01) (Langer et al. 2016). 

KEYNOTE-024 enrolled NSCLC patients with TPS PD-L1 status of >50% and 

showed favourable results for the pembrolizumab arm with median PFS of 10.3 

months versus 6.0 months in the chemotherapy group (HR= 0.50; 95% CI, 0.37 

to 0.68; P<0.001). (Reck et al. 2016).  Similarly, the OS at 6 months, the 

response rate and median duration of response were all superior in the 

pembrolizumab group compared to the chemotherapy group (Reck et al. 2016). 

Based on this evidence, pembrolizumab was recommended by NICE as an 

option for untreated PD-L1-positive metastatic non-small-cell lung cancer 

(NSCLC) in adults with a PD-L1 TPS of at least 50% who have EGFR or ALK 

mutations (NICE-TA531 2018). 
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In my opinion, the role of genetics in the management of lung cancer is going to 

surge significantly in the future. The impact of “next-generation” sequencing 

technologies will provide vital and vast amounts of information, which will 

transform the management of lung cancer patients. The key will be to recognise 

which mutations are significant, play an accommodating role and can be easily 

targeted to get the most profound treatment response. However, until that time 

the reliance on cytotoxic chemotherapy will continue, especially in palliative lung 

cancer, where treatment options are scarce.   

 Chemotherapy Burden in Palliative Lung Cancer 

Despite the ever-growing treatment options and superior insight into the 

causative factors in metastatic lung cancer, a cure remains an unachievable 

objective. Every treatment modality carries its own unique risk, burden and side-

effects. Surgery and radiotherapy have a limited scope of applications in 

palliative lung cancer. Chemotherapy is the only proven treatment modality for 

palliative patients with normal cytogenetics, yet it probably carries a significant 

treatment-related mortality and morbidity risk. Chemotherapy in the appropriate 

clinical setting can bring significant clinical benefit to the patient, but equally, in 

adverse settings, it can be a detrimental influence. The 30-day mortality review 

after SACT highlights the shortfalls of such decision points as patients treated 

with palliative chemotherapy often succumb to toxicity especially neutropenia. 

Patients dying within 30 days after being administered SACT are unlikely to 

have gained the survival or palliative benefits of the treatment, and given the 

side-effects sometimes caused by SACT, are more likely to have suffered harm 

(Wallington et al. 2016). Wallington et al. (2016) reviewed patient data for the 

30-day mortality after SACT for breast and lung cancer patients in England and 

found that mortality increased with age for patients with breast cancer and 

NSCLC with curative intent but decreased with age for patients receiving 

palliative SACT. This probably highlights the clinicians’ gusto to cure patients at 

a higher cost, whilst taking a more conservative approach for patients with 

palliative intent. Wallington et al. (2016) also alluded to the fact that some of the 

treatment-related mortality could have been avoided by simply reducing doses 

or avoiding SACT altogether, although it would come at the cost of depriving 

some patients being offered effective SACT for their survival and palliation 

benefits. The long-term side-effects of chemotherapy are rarely considered in 
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palliative lung cancer, as the focus often surrounds the modest cancer 

response. Therefore, in a multifocal treatment setting, where patients are 

treated with chemotherapy, it is not a foregone conclusion that any mortality is 

the result of a single cause but maybe a cumulative effect of treatment-related 

side-effects, disease and other patient-related factors (such as comorbidities). 

 Risk of Neutropenia 

Lung cancer chemotherapy is based on the foundation of platinum agents and 

as clinically effective they may be, they also carry a considerable toxicity risk. 

Carboplatin is the most used platinum agent, but is also associated with dose-

limiting myelosuppression, particularly thrombocytopenia and neutropenia. In 

patients with normal baseline values, thrombocytopenia with platelet counts 

below 50 x109/L occurs in 25% of patients and neutropenia in 18% of patients 

(Hospira-Carboplatin 2015). Neutropenia is defined as having a lower than 

normal neutrophil count of less than 1.0 × 109/L (normal range 2.0–7.0×10 9/L). 

It is regarded as a major risk factor for infection-related morbidity and mortality 

and dose-limiting toxicity in cancer treatment (Aapro et al. 2011). Drugs used in 

chemotherapy are known to induce DNA damage in bone marrow progenitor 

cells, resulting in a fall of neutrophil levels (Marshall and Innes 2008). These 

progenitor cells are also involved in other key functions of the bone marrow, 

such as platelet and red blood cell production; suppression leading to 

thrombocytopenia and anaemia respectively. Most chemotherapy regimens are 

designed with the toxicity period in mind, also known as blood nadir, where the 

chemotherapy has its most durable effect and patients are in their utmost 

vulnerable state. Chemotherapy regimens integrate the blood nadir period, 

typically 10-14 days, but also for a subsequent recovery time of approximately 7 

days, giving them a typical 21-day cycle. However, this nadir can vary from 

drug-to-drug, patient-to-patient and for each combination of drugs used. In 

general, drugs with overlapping toxicities are avoided as they pose a significant 

cumulative toxicity risk to the patient.  

For carboplatin, the median haematological blood nadir is day 21 in patients 

receiving single agent carboplatin and day 15 in patients receiving carboplatin in 

combination with other chemotherapeutic agents(SPC 2015). With the 

combination of chemotherapy repeated every 21 days, there is little room for 

error. The dilemma arises, when patients’ recovery does not follow a normal 
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recovery pattern and they continue to be neutropenic beyond the point of 

expected recovery, i.e. at the start of the next cycle. This prolonged period 

poses an infection risk to the patient as they are susceptible to opportunistic 

infections. Similarly, during the chemotherapy blood nadir period, patients are 

expected to have some form of neutropenia. However, there is no consensus to 

define what a safe level of neutropenia during this period should be. In both 

scenarios, the risk is correlated with the neutrophil count and the protracted 

duration of neutropenia (Marshall and Innes 2008). The correlation of 

myelosuppression induced by chemotherapy, and related to the neutrophil 

count, increases the risk of infections. Myelosuppression exposes the host to a 

wide variety of microorganisms, augmented with a possible sub-immunological 

host response; infections may spread uncontrollably, increasing the risk of 

mortality and morbidity. 

There is also growing evidence to suggest that chemotherapy-induced 

neutropenia improves survival in some types of cancers. A systematic review 

looking at the impact of chemotherapy-induced neutropenia on survival in 

patients with breast, ovarian and cervical cancers, consistently showed that 

patient groups who experienced neutropenia had superior distant disease-free, 

overall and progression-free survival (Eskander and Tewari 2012). However, 

the evaluation was heavily female-focused and only reviewed adjuvant patients 

who are more physically able than most of the palliative lung chemotherapy 

group. Nevertheless, the results warrant further exploration in other cancer 

groups, like palliative lung cancer.  

 Types of neutropenia 

Neutropenia can be classified into three categories, neutropenia, febrile 

neutropenia and neutropenic sepsis. Neutropenia can be regarded as the first 

stage for the susceptibility of infection. During the blood nadir phase, patients 

may present with a neutrophil count of less than 1.0 × 109/L but remain 

physically well. This may be fortuitous or because of a functioning innate 

immunity, limiting the activity of infections. However, as neutrophil count 

continues to drop or neutropenia is protracted; patients may lose any innate 

immunity, increasing the likelihood of infections (Crawford et al. 2004). If an 

opportunistic infection is contracted, one of the earliest signs would be the 

emergence of a febrile response thus known as febrile neutropenia. Febrile 
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neutropenia is defined as a rise in axillary temperature to >38.5°C for a duration 

of greater than one-hour while having an absolute neutrophil count (ANC) of 

<0.5 × 109/L (Crawford et al. 2010). If patients are inadequately managed, they 

risk becoming septic. Neutropenic sepsis is a fatal inflammatory complication 

and has significant mortality, ranging from 2-21% (Phillips et al. 2012). It is often 

correlated with prolonged periods of neutropenia and the inability to mount an 

immunological response leading to multi-organ failure (Phillips et al. 2012). As 

per NICE Clinical Guidance 151,  patients suspected as having neutropenic 

sepsis are to be started with empiric antibiotics to prevent further complications 

(Bate et al. 2013). Neutropenia will remain an unwanted but integral part of 

myelosuppressive chemotherapy and therefore, efforts should be made to 

prevent rather than treat the complications. 

This chapter provided a brief overview of lung cancer. It discussed the 

management of lung cancer and how it is evolving with the emergence of novel 

targeted agents. However, the mainstream of lung cancer treatment is still 

dependent on conventional platinum-based chemotherapy which carries an 

integral risk of adverse events, especially chemotherapy induced neutropenia. 

Neutropenia is a major risk factor for limiting the dose of chemotherapy due to 

the risk of mortality and morbidity. Patients on limited doses of chemotherapy 

tend to have inferior outcomes when compared to full dose chemotherapy 

patients. Supportive strategies are being explored to reduce the risk and 

maintain doses, in the form of antibiotics and GCSF use. However, in the event 

of failure or considerable risk, dose reduction remains the only proven option. 

Yet, little guidance or evidence exists beyond individual experiences. It is 

unclear, what factors would need to be considered along with the reduction of 

chemotherapy doses to reduce the risk of subsequent neutropenia and not to 

compromise the clinical benefit.  

The next chapter explores the literature in relation to the subject of dose 

reduction in chemotherapy to understand what evidence already exists. It 

provides a portrayal of the factors associated with dose reduction in relation to 

neutropenia. It also describes the common dose reduction strategies used to 

reduce the risk of subsequent neutropenias.     
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2. Chapter 2 - Literature Review 

 

The previous chapter provided background on lung cancer and current 

treatment methods, including the importance of chemotherapy in the 

management of palliative cancers. This chapter explores the current 

understanding of chemotherapy dose reduction in relation to a neutropenic 

event.  

The following section describes the process undertaken to review the existing 

literature and the methodology employed to elicit relevant papers. 

Hippocrates (460 BC-377 BC) first described the importance of a literature 

review,   

“… full discovery will be made, if the inquirer be competent, conduct his 

researches with knowledge of the discoveries already made, and make them 

his starting-point; but anyone who, casting aside and rejecting all these means, 

attempts to conduct research in any other way or after another fashion, and 

asserts that he has found out anything, is and has been, the victim of 

deception.” 

Evidence-based practice forms the nucleus in the development of healthcare-

based guidance. However, the challenges to evaluate this information have 

shifted since the beginning of the 21st century. The rise of the digital age has 

made the availability of literature and evidence more readily accessible, but this 

has also introduced many types of biases and opinions. James Lind, an 

instigator for Randomised Controlled Trials (RCT), acknowledged the risk of 

biases and wrote: 

“As it is no easy matter to root out prejudices…it became a requisite to exhibit a 

full and impartial view of what had hitherto been published… by which the 

sources of these mistakes may be detected. Indeed, before the subject could be 

set in a clear and proper light, it was necessary to remove a great deal of 

rubbish (Grant and Booth 2009, Pg:92)”.  

Jesson and Lacey (2006) also acknowledge the importance of a critical 

literature review as this helps to tell a story and enhance the current 
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understanding of what is already known. Grant and Booth (2009) analysed 

many types of literature review and the associated methodologies. They 

employed the SALSA (Search, Appraisal, Synthesis & Analysis) framework to 

critique the fourteen types of literature reviews, ranging from an overview to a 

more comprehensive systematic review (Grant and Booth 2009). The 

advantage of the SALSA framework is that it is not bound by the terminology 

used in the different types of reviews and thus can successfully be used to 

evaluate the respective methodologies. However, this does not form a tool to 

critically appraise the quality of the methods as the methodologies can be vastly 

different.     

Although many types of literature reviews could have been deployed, a 

systematic review is deemed as the gold standard due to its perceived 

strengths of systematically searching, appraising and synthesising research 

evidence, whilst adhering to a review protocol (Grant and Booth 2009). 

Systematic reviews allow for the evaluation of existing research, clarifying 

relationships, contradictions and inconsistencies to formulate an overarching 

conceptualisation (Siddaway 2014). A systematic review is defined as: 

A review of a clearly formulated question that uses systematic and explicit 

methods to identify, select, and critically appraise relevant research, and to 

collect and analyse data from the studies that are included in the review. 

Statistical methods (meta-analysis) may or may not be used to analyse and 

summarise the results of the included studies (Higgins and Green 2008). 

Conversely, this protocol deployed to conduct the literature review can also be 

deemed its greatest weakness as it limits the type of studies that may be 

included in the review. Hence, whilst starting the systematic review, it quickly 

became apparent that there is not sufficient evidence to conduct a systematic 

review in dose reduction due to neutropenia. The question was too specific and 

the literature lacked homogeneity in the form of observational or randomised 

studies to formulate a comprehensive review. A scoping review was regarded a 

more suitable method as it is commonly used for reconnaissance to clarify and 

map the working definitions and conceptual boundaries of a topic (Peters et al. 

2015). It was also decided to broaden the subject outside of palliative and lung 

cancer to map out all the associated factors to dose reduction as it is possible 
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that certain factors are treatment intention or tumour site specific. The final 

scoping review was to understand the factors associated with chemotherapy 

dose reduction in relation to neutropenia. A systematic scoping review is 

defined as: 

“Exploratory projects that systematically map the literature available on a topic, 

identifying key concepts, theories, sources of evidence and gaps in the 

research” (Grimshaw 2010, Pg:34)  

Arksey and O'Malley (2005) identified four common reasons for scoping reviews 

including: 

1. Examining the extent, range and nature of research activity (to provide 

an overview of the available literature and identify key themes and 

research foci); 

2. Determining the value of undertaking a full systematic review (for 

example by identifying the extent of relevant literature and absence of 

existing relevant reviews); 

3. Summarising and disseminating research findings across a body of 

research evidence, especially that is heterogeneous and/or complex; 

4. Identifying research gaps in the existing literature to aid planning and 

commissioning of future research (for example, by identifying whether a 

research question has likely already been answered by existing studies 

and by refining the research questions and research methods for new 

studies to ensure that they are informed by existing studies 

It can be reasoned that a scoping review is appropriate in this literature review 

as it fulfils the above criteria, with the only difference that it is being conducted 

after an attempt for a systematic review. A systematic scoping review follows 

the same principles as a traditional systematic review. However, in a 

comprehensive systematic review, the goal is to synthesize the evidence from 

multiple study designs, and enrich the knowledge gained, whereas in a scoping 

review, the goal is to determine what range of evidence (quantitative and/or 

qualitative) is available on a topic (Peters et al. 2015). Additionaly, in scoping 

review, study designs or the methodology used to conduct the research are 

generally not considered which then raises questions on the quality of the data. 

Thus, to minimise this effect, the scoping review was mimicked on a systematic 
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review as closely as possible by undertaking the same steps and prioritising 

primary literatures in the form of RCTs or observational studies. Thus, it may 

seem unusual to have quantitative data but the analysis to be undertaken in a 

qualitative manner. The justification was that the range of variables mapped in 

the review, should be evidence based rather than a reflection or thoughts from 

individual practices. The key steps are 

1. Design a protocol with a defined background, review question and 

respective objectives 

2. Eligibility criteria and comprehensive searching to identify sources of 

evidence 

3. Selection of relevant sources of evidence (screening) 

4. Extracting and charting the results 

5. Conclusions and implications 

(Peters et al. 2015) 

The review was reported based on the ‘Preferred Reporting Items for 

Systematic reviews and Meta-Analyses extension for Scoping Reviews 

(PRISMA-ScR) Checklist (Tricco et al. 2018)  The scoping review did not have a 

registered protocol, but the main criteria are included in this literature review.  

The final research question for this review was to understand factors 

associated with chemotherapy dose reduction in relation to neutropenia. 

The key concept throughout the review focused on dose reductions.  
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 Systematic Scoping Review 

The purpose of this review is to identify and map the factors associated with 

Systemic Anti-Cancer Therapy (SACT) dose reduction in relation to 

neutropenia. The need for SACT is well defined as reducing the burden of 

cancer and alleviating cancer-associated symptoms. However, the benefits from 

SACT are dependent on the optimal delivery of therapy which is often estimated 

from clinical trials. The reported advantage from these trials can often be 

contentious due to the selection bias of clinically superior patients than real-life 

and therefore having fewer dose delays or dose reductions, overestimating the 

clinical benefit (Kawatkar et al. 2017; Prasanna et al. 2018). A retrospective 

cohort study by Llopis-Salvia et al (2009) evaluated the chemotherapy dose 

intensity reductions due to adverse drug reactions in oncology outpatient setting 

in 532 patients involving 3553 cycles. The reported incidence of non-adherence 

classified as dose delays, reduction, or omission due to ADRs was 12.9% (CI: 

11.8-14.0%). Although this study demonstrates the incidence of non-adherence, 

it fails to acknowledge the impact of these sub-therapeutic dose intensities.   

A pioneering study at its time, by Bonadonna et al (1995), paved the 

understanding of Relative Dose Intensity (RDI) and the derived benefit in 

regards to Overall Survival (OS) and Disease-Free Survival (DFS). In a 20 year 

follow up of women with breast cancer treated with adjuvant CMF 

chemotherapy, receiving an RDI >85% had a superior OS and DFS compared 

to those with an RDI <85%. This therapeutic relationship was also confirmed  by 

Wood et al. (1994) where women treated with a high or moderate dose intensity 

had significantly longer DFS and OS than those treated with a low dose 

intensity. In real-life settings, the occurrence of dose delays or reductions is 

more frequent than depicted from clinical trials and require SACT therapy to be 

intervened, either through discontinuation by choice, circumstances, or by an 

appropriate dose reduction. Reducing doses of SACT reduces the risk of 

chemotherapy-related mortality, but the identification of this subset of patients 

will remain a challenge for many clinicians. A scoping review of the evidence-

based practice on dose reduction will examine a broader area to identify gaps in 

the knowledge base to clarify key concepts and report on the types of evidence 

for a dose reduction that address and inform practice in the field (Peters et al. 

2015).   
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 Rationale 

Dose reductions are a vital intervention to manage chemotherapy-related 

toxicity and ensure that chemotherapy can be delivered safely, especially post a 

neutropenic event. Neutropenia is undoubtedly the most prevalent reason for 

dose reductions and is a major factor for 30-day SACT mortality, peaking at 

around 11–15 days after treatment (Wallington et al. 2016). Chemotherapy-

induced neutropenia has been a long-standing issue for cancer patients and is 

a key burden in delivering optimal treatments (Aapro et al. 2011). Patients with 

neutropenia are often hospitalized and if not treated urgently with broad-

spectrum intravenous antibiotics, they may become septic and thus suffer 

subsequent consequences, including mortality.  

The introduction of Granulocyte-Colony Stimulating Factor (GCSF) has 

significantly reduced the incidence of chemotherapy-induced neutropenia. In a 

large scale, multi-centred real-world observational study across 12 countries 

involving 1447 patient, GCSF use was evaluated, which showed an incidence 

for Chemotherapy-Induced Neutropenia (CIN) grade 4 as 13.2%, Febrile 

Neutropenia (FN) 5.9% with a cumulative 6.1% hospital admission due to 

FN/CIN (Gascon et al. 2016). However, in certain cancers, the prophylactic or 

secondary use of GCSF following neutropenia is not recommended due to a 

lack of evidence or commissioning status. In the event of neutropenia, the only 

other viable option is to dose reduce the chemotherapy. Limited guidance is 

available in the Summary Product Characteristics’ (SmPCs) for the 

management of neutropenia. Even when the information is available, the 

guidance at best is feeble, considering it is derived from a controlled population, 

neglecting the epistemology of real-life patient factors. 

There is a long-standing debate on whether to dose reduce chemotherapy or 

not. The efficacy of chemotherapy is based on the Non-exponential 

Gompertzian kinetics theory by Norton-Simon, which refers to small tumours 

growing faster than large tumours and the regrowth is a function of the 

cytoreduction, proportional to the rate of tumour cell kill (Marangolo et al. 2006). 

Founded on this theory, patients treated with reduced doses will be subject to a 

higher regrowth, but also may be less at risk of chemotherapy-related 

complications. Figure 3 highlights the variance in tumour kill between a low 

dose, high dose and dose intense therapy.   
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Figure 3. Extracted from ‘The Importance of Planned Dose of 
Chemotherapy on Time: Do We Need to Change Our Clinical Practice? 
(Foote 1998)’ 

Whereas a high dose or a dose-dense approach is undoubtedly the ideal 

hypothetical therapy strategy for optimal cancer reduction, it may not be feasible 

to deliver it to all patient sub-groups, considering the individual risk factors. A 

relatively early study by Radford et al. (1993) highlights the importance of dose 

adaptation of chemotherapy by evaluating the incidence and risk of septic 

complications in 382 patients treated for SCLC with full doses of chemotherapy 

following an event of life-threatening sepsis. Fifty (13%) patients experienced 66 

further events of sepsis whilst 20 (5.2%) patients died as a result (Radford et al. 

1993). It can be debated that an appropriate dose reduction of the 

chemotherapy could have prevented further events of sepsis and thus reduced 

the relative mortality rate. Similarly, not all dose reductions have a detrimental 

effect on survival as demonstrated by a retrospective review of elderly patients 

with ovarian cancer. Dose reductions did not affect the OS of these patients, but 

the need for chemotherapy delay and transfusion did reduce survival (Joseph et 

al. 2014).   

Dose reductions are often inconsistently applied and dependent on the 

clinician’s judgement and their perception of the influencing factors. Appropriate 

dose reductions can significantly reduce the adverse burden on the patient, 

whilst maintaining the therapeutic benefit of the chemotherapy. These dose 

reductions can be applied at various points in treatment, such as prior to the 

commencement of chemotherapy (to reduce the risk of chemotherapy-related 

complications), whilst others are secondary to the direct consequences of 
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chemotherapy such as neutropenic sepsis. The review has shown that there is 

a lot of research regarding the risk of neutropenia, predominantly to identify risk 

groups to employ remedial measures to prevent neutropenia. However, very 

little emphasis is placed on clinical interventions such as dose reductions of 

chemotherapy. This review attempts to capture the factors associated with dose 

reduction in relationship to neutropenia and how it may influence the decision.  

 Aim and Objectives of the Review 

This literature review aims to explore the factors associated with chemotherapy 

dose reduction in relation to neutropenia. . 

The objectives of this review were to elicit the following information. 

• Understand the current methods of dose reduction in relation to 

neutropenia 

• Understand which factors are clinically important when considering 

primary dose reduction in relation to neutropenia 

• Understand which factors are clinically important when considering 

secondary dose reduction in relation to neutropenia 

 Methods 

A comprehensive scoping review was carried out to elicit the current state of 

understanding in the field of dose reduction of chemotherapy in relation to 

neutropenia. To aid with the process, a Cochrane inspired review was carried 

out by using systematic methods to minimise publishing based bias, thus 

providing more reliable findings for interpretation (Higgins and Green 2008).  

During the scoping exercise, the Database of Abstracts of Reviews of Effects 

(DARE) and the Cochrane Database of Systematic Reviews (CDSR) were 

searched for chemotherapy dose reductions concerning neutropenia. No 

relevant systematic or meta-analysis reviews were uncovered. The only 

comparable systematic review to the topic in question was a review undertaken 

by Lyman et al (2014) titled as ’The risk factors for febrile neutropenia among 

patients with cancer receiving chemotherapy: A systematic review’. Although 

the review discusses which factors are associated with chemotherapy-induced 

febrile neutropenia, it does not relate it to any dose reductions of chemotherapy. 

Some risk factors may increase the risk of neutropenia but may equally not 
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require a dose reduction. The current systematic scoping review aimed to 

understand the factors associated with chemotherapy dose reduction in 

relation to neutropenia and thus it differs from the one conducted by Lyman et 

al. (2014). Whilst dose reduction is the main concept of the review, neutropenia 

due to chemotherapy will be the unique context of this review. Neutropenia is 

arguably the most common reason for chemotherapy dose reduction thus the 

risk factors associated with neutropenia will overlap with this current review. 

The systematic review conducted by Lyman et al. (2014), formed the nucleus of 

this extended review, focusing additionally on dose reduction, either in primary 

or secondary settings, due to chemotherapy-induced neutropenia. Primary 

Dose Reductions (PDR) is defined as dose reduction applied before starting the 

chemotherapy as a pre-emptive to the anticipated toxicities. Secondary Dose 

Reduction (SDR) is defined as a dose reduction after an event of toxicity i.e. 

chemotherapy-induced neutropenia.  Additionally, this review appraised the 

amount and strategies of dose reduction applied with each factor. It was 

anticipated that patients with multiple associated risk factors may require a 

greater dose reduction than patients on the contralateral end of the risk scale. 

However, no review was available to link these dose reductions to the 

associated risk factors. 
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 Eligibility Criteria 

The aim was to conduct a literature search that is exhaustive and therefore 

representative of all studies that have been conducted on the topic of interest. 

However, a balance needed to be maintained between the sensitivity and 

specificity i.e. relevance to the topic in question (Siddaway 2014). The acronym 

SPIDER, which stands forSample, Phenomenon of Interest, Design, Evaluation, 

Research type is commonly used to define a research question and can be 

adapted to elicit relevant literature from research databases. Table 4 outlines 

the equivalent terminology used with the Boolean search operators to conduct 

the literature search. Appropriate truncation symbols and parentheses 

commands were used to broaden the search function. 

Table 4. Terms used during the literature search   

  Sample  Phenomenon 

of interest 

 Design  Evaluation Research 

Type 

Base 

Terms 

Cancer 

Patients 

Dose Reduction 

Chemotherapy 

 

Cohort Studies 

RCTs 

Systematic 

reviews  

Neutropenia Quantitative 

Systematic 

reviews 

Synonyms 

used 

Neoplasm 

Malignancy 

Dose Intensity 

Treatment 

Intensity 

Treatment dose 

 

Systemic 

anticancer 

therapy (SACT) 

Cancer 

Treatment 

Cancer drugs 

Cytotoxic drugs 

Myelosuppressiv

e drugs 

 

 Febrile 

neutropenia 

Neutropenic 

sepsis 

Neutropen* 

Combinati

on of 

Keywords 

+ Terms 

 Drug Therapy + 

Chemotherapy 
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The literature search was conducted with the aid of the University of Bradford 

librarian. Whilst it is impossible to search every database, a conscientious 

approach was taken when selecting the databases. The literature search was 

conducted in June 2019, with no date restrictions but controlled to the 

availability of the article in the English language. As databases can use different 

key terms to register or link an article, the search strategy had to be individually 

replicated with each database, to ensure key articles are not lost in the process. 

Each database provides peer-reviewed clinical resources that are relevant to 

the field of practice. Furthermore, they offer primary research papers from 

reputable publishers, which reduce the risk of individual adaptation/ dilution of 

secondary authors. Articles were initially screend by reviewing the respective 

abstracts and then the selected ones were further scrutinised by reviewing the 

whole article to understand if they were suitable for inclusion in the scoping 

review. Any articles which were deemed biased, from an un-reputable source or 

publisher, or had flaws in the methodology were excluded.  
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 Information Sources 

The literature searches were conducted on the University of Bradford 

accessible electronic databases, which had a suitable nature of scientific 

coverage for the desired themes. Table 5 demonstrates the databases which 

were individually searched and following appreciation of the respective 

abstracts, the stated numbers of articles were selected for closer inspection.   

Table 5. Resultant hits for literature search 

Databases and  Resultant Articles Selected 

Articles 

based on 

Abstract 

Selected 

Articles based 

on availability, 

excluding 

duplicates 

1. AMED (The Allied and 

Complementary Medicine 

Database) -1995 to June 2019 

6 0 0 

2. CINHAL (Cumulative Index to 

Nursing and Allied Health) -

1960 to June 2019) 

39 12 8 

3. Cochrane Database of 

Systematic Reviews (2005 to 

June 2019) 

1 1 1 

4. Embase (Excerpta Medica 

Database) -1974 to June 2019 

40 10 9 

5. Medline Complete – 1974 to 

June 2019 

132 31 27 

6. Pubmed – 1966 to June 2019) 14 6 3 

7. Science Direct – 1996 to 

June 2019 

195 5 5 

8. Web of Science 36 5 0 

9. Bradford Summons & 

Reference screen 

NA 36 12 

Total 463 106 65 

 

The full search strategy for the CINHAL database can be found in Appendix 1, 

as well as the selected articles based on the abstract screening. Searching 

unrefined databases like Science Direct and Web of Science resulted in a high 

number of hits, but on closer inspection, the main themes deviated from the 
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desired topic, thus only a limited number of articles were selected. After 

exhausting the stated databases, Bradford Summon and the reference list of 

selected articles were screened to sweep through any unlinked articles which 

may be relevant.  

To reduce the effect of publication bias and bias against ‘null hypotheses’, due 

to non-significant statistical analysis, Grey literature search was undertaken via 

the University of Chicago. The Grey literature databases lacked the finesse of 

the Boolean searches; thus, the documented key themes were used as 

highlighted in Table 6 and any selected journals. 

Table 6.  Resultant hits of Grey Literature 

Databases Key terms Resultant 

articles 

Selected Articles 

based on 

availability, 

excluding 

duplicates 

1. Open Grey Cancer, Chemotherapy, 

dose reduction  

0 0 

2. ClinicalTrials.gov – 

Completed status 

Cancer, Chemotherapy, 

dose reduction 

0 0 

3. NLM Bookshelf Cancer, Chemotherapy, 

dose reduction 

0 0 

4. OpenDOAR Cancer, Chemotherapy, 

dose reduction 

0 0 

5. Worldcat Cancer, Chemotherapy, 

dose reduction 

18 0 

 

Albeit there were a few relevant hits, the resultant hits had already been 

included in the main literature search.   
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 Study Selection 

The provisional inclusion and exclusion criteria were chosen for the selection of 

the articles in the systematic scoping review. 

Inclusion criteria 

• Solid Tumour/ lymphoma 

• Patients receiving chemotherapy 

• Chemotherapy-induced neutropenia 

• Adults over the age of 18 years 

• Concept of dose reductions/ dose intensity/ RDI 

• Research design of quantitative studies, observational studies, 

randomised clinical trials, and cohort studies, systematic reviews 

• Availabile to read in English language 

• Published between 1966 and 2009  

Exclusion criteria 

• Cancers of unknown primary 

• Haematological malignancies with myeloid involvement, impairing the 

bone marrow function i.e. acute myeloid leukaemia 

• Children under the age of 18  

• Qualitative studies 

• Animal model studies 

• Pre-existing bone-marrow infiltration of cancer, which impair the 

haemopoietic process 
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The preferred study design would be RCTs, but as anticipated that not many 

were available, thus other quantitative studies will also be included in the 

systematic scoping review. The flow chart (Figure 4) demonstrates the PRISMA 

flow diagram for the systematic scoping review of dose reductions in 

chemotherapy. 

 

Figure 4.  Chemotherapy dose reductions 

The articles were individually screened by two separate assessors who decided 

on the suitability of the articles to be included, mainly on the themes of dose 

reduction and neutropenia. 

 

 

 

Included

Eligibility

Screening

Identification
Records identified 

through databases (n 
= 463)

Records eligble for 
review (n = 106)

Records screened  
based on abstract 

(n=65)

Full text articles 
assessed for eligibility 

( n=21)

Studies included in as 
primary scopiing 

review (n=14)

Articles included in 
the secondary 

scoping review  (n=7)

Records removed as 
Duplicates  (n=15)

Not available (N=8)

Not relevant (n=13)

Records removed 
based on abstract 

(n= 321)

Reasons for 
Exclusion

No mention of dose 
reductions

Not relevant to 
neutropenia

Cancers with 
myeloid involvement

Qualitative studies
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 Data Collection 

The abstracts of the articles were independently assessed by the two 

investigators and any disagreement resolved by the inspection of the full article 

to understand the suitability for the study. The selected articles were also 

independently screened by the two investigators against the inclusion and 

exclusion criteria resulting in fourteen articles suitable for inclusion in the 

systematic scoping review. The data was extracted by researcher one (author) 

and independently checked for accuracy and completeness by the supporting 

researcher. This process is not ideal, but considering the constraints in time and 

resources, it is regarded as a reasonable method for data extraction (CRD 

Dissemination 2009). The following criteria were used to chart the relevant data 

from the studies (Peters et al. 2015). 

• Article 

• Author 

• Year of publication 

• Aims & Objectives 

• Study population, i.e. tumour site 

• Study type or methodology 

• Country of origin 

• Study concept 

• Key findings that relate to review question 

o Dose reductions strategy and impact 

o Primary or secondary dose reduction risk factors 

o Quoted References from other studies 

To critique the literature and assess the quality of the studies, the Critical 

Appraisal Skills Program (CASP) tool was used (CASP 2020). Although there 

are numerous CASP tools for the assessment of different types of studies, the 

cohort CASP checklist was deemed the most suitable for the assessment of 

quality. 
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 Literature analysis  

The systematic scoping review elicited a range of literature, ranging from RCTs 

to relatively small audits. The ideal analysis would involve the interpretation of 

the results via a meta-analysis. A meta-analysis is a statistical procedure that 

integrates the results of several independent studies considered to be 

“combinable” (Egger et al. 1997). However, due to the range of associated 

factors contributing to dose reduction in the studies and the heterogenicity of 

these studies, it was not possible to conduct a meta-analysis. Thus, to 

appreciate the literature, it was decided to conduct a qualitative analysis to map 

and understand the key themes but not their epistemological perspective nor 

their relative impact on dose reductions. Braun & Clark (2006) provides a six-

phase guide as a framework for conducting a qualitative thematic analysis. The 

six phases are summarised as follows, 

1. Become familiar with the data 

2. Generate initial codes 

3. Search for the themes 

4. Review the themes 

5. Define themes 

6. Write up 

Stages 1 & 2 were the coding phase while stages 3 & 4 were an inductive 

analysis. Themes were sought from within the literature to explain dose 

reductions. Stage 5 was a deductive analysis which tried to analyse the themes 

based on external theoretical profiles to explain the relative relationship to the 

dose reductions (Braun and Clarke 2006). 
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 Thematic Analysis 

 Data Review & Coding 

During the data extraction it became apparent that due to range of articles not 

all articles could be charted in the same process. Thus, for the consistency of 

extraction and charting, the literature was divided in primary and non-primary 

resources. Primary literature would consist of cohort, observational or RCT 

studies and would mainly serve to elicit factors associated with dose reduction. 

Non-primary would include systematic reviews or other articles that could 

enhance the knowledge on dose reduction in relation to neutropenia. Although 

these articles would not be included in a systematic review due to the strict 

inclusion and exclusion criteria, they are permissible in a scoping review. The 

non-primary resources lacked the relevant context and therefore it was not 

possible to neither conduct an assessment on the quality nor chart all the 

relevant data.  

Phase 1 was becoming familiar with the data, whilst phase 2 generated the 

initial codes. A thematic analysis was conducted categorising the main subjects 

into relevant codes. A total of 14 primary literature articles were reviewed as 

shown in Appendix 2, Table 34, which included a mixture of cancers and 

chemotherapies. Many of the articles reported on the factors associated with 

dose reduction to neutropenia, but none elicited any information on dose 

reduction strategies. The most common theme among them was the risk of 

chemotherapy-induced febrile neutropenia. On the other hand, the non-primary 

articles provided a valuable insight into the dose reduction strategies which was 

solely mentioned in any of the primary research papers (Appendix 2, Table 

35). Many of the articles studied were literature reviews of previous research 

findings. They provided further evidence on factors influencing dose reductions 

and confirmed the previously found themes in the primary literature, broadening 

the depth of understanding.  
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 Search & Review Themes 

The coding of the primary data in the systematic scoping review resulted in 101 

codes being generated. The coding of non-primary articles resulted in a further 

83 codes, but the emergence of only two more themes, myelosuppression and 

quality of life. Overall, there were a total of 184 codes identified in relation to 

dose reduction and neutropenia. Table 36 (Appendix 2) attempts to categorise 

these into broader themes along with the codes from primary and secondary 

articles. Many codes overlapped and were relatively simple to categorise. 

However, some codes required the creation of new themes to help them 

classify in to a definitive category.  

 Define Preliminary Themes 

A total of 32 themes were identified when the codes were reviewed. Several 

themes can be assimilated together to form fewer categories due to the 

considerable overlap such as the ones associated with neutropenia 

(neutropenia, febrile neutropenia, absolute neutrophil count). However, even 

though these themes relate to the neutrophil count, the occurrence and the 

nature of the neutropenic event is vastly different. On review of the themes, the 

majority of them make clinical sense and are concordant to other similar 

reviews (Lyman et al. 2014), however, there are a few unexpected themes that 

emerged. This may be more down to the clinician’s experience rather than 

clinical evidence, such as the number of chemotherapy cycles. The main 

themes are identified in Table 7. 
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Table 7. Themes associated with dose reduction and neutropenia  

1. Abnormal Baseline results 2. Gender 

3. Advanced disease 4. Kidney disease /dysfunction 

5. Advanced Age 6. Liver disease /dysfunction 

7. Anaemia 8. Mental Health 

9. Absolute Neutrophil Count 10. Myelosuppression/ 

Immunosuppression 

11. Antibiotics use 12. Neutropenia 

13. BMI/ weight 14. Planned chemotherapy length  

15. Bone marrow involvement 16. Previous cancer/ reoccurrence 

17. Body Surface Area (BSA) 18. Previous chemotherapy 

19. Chemotherapy Type 20. Performance Status 

21. Number & type Comorbidities 22. Quality of life 

23. Dose Intensity 24. Radiotherapy 

25. Ethnicity/ Genetics 26. Socio-economic 

27. Falls/ Frailty 28. Thrombocytopenia 

29. Febrile Neutropenia 30. Toxicity 

31. GCSF use 32. Type of cancer 

 

 Define & Refine 

Braun & Clarke (2006) discuss the importance of refining the final themes with 

the aim “to identify the essence of what each theme is about”. Thus, further 

classification has been made based on two main concepts, type of dose 

reduction and if it is directly related to myelosuppression. The type of dose 

reduction relates to whether the event occurred prior to initiating chemotherapy 

or as a resultant effect of the aftermath. Myelosuppression is a key topic when 

assessing for a dose reduction as it can be debated that it is the direct result of 

chemotherapy. Furthermore, myelosuppressive effects are often objective, 

supported by the relative blood counts. Non-myelosuppressive effects if not 

visual, tend to be subjective to the relay of information from the patient to the 

clinician and therefore may have a larger scope of interpretation and action. 
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Table 8 further classifies the identified themes, taking into consideration how 

they may interact with neutropenia.  

Table 8. The categorisation of themes into the type of dose reduction and 
myelosuppressive confounder or mediators. 

 Themes associated with 

Primary dose reduction 

Themes associated with Secondary 

dose reduction 

Myelosuppression 

confounders  

1. Age 

2. Abnormal Baseline results 

3. Bone marrow involvement 

4. Chemotherapy Type 

5. Dose Intensity 

6. Primary GCSF 

7. Gender 

8. Planned chemotherapy 

length  

9. Previous chemotherapy 

10. Radiotherapy 

1. Anaemia 

2. Absolute Neutrophil Count 

3. Myelosuppression / 

Immunosuppression 

4. Neutropenia 

5. Thrombocytopenia 

6. Febrile Neutropenia 

7. Secondary GCSF use 

 

Non-

myelosuppressive 

mediators 

1. Antibiotics use 

2. Socio-economic 

3. Performance Status 

4. Body Surface Area (BSA) 

5. Number & type 

Comorbidities 

6. Kidney disease 

7. Liver disease 

8. Mental Health 

9. Advanced Age 

10. BMI/ weight 

11. Falls/ Frailty 

12. Type of cancer 

1. Toxicity 

2. Quality of life 

3. Kidney dysfunction 

4. Liver dysfunction 

5. Ethnicity/ Genetics 
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 Quality of the Studies 

A total of fourteen studies were suitable for inclusion in the systematic scoping 

review and were assessed for their potential biases. There are several appraisal 

tools available to the researchers to assess the quality of the studies, yet there 

is no confirmed consensus on the most appropriate critical appraisal tool in 

healthcare (Katrak et al. 2004). The Critical Appraisal Skills Programme (CASP) 

tools were first designed as educational pedagogic tools but since have been 

widely employed to appraise the quality of studies and provide evidence-based 

guidance. However, due to CASP tools having an alternative primary purpose, 

they lack a scoring tool, to rate the quality of methodologies and provide 

strength on the eminence of the evidence (CASP 2020). Despite the attempts 

by experts to re-define the checklist to a more updated version, many users 

prefer the simplified current format due to its ease of use. 

For the studies included the CASP cohort study checklist was used to appraise 

the level of bias in the studies (CASP 2020). All studies clearly addressed a 

focused study issue regarding the population, considering appropriate risk 

factors and outcome. Most of them were retrospective designs and thus had 

limitations on the control of variables, power calculations and recruitment 

methods. Only two studies were designed to prospectively capture data 

(Shayne et al. 2007; Mądry et al. 2016) and one study uniquely captured data 

prospectively and retrospectively across its various sites (Schwenkglenks et al. 

2006), which raises questions on the data capturing methods. Many of the 

studies used databases to recruit patients into the study yet, the method to 

capture this transcription process is rarely provided. Manual transcription of 

data from databases into a data collection tool introduces the risk of human 

error. Equally, if data is not proactively captured, it can give rise to missing data 

which only a few studies addressed. Only two studies (Shayne et al. 2007; 

Mądry et al. 2016), considered the importance of defined population 

representation and therefore recruited patients across various geographical 

locations. 

Population exposure in the studies raised several issues. Overall, there was a 

higher representation of breast cancer patients in the studies and due to its 

unique occurrence in the female gender, it may bias the results. Equally, 

genetic mutations must be considered, which may inimitably occur in the female 
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gender only and thus could influence the results.  Several limitations were 

applied to the recruited population,  

• Patients willing to return to a mid-cycle nadir, may skew population living 

closer to the facility or having the socio-economic means for additional 

travels (Pettengell et al. 2008; Schwenkglenks et al. 2011; Culakova et 

al. 2014) 

• Exclusion of stage IV cancers may under-represent the population with 

advanced cancer, therefore, undermining the relative risk factors 

(Schwenkglenks et al. 2006; Pettengell et al. 2008; Schwenkglenks et al. 

2011) 

• Limitation to the number of planned or completed chemotherapy cycles 

to be eligible for inclusion may bias results to patients which could be 

more clinically fitter (Culakova et al. 2014; Mądry et al. 2016; Kawatkar et 

al. 2017) 

• Restricted to English speaking may dilute the ethnic representation for 

the population (Gajra et al. 2015) 

Confounders are vital when considering the variables and their relative 

correlation to the outcome as they can distort the observed relationship. 

Confounders tend to have a direct influence on both the variable and outcome 

and thus need to be accounted for when designing, i.e. capturing the 

confounders and analysing the relationship between variables and outcome 

(Bauman et al. 2002).  Based on the methodologies of the studies, only two 

studies had appropriate consideration for confounders (Shayne et al. 2007; 

Chao et al. 2014). The main confounders not considered in the study designs, 

which may influence the variables and outcome, were radiotherapy (Pettengell 

et al. 2008; Schwenkglenks et al. 2011; Culakova et al. 2014; Denduluri et al. 

2018) and the use of supportive care, such as antibiotics or GCSF 

(Schwenkglenks et al. 2006; Pettengell et al. 2008). 

Considering the limited study designs of being retrospective in nature, the follow 

up of the studies was appropriate for the effects. However, three of the studies 

had an incomplete follow up, either being restricted to 4 cycles (Culakova et al. 

2014; Denduluri et al. 2018) or a maximum of 4 months (Quinones Ribas et al. 

2007). Again, this may bias the result as patients at the start of their 
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chemotherapy tend to have a good haemopoietic reserve, which often gets 

displaced in the latter half of chemotherapy cycles.  

Across the studies, there were a cumulative 35,161 patients, considering that 

(Pettengell et al. 2008) and (Schwenkglenks et al. 2011) analysed the same 

cohort of patients. Many of the studies had appropriate analysis and results. 

Some studies failed to have a sufficient sample size to draw any significant 

conclusions and therefore were restricted to descriptive analysis only (Quinones 

Ribas et al. 2007; Vannice et al. 2007; Mądry et al. 2016), whilst the remaining 

studies, appropriately reported on the proportionate effect rate, confidence 

intervals and p-values. The majority of the results in the studies reflect real-life 

practice and applying the 9 principles of the Bradford Hills criteria appear to be 

true in nature (Fedak et al. 2015). The only result which seemed out of normal 

practice was from (Munker et al. 2018), where results suggest an improved 

median survival for patients on a reduced dose of chemotherapy. Conversely, 

this phenomenon can be explained in the nature of the study. Palliative 

colorectal cancer patients tend to continue chemotherapy if the patient can 

tolerate and continues to respond.  

Overall, the implication of these studies on local practice is limited due to being 

either observational or retrospective in design. Equally, they are not 

representative of the local population as they have been conducted outside of 

the UK, mainly in USA (Shayne et al. 2007; Chao et al. 2014; Culakova et al. 

2014; Gajra et al. 2015; Kawatkar et al. 2017; Denduluri et al. 2018). Only three 

of the studies had UK representations, namely (Pettengell et al. 2008), Khan et 

al. (2008) and Schwenkglenks et al. (2006), although the relevant percentage of 

UK patient representation in these studies is unknown.   
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 Results  

The initial literature search resulted in 463 articles. Following the title and 

abstract screening, 65 articles were assessed against the inclusion and 

exclusion criteria, resulting in fourteen of the articles to be selected in the 

systematic scoping review. Reasons for exclusion included no dose reduction or 

RDIs, haematological malignancy involving myeloid function, general reviews, 

and wrong type of studies. A further seven articles were also evaluated 

seperately to understand if any additional evidence, dose reduction strategies or 

themes could be found. 

All articles were published between 2006 and 2018, which includes a number of 

studies, not previously considered or included in the systematic review by 

Lyman et al. (2014). Only a limited number of studies focused on dose 

reduction of chemotherapy as their primary aim (Vannice et al. 2007; 

Schwenkglenks et al. 2011; Denduluri et al. 2015; Gajra et al. 2015; Denduluri 

et al. 2018; Munker et al. 2018), whilst the others mainly focused on the risk 

factors related to neutropenic events (Schwenkglenks et al. 2006; Shayne et al. 

2007; Khan et al. 2008; Pettengell et al. 2008; Chao et al. 2014; Culakova et al. 

2014; Mądry et al. 2016; Kawatkar et al. 2017). The studies included the 

following types of cancer, 

• Lymphoma (Hodgkin’s/ Non-Hodgkin’s) (Shayne et al. 2007; Vannice et 

al. 2007; Pettengell et al. 2008; Chao et al. 2014; Culakova et al. 2014; 

Mądry et al. 2016; Kawatkar et al. 2017) 

• Breast (Schwenkglenks et al. 2006; Quinones Ribas et al. 2007; Shayne 

et al. 2007; Vannice et al. 2007; Khan et al. 2008; Pettengell et al. 2008; 

Schwenkglenks et al. 2011; Chao et al. 2014; Culakova et al. 2014; 

Gajra et al. 2015; Mądry et al. 2016; Kawatkar et al. 2017; Denduluri et 

al. 2018) 

• Colorectal (Shayne et al. 2007; Khan et al. 2008; Chao et al. 2014; 

Culakova et al. 2014; Gajra et al. 2015; Munker et al. 2018) 

• Lung (Shayne et al. 2007; Chao et al. 2014; Culakova et al. 2014; Gajra 

et al. 2015; Mądry et al. 2016; Kawatkar et al. 2017) 

• Ovarian (Shayne et al. 2007; Chao et al. 2014; Culakova et al. 2014; 

Gajra et al. 2015; Mądry et al. 2016; Denduluri et al. 2018) 
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• Gastric (Chao et al. 2014; Mądry et al. 2016) 

• Genitourinary (Shayne et al. 2007; Gajra et al. 2015) 

It is to no surprise that the most commonly occurring solid tumours had a high 

representation in the selected articles, namely breast, lung, colorectal. The only 

haematological malignancy included in this review was lymphoma.  

Dose reductions were a common phenomenon across the studies, with the 

majority evaluating the percentage of patients receiving less than 85% RDI. The 

reported average RDI across all the patients ranged from 71% (Vannice et al. 

2007) to 91% (Quinones Ribas et al. 2007). Vitally, the reported number of 

patients who received less than 85% RDI ranged from 28.9% (Denduluri et al. 

2018) to 51.1% (Shayne et al. 2007). None of the articles reviewed included any 

dose reduction strategies. More variation in the RDI is observed in the individual 

disease groups of patients receiving less than 85% RDI, 

1. Lymphoma – 27.9% - 38.9% (Culakova et al. 2014; Kawatkar et al. 2017) 

2. Breast – 21% – 25.3% (Pettengell et al. 2008; Culakova et al. 2014; 

Kawatkar et al. 2017) 

3. Colorectal – 38%-42% khan (Khan et al. 2008; Munker et al. 2018) 

4. Lung – 17.9% (Culakova et al. 2014; Kawatkar et al. 2017) 

The European Society for Medical Oncology (ESMO) advocates the use of 

GCSF for patient groups greater than 20% at risk of neutropenia, however, 

there is no consensus on any dose reduction strategies should the GCSF fail or 

not be indicated (Aapro et al. 2011). The only valuable insight into dose 

reduction was found by an article by Lyman et al. (2000b). Lyman et al. (2000b) 

categorised GCSF patient groups into clusters. For patients categorised at low 

risk, GCSF would only be used after an occurrence of a neutropenic event, after 

which the dose of chemotherapy would be reduced by 10% and then to 50% 

should a subsequent event occur. High-risk patients would receive filgrastim 

immediately after the first course of chemotherapy. The first neutropenic event 

would lead to a 25% dose reduction and the second event to a 50% reduction in 

chemotherapy dose (Lyman et al 2000b). In patients where GCSF was not 

permitted, i.e. palliative, a neutropenic event resulted in a 25% dose reduction 

followed by a 50% reduction if a second event occurred. There was no evidence 

to suggest if this practice is either validated or applicable in all patient groups. 
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Moreover, this practice seems to be at odds with the recommended 85% RDI. A 

blanket approach for all patients would mean that any high-risk patient on 

GCSF or where it is not permitted will be unable to obtain the most benefit from 

their chemotherapy due to 25% after the first event and 50% dose reduction 

after the subsequent event of neutropenia. It can be argued that patients on 

50% dose reduction are receiving sub-therapeutic doses and may only be 

exposed to the toxic adverse effects without the clinical benefits of the 

chemotherapy and this threshold is believed to be close to 65% of RDI (Lyman 

2009) . However, the minimum cancer inhibitory concentration of chemotherapy 

is relatively unknown, thus some therapies would have to be offered more with 

hope than concrete evidence.  

 Benefits of Neutropenia 

The notion that all neutropenia is harmful to the patient is not accurate. Studies 

have shown a positive association with the appearance of neutropenia and an 

outcome from the chemotherapy. A meta-analysis of 9528 patients from 13 

prospective and retrospective studies indicated that neutropenia occurring 

during chemotherapy in patients with solid tumours or haematological 

malignancies is strongly associated with better prognosis. There is a 31% 

reduction in risk of death for patients with high-grade neutropenia compared to 

a lower grade or lack of neutropenia (HR 0.69; 95% CI 0.65-0.75) (Lalami and 

Klastersky 2017b).  

In advanced or metastatic NSCLC, chemotherapy-induced neutropenia of any 

grade had a significantly higher objective response rate of 40.5% when 

compared to those without neutropenia (Pallis et al. 2008). Patient groups with 

absent, mild and severe neutropenia had a comparative median overall survival 

of 7.9, 12.5 and 11.2 months respectively (Pallis et al. 2008). Similar trends are 

also seen in patients with Early Stage Breast Cancer (ESBC). Patients treated 

with adjuvant FEC chemotherapy had a 5-year Overall Survival of 65% for 

patients without neutropenia, 89% for mild neutropenia and 84% in severe 

neutropenia. Both forms of neutropenia had a favourable impact on reducing 

the risk of death (Han et al. 2012) 

Dose reductions are a matter of perception of the clinician of the perceived risks 

to the patient and needs to be balanced with the long-term benefits. Dose 
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reductions should be made following an evaluation of the point of the 

chemotherapy treatment journey, with the end goal of delivering the maximum 

safest amount of chemotherapy as possible. Therefore, imposing a dose 

reduction too early without the relevant evaluation of the risk can have a 

negative impact on the patient’s overall survival. In my opinion, dose reductions 

should be powered to induce mild neutropenia, rather than eliminate it at all.  

 Discussion 

This review aimed to map out the factors associated with dose reductions in 

relation to neutropenia and understand any dose reduction strategies. The 

review revealed several factors that influence the decision to dose reduce. 

However, no dose reduction strategies were documented in the primary 

literature and were mainly found in the non-scientific secondary literature. This 

again highlights, the commonly observed clinical practice, that the percentage 

dose reductions are more based on the clinician’s judgement rather than the 

science underpinning the concepts. A total of 32 themes for dose reductions 

were identified in relation to neutropenia as discussed earlier. Many of the 

factors had very little quantifiable evidence on the risk of a dose reduction. If 

these factors are categorised in relation to neutropenia as per previous studies, 

three main categories would have emerged, patient, treatment and disease-

related factors. However, this systematic scoping review is concerning the dose 

reductions and therefore a different classification model emerges,  

1. Myelosuppressive Primary Dose Reduction Factors 

2. Non-myelosuppressive Primary Dose Reduction Factors 

3. Myelosuppressive Secondary Dose Reduction Factors 

4. Non-myelosuppressive Secondary Dose Reduction Factors 

 Myelosuppressive Primary Dose Reduction Factors 

Myelosuppressive primary dose reduction relates to the factors that directly 

impact the bone marrow’s ability to produce neutrophils. Abnormal baseline 

results or bone marrow involvement would indicate the current state of the bone 

marrow and its ability to produce neutrophils following the direct exposure of 

chemotherapy whilst the use of chemotherapy type and dose intensity would be 

a measure of the level of myelosuppression the chemotherapy may exert. The 

National Comprehensive Cancer Network (NCCN) have categorised the type of 



 

67 | P a g e  
 

chemotherapy and their disease setting according to their risk of febrile 

neutropenia (Crawford et al. 2017). Although it is not a comprehensive list, it 

does provide a foundation to evaluate the risk of neutropenia. 

Evidence has shown that primary prophylaxis with GCSF reduces the severity 

and duration of neutropenia and thus the need for a dose reduction (Pettengell 

et al. 2008). The NCCN recommends the use of primary prophylaxis if the 

febrile neutropenia risk is deemed >20% or 10-20% with other patient risk 

factors (Crawford et al. 2017). However, what constitutes a risk and the relative 

weighting of these factors is subject to individual interpretation. When primary 

GCSF is used, the clinician may decline to apply a dose reduction in the 

knowledge that the GCSF will help to mature and speed up the recovery of the 

neutrophils during the blood nadir phase. The evidence for GCSF use is 

compelling as demonstrated by a meta-analysis of eight published trials which 

showed a 68% reduction in the need to dose reduce or delay (Lyman 2000b). 

However, a meta-analysis of 148 studies involving adults and children with 

cancer undergoing stem-cell transplantation found that prophylactic GCSF had 

little or no effect on early mortality (7.6% vs 8.0%) or infection-related mortality 

(3.1% vs 3.8%) vs placebo/ no treatment (RR 0.82 [CI, 0.66 to 1.02]; absolute 

risk reduction, 0.8% [CI, 0.0% to 1.5%]) (Sung et al. 2007). GCSF use vs 

placebo/ no treatment did though reduce the documented infections (median 

rate, 38.9% vs. 43.1%; rate ratio, 0.85 [CI, 0.79 to 0.92]), microbiologically 

documented infections (median rate, 23.5% vs. 28.6%; rate ratio, 0.86 [CI, 0.77 

to 0.96]) and events of febrile neutropenia (median rate, 25.3% vs. 44.2%; rate 

ratio, 0.71 [CI, 0.63 to 0.80]) (Sung et al. 2007). 

Age was considered a major contributory factor when deciding to dose reduce 

chemotherapy. Increasing age had a higher association with the delivery of a 

lower dose of chemotherapy (Shayne et al. 2007; Gajra et al. 2015). 

Interestingly the association was made on a dichotomous scale, where the 

likelihood of a dose reduction increased beyond a certain age point in the 

studies, age >60 years (Khan et al. 2008), age >65 years (Pettengell et al. 

2008; Culakova et al. 2014; Gajra et al. 2015; Mądry et al. 2016; Munker et al. 

2018), rising as high as >70 years (Shayne et al. 2007). The ability to produce 

neutrophils is dependent on the production and maturation of Pluripotent 

Haemopoietic Stem Cells (PHSC), from promyelocytes in the bone marrow to 



 

68 | P a g e  
 

mature neutrophils in peripheral blood and tissues (Hoffbrand et al. 2006: Pg 

113). Animal studies have suggested that the concentration of PHSC declines 

with age, reflected by the concentration of the splenic colony forming units 

(CFU-S), found to be reduced in older rodents, but also comparing the response 

in younger and older patients following the administration of GM-CSF (Balducci 

et al. 2000). This is also reflected in the incidence of elderly patients presenting 

with anaemia and a reduced reticulocyte response (Balducci et al. 2000). 

Several studies have shown that certain cytokines, like the production of 

interleukin-6 and tumour necrosis factor (TNF) increase with age in both 

animals and humans, which inhibit hemopoiesis and therefore may be partially 

responsible for inadequate recovery from haemopoietic stress like 

chemotherapy (Balducci et al. 2000). However, it is difficult to determine if age 

is an accurate measure of the physiological condition of the PHSC due to the 

varied recovery of different age groups post chemotherapy. According to 

Pettengell et al. (2008), whilst age was a significant factor, it could be 

interchanged with a marker for renal function. It can be debated that as the 

average human is living longer, due to better nutrition and medical care, the 

lifetime stress on the bone marrow is reduced, thus the risk group commonly 

reported above the age of 65 years, will change with time, and presumably 

increase.  

There is also growing evidence to suggest that the physiological conditioning of 

the PHSC may be influenced by other factors such as cancer. More than 50% 

of human malignancies have confirmed p53 mutations which has a renowned 

role in the prevention of cancer (Perri et al. 2016). However, what is relatively 

unknown is the ability of these mutant p53 genes to become pro-carcinogens, 

such as the p53-PML interaction, which facilitate the supply of energy and 

macromolecules, leading to growth of cancer (Perri et al. 2016). This 

hypothetical increase in activity of p53 has been also linked to aging (Rodier et 

al. 2007). Consequently, both the natural activation of p53 in cancer, especially 

in metastatic settings and the activation of mutated p53 can induce a state of 

aging which may further contribute to the decline of the haemopoietic 

regenerative potential or reserve. 

The role gender plays in the risk of neutropenia is still uncertain. Evidence 

suggests that possibly female gender is of increased risk of neutropenia and 
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therefore receive less RDIs (Crawford et al. 2005; Shayne et al. 2007; Mądry et 

al. 2016), yet such association was not found by Lyman et al. (2003) when 

investigating the risk factors for febrile neutropenia. This association may or 

may not be due to females being more aware of their health and seeking 

appropriate medical advice compared to their counterparts.  

Planned chemotherapy length, previous chemotherapy and radiotherapy can be 

argued to have similar direct impacts on the bone marrow. Repeated 

myelosuppression by previous chemotherapy or by the planned chemotherapy 

length, will eventually lead to bone marrow fatigue and in severe cases 

myelofibrosis and acute leukaemias (Quinones Ribas et al. 2007; 

Schwenkglenks et al. 2011; Culakova et al. 2014). This will impact the bone 

marrow’s ability to produce functioning neutrophils leading to increased cases of 

neutropenia. Hence a clinician aware of any previous dose reductions or with 

the aim of completing a greater number of chemotherapy cycles may apply 

dose reduction in anticipation of neutropenia. Radiotherapy has also been 

acknowledged to increase the risk of neutropenia especially if it is delivered in 

concurrent settings (Lyman 2000b; Schwenkglenks et al. 2006) 

 Non-myelosuppressive Primary Dose Reduction Factors 

Non-myelosuppressive primary dose reduction relates to factors that do not 

affect the bone marrow’s ability to produce neutrophils, however, they may be a 

mediator that increase or decrease the risk of neutropenia. Prophylactic 

antibiotics play a vital role in the prevention of infections, especially during the 

blood nadir phase, which stops the progression of uncomplicated neutropenia to 

febrile neutropenia (Mądry et al. 2016; Kawatkar et al. 2017). Although, the 

incidence of chemotherapy-induced neutropenia may be the same, fewer cases 

will become septic and thus need medical intervention. Consequently, fewer 

cases may become apparent and therefore will need a dose reduction. This 

also provides the clinician with the confidence to not to apply an early dose 

reduction in anticipation of toxicities. A Cochrane review evaluating prophylactic 

antibiotics or GCSF for the prevention of infections and improvement of survival 

in cancer patients receiving myelotoxic chemotherapy found no difference in the 

incidence of febrile neutropenia (RR 1.22; 95% CI: 0.53 to 2.84) or risk of 

infections (RR 1.55; 95% CI: 0.86 to 2.80) between the groups (Skoetz et al. 
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2015). Granting that the efficacy leaves little difference, the choice of prevention 

may be more influenced by the risk of antibiotic-resistant infections.     

Education levels have been shown to be linked to the socio-economic status 

and therefore the deficit in understanding the significance of the chemotherapy 

side-effects and having poor access to adequate healthcare facilities may lead 

to late presentation with advanced stages of toxicities, especially neutropenia. 

The cumulative effects may lead to significantly higher dose reduction in this 

cohort of cancer patients.  Likewise, patients with cognitive deficits, dementia or 

mental health problems may also be at risk of under-reporting chemotherapy-

related toxicities (Gajra et al. 2015). Clinicians may consider these factors as 

significant when deciding on the type of treatment and additionally apply a dose 

reduction to mitigate the risk of neutropenia (Lyman 2009). 

Body Surface Area (BSA) calculations have long been debated as being 

inaccurate for the calculation of chemotherapy dose, but the application of 

capping in essence, forms another type of dose reduction (Gajra et al. 2015; 

Mądry et al. 2016). Obesity or overweight are often the causes of capping or 

use of ideal body weight which leads to the delivery of suboptimal doses 

(Lyman 2009; Shayne et al. 2009; Prasanna et al. 2018). The American Society 

of Clinical Oncology (ASCO) conducted a systematic review into the dosing of 

obese patients and found no evidence to suggest an increase in toxicity on 

patients receiving full weight-based doses (Griggs et al. 2012). The data also 

indicated that myelosuppression was the same, or less pronounced, among the 

obese than the non-obese when they are administered full weight-based doses 

suggesting that chemotherapy may be underdosed. 

Performance Status is a measure of patient’s fitness and evidence indicates 

that a poor status is linked to reduced tolerability to chemotherapy (Pettengell et 

al. 2008; Munker et al. 2018; Prasanna et al. 2018). Due to the risk of 

chemotherapy-related mortality, clinicians may apply a dose reduction at the 

initiation of therapy and as the patient’s condition improves, increase the 

relative doses. Performance status is not an independent factor, but an 

accretion of other influences, such as frailty, cancer stage and comorbidities. It 

may not be replicable in all patient groups as there is a lack of correlation 

between performance status and comorbidities, cancer and the ascribed 
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variation in chemotherapy regimen (Shayne et al. 2007). As cancer advances 

and metastasises or exerts its influence through paraneoplastic syndrome, 

patient performance status increases, indicating a decline in patient conditioning 

(Lalami and Klastersky 2017b). The performance status may not be the most 

accurate measure to understand the patient’s conditioning. Novel metrics such 

as frailty indices or the geriatric assessment recognise heterogeneity among 

older adults and may allow for risk‐adapted approaches to therapy (Pal et al. 

2010). There is also substantial evidence to support the notion of comorbidities 

independently increase the risk of neutropenia and thus the need for dose 

reduction (Vannice et al. 2007; Pettengell et al. 2008; Schwenkglenks et al. 

2011; Chao et al. 2014; Gajra et al. 2015; Mądry et al. 2016). Shayne et al. 

(2007) drew similar deductions and concluded that age-related comorbidities 

and physiological changes such as a decline in renal and hepatic function and 

the progressive loss of total protein, increase the risk of chemotherapy-induced 

toxicity in an older patient. The risk of neutropenia is not only dependent on the 

type of comorbidity but also the number of comorbidities (Pettengell et al. 2008; 

Chao et al. 2014; Gajra et al. 2015; Mądry et al. 2016). The cumulative effects 

of multiple comorbidities are relatively unknown. Research by Chao et al. (2014) 

highlighted key comorbidities which increase the risk of neutropenia, HIV 

infection (HR 3.4, CI 1.9-5.63), Peptic Ulcer Disease (HR 1.57, CI 1.05-2.26), 

Thyroid disorder (HR 1.32, CI 1.06 – 1.64), COPD (HR 1.3, CI 1.07-1.57), 

Chronic Heart Failure (HR 1.43, CI 1.00-1.98) and Autoimmune disease (HR 

2.01, CI 1.10-3.33). Although, it is not apparent in the research if any of the 

regular medications played any contributing part to the neutropenia risk. 

Additionally, renal (HR 1.6, CI 1.21-2.09) and liver disease (HR 1.39, CI 0.81-

2.20) have been shown to increase the risk of neutropenia by affecting the 

metabolism and elimination of chemotherapy. The SmPC, has clear guidance 

on how to manage patients with renal and hepatic dysfunctions, therefore it is 

no surprise that patients presenting with dysfunctions are dose reduced prior to 

starting chemotherapy (OR 9.4; 95% CI 3.2-27.8) (Gajra et al. 2015).  

The type of cancer is also important when deciding on dose reductions. 

Gastrointestinal or genitourinary cancers were more likely to receive a primary 

dose reduction compared to lung cancer, which due to its aggressive nature is 

less likely to receive a primary dose reduction (OR 0.51; 95% CI 0.27-0.95) 
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(Gajra et al. 2015). Similarly, lymphoma patients are also more likely to receive 

dose reductions compared to other cancers (Mądry et al. 2016). This is rather 

surprising, considering that lymphomas tend to have a good survival rate linked 

to a high RDI. A retrospective study by Bosly et al. (2008) demonstrated that 

patients who received CHOP-21 like chemotherapy had a median survival of 

7.08 years in those who received an average RDI>90%, significantly longer 

than in those who received ≤90% average RDI (p = 0.002). Dose reductions 

and/or delays were the main reasons for the reduction due to mainly 

haematological toxicities. 

 Myelosuppressive Secondary Dose Reduction Factors 

Myelosuppressive secondary dose reduction relates to factors that directly 

impact the bone marrow’s ability to produce neutrophils, but only become 

apparent after the first dose of chemotherapy. Myelosuppression is common 

terminology used to describe bone marrow suppression and is often associated 

with low platelets, Red Blood Cells (RBC) and neutrophils. However, it is 

different to immunosuppression, a concept rarely considered, but plays a vital 

role in identifying pathogens. Myelosuppression is dependent to the type of 

chemotherapy used. Cell-cycle specific chemotherapy may potentiate 

myelosuppression but also allows for rapid recovery, whereas non-cell cycle-

specific chemotherapy like alkylating agents or platinum complexes may cause 

sustained suppression beyond the cycles causing significant delays (Cairo 

2000). Some clinicians may choose to measure the level of suppression by 

repeating the full blood count after the first chemotherapy to quantify the 

percentage of a drop, which may indicate the need for a dose reduction (Lalami 

and Klastersky 2017b). A similar concept is employed when measuring the 

Absolute Neutrophil Count (ANC) nadir. First cycle ANC nadir of 0.5 x 109/L or 

less had a 30% association with neutropenic events compared to 10% with 

higher nadirs (Dang et al. 2003). Neutropenia must be interpreted with context 

as not all neutropenia will cause harm. Mild neutropenia is regarded as 

harmless and thus does not need any additional monitoring or intervention. 

Febrile neutropenia or neutropenic sepsis, on the other hand, can be regarded 

as the main culprits for patient harm and can lead to further events of 

neutropenia thus prompting a dose reduction in chemotherapy (Khan et al. 

2008; Pettengell et al. 2008; Mądry et al. 2016). Lyman et al. (2000) found that 
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previous chemotherapy-induced neutropenia of <0.5 x 109/L increases the 

likelihood ratio of further neutropenias by 9.33. A study by Kuderer et al. (2011) 

shows the importance of regular haematology laboratory testing when 

evaluating the presence of neutropenia. The average number of haematology 

tests per cycle and the presence of a haematology nadir were significant 

predictive factors for grade 4 CIN. This raises the argument that neutropenic 

events may be underreported due to the lack of adequate testing thus the 

presumption that mild neutropenia may be harmless may not be entirely 

accurate. Nevertheless, the results need to be interpreted with clinical judgment 

to add any clinical benefit to the patient. 

Anaemia and thrombocytopenia were significant factors when determining 

whether to dose reduce chemotherapy (Vannice et al. 2007; Mądry et al. 2016). 

Thrombocytopenia not considered in the primary literature, but mentioned in the 

literature reviews, was found to be a determining factor when considering dose 

reduction in relation to neutropenia (Lyman 2009; Lalami and Klastersky 

2017b). Although, thrombocytopenia often results in dose reduction even 

without cases of neutropenia due to the risk of bleeding (Cairo 2000). Anaemia 

is commonly observed among cancer patients and not only is this 

chemotherapy-induced, but also a baseline presentation of cancer as a 

retrospective chart survey found. The survey highlighted that 37.1% of all 

patients present as anaemic at baseline, which rose to 54.1% at cycle 3 of 

chemotherapy (Coiffier et al. 2001) although by what mechanism it influences 

the risk of neutropenia is yet not understood. It may be that both the 

erythropoiesis process and platelet production reflect the bone marrow 

condition as all are produced from the same PHSC from which also the 

neutrophils are derived. Chemotherapy-related anaemia and thrombocytopenia 

could be used to estimate the haematological reserve as they depend more on 

the duration of chemotherapy exposure rather than the initial chemotherapy 

dose intensity (Shayne et al. 2007). Anaemia also could induce weakness and 

tiredness causing stress on organs such as heart and kidneys, which leads to 

inadequate recovery of the bone marrow. There is also the possibility of this 

having no correlation to neutropenia at all, but due to the impact on the Quality 

of Life, dose reductions are applied incidentally (Ludwig et al. 2004).       
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Since the introduction of GCSF, the need for dose reduction has significantly 

reduced due to its protective effects. A meta-analysis of 17 studies comparing 

the use of GCSF vs placebo in 3493 patients treated for solid tumours or 

lymphoma, showed an improving RDI and reducing the risk of infection-related 

mortality (RR 0.55) (Kuderer et al. 2007). The average RDI was 95.1% in 

patients treated with GCSF, compared to the control arms where RDI was 

reported as 86.7%, with a mean difference of 8.4% (Kuderer et al. 2007). 

However, caution must be exercised on the methods of calculating the RDIs as 

only those patients were included who completed all cycles of chemotherapy, 

possibly overestimating the effects. The efficacy of the intervention with GCSF 

is also dependent on how it is deployed to combat the CIN. Real-life practice 

has shown a variation in practice ranging from thrice a week to daily for five 

days from day five of chemotherapy.  

Despite the use of GCSF, CIN-related infection and mortality remain a 

significant concern, as neutrophils generated in response to administered 

GCSF are sometimes functionally immature and cannot effectively fight 

infection (Abdel-Azim et al. 2019). This may also be a factor in those subgroups 

who do not respond to granulocyte stimulation due to the bone marrow 

becoming temporarily aplastic with immature myeloblasts. In oncology settings, 

this may be rarely seen but it is a common phenomenon in haematology, where 

high doses of chemotherapy are used in Acute Myeloid Leukaemia (AML) 

induction treatments and to induce a myelo-receptive state to allow bone 

marrow transplant. GCSF use has also been associated with a rise in 

Myelodysplastic Syndrome (MDS) and AML diagnosis. A study involving 5510 

women treated with chemotherapy, 906 (16%) received GCSF or GM-CSF 

therapy of which 64 (1.16%) were subsequently diagnosed with either MDS or 

AML before a cancer recurrence (Hershman et al. 2007). Of the 906 patients 

who were treated with GCSF, 16 (1.77%) developed AML or MDS and of the 

4604 patients not treated with GCSF, 48 (1.04%) developed AML or MDS (HR 

2.14 95% CI 1.12 to 4.08) (Hershman et al. 2007). Although the association is 

confirmed, the benefits of GCSF in delivering higher doses of RDIs may still 

outweigh the long-term risks of MDS or AML. 
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 Non-myelosuppressive Secondary Dose Reduction Factors 

Myelosuppressive secondary dose reduction relates to factors that indirectly 

impact the bone marrow’s potential to produce neutrophils by acting as 

mediators. Chemotherapy-related non-haematological toxicities are an 

appropriate example of factors post-chemotherapy which prompts a dose 

reduction (Munker et al. 2018). Non-haematological toxicities can present as an 

untoward physical manifestation such as with antimetabolite chemotherapy, 

which is renowned to cause cutaneous irritation or toxicities leading to a break 

in the protective barriers. Thus, patients would be more likely to contract 

infections during neutropenic events, compared to those with less cutaneous 

toxicity, especially mucositis, diarrhoea or hand and foot syndrome (Lyman 

2009; Munker et al. 2018). Certain untoward physical manifestations like rashes 

or mucositis can be evaluated by the treating clinician and appropriately judged 

to reduce the dose of chemotherapy. However, other toxicities, without an 

untoward presentation, are often subjective to the individual patient and treating 

clinician. During the clinical review, patients would willingly hide significant 

toxicity to continue their chemotherapy treatments. Likewise, another cohort 

may overplay the experienced side-effects which would result in early 

reductions of chemotherapy. The eventualities of the two above scenarios are 

dependent on the significance of the toxicity/side-effects relative to the intent of 

chemotherapy and the desired outcome. It has been observed in clinical 

practice that adjuvant patients with a relatively small benefit from chemotherapy 

may decide to report all experienced side-effect at a greater depth compared to 

a palliative patient whose only resort to prolong life is the continuation of 

chemotherapy. However, the patient reporting is more complex as demonstared 

in a qualitative study evaluating decision-making when accepting second-line 

treatment after failure of first line treatment. Patients believed that the 

chemotherapy induced toxicity is directly linked to the efficacy and therefore 

were more willing to tolerate the adverse effects (Pujol et al. 2018). Equally, 

from personal practice, a patient’s ability to portray a picture of these side-

effects and the comparative impact on the quality of life plays an integral part in 

the decision to dose reduce. Many oncologists have seen their patients endure 

significant and occasional life-threatening toxicities based on inadvertent 

standard chemotherapy protocols, thus dose reductions must be based on the 

clinical risk to the patient (Prasanna et al. 2018) 
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The mainstream of chemotherapy dose calculations is based on the Caucasian 

population, consequently, patients from different ethnicity may have a different 

experience leading to a dose reduction (Mądry et al. 2016). This may be due to 

the inherent genetic variations in different ethnicities leading to inter-variability 

of metabolism due to pharmacokinetics and polymorphism (Jessup et al. 2005). 

Genetic variations in both the patient (germline) and the tumour (somatic 

genome) may lead to a varied response to chemotherapy. Certain 

polymorphisms in p5340 and 5,10-methylenetetrahydrofolate reductase are 

associated with race and may contribute to either resistance to a 

chemotherapeutic agent, biological aggressiveness or may cause a greater 

incidence of neutropenia, all potentially resulting in a decreased dose of 

chemotherapy (Jessup et al. 2005). Only a few pharmacogenetic tests have 

been studied to predict toxicity or response to commonly used 

chemotherapeutic agents (Lalami and Klastersky 2017b). Among them are 

studies of drug metabolising enzymes of TPMT, UGT1A1, DPYD, and CYP2D6 

(Lalami and Klastersky 2017b). Whilst the understanding and regular testing for 

somatic genomes are growing, germline mutation testing to understand 

pharma-genomic is still largely unknown.  

Kidney and liver dysfunctions can pre-exist to the commencement of 

chemotherapy. However, during treatment, it may also develop secondary to 

chemotherapy. Many cytotoxic agents can induce renal and hepatic damage. 

Most of the time this damage is reflected in the relevant blood test, but on 

occasion, the test may not be sensitive enough to capture the change. With 

regards to neutropenia, it may influence a clinician’s choice to dose reduce if 

the kinetics of the drug are affected by the relevant organ dysfunction.  

 Limitations 

The scoping review highlighted many factors that may be associated with dose 

reduction in relation to the risk of neutropenia, although the relative significance 

of each factor or the cumulative effect is not known. The lack of randomised 

clinical trials and heterogeneity in the review means that the finding cannot be 

fully integrated into clinical practice. However, they do form the foundation of 

factors that may influence the decision to dose reduce chemotherapy. The 

factors would need to be studied in an appropriately powered prospective study 

to understand the type of relation to neutropenia and the magnitude of the 
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effect. These factors need to be further explored to understand if they are 

confounders, mediators or proxy measures and if other substitutes could 

provide a stronger correlation. Factors such as age could be substituted for 

organ function or a physical assessment, whilst performance status may be 

changed to a comprehensive geriatric assessment. There is a growing 

understanding of genetic mutations and their influence on cancer growth, but 

their influence on the risk of neutropenia is just at its infancy. This review is also 

not able to recommend any dose reduction given specific patient, tumour and 

chemotherapy characteristics. None of the studies evaluated the risk of 

neutropenia and consequently calculated a dose reduction which would reduce 

the incidence of future neutropenias, reducing the risk of mortality. A 

prospective study incorporating the current understanding of the factors 

influencing dose reductions may aid in the development of a predictive model to 

reduce the risk of neutropenic events.      

 Conclusion 

The scoping review demonstrates that there are number of factors that 

influence dose reductions in relation to neutropenia. Dose reductions are 

relative and as the systematic scoping review highlights, there is little 

consideration of the magnitude of these factors and their relative influence on 

the amount of dose reduction. Neutropenia is widely acknowledged as the main 

impetus to dose reduce chemotherapy in the absence of supportive measures. 

Some of the factors play a direct role in neutropenia related dose reductions, 

whilst others act as confounders or as mediators, which may increase or 

decrease the risk and thus influence the decision to dose reduce. Dose 

reduction factors can be classified into primary and secondary dose reductions, 

which have direct or indirect myelosuppressive effects. Primary dose reductions 

would be pre-chemotherapy factors such as age comorbidities, where the 

clinician may take a stance on the fitness or suitability of the chemotherapy. 

Secondary dose reduction factors would constitute to an event post-initiation of 

chemotherapy, for example, secondary to chemotherapy-induced neutropenia. 

Either type of dose reduction may be perceived as necessary to avoid incurring 

neutropenic complications. Dose reductions are a valid intervention despite the 

compromise in the long-term outcome. Disease progression in the event of 

significant dose reduction is a legitimate concern, as sub-therapeutic doses may 
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lead to the rapid replenishing of cytolyzed cancer cells and the emergence of 

chemotherapy resistance disease (Shayne et al. 2007; Shayne et al. 2009). 

Whilst it is a clinical imperative to maintain a reasonable RDI, to continue the 

intended benefit from chemotherapy, it must be done whilst ensuring that 

patient safety is not compromised. It is important to reduce the risk of 

neutropenia, but not eliminate it, as long-term survival has shown to be 

correlated to neutropenia. The challenge will remain of how you safely expose 

the patient to a form of neutropenia to derive the most clinical benefit.    

 Human Factor 

In the previous sub-chapters, the science behind dose reduction was evaluated 

but not the human factor which is responsible to appreciate, interpret the 

information and make a sound clinical judgement. Although this may be more 

complex than initially anticipated.  

There has been growing research in clinical decision-making processes to 

understand how decisions are made and what contributes to an error. One 

could argue that a clinical error is an inappropriate judgement when reflected in 

hindsight with all the critical shreds of evidence exposed. Clinical decisions do 

not instantaneously arise in each situation but are nurtured and influenced by 

years of training, experience and situational feelings that form the individual’s 

clinical decision-making framework. Therefore, the decision-making process 

may vary depending on the type of training, quality of experiences and on the 

day feelings. Pat Croskerry (2009) proposes a dual-process theory in the 

decision-making process which is based on psychological research on human 

judgement. Decision-making is based on two systems, System 1 known as the 

intuitive approach and System 2 as the analytical approach (Croskerry 2009). 

The intuitive approach leans heavily on the experiences of the decision-maker 

and therefore uses inductive logic by recognising patterns and employing 

mental shortcuts, known as heuristics to formulate an instinctive decision 

(Croskerry 2009). The analytical approach, on the other hand, is a more 

calculated method, where decision is made through logic, guided by learning 

and reasoning faculties (Croskerry 2009). The nature of these processes means 

that analytical decisions tend to be systematic, slow with high amounts of 

cognitive awareness (Croskerry 2009). The decision-making process is 
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demonstrated in Figure 5, where the relevant process is triggered by the 

pattern input.  

 

 

 

 

Figure 5. Model of diagnostic reasoning based on pattern recognition and 
dual-process theory (Croskerry 2009).  

The two processes may not be mutually exclusive, but rather a cognitive 

continuum where the process may alternate depending on the stimuli and over-

arching override mechanism. When a new process is learned, it often starts with 

system 2, as the unfamiliarity provokes critical thinking to analyse the pattern 

and process the information. As familiarity with the pattern is cultivated, the 

decision-making process switches to system 1 by creating heuristics which are 

vital when making quick clinical decisions in the absence of all the clinical facts 

(Croskerry 2009). It can be debated that an experienced operator may have 
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multiple heuristics acquired through years of learning and experience. However, 

this is where clinical errors also could arise, as incomplete pattern recognition 

may lead to the activation of a heuristic process that perpetuates to the 

incorrect decision-making process. Salient features are often first recognised, 

but they may also predispose the clinician to biases or initiate heuristics. 

However, it is imperative to understand that appropriate heuristics in-between 

system processing can also play a part in corrective action, as negative 

heuristic experiences may trigger a moment of reflection, forcing the person to 

reconsider their decision. An experienced practitioner, having learned from 

previous experiences, may have multiple safety heuristics. Yet equally, over-

reliance on this process may lead to overconfidence, which is yet another 

reason for diagnostic errors. Overconfidence is related to both intrinsic and 

systemically reinforced factors a practitioner is exposed to (Berner and Graber 

2008). It is proposed that self-awareness can introduce a safety mechanism in 

the decision-making process, where rational or dysrationalia overrides the 

automated system 1. The override process is controlled by system 2 to 

supervise the clinical decision-making process. Even though this depends on 

cognitive feedback from system 1 to system 2 and should this fail through 

distraction, biases or emotions, it can lead to an inappropriate decision and thus 

a clinical error (Norman and Eva 2010). The distraction of this monitoring 

process depends on the cognitive state and is influenced by cognitive overload, 

fatigue, sleep, hunger and emotions (Croskerry 2009). Many of the clinical 

decisions are made in high-pressure environments, which lead to a rise in 

emotions affecting the cognitive process. The ability to perceive these emotions, 

also known as emotional intelligence, improves the decision-making process 

(Fallon et al. 2013). The reliance on what type of system is activated tends to be 

innate in the individual’s personality and their behaviour. A study by Garber et 

al. (2005) categorised clinical errors into three distinct groups. 

1. No-fault errors 

2. System-related errors 

3. Cognitive errors 

No-fault errors are often due to deception or incomplete information which given 

the situation will lead to the same outcome in retrospect. System-related errors 

are inclined to involve organisational and technical problems, where policies, 
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procedures and communication contribute to an error (Graber et al. 2005). 

Cognitive errors have three aetiologies of  

1. Faulty knowledge 

2. Faulty data gathering  

3. Faulty synthesis  

(Graber et al. 2005) 

The majority of the errors tend to be associated with either cognitive or system-

related faults (Graber et al. 2005). The organisation can review the systems and 

suggest appropriate improvements to minimise system-related errors. Cognitive 

errors, on the other hand, rely more on individual learning and require a process 

of metacognition to improve clinical decision-making. Metacognition is a 

concept introduced by psychology, where an individual reflects about their 

decision-making process to observe and recognise opportunities for 

interventional thinking strategies (Croskerry 2003a; Berner and Graber 2008). 

Cognitive errors are often associated with a failure in perception, failed 

heuristics and biases, collectively known as cognitive dispositions to respond 

(Croskerry 2003b). Faulty knowledge is rarely a cause of diagnostic errors as 

found by Garber et al. (2005), where deficits in knowledge only contributed to 

3.4% of errors, compared to system-related factors and cognitive factors, 

contributing 65% and 74% respectively. Clinicians are thought to begin this 

diagnostic process from the point of a patient entering the room, observing the 

posture, movement, pallor or any other physical presentations. Whilst this 

process is supposed to provide additional supporting evidence for diagnosis, 

some clinicians may fall into the trap of premature closure, a leading cause of 

errors, and ignoring any additional information to support or refute the 

alternative diagnosis. This process is often perpetuated by biases an individual 

believes or is exposed to. Biases are the chief cause of errors, as they 

predispose the practitioner to a certain cognitive process. There are several 

biases that impair the cognitive process, such as the anchoring, availability bias 

or the confirmation bias (Croskerry 2003b). Anchoring bias, for example, is 

where the clinician will perceptually lock onto the salient features a patient may 

present (Croskerry 2003b). In the case of this study, the belief that all 
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neutropenias need a dose reduction may lead to inappropriate dose reductions 

of patients at low risk.   

Do inappropriate dose reductions amount to clinical errors? In hindsight, one 

may argue yes, although the process is not black and white. If an alternative 

decision is made with all the facts which are available in hindsight for the same 

scenario, it could still lead to the same outcome. This may be because there are 

other external factors outside the clinician’s control, e.g. patient behaviour, 

which influences the outcome. Whilst it is important to improve the decision-

making process, it is also important to improve system-based faults that 

contribute to decision-making. Real solutions to cognitive errors lie in the 

shadows and require the uncomfortable unmasking of the situation, person and 

process. Only approaching the clinical error honestly and transparently can lead 

to exponential learning improving clinical practice (Croskerry 2003b).   

 Gap in the Knowledge 

Patients treated with intensive doses, tend to have a better median overall 

survival, although they may be at greater risk from treatment-related mortality. 

Conversely, patients treated at a reduced dose will receive less of the perceived 

survival benefit but correspondingly will be at less risk of chemotherapy-related 

toxicity. Both treatment strategies have a role in the clinical management of 

cancer in the appropriate disease setting, although the dose reduction strategy 

may be promiscuous practice due to the lack of evidence. A retrospective study 

by Cherif et al. (2016) involving a modest 99 patients evaluated chemotherapy 

toxicity in advanced NSCLC and the impact on overall survival. Patients who 

experienced chemotherapy-induced toxicity in advanced NSCLC were 

associated with poor survival (Cherif et al. 2016). Thus, it is imperative that 

toxicities are appropriately managed to derive the relevant clinical benefit from 

chemotherapy. 

In palliative chemotherapy, every cancer burden will reach a critical point, below 

this the rate of growth is inferior to the rate of chemotherapy destruction and 

above this, and the rate of growth is superior to the rate of destruction. When 

deliberating to dose reduce, as this critical point is not known and is dependent 

on numerous pathological factors such as histology or resistance, dose 

reducing too early may have a negative effect on the long-term survival. 
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Correspondingly this critical point can also vary from patient to patient and 

change in a course of treatment. Consequently, dose reducing chemotherapy 

should only occur once the risks outweigh the clinical benefits. The debate is 

even further convoluted when considering the amounts to dose reduce. 

Reducing too much can deprive patients of all clinical benefit, and similarly too 

little, expose them to unnecessary side-effects. Even if considering that all lung 

cancers are the same, their response to chemotherapy complies with linear 

kinetics, even then, every dose reduction would still have to be adapted to 

patient factors, including their physiological reserve and comorbidities.  

The literature review has highlighted which factors would need to be considered 

when dose reducing in respect to neutropenia. Yet, the impact of these factors 

nor effect of a dose reduction on the subsequent risk of neutropenia is known. 

The next chapter discusses the impact of dose reductions and the aim and 

objectives of this research.    
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3. Chapter 3 - Research Question 

 

This chapter outlines the rationale for the research question and describes the 

clinical impact of a dose reduction and dose delay on the Relative Dose 

Intensity (RDI) of chemotherapy in palliative lung cancer. It also discusses the 

current strategies and reviews available advice from Summary of Product 

Characteristics’ (SmPCs) to mitigate the risk of neutropenia. Considering the 

importance of appropriate dose reductions, it sets out an appropriate research 

aim and respective objectives. 

Copious amount of literature is legitimately aimed at understanding the impact 

of dose reduction on patients overall and disease-free survival. However, a 

diminutive emphasis is being given, if any at all, on the level of dose reduction 

and if it is clinically appropriate according to the patients’ clinical settings. In the 

event of neutropenia, the clinician is often faced with a series of predicaments. 

They often rely on previous clinical experience to help and guide them through 

each neutropenic event. The first question is always around whether to dose 

reduce or not, followed by how much would be clinically appropriate to be safe 

and not compromise the clinical benefit from the treatment. The varied 

experiences create a disparity in clinical practices. In adjuvant settings, 

clinicians are advocated to use GCSF, to artificially boost the neutrophil count 

and maintain chemotherapy intensity. However, in the event of failure, some 

clinicians choose to increase the number of GCSF days, others action to dose 

reduce, whilst some opt to combine the two concepts. As these practices have 

rarely been evaluated collectively, little evidence exists beyond individual 

experiences.  

In palliative lung chemotherapy treatments, the use of GCSF is restricted as 

maintaining chemotherapy intensity increases the risk of adverse events due to 

the cancer burden and is not considered value for money. The only exception is 

SCLC, where after an internal audit, GCSF showed to reduce the number of 

hospital admissions.Thus, the only viable options in NSCLC or in the event of 

GCSF failure is to either delay treatment or dose reduce the chemotherapy. 

Delaying treatment would entail allowing patients extra time to recover beyond 

their scheduled treatment cycle (no. of days treatment is repeated), which 
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depending on the regimen, may be repeated every 3-4 weeks. However, this 

approach is contentious as patients may still be vulnerable to infections due to a 

protracted period of neutropenia.  

 Impact on RDI 

There is a misconception that dose delays are not a reduction in dose intensity. 

Conversely, any delay in dosing schedule results in additional time for cancer 

cells to regenerate, increasing the possibility of becoming resistant to 

chemotherapy. If relative dose intensity is considered, dose delay may amount 

to the same or if not a greater reduction in intensity than a standard dose 

reduction. A relative dose intensity (RDI) can be defined as the amount of drug 

given over the planned amount of drug, divided by the number of days it was 

repeated relative to the standard number of days for the cycle.  

RDI = (Actual dose delivered/ Planned dose (as per standard regimen) 

       (No of days repeated/ Standard days of cycle) 

An example to explain this concept in the context of lung cancer is if a patient is 

planned for 1000mg of Gemcitabine, however, due to a 20% dose reduction, 

they receive 800mg but still within the planned number of 21 cycle days. The 

RDI for Gemcitabine would be, 

Gemcitabine RDI % = (800mg /1000mg) ÷ (21 days /21 days) 

   = 80% 

In dose delays, due to the logistic of chemotherapy delivery, most treatments 

are typically delayed by one week. If the dose is kept at the same intensity, but 

the interval between the cycles is extended by a further 7 days, the RDI would 

be as follows, 

Gemcitabine RDI  = (1000mg /1000mg) ÷ (28days /21 days) 

   = 75% 

This amounts to a greater reduction in the relative dose intensity than a 

standard dose reduction. Once a neutropenic event comes to light, if not febrile 

or septic, the patient is automatically is delayed by 7 days, in addition to 

reducing the next chemotherapy by a relative amount, e.g. 20% subjective to 
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the clinician’s practice. This accumulates to an overall reduction of dose 

intensity of,  

Gemcitabine RDI  = (800mg /1000mg) ÷ (28days /21 days) 

   = 60% 

If this dose reduction is not clinically appropriate, it can have a substantial effect 

on the cumulative dosing over the course of a patient’s treatment as 

subsequent delays and dose reductions would need to be applied. 

Hypothetically, these circumstances are demonstrated in Table 9 and 10 where 

a second dose reduction leads to a greater reduction in overall RDI.  

Table 9. Chemotherapy with One dose reduction 

Cycle No Gemcitabine 

dose 

(standard 

1000mg) 

Dose 

reduction 

applied 

Cycle 

repeated 

over 

(days) 

Cycle 

delayed 

(Yes/No) 

Subsequent 

Neutropenia 

RDI per 

cycle 

ONE 1000mg  21  Y Y 100% 

TWO 800mg  20% 28 N N 60% 

THREE 800mg 20% 21 N N 80% 

FOUR 800mg 20% 21 N N 80% 

Average       80% 

   

Table 10. Chemotherapy with Two dose reduction 

Cycle No Gemcitabine 

dose 

(standard 

1000mg) 

Dose 

reduction 

applied 

Cycle 

repeated 

over 

(days) 

Cycle 

delayed 

(Yes/No) 

Subsequent 

Neutropenia 

RDI per 

cycle 

ONE 1000mg  21  Y Y 100% 

TWO 800mg  20% 28 Y N 60% 

THREE 700mg 30% 28 N N 52.5% 

FOUR 700mg 30% 21 N N 70% 

Average       70.625% 

 

As established, the impact of a further dose can reduce the average RDI by a 

further 10% which can affect the long-term survival of a patient. The more 



 

87 | P a g e  
 

delays and reduction are applied during a course of treatment, the more of a 

negative bearing it can have on the patient’s outcome. Thus, the first dose 

reduction must be appropriately powered to avoid any future delays or 

reduction. Correspondingly, it will also avoid not only unnecessary but 

inappropriate dose reductions, where the scale of reduction, will deprivie the 

patient of the optimal clinical benefit from the chemotherapy. This may be more 

challenging in clinical practice as factors contributing to neutropenia are not 

static, nor could it be argued that they have an equal and constant effect. The 

research into dose reduction will hopefully provide further information to 

enhance the understanding of the factors influencing dose reduction related to 

neutropenia.   

Clinical practice has shown that many clinicians do not actively reflect on the 

amount of dose reduction to apply as clinics are often overshadowed by delays 

and overbooking. This restricts the clinical engagement required to scrutinise 

the clinical factors which influence the dose reduction. The triggers to dose 

reduce chemotherapy, or intervene, are often initiated when a patient presents 

as unwell during routine reviews.  Patients often have recovered from 

neutropenic events and the clinician drawing upon the current presentation of a 

patient may or may not act on the incident. Yet, evidence suggests that the risk 

of further neutropenic events remains. In some circumstances, it may be 

clinically appropriate if the known factor driving the neutropenic risk has been 

isolated, such as on the resolution of stomatitis. Patients are also inconsistently 

dose reduced, as they are seen by different clinicians at each visit who may 

lose oversight of any previous neutropenic event. This was demonstrated in a 

study evaluating the importance of continuity of care with clinicians and health 

care sites on the likelihood of future hospitalisation, where patients with high 

clinician continuity group had lower odds of hospitalisation compared to high 

site/ low clinician continuity group (OR = 0.75, 95% CI = 0.66-0.87) (Mainous 

and Gill 1998). 

As discussed earlier, decision making plays an integral part, it can be also 

debated that there is not enough evidence and guidance regarding system-

related factors, to aid the decision-making process. The need to have this 

evidence base was first described by Sackett & Rosenberg (1995), who 

reported that evidence needs to represent extrapolations of pathophysiological 
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principles and logic rather than facts derived from individual patients. The 

introduction of randomised trials followed by systematic and meta-analysis led 

to a surge in the quality and quantity of evidence available to the clinicians, 

allowing evidence-based medicine to flourish through local and national 

guidelines and standards. However, the value of evidence is only as good as its 

availability and impact on the clinical practice. If this evidence is confined to 

individual journals and textbooks, it can have little impact on the clinical 

practice, resulting in clinicians resorting to asking their colleagues for further 

advice (Sackett and Rosenberg 1995). If this vicious mould is not broken, it can 

result in bad practices becoming the norm and being taught from one 

generation to the next. In the context of dose reduction post neutropenia, limited 

guidance is available by the manufacturers advocated through the Summary of 

Product Characteristics’ (SmPCs). In order to help the clinician to make an 

informed decision on dose reduction, one may anticipate the following 

information may be found in the SmPCs’ 

1. Occurrence of neutropenia per drug and in commonly used combination 

of regimens 

2. Recommended level of neutrophil count to dose reduce each drug, if not 

defaulted to the standard 1.0 x 109/L 

3. Recommended level of dose reduction per drug or regimen and relevant 

clinical evidence.  

4. Impact of GCSF use on drug-induced neutropenia. 

The SmPC advice found in Table 37 (Appendix 2) can be regarded as 

contentious as it often derived from well-controlled clinical trials 

underrepresenting the real-life patient. Clinical trials have strict inclusion criteria 

and subsequently omit old, frail patients to improve the clinical data to appease 

the scrutiny from the National Institute for Health and Care Excellence (NICE) 

for a commercial recommendation. The SmPC advice also does not reflect real-

life practice of using combinations of multiple agents nor does it represent the 

clinical settings of individual patient factors or the extent of disease burden. 

Clinicians, who are experts in diagnosis, may fail to understand the 

pharmacodynamics and pharmacokinetic interactions between drugs which may 

lead to adverse events such as neutropenia. Furthermore, cancer patients are 

at high risk for drug-drug interactions as many of them are on a multitude of 
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drugs prior to commencing chemotherapy (Stoll and Kopittke 2015). From 

personal experience this advice is rarely applied in clinical practice and even 

when, there is insufficient data evaluating if the intervention was successful at 

preventing another neutropenic event.  

 Research Aim  

This research aims to explore and understand the relative dose reductions of 

chemotherapy in palliative lung cancer patients; post an event of neutropenia, to 

prevent further neutropenic events. Reducing further neutropenic events, will 

not only reduce the risk of hospital admissions but also improve the RDI 

delivered over a course of chemotherapy and thus improve patient outcome. 

The aim is also to evaluate which factors increase the risk of neutropenia and 

therefore influence the magnitude of the dose reduction to prevent another 

neutropenic event. Improving the understanding of the factors and the amount 

of required dose reduction will improve patient safety and maintain clinical 

efficacy by reducing the number of unwarranted adverse events.  

 Objectives 

The research objectives are as follows: 

• From the retrospective data collected for the calendar year 2017, to assess 

the prevalence of neutropenia post-dose reduction and identify the relative 

RDI in palliative chemotherapy for lung cancer. 

• From the retrospective data collected for the calendar year 2017, to 

summarise the current methods of dose reduction models and investigate 

their effectiveness at preventing further events of neutropenia in palliative 

chemotherapy for lung cancer. 

• From the retrospective data analysis for the calendar year 2017, to explore 

factors significantly associated with subsequent events of neutropenia in 

palliative lung cancer chemotherapy and thus need to be considered when 

dose reducing 
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 Outcome  

The outcome of this study is to establish a predictive model, which can factor 

the dose reduction and the given set of circumstances to prevent a subsequent 

event of neutropenia. 

The literature review highlights the effect of dose reduction on long-term 

survival, although few studies focus on the short-term impact of secondary 

neutropenia. The domino effect of a failed dose reduction, defined as the 

inability to prevent a second event of chemotherapy-induced neutropenia is 

rarely evaluated. The observed practice would indicate that patients who require 

more than one dose reduction would have a greater cumulative dose reduction 

than those with a singular successful dose reduction. Clinician remedial action 

of a failed first reduction would be to compensate by applying a greater dose 

reduction to the second event of toxicity such as neutropenia. Such experiences 

may influence future practices. The overall implication would be that patients 

with numerous failed dose reduction would have a lower RDI’s compared to 

patients with successful dose reduction, impacting the overall survival of 

patients. 

This chapter described the current strategies used to mitigate the risk of 

secondary neutropenia and the role and impact of a dose reduction in palliative 

lung cancer. The next chapter describes the methods and methodology used in 

conducting the research, justifying the theoretical perspective and the statistical 

methods.  
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4. Chapter 4 - Methodology and Methods 

 

This chapter outlines the method and methodology used to conduct the 

research. The theoretical perspective of the methodologies is explored and 

justification is provided for the selection of the study design. It also describes 

the methods which were used to capture the data along with the definitions of 

the variables explored. The statistical methods used are also discussed and 

approaches to enhance the quality of the study. 

 Methodology  

Research methods in healthcare can have two distinct epistemologies, known 

as the qualitative or quantitative paradigm. Both paradigms offer a unique 

viewpoint of the reality in question. The nature of the problem and the desired 

philosophical view determines what kind of research paradigm is most suited to 

the type of study (Creswell and Creswell 2017). The philosophical views, also 

known as ontologies and epistemology, describe the unique view of the 

research based on a basic set of beliefs (Creswell and Creswell 2017: Pg:6). 

There are four philosophical worldviews regarding research: 

• Postpositivist  

• Constructivist 

• Transformative 

• Pragmatic 

Postpositivist assumptions represent the traditional form of research by 

exploring the absolute truth of knowledge and therefore are a common 

approach in scientific research. This philosophy is determined to deduce the 

relevant evidence to understand the influence of the variables on the outcomes 

to empirically measure and confirm a theory (Creswell and Creswell 2017). 

Constructivism can be regarded as the opposite of postpositivist as it believes 

that truth can have multiple realities and often inductively creates a theory 

rather than confirms it. It is therefore commonly used in qualitative methods 

where little may be known on a subject area or where new perspectives are 

desired. The truth in constructivism is unique to its setting, from the opinion of 

the participant to the role of the observer, thus it does not allow applicability to 
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the general public (Creswell and Creswell 2017: Pg:8). Transformative research 

is usually conducted in social sciences, where the paradigm allows for the 

unique representation of marginalised individuals not traditionally captured by 

conventional methods (Mertens 2008). Pragmatism can be regarded as the 

mixture of postpositivist and constructivist, where the assumption that the 

worldview derives from the situational action and consequences rather than the 

antecedent conditions. Therefore, the focus of the study is on the research 

problem and uses all available methods, i.e. mixed methods, to understand and 

define the problem (Creswell and Creswell 2017: Pg 11). The philosophical view 

applicable in this research is postpositivist, which allows the objective 

understanding of the influencing factors and the subsequent outcome of a 

neutropenic event. This also paves the way in selecting the appropriate study 

design, specifically the quantitative approach.  

Study designs are strategies of inquiries, which depending on the nature of the 

problem and the corresponding ontology can be either in quantitative, 

qualitative or a mixture of both, known as mixed methods. Even within these 

types of strategies, there is a multitude of approaches a researcher can employ. 

Qualitative study designs aim to understand people through discovering the 

meaning of their experiences, actions and opinions (Polgar and Thomas 2020: 

Pg:77). This may be an important aspect in research as the diversity in the 

population and their relevant experience may elicit a different stance on a 

problem, which may not be legitimately captured in a quantitative approach, i.e. 

the effects of a drug on the quality of life. Within the qualitative design, four 

approaches are commonly employed, phenomenology, symbolic interactionism, 

ethnomethodology and grounded theory (Polgar and Thomas 2020: Pg:78-79). 

The rationale for these approaches is beyond the justification of the 

methodologies and therefore will not be discussed in this section.  

Quantitative studies are often invoked on postpositivist philosophy and tend to 

have scientific rigor to justify an absolute truth for the study design. Like 

qualitative research, within the quantitative design, there are three main 

approaches to the study, experimental, non-experimental and longitudinal. The 

experimental design allows for the testing of a cause-and-effect relationship 

between the variables and the subsequent incidence (Maxine Offredy 2010). 

Independent variables can be manipulated under controlled conditions like the 
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amount of dose reduction and the resultant cause-effect can be measured 

between two similar randomised groups (Bowling 2014: Pg:237). Experimental 

designs are in the form of Randomised Controlled Trials (RCT), where 

intervention is exposed to the experimental group but not to the control group to 

measure the effect of the intervention (Bowling 2014: Pg:237). However, if the 

control and or the randomisation is not feasible within the design, the study is 

referred to as a quasi-experimental design (Newell and Burnard 2010: Pg: 169). 

Non-experimental designs tend to be used when the effect of the intervention is 

not known and has the potential to cause harm. Longitudinal studies are often 

related to the influence of time on the researched outcome, where the subjects 

are followed up at given points to understand the change with time. Examples of 

this type of study are trend/ panel surveys, or cohort studies (Bowling 2014: Pg: 

223).      

Mixed method research only began in the 1980s and allowed for the 

combination and application of both quantitative and qualitative paradigms. Both 

paradigms allow for the explorations of ideas by posing closed questions for 

quantitative analysis and open questions for the expression of personal views 

for qualitative scrutiny. The advantage of such approach is the ability of 

triangulation of data, where convergence between the two types neutralises the 

potential biases within either method, increasing the relative credibility of data 

(Creswell and Creswell 2017: Pg: 14).    

 Study Justification 

The qualitative design allows us to explore views and beliefs individuals hold on 

a topic, however, apart from adding the relevant knowledge, it would not be able 

to contribute to any statistical evidence to influence behaviour nor be able to 

establish the significance of any factors. The strength of qualitative research of 

allowing exploration of known aspects, the differences in opinions or unique 

beliefs also forms its most critical element from an evidence-based research 

perspective (Vázquez Navarrete 2009). The criticism is not the unique 

viewpoints or their respective truths, but the substantial variation making 

replication of results and their clinical application cumbersome. Mixed methods 

would be a feasible option but the variables concerning dose reduction are 

already well known and the qualitative element of the research may introduce 
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new variables with no scientific justification. The capture of these variables may 

only be possible in prospective design further restricting this methodology.   

Quantitative design is the most suited approach for this study as it allows for the 

statistical consideration of the cause-effect, desired to understand what factors 

are significant and their relative influence on the amount of dose reduction. This 

quantitative relationship could be used to understand, and risk stratifies the 

most applicable dose reduction in relation to the patient variables. It could also 

be used to device a predictive dose reduction model based on the strongest 

variables, which would reduce the incidence of secondary neutropenia. As 

alluded to earlier on the types of quantitative approaches, considering the lack 

of evidence regarding the magnitude of the effect of the factors and the 

consequences of an inappropriate dose reduction, it is unethical to expose 

patients to experimental design. A non-experimental model would be more 

practical to establish the cause-effect of the factors and the relative dose 

reductions. The application of a non-experimental cohort study is the most 

relevant in acquiring the desired correlation. The fundamental difference 

between experimental and non-experimental approaches is that no 

manipulation of the independent variables occurs and only the natural variation 

of the factors is observed (Newell and Burnard 2010). However, in non-

experimental research, groups based on different traits or on self-selection may 

differ for any number of reasons other than the variable under investigation. 

Therefore, one cannot assume that the outcome differences are solely due to 

the independent variable under investigation, but may be due to another 

alternative explanation of jointly analysing several variables to present a 

possible causal relation (Lapan and Quartaroli 2009). 

There are three main domains of non-experimental quantitative research in the 

form of descriptive research (reported as descriptive statistics in the form of 

frequencies, mean and ranges), causal-comparative research (compares two or 

more groups in terms of cause) and correlation research (measures the degree 

of association between variables and outcome) (Newell and Burnard 2010; 

Creswell and Creswell 2017). The descriptive research will add little 

understanding to the magnitude of the variables and a causal-correlation study 

is not feasible due to the lack of a secondary comparative cohort. The only 

practicable approach is a correlation cohort study, which unlike the other two 
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designs, does not need another cohort and can provide a meaningful correlation 

between variables and outcome (Newell and Burnard 2010).  As mentioned 

previously, it would be unethical to dictate the level of dose reductions, knowing 

the dire consequence of too little resulting in another neutropenic event and too 

much compromising the long-term benefit. However, the correlation cohort 

study allows us to observe pre-enacted dose reductions and the relative 

outcome of another neutropenic event. The correlation can be positive or 

negative, ranging from -1.0 (perfect negative correlation) to 0.0 (no correlation) 

to 1.0 (perfect positive correlation) (Newell and Burnard 2010). This correlation 

is based on the presumption that the relationship is linear and a strong 

correlation of 1.0 to 0.7 (-1.0 to 0.7) would allow the variable to be used as a 

predictor to forecast the neutropenic event.  

In non-experimental research, groups based on different traits or on self-

selection, such as being or not being a smoker, may differ for any number of 

reasons other than the variable under investigation. Therefore, in non-

experimental studies, one cannot be as certain as in experimental studies that 

outcome differences are due to the independent variable under investigation. 

The researcher needs to consider possible alternative explanations, to jointly 

analyse several variables, and to present conclusions without making definitive 

causal statements (Newell and Burnard 2010). 

Non-experimental cohort study can be conducted in two timeframes, a 

prospective design or a retrospective design. A prospective study is when the 

exposure is assessed at baseline and the researcher follows the subjects in 

time to study the development of disease or mortality (Euser et al. 2009). In a 

retrospective design, the researcher starts at the end of the study and attempts 

to trace eligible patients with often known outcomes, back to baseline 

characteristics to understand the relevant exposure (Euser et al. 2009). The 

known outcome of this format is also the reason why prospective designs are 

held in a higher hierarchy of evidence compared to the retrospective designs, 

with the belief that retrospective designs are prone to bias and manipulation 

(Euser et al. 2009). Both designs offer various advantages and disadvantages. 

A prospective study has the strength of accuracy of data collection regarding 

exposures, confounders, and endpoints, but this is often at the expense of loss 

of efficiency, in both cost and time because of the resources involved (Euser et 
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al. 2009). The retrospective design, on the other hand, is a very time-efficient 

and resourceful method at gathering existing data to conduct research, but with 

the limitations of being restricted to only the variables previously recorded 

(Euser et al. 2009).  Considering the variables in question are for observational 

purposes only and the resources required, a retrospective design was chosen 

as it was deemed as effective as a prospective design for the study in question. 

Many of the desired variables are objective in nature i.e. neutrophil levels and 

are automatically recorded, which reduces the risk of manipulation. A 

prospective design would only be of value if new variables were explored or 

they were subject to assessment e.g. toxicity grading and therefore relied on an 

appropriate definition for recording and comparison. Although the retrospective 

design is at risk of having missing data or a variable timeline, which may 

influence the results. 

 Study Variables 

Extensive research has been conducted to establish risk factors associated with 

the identification of patients at risk of neutropenia (Lyman et al. 2001; Hurria et 

al. 2011; Extermann et al. 2012), but none have tried to correlate them to the 

amount of dose reduction. The literature review uncovered several factors that 

may correlate to dose reduction in relation to neutropenia; however, the 

significance of their influence is unknown. These variables, along with the dose 

reduction influence the outcome dependent on a subsequent neutropenic event. 

Of the 32 identified themes, the following themes were not feasible to be 

explored within the research design: 

• Abnormal baseline results – The substantial variation in abnormal 

baseline results would be difficult to capture, in addition to pertaining 

circumstances.  

• Bone marrow involvement – Bone marrow involvement would be difficult 

to capture and analyse within this retrospective study design. To 

ascertain if the bone marrow is involved, it would require a bone marrow 

sample to confirm the extent and rule out leukemic transformation. 

• Antibiotics use – Antibiotics are not routinely used due to the rise of 

antimicrobial associated resistance. Additionally, they are prescribed on 

routine paper prescriptions, which could only be captured manually. 
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• Planned chemotherapy length – In a retrospective setting, it is difficult to 

anticipate the initially planned cycles and routinely most chemotherapy 

cycles are planned for a finite number.  

• Previous chemotherapy – Lung cancer has a very poor survival thus 

there were a few which had previous chemotherapy. Moreover, if the 

patient has had previous chemotherapy, the time between treatments 

could vary, reducing its meaningful influence. 

• Radiotherapy – The majority of consolidation radiotherapy is conducted 

post-completion of chemotherapy. There were a few cases of 

radiotherapy use in between chemotherapy cycles to control of localised 

pain secondary to isolated bone lesions. However, the impact on the 

bone marrow function would be minimal due to the localised use and the 

myelosuppression being correlated to the percentage of marrow being 

irradiated (Mac Manus et al. 1997). 

• Immunosuppression – Clinical practice has shown that it is not commonly 

assessed nor captured in solid tumours and therefore a correlation to 

secondary neutropenia would be difficult to establish.   

• Febrile Neutropenia – In ideal circumstances, this factor would ideally be 

measured, but due to the retrospective design it is not feasible without 

accessing everyone’s treatment notes to manually process and correlate 

to the neutropenic events. Even then, if the admission occurred in 

another hospital, this would not be recorded. 

• Mental Health – Limited mental health assessments have been carried 

prior to chemotherapy as it is not deemed a standardised test. 

• Falls/ Frailty – Similar to mental health, no assessment for frailty was 

carried out at the start of treatment.  

• Type of cancer – As only one type of cancer is being investigated the 

impact of this factor is negligible. The sub-type of lung cancer was also 

evaluated in this study.  

• Ethnicity/ Genetics – The majority of the population in Yorkshire & 

Humber is Caucasian (85.8%), which is reflected in the dataset (Gov.uk 

2018). Therefore, there is not enough diversity within the data to capture 

a statistical impact. 
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• Non-haematological toxicity – Would require the manual evaluation of 

each visit and due to variation in assessment and standard of recording it 

will be difficult to interpret the results. 

• Quality of life – Not recorded in the assessments as this is usually 

verbally enacted upon.  

• Socio-economic status – not recorded in the patient notes. 

The first point is to describe the neutropenic event which would result in the 

inclusion of the study. Following the identification of the suitable cohort, any 

patient who had a neutropenic event, defined as neutrophils of less than 1.0 x 

109/L would be eligible for consideration. The neutropenic event must have 

occurred following the administration of SACT. The timeframe of this event must 

be 24hours post SACT up to the point of continuation of the next planned cycle, 

in most scenarios; this would be from day 2 to day 21 of a 21-day cycle. 

Logistically, this timeframe mirrors the effect of the chemotherapy and should 

be evaluated. No routine bloods are carried out during this period, except for 

Day 8 gemcitabine and any additional tests and the resultant neutropenic 

events were deemed to be attributed to the SACT. Day 8 gemcitabine 

neutropenias were not included in the study as it is often the results of the blood 

nadir and common practice dictates to omit the day 8 gemcitabine and not to 

dose reduce the chemotherapy any further. The addition of such results may 

have skewed the results, falsely reassuring clinicians that a no dose-reduction 

is aclinically appropriate strategy. Any patients, who were neutropenic at their 

last planned chemotherapy cycle, or where it resulted in premature 

discontinuation, were also excluded as the resultant actions of the dose 

reduction were not feasible to be captured. All the patients included had either a 

neutropenic event in between cycles or were neutropenic at the point of the next 

anticipated chemotherapy cycle. Each neutropenic event was included as a 

separate event. This is with the presumptions that the neutropenic risk factors 

are not static but may vary from one event to the other. Therefore, if dose 

reductions were unsuccessful at preventing a subsequent neutropenic event, 

the variables of that event would also be captured and evaluated.    

Similar criteria were used to define the subsequent neutropenia following an 

intentional dose reduction, referred to as N2. Patients either recorded as 

neutropenic in between SACT cycles or at the point of next cycles were defined 
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to have failed a dose reduction. It can be argued that the bloods in between 

cycles may have been a result of the patient being unwell e.g. infection and thus 

may have contributed to the risk. It is not possible to capture the circumstances 

leading up to the blood test due to the varied methods at recording these 

events. Additionally, as discussed previously, the number of neutropenic events 

may be under-reported as many patients may ignore the symptoms due to 

uncertainty of what chemotherapy-related toxicity may be. A prospective study 

design, with additional blood tests, may be more suited at addressing this 

specific risk.     

The variables which according to the literature review have shown a correlation 

to neutropenic events and were feasible to be captured within the retrospective 

design are: 

1. Age –There has been a long debate on whether the chronological age is 

reflective of the physiological age (Crawford et al. 2004). In real practice, 

contrasting images can be found of two patients with the same age and 

cancer stage. To understand the influence of the chronological age, the 

date of birth was used to convert to the age at the point of neutropenia. 

No age changes were applied if the patient’s birthday falls in between the 

neutropenic event and the subsequent consequence of the dose 

reduction. Age was recorded as a continuous numerical value to 

understand the correlation to neutropenia and dose reduction 

 

2. Sex – The literature review has shown that female gender may be more 

prone to neutropenic events. This phenomenon was also demonstrated 

in a Non Hodgkins Lymphoma study analysing patterns of FN, where the 

female gender was an independent risk factor for the development of 

neutropenia and FN after R-CHOP chemotherapy (Choi et al. 2014). The 

gender was recorded as a dichotomous scale of male or female. 

 

3. Performance status (PS) (0-4) – Performance status is a tool used to 

assess the general health of a patient to measure the impact of disease, 

loss of function, physiological, and psychological effects (Conill et al. 

1990). Two main scales are often used in cancer settings, the Karnofsky 

Performance Status (KPS), and Eastern Cooperative Oncology Group 
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(ECOG) scales. The choice is subjective to the organisation as evidence 

has shown that both performance scales are highly correlated (Verger et 

al. 1992). ECOG performance status is the preferred tool across the 

participating sites and is routinely recorded prior to starting 

chemotherapy and at each assessment of the subsequent cycle. The 

scale and the relative descriptions are demonstrated in Figure 6. 

 

 

Figure 6. ECOG Scale (Oken et al. 1982) 

Patients with a higher performance status (3-4) are generally regarded 

as less fit for routine activities and thus are considered at high risk of 

toxicity. They are also prone to subjective variation in grading among 

different practitioners. ECOG performance scale be recorded from 0 to 4 

(5 excluded due to obvious reasons) at the point of re-prescribing the 

chemotherapy 

 

4. Comorbidities – There are several comorbidities a patient may present at 

the point of diagnosis. Depending on the number and type of 

comorbidities, patients with multiple long-term or debilitating illnesses 

could have less of a tolerance to chemotherapy and therefore may 

require a greater amount of dose reduction post a neutropenic event. It is 

not feasible to study every comorbidity to establish a relationship. Even 

in a retrospective design, there are not enough participants to correlate a 

relationship with every comorbidity. The comorbidities found to have a 

proven correlation to increase the risk of neutropenia are listed in Table 

11. 
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Table 11. Highlighting the correlation of comorbidities and risk of 
neutropenia 

Comorbidity Associated 

risk with 

neutropenia 

Associated 

risk 

with 

neutropenia 

Associated 

risk with 

neutropenia 

Associated risk 

with neutropenia 

Cancer 

 

NHL Breast NHL, Breast  

Chronic 

obstructive 

pulmonary 

disease (COPD)  

HR) 1.30 (CI 

1.07-1.57) 

   

Congestive 

heart failure 

HR = 1.43 

(1.00-1.98) 

HR = 3.0; 95 % 

(CI: 1.3-5.9) 

 Cardiovascular 

disease 

HIV infection  HR = 3.40 

(1.90-5.63) 

  Asymptomatic 

human 

immunodeficiency 

virus 

Autoimmune 

disease 

 HR = 2.01 

(1.10-3.33)  

   

Peptic ulcer 

disease  

HR = 1.57 

(1.05-2.26) 

   

Renal disease  HR = 1.60 

(1.21-2.09) 

   

Thyroid disorder HR = 1.32 

(1.06-1.64)  

HR = 1.6; 95 % 

(CI: 1.1-2.3) 

  

Osteoarthritis 

 

 HR = 3.0; 95 % 

(CI: 1.3-5.9) 

aOR = 1.85; 

95% (CI 1.07-

3.18) 

 

Previous cancer 

 

 HR = 3.4; 95 % 

(CI: 1.2-7.5) 

  

Renal disease 

 

  aOR = 2.25; 

95% (CI 1.23-

4.11) 

Poor renal function 

Liver 

dysfunction 

 

    

Reference 

 

(Chao et al. 

2014) 

(Chia et al. 

2013) 

(Li et al. 2015) NCCN Guideline for 

use of GCSF 

aOR = adjusted odds ratio, HR = Hazard ratio, CI = Confidence Interval  
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In a study to investigate the risk factors for longer length of stay (LOS) 

and mortality and cost of treatment among hospitalised adults with 

cancer who developed febrile neutropenia, found that COPD resulted in 

an increased risk of mortality, in addition to renal disease, diabetes 

mellitus, congestive heart failure, and pulmonary embolism 

(Chindaprasirt et al. 2013). However, such association was not 

substantiated by Klastersky and Paesmans (2013), whilst developing a 

risk index score, where comorbidities such as diabetes, cardiac disease, 

mental confusion, and others were not included in the final model. This 

was possibly due to the relatively uncommon occurrence in their data 

set, which was probably replaced by the variable of the “burden of 

illness” (Klastersky and Paesmans 2013). 

A study by Li et al. (2015) into comorbidities among patients with cancer 

who do and do not develop febrile neutropenia during the first 

chemotherapy cycle found the prevalence and odds ratio as shown by 

Table 12. 
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Table 12. Prevalence of comorbidities and unadjusted odds ratios of FN 
among patients with and without comorbidities at the start of 
chemotherapy, by cancer type (Li et al. 2015) 

 

Following deliberation, it was decided to limit the number of comorbidities 

to 5 disease groups due to the number of participants required for a 

statistical analysis and the need to include liver and renal disease 

separately. Asthma (OR 1.44 95% CI 0.43-2.83) and diabetes (OR 1.56 

95% CI 0.99-2.45) carry a high risk of febrile neutropenia and therefore 

should be included in the final group to be investigated. Similarly, 
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diabetes and congestive heart failure had shown an established risk of 

febrile neutropenia in majority of cancer sites. Interestingly, congestive 

heart failure did not increase the risk of febrile neutropenia in lung cancer 

(OR 0.92 95% CI 0.47-1.77). However, this may due to other factors 

such as upfront dose reductions.  A pilot of 50 patients was carried out to 

understand what comorbidities are recorded in the patient letters. The 

prevalence of osteoarthritis was relatively rare and poorly documented. 

In most scenarios, arthritis was documented but not the appropriate type. 

In contrast, there was concise documentation for rheumatoid arthritis. 

This may be due to most rheumatoid arthritis patients being on Disease-

Modifying Anti-Rheumatic Drugs (DMARDs). DMARDs have 

myelosuppressive potential and consequently need to be stopped prior to 

the commencement of SACT (Lazaro and Morel 2015). However, 

rheumatoid arthritis can also induce autoimmunity in 35% of newly 

diagnosed cases resulting in neutropenia, thus it should also be 

considered in the investigated comorbidities (Lazaro and Morel 2015). 

Considering the correlation with the risk of neutropenia and the likelihood 

of presentation and appropriate documentation, the final 5 disease 

groups are: 

• Cardiovascular - Chronic Heart failure 

• Rheumatoid Arthritis 

• Diabetes 

• Respiratory condition - COPD or Asthma 

• Auto-Immune condition including HIV, Crohn’s disease 

The cumulative effect of the comorbidities was measured by the total 

number presenting with documented conditions, ranging from 0-5. The 

involvement of hepatic or renal disease was also captured but will be 

discussed later. 

5. Myelosuppressive pharmacy – No drugs are without side-effects, but 

those impacting on the bone marrow need to be taken into special 

consideration as they can collude with chemotherapy to impair the 

recovery following chemotherapy. Patients on myelosuppressive drugs 

were specifically considered to understand the role of polypharmacy in 
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chemotherapy prescribing. A study by Sokol et al. (2007a) found that 

older oncology patients had an average of three comorbid conditions and 

were taking an average of 9.1 medications. Cardiovascular drugs were 

the most common medications whilst carboplatin and paclitaxel were the 

most frequently prescribed SACT agents (Sokol et al. 2007a). Despite 

the potential for drug–drug interactions, there were no adjustments to 

medication which potentially could expose the patient to more 

chemotherapy-related toxicity (Sokol et al. 2007a). This was also echoed 

by Sasaki et al. (2013) who found that multiple concomitant medicines 

were significantly associated with severe irinotecan-related toxicity, 

indicating that polypharmacy must be effectively managed to decrease 

the risk of adverse drug reactions. A list of drugs that were studied in this 

research, which according to Bhatt & Saleem (2004) have the potential to 

induce neutropenia can be found in Appendix 3.  

 

6. Body Mass Index (BMI). Patients who are underweight (18kg/m2) may be 

physically unfit and therefore require a greater degree of dose reduction. 

This phenomenon was explored in a haematological study that found that 

obese patients were significantly less likely to experience febrile 

neutropenia (obese: 17.8%, overweight: 23.0%, normal-weight: 28.9%, 

age-adjusted p<0.001) (Ganti et al. 2014). To correlate the relationship of 

BMI to the risk of neutropenia, the patient’s height and weight were 

collected to convert to BMI. The study will not track the changes in BMI 

over time, which may be a better measure for nutritional status. The 

height and weight will correspond to the time of re-prescribing of the 

subsequent cycle of chemotherapy.    

 

7. Full Blood Count (FBC) - The first cycle of neutropenia or previous 

neutropenia are a strong predictor for patients at risk for subsequent 

neutropenic events although it is difficult to distinguish if the type of 

neutropenia influences the dose reduction. In clinical practice, it is 

observed that a correlation does exist between the grade of neutropenia 

and the subsequent dose reduction. In this study, the preceding 

neutropenic event to a dose reduction was referred to as N1. The study 

is unable to include febrile neutropenia but based on the depth of 
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neutrophil suppression an attempt was made to correlate this to the need 

for dose reduction. The neutrophil level will correspond to the point of the 

neutropenic event. Three categories were used to describe the depth of 

neutropenia (N1), 

a. Type 1 = Mild Neutropenia - neutrophil levels of 1.0-0.5 x 109/L 

b. Type 2 = Deep Neutropenia Neutrophil levels of <0.5 x 109/L for 

<24hrs 

c. Type 3 = Prolonged Neutropenia Neutrophil <0.5 x 109/L for 

>24hrs 

These categories are based on the CTCAE grading for neutropenia 

(CTCAE_V3.0 2006). Whilst Type 1 neutropenia corresponds to CTCAE 

grade 3, it was felt that grade 4 lacked the sensitivity to distinguish 

between prolonged periods of severe neutropenia and a relatively simple 

grade 4 neutropenia, which returns to normal levels. Thus grade 4 was 

split into 2 categories to reflect the prolonged periods which would 

indicate the state on bone marrow injury induced by chemotherapy and 

associated factors.      

In addition, the platelet counts and haemoglobin levels were measured to 

understand if the decline in either is correlated to the risk of neutropenia 

and the need to dose reduce. A binary scale was used to measure the 

two variables. For platelets the threshold of thrombocytopenia was used, 

a count of <100 x 109/L at point of the neutropenic event. For the 

measure of anaemia, as per CTCAE grade 1 criteria, haemoglobin of 

<100 x 109/L at the neutropenic event was defined as anaemic 

(CTCAE_V3.0 2006).   

 

8. Biochemistry (Liver and Renal Function) – The impact of hepatic or renal 

impairment were measured and the influence on the risk of neutropenia. 

As it is believed the main risk is attributed due to the inability to 

metabolise and clear the chemotherapy, no differences was applied to 

either prior treatment impairment or the one induced following 

administration of chemotherapy. Impairments may further aggravate the 

risk of neutropenia by impacting the clearance of other non-cytotoxic 

medication a patient may be concurrently taking. The renal or hepatic 

impairment may lead to the accumulation of these drugs, thus 
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augmenting the myelosuppressive effects on the bone marrow. Some of 

the documented blood counts associated with an increased risk of 

neutropenia are white cell count, haemoglobin, blood urea nitrogen, 

creatinine, albumin, and liver function test (Hurria et al. 2011). For the 

purpose of this study, renal involvement was defined as a Cockcroft and 

Gault Creatinine clearance of (CrCl) < 60mls/min or as per Kidney 

Disease Improving Global Guidelines (KDIGO) to measure Acute Kidney 

Injury (AKI) of either an increase of 1.5 x baseline or of >26.5 micromole 

of serum creatinine at the neutropenic event (Khwaja 2012). 

Hepatic involvement was defined as an increase of bilirubin, Alanine 

transaminase (ALT), Aspartate transaminase (AST) of more than 1.5 x 

ULN at the neutropenic event. 

9. Type of chemotherapy – Every drug has its individual myelosuppressive 

potential. If a risk categorisation protocol is used, then those on high-risk 

drugs would require a greater amount of dose reduction. Extermann et 

al. (2004) carried out extensive work in devising a risk categorisation 

model known as MAX2, which could reliably predict the highest grade 4 

haematological and grade 3-4 non-haematological toxicity with any given 

drug regimen. The MAX2, was reproducible across several different 

cancer types, re-affirming its predictive applications. However, the rigour 

of this study can be debated as it selected retrospective studies and 

analysed reported toxicities, which were not the primary outcome. 

Nevertheless, the outcome is not surprising as it long had been argued 

that the toxicities relate to dose intensity rather the type of cancer 

(Hassan et al. 2015). The only variations across the different types of 

cancers would be the natural physiological reserve, which would not only 

vary across patient population but also depletes at different rates, 

depending on the exposing factors of cancer, chemotherapy and patient 

factors. It is anticipated that this variable may have little bearing as most 

of the regimens share a common denominator in the use of a platinum 

agent as one of the chemotherapy doublets. For the purpose of 

descriptive analysis, the type of chemotherapy and the relevant cycle 

number was recorded. 
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10. GCSF use – Although the evidence for use of GCSF is substantial at 

reducing the risk of neutropenic events, clinical practice shows that 

patients on GCSF may also need appropriate dose reductions in the 

event of GCSF failure or those with multiple risk factors (Gascon et al. 

2016). Its preventable nature may require a lower dose reduction if 

GCSF is used concurrently, but equally bone marrow fatigue due to over-

stimulation may require a greater dose reduction. GCSF is not routinely 

used across all regimens. It is only routinely recommended during the 

SCLC regimen. However, it was found to be added post neutropenic 

events in some regimens. Therefore, to understand the impact, three 

categories were used; newly initiated, existing use or no use.  

 

 Theoretical Framework 

A theoretical framework is essential to help guide the researcher in navigating 

and organising the research. It is often linked to the literature review by 

conceptualising the correlations between the research question and larger 

theoretical concepts to highlight the relevant influence or interactions (Rocco 

and Plakhotnik 2009). Similar to the study design, the theoretical framework is 

dependent on the type of study and the underlying philosophical view the 

researcher is attempting to understand.  The aim of the framework is to 

understand the type of interaction by incorporating both the relevant theory and 

empirical research to organize the framework and visualise the overlaps, 

contradictions, refinements, or qualifications (Rocco and Plakhotnik 2009). The 

framework has five functions; to build a foundation, demonstrate how a study 

advances knowledge, conceptualize the study, assess research design and 

instrumentation, and to provide a reference point for the interpretation of 

findings (Rocco and Plakhotnik 2009). Grounded on the identified risk factors 

the theoretical model outlined for dose reduction is demonstrated in Figure 7. 
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Figure 7. Theoretical Framework to conceptualise risk factors and dose 
reduction. 
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Non-modifiable factors are defined as factors which cannot be changed, i.e. age 

and sex. Modifiable factors are subjective to the influence of the patient and 

clinician such as the choice of chemotherapy dose, which may influence the 

dependable factors, indicating the physiological conditioning of the patient and 

their relative myeloid function. If the non-modifiable risk factors are stratified and 

the modifiable factors are optimised, the variation of dose reduction of the 

chemotherapy agent will determine the future risk of subsequent neutropenic 

events.  This can form the basis of a predictive model which can be used to 

recommend the most appropriate dose reduction.  

 Sample size calculation 

Traditionally a power calculation would be conducted to estimate the sample 

size for the cohort studies. For this study, a sample size of 385 would be 

required based on 95% confidence interval, 5% or error and 50% of population 

being affected. However, this does not reflect the number of variables 

investigated in a regression analysis, which potentially could lead to insignificant 

findings. A Peduzzi logistic regression analysis is deemed a more accurate 

method and allows us to estimate a sample size by assessing the number of 

events per variable being investigated (Peduzzi et al. 1996). 

Formula 

N=10 x K / P 

N= 10 x 18 variants / 0.5 

N = 360 

(N = Sample Size, K = No. of co-variants, P = Smallest proportion affected) 

According to Peduzzi sample size calculator, a total of 360 patients are required 

to carry out the retrospective statistical analysis. Patients were purposefully 

selected until saturation of estimated sample size occurs.  

According to the 2011 census results, South Yorkshire serves a total population 

of 1.33 million (Boroughs: Barnsley (231,000), Doncaster (302,000), Rotherham 

(257,000), and city of Sheffield (553,000)). The reported incidence of lung 

cancer in Yorkshire is 102 cases per 100,000. This estimates the number of 
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patients being diagnosed with lung cancer in South Yorkshire would 

approximately be around 1350 per year.  

The National Cancer Registration and Analysis Service (NCRAS) conducted a 

review of patients on chemotherapy for 2013-14 and found:  

• 15% of patients to have SCLC and rest reported as NSCLC  

• 62% of SCLC were diagnosed with stage IV and received 

chemotherapy 

• 28% of SCLC were diagnosed with stage III and received 

chemotherapy 

• 53% of NSCLC were diagnosed with stage IV and received 

chemotherapy 

• 30% of NSCLC were diagnosed with stage III and received 

chemotherapy 

(PHE-NCRAS 2018) 

The Cancer Research UK estimates that the number of patients eligible for 

surgical resection is shown in Table 13. 

Table 13. Patients eligible for surgical resection (Cancer-Research-UK 2015) 

Stage at 

diagnosis 

Percentage of patients for 

SCLC 

Percentage of patients for 

NSCLC 

Stage III 1.6% 11.1% 

Stage IV 0.1% 1.5% 

 

Patients who underwent radical surgery are not treated with palliative 

chemotherapy thus were excluded from the estimates. If these principles are 

applied to our estimated lung cancer population in South Yorkshire, we can 

estimate the total population on palliative lung cancer chemotherapy as follows, 

Patient estimate = Incidence x morphological occurrence x % treated on 

chemotherapy x % patients not undergone radical surgery 

• SCLC Stage IV - 1350 x 0.15 x 0.62 x 0.99 = 124 patients 

• SCLC Stage III- 1350 x 0.15 x 0.28 x 0.984 = 56 patients 
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• NSCLC Stage IV– 1350 x 0.85 x 0.53 x 0.985 = 599 patients 

• NSCLC Stage III – 1350 x 0.85 x 0.3 x 0.889 = 306 patients 

The total estimated number of patients on palliative chemotherapy for each year 

is approximately 1085. It is estimated that 30% will experience an event of 

neutropenia, making 325 patients eligible. However, some patients will have 

multiple events as well as patients who may progress from previous lung cancer 

staging.  Therefore, a single annual data set may be sufficient to meet the 

estimated sample size. Should there be any shortfalls, 2016 data will be 

analysed to meet the required sample size.  

 General methods 

 Study Setting 

For the data collection, all the organisations within the South Yorkshire Region 

were selected to understand the modes and methods of dose reduction. This 

included the following NHS Trusts,  

• Sheffield Teaching Hospital (STH) 

• Rotherham Hospital 

• Doncaster and Bassetlaw Hospital 

• Chesterfield Hospital 

• Barnsley Hospital 

All these centres are involved in the delivery of palliative lung cancer treatment. 

STH is the primary centre whilst the other hospitals are outreach providers for 

their local population. All centres were suitable for this study as they shared the 

same chemotherapy protocols and treatment pathways, agreed centrally by the 

visiting consultants from the primary centre. Therefore, there was no 

differentiation in recruitment between the centres.  

However, as there is no guidance on dose reductions, it was felt that a single 

centre could bias the results and skew data towards an individual teams’ 

practice. Selecting multiple centres, highlighted the differences in practice 

between the centres and the relevant impact on patient outcome regarding 

delays and RDIs. Rotherham hospital was the base for the chief investigator 

and thus was used as the primary site for data access and processing. All the 



 

113 | P a g e  
 

data for the other centres were accessible through a remote link provided 

through STH. 

The study was a retrospective analysis and therefore had no direct patient 

involvement. Since 2011, every patient who received chemotherapy is managed 

through an electronic chemotherapy prescribing software known as Chemocare 

to which all the centres have access to via a remote link. This data is stored 

centrally at STH. The software allows custom searches to be run with set 

criteria, which was used to select the sample population. Patients were 

purposefully selected from the calendar year 2017 based upon the following 

criteria: 

Inclusion criteria 

• On palliative chemotherapy (as shown by the intent) 

• On systemic anticancer therapy (SACT) 

• For lung cancer; Small Cell (SCLC) and Non-Small Cell Lung Cancer 

(NSCLC)  

• With at least one event of neutropenia 

• Patients from South Yorkshire region treated at any of the district or 

central hospitals 

Exclusion criteria 

• Patients under the age of 18 years 

• Single-agent oral chemotherapy 

• Single-agent or in combination with monoclonal antibodies or Small 

molecule inhibitor 

• Patients with multiple primary cancers (other than lung) 

• Patients with unknown primary cancer 

• Patients with bone marrow infiltrations from the cancer 

• Patients with any form of haematological cancer 

All the data is routinely collected as part of the patient review at every cycle and 

recorded on Chemocare, including relevant notes on treatment initiation/ review 

letters which are stored electronically on the shared drive for the medical team. 

As an advanced practitioner, this information was readily available for the 
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investigator to access via the relevant software for patients under my direct 

care. However, for patients in other institutes, additional approvals were sought 

from the Confidentiality Advisory Group as per ethics approval. 

 Routinely collected data - Medical History 

A comprehensive medical history is taken at the start of the patient’s 

chemotherapy to allow for a holistic assessment of patient needs. A standard 

template is deployed across the network which captures the following elements: 

1. Presenting complaint and physical assessment 

2. Histology and radiological evaluations 

3. Tumour staging 

4. Past medical history including other malignancies 

5. Current drug history 

6. Drug allergies 

7. MDT discussions and treatment intent and plan, i.e. chemotherapy 

followed by sequential radiotherapy. 

Some of these elements are thoroughly explored to ensure all eventualities are 

considered when deciding on the treatment plan, for example, histology which 

determines the response to chemotherapy or radiological staging that alters the 

treatment intent. As the pilot highlighted, comorbidities and an accurate drug 

history are subject to a variable presentation. The quality of these elements 

highlights the relative importance to the clinician in influencing the treatment 

decisions. Arguably on a macro-management of treatment plans, they have 

limited influence, but when considering the micro-involvement and the effect on 

individual doses or risk of neutropenia, they are considerable.   

 Clinical Information 

All chemotherapy prescribing is done on the electronic prescribing software 

known as Chemocare. The system allows for traceability of individual actions by 

auditing the modification history and assessing the corresponding 

chemotherapy cycles to evaluate the type of modification and the responsible 

individuals. Any modifications in the system are highlighted with additional 

contractions, such as A for addition, M for modification and S for substitutions. 

This allows for easy identifications of any variations in chemotherapy and is a 

reliable method to comprehensively capture the intervention.  
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 Data collection methods 

The data collection was carried out by the Chief Investigator. Following the 

relevant approvals (discussed in Ethics Approval 4.3), the Chemocare manager 

was requested to run through a regional search (South Yorkshire) to determine 

all patients on palliative chemotherapy for lung cancer for the calendar year 

2017. Due to the significant number of SACT audits, the request had to be 

approved by the Deputy Chief Pharmacist of STH to verify a legitimate need. 

Custom searches were not possible due to the significant burden on the system 

causing frequent failure of the servers. Thus, it was decided to use the SACT 

reports and filter all lung cancer patients for the year 2017. The approval and 

the baseline data were provided at the end of April 2019. The data came in the 

form of an Excel file, which due to its sensitive nature was password protected 

to reduce unwarranted access in line with the NHS Information Governance 

policy. The password protected file was transferred via a secure NHS.net email 

to the chief investigator, with the corresponding password sent in a separate 

email. The password email was deleted immediately following receipt. The first 

procedure of the data processing was the selection of the appropriate cohort, by 

excluding patients on oral chemotherapy, monoclonal antibodies or any other 

treatment intent other than palliative intent. Following identification, the first 

phase of the screening process started, by identifying patients with a 

neutropenic event by accessing the blood results on Chemocare. Patient’s 

profiles were accessed on Chemocare and if a neutropenic event occurred 

following the first cycle of chemotherapy until the penultimate cycle, they were 

deemed as eligible for further screening. Any patient not eligible for inclusion 

was deleted as per data the protection policy of ‘timely access’. The chief 

investigator added further headings to the Excel sheet to convert this to the data 

collection tool. The file was electronically stored on the chief investigator’s 

personal NHS drive to limit the unwarranted access.  The information was 

manually captured using the adapted data collection tool by accessing the 

relevant databases and software (Chemocare, Chemocare bloods, patient 

letters). The NHS number provided by the Chemocare manager was used to 

identify the relevant patients on Chemocare and patient letters. Table 14 shows 
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the data collected, its purpose and the relevant extraction from the appropriate 

sources. 

Table 14. Data extraction, format recorded, and the relevant sources used 
to extract 

Chemocare Chemocare Bloods Patient letters on shared 

drives 

Date of Birth to convert to the 

appropriate age at the point of 

neutropenia 

DD/MM/YYYY 

Type of neutropenia at the 

relevant cycle, to convert to 

the relevant type of 

neutropenia 

Type 1-3 

Specific comorbidities - Heart 

Failure 

Y/N 

Gender 

M/F 

Thrombocytopenia  

Y/N 

Specific comorbidities - 

Rheumatoid Arthritis 

Y/N 

Pre-neutropenia doses of 

chemotherapy for each drug 

(Drug 1&2) 

Drug 1 corresponded to the 

platinum agents, where used 

0-100% 

Anaemia 

Y/N 

Specific comorbidities – 

Diabetes 

Y/N 

Post-neutropenia doses of 

chemotherapy for each drug 

0-100% 

Impaired Liver Function Tests 

Y/N 

Specific comorbidities - 

Respiratory disease 

Y/N 

Performance Status 

 

0-4 

Impaired Renal Function 

Tests 

Y/N 

Specific comorbidities 

Immune compromised 

condition Y/N 

Body Mass Index (BMI)- the 

height and weight was 

recorded to convert this to the 

BMI 

Height (cm) 

Weight (kg) 

 Myelosuppressive drugs at 

the point of chemotherapy 

initiation 

Y/N 

Use of GCSF 

Added/ Existing/ None  

 No. of Comorbidities 

0-5 

 

Access and storage of patient identifiable data only occurred on NHS premises. 

Patient notes were not available to be used, to resolve any discrepancies. Any 

discrepancies in the initiation letters were resolved by accessing follow up 

letters. If no clarity was found, the patient was excluded from the study. A 
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mixture of dose reduction was applied, ranging from percentage reduced to 

altering the base calculation formula of Area Under the Curve (AUC) and dose 

per m2. All dose reductions were converted to the appropriate percentage 

reduction. After analysing the 2017 data, only 273 dose reduction events were 

recruited, short of the desired 360 patients. A secondary request had to be 

made at the beginning of June 2019 to STH for the patient data in 2016. Thus, 

the study period ranged from 1st January 2016 till 31st December 2017. It is 

believed that there is no difference in the samples from the respective years as 

no clinical practice changed apart from the use of GCSF in 2017 for SCLC. A 

similar process was undertaken for the 2016 data as previously described with 

the exception that the screening process of a neutropenic event resulted in 

immediate data collection by transferring the patient onto the existing 2017 data 

collection tool, until the desired sample size was reached.   

Following the completion of the data collection, a unique patient identifier was 

generated (pseudonymised) and an identical copy was created where all 

identifiable data e.g. NHS number were deleted. The original was named as the 

‘master database’ and following the pseudonymisation as the ‘working 

database’. It was important to retain the link between the two databases until 

data-analysis was complete to verify if the manual transcription process was 

accurate. The master database was only accessible to the chief investigator 

and was not shared with any tertiary party. The working database was shared 

with the University of Bradford supervisors and statistician for descriptive and 

correlation analyses. 
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 Ethics Approval 

The research project involved palliative lung cancer patients who may have 

deceased and were outside of the direct care of the chief investigator. As this 

was a retrospective analysis consenting was also not feasible due to the short 

survival of patients and approaching patients’ relatives would seem to be 

lacking compassion. Consequently, the study was subject to approvals by 

providing relevant evidence and justification to the Confidential Advisory Group 

(CAG), Research and Ethics Committee (REC) and Health Research Authority 

(HRA).   

An Integrated Research Application System (IRAS) application was completed 

(ID 242100) and submitted to the University of Bradford Ethics Committee for 

comments. Following approval, the IRAS form was submitted with the 

requested documents i.e. research protocol and forwarded to CAG and REC. A 

copy of the final IRAS form can be found in Appendix 4. The start of the study 

was planned for December 2018, but due to substantial delay in REC and CAG 

approval, the start was delayed until April 2019. Both committees required 

further information or clarifications as documented below. 

A REC committee was attended to discuss the research and the following 

points were raised by REC via email or during the meeting, reference 

18/YH/0478: 

• Further information regarding the doctorate student acting as the chief 

investigator which according to the UK Policy Framework for Health and 

Social Care should be undertaken by academic supervisors or course 

leaders. An exception was used to justify the student as acting as the 

chief investigator, which stated that ‘Exception is made for an 

experienced care practitioner or manager undertaking an educational 

qualification for continuing professional development or a doctoral-level 

study while employed by a health or social care provider or a university, 

or for a researcher undertaking a doctoral-level study in receipt of a 

fellowship’ (HRA 2020) 

• Request of insurance certificates pertaining to the management and 

design of the study that refers to public liability. Certificates were 
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requested from the University of Bradford and uploaded onto the IRAS 

system  

The following points were raised by CAG committee, reference 18/CAG/0206: 

• Evidence that those accessing confidential patient information have an 

equivalent duty of confidentiality. CAG committee was reassured that all 

individuals involved in the data processing are NHS employees and 

therefore bound by the rules of NHS Information Governance. A copy of 

the policies for STH and Rotherham NHS Trusts was uploaded on IRAS. 

• Letter of support from the Caldicott Guardian or organisational 

equivalent, which was provided by the University of Bradford. The letter 

outlined that personal data would be used under legitimate interests by 

the NHS and by the University, under official authority provided through 

its Royal Charter, granted on 15 July 2015 by the Privy Council and 

which states that “the objects of the University shall be to advance 

education and knowledge through teaching and research.” The 

processing of special categories of personal data in such circumstances 

is processed by both parties in accordance with s10 (2) and Schedule 1, 

Part 1, paragraph 4 of the Data Protection Act 2018. 

• Confirmation of satisfactory Information Governance Toolkit returns 

against version 14.1, which needed to be requested from NHS Digital 

via the Exeter Helpdesk. 

• A clarification was sought for the retention of the linkage key between 

the two databases. The link was required to assure that any anomalies 

could be checked 

• A mechanism for patients to object and a draft website text to be sent to 

CAG to explain the purpose of the research to the patient.  A Vidatum 

was set up on the University of Bradford Research Information System, 

to provide details on the study and email contact for patients to object for 

inclusion (Appendix 4). A link was also provided on the chief 

investigator’s LinkedIn profile. No emails were received objecting to 

being included in the research. 
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The decision for approval was provided on two legal frameworks:  

1. The Health Service Regulations 2002 under ‘Section 251’  

2. The Care Act 2014 

For patients treated at the chief investigator’s institute, no additional permission 

was needed, but for any patients outside of their direct care, as per CAG 

precedent, an alternative practical pathway was sought by approaching people 

involved in their direct care to provide anonymised data. The Chemocare data 

manager has little clinical training and thus was not suitable. The time and effort 

required to manually process the data also excluded any employed individuals. 

Therefore, CAG granted access of personal data to the chief investigator. 

The research was conducted in accordance to the principles of Helsinki for 

medical research as outlined by the World Medical Association (2001) involving 

human subjects. The research did not involve any current patient on any active 

treatments. Four key principles were followed to ensure the research was 

conducted as per Good Clinical Practice (Das and Sil 2017): 

1. Respect of autonomy – The organisation was notified by contacting 

the Research and Development co-ordinator and keeping them aware 

of all the communications between University, REC and CAG. Patient 

records were only accessed once all the appropriate approvals were 

granted. Patient autonomy was respected by immediately deleting 

patients’ profiles from the database that were not suitable for 

inclusion. Those eligible were pseudonymised as soon as the data 

collection was complete. In addition, all the databases were password 

protected to limit unwarranted access.    

2. Beneficence – The researcher must ensure that they act in the best 

interest of the patient. Thus, the research was conducted as a 

retrospective study as the outcome of the dose reduction was not 

known. The study did show that majority of the dose reductions were 

clinically appropriate and allowed for the completion of the desired 

number of chemotherapy cycles. However, the study also highlighted 

several cases, where it was deemed in the best of the patient to 

discontinue chemotherapy altogether. This was mostly applicable 

following a lengthy hospital admission, indicating a correlation 
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between length of stay of a palliative patient and the possibility to 

discontinue treatment.     

3. Non-maleficence – As this is retrospective research all actions have 

already been made and thus no action from this study should result in 

any clinical harm. The data collection did not unearth any unusual 

practice which required feedback to the Lung Cancer Clinical 

Reference Group or the Clinical Governance Lead.  

4. Justice – All participants were treated equally and fairly and retain the 

right to stop treatment at any point. A mechanism to object was set up 

to allow patients the opportunity to refuse participation as described 

earlier.  

The Initial REC opinion was given on the 19/12/2018 and the final approval was 

obtained on the 7/2/2019. A provisional CAG opinion was received on the 

20/12/2018; however, CAG required an IG toolkit from NHS Digital for both 

hospitals involved (STH and Rotherham), which was provided by NHS digital on 

the 15/2/2019. The final CAG approval was given on the 26/2/2019 and the 

HRA clearance was provided on the 22/3/2019. The study also required trust 

approval from Research and Development which was provided on 26/3/2019. 

 Study Sponsorship 

The study was sponsored by the University of Bradford who also provided 

appropriate professional indemnity for any damages and costs arising from a 

wrongful act or breach of professional duty by the university or an insures 

person acting in connection with the university's business.  

 Analytical Methods 

The aim was to understand successful dose reductions, defined as a non-

neutropenic event period following a dose reduction of the subsequent 

chemotherapy. This non-neutropenic event period must occur after the 

continuation of subsequent cycles up to the point of the next planned 

chemotherapy cycle. As dose reductions can be carried out in various methods 

e.g. percentage, AUC or varying the dose per m2, a uniform way wasadapted to 

reflect the type of dose reduction. All dose reductions were converted to a 

relative percentage based on the standard dosing. For evaluation of the RDIs, 

an RDI per cycle was also calculated. As elaborated in chapter 3, a neutropenic 
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event results in both a dose delay and reduction of chemotherapy, hence the 

preceding cycle of chemotherapy intensity is reduced by a factor relative to the 

number of days delayed, i.e. 7 days for a 21-day cycle will result in an RDI of 

75%1.   

The first step of the analytical methods was to describe the data using 

descriptive analysis for each of the variables investigated. Following on, the 

data was subject to hypothesis testing, correlation analysis and logistic 

regression analysis to establish the influencing factors of a predictive model. 

The model was refined and tested using appropriate discrimination methods. 

Predictive models are commonly used in public health to screen high-risk 

individuals and predict individualised risk for relevant conditions or events 

(Ranapurwala et al. 2019). Subsequently, they form the nucleus of decision-

making policies to offer treatment or intervention given a set of pertinent 

variables (Ranapurwala et al. 2019). However, care needs to be taken, not to 

confuse this with causal models, which measure relative ratios of risks, rates, 

odds or hazards (Ranapurwala et al. 2019). Causal models examine the 

relationship between a single independent variable and outcome, implying a 

direct relation (Ranapurwala et al. 2019). In this study, it is apparent that many 

variables can contribute to the risk of neutropenia, thus a multiple predictive 

model was explored. 

The purpose of a predictive model would be to aid the decision-making process 

in clinical practice. Based on patient presentation, the information can be placed 

in the predictive model to estimate the risk of subsequent neutropenia. 

Chemotherapy doses could be adjusted in this model till an acceptable 

individualised risk is reached. In theory, this should reduce the number of 

subsequent neutropenic events, maintain a respectable RDI and thus improve 

survival. The overall implication of improved decision making would be better 

patient outcomes and reduced healthcare costs (Vogenberg 2009).   

 

1 100% chemotherapy divided by 28/21 days 
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 Relationship between variables (Covariates) 

It is often found that independent variables are not acting solely in influencing 

the outcome but are incidentally correlated due to intrinsic relationships with 

other variables e.g. comorbidities and polypharmacy (Bauman et al. 2002). If a 

causal relationship can be proven, an influencing variable can be regarded as 

confounder. However, as this causal relationship is difficult to prove in a 

retrospective design, the relationship can only be assumed to exist within that 

environment. Therefore, not to apply a causal relationship, the influencing 

variables will be referred to as covariates, which establish a relationship but 

does not imply a direction of cause (causal). An attempt was made (Table 15), 

to understand these potential direct inter-relationships. Some factors may be 

mediators which therefore influence another covariate, e.g. age affecting the 

number of comorbidities and depending on the type of comorbidity influencing 

resultant myelosuppressive medication. The relationship in Table 15 is shown 

as a variable on the Y-axis influencing variable on X-axis.
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Table 15. Showing possible Covariates 
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Age X  Y Y  Y Y Y  Y Naturally as patients get older their general 

health would be affected. Therefore, it is 

possible that older patients may have poor 

performance status with multiple morbidities and 

therefore take many medications. The decline in 

PHSC would also influence the type of 

neutropenia and a response to GCSF   

Sex  X  Y   Y    Certain comorbidities have been linked to 

certain gender, e.g. arthritis, stroke etc. 

Performance status 

(PS) 

  X   Y   Y  PS can be linked to general health  

Comorbidities   Y X Y Y Y Y   May affect multiple variables depending on the 

disease 



 

125 | P a g e  
 

Myelosuppressive 

pharmacy 

  Y Y X Y Y Y   Depends on the type of drug given and their S/E 

profile. 35% of cancer patients 70 and older 

were taking five or more drugs at the time of 

diagnosis and this number increased with the 

age  (Balducci et al. 2013) 

Nutritional State   Y   X  Y   Poor nutritional state can impact body functions, 

as well as vice versa 

Type of neutropenia 

(Referred as N1) 

  Y  Y  X Y Y Y Mainly impacted by other myelosuppressive 

variables    

Laboratory results 

at point of first 

neutropenia (Renal/ 

Liver, Platelets. 

Haemoglobin) 

    Y Y Y X Y  Depends on other variables but strong 

correlation to comorbidities and polypharmacy 

as they may also affect results 

Chemotherapy type   Y   Y Y Y  Y Clinician’s choice of drug dependent on cancer 

type. May influence patient health. 

GCSF       Y Y Y  GCSF mainly affects the choice of 

chemotherapy and the resultant neutropenia 

type. 

 

Figure 8 illustrates possible 30 covariates relationships which web together to determine the risk of neutropenia. 
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Figure 8. Showing 
Relationship between 
Covariables 
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 Procedure of data analysis 

A multivariate logistic regression model was established exploring the link 

between the primary outcome of the secondary event of neutropenia and 

relative dose reduction and the effect of patient characteristics. If the incidence 

of secondary neutropenia is expressed as N2, dose reduction as DR and the 

other patient variables as VAR1-VARx, then the mathematical function of this 

model would be as follows, 

Logistic N2 ~ ƒ (DR, VAR1, VAR2 …. VARx) 

The factor ƒ is not a constant value by which the risk of neutropenia can be 

elicited, but it represents a function by which the variables transform along with 

the dose reduction of the binary outcome of N2. 

If this formula is applied to the theoretical model, the mathematical function 

would be, 

Logistic N2 ~ ƒ (DR, Age, Gender, Comorbidity, N1 Type, (Chemotherapy)1, 

Nutritional State, Myelo-pharmacy, GCSF, Performance Status, 

Renal/Liver functions) 

(1The risk of neutropenia with chemotherapy type was not investigated as the 

vast majority of regimens shared the same common agents or platinum 

douplets.)  

Studies of individual risk factors for neutropenia and its complications, including 

reduced RDI, provide useful information for identifying patients at greater risk. 

However, multivariate risk models capable of considering several independent 

risk factors are a more powerful method for identifying patients at greater risk 

for these events (Lyman et al. 2005) 

Whilst missing data is inevitable in many retrospective clinical studies, its 

potential to undermine the validity of results is often under-reported (Sterne et 

al. 2009). A common approach to avoid missing data is to analyse only 

complete data, but this has the potential to bias data and under power a study. 

(Sterne et al. 2009). Missing data is often categorised in three domains, missing 

completely at random (MCAR), missing at random (MAR), and missing not at 

random (MNAR) (Sterne et al. 2009). MCAR is where there is no difference 
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between the missing value and the observed values. MAR and MNAR on the 

other hand, is when there is a difference between missing and observed values. 

The difference between them is that with MAR it may be due to a patient being 

well and therefore not having the observation, whilst with MNAR it maybe the 

contrary of them not being well enough to carry out the observation. An 

example regarding this study is the reporting of neutropenia in which a patient 

on chemotherapy, complaining of an ailment requires blood tests to check if 

they are neutropenic. In MCAR, the blood test would have been carried out, but 

due to failure in analyser or reporting, the neutrophil levels are unavailable. In 

MAR, the patient may have been well enough and subsequently ignored the 

clinician’s advice and therefore no bloods were carried out. In MNAR, on the 

other hand, a patient may be clinically unwell and therefore is not able to attend 

to check the relevant blood test. In a retrospective design, it is difficult to 

distinguish between the two types of missing data and ignoring either set has 

the potential to bias results (Sterne et al. 2009). An imputation is a statistical 

approach to account for missing data by generating random values in multiple 

copies of the dataset to account for all uncertainty in predicting missing values 

and then using set statistical methods to measure the variation in each dataset 

(Sterne et al. 2009). This method was not employed during the data analysis as 

the retrospective design allowed for the recruitment of enough numbers. In 

some drug regimens, only one drug was used and therefore to allow for a 

uniform analysis, single agents were excluded during the regression analysis.   

 Enhancing the quality of data - Internal validation 

With the avalanche of sponsored and internationally conducted research, it is 

no surprise that scientific rigour is of paramount importance in ensuring results 

are credible before the integration into evidence-based practice. The concept of 

scientific rigour is becoming of greater importance to ensure appropriate 

research is published in the public domain. Broadly speaking, rigour can be 

conceptualised as validity and reliability in the quantitative studies (Heale and 

Twycross 2015). Validity is defined as the extent to which a concept is 

accurately measured, whilst reliability is the ability of consistently reproducing 

the same results. In the context of this study, the ability of the predictive 

variables to measure the outcome would be inferred as the validity and if the 

other repeat studied provide the same results as the reliability. Whilst it can be 
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debated that other variables need to be considered to improve the validity of the 

results; enough variables were included to establish meaningful results. To 

enhance the validity of the results, all scale data of the study was assessed for 

internal consistency to ensure that the variables do not overlap (Pallant 2013). 

A Cronbach alpha coefficient was carried out for the drug reductions, pre and 

posts the neutropenic event. The Cronbach alpha value was 0.905, greater than 

the advocated 0.7, indicating a good internal consistency (Pallant 2013).  

The reliability may be subject to human error. Human error has been widely 

acknowledged in healthcare and aviation, but its contribution to research is not 

currently explored. Statistical errors do incorporate type 1 and type 2 errors but 

their general applicability in all research is dubious due to the unknown 

contribution of human involvement. In the researcher’s opinion, the standard 

human error rate varies with the influence of complexity of the task, time 

limitations, and an attentive factor and subject to the cognitive ability. The data 

was manually transcribed into the data collection tool and therefore it is prone to 

a transcription error. A study into a manual transcription when compared to 

automated printed results in an intensive care unit found an inaccurate 

transcription of 8.8% in 4664 values (Black et al. 2004). Although this figure 

cannot be applied to research due to the number of different users and extrinsic 

factors, it provides a rough estimate in the error rate. Therefore, to minimise 

transcription error, the database was spot-checked to ensure that the 

transcription process was accurate. A total of 30 spot checks were conducted at 

random by which the data was verified against the original data. In addition, due 

to the availability of the retention link database, any anomaly was cross-

checked against original data.  

Many reputable publishers now enforce a scientific rigour checklist to minimise 

the publishing of poorly conducted research. However, as these checklists are 

not mandatory, there is the possibility of poorly conducted research being 

published in the public domain and either misleading the scientific community or 

influencing healthcare policies. Therefore, it can be debated that no research is 

better than a poorly conducted research.. However, care must be taken to 

ensure that valid but contentious research is not being isolated. The American 

National Institution of Health defines rigour as ‘the strict application of the 

scientific method to ensure robust and unbiased experimental design, 
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methodology, analysis, interpretation, and reporting of results (Hofseth 2018). 

To help with the robust analysis of the scientific process, the following elements 

are scrutinised in all experimental research: 

1. Positive and negative controls 

2. Replicates within experiments 

3. Randomisation 

4. Blinding 

5. Measures to control of bias 

6. Controlling for inter-operator variability 

7. Statistical methods 

8. Experimental design (Inclusion and exclusion criteria) 

9. Authenticated methodology models 

10. Control of extrinsic variables   

         (Hofseth 2018) 

In the study, many of these principles were considered in the research protocol; 

however, some of them could not be applied due to the retrospective study 

design. The literature search was conducted to summarise all the predictive 

variables and their evidenced influence on the risk of secondary neutropenia. 

Although only a select few variables were investigated, the outcome of the other 

controls was considered. Their implication on the research was mapped out as 

per Section 3.51 to understand their potential as covariates or mediators. 

Randomisation and blinding are not possible in a retrospective design and thus 

could make the research prone to the researcher’s selection bias. However, 

every researcher has an ethical obligation to ensure bias is minimised within the 

study design as potentially it could invalidate results and lead to an 

unfavourable reputation in the research community. A prime example is the link 

between autism and the MMR vaccine which led to widespread condemnation 

of the researcher (Hofseth 2018). In an objective non-experimental 

retrospective design, the influence of bias and inter-operator variability is 

minimal. The researcher is unable to manipulate recorded results. The 

statistical methods and the experimental design documented in the research 

protocol were examined by the University of Bradford supervisors and 

statistician, to ensure proven methods were employed. The research was also 
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subjective to a REC & CAG review, which provides additional credibility in 

conducting the research. Hofseth 2018 provides an insight of 6 types of 

scientific rigour:  

1. Level 1 Enduring rigour - the gold standard, corroborates previous 

findings independently and at multiple levels. 

2. Level 2 Careful rigour – follows scientific standards in conducting 

research. 

3. Level 3 Selective rigour – variations in reproducibility due to the influence 

of researcher’s experience, intuition and logic. 

4. Level 4 Careless rigour – results are obtained impudently, due to 

shortcuts employed in data gathering   

5. Level 5 Creative error – consciously cherry-picking data to support the 

desired hypothesis 

6. Level 6 Insidious rigour – deliberately fabricating methods or data making 

to disguise them as scientifically rigorous. 

In the interest of reputable research, all research should aim to attain a level 1 

or 2, yet the transparency is often not disclosed in the data collection to allow 

for external validation. In this study, efforts have been made to ensure that level 

1 or 2 rigour could be achieved.      

 Limitations of data 

Retrospective designs have several limitations. The variables explored are 

restricted to those recorded on to the system and therefore variables with 

substantive evidence, such as febrile neutropenia were not investigated. 

Additionally, the circumstances pertaining to the neutropenic event are not 

available and may considerably vary from sepsis leading to intensive care to 

home-management of a mild neutropenia. Furthermore, the contribution of non-

haematological toxicities to the neutropenic event was also not explored. There 

are also limitations in a complete capture of neutropenic events as patients may 

have opted to attend hospitals outside of the region or GP practices which do 

not automatically feed into the network’s shared reporting system.   

This chapter summarised the method and methodologies used to conduct the 

research. It described the analytical methods and how the quality of the study 

was maintained. The next chapter describes the finding of the study. 
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5. Chapter 5 - Results and Analysis 

 

Chapter 4 described the methods of the study and the statistical analysis 

employed to analyse the relationships between the variables and the risk of a 

secondary neutropenia. Association between variables was also evaluated 

using logistic regression analysis to construct a predictive model for the risk of 

secondary neutropenia.  

For the purpose of data analysis, the working database which was in the form of 

an Excel spreadsheet was converted into SPSS compatible data by switching 

categorical values into appropriate alphanumerical value. Scale or ratio values 

did not need to be adapted or coded to allow for SPSS analysis. The IBM SPSS 

version 26, was used to carry out the data analysis. 

Multiple independent variables were evaluated for their respective relations to 

the risk of secondary neutropenia, the dependent outcome. Consequently, the 

respective null hypotheses (H0) for the independent variables in relation to 

secondary neutropenia were as follows: 

1. Age does not influence the risk of secondary neutropenia. 

2. Gender does not influence the risk of secondary neutropenia. 

3. Poor Nutritional Status, measured as BMI, does not influence the risk of 

secondary neutropenia. 

4. Thrombocytopenia does not influence the risk of secondary neutropenia. 

5. Anaemia does not influence the risk of secondary neutropenia. 

6. Abnormal renal function does not influence the risk of secondary 

neutropenia. 

7. Abnormal hepatic function does not influence the risk of secondary 

neutropenia. 

8. The type of neutropenia prior to dose reduction does not influence the 

risk of secondary neutropenia. 

9. Myelosuppressive drugs do not influence the risk of secondary 

neutropenia. 

10. Performance Status does not influence the risk of secondary 

neutropenia. 
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11. The number of comorbidities does not influence the risk of secondary 

neutropenia. 

12. The type of comorbidities does not influence the risk of secondary 

neutropenia. 

13. GCSF does not influence the risk of secondary neutropenia. 

14.  Chemotherapy dose reductions do not influence the risk of secondary 

neutropenia. 

Although many relationships between variables can be explored, it is beyond 

this study to establish all possible inter-variabilities. However, three variables 

were explored explicitly in the subgroup analysis to understand their relations 

with their respective allied variables as established in Section 4.5.1. The 

corresponding variables were analysed:   

1. The relation of age with Performance Status, Number of Comorbidities, 

BMI, Type of Neutropenia and Lab results 

2. The relationship of Type of Neutropenia with Performance Status, 

Myelosuppressive Drugs, Lab results 

3. The relation of the type of dose reductions and their association to the 

risk of a secondary neutropenic event.  

These relationships were based on a clinical cause and effect rationale.    
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 General Reporting  

The SACT data for 2017 contained a total of 4569 (including trials, SMI, MABs) 

SACT related activity. After restricting the dataset to chemotherapy and 

palliative lung cancer, 1885 cycles of chemotherapy events were identified from 

613 patients. The data resulted in 273 dose reduction events being identified 

with a reported incidence of 14.48% for 2017. This incidence rate of 

neutropenia does not include events where dose adjustment was not possible 

e.g. the last cycle or resulting in premature discontinuation of chemotherapy. 

The 2016 data had 3462 (including trials, SMI, MABs) SACT related activities. 

Following the exclusion of trials, SMI, MABs and chemoradiotherapy patients, it 

resulted in 1685 chemotherapy cycles from 566 patients. There is no rate for 

dose reduction post neutropenia as the whole data set was not analysed due to 

the desired sample size being reached (360). The overview of patient incident 

recruitment (neutropenia and dose reduction) can be seen in Figure 9. 

 

SACT DATA 2017 
= 4569 SACT 

activity

•Includes trials, 
SMI, MABs, 
bone health

1885 cycles of 
Palliative 

Chemotherapy 

•from 613 
Patients

273 Dose 
reduction events 
post neutropenia

•14.48% 
Incidence 
rate
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Figure 9. Patient recruitment in Study from 2017 and 2016 SACT data 

A total of 361 dose reduction events post neutropenia were recruited in the 

study from the SACT data of 2017 and partially 2016. The mean age for the 

study was 67.1 years (SD 9.3), with the youngest patient being 35 years and 

the oldest at 87 years. The distribution of the age can be demonstrated in 

Figures 10 & 11, which shows a slightly positively skewed distribution. The test 

for normality indicates that the data is not parametric with the Kolmogorov-

Smirnov test value of <0.05 and Shapiro-Wilk <0.05 respectively.   

 
Figure 10. Histogram showing distribution of Age 

SACT DATA 2016 
= 3462 SACT 

activity

•Includes trials, 
SMI, MABs, 
bone health

1685 cycles of 
Palliative 

Chemotherapy 

•from 566 
Patients

88 Dose 
reduction events 
post neutropenia 

identified

•Incomplete 
data analysis 
as sample size 
was reached 
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Figure 11. Normal Q-Q Plot of Age 

The gender distribution in the study was approximately 1:1 as shown in Table 
16. 
 

Table 16. Gender distribution in Study 

Gender Number Percent 

Male 181 50.1 

Female 180 49.9 

Total 361 100.0 

 

Most of the dose reductions events in this study related to patients with a 

diagnosis of SCLC 189, compared to 160 with NSCLC. This is slightly surprising 

as the majority of lung cancer cases, approximately 80-85%, tend to be NSCLC 

in origin (Larsen and Minna 2011). However, when considering that SCLC is 

often diagnosed in late stages and subsequently a great proportion of patients 

are only eligible for palliative chemotherapy, the large number of SCLC in this 

study may be plausible. The distribution of the diagnosis and the relevant line of 

treatment can be seen in Figure 12. 
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Figure 122. Diagnosis and relevant line of treatment in the Study 

 

The use of GCSF was contentious in this study. The only permitted use prior to 

mid-2017 was for patients on potential radical treatment, who subjective to the 

outcome of chemotherapy and a sufficient reduction in the primary tumour, were 

eligible for surgical intervention or radical radiotherapy. However, post-mid 

2017, GCSF was permitted to be used as a standard prevention in all SCLC, as 

the burden of the disease coupled with the myelosuppressive chemotherapy 

was deemed as high risk for neutropenia. This is also reflected in Table 17, 

where GCSF use was predominantly used in SCLC patients accounting for 97 

out of 130 cases of use (75%). 
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Table 17. GCSF use per Diagnosis 

Cancer Subtype Added Existing None Total 

Mesothelioma Number 0 0 12 12 

Total % 

use 

0% 0% 3.3% 3.3% 

NSCLC -

Advanced 

disease, 2nd 

line, PS 0/1 

Number 4 0 23 27 

Total % 

use 

1.1% 0% 6.4% 7.5% 

NSCLC, 

advanced 

stage, 1st line 

-PS 0/1 

Number 23 6 104 133 

Total % 

use 

6.4% 1.7% 28.8% 36.8% 

SCLC -Worse 

prognosis, 

Manchester 

score 

Number 17 23 40 80 

Total % 

use 

4.7% 6.4% 11.1% 5.8% 

Second Line 

Chemotherapy 

for SCLC 

Number 2 2 17 21 

Total % 

use 

0.55% 0.55% 4.7% 5.8% 

Small cell lung 

-good 

prognosis 

(Manchester) 

Number 17 36 35 88 

Total % 

use 

4.7% 9.97% 9.7% 24.4% 

Total 

 

Number 63 67 231 361 

Total % 

use 

17.5% 18.6% 64%  

 

 

The overall use of GCSF is reflected in Figure 13, where GCSF was used in 

18.6% prior to the neutropenic event, was added in 17.5% of cases as a result 

of the neutropenic event and not used in 64% of cases.  
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Figure 13. GCSF use within the Study Population 

The number of comorbidities in the study can be demonstrated in Table 18 with 

89.2% of patients having no or one comorbidity. This can pose an issue when 

correlating the type of comorbidity to the risk of neutropenia, due to the risk of 

under-representation in the sub-risk group. 

Table 18. Number of Comorbidities within the Study Population 

 

 

Table 19 represents the individual comorbidities within the study population. 

The relevant prevalence in the study for each comorbidity was 0.8% (3) for 

heart failure, 6.6% (24) for rheumatoid arthritis, 15% (54) for diabetes, 31.6% 

(114) for a respiratory condition and 11.9% (43) for auto-immune conditions.  

 

Number of 

Comorbidities 

Frequency Percentage 

0 173 47.9 

1 149 41.3 

2 30 8.3 

3 7 1.9 

4 2 0.6 

Total 361 100.0 



 

140 | P a g e  
 

 

Table 19. Comorbidity representation in the Study  

Comorbidities Frequency Percent 

Heart Failure No 358 99.2 

Yes 3 0.8 

Rheumatoid Arthritis No 337 93.4 

Yes 24 6.6 

Diabetes No 307 85.0 

Yes 54 15.0 

Respiratory No 247 68.4 

Yes 114 31.6 

Auto-Immune Condition No 318 88.1 

Yes 43 11.9 

Overall Total 361 100.0 

 

The number of patients taking myelosuppressive drugs can be seen in Figure 

14. There is approximately an even distribution of patients taking 

myelosuppressive medication with a ratio of 1:0.98 (Yes/No).  

 
Figure 14. Representation of patients taking Myelosuppressive drugs 
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This unsurprisingly demonstrates that many patients may already be taking 

medication with myelosuppressive potential, an issue often underreported in 

clinical practice. 

The Performance Status (PS) measured as per ECOG standards, was also 

evaluated in the study as shown in Figure 15. A large proportion of the study 

population had a PS of 0 (14.4%) or 1 (65.9%). This is not surprising as patients 

with higher PS tend to have a poor tolerance to chemotherapy as demonstrated 

by the 30-day mortality review and therefore opt for the best supportive care 

(O'Brien et al. 2006).   

 
Figure 15. Showing Performance Status within the study 

The type of neutropenia was also appraised to understand if the neutrophil 

count is associated with the subsequent risk of secondary neutropenia. Table 

20 represents the distribution of the type of neutropenia within the study. Much 

of the study population either had Type 1 (43.8%) or Type 3 (42.4%) 

neutropenia prior to the interventional phase. In theory Type 3, with greater 

depth of myelosuppression lasting for more than 24 hours, should receive a 

greater amount of dose reduction. Unfortunately, the study is not able to reflect 

the effects of febrile neutropenia within these types of neutropenia, which may 

prolong the neutropenic phase and thus is more likely to be Type 3 neutropenia.   
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Table 20. Showing the type of neutropenia within the study population 

Type of Neutropenia Frequency Percent 

Type N1 158 43.8 

Type N2 50 13.9 

Type N3 153 42.4 

 

The occurrence of neutropenia after the relevant chemotherapy cycle is 

demonstrated in Figure 16. In line with the literature review, more than half of 

the incidents occurred after cycle 1 of chemotherapy, 53.7% (Lyman et al. 2005; 

Culakova et al. 2014). The incidence subsequently decreased with each cycle, 

with the lowest prevalence occurring in cycle 6. This may indicate that either the 

risk of neutropenia decreases or more likely, it is being managed by appropriate 

dose reductions at each stage to reduce the relative risk.  

 
Figure 16. Occurrence of neutropenia post cycle number 

The incidence of thrombocytopenia and anaemia was also reviewed as shown 

in Table 21 and Table 22 respectively. There was almost the same rate of 

thrombocytopenia and anaemia with 42.9% and 43.5% respectively.  
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Table 21. Occurrence of Thrombocytopenia in Study Population 

Thrombocytopenia 

(Platelets<100) 

Frequency Percentage 

No 206 57.1 

Yes 155 42.9 

Total 361 100 

 

Table 22. Occurrence of Anaemia in Study Population 

Anaemia (Haemoglobin 

<100) 

Frequency Percentage 

No 204 56.5 

Yes 157 43.5 

Total 361 100.0 

 

Table 23 and Table 24 demonstrated the renal and liver dysfunction in the 

investigated study population. Renal dysfunction was more prevalant compared 

to liver dysfunction at 23% and 7.8% respectively. This would be anticipated as 

many elderly patients have prior renal dysfunction due to a history of chronic 

kidney disease. The study did not try to assess the nature of dysfunction, if it 

was cancer, prior morbidity or chemotherapy-induced, but rather the impact of 

the dysfunction on the manifestation of neutropenia. 

Table 23. Occurrence of Liver dysfunction as measured by the Liver 
Function Tests (LFTs) 

Impaired LFTs (1.5X 

ULN) 

Frequency Percentage 

No 333 92.2 

Yes 28 7.8 

Total 361 100.0 
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Table 24. Occurrence of Renal dysfunction as measured by CrCl < 
60mls/min or 1.5x base or KDIGO of 26.5 micromole 

Impaired renal function (CrCl 

< 60mls/min or 1.5x base or 

KDIGO of 26.5 micromole) 

Frequency Percentage 

No 278 77.0 

Yes 83 23.0 

Total 361 100.0 

 

The aim of this study was to identify if the dose reductions were successful at 

preventing a subsequent event of secondary neutropenia. From the study data, 

demonstrated in Table 25, 32.7% (118) of patient events resulted in secondary 

neutropenia’s). This was lower than anticipated as initially it was estimated that 

50% of patients would relapse, indicating that the dose reductions are 

appropriately judged, for the risk of secondary neutropenic events.  

Nevertheless, an incident rate of 32.7%, still allows for substantial improvement 

in clinical practice. 

Table 25. Prevalence of secondary neutropenic event following a dose 
reduction if applied 

Secondary Neutropenia Frequency Percentage 

0 243 67.3 

1 118 32.7 

Total 361 100.0 

 

 
The patients’ nutritional status was also captured as demonstrated in Figure 17, 

with a mean of 26.76 kg/m2 (5.2 SD). Although it appears to be parametric, the 

test for normality indicated that the data was non-parametric with the 

Kolmogorov-Smirnov test value of <0.05 and Shapiro-Wilk <0.05 respectively. 
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Figure 17. Showing spread of BMI (kg/m2) within the study population 

Dose reduction is one of the main controllable variables a clinician can 

manipulate to influence the risk of neutropenia. Dose reductions can be 

measured in three distinct ways, percentage of individual drugs, average dose 

and a cumulative dose. All three methods of dose reduction were evaluated to 

establish the significance of secondary neutropenia, as shown in Figures 18-21 

respectively. 

 
Figure 18. Distribution of Dose Reduction of Drug 1 (Platinum agent) 
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Figure 19. Distribution of Dose Reduction of Drug 2 

 
Figure 20. Distribution of Percentage Average Dose Reduction (%) 
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Figure 21. Distribution of Percentage Cumulative Dose Reduction (%) 

The reported means for each method is as follows, 

• Dose reduction of drug 1 – mean 8.64% (SD 10.9) 

• Dose reduction of drug 2 – mean 7.57% (SD 12.0) 

• Average dose reduction – mean 8.15% (SD 10.27) 

• Cumulative dose reduction – mean of 16.1% (SD 20.36) 

No parametric tests were employed as the histograms appeared noticeably 

non-parametric. Surprisingly, there were many events where no dose reduction 

occurred. Possibly these may have been appropriate for a simple neutropenic 

event, but equally, the inaction could have contributed to the 32.7% (118) of 

cases where a patient became neutropenic at the subsequent cycle. The nature 

of the dose reductions is often difficult to evaluate without considering the 

context of the neutropenic event.  

 Relative Dose Intensities 

Relative dose intensities (RDI) were also evaluated for the two affected cycles. 

The presumption for calculation was based upon the notion that every 

neutropenic event would result in a week’s delay of treatment in addition to the 

applied dose reduction. This is based upon observed clinical practice, where 

due to the need for a review, changing the chemotherapy dose, or having an 

appropriate administration slot, any shorter periods than 7 days would not be 
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logistically possible. It is possible that patients with neutropenic sepsis may 

have had longer delays allowing for recovery, but individual circumstances 

could not be captured. The average RDI prior to the neutropenic event for drug 

1&2 were 68.9% and 67.7% respectively. Post the intervention phase, the RDI 

for drug 1&2 were 76.4% and 75.8% respectively (Table 26). The average RDI 

for the cycle prior to the neutropenic event was 68.33% and post at 76.1% with 

an average of 72.21% across the two cycles. 

Table 26. Demonstrating the RDIs prior to and after the neutropenic event. 

 RDI Pre 

drug 1 

RDI post 

drug 1 

Percentage 

RDI 

difference 

drug 1 

RDI Pre 

drug 2 

RDI post 

drug 2 

Percentage 

RDI 

difference 

Drug 2 

Number 361 361 361 356 356 357 

Missing 0 0 0 5 5 4 

Mean 68.9231 76.4114 -7.4882 67.6812 75.8097 -8.1057 

Median 75.0000 75.0000 -5.0000 75.0000 75.0000 -5.0000 

Mode 75.00 100.00 -25.00 75.00 100.00 -25.00 

Std. 

Deviation 

10.34372 17.76485 13.43198 12.88661 21.97207 14.81765 

Range 37.50 62.50 68.75 75.00 100.00 77.50 

Minimum 37.50 37.50 -43.75 .00 .00 -32.50 

Maximum 75.00 100.00 25.00 75.00 100.00 45.00 

 

The mean reduction for drug 1 (platinum) was -7.5% (SD 13.4) and 8.1 (SD 

14.8) for drug 2 (non-platinum). Interestingly, the minimums of drugs 1&2 are a 

result of a dose increase post the neutropenic event, which didn’t result in a 

further neutropenic event. Again, the circumstances pertaining to this individual 

event are not available but could be related to an improved condition and 

tolerability. 

The impact of a successful dose reduction can be demonstrated in Table 27. 
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Table 27. Impact of dose reduction on RDI 

Secondary Neutropenia Number Minimum Maximum Mean Std. 

Deviation 

No RDI Pre drug 

1 

243 37.50 75.00 69.3827 10.29170 

RDI post drug 

1 

243 50.00 100.00 83.0041 16.12926 

RDI Pre drug 

2 

239 0.00 75.00 68.1276 13.39637 

RDI post drug 

2 

239 0.00 100.00 82.2594 22.62964 

Valid N 

(listwise) 

239     

Yes RDI Pre drug 

1 

118 37.50 75.00 67.9767 10.43002 

RDI post drug 

1 

118 37.50 75.00 62.8347 12.52119 

RDI Pre drug 

2 

117 37.50 75.00 66.7692 11.77955 

RDI post drug 

2 

117 37.50 75.00 62.6346 12.88303 

Valid N 

(listwise) 

117     

 

The difference between the two groups can be demonstrated by the post-

intervention RDI results. Patients with successful dose reductions had on 

average a 20.16%2 and 19.62%3 greater RDI for drugs 1 and 2 when compared 

to the unsuccessful group. Considering the minute margins of error in the 

delivery of chemotherapy to maintain a minimum of 85%, these can have long-

term consequences on patient’s overall survival. Patients with a successful 

intervention had an overall RDI for the second cycle of 75.65% (neutropenia 

cycle 68.7%; post-neutropenia cycle 82.6%). For patients with an unsuccessful 

intervention, the overall RDI for the second cycle was 65.05% (neutropenia 

cycle 67.37%; post-neutropenia Cycle 62.73%). Although granted that the RDI’s 

 

2 Difference of post RDI of Drug 1 in not neutropenic group and Post RDI of Drug 1 in 
neutropenic group  
3 Difference of post RDI of Drug 2 in not neutropenic group and Post RDI of Drug 2 in 
neutropenic group 
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are not the ideal post the first neutropenic event, when considering the overall 

impact on the RDIs of the two groups, a second dose reduction causes even 

further reduction from the desired minimum threshold of 85%. 

 Specific Analysis 

The main aim of this research is to explore which variables as described in the 

theoretical framework influence the subsequent risk of neutropenia (N2). Thus, 

depending on the type of data (scale, ordinal or nominal) appropriate testing 

was deployed to verify the relevant hypothesis. The variables which were 

explored and the appropriate test to verify the hypothesis and the relation to 

secondary neutropenia are described in Table 28. 

Table 28. To describe the testing of Variables in relation to risk of 
secondary neutropenia 

Variable Type of 

Data 

Data 

Description 

Statistical test 

used 

Age Scale Non- Parametric Mann-Whitney 

Gender Nominal  Chi-Square 

Performance Status Ordinal  Mann-Whitney 

Comorbidity Type - Arthritis, Heart 

Failure, Respiratory, Diabetes, 

Immune Conditions 

Nominal  Chi-Square/ 

Fisher Exact 

Number of Comorbidities Ordinal  Mann-Whitney 

Myelosuppressive drugs Nominal  Chi-Square 

Nutritional Status – measured as BMI Scale Non-Parametric Mann-Whitney 

Thrombocytopenia Nominal  Chi-Square 

Anaemia Nominal  Chi-Square 

Type of Neutropenia (Type 1-3) Nominal  Chi-Square 

Renal Impairment Nominal  Chi-Square 

Hepatic Impairment Nominal  Chi-Square 

GCSF Nominal  Chi-Square 

Dose reduction of Drug 1 (%) Scale Non-Parametric Mann-Whitney 

Dose reduction of Drug 2 (%) Scale Non-Parametric Mann-Whitney 

Average Dose reduction of drugs (%) Scale Non-Parametric Mann-Whitney 

Cumulative Dose reduction of Drugs 

(%) 

Scale Non-Parametric Mann-Whitney 
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The results of the variables and their relationship to the binary outcome of 

secondary neutropenia following a dose reduction phase are documented in 

Table 29.  

Table 29. Evaluation of the hypothesis between secondary neutropenia 
and individual variables 

Variable Secondary 

Neutropenia 

=No 

Secondary 

Neutropenia 

=Yes 

Statistical 

test used 

Statistical 

test value   

p-

value 

(2-

sided) 

Numbers 243 118    

Age (Mean rank) 181.77 179.42 Mann-

Whitney 

14151 0.84 

Gender (Female, %) 122 (67.8%) 58 (32.2%) Chi-

Square 

0.35 0.851 

Gender (Male, %) 121 (66.9%) 60 (33.1%) 

Performance 

Status (No, %) 

0 36 (10%) 16 (4.4%) Mann-

Whitney 

13800 0.491 

1 162 (44.9%) 76 (21.1%) 

2 42 (11.6%) 26 (7.2%) 

3 3 (0.8%) 0 (0%) 

Comorbidity Type –  

Heart Failure (No, %) 

 

2 (0.6%) 1 (0.3%) Fisher 

Exact 

- 1.0 

Rheumatoid Arthritis (No, 

%) 

15 (4.2%) 9 (2.5%) Chi-

Square 

0.271 0.603 

Respiratory (No, %) 76 (21.1%) 38 (10.5%) Chi-

Square 

0.32 0.859 

Diabetes (No, %) 42 (11.6%) 12 (3.3%) Chi-

Square 

3.16 0.075 

Auto-Immune Conditions 

(No, %) 

28 (7.8%) 15 (4.2%) Chi-

Square 

0.107 0.744 

Number of 

Comorbidities 

(No, %) 

0 111 (30.7%) 62 (17.2%) Mann-

Whitney 

13734.5 0.474 

1 109 (30.2%) 40 (11.1%) 

2 16 (4.4%) 14 (3.9%) 

3 6 (1.7%) 1 (0.3%) 

4 1 (0.3%) 1 (0.3%) 

5 0 (0%) 0 (0%) 

Myelosuppressive drugs 

(No, %) 

118 (34.6%) 52 (15%) Chi-

Square 

1.024 0.312 

Nutritional Status – 

measured as Body Mass 

186.52 169.59 Mann-

Whitney 

12990 0.148 
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Index (BMI) (mean rank) 

Type of 

Neutropenia  

(Type 1 -3) (No, 

%) 

1 121 (33.5%) 37 (10.2%) Chi-

Square 

11.478 0.003 

2 28 (7.8%) 22 (6.1%) 

3 94 (26%) 59 (16.3%) 

Thrombocytopenia (No, 

%) 

102 (28.3%) 53 (14.7%) Chi-

Square 

0.28 0.597 

Anaemia (No, %) 104 (28.8%) 65 (18%) Chi-

Square 

0.145 0.704 

Renal Dysfunction (No, 

%) 

53 (14.7%) 30 (8.3%) Chi-

Square 

0.586 0.444 

Hepatic Dysfunction (No, 

%) 

23 (6.4%) 5 (1.4%) Chi-

Square 

3.034 0.082 

GCSF Use (No, 

%) 

Add 47 (13%) 16 (4.4%) Chi-

Square 

1.92 0.383 

Exist 45 (12.5%) 22 (6.1%) 

None 151 (41.8%) 80 (22.2%) 

Dose reduction of Drug 

1 (%) (mean rank) 

188.12 166.35 Mann-

Whitney 

12608 0.042 

Dose reduction of Drug 2 

(%) (mean rank) 

184.31 166.64 Mann-

Whitney 

12593.5 0.082 

Average Dose 

reduction of drugs (%) 

(mean rank) 

189.41 163.69 Mann-

Whitney 

12294 0.019 

Cumulative Dose 

reduction of Drugs (%) 

(mean rank) 

189.44 163.61 Mann-

Whitney 

12285 0.018 

 

Many of the results were not statistically significant. Only four variables were 

deemed to be statistically significant in explaining a relationship to a secondary 

neutropenic event. These variables were the type of neutropenia, dose 

reduction of drug 1, average dose reduction and the cumulative dose reduction.  

 Age and risk of Secondary Neutropenia (N2) 

In the study, no relationship was established between the continuous variable of 

age and the subsequent risk of secondary neutropenia, therefore we can accept 

the null hypothesis. When evaluating the two groups of secondary neutropenia, 

the distribution was relatively even with a mean of 67.3 (SD 8.74) years in the 

non-neutropenic group and 66.7 (SD 10.51) in the neutropenic group.  
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 Gender and risk of Secondary Neutropenia (N2) 

There was an even distribution of gender across the two groups for both males 

and females, accepting the Null hypothesis. The study was unable to 

demonstrate a relationship between gender and the risk of secondary 

neutropenia.  

 Performance Status and risk of Secondary Neutropenia (N2) 

Performance status was evenly distributed in each group, with many patients in 

both groups having a performance status of 1. It was thought that patients with 

a higher performance status may have more neutropenic events, but the Mann-

Whitney U Test, failed to show any statistical significance, accepting the 

proposed Null hypothesis. 

 Comorbidity Type - Arthritis, Heart Failure, Respiratory, Diabetes, 

Immune Conditions 

Of the 5 comorbidities investigated, none were able to show a statistical 

significance to the risk of secondary neutropenia, accepting the Null hypothesis. 

Although the Chi-squared test for diabetes and neutropenia showed a trend 

towards significance (p=0.075), indicating possibly greater numbers are 

required or an alternative relationship may exist within diabetic patients, i.e. 

type1 vs type 2 or those with uncontrolled blood glucose levels which potentiate 

the development and spread of infections (Pozzilli and Leslie 1994). 

 Number of Comorbidities and risk of Secondary Neutropenia (N2) 

Only a limited number of morbidities were investigated, restricting the range and 

distribution, with many patients either having 0 or 1 morbidity. In this study, 

there was no statistical relationship between the number of morbidities a patient 

has and the risk of secondary neutropenia, accepting the null hypothesis. 

 Myelosuppressive drugs and risk of Secondary Neutropenia (N2) 

There was a substantive number of patients who were taking myelosuppressive 

medication, though it’s bearing on the risk of secondary neutropenia was 

negligible accepting the null hypothesis. Like cytotoxic chemotherapy, drugs 

may have different myelosuppressive potential, thus a link may be more 

prevalent with specific types of drugs. 
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 Nutritional Status – measured as BMI and risk of Secondary 

Neutropenia (N2) 

The study failed to demonstrate a relationship between the nutritional status 

and the risk of secondary neutropenia, accepting the null hypothesis. Possibly 

the link is already accounted for when considering the dose calculation of either 

Body Surface Area (BSA) or through the Calvert formula (Mazumdar et al. 

2000) where doses are adjusted based on the patient’s weight. 

 Type of Neutropenia (N1) and risk of Secondary Neutropenia 

(N2)) 

As speculated, a link was established between the type of neutropenia and the 

subsequent risk of secondary neutropenia, rejecting the null hypothesis. The 

Chi-squared test resulted in a statistical significance of p=0.003. This 

demonstrates that the depth and length of neutrophil depression correlates to 

the subsequent risk of neutropenia. As acknowledged febrile neutropenia was 

not accounted for, it would be interesting to evaluate if the dichotomous scale 

was altered to a continuous scale whether it would show a more succinct 

relationship. This is possibly an element to evaluate in future research. 

 Thrombocytopenia and risk Secondary Neutropenia (N2) 

In this study, no relationship was shown between the risk of secondary 

neutropenia and the incidence of thrombocytopenia, accepting the null 

hypothesis. Thrombocytopenia is an independent risk factor of chemotherapy 

and often accounts for separate dose reductions.   

 Anaemia and risk of Secondary Neutropenia (N2) 

Similarly, to the thrombocytopenia, there was no statistical relationship between 

the risk of secondary neutropenia and anaemia accepting the null hypothesis. 

Possibly the results are confounded through remedial actions of red blood cell 

transfusions, which occur between chemotherapy cycles to improve symptoms 

and quality of life.  

 Renal Impairment and risk of Secondary Neutropenia (N2) 

No statistical relationship was observed in this study between the independent 

variable of renal impairment and the risk of secondary neutropenia, accepting 

the null hypothesis. Similarly, to thrombocytopenia, remedial dose adjustment 

occurs independently of neutropenia accounting for any renal dysfunction.   
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 Hepatic Impairment and risk of Secondary Neutropenia 

(N2) 

There was no impact on the independent variable hepatic impairment and its 

impact on secondary dose reduction, accepting the null hypothesis. Possibly the 

lack of influence could be related to conditional dose adjustment applied as the 

impairment occurs, as recommended by the SmPC.  

 GCSF and risk of Secondary Neutropenia (N2) 

In this study, the effect of GCSF on the occurrence of secondary neutropenia 

was negligible between the three groups, accepting the null hypothesis. This is 

rather surprising as there is substantial evidence to suggest a protective effect 

on the risk of secondary neutropenia. No statistical difference was observed 

between the groups and the action if GCSF was added, continued from 

previously or not used at all. Possibly this may be related to bone marrow 

fatigue where chemotherapy and GCSF act at different stages of neutrophil 

production.    

 Drug 1 & 2, Average, Cumulative dose reductions and the 

risk of Secondary Neutropenia (N2) 

The study was able to establish a relationship with three of the investigated 

variables of dose reduction of drug 1 (p=0.042), average dose reduction 

(p=0.019) and the cumulative dose reduction (p=0.018). Drug 1 was carefully 

chosen as the platinum agent as it not only has the most evidence against lung 

cancer but equally causes the utmost amount of myelosuppression between the 

doublet chemotherapy agents. Drug 2 per se, can be regarded as the 

supporting act, working in synergy to enhance the efficacy of the platinum 

chemotherapy. In this study, drug 2 had no statistical significance on the risk of 

secondary neutropenia, but when accounted for as average or cumulative dose 

reduction, it was statistically significant at influencing the risk of secondary 

neutropenia.  
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 Sub-group analysis 

As discussed in Section 4.5.1, there may be affiliations between co-variables 

but may also have a relationship to the various comorbidities. However, it is not 

feasible to investigate all the possible relationships and thus the decision was 

made to investigate those with a clinically significant impact on the patient’s risk 

of secondary neutropenic event. The three key areas of interest are dose 

reductions, age and type of neutropenia. 

 Correlation Analysis of Dose Reductions 

Correlation statistics are used to describe the strength and direction of a 

relationship between two variables (Pallant 2013). The correlation can be 

described by the type of relationship and strength of a linear relationship 

between the variables. The relationship can vary from -1 as a perfect negative 

relation, 0 no relation, to 1 as a perfect positive relation (Akoglu 2018). 

Although, care must be taken not to confuse the concept with causation, as a 

correlation can exist without necessarily an independent variable causing a 

change on the dependent variable; therefore, a relationship is implicit rather 

than decisive (Gujarati 2009). Two main correlation analyses can take place, 

the Pearson correlation and the Spearman Rho, depending on the type of data, 

but restricted to either scale or ordinal data. As established in the general 

reporting (4.1), all scale data is non-parametric thus a correlation can only be 

established through a Spearman Rho analysis. 

The focus of this section is to understand the relation to any dose reductions 

applied at the first neutropenic event. Therefore, the initial part of the analysis is 

a preliminary visualisation of the relationship between the variables by plotting 

an appropriate scatter plot (Figure 22).  
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Figure 22. Scatter graph of the correlation between percentage dose 
reduction of drug 1 and 2.  

It was presumed that there would be a cohesive relationship between the dose 

reductions of the two drugs, which broadly is visible in the scatter plot although, 

it also shows an individualised approach, where one drug is changed more 

significantly than the other. The practice would depend on the clinician’s 

perception of the risk and benefit. If the clinician recognises that drug 1 is more 

responsible for causing subsequent neutropenic events, they may choose to 

dose reduce it to a greater extent. Equally, if they see drug 2 as futile in 

providing clinical benefit to the patient, they may act to dose reduce it whilst 

maintaining the dose intensity of drug 1. A non-parametric test, Spearman Rho, 

was carried out that showed a strong correlation coefficient of r=0.651 (95% CI 

0.587-0.707, p<0.05 2 tailed) (n=356)4.  According to Pallant (2013) any 

relationship with a coefficient (r) in between 0.5-1.0 is regarded as large, 0.49-

0.3 as medium and 0.29-0.1 as small. The relationship between the dose 

reduction of drugs 1 and 2, showed a strong positive relationship with a 

coefficient of determination (r2) of 0.424, meaning that 42% of the variance in 

the data can be explained by the two variables. 

 

4 Excludes single agents, i.e. docetaxel 
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Dose reduction was also evaluated in accordance with age as it was presumed 

that elderly patients with a reduced haemopoietic reserve may need a greater 

dose reduction. To understand the relation with age, pre neutropenia doses had 

to be evaluated as elderly patients are subject to more primary dose reductions 

(Gajra et al. 2015). However, this relationship will not be established on a binary 

scale of 65 years but as a continuous variable. This is because, the historic cut 

off of 65 years, will change with time as patients will live longer and therefore be 

in a better physical condition. The relationship between age and pre-drug 1, 

showed a weak negative correlation of r=-0.17 and a variance explanation of 

2.89% (95% CI -0.268 to -0.068, p<0.05 2 tailed). Similar association was found 

for pre-drug 2 of r=-0.163 and variance explanation of 2.66% (95% CI -0.262 to 

-0.061, p<0.05 2 tailed, n=356). Therefore, we can conclude that pre-drug 

doses do have a relation to the patients’ age, although as with any correlation, 

we cannot determine the direction of influence. To determine the relation of age 

and the applied dose reduction, a partial correlation can be considered, where 

the relationship of the two variables of age and percentage dose reduction will 

be explored whilst statistically controlling for the influence of pre-drug doses. 

Traditional methods only allow for correlation of parametric data and therefore 

this influence cannot be evaluated in SPSS. 

The correlation between age and average dose reduction was also evaluated, 

and the initial scatter graph can be seen in Figure 23. No clear linear 

correlation can be visualised.  
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Figure 23. Scatter graph of average percentage dose reduction with age 

The relationship between age and average dose reduction was investigated 

using the Spearman rho correlation coefficient that showed a weak positive 

association of r=0.133 and a variance explanation of 1.77% (95% CI 0.031 to 

0.233, p<0.05 2 tailed). When comparing for cases of secondary neutropenia 

(N2), a mixed picture is found. For patients who did not become neutropenic 

(N2=0), the Spearman Rho correlation was 0.157 (p=0.014, n=243), whilst for 

those who did (N2=1), Spearman Rho correlation was insignificant with r=0.084 

(p=0.364, n=118). Therefore, it appears that the average dose reduction is more 

significant in non-secondary neutropenic cases than those with secondary 

neutropenia. 

The relationship between cumulative dose reduction and age was also explored 

as shown in the initial scatter graph in Figure 24. The relationship between age 

and cumulative dose reduction was investigated using the Spearman rho 

correlation coefficient that showed an identical weak positive association of 

r=0.133 and a variance explanation of 1.77% (95% CI 0.031 to 0.233, p<0.05 2 

tailed). However, when comparing for cases of secondary neutropenia (N2=0 or 

1), the Spearman Rho correlation only showed a significance to none 

neutropenic cases, N2=0, r= 0.151 (p=0.018) compared to N2=1 of r=0.092 

(p=0.319).     
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Figure 24. Scatter graph of cumulative percentage dose reduction with 
age 

The patients’ nutritional state, measured as BMI, the performance status and 

the number of comorbidities were also correlated to the types of dose reduction. 

When assessed against individual drug reduction (Drug 1 and 2), the average 

or the cumulative reduction, no significant relation was uncovered for any of the 

three variables.  

The type of neutropenia at the primary neutropenic event is regarded as a rank 

of the severity of neutrophil depression. Therefore, the relation between the 

type of neutropenia and the individual drug reduction (Drugs 1 and 2), average 

and cumulative reduction was also investigated. The Spearman Rho correlation 

found a significant, but weak positive association with average dose reduction 

(r=0.107, p=0.043), cumulative dose reduction (r=0.104, p=0.047) and 

percentage of dose reduction of drug 2 (r= 0.16, p=0.002, n=356). This 

suggests an association with severity of neutropenia, measured by the type of 

neutropenia and the dose reductions applied.  

Multiple regression could be employed if we wanted to predict the amount of 

dose reduction based on the explanatory variables. However, this violates the 

assumptions of the model. The first issue is that dose reduction is not an 

outcome, but an independent variable manipulated to influence the risk of 

secondary neutropenia. Other key assumptions of multicollinearity between 

variables and normality are also affected, questioning the validity of the results 
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(Pallant 2013). Multicollinearity arises when at least two highly correlated 

predictors are assessed simultaneously in a regression model (Vatcheva et al. 

2016). This correlation between the predictor variables can obscure the 

computation and identification of key independent effects of predictor variables 

on the outcome variable (Vatcheva et al. 2016). Whilst this does not affect the 

overall fit of the model, it can mislead on the role and importance of each 

collinear predictors in the regression model (Vatcheva et al. 2016).   

 Association of Age with Covariates  

The association between age was evaluated against the affiliated co-variables. 

It is hypothesised that with advancing age there would be a decline in 

haemopoietic potential, resulting in a decline of platelets, red blood cells and 

neutrophil. Age would also increase the exposure to lifetime illnesses, 

prompting organ damage and therefore leading to poor Performance Status 

(PS) or specific liver or kidney dysfunctions. Age in this study was found to be 

non-parametric in nature and performance status ordinal data. Therefore, any 

correlation was assessed with Spearman Rho analysis. The relationship of age 

with PS was assessed with the Kruskall-Wallis H test, which found a statistically 

significant difference between age and the performance status groups (Chi-

squared 18.29, p<0.05). This was also confirmed by the Spearman Rho 

correlation, which found a significant, but weak positive association between 

age and performance status with a coefficient of r= 0.187 (95% CI 0.086 to 

0.284, p<0.05 2 tailed). However, when age was considered against the 

number of comorbidities and types of neutropenia’s, neither the Kruskall-Wallis 

H or the Spearman Rho correlation found no statistical difference between the 

variables (p>0.05). Contrasting results were found when age was assessed 

against BMI, the Spearman rho test found a weak negative correlation of -0.14 

(95% CI 0.038 to 0.27, p<0.05 2 tailed). For the association of age and the 

laboratory results (thrombocytopenia, anaemia, liver and renal dysfunction) 

Mann-Whitney U test was carried. Of the variables examined, a statistical 

difference was only found between age and renal dysfunction with a mean rank 

of 5866 (p<0.05).       

 Association of Type of Neutropenia with Covariates 

The effect of type of neutropenia was also evaluated against affiliated co-

variables. It was proposed that patients with a higher type of neutropenia, 
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indicating a greater amount of myelosuppression may have a corresponding 

poor performance status. Likewise, the type of neutropenia could be 

extrapolated to indicate the health of the bone marrow, thus possibly affecting 

the laboratory results of thrombocytopenia, anaemia, liver and renal 

dysfunction. It is also proposed that the type of neutropenia may work 

synergistically with myelosuppressive medication to influence the incidence of a 

type of neutropenia. 

Statistical analysis was carried out to ascertain the relationships between the 

affiliated variables as described in Table 30. 

Table 30. Relationship between type of neutropenia and affiliated 
variables 

Variable Number Spearman 

Rho 

Correlation 

p-

value 

(2-

sided) 

95% 

Confidence 

Interval 

Determination 

of Variance 

Pearson Chi-

square 

Performance 

Status  

361 0.78 0.14 NA NA 3.935 

(p=0.686) 

Myelosuppressive 

drugs  

361 0.27 0.609 NA NA 0.32 

(p=0.852) 

Thrombocytopenia  361 0.441 >0.05 0.354-0.52 19.5% 73.24 

(p<0.05) 

Anaemia  361 0.284 >0.05 0.187-0.376 8.1% 30.52 

(p<0.05) 

Renal Dysfunction  361 0.065 0.218 NA NA 1.81 

(p=0.405) 

Hepatic 

Dysfunction  

361 0.049 0.353 NA NA 0.87 (p=0.65) 

NA= Not Applicable 

Of the covariates examined, only two variables showed statistical consistency 

with the type of neutropenia. Thrombocytopenia and anaemia had a moderate 

positive correlation with the type of neutropenia with respective Spearman Rho 

coefficient of 0.441 and 0.84 and a significant chi-squared result (p<0.05).    
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 Regression Analysis 

Regression analysis was first introduced by Francis Galton and is fundamentally 

different to correlation (Gujarati 2009). Whilst correlation is the measure of the 

strength or degree of linear association between 2 continuous variables, 

regression tends to be the estimate or prediction of the average value based on 

the fixation of the predictor variables (Gujarati 2009). Unlike correlation 

analysis, regression implies there is a cause and effect relationship between 

predictor variables and the outcome variable and therefore it is only valid if 

there is justified evidence for the relationship (Walker and Almond 2010: Pg: 

163). Therefore, the aim of this regression analysis is to understand the causal 

inferences of multiple independent variables to the predicted outcome. When 

multiple regression is evaluating a dichotomous outcome, a logistic function 

needs to be applied (Peng et al. 2002). When considering this dichotomous 

outcome against a continuous scale, two parallel lines emerge corresponding to 

the outcome. Therefore, other statistical methods are not used, e.g. ordinary 

least squares regression as this violates the statistical assumptions of linearity, 

normality and continuity (Peng et al. 2002). The dichotomy of outcome is also 

the reason why variables are subdivided into further categories i.e. multiple 

dummy variables within each independent variable. The dummy variables can 

be held constant to allow for comparison to the static variable, which allows for 

a linear relationship in a plot between the predictor variable and the binary 

outcome (Gujarati 2009). Whilst the ends of such plots are curved, the middle 

will often present as a linear line to allow for linear regression analysis (Peng et 

al. 2002). The logistic function can be demonstrated in Figure 25. 

 

Figure 25. Logistic regression of multiple predictors (Peng et al. 2002).  

In this model, the outcome of Y is a logistic function π, the probability of the 

event, α the Y-intercept and β the regression coefficient for predictor variable X. 

The correlation coefficient is important to describe the type of relationship of the 

predictor variable to the outcome. The regression coefficient equal to zero 

means there is no relationship between the predictor variable and the outcome. 
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A logistic regression analysis was carried with the assistance of the University 

of Bradford Statistician using R-Studio program (R-Core 2020). To allow for 

comparative analysis of a two-drug chemotherapy regimen, it was decided to 

exclude any single agent chemotherapy from the exploratory analysis 

(docetaxel and single-agent Carboplatin, total of 4).  
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 Descriptive statistics 

The revised dataset with the relative descriptive statistics can be summarised in 

Table 31.                                                                                                        

Table 31. Descriptive statistics of study data excluding single agents. 

 Non-Neutropenic Neutropenic All 

Number 240 117 357 

Male (%) 118 (49.2) 59 (50.4) 177 (49.6) 

Mean Age [year] (SD) 67.2 (8.7) 66.8 (10.5) 67.1 (9.3) 

Mean BMI [kg/m2] (SD) 27.1 (5.2) 26.1 (5.0) 26.8 (5.2) 

Mean Pre-Drug 1 (Platinum 
Agent) [%] (SD) 

92.7 (13.6) 90.6 (13.9) 91.9 (13.7) 

Mean Post-Drug 1 [%] (SD) 83.1 (16.2) 83.8 (16.8) 83.4 (16.3) 

Mean Pre-Drug 2 [%] (SD) 90.9 (17.8) 89.0 (15.7) 90.3 (17.2) 

Mean Post-Drug 2 [%] (SD) 82.2 (22.6) 83.5 (17.2) 82.6 (21.0) 

Mean Difference between 
Pre- & Post-Drug 1 [%] (SD) 

9.5 (11.6) 6.7 (9.1) 8.6 (10.9) 

Mean Difference between 
Pre- & Post-Drug 2 [%] (SD) 

8.7 (12.9) 5.5 (9.7) 7.6 (12.0) 

Cardiovascular -HF (%) 2 (0.8) 1 (0.8) 3 (0.8) 

Rheumatoid Arthritis (%) 15 (6.3) 9 (7.7) 24 (6.7) 

Respiratory (%) 75 (31.2) 38 (32.5) 113 (31.6) 

Immune disease (%) 28 (11.7) 15 (12.8) 43 (12.0) 

Myelosuppressive drugs (%) 115 (47.9) 63 (53.8) 178 (49.9) 

Thrombocytopenic (%) 102 (42.5) 53 (45.3) 155 (43.4) 

Anaemia (%) 101 (42.1) 53 (45.3) 154 (43.1) 

Impaired Liver Function 
Tests (%) 

23 (9.6) 5 (4.3) 28 (7.8) 

Impaired Renal Function (%) 53 (22.1) 30 (25.6) 83 (23.3) 

GCSF Drug Use (%) 92 (38.3) 38 (32.5) 130 (36.4) 

Neutropenic Category    

Type 1 (%) 119 (49.6) 37 (31.6) 156 (43.7) 

Type 2 (%) 28 (11.6) 22 (18.8) 50 (14.0) 

Type 3 (%) 93 (38.8) 58 (49.6) 151 (42.3) 

Performance status    

0(%) 36 (15.0) 15 (12.8) 51 (14.3) 

1(%) 161 (67.1) 76 (65.0) 237 (66.4) 

2(%) 40 (16.7) 26 (22.2) 66 (18.5) 

3(%) 3 (1.2) 0 (0) 3 (0.8) 

Number of comorbidities    

0(%) 108 (45.0) 61 (52.1) 169 (47.3) 

1(%) 109 (45.4) 40 (34.2) 149 (41.7) 

2(%) 16 (6.7) 14 (12.0) 30 (8.4) 

3(%) 6 (2.5) 1 (0.8) 7 (2.0) 

4(%) 1 (0.4) 1 (0.8) 2 (0.6) 

Neutropenic cycle    

1(%) 142 (59.2) 49 (41.9) 191 (53.5) 

2(%) 34 (14.2) 31 (26.5) 65 (18.2) 

3(%) 42 (17.5) 24 (20.5) 66 (18.5) 

4(%) 12 (5.0) 8 (6.8) 20 (5.6) 

5(%) 10 (4.2) 5 (4.3) 15 (4.2) 
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A boxplot analysis was also undertaken to visualise the risk of subsequent 

neutropenia as shown in Figure 26. Most of the variables appear to be identical 

between the two groups, with both groups showing similar means and 

distribution. 

 

Figure 26. Boxplot without outlier for continuous covariables with respect 
to the patient’s neutropenic outcome post dose reduction phase. 

The relationship between these continuous variables was further explored by 

measuring the risk of secondary neutropenia as demonstrated in Figure 27. 
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Figure 27. Scatter plots showing the observed risk of secondary 
neutropenia with continuous covariables. 

In these scatter plots, Age, BMI, Pre-Drug 1&2 and Post-Drug 1&2 have little 

impact on the subsequent risk of neutropenia. However, when evaluating the 

percentage dose reduction of drug 1&2, a more decisive representation can be 

seen. It can be argued that a 20% reduction of drug 1 and a 25-30% reduction 

in drug 2 are mandatory to reduce the risk of secondary neutropenia. 

 Statistical Model A 

A logistic regression analysis assessed the impact of the explanatory variables 

on the likelihood of secondary neutropenia. Three logistic models were 

evaluated in the analysis. Discrimination was quantified for each model using 

the area under the curve for Receiver Operating Characteristics (ROC). ROC 

values of 0.5-0.7, are regarded as low discrimination, 0.7-0.9 as moderate and 

>0.9 as high discrimination (Streiner and Cairney 2007). 
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Model A was the basic model and incorporated all the covariates. Model A is 

demonstrated in Figure 28.l A 

 
lrm(formula = outcome ~ male + (age) + (bmi) + (predrug1) + (predrug2) 
+ (diffdrug1) + (diffdrug2) + num_comorb + ps + neutropenia_cat +  
     neutrope + cardiovascular + arthritis + diabetes + respiratory +  
     myelo + throm + anaemia + impaired_lft + impaired_renal +  
     gcsf_drug, data = df, x = TRUE, y = TRUE) 
  
                    Model Likelihood     Discrimination    Rank Discri
m.     
                       Ratio Test           Indexes           Indexes        
 Obs         357    LR chi2     60.04    R2       0.216    C       0.7
42     
  0          240    d.f.           30    g        1.192    Dxy     0.4
83     
  1          117    Pr(> chi2) 0.0009    gr       3.295    gamma   0.4
83     
 max |deriv| 0.2                         gp       0.211    tau-a   0.2
14     
                                         Brier    0.184                      
  
                    Coef    S.E.    Wald Z Pr(>|Z|)  
 Intercept           2.0474  1.6796  1.22  0.2229   
 male                0.0374  0.2726  0.14  0.8908   
 age                -0.0197  0.0151 -1.31  0.1914   
 bmi                -0.0393  0.0271 -1.45  0.1465   
 predrug1           -0.0131  0.0145 -0.90  0.3688   
 predrug2            0.0042  0.0111  0.38  0.7024   
 diffdrug1          -0.0155  0.0163 -0.95  0.3411   
 diffdrug2          -0.0265  0.0149 -1.78  0.0750   
 num_comorb=1       -0.2355  0.4885 -0.48  0.6297   
 num_comorb=2        1.0785  0.9270  1.16  0.2447   
 num_comorb=3       -0.0377  1.5263 -0.02  0.9803   
 num_comorb=4        2.4717  2.1857  1.13  0.2581   
 ps=1                0.0995  0.4042  0.25  0.8055   
 ps=2                0.5578  0.4846  1.15  0.2498   
 ps=3               -6.6928 20.0391 -0.33  0.7384   
 neutropenia_cat=c2  0.9096  0.3414  2.66  0.0077   
 neutropenia_cat=c3  0.5303  0.3667  1.45  0.1482   
 neutropenia_cat=c4  0.5630  0.5746  0.98  0.3272   
 neutropenia_cat=c5  0.0550  0.6965  0.08  0.9370   
 neutrope=2          0.9929  0.3797  2.61  0.0089   
 neutrope=3          1.0808  0.3311  3.26  0.0011   
 cardiovascular      0.1315  1.4929  0.09  0.9298   
 arthritis          -0.1859  0.6694 -0.28  0.7812   
 diabetes           -0.8585  0.5794 -1.48  0.1384   
 respiratory        -0.2938  0.5239 -0.56  0.5749   
 myelo               0.1679  0.2705  0.62  0.5348   
 throm               0.1191  0.2987  0.40  0.6902   
 anaemia            -0.1783  0.3111 -0.57  0.5665   
 impaired_lft       -0.7633  0.5701 -1.34  0.1806   
 impaired_renal      0.2678  0.3258  0.82  0.4111   
 gcsf_drug          -0.7331  0.2922 -2.51  0.0121   
  

In this model, an inter-variable is chosen to be the comparator. All the variables are compared to their equivalent of 0 

variable unless stated otherwise. Male represents gender and is compared to female; scale variables are compared 

as continuous variables. num_comorb= number of co-morbidities; bmi = Body Mass Index; ps = Performance Status; 

neutropenia_cat = Cycle of neutropenic event (compared to 1); neutrope= type of neutropenia (compared to type 1); 

cardiovascular = cardiovascular disease; arthritis = rheumatoid arthritis; diabetes = diabetes disease, respiratory = 

respiratory disease; myelo= myelosuppressive drugs; throm= thrombocytopenia, impared_lft = deranged Liver 

function test; impaire_renal = deranged renal function; gcsf_drug = GCSF drug use   

C = C-Statistic; Dxy = 

Somer’s Dxy rank; 

gamma = Goodman-

Kruskall’s Gamma; tau-

a =Kendall’s Tau-a, 
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Figure 28. Model A: Basic model with all covariates 

Overall, Model A containing all variables, was statistically significant at 

predicting the secondary neutropenic output, with a chi-square value of 60.04 

with 30 degrees of freedom (n=357, p<0.05) indicating a good goodness-of-fit 

when compared to the intercept-only model (Peng et al. 2002). The model 

explained 21.6% of the variance in secondary neutropenia’s. Traditional criteria 

for a final regression model stipulate that the individual predictors must make a 

significant contribution (Wald z test), deviate as far from 0 (null effect) up to +/- 

1 and be statistically significant (p-value) (Walker and Almond 2010: Pg: 163). 

However, the complexity of the variables and their interwoven correlation 

resulted in a decline of performance, measured by chi-square and R2, when 

only the significant variables were selected to create a parsimonious model. 

Considering that all the variables are contributing to some degree in this study, 

it would be desirable to include all of them in the final model. Albeit, the 

detriment would be that the model is less user friendly but may have significant 

discrimination to predict relevant outcomes. In this model, the strongest 

individual predictor was neutropenia type 3, with a wald chi-square of 3.26. If 

the coefficients are converted to Odds Ratio (OR) (exponential of coefficient 

value), type 3 neutropenia increases the risk of secondary neutropenia by 195% 

(OR 2.95). Similarly, if GCSF is used, the risk of neutropenia is reduced by 52% 

(OR 0.48). 

The goodness-of-fit is also measured by the Brier test and is calculated as the 

average squared difference between each binary outcome and its predicted 

value (Fenlon et al. 2018). A score closer to zero would be regarded as a 

perfect model and for a binary outcome, the maximum of 0.25. Model A had a 

Brier score of 0.184, indicating a relatively poor goodness-of-fit. The validations 

of predicted probabilities are measured by four variables, Kendall’s Tau-a, 

Goodman-Kruskall’s Gamma, Somer’s Dxy rank and C-Statistic. The Kendall’s 

Tau-a is the rank order correlation coefficient without adjustments (Peng et al. 

2002). Similar to other correlations, value 0 denotes no relation and 1 to a 

perfect relation. Model A only exhibited a weak correlation of 0.2 (Akoglu 2018). 

The gamma statistic which incorporates ties was 0.4 for Model A, which means 

40% fewer errors were made in predicting the neutropenic outcome (Peng et al. 

2002). Somer’s Dxy represents the degree of association between the outcome 
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and the estimated probability, designated as the independent variable (Peng et 

al. 2002). C-Statistic (0.7) represents the proportion of event pairs with different 

observed outcomes for which the model correctly predicts a higher probability 

for observation with and without the event outcome (Peng et al. 2002). This 

value ranges from 0.5 to 1, with 0.5 determined as random chance and 1 as 

assigning a higher probability to all observation with the right outcome. Model A 

was 70% accurate at assigning the higher probabilities to either binary event.  
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 Statistical Model B 

Model B represents the incorporation of non-linear terms as shown in Figure 

29. 

Model B 
 
Logistic Regression Model 
  
 lrm(formula = outcome ~ male + rcs(age) + rcs(bmi) + rcs(predrug1) +  
     rcs(predrug2) + rcs(diffdrug1) + rcs(diffdrug2) + num_comorb +  
     ps + neutropenia_cat + neutrope + cardiovascular + arthritis +  
     diabetes + respiratory + myelo + throm + anaemia + impaired_lft +  
     impaired_renal + gcsf_drug, data = df, x = TRUE, y = TRUE) 
  
                    Model Likelihood     Discrimination    Rank Discri
m.     
                       Ratio Test           Indexes           Indexes        
 Obs         357    LR chi2     70.98    R2       0.251    C       0.7
59     
  0          240    d.f.           40    g        1.335    Dxy     0.5
17     
  1          117    Pr(> chi2) 0.0018    gr       3.798    gamma   0.5
17     
 max |deriv| 0.2                         gp       0.228    tau-a   0.2
28     
                                         Brier    0.180                      
  
                    Coef    S.E.    Wald Z Pr(>|Z|) 
 Intercept           1.6880  4.6713  0.36  0.7178   
 male               -0.0672  0.2847 -0.24  0.8134   
 age                -0.0829  0.0440 -1.88  0.0598   
 age'                0.3342  0.2117  1.58  0.1145   
 age''              -3.0001  1.8929 -1.58  0.1130   
 age'''              6.5124  4.2464  1.53  0.1251   
 bmi                -0.0088  0.1615 -0.05  0.9565   
 bmi'               -0.5871  1.1661 -0.50  0.6146   
 bmi''               2.2657  4.1708  0.54  0.5870   
 bmi'''             -2.6739  5.2549 -0.51  0.6109   
 predrug1            0.0163  0.0345  0.47  0.6357   
 predrug1'          -0.0110  0.0348 -0.32  0.7526   
 predrug2            0.0256  0.0249  1.03  0.3036   
 predrug2'          -0.0360  0.0280 -1.28  0.1989   
 diffdrug1          -0.0146  0.0338 -0.43  0.6669   
 diffdrug1'         -0.0202  0.0379 -0.53  0.5947   
 diffdrug2           0.0072  0.0315  0.23  0.8199   
 diffdrug2'         -0.0250  0.0280 -0.89  0.3712   
 num_comorb=1       -0.2991  0.5081 -0.59  0.5560   
 num_comorb=2        1.1738  0.9403  1.25  0.2119   
 num_comorb=3        0.1297  1.5527  0.08  0.9334   
 num_comorb=4        2.5263  2.2119  1.14  0.2534   
 ps=1                0.1800  0.4167  0.43  0.6657   
 ps=2                0.5519  0.4982  1.11  0.2679   
 ps=3               -6.0022 20.2285 -0.30  0.7667   
 neutropenia_cat=c2  0.8423  0.3528  2.39  0.0170   
 neutropenia_cat=c3  0.5022  0.3760  1.34  0.1816   
 neutropenia_cat=c4  0.7465  0.6199  1.20  0.2285   
 neutropenia_cat=c5  0.0646  0.7350  0.09  0.9299   
 neutrope=2          0.8891  0.3965  2.24  0.0250   
 neutrope=3          1.0979  0.3470  3.16  0.0016   
 cardiovascular      0.4458  1.5867  0.28  0.7787   
 arthritis          -0.2617  0.6814 -0.38  0.7009   
 diabetes           -0.7798  0.5869 -1.33  0.1840   
 respiratory        -0.2614  0.5325 -0.49  0.6235   
 myelo               0.1466  0.2803  0.52  0.6010   
 throm               0.0970  0.3209  0.30  0.7625   
 anaemia            -0.1390  0.3243 -0.43  0.6681   
 impaired_lft       -0.9688  0.6019 -1.61  0.1075   
 impaired_renal      0.2555  0.3507  0.73  0.4663   
 gcsf_drug          -0.7943  0.3055 -2.60  0.0093  

C = C-Statistic; Dxy = 

Somer’s Dxy rank; 

gamma = Goodman-

Kruskall’s Gamma; tau-

a =Kendall’s Tau-a, 



 

172 | P a g e  
 

 

 

 

 

Figure 29. Logistic Regression Model of all variables and the non-linear 
terms  

Non-linear terms are required to understand the distinction between the scale of 

interest and the scale of estimation (Karaca-Mandic et al. 2012). The 

presumption that all log transformations of variables have a linear relationship 

with the outcome relationship tends not to be accurate. Some transformations of 

the explanatory variables have a better fit to a non-linear relationship. One 

method to overcome a non-linear relation is to transform the scale data into 

categories with fixed intervals (Croxford 2016). However, this approach 

increases the number of categories and subsequently reduces the power of the 

predictive model (Croxford 2016). Another approach would be to use quadratic 

or cubic polynomial relationships, which produce a smooth fit to the data 

(Croxford 2016). However, this fixates the shape of the line and has less of a 

desired fix towards either end of the models. A common method to overcome 

these problems is to use Restricted Cubic Splines (RCS).  RCS is a 

transformation of a continuous predictor, which uses knots to fix the data line in 

conjunction with polynomial functions to create a smoother and precisely fitted 

line (Croxford 2016). The number and the position of the knots is subjective to 

the data sample size and the desired interval between knots. The RCS function 

was used on all scale data to allow for a non-linear transformation. 

Model B containing all variables and nonlinear relationship was statistically 

significant at predicting the secondary neutropenic output, with a chi-square 

value of 70.98 with 40 degrees of freedom (n=357, p<0.05) indicating a 

respectable goodness-of-fit when compared to the intercept-only model (Peng 

et al. 2002). The model explained 25.1% of the variance in secondary 

neutropenias, better than model A. Similar to model A, type 3 and 2 of 

neutropenia were the strongest contributors in the model with a Wald chi-square 

In this model, an inter-variable is chosen to be the comparator. All the variables are compared to their equivalent of 0 

variable unless stated otherwise. Male represents gender and is compared to female; scale variables are categorised 

into nonlinear terms. num_comorb= number of co-morbidities; bmi = Body Mass Index; ps = Performance Status; 

neutropenia_cat = Cycle of neutropenic event (compared to 1); neutrope= type of neutropenia (compared to type 1); 

cardiovascular = cardiovascular disease; arthritis = rheumatoid arthritis; diabetes = diabetes disease, respiratory = 

respiratory disease; myelo= myelosuppressive drugs; throm= thrombocytopenia, impared_lft = deranged Liver 

function test; impaire_renal = deranged renal function; gcsf_drug = GCSF drug use   
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of 3.16 and 2.24 respectively. Type 3 neutropenia increases the risk of 

secondary neutropenia by 199% compared to type 1. 

With regards to the predictive ability of the model, the Brier score was 0.18, 

better than Model A. Other validations of predicted probabilities were either 

equal or superior when assessed by Kendall’s Tau-a = 0.2, Goodman-Kruskall’s 

Gamma =0.5, Somer’s Dxy rank =0.5 and C-Statistic =0.7, indicating that model 

B is superior to model A. 

 Statistical Model C  

Model C is the interpretation of all covariates with nonlinear terms and the 

appreciation of two-way interactions. Interactions terms are referred to as the 

effect of one predictor variable on a dependent variable which is dependent on 

the magnitude of another independent variable and vice-versa (Ai and Norton 

2003). Whilst the interpretation of interaction term coefficient in linear models 

tends to be relatively simple, nonlinear models are more complicated due to 

implications of non-zero effect and the effect being conditional on independent 

variables (Ai and Norton 2003). The interaction effect in non-linear models 

requires computing the cross derivative or cross difference for estimation of the 

effect direction and size (Ai and Norton 2003).       

Model C (Figure 30) was created by using the automated approach to search 

all two-way interactions and based on the significance (p<0.05) and clinical 

justification, they were incorporated into the final model. The two-way 

interactions included are 

• Respiratory disease and myelosuppressive medications – Patients with 

respiratory conditions have steroid inhalers that exert myelosuppressive 

effects         

• Age and respiratory disease – Older patients, with a history of smoking 

often are diagnosed with Chronic Obstructive Pulmonary Disease 

(COPD)             

• BMI and respiratory disease – Patients with advanced COPD, also have 

clinically proven low body weights.             

• Pre-drug1 dose and number of comorbidities – Clinician may decide to 

reduce the dose of drug 1 (platinum agent) due to its high number of 
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side-effects in patients with a significant number of comorbidities to 

reduce the burden on the patient 

• Neutropenia type 3 and anaemia – Neutrophil and red blood cells are a 

derivative of the PHSC and thus a greater depth of depression may be 

linked to anaemia.   

Model C was statistically significant at predicting the secondary neutropenic 

output, with a superior chi-square value of 76.89 with 45 degrees of freedom 

(n=357, p<0.05) indicating a better goodness-of-fit when compared to the 

intercept-only model and the other two models (Peng et al. 2002). The model as 

a whole explained 27% of the variance in secondary neutropenia’s, better than 

the other two models. Unlike the previous two models, the strongest 

independent contributor in this model was GCSF with a Wald chi-square score 

of -2.68. and decreased the risk by 57.4%. Neutropenia at cycle 2 of 

chemotherapy was the next strongest predictor and increased the risk of 

secondary neutropenia by 128%. The risk of secondary neutropenia is 

maintained across all cycle, with cycles 3 at 57%, cycles 4 at 110% and cycle 5 

at merely 6%.  

With regards to the predictive ability of model C, there was a further 

improvement in the Brier score (0.176) indicating a better goodness-of-fit 

compared to the other two models. Other validations of predicted probabilities 

were the same as model B with Kendall’s Tau-a = 0.2, Goodman-Kruskall’s 

Gamma =0.5, Somer’s Dxy rank =0.5 and C-Statistic =0.7. 

Overall, it can be concluded that model C was superior in goodness-of-fit and 

predicted probabilities when compared to model B and model A.  
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Model C 
  
 lrm(formula = outcome ~ male + rcs(age) + rcs(bmi) + rcs(predrug1) +  
     rcs(predrug2) + rcs(diffdrug1) + rcs(diffdrug2) + num_comorb +  
     ps + neutropenia_cat + neutrope + cardiovascular + arthritis +  
     diabetes + respiratory + myelo + throm + anaemia + impaired_lft +  
     impaired_renal + gcsf_drug + resp_myelo + age_resp + bmi_resp +  
     pdrug1_ncomorb +neutrope3_anemia, data = df, x = TRUE, y = TRUE) 
  
                    Model Likelihood     Discrimination    Rank Discri
m.     
                       Ratio Test           Indexes           Indexes        
 Obs         357    LR chi2     76.89    R2       0.270    C       0.7
72     
  0          240    d.f.           45    g        1.412    Dxy     0.5
44     
  1          117    Pr(> chi2) 0.0021    gr       4.105    gamma   0.5
44     
 max |deriv| 0.2                         gp       0.237    tau-a   0.2
40     
                                         Brier    0.176                      
  
                    Coef    S.E.    Wald Z Pr(>|Z|) 
 Intercept           3.9427  4.9609  0.79  0.4267   
 male               -0.1282  0.2907 -0.44  0.6592   
 age                -0.0876  0.0465 -1.88  0.0599   
 age'                0.3070  0.2149  1.43  0.1532   
 age''              -2.7395  1.9239 -1.42  0.1545   
 age'''              5.9535  4.3406  1.37  0.1702   
 bmi                -0.0702  0.1680 -0.42  0.6760   
 bmi'               -0.2963  1.1840 -0.25  0.8024   
 bmi''               1.2567  4.2420  0.30  0.7670   
 bmi'''             -1.5642  5.3663 -0.29  0.7707   
 predrug1            0.0116  0.0357  0.33  0.7442   
 predrug1'          -0.0134  0.0358 -0.37  0.7080   
 predrug2            0.0290  0.0258  1.12  0.2613   
 predrug2'          -0.0409  0.0290 -1.41  0.1591   
 diffdrug1          -0.0125  0.0345 -0.36  0.7168   
 diffdrug1'         -0.0268  0.0390 -0.69  0.4921   
 diffdrug2           0.0080  0.0321  0.25  0.8039   
 diffdrug2'         -0.0240  0.0291 -0.82  0.4104   
 num_comorb=1       -1.4901  1.9798 -0.75  0.4516   
 num_comorb=2        0.6391  0.9599  0.67  0.5055   
 num_comorb=3       -0.1001  1.5903 -0.06  0.9498   
 num_comorb=4        2.4819  2.2294  1.11  0.2656   
 ps=1                0.2633  0.4285  0.61  0.5389   
 ps=2                0.6453  0.5121  1.26  0.2076   
 ps=3               -5.6702 20.4161 -0.28  0.7812   
 neutropenia_cat=c2  0.8219  0.3599  2.28  0.0224   
 neutropenia_cat=c3  0.4487  0.3812  1.18  0.2391   
 neutropenia_cat=c4  0.7417  0.6250  1.19  0.2353   
 neutropenia_cat=c5  0.0570  0.7544  0.08  0.9398   
 neutrope=2          0.9124  0.4135  2.21  0.0274   
 neutrope=3          0.7704  0.4236  1.82  0.0690   
 cardiovascular      0.4137  1.6025  0.26  0.7963   
 arthritis          -0.1841  0.6811 -0.27  0.7869   
 diabetes           -0.7279  0.5921 -1.23  0.2189   
 respiratory        -5.5795  3.3146 -1.68  0.0923   
 myelo              -0.0660  0.3358 -0.20  0.8441   
 throm               0.1107  0.3264  0.34  0.7344   
 anaemia            -0.3933  0.4369 -0.90  0.3679   
 impaired_lft       -1.0497  0.6143 -1.71  0.0875   
 impaired_renal      0.2414  0.3539  0.68  0.4951   
 gcsf_drug          -0.8532  0.3186 -2.68  0.0074   
 resp_myelo          0.9033  0.6516  1.39  0.1656   
 age_resp            0.0354  0.0359  0.99  0.3238   
 bmi_resp            0.0934  0.0601  1.55  0.1201   
 pdrug1_ncomorb      0.0137  0.0208  0.66  0.5096   
 neutrope3_anemia    0.7300  0.5874  1.24  0.2139   
 

C = C-Statistic; Dxy = 

Somer’s Dxy rank; 

gamma = Goodman-

Kruskall’s Gamma; tau-

a =Kendall’s Tau-a, 
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Figure 30. Logistic regression model of all covariates with nonlinear terms 
and the appreciation of two-way interactions 

 Receiver Operator Characteristic Area Under Curve (ROC-AUC) 

The Receiver Operator Characteristic Area Under Curve (ROC-AUC) allows for 

the comparison of sensitivity and specificity between the models to evaluate 

their relative performance. Sensitivity5 of a test can be defined as the ability to 

correctly identify a true positive based on all the possible trues, which the model 

failed to identify (Trevethan 2017). Specificity6 refers to the ability to detect all 

true negatives who do not have the condition (True negatives) (Trevethan 

2017). The closer the sensitivity and specificity values are to 100%, the more 

accurate the predictive model. However, these values have to be interpreted 

with an air of caution as a high values do not equate to a definitive result since 

false positives or false negatives are not considered (Trevethan 2017). 

A ROC-AUC in this study is the probability of the test yielding a high value for a 

randomly chosen event with secondary neutropenia than an event without 

secondary neutropenia (Streiner and Cairney 2007). The ROC-AUC tends to 

range from 0.5 to 1.0, with the former assessing the model as being random 

and the latter as a perfect model. The ROC-AUC was calculated for all three 

models as shown in Table 32.  

 

 

 

 

5 Sensitivity = True Positives / (True Positives + False negatives) x 100. 
6 Specificity = True Negatives / (True Negatives + False Positives) x 100. 

In this model, an inter-variable is chosen to be the comparator. All the variables are compared to their equivalent of 0 

variable unless stated otherwise. Male represents gender and is compared to female; scale variables are categorised 

into nonlinear terms. num_comorb= number of co-morbidities; bmi = Body Mass Index; ps = Performance Status; 

neutropenia_cat = Cycle of neutropenic event (compared to 1); neutrope= type of neutropenia (compared to type 1); 

cardiovascular = cardiovascular disease; arthritis = rheumatoid arthritis; diabetes = diabetes disease, respiratory = 

respiratory disease; myelo= myelosuppressive drugs; throm= thrombocytopenia, impared_lft = deranged Liver 

function test; impaire_renal = deranged renal function; gcsf_drug = GCSF drug use   
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Table 32. ROC-AUC of regression models A-C 

Model ROC-AUC (95%) 

Model A: Basic model with all covariates  0.74 (0.68 to 0.79) 

Model B: Nonlinear terms only 0.76 (0.71 to 0.81) 

Model C: Nonlinear terms + two-way interactions 0.76 (0.71 to 0.81) 

 

The ROC-AUC for model C and B (0.76) was marginally higher when compared 

to Model A (0.74). However, as performance is based on the sensitivity and 

specificity, the relative nature of curves needs to be examined to ensure that the 

models have similar performance (Figure 31).   

 

Figure 31. ROC-AUC demonstrating the performances of regression 
models A-C 
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Visually, all three curves appear close to identical, with possibly Model C 

working marginally superior in comparison to the other models. A ROC-AUC of 

0.76  

 Assessment of study data 

Based on the planning stages, it was felt enough numbers had been recruited to 

establish a correlation between variables and the neutropenic event. However, 

in hindsight, the 2016 SACT data could have been used to fortify the statistical 

analysis. It is anticipated that over 1000 dose reduction events are required to 

provide a meaningful statistical regression model.  

Internal validation was carried out with bootstrapping and the discrimination was 

calculated by ROC-AUC. Bootstrapping is a statistical procedure that involves 

drawing a series of random samples from the original samples and calculating 

the statistics or relationship of interest with each bootstrapped sample (Ratick 

and Schwarz 2009). This computerised simulation allows us to determine the 

significance of the relationship between the sample and the statistics by 

generating an estimate for the bias and standard error. Whilst this represents 

internal validation, in ideal circumstances, external validation would have also 

helped to verify the logistic regression model. 
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 Summary of Results 

The results of this chapter can be summarised in the following key points 

• Patients with a successful intervention had a higher overall RDI for the 2 

cycle of 75.65% (neutropenia cycle 68.7%; post-neutropenia cycle 

82.6%) compared to 65.05% (neutropenia cycle 67.37%; post-

neutropenia Cycle 62.73%) for patients with unsuccessful RDIs 

• The depth and length of neutrophil depression measured by the type of 

neutropenia correlates to the subsequent risk of secondary neutropenia 

• The risk of secondary neutropenia is also linked to the 

o Dose reduction of drug 1 (p=0.042), 

o Average dose reduction (p=0.019)  

o Cumulative dose reduction (p=0.018).  

• Drug 2 had no statistical significance on the risk of secondary 

neutropenia 

• GCSF had no protective effect on reducing the risk of secondary 

neutropenia 

• In the subgroup analysis the following links were established 

o Correlation between the percentage of dose reduction and drug 1 

and 2 

o Age showed a weak relationship to the dose of pre-drug 1 and 

pre-drug 2  

o Age showed a weak correlation to the average and cumulative 

dose reduction  

o Relationship between type of neutropenia and average and 

cumulative dose reductions 

o Age showed a relationship with performance status groups (Chi-

squared & Spearman Rho correlation) 

o Age was also correlated (weak negative) to the BMI.  

o Thrombocytopenia and anaemia had a moderate positive 

correlation with the type of neutropenia  

• Logistic regression found Model C as the most accurate at predicting the 

secondary neutropenic event with a similar ROC-AUC of 0.76 as Model 

B, but a superior measure in R2 and Brier score.  
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In the next chapter, the significant results and findings from the study are 

brought together and discussed in the wider context of the relevant literature. 

The findings are evaluated based on four key principles, implications, 

explanations, limitations and if applicable, theory synthesis.  
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6. Chapter 6 - Discussion 

 

In this chapter, the findings of this research are discussed and compared to the 

research aims and objectives outlined in Chapter 3 and whether the findings 

support or refute the proposed hypothesis. The findings are also evaluated 

against existing evidence to establish what role the findings play in the broader 

context of theory and practice. The findings are also critically evaluated to 

understand if the qualities measured have validity and reliability to support the 

theories.  

 General Discussion  

A total of 361 patients were recruited into the study, predominantly from the 

calendar year of 2017 and partially from 2016 due to the shortfall in sample 

size. Lung cancer SACT data was requested from the Chemocare manager and 

patients were manually screened for the occurrence of a neutropenic event. 

Patient who experienced a neutropenic event and had a subsequent cycle of 

chemotherapy were eligible for inclusion in this study. The patient’s respective 

parameters were captured and converted into a binary scale if applicable. The 

process was evaluated by a retrospective review of palliative lung cancer 

patients on chemotherapy treatment only, excluding clinical trials, small 

molecule inhibitors and monoclonal antibodies. A retrospective review enforces 

limits on the type of research and the relevant data a study can collect and 

evaluate.  

The unique clinical setting of this study by conducting the research post a 

neutropenic event made finding appropriate clinical literature relatively difficult. 

Many literature reviews were conducted in an average population and not post 

a neutropenic state. Therefore, the results of this study may be unique and only 

replicable in a similar setting. They would also form a new understanding for the 

management of neutropenia following a previous event of neutropenia. 

However, the results require further exploration prior to implementation into 

everyday practice. The characteristics of the study were unremarkable as per 

clinical experience and other retrospective studies. The average age of the 

cohort was 67.1 years ranging from 35-87 years, which was in line with national 

statistics that show that incidence steeply rises from the age of 45 and peaks 
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between the ages of 80-84 (Cancerresearch 2015). Chao et al. (2014) found a 

similar incidence of age in lung cancer, with a mean age of 65.7 years. This 

also explains why the data was found to be skewed as a peak occurs at a 

relative advanced age. Gender was evenly disturbed in the study and is as 

anticipated, although recent data trends suggest a rise in females being more 

prone to lung cancer, due to the genetic predisposition (Planchard et al. 2009; 

Ellis 2016). The diagnosis was relatively evenly balanced, with slightly more 

cases of SCLC (189) compared to NSCLC (160). As mentioned earlier, the 

anticipation was that natural distribution would be in favour of more NSCLC 

cases (Larsen and Minna 2011; Wood et al. 2015; Suh et al. 2017). During the 

sample size calculation (Section 3.1.4), it was anticipated that for the South 

Yorkshire & Bassetlaw region per year, there would be 180 cases of SCLC and 

905 cases of NSCLC, a ratio of 1:5. Whilst the predicted numbers for SCLC 

matched the recruited study population, contrasting figures were found for 

NSCLC. A possibility for this variance is the availability of other radical 

interventions such as surgery or non-cytotoxic treatments in the form of SMI 

and PDL-1 inhibitors for specific histologies and mutations. In recent years, the 

expansion of new treatments has changed the landscape of NSCLC 

management and NICE is now advocating a more personalised approach rather 

than the use of conventional chemotherapy (NICE-NG122 2019).    

GCSF use in cancer is only recommended for the prevention of neutropenic 

sepsis in adults receiving chemotherapy if it is an integral part of the regimen to 

maintain the dose intensity (NICE-CG151 2012). Whilst this statement is open 

to interpretation, ESMO were more specific on the use of GCSF. ESMO 

recommended GCSF use if the risk of febrile neutropenia with chemotherapy 

was >20% (high risk) or 10-20% (intermediate risk) accompanied with other risk 

factors (Aapro et al. 2011). There is a debate on whether to use GCSF in 

palliative lung cancer as most chemotherapy regimens are classified as 

intermediate risk and if there may be a clinical survival benefit in maintaining 

dose intensities especially in the presence of other non-haematological adverse 

effects. Until recently, the risk of neutropenia was managed through the addition 

of prophylactic antibiotics. However, a Trust review into the risk of neutropenia 

and the emergence of antibiotic resistance infections has led to a shift in 

practice and more accepted use of GCSF. This change of practice is also 



 

183 | P a g e  
 

reflected in this study, with 36% of patients using GCSF with chemotherapy. No 

other literature was found describing the GCSF use in a palliative lung cancer 

population with previous neutropenic event.     

Comorbidities were relatively few per patient, with 89.2% of patients either 

having 0 or 1 comorbidity. This is rather high when considering that Chao et al. 

(2014) found only 51.6% of patients had 0 or 1 comorbidity. However, the study 

population was a mixture of cancers and regimens rather than being specific to 

palliative lung cancer. The figure for the number of comorbidities is also a 

reflection on the screening process to decide if patients are suitable for SACT. 

The cumulative effects of comorbidities and advanced disease reduce the use 

of SACT in this patient group. The occurrence of some of the comorbidities in 

this study population was similar to Chao et al. (2014). Heart failure occurrence 

was 0.8% vs 2.7% and diabetes 15% vs 18.5% (Chao et al. 2014). Other 

comorbidities were found to be unusually high with rheumatoid arthritis at 6.6% 

vs 1.5% and autoimmune disease 11.9% vs 3.3%7 (Chao et al. 2014). Again, 

these figures may reflect the mixture of the type of cancers and regimens (Chao 

et al. 2014). No comparative figure could be provided for respiratory disease as 

the mainstream of studies evaluated COPD and asthma as separate entities.  

The number of patients on myelosuppressive medication was found to be 

49.9%. This is relatively high and a cause of concern when considering the 

myelosuppressive effect of the drugs and chemotherapy. The cumulative effects 

or potential drug-drug interaction have serious consequences on patients’ risk 

of toxicity. No studies were found evaluating the use of myelosuppressive drugs 

with chemotherapy. Whilst polypharmacy is a well acknowledged concept, 

myelosuppressive pharmacy is rather in its infancy. A prospective study 

evaluating potential drug–drug interactions in hospitalized patients undergoing 

SACT, found that polypharmacy for each additional drug increased the RR by 

1.12 (95 % CI 1.07–1.17; P < 0.01) and age ≥60 years (RR 1.48; 95 % CI 1.03–

 

7 Figure from cumulative occurrence of connective tissue disease, HIV, AIDS and other 
autoimmune diseases Chao, C., Page, J. H., Yang, S. J., Rodriguez, R., Huynh, J. and Chia, V. 
M. (2014) History of chronic comorbidity and risk of chemotherapy-induced febrile neutropenia 
in cancer patients not receiving G-CSF prophylaxis. Annals Of Oncology: Official Journal Of The 
European Society For Medical Oncology 25 (9), 1821-1829. 
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2.14; P < 0.01) were independent risk factors for major drug-drug interactions 

(Stoll and Kopittke 2015).  

The majority of patients (80.3%) had a good PS of either 0 or 1, which is similar 

to the study by Bowden et al. (2017), who found this occurrence at 90%. This is 

expected as chemotherapy should only be used in patients with good 

performance status. However, 19.7% of cases did have a poor performance 

status (2 or 3), which may be the result of patients deteriorating on 

chemotherapy or possibly a reflection on their post neutropenic event status. 

Regardless of the reason for the poor performance status, the clinical benefit 

from the chemotherapy should be evaluated to avoid chemotherapy-associated 

mortality.  

The type of neutropenia, captured as the biochemical reading for type 1, 2 & 3 

was 43.8%, 13.9%, and 42.4% respectively. The classification of neutropenia in 

this study is unique and does not allow for comparison with other studies where 

neutropenia is usually graded as per CTC of either grade 3 or 4 (Crawford et al. 

2004). However, the correlation between the length and depth of neutropenia 

with the risk of infections is widely acknowledged (Bodey et al. 1966). 

Therefore, despite a difference in labelling, the concept of the type of 

neutropenia is similar to the CTC grading. The type of neutropenia may be 

subject to the timing of the bloods, which can occur at any time in between the 

cycles of chemotherapy from day 1-21 if the patient presents as being unwell. 

Consequently, the distribution of the types of neutropenia may also be unique to 

this study.  

The rate of secondary neutropenia in this study was 32.7%. This is better than 

anticipated and when compared to other studies. The rate of secondary 

neutropenic events in breast cancer was found to be 56% (Lyman et al. 2000b) 

and 66.7% in lung cancer (Chouaid et al. 1998). Although, these studies are 

comparatively old and new preventative practices, such as use of GCSF was 

revised from 40% to 20%, influencing these figures (Aapro et al. 2011). 

Neutropenia occurred predominantly in cycle 1, which is also what had been 

reported in several studies (Dang et al. 2003; Lyman 2009; Aapro et al. 2010; 

Culakova et al. 2014). Neutropenia did also occur in subsequent cycles, 

although the rate declined with each cycle, indicating either improved 
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neutropenic management or a greater number of patients discontinuing 

treatment. 

Thrombocytopenia occurred in 42.9% of the study population in this research. 

The published incidence for chemotherapy-induced thrombocytopenia was 

found to be 9.7% (95% CI: 9.6-9.8), and ranged from 6.1% (5.9-6.3) for 

regimens containing cyclophosphamide to 13.5% (12.7-14.3) for regimens 

containing gemcitabine (Weycker et al. 2019). These incidence rates are not 

comparable as the study population was myelosuppressed because of 

chemotherapy. Similarly, the anaemia rate of 43.5% may seem excessively high 

in this study , but in context to the exclusive neutropenic population, it is as 

anticipated. The rate of thrombocytopenia and anaemia are the same which 

reflects both being dependent on PHSC.   

The renal and hepatic impairment in this study was found to be 23% and 7.8% 

respectively. Chao et al. (2014) found the incidence rates to be 4% for renal 

disease and 1% for liver disease. However, the criteria for inclusion in this study 

are unique as it captures both pre-existing conditions and any chemotherapy-

induced damage. Additionally, the neutropenic state may also require further 

conservative management with antibiotics that can further induce renal or 

hepatic damage. Hence, the incidence figures cannot be compared to other 

similar studies.    

 Review of Aims & Objectives 

The aim of this research was to explore and understand the independent 

variables including the relative dose reductions of chemotherapy in palliative 

lung cancer chemotherapy post a neutropenic event and its ability in preventing 

a subsequent event of neutropenia. This study was unique as the literature 

review highlighted no similar studies were found, nor any dose reduction 

strategies were uncovered. The SmPCs provided little relevant insight in the 

management of dose reduction post neutropenia although as discussed, the 

data may not be as robust to apply to individual cases. The prevalence of 

secondary neutropenia was evaluated and was found to be lower at 32.7% than 

initially predicted at 50%. Dose reductions could be applied by a variety of 

methods, fluctuating in intensity and ranges for the drugs involved. When 

compared as a relative RDI between the neutropenic and non-neutropenic 
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groups, as anticipated the neutropenic group had a lower RDI. Whilst dose 

reduction is a major contributor in the prevention of neutropenia it was also 

acknowledged that other variables could play a decisive role in preventing the 

recurrence of subsequent neutropenic events. These factors may be clinically 

significant but also may contribute to a variable magnitude to the risk of 

secondary neutropenia. The study found that type of neutropenia had a 

significant role, but surprisingly GCSF did not offer a protective effect. 

Evaluating the importance of these factors may alter the amount of dose 

reduction and therefore prevent both excessive and underpowered dose 

reductions. Considering the relevant significant factors associated with the 

subsequent risk of neutropenia, a predictive model was established to assess 

the risk of future neutropenic events. Due to the significance and nature of the 

interplay between co-variables and the loss of the predictive ability, a 

parsimonious model was not produced.   

 Impact of Dose Reduction on Relative Dose Intensities 

(RDI) 

The study found that patients with a successful intervention had a higher overall 

RDI for the 2 cycles at 75.65% (neutropenia cycle 68.7%; post-neutropenia 

cycle 82.6%) compared to 65.05% (neutropenia cycle 67.37%; post-neutropenia 

Cycle 62.73%) for patients with unsuccessful dose reductions, a difference of 

10.6%. If extrapolating and presuming that the patient can complete 4 cycles of 

chemotherapy, the successful intervention arm when compared to the 

unsuccessful intervention arm would receive approximated RDIs as per Table 

33.  
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Table 33. Extrapolation of dose reductions across 4 cycles 

Cycle Number Successful 

Intervention (N2=0) 

(RDI %) 

Unsuccessful  

Intervention (N2=1) 

(RDI %) 

Cycle 1 68.7 67.37 

Cycle 2 82.6 62.73 

Cycle 3 82.6 74.548 

Cycle 4 82.6 74.54 

Average RDI across 4  

cycles 

79.125 69.795 

 

This is an arbitrary calculation as the first dose reductions can occur in any 

cycle, however, in this study, 53.7% occurred at first cycle. When considering 

the average RDI across the 2 investigated cycles or the extrapolated illustration 

across the 4 cycles, neither scenario is ideal at delivering the desired RDI. Both 

scenarios are below the anticipated threshold of 85%, which has been 

correlated to superior overall survival and disease-free-survival (Bonadonna et 

al. 1995). This suggests that dose reductions for most patients in this study 

have failed to deliver the desired benefit.  Although, this is not unexpected as it 

was hypothesised in the literature review and methodology that patients with 

dose reductions have a lower RDI. If we consider the dose reductions between 

the two groups, it is also apparent that on average the successful intervention 

arm (N2=0) had a higher dose reduction of 9.1% (drug 1 9.5% & drug 2 8.7%) 

when compared to the unsuccessful arm (N2=1) of 6.1% (drug 1 6.7% & drug 2 

5.5%). Hence, we can correlate that the dose reductions resulting in a second 

neutropenic event were underpowered. Then again from the study data, 

patients who had a dose reduction on par with the successful group still 

experienced a further neutropenic event, eluding that an alternate mechanism 

may exist.    

 

8 Calculation based on Cycle 2 RDI (62.73) given at 3 weeks (62.73 x 4/3), with the addition of 
an average dose reduction of 9.1 (average of 9.5 & 8.7, taken from the successful intervention 
arm, table 31)  
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The impact of a second dose reduction across the two cycles and the 

hypothesised average overall RDIs resulted in a further 10% loss. This is 

significant as patients with less than 75% of RDI have shorter survival than 

standard chemotherapy, but more significantly, patients on less than 65% RDI 

have the same survival as untreated controls (Lyman 2009). Serious 

consideration must be given to the clinical benefit chemotherapy is delivering in 

these scenarios as the unwanted adverse-effects are probably outweighing the 

limited clinical value. Unfortunately, the study was not designed to measure 

survival and therefore it cannot correlate these dose reductions to the overall 

survival benefit.  However, what can be highlighted is that chemotherapy has a 

minimum effective dose, below which it should be evaluated. This threshold will 

vary with each type of cancer and regimen as not all relationships are linear. 

Patients in this study received an overall RDI of 87.05%9 across the 2 cycles 

but if extrapolated results are considered, the overall mean RDI would be 

76.07%10. The results in this study are similar to those documented in the 

literature review where RDI ranged from 64.9% (Quinones Ribas et al. 2007) to 

72% (Chao et al. 2014). However, this data is not able to distinguish what 

percentage of patients were delivered as inpatients or outpatients as 

considerable difference was found in the RDI by Vannice et al. (2007) (RDI 71% 

inpatients vs 79% outpatients). 

The negative impact of an unsuccessful dose reduction is clear from the 

research but the contributing factors to the risk of a secondary neutropenia are 

not fully understood. If patients are approaching the arbitrary threshold of 65% 

due to dose reductions or delays, and there are clinical signs of limited disease 

control, chemotherapy should be reviewed to minimise adverse effects and 

wastage. However, the evidence is relatively premature to include in everyday 

practice as this minimum effective RDI threshold is not commonly documented 

nor agreed among service providers.   

 

9 Average of all mean doses of pre and post-drug 1&2 in Table 31, (Average of 91.9, 83.4, 90.3 
&82.6%) 
10 From Table 33, average of N2=0 RDI 79.125 for 240 patients and N2=1 RDI 69.795 for 117 
patients  
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 Non-Significant Independent Predictors to risk of 

Secondary Neutropenia 

During the literature review, it was hypothesised that several variables would 

have a clinical relationship with the risk of secondary neutropenia. Fourteen 

variables were explored and their relation to the risk of neutropenia which 

included age, gender, BMI, thrombocytopenia, anaemia, liver dysfunction, renal 

dysfunction, type of neutropenia, myelosuppressive drugs, PS, number of 

comorbidities, type of comorbidity, GCSF and dose reductions (individual, 

average & cumulative). Several variables did not amount to any clinical 

significance in the null hypothesis testing. Only 4 variables were considered 

significant, which included type of neutropenia, dose reduction of drug 1, 

average dose reduction, and cumulative dose reduction. 

 Aging 

Age was not found to be a significant variable in determining the risk of 

secondary neutropenia. This is somewhat surprising as the literature review 

highlighted a number of studies linking the risk of neutropenia to advanced age 

(Pettengell et al. 2008; Culakova et al. 2014; Gajra et al. 2015; Mądry et al. 

2016; Munker et al. 2018). However, the correlation was associated as a binary 

rather than a continuous variable and additionally entailed a mixture of cancers, 

chemotherapies and treatment intents. It is not clear if the change in 

measurement has influenced its relationship with the risk of neutropenia or the 

unique population has an alternative relationship to the risk of secondary 

neutropenia. In the literature review, it was suggested that the dichotomous 

variable of a set age, often quoted as 65 years, may change with time as age-

related risk factors are reducing through better health management and 

reflected in the average life expectancy. A study into forecasting the life 

expectancy for 250 causes of death in 195 countries predicted an improvement 

in global life expectancy by 4.4 years for men and women by 2040 (Foreman et 

al. 2018). This prediction is mainly grounded on the reduction of global disease 

burden linked to the improvement in amenable health risk factors.  

The data in this study suggests that the risk of secondary neutropenia is 

independent from the chronological age. This is contrary to what was found by 

Shayne et al. (2007), where the risk of neutropenia was related to the 

chronological age and the risk decreased with increasing age. However, this 
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relationship could also be due to increasing age being associated with a lower 

RDI, decreasing the chemotherapy-related risk. Considering the average age of 

the study population, the palliative status and reflecting on the observed RDI’s 

in this study, the risk of age may have been offset by primary and secondary 

dose reductions. However, this assertion is beyond the scope of this study.  

The relationship between age and neutropenia in the literature is described as 

the risk of febrile neutropenia rather than a biochemical neutropenia. To some 

extent, the relationship of age to febrile neutropenia may be more driven by the 

risk of infections which increase as patient ages rather than only being related 

due to a decline in PHSC (Crawford et al. 2005; Dranitsaris et al. 2008). A study 

by Thompson et al. (2003) into the risk of influenza and respiratory syncytial 

virus found that patients aged 85 years or older were 32 times more likely to die 

of an influenza-associated underlying pneumonia and 16 times more likely to 

die of influenza-associated all-cause death compared with a person aged 65 to 

69 years (Foreman et al. 2018). This is also commonly observed in clinical 

practice, as the vast majority of elderly patients tend to be more prone to 

infections compared to their younger counterparts. There is also evidence to 

suggest that older cancer patients are more liable to toxicities, as found by 

Hurria et al (2011) in a prospective multicentre study where chemotherapy 

toxicity was common in older adults, with 53% experiencing at least one grade 3 

to 5 toxicity and 2% experienced treatment-related mortality. If these toxicities 

involve any protective barrier, e.g. skin or GI tract, the penetration by bacteria 

could result in infections, again increasing the risk of febrile neutropenia.        

The risk of general infections in cancer a patient is multi-factorial and includes 

patient, disease, and chemotherapy-related factors. Patients with multiple 

comorbidities, advanced age and who are on myelosuppressive or 

immunosuppressive chemotherapy will be more predisposed to infections. It 

has widely been acknowledged that the chronical age may no longer be 

reflective of the physiological age (Hurria et al. 2011). Advancing age is 

normally associated with a decline in physiological functions, such as the liver 

and renal function, loss of muscle mass, decrease in haematopoietic reserve as 

well as accumulating age-related comorbidities, all contributing to a greater 

incidence of chemotherapy-associated toxicities (Gajra et al. 2015). Considering 

the change in physiological functions, alternative methods have been proposed, 
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such as the reflection of age in renal function (Pettengell et al. 2008) or through 

the Cancer and Aging Research Group (CARG) toxicity tool. CARG has had 

some relative success in lung cancer (Nie et al. 2013) but failed to show any 

superiority when compared to oncologists estimate for grade >3 toxicities in 

other solid organ cancers (Moth et al. 2019), indicating the need for further 

refinement.  

The independent variable of age may have a complex relationship with the risk 

of neutropenia and therefore further research needs to be undertaken to allow a 

wider application in the general public. 

 Gender 

It was anticipated that gender may influence the risk of secondary neutropenia. 

The study failed to establish a significant relationship between gender and the 

risk of a secondary neutropenic event in a univariate analysis. Similar results 

were obtained by Lyman et al. (2003) when investigating the risk factors for 

febrile neutropenia. The presumption that female genetics which are associated 

with an increase in genetic mutations (Planchard et al. 2009; Kligerman and 

White 2011) may also contribute to the neutropenic risk, were not substantiated 

in this study. This is despite the literature review highlighting that the female 

gender is more susceptible than their male counterparts at developing 

neutropenia (Crawford et al. 2005; Shayne et al. 2007; Mądry et al. 2016). 

However, two issues need to be taken into account before refuting or accepting 

any relationship. Gender differences have been acknowledged at seeking 

medical help, which has led to a disparity in the reporting of events. In a study 

by Bertakis et al. (2000) women had significantly lower self-reported health 

status and a significantly higher mean number of visits to their primary care 

clinic and diagnostic services than men. This possibly could skew the number of 

neutropenic cases in favour of the female gender. Although in this study we had 

equal representations between the sexes, no differentiation analysis was made 

between gender and the type of neutropenia. There may be a possibility that 

whilst females would be early reporters and have more type 1 neutropenia, 

male counterparts may wait until the symptoms are severe and thus present as 

type 3 neutropenia. This relationship was not explored and beyond the scope of 

the study.  
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Another pertinent factor is the testing of genetic mutations, which was not 

carried out in this study. Positive confirmed genetic mutation leads to the use of 

personalised medicine in the form of SMI, which often excludes them from 

conventional chemotherapy unless relapsed. The genomic project highlights the 

vast amount of genetic mutations to which cancer patients are susceptible. 

Pharmacogenomics is a similar concept and looks at how genetic variation 

among individuals contributes to differences in drug reactions either affecting 

efficacy or increasing toxicity (Whirl-Carrillo et al. 2012). Currently, there are 

22,902 variant annotations affecting 683 drugs in general medicine (Whirl-

Carrillo et al. 2012). In relation to neutropenia, there are 55 known genetic 

annotations with a relative low level of evidence (level 3), which increase the 

risk of neutropenia. A recent study into the genetic analysis of gemcitabine 

induced high grade neutropenia in pancreatic cancer showed that for variants 

CDA rs2072671 (A>C) and SLC28A1 rs3825876 (G>A), AC and CC had a 

lower risk of neutropenia than AA patients (P=0.01, HR: 0.61, 95% Cl: 0.41–

0.89) and AA patients had a higher risk of neutropenia compared to GA and GG 

patients (P=0.02, HR: 1.51, 95% CI: 1.06–2.16) (Innocenti et al. 2019). Gender 

association was also found in a univariate and multivariate analysis into severe 

haematological toxicities among lung cancer patients receiving amrubicin 

(P=0.019) (Makihara et al. 2012). The pharmacogenetic distribution among 

gender is currently not documented nor routinely explored. However, to 

positively exclude any relation with gender, further research needs to be carried 

out, evaluating the distribution. If the female gender has a greater number of 

pharmacogenomic mutations, the expectation would be to have a greater 

number of type 3 neutropenia when compared to the male counterpart. The 

significance and number of genomic variations is still being explored before any 

study can substantiate a relationship between female genetics and the risk of 

neutropenia.  

 Body Mass Index (BMI) 

In this research, the Body Mass Index was explored in relation to the risk of a 

secondary neutropenic event. The study failed to show any significant 

relationship in the univariate analysis. This was slightly surprising as observed 

from clinical practice; patients with lower BMI’s tend to have a greater number 

of secondary neutropenic events. It is also contradictory to what was found in 
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the literature review, where the risk decreases with an increase in weight (Ganti 

et al. 2014). Similar conclusions were formed in an early stage breast cancer in 

179 patients who completed 4 cycles of chemotherapy. Patients with BMI < 30 

kg/m2 experienced a greater incidence of neutropenia at 38.6 % while BMI ≥ 30 

kg/m2 had an occurrence of 23.1 % (p < 0.05) (Yucel et al. 2016). This 

relationship needs to be explored with caution as the dosing of chemotherapy is 

often capped, or dose reduced at the extreme high end of the scale. Whilst 

dosing of chemotherapy and BMI share common variables (height, weight) and 

therefore are often reflective, the practice of capping or dose reduction distorts 

any relationship (Lyman and Sparreboom 2013). Hence, without controlling the 

effect of dose reduction and capping, the true relation between BMI and 

secondary neutropenias cannot be fully understood.  

In the study, the lack of affiliation between BMI and secondary neutropenic 

events suggest that BMI does not need to be considered in any future risk 

models. However, there may also be a possibility of a J-Curve phenomenon, a 

commonly documented concept in the management of hypertension, where the 

excessive diastolic reduction below 85mmHg resulted in an increased risk of 

cardiac events (Farnett et al. 1991). Extremes of BMI have been regarded as 

unhealthy and could also affect the risk of neutropenia. Low BMI was found to 

have a greater incidence of grade 3 neutropenia of 31% for BMI<20kg/m2, 29% 

for BMI 20-25kg/m2, 6% for 25-30 kg/m2 and 0% for BMI>30kg/m2 (Takase et al. 

2013). A high BMI determines whether capping is enforced onto the 

chemotherapy or not. Whilst the pharmacokinetics are not fully understood in 

obese patients, it is believed that high doses of chemotherapy could have an 

adverse toxicity effect on the patients (Lyman and Sparreboom 2013). 

Therefore, at low levels of BMI, patient could have a high risk of secondary 

neutropenia, which would decline with increasing BMI, until an arbitrary 

threshold is reached where the risk would increase again. The study did not 

categorise the BMI into risk groups and therefore is unable to establish the 

relative risk.  

BMI is a peculiar measurement as it is reflective of the nutritional status. 

However, it is also known that it may not be an accurate reflection of health, 

when considering two high BMI patients could have a contrasting presentation, 

with one having central obesity and the other a high muscular mass. The 
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numerical measurement of BMI, does not account for the lean body mass and 

presence of sarcopenia which is important for defining frailty and body 

composition of obese patients (Alkan et al. 2015).  

The research highlights that the relation between BMI and neutropenia is more 

complex and possibly have a J-curve relation or be influenced by other 

covariates. Further research needs to be undertaken to explore the type of this 

relationship and it needs to reflect frailty by either measuring a change in BMI or 

muscular mass measured as sarcopenia. 

 Thrombocytopenia and Anaemia 

It was hypothesised that the prevalence of thrombocytopenia or anaemia would 

correlate to the risk of secondary neutropenia. In the literature review, anaemia 

and thrombocytopenia were significant factors when determining whether to 

dose reduce chemotherapy (Vannice et al. 2007; Mądry et al. 2016). In this 

study, no association was found in the univariate analysis between 

thrombocytopenia or anaemia and a secondary neutropenic event. This was not 

surprising as the correlation between these variables is rather complex and 

dependent on other factors such as disease, chemotherapy and infections. 

The collective occurrence of anaemia, thrombocytopenia and neutropenia is 

known as pancytopenia (Gayathri and Rao 2011). Pancytopenia is rarely 

observed in solid tumours as the chemotherapy used is seldom strong enough 

to induce the appropriate level of myelosuppression. However, repeated 

suppression, bone marrow fatigue and external factors such as infection can 

lead to an accumulation effect and induce pancytopenia. The ability of 

chemotherapy to induce haematological toxicity has extensively been explored 

by Extermann et al. (2004), who devised a risk model for each given 

chemotherapy, MAX2, which could predict the highest grade 4 haematological 

and grade 3-4 non-haematological toxicity per average patient. Although the 

regimens in this study were founded on platinum agents, no differentiation was 

made on their average haematological toxicity between the different 

combinations. This varied ability of chemotherapy to cause toxicity could explain 

why no correlation was observed as the effect on neutrophil, platelets or red 

blood cells (anaemia) is not equal and subject to the chemotherapy 

combination. Hence, myelosuppression and recovery of the full blood count 
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could occur at different rates until an external factor depletes the progenitor 

cells and affects PHSC affecting all post-cursor cells equally. Other 

mechanisms, which may affect the incidence and rates of thrombocytopenia 

and anaemia are the formations of autoimmune bodies. Pancytopenia has also 

been observed as a result of immunotherapy related adverse effect (Tokumo et 

al. 2018) which could also distort any affiliation between the variables. However, 

the effect of antibody formation would not be reversible without other 

interventions. As the majority of the counts observed returned to normal status, 

the possibility of antibody formation is low but cannot be excluded without 

appropriate testing. 

The relation between anaemia and neutropenia may also be subject to 

additional factors. Balducci et al. (2000) recommended the use erythropoietin to 

maintain haemoglobin levels >12 g/dL as the decline is not only associated with 

a drop in quality of life and independence but also as anaemia is connected to 

cytotoxic toxicity due to many agents being bound to red blood cells. Thus, 

anaemia could also potentiate the cytotoxic effects increasing the likelihood of 

neutropenia.  

A gap in these results is the absence of any interventions which were carried 

out. Severe cases of both anaemia and thrombocytopenia are subject to 

transfusions, which were not captured in this study. Whilst the incidence rate 

may be appropriate at the first neutropenic event, the consequences leading to 

a further event may not be accurate under the influence of transfusion.  

 Liver and Renal dysfunction 

Liver and renal dysfunctions were not associated with the risk of developing a 

subsequent episode of neutropenia in the univariate analysis. The results 

suggest that despite acute toxicity for both renal and hepatic function, the 

organs have enough resilience not to impair chemotherapy metabolism or 

elimination to prolong the cytotoxic exposure and therefore increase the risk of 

neutropenia. 

It was hypothesised in the literature review that liver dysfunction and disease 

were associated with an increased risk of neutropenia (Chao et al. 2014; Gajra 

et al. 2015; Lalami and Klastersky 2017b; Munker et al. 2018). However, no 

distinction was made between disease and dysfunction in this study, which may 



 

196 | P a g e  
 

have affected the correlation to neutropenia. It can also be debated that the 

threshold for liver dysfunction was too sensitive and therefore could not 

discriminate sufficiently to detect an appropriate affiliation. However, liver 

dysfunction not affecting the risk of neutropenia was also not surprising. The 

liver organ is renowned to be resilient as demonstrated in a phase 1 trial 

involving oxaliplatin in patients with mild, moderate and severe liver dysfunction. 

The investigators found that the standard dose was well tolerated in all types of 

liver dysfunctions (Eklund and Mulcahy 2005). The literature review highlighted 

that the risk of neutropenia may be more specific to drugs with relevant 

properties e.g. affecting elimination rather than a general rule for all 

chemotherapy. In the example of Munker et al (2018), the association of liver 

dysfunction could be more due to the use of 5-fluorouracil in colon cancer which 

is mainly metabolised by the liver. Cisplatin and carboplatin, on the other hand, 

are primarily excreted by the kidneys and therefore are unlikely to require dose 

adjustments for liver dysfunctions (Eklund and Mulcahy 2005). However, the 

platinum accompanying drugs could be affected by the liver dysfunction, but the 

remedial actions recommended by the SmPC counteract the derangement and, 

if applied appropriately, would negate any additional neutropenic risk. This 

would support the findings of this study as the risk of cytotoxic exposure leading 

to neutropenia is reduced by preceding dose adjustments. The results of this 

study show that the liver may be resilient and does not increase the risk of 

secondary neutropenia.  

Renal disease and dysfunction were associated with the risk of neutropenia as 

found in several studies (Lyman 2009; Chao et al. 2014; Gajra et al. 2015; 

Prasanna et al. 2018). However, in this study, no association was found 

between the risk of secondary neutropenia and renal dysfunction. Similar to 

liver dysfunction, questions must be raised for adjusting the doses in response 

to any prior dysfunction as recommended by the SmPC and the lack of 

distinction between renal disease and dysfunction, which may also contribute to 

an altered risk function. The dose adjustments for renal dysfunction were not 

captured and therefore a precise correlation cannot be established. The 

sensitivity of the renal dysfunction can also be probed as some may argue that 

like liver dysfunction, the threshold may be set too low to allow for a specific 

correlation. Nevertheless, chemotherapy-induced nephrotoxicity is common and 
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can be a devastating consequence (Sahni et al. 2009). Nephrotoxicity has been 

observed in one-third of cisplatin agents due to repeated dosing (Sahni et al. 

2009). It was hypothesised, that post the myelotoxic phase, any residual 

dysfunction may alter the known kinetics of the cytotoxic agents and thus 

increase the possibility of a further event. This phenomenon was not observed.  

The results for renal and hepatic dysfunction are not specific with the 

appropriate sensitivity, nor do they factor the chemotherapy drug properties to 

establish a confirmed relationship. Further research needs to be undertaken to 

allow incorporation into everyday practice.   

 Myelosuppressive Drugs 

Myelosuppressive drugs are not a commonly investigated concept, but rather 

polypharmacy is. The difference is that, whilst the former is concerned about the 

properties of the drug to cause myelosuppression, the latter refers to the 

number of drugs a patient may be taking in tandem (Maggiore et al. 2010). This 

study evaluated the use of myelosuppressive medication amongst lung cancer 

patients and their contribution to a subsequent event of neutropenia. Whereas 

the use of myelosuppressive medication was relatively common (50.4%) among 

the population, no statistical correlation was found to the risk of secondary 

neutropenic events. No similar studies were found to evaluate the result in a 

wider context. However, a study into potential drug interactions (PDI) and 

chemotoxicity in older chemotherapy patients demonstrated that there was no 

association between PDI and haematological toxicities (Popa et al. 2014).  The 

results were somewhat astounding as the number of patients observed in 

clinical practice with repeated neutropoenias tended to be on other 

myelosuppressive medications. However, the correlation may possibly be more 

prominent if these myelosuppressive medications were evaluated in the context 

of comorbidities to the risk of secondary neutropenia. This is also supported by 

a study by Sokol et al. (2007) where patients ≥65 years had three comorbid 

conditions on average, receiving nine medications, at least three 

chemotherapeutic/ supportive medications with several potential chemotherapy-

drug interactions (Sokol et al. 2007b). Each potential drug interaction increases 

the severity and risk of chemotherapy-related toxicity (Popa et al. 2014).  One 

study reported that 63% of patients had a potential adverse drug interaction and 
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more than half of these interactions were classified as moderate to severe risk 

(Riechelmann et al. 2005). 

Over the years, there has been a shift in focus from the number of drugs to 

medication associated with a high risk of adverse effects (Maggiore et al. 2010). 

Myelosuppressive drugs can be argued to be an extension of polypharmacy 

with a focus on cumulative myelosuppression in chemotherapy patients, whilst 

others may contend that it is a potential drug-drug interaction which increases 

the risk. Regardless of the classification, there is no appropriate tool to evaluate 

the drug use among cancer patients. In polypharmacy, there are several criteria 

available to the prescriber to assess the appropriateness of the medication in 

relation of adverse effects, namely Beers, Zhan and HEDIS. However, none of 

these evaluate the myelosuppressive potential nor the appropriateness in 

cancer patient which may contribute to the risk of neutropenia (Zhan et al. 2001; 

Jano and Aparasu 2007; Gray and Gardner 2009; Maggiore et al. 2010).  

Drug-induced myelosuppression can have two distinct aetiologies. The first one 

is regarded as a dose-dependent myelosuppression, known as type A and the 

other as idiosyncratic myelosuppression, known as type B (Carey 2003). Whilst 

type A myelosuppression is gradual and can be predicted through 

measurement of peripheral blood counts, type B reactions are sudden and 

unpredictable. Type B reactions tend to be difficult to manage as treatment may 

have to be withdrawn due to a genetic involvement or an autoimmune 

response. However, Type A can be managed through adjustments of doses. In 

relation to chemotherapy and myelosuppression, the pharmacodynamic 

interaction leads to cumulative myelosuppressive toxicity which may contribute 

to further neutropenia (Carey 2003). Unfortunately, this study was unable to 

evidence this theory and further research needs to be undertaken to understand 

which drugs are correlated to the risk of neutropenia.  

The mechanism to increase the risk of secondary neutropenia may also be an 

indirect action rather than the presumed synergistic direct effects. The risk of 

non-haematological toxicity doubles with each level of PDI (OR: 1.94, 95% 

CI:1.22-3.09) and tripled for a PDI involving a chemotherapy agent (OR: 3.08, 

95% CI:1.33-7.12). Depending on the type of non-haematological toxicity, it can 

potentiate infections, which are correlated to the risk of neutropenia. Another 
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possibility for the lack of correlation is the use of a retrospective design. 

Retrospective research cannot evaluate the context of a study beyond the point 

of data capture. This research is unable to appraise if the myelosuppressive 

medications were stopped, changed or even escalated, which all could 

potentially impact the results. The accuracy of the drug history is also 

contentious as demonstrated in a study evaluating the accuracy of medication 

histories in the hospital medical records where 83% of all patients had at least 

one error and 46% three or more (Beers et al. 1990).  Another common factor 

often neglected or not recorded is the use of non-prescription medication. 

Approximately 48% to 63% of older adults take at least one vitamin/mineral; 

26% to 36% take a herbal, complementary, or alternative medication; and up to 

50% take two to four over-the-counter medications on a regular basis (Maggiore 

et al. 2010). The use of non-prescription medications increases not only the 

total number of medications taken but also the risk for drug interactions that 

were not captured in this study (Maggiore et al. 2010).   

In my opinion, palliative patients on chemotherapy with limited survival should 

have a reduction in polypharmacy burden by stopping all primary preventative 

medication and switching all known interacting drugs to suitable alternatives.  

This may reduce the risk of potential pharmacodynamic interactions. Yet, in 

observed practice, there is an inconsistency on the deprescribing of non-

essential medications. Drugs with appropriate clinical reasoning should be 

continued, e.g. for management of epilepsy, but a commonly agreed medication 

list is not agreed nor there is enough evidence to support such practice. 

 Performance Status 

Performance status is a measure of patient general fitness and was 

hypothesised to correlate to the risk of a secondary neutropenic event (Aapro et 

al. 2010; Lyman et al. 2014).  Although in the published literature the risk with 

PS was associated with febrile neutropenia rather than a biochemical 

neutropenia. The results of this study found no correlation between 

performance status, measured as ECOG PS 0-4 and the risk of a subsequent 

event of neutropenia. Similar results were found in a study validating 

chemotherapy toxicity in older adults with cancer, where no association was 

found between Karnofsky Performance Status (KPS) and chemotherapy toxicity 

(Hurria et al. 2016). This was anticipated regardless of what scale is used to 
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measure the patients general fitness as most of them are interchangeable 

(Buccheri et al. 1996).  Experience has shown that PS is rarely updated 

willingly, unless prompted by Chemocare. Therefore, questions can be raised 

regarding the accuracy and validity of this measure as it could reflect a previous 

status. Again, this is another limitation working with retrospective data as the 

circumstances pertaining to that situation are not recorded and may or may not 

be an accurate reflection of the patient. Apart from the recording of the result, 

the subjective variation of the performance status among prescribers is another 

curious issue. Perceptual variations are influenced by prior experience and the 

understanding of the impact of the treatment and chemotherapy on the quality 

of life. This is also reflected in the study by (Gajra et al. 2015), where 

surprisingly functional status measure in KPS was not associated with the 

decision to primary dose reduce chemotherapy. Additionally, it can be argued 

that there isn’t enough objective discrimination between the measures to allow 

for a consistent capture and analysis. The measure of PS may have a 

correlation to the risk of neutropenia, but the lack of accurate recording in this 

study may have distorted the relationship. It has been suggested that PS may 

be a better predictor of risk when compared to chronological age (Shayne et al. 

2009). Nevertheless, to ascertain this correlation, the performance status needs 

to be revised prior to become a more reliable statistical predictor.   

 Number and Type of Comorbidities 

The type and number of comorbidities were evaluated against the risk of 

secondary neutropenia. It was hypothesised that certain comorbidities, as well 

as the cumulative numbers, may be associated with the subsequent risk of 

neutropenia. This study failed to substantiate a correlation between neither the 

types or the number of comorbidities and the risk of secondary neutropenia. 

This is contrary to the literature review which found several articles proposing a 

relationship with both the number and type of comorbidities. (Vannice et al. 

2007; Lyman 2009; Schwenkglenks et al. 2011; Chao et al. 2014; Gajra et al. 

2015; Mądry et al. 2016; Lalami and Klastersky 2017a). Although it wasn’t 

entirely unexpected as the anticipated prevalence per comorbidity is relatively 

low apart from diabetes and respiratory conditions.  

Similar to the recorded history of medications, comorbidities are also subject to 

the capture by the clinicians who inadvertently may overlook them amid their 
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focus on a palliative cancer diagnosis and the past medical history being 

available on other systems e.g. Summary Care Records (SCR). Unfortunately, 

once a patient deceases the information ceases to be available on SCR. The 

screening process of the patients for the suitability of chemotherapy also limits 

the prevalence of certain comorbidities in the study. Comorbidities such as 

advanced heart failure, which push the patients’ performance status beyond a 

chemotherapy tolerance threshold, may exclude a large proportion from 

chemotherapy and therefore lead to an under-representation in the analysis. 

Interestingly, one could argue that only three of the comorbidities may have had 

sufficient numbers, but only diabetes came close to be significant (p=0.075). 

This suggests that there may be a correlation, and with greater numbers, a 

relationship may have been demonstrated. A possible reason may be due to the 

increased risk of infections associated with patients with uncontrolled diabetes. 

Patients with diabetes had a greater risk of lower respiratory tract infection, 

urinary tract infection, bacterial skin and mucous membrane infection and 

mycotic skin infection (Muller et al. 2005). Additionally, diabetic patients are also 

at risk of recurrence from common infections (Muller et al. 2005). There may be 

other comorbidities which may have a correlation to the risk of secondary 

neutropenia but were not investigated in this study or had insufficient numbers 

to establish a statistical correlation. 

Patients with multiple comorbidities are more likely to have had a profound 

effect on their health leading to the exclusion from systemic chemotherapy. 

However, this will always be a challenge for this cohort of patients as they are 

always at risk and therefore are excluded in trials and high-risk treatments. 

Unfortunately, due to the frequent exclusion, patients with multiple comorbidities 

are also rare as demonstrated with 89.2% of this study population having 0 or 1 

comorbidity. Possibly with a larger cohort, a true significance can be 

demonstrated.  

The other significant analysis is whether certain comorbidity combinations are 

more profound in neutropenic patients. If we consider, the prevalence of heart 

failure, it has been demonstrated that rheumatoid arthritis confers a significant 

excess risk of congestive heart failure (HR 1.87, 95% CI 1.47–2.39) after 

adjusting for demographics, ischemic heart disease, and other CV risk factors 

(Nicola et al. 2005). Therefore, it may be possible that certain combinations may 
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have a higher risk. There is debate whether the representation of comorbidity 

has adequate discrimination to measure the impact on the patient. Extermann 

et al. (2012) used the Cumulative Illness Rating Scale‐Geriatric (CIRS‐G) which 

combines age, comorbidity, activities of daily living, and the presence of 

geriatric syndromes. In the prediction model, CIRS-G was not associated as a 

significant predictive factor (Extermann et al. 2012), nor did it impact the quality 

of life, OS and toxicity (Gronberg et al. 2008). Charlson comorbidity index is 

another measure of comorbidity and impact on general health but again did not 

show to be a significant predictor of toxicity (Singh et al. 2016).  

Polypharmacy is another key occurrence with multiple and/or severe 

comorbidities. Whether polypharmacy and comorbidities are interchangeable or 

if they have a cumulative effect is currently not known. Nevertheless, we can 

envisage that a combination of these factors may influence the risk of 

secondary neutropenia. However, in the absence of concrete evidence, the 

premature exclusion during the screening process or due to the risk of toxicity 

comorbidities should not form an automated decision in clinical practice.   

 GCSF 

There is an abundance of evidence for the use of GCSF with myelotoxic 

chemotherapy for the prevention of neutropenia (Khan et al. 2008; Pettengell et 

al. 2008; Aapro et al. 2010; Crawford et al. 2017; Kawatkar et al. 2017; Lalami 

and Klastersky 2017a). In this study, there was no correlation between the 

prevention of a secondary neutropenic event and GCSF use. Additionally, there 

was no association between the actions of GCSF being added or continued 

from a previous cycle, post the first neutropenic event. This is very surprising 

especially considering the presented evidence, although an absolute reduction 

is not possible for any treatment intervention. Gascon et al. (2016) found that 

patients still experienced grade 4 neutropenia (13.2%) and febrile neutropenia 

(5.9%) despite the use of GCSF. The evidence for GCSF remains credible, 

especially in primary prophylaxis. A systematic review and meta-analysis on the 

impact of primary prophylaxis with granulocyte colony-stimulating factors on 

febrile neutropenia during chemotherapy evaluated 27 publications of 30 RCTs. 

The review found that primary prophylaxis with filgrastim, pegfilgrastim, 

lenograstim, and lipegfilgrastim versus no GCSF primary prophylaxis or placebo 

were associated with statistically significant reduction in FN risk (Wang et al. 
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2019). However, the link was only established for FN and not CIN. The author 

also acknowledged the importance of RDIs and recommended future studies to 

assess the influence of RDI on FN outcomes to eliminate any potential bias 

(Wang et al. 2019).  

The results of this study indicate that GCSF may not be as effective at 

preventing repeat neutropenic events. When considering the mechanism of 

action for GCSF, it acts on GCSF receptors that are expressed primarily on 

neutrophils and bone marrow precursor cells that lead to subsequent 

proliferation and eventual differentiation into mature granulocytes cells (Mehta 

et al. 2015). Prior to a neutropenic event, there may be adequate precursor 

cells (myeloblasts, common myeloid progenitors) for the GCSF to act upon 

(Mehta et al. 2015). However, following a neutropenic event, these cells are 

depleted through the actions of chemotherapy and therefore GCSF is unable to 

exert an effect. The replenishment of these precursor cells is dependent on 

other factors, outside of the influence of GCSF, such as GM-CSF and 

interleukin 1,3 and 6 (Mehta et al. 2015). This has also been proposed by 

Balducci et al. (2000), where the balance of PHSC, which is maintained by 

cytokines and haemopoietic microenvironment is disrupted by chemotherapy, 

leading to a reduction in haemopoesis and making external stimulants 

ineffective (Balducci et al. 2000).  

Neutropenia may also have another aetiology and be a result of germline 

mutations such as ELANE, HAX1, GFI1, G6PC3, WAS, and CSF3R (Mehta et 

al. 2015). In most cases this will be de novo mutations, resulting from early 

childhood, lifelong severe congenital neutropenias. However, considering the 

vast amount of genetic and epigenetic mutations found in cancer patients, there 

is the possibility of mutations causing less severe forms of neutropenia, in which 

GCSF may be less effective at preventing neutropenic events (Mehta et al. 

2015). Another reason for inefficacy may relate to the use of GCSF. Even 

though in standard regimens, GCSF use is defaulted to start 5 days post 

chemotherapy for 5 days, variations have been observed in clinical practice 

following an episode of neutropenia. These range from a continuous thrice a 

week protocol (Monday, Wednesday and Friday) to starting 24 hours post 

chemotherapy for up to 10 days. The practice of these variations was not 

evaluated in this study and therefore could influence the relationship to 
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secondary neutropenic events. In a study evaluating the course length of 

filgrastim prophylaxis, the multivariate analysis showed that the risk of 

hospitalisation for neutropenia or infection was found to decline for each 

additional day of filgrastim prophylaxis with NHL (OR 0.81; p = 0.003), breast 

cancer (OR 0.77; p = 0.001), and lung cancer (OR 0.91; p = 0.084) (Weycker et 

al. 2006). Risk reductions with each additional day of prophylaxis ranged from 

15% to 19% for patients with NHL, 17% to 23% for those with breast cancer and 

8% to 9% for those with lung cancer (Weycker et al. 2006). A similar argument 

can be made for long-acting and short-acting GCSF. In a systematic review, 

whilst no statistical difference was found for RCTs, non-RCTs found a lower risk 

of FN, hospitalisation and chemotherapy delays for long-acting GCSF when 

compared to short acting GCSF (Cornes et al. 2018). Another limitation to this 

study is the evaluation of antibiotic use in addition to other preventative 

measures. Antibiotic prophylaxis has shown favourable outcomes in the 

prevention of chemotherapy-induced neutropenia in lung cancer patients 

(Kouranos et al. 2011). The addition of antibiotics to GCSF has shown reduced 

hospital stay and improve neutrophil recovery, but it has no effect on overall 

mortality, questioning the validity of such practice (Mhaskar et al. 2014). 

Antibiotics are routinely given as part of the first cycle for SCLC. However, the 

prescriber may opt to change, extend durations, prescribe in a subsequent 

cycle or give it in addition to the GCSF prophylaxis. The use of antibiotics in this 

study was not feasible to capture as they are prescribed on multiple platforms.  

The results show that the GCSF may not have a defined role in all clinical 

settings, especially secondary preventions. Its application in secondary 

prevention needs to be further evaluated to understand other influential factors 

such as the pattern of prescribing, RDIs and the addition of antibiotics. The 

presumption of its preventative nature in all clinical settings, may hinder dose 

reductions and predispose patients to further neutropenic risk. Whilst the 

evidence in this study is not robust enough to be incorporated in everyday 

practice, it may serve as an aide-mémoire for prescribers when they feel that 

the addition of GCSF may not be enough at preventing further neutropenic 

events.  
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 Significant Independent Predictors to risk of Secondary 

Neutropenia 

The univariate analysis showed 4 key independent variables that were 

associated with the risk of secondary neutropenia. The independent variables 

which were statistically significant are type of neutropenia, dose reduction for 

drug 1, average dose reduction and the cumulative dose reduction. 

Interestingly, the dose reduction for drug 2 was not seen to be significant.  

 Type of Neutropenia 

The depth and length of neutrophil depression measured by the type of 

neutropenia, ranging from type 1 to 3, correlates to the subsequent risk of 

secondary neutropenia. The significance of this relation indicates that the type 

of neutropenia needs to be considered when deciding to dose reduce as well as 

the magnitude of the reduction. This is expected as myelosuppression 

measured by the depth and length of neutrophil depression indicates the state 

of the bone marrow and its ability to produce PHSC, which matures to become 

functional neutrophils (Mehta et al. 2015). Type 1 is regarded as simple 

neutropenia with levels between 0.5-1.0 x 109/L lasting for less than 24 hours. 

Type 2 neutropenia can be described as moderate depression, with neutrophil 

levels >0.5 x 109/L for less than 24 hours. Type 3, on the other hand, can be 

considered as severe neutrophil depression (>0.5 x 109/L for 24 hours+) and 

therefore as anticipated would require more provisions for recovery, by either 

dose delays or dose reduction in order to prevent further neutropenic events. 

This is something not previously considered as neutropenia was simply 

measured as an outcome and not a function of the bone marrow in relation to 

chemotherapy. The author proposes that the recovery cycle of the neutrophils is 

an inverse function of X2, where the downward trajectory of the neutrophils is 

perpetuated by the type and strength of chemotherapy (dose-dependent) and 

the recovery is the ability of the bone marrow to produce PHSC and mature into 

functioning neutrophils (Balducci et al. 2000). This function can be 

demonstrated in Figure 32. 
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(X-axis = No of days, Y-axis = Percentage of neutrophils, 100% = full baseline 

recovery) 

Figure 32. Example of Neutrophil recovery between types of neutropenia 

The example in Figure 35 illustrates the different range of natural neutrophil 

recovery between the three types of neutropenia. Presuming that point A, is a 

function of the chemotherapy, pharmacogenomics and the baseline neutrophil 

count, the destruction of all 3 types of neutropenia in this example would occur 

at the same rate. Arguably, the recovery will be different, point B, depending on 

the state of the bone marrow, resulting in different types of neutropenia. The 

rate of recovery is also influenced by the chemotherapy, reducing it by a certain 

index with each chemotherapy administration. Therefore, the function of 

neutrophil recovery can be summarised as follows, 

Neutrophil recovery =  Function of decline + Function of recovery 

Baseline neutrophil  State of bone marrow   

Chemotherapy cytotoxic  Decline of rate of 

recovery   

Pharmacogenomics  Genetics 

The rate of neutrophil recovery is beyond this study to investigate, although it 

may be an area of interest for future research. Additionally, there may be 

external factors which may influence both the decline and recovery, denoted as 
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point C in Figure 32. External factors may have a varied response to the 

neutrophil recovery. For example, the use of GCSF may stimulate the 

maturation process of neutrophil and thus recover the counts more swiftly, 

whilst under the sway of an infection, the neutrophil levels may decline more 

quickly, recovery may be prolonged, and the patient would be at risk of a 

greater period of neutrophil nadir. The process of neutrophil recovery is more 

complex than the illustrated model due to a multiway interaction of variables. 

Depending on the point of recovery, the subsequent cycle of chemotherapy can 

induce a neutropenic event. Hence, if doses are not adjusted in relation to the 

function of recovery, measured by the neutrophil count, subsequent neutropenic 

events will occur. This has also been confirmed in a study, where pre-treatment 

absolute neutrophil count and absolute lymphocyte count were strongly 

associated with the risk of neutropenic events (Jenkins and Freeman 2009).   

External factors such as infections are also influenced by the physiological state 

and exposure of the patient. Patients are at a greater risk of infections if the 

patient is not only myelosuppressed but also immunosuppressed. Clinical 

practice has shown that patients with moderately good haematological counts 

are sometimes prone to infections, but on the other hand, some neutropenic 

patients have a low risk of infections. This phenomenon is due to the 

immunological response a patient can mount despite being myelosuppressed. 

Tisman et al. (1973), investigated the effects of Bleomycin on 

immunosuppression as it showed minimal or no in vitro myelosuppression. The 

study found Bleomycin to be a potent inhibitor in vitro of both human 

phytohemagglutinin (PHA) stimulated and pokeweed mitogen (PMW) stimulated 

lymphocyte transformation, which are essential for the formation of lymphocytes 

(Tisman et al. 1973). Lymphocytes play an integral part in determining the state 

of B or T-cell responsiveness to specific and non-specific antigens to produce 

antibodies or cytokine response (Actor 2011). Whilst myelosuppression is 

routinely monitored with chemotherapy, measuring myelosuppression and 

assuming that this reflects immunosupression can be misleading. Drug-induced 

immunosuppression acts at various phases of the immune response, which 

may be divided into inductive and productive phase (Rasmussen and Arvin 

1982). The inductive phase involves the interaction of antigen with small 

lymphocytes (detection), whilst the productive phase (response) involves the 
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proliferation of the stimulated cells of either antibody for humoral immunity or 

sensitised T-lymphocytes/ lymphokines for cell-mediated immunity (Rasmussen 

and Arvin 1982). Even though some chemotherapy can impair the detection 

phase, others may influence the response phase to increase the risk of 

infections. This concept is also acknowledged and plays an important role in the 

prevention of organ transplant rejection. Immunosuppressive therapy is used to 

reduce post-transplant lymphoproliferative disorders (Taylor et al. 2015). The 

ability of chemotherapy to immunosuppress was demonstrated in a study 

looking at the cessation of immunosuppression therapy for renal transplant 

patients undergoing chemotherapy. The study found that immunosuppression 

can be safely ceased during chemotherapy, with no greater deterioration 

(<25%) in renal function (Taylor et al. 2015). 

The quality of neutrophils is another interesting concept (Nesher and Rolston 

2014). A reasonable neutrophil count does not necessarily equate to an 

adequate defence from infections. A high neutrophil count could be induced by 

other factors such as the use of steroids. Steroids have the ability to reduce cell 

wall adhesion and therefore present in a high biochemical result but conversely, 

this reduces transmigration from cell wall to the active sites of infection 

impairing immune response (Hassan et al. 2015). Additionally, the high 

circulating counts could be due to the circulation of premature blasts released 

using GCSF or due to damage done by chemotherapy on the bone marrow 

(Nesher and Rolston 2014).   

The type of neutropenia is not something novel and has been considered in 

previous research, measured in the format of absolute neutrophil nadir. The 

literature review highlighted two instances where ANC nadirs were used to 

predict the risk of neutropenia. The first instance was during the use of first 

cycle nadir count (Lyman 2000b; Dang et al. 2003; Lalami and Klastersky 

2017b) and the other is a mid-cycle nadir beyond cycle 1 (Lyman 2000a; 

Culakova et al. 2014). The only difference between the cited blood reviews and 

the one in this research is the displacement of the blood nadir timing, which is 

presented at the point of clinical presentation. The inconsistency with this 

untimed assessment is that presenting counts could be either increasing or in 

decline. Furthermore, the ANC is not correlated with the clinical symptoms that 

a patient may have presented with. These pertinent symptoms are important at 
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interpreting the trajectory of the neutrophil count and deciding on the 

appropriate clinic intervention, e.g. febrile neutropenia requiring intravenous 

antibiotics. As alluded to previously, the impact of febrile neutropenia was not 

evaluated in this study due to the retrospective design. However, it may be a 

significant predictor for future prospective studies, where the type of 

neutropenia combined with a febrile presentation may refine the existing 

knowledge of this study. The clinical presentation combined with the type of 

neutropenia needs to be evaluated before the results of this study are 

considered for everyday practice. Nevertheless, the biochemical counts, 

presented as the type of neutropenia, provide an incitement for the prescriber to 

apply different levels of dose reductions.      

 Dose Reduction of Individual drugs 

The results of the study indicate that the dose reduction applied to drug 1 was 

critical (p=0.042) at determining the risk of a subsequent neutropenic event. 

This refutes the null hypothesis which states that the secondary neutropenic risk 

is independent of the dose reduction applied to drug 1. This is also what was 

anticipated as clinical practice demonstrated that patients with appropriate dose 

reduction of drug 1 had less observed secondary neutropenias. Although, this is 

not unexpected if we consider the clinical properties of the drug 1. In this study, 

drug 1 was scientifically arranged to reflect the platinum agent. This allowed 

systematic scrutiny in analysing the importance and clinical actions on drug 1. 

The introduction highlighted the clinical importance of platinum agents in 

managing lung cancer patients. Thus, it can be debated that it is in the best 

interest of the patient to maintain the platinum agent’s dose intensity, which is 

why some clinicians chose to manipulate the dose intensity of drug 2 only. The 

results of this study highlights that such practice is flawed and exposes the 

patient to unnecessary risk. Whilst it is imperative to maintain the RDI, an 

appropriate magnitude of dose reduction can equally bring a similar clinical 

benefit to the patient. A study by Maio et al. (2005) acknowledged that in 

NSCLC, patients were elderly and frail with a number of comorbidities, who 

were prone to chemotherapy complications. It was unclear from the results 

whether modest dose reductions or dose delays were associated with an 

inferior outcome. Unfortunately, the study does not elaborate on the dose 

reduction to allow further scrutiny of data. The scatter plots in Figure 27 for this 
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study, indicate that a 10% reduction of drug 1 is inadequate in reducing the 

secondary neutropenic risk. A minimum of 20% dose reduction was deemed as 

appropriate to reduce the proportional risk of secondary neutropenia. However, 

this may vary depending on the individual clinical circumstances.  

The correlation between dose reduction and the risk of secondary neutropenia 

is due to a dose-dependent relationship. Platinum agents are rapidly distributed 

throughout the whole body and can induce apoptosis in cells through covalently 

binding with DNA (Zutphen and Reedijk 2005). This not only makes them 

effective agents but also prone to cause dose-limiting toxicities. A relative dose 

reduction reduces patient exposure and the associated myelosuppression, 

allowing appropriate time for the bone marrow to recover. However, this is with 

the presumption that both the platinum agents investigated in this study are 

interchangeable and have a similar toxicity profile at the equivalent relative dose 

intensities. Evidently, this is not the case as shown by the BTOG trial evaluating 

the use of cisplatin and carboplatin, where cisplatin was found to be more 

nephrotoxic and carboplatin more myelotoxic (Ferry et al. 2017). Another 

possible variable to consider is the influence of germline changes which was not 

investigated in this study, although there is growing evidence to test in severe 

cases of adverse events. A prospective cohort study evaluated the 

pharmacogenetic predictors (ERCC1, ERCC2, ERCC5, XRCC1, MDM2, 

ABCB1, MTHFR, MTR, SLC19A1, IL6, and IL16 gene polymorphisms) of 

toxicity to platinum-based chemotherapy in 141 NSCLC patients (Perez-

Ramirez et al. 2016). The study found that certain polymorphism substantially 

acts as prognostic predictors for chemotherapy toxicity, especially ERCC2 

rs50872-CC genotype (p = 0.01562; OR = 3.23; CI: 95% = 1.29 - 8.82) and IL16 

rs7170924-T allele (p = 0.01007; OR = 3.19; CI: 95% = 1.35 - 7.97), which were 

associated with greater grade 3 - 4 haematological toxicity (Perez-Ramirez et 

al. 2016).    

The literature review highlighted several variables that influence the risk of 

neutropenia, but as the chemotherapy is regarded as the primary cause of such 

toxicity, no studies were found evaluating the risk per chemotherapy dosing. 

Extermann et al. (2012) created the MAX2 index, which summarized the overall 

risk of severe toxicity of a regimen for an average study patient using data from 

published clinical trials. The MAX2 index is the average of the highest frequency 
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of both grade 4 haematological toxicity and grade 3/4 non-haematological 

toxicity (the “maximum 2” toxicities) (Extermann et al. 2012). If the MAX2 index 

is compared objectively for the applicable lung regimens in this study, a range 

of indexes is found for both cisplatin and carboplatin-based doublets (MOFFITT 

2020). This indicates the importance of the additional chemotherapy agent in 

the regimen in determining the risk for toxicity, although it is a combined risk 

and not a specific haematological risk. 

Despite the prediction of MAX 2, it was unsurprising to see that the dose 

reduction of drug 2, the non-platinum agent, was not considered to be a 

significant factor in predicting the risk of secondary neutropenia. This also 

supports the null hypothesis that the risk of secondary neutropenia is unaffected 

by the dose reduction of drug 2. The heterogenicity of the non-platinum agent 

may be a reason for the lack of correlation. The non-platinum agent was 

compiled from all of the supporting chemotherapies, ranging from etoposide, 

pemetrexed to gemcitabine. As the clinical toxicities are dose dependent and 

vary with each class of drug, a range of toxicity profiles would have been 

observed. This would also explain a lack of correlation against the risk of 

secondary neutropenia and a dose reduction of the non-platinum agent drug 2. 

However, the lack of association may also be secondary to germline mutations, 

which depending on the drug and subtype may influence the causal 

relationship.     

In clinical practice, the result implies, when dose reductions are considered, it 

may be irrelevant to adjust the dose of a non-platinum agent for the risk of 

secondary neutropenia. If this practice is employed across the general 

population, it would improve the average RDI per cycle and promote any clinical 

benefit. Reasons for adjustment of drug 2 dose may implicitly be confined to 

non-haematological toxicities. However, as the literature review has shown, the 

clinical propitious drug in the treatment of lung cancer is the platinum agent and 

therefore to what context the clinical benefit is derived from each drug is 

unknown. Subsequently, despite improved RDI, it may not translate into 

superior DFS or OS. Prospective trials may have to evaluate different dose 

combinations to understand if the synergistic effect is superior or the clinical 

benefit is confined with individual chemotherapy doses.   
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The results of this study show that dose reduction of drug 1 is essential at 

reducing the risk of subsequent neutropenia. Drug 2 may be less important in 

reducing the risk of neutropenia, but whether an improved RDI largely 

contributed by a higher drug 2, contributes to an improved DFS or OS is still to 

be determined. The results in this study are also not sensitive enough to control 

the magnitude of the dose reduction and thus are ready to be applied in 

widescale general practice.   

 Average and Cumulative Dose Reductions  

The results of this study indicate that the average dose reduction and the 

cumulative dose reduction were both significant at reducing the risk of 

secondary neutropenias. Therefore, despite the earlier conclusion for drug 2, 

the amalgamation of dose reduction for drug 1 and 2, measured as average or 

as cumulative dose reductions were significant. No studies were found 

evaluating the dose reductions affecting the risk of secondary neutropenia. The 

relationship is anticipated and may be due to a synergistic toxicity effect 

between the drugs. Chemotherapy agents are combined with different 

mechanisms of actions, to be as effective as possible against the type of cancer 

with minimal overlap of toxicity profile. However, it is inevitable that there would 

be some synergy in the toxicity profile either by causing the same toxicity of 

neutropenia or by promoting the relevant circumstances to cultivate the 

development of neutropenia. A commonly observed scenario of the latter would 

be the use of an anti-metabolite agent causing oral mucositis which may 

increase the prevalence of invasive fungal infections and thus neutropenia. The 

MAX2 highlights the synergy of drugs in causing these toxicities which may 

explain why a correlation was found in this study (Extermann et al. 2012). The 

significance of these findings, suggests that dose reductions should also be 

considered in entirety to reduce the risk of neutropenia.  

Cumulative and average dose reductions can be regarded as the same type of 

action but measured on a different scale. The reason for comparison is that in 

observed practice, both forms of dose reduction were applied. Some clinicians 

decided to apply an average dose reduction, whilst others considered an overall 

reduction. The type of dose reduction raises questions on the decision-making 

process and if any emphasis is shed on the toxicity profile of the drugs. The 

dose reduction plays a vital part in determining the clinical efficacy of the 
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treatment and the ability of the patient to tolerate a sustained burden of 

chemotherapy. It is not known whether dose reductions are applied based on 

efficacy, or with the knowledge at what point the risk outweighs the benefit of 

treatment. A review of relative dose intensity and survival in patients with 

metastatic solid tumours re-affirmed the observations by Bonadonna et al. that 

maintaining an RDI ≥ 85% has a favourable impact on survival (Havrilesky et al. 

2015), although the review was limited to retrospective studies only. Whilst this 

can be presumed as the ideal efficacy threshold, the point at which the RDI is 

no better than natural survival is still to be agreed upon. Lyman 2009 proposes 

this RDI threshold to be 65% or less as it had the same survival benefit as 

untreated controls (Lyman 2009). For illustrative purposes only, the survival 

results from a NSCLC study evaluating the dose intensity in elderly patients will 

be analysed (Luciani et al. 2009). The study found patients with an RDI of >80% 

had a median overall survival of 10 months but only 7 months if the RDI was 

<80% (Luciani et al. 2009). The study also reported the average RDIs in each 

group, for <80% it was 51.2% and for >80% it was reported as 98%. If the 

relationship is presumed to be linear, the correlation of the results can be 

illustrated in Figure 33. 

 

(Y-axis = Relative Dose Intensity (RDI), X-axis = Median overall survival in 
months) 

Figure 33. Demonstrating the correlation of RDI and Survival (Luciani et al. 
2009) 
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To crudely understand at what point the benefit of chemotherapy becomes 

futile, an understanding needs to be formed of the natural survival without 

intervention from advanced NSCLC. A systematic review and meta-analysis into 

the survival of patients with NSCLC without treatment was conducted (Wao et 

al. 2013). The study found an overall mean survival of 7.15 months, which 

included cohort studies with a mean survival of 11.94 months and RCT studies 

with a mean survival of 5.03 months (Wao et al. 2013). If the average survival is 

used and the linear correlation in Figure 33 is protracted, an estimate for nil 

RDI benefit is obtained at 53.34%11. Hence, it can be argued that any 

chemotherapy below this RDI threshold is fruitless and no chemotherapy should 

be offered. However, in this example, there are many presumptions and 

prospective studies need to be conducted to support human-decision making. It 

is not within the means of this study to evaluate these thresholds or the human 

decision-making processes.  

The form of measurement for the RDI, measured as average or cumulative, is 

also the fundamental flaw in these methods. The dose reductions do not reflect 

on individual drugs and their toxicity profiles. An average dose reduction of 20% 

or a cumulative of 40%, could be the result of both drugs being reduced by 20% 

or one by 40% and the other 0%. Therefore, depending on the toxicity profiles 

of the drugs, the same average or cumulative RDI could have two distinct 

outcomes. There is also the distinct possibility of the relationship being purely 

attributed to the strength of correlation of drug 1 with secondary neutropenia. 

Since the type of interaction and the relative contribution of each drug to the risk 

of secondary neutropenia is unknown, it may be a reasonable presumption.                

Retrospective studies have several limitations and presumptions, which is also 

the reason why the results of this study need further exploration to ensure they 

are robust and replicable to be applied in general practice.  

 

11 Calculated by 15.6 x 7.15 – 58 = 53.34% 
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 Sub-group analysis 

 Association between Dose Reduction of Drug 1 and Drug 2 

The study found that there was a correlation between the percentage of dose 

reduction of drugs 1 and 2. This implies that possibly the dose reductions are 

not applied based on individual drug characteristics but as an entirety of 

chemotherapy. No studies were found, evaluating the dose reduction process or 

methods. The correlation between the drugs suggests that the decision may be 

more automated than initially presumed. In the literature review, the human 

decision-making process highlights two processes, systems 1 and 2, which can 

be employed (Croskerry 2009).The results support the hypothesis that more 

system 1 decisions are made when considering the dose reduction. This was 

expected as decisions are made under difficult circumstances which do not 

allow the clinician to reflect on the decision-making process. The factors that 

impact decision making are not well established. It is perceived that presenting 

physiological signs are sometimes given more emphasis and importance than 

the factors in the past or invisible to the human eye. Patients in fear of having 

their treatment withdrawn often withhold critical information or downplay the 

significance of neutropenic events. Thus, apart from a neutropenic sepsis event, 

which in most cases results in a hospital admission, all the other neutropenic 

events are difficult to evaluate. The lack of impetus to trigger system 2, results 

in a lack of scrutiny between the drugs and in most cases a similar dose 

reduction between the drugs is applied, regardless of circumstances. However, 

the correlation could also be coincidental if the risk of chemotherapy is 

assessed as whole, holistic decisions would naturally be prompted.    

The results are significant as the earlier discussion highlighted as drug 1 is 

more potent at reducing the risk of secondary neutropenia than drug 2 and thus 

in theory, more dose reduction should be applied to the platinum agent when 

compared to the non-platinum agent. Unfortunately, the scale of dose 

reductions between the two drugs is not known, nor the outcome of such 

practice. Further studies need to be conducted to evaluate the significance or 

relative weight on decision making factors and their contribution to the 

neutropenic event (Gajra et al. 2015). Enriching the understanding of these 

factors will lead to better decision making and thus improve patient outcomes. 
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 Association between Age and Dosing of Chemotherapy 

The risk of neutropenia is dose-dependent and subsequently, patients with pre-

applied dose reductions are less likely to experience neutropenia. One of the 

foremost reasons as demonstrated in the literature review is advanced age. The 

study found that with advancing age, there is an increased probability for 

primary dose reduction, as age showed a weak relationship to the dose of pre-

drug 1 and pre-drug 2. This is what was anticipated as elderly patients tend to 

have multiple factors that affect their tolerance to chemotherapy. However, the 

study is unable to ascertain if the dose reductions were clinically appropriate. 

Age should not be the only decisive factor when evaluating the decision to PDR 

as it can deprive a healthy patient of the chemotherapy derived survival benefit. 

The relationship may be incidental as there is considerable interaction between 

the independent variables. With advancing age, patients are more likely to have 

comorbidities, kidney and liver dysfunction and be on polypharmacy. The PDR’s 

could have been applied for any of these factors or for a holistic assessment. 

The reason for PDR cannot be evaluated in a retrospective design and 

therefore the presumed causal relationship cannot be confirmed. Dose 

reductions in this cohort are relatively common as found by a study by Gajra et 

al. (2015), which focused on Primary Dose Reduction (PDR) in an elderly 

population and what factors were associated with the decision. The study, 

which included 500 patients, of whom 179 had curative intent and 321 with 

palliative intent, found that PDR was more frequently used in the latter group. 

Whilst age was an independent factor in both groups, pre-existing liver or 

kidney disease, was only a decisive factor in the palliative group (Gajra et al. 

2015). The study also found no significant difference in the rates of grade 3-5 

toxicities in the cohort of patients, indicating that PDR was appropriately applied 

and the clinician’s judgement was appropriate at identifying the relevant 

patients. 

The association of this relationship has little impact on clinical practice until it 

can be confirmed if these PDR were clinically appropriate. However, it is 

beyond the scope of this study to evaluate this relationship.           
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 Association between Average and Cumulative Dose Reduction 

    The average dose reduction was associated with the cumulative dose 

reduction, which indicates that regardless of the type used, they both will have a 

similar outcome. The only variation will be the scale between these two types of 

measurement, depending on the number of drugs. There were only a few 

regimens with single-agents or with more than two drugs. The vast majority 

were indeed doublet regimens. Cumulative dose reduction begins to be more 

decisive when the number of drugs increases and the reduction must be shared 

among all of the drugs which can be applied to a different magnitude with each 

drug. As alluded to earlier, the dose reduction does not reflect on the individual 

drug, which depending on the pharmacological properties can have different 

outcomes. Considering that dose reductions are applied in different formats, 

e.g. change of AUC, modifying dose per m2 or average/ cumulative percentage 

reduction, this study is unable to validate any type of dose reduction. As 

previously, the limitation with this type of study is the intent or format of dose 

reductions, which cannot be assessed and requires future prospective analysis.  

 Association between Type of Neutropenia and Dose Reduction 

The type of neutropenia was associated with average and cumulative dose 

reduction of the chemotherapy. This was not anticipated as it was presumed 

that practitioners do not reflect on the depth and length of neutropenia before 

applying the dose reduction. However, these actions make clinical sense as 

simple neutropenia (type 1) would require less of a dose reduction, when 

compared to a protracted neutropenia (type 3). Nevertheless, the circumstances 

pertaining to the incidents are not analysed. There is a distinct possibility that 

the relationship may be due to other factors such as hospitalisation or the need 

for intervention for febrile neutropenia. These scenarios can act as cues for the 

practitioner to apply additional measures in the form of dose reduction to the 

patient’s chemotherapy. Patients with type 3 neutropenia are more commonly in 

need of hospitalisation for interventions and therefore will have a greater 

magnitude of dose reduction. Again, this causal relationship cannot be 

assessed in a retrospective design. The literature search was unable to find any 

studies that correlated the dose reduction or RDI to the type of neutropenia, FN 

or CTC neutropenia grading. The results of this study confirm a presumed 

correlation and bring a new understanding to the management of neutropenia. 
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Considering the earlier affiliation of the risk of secondary neutropenia to type of 

neutropenia, a greater dose reduction would be clinically justified. However, the 

study is unable to validate the scale of dose reduction which is influenced by 

other factors in reducing the risk of secondary neutropenia. Whilst a correlation 

is confirmed, the lack of dosing recommendation means that further research 

needs to be conducted to embed this into everyday practice. 

 Association between Age and Performance Status 

The study found a correlation between age and the presenting performance 

status at the neutropenic event. The significance of this relationship is that 

elderly patients are more likely to have a poor performance status. This was 

anticipated as increasing age also increases lifetime exposure to general 

conditions that impact the general performance status. Patients are more likely 

to have other comorbidities with advancing age (Extermann et al. 1998). 

However, Extermann et al. (1998) found the presence of comorbidities did not 

impact the PS of the patients, although the study was for a mixture of cancers 

and tumour stages, thus the early stage cancers would have had little impact on 

PS. The significance of this finding may impact on patient choice of treatment 

as patients with poor PS and advancing age have been associated with 

increased risk of toxicity (Sargent et al. 2009; Hurria et al. 2011). This study 

does correlate age to performance status but it should not automatically form 

the basis for chemotherapy exclusion due to increased risk of toxicity. A study 

evaluating the impact of age, PS, and comorbidities in determining the 

treatment option in the elderly with NSCLC found that patients were excluded 

from active treatment for poor PS and/or comorbidities rather than age alone 

(Suthermaraj and Greystoke 2015). However, de Rijke et al. (2004) found that 

PS and comorbidity are seldom a reason for exclusion in NSCLC, but rather 

calendar age. Yet, calendar age can sometimes mislead as patients may have 

a younger biological age (de Rijke et al. 2004). Similarly, tolerance to 

chemotherapy and the risk of neutropenia should be measured with biological 

age.       
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 Association between Age with BMI 

Age had a weak negative correlation to the patients’ BMI. This means that 

elderly patients are more likely to present with lower BMIs. This is contrary to 

the literature, which found that BMI progressively increased with age in women, 

but plateaued for men between the ages of 40 to 70 years, although this was a 

non-cancer study. The presence of cancer subdues this BMI effect as it induces 

loss of appetite and a cachexic state through multifactorial systematic 

inflammation (Fearon et al. 2006; Childs and Jatoi 2019); possibly explaining 

this relationship in this study. Elderly patients are more likely to present with 

advanced disease and consequently have lower BMIs. This relationship is also 

intriguing as a high BMI and advanced age have both been associated with the 

development of cancer and then the development of cancer leads to the loss of 

weight (Bhaskaran et al. 2014). There are also other factors that influence the 

link between age and BMI, such as the socio-economic status and the relative 

diet.  

The low patient BMIs are reflected in the chemotherapy dosing through 

adjustment of BSA, although it may still expose them to a greater number of 

toxicities (Ganti et al. 2014; Yucel et al. 2016). Therefore, it may be possible 

that the low BMI in elderly patients may be a surrogate marker for age which is 

also associated with increased toxicity. There is an abundance of evidence 

suggesting that high BMI is correlated to a lower incidence of haematological 

toxicities (Schwenkglenks et al. 2006; Lyman 2009; Chao et al. 2014; Lalami 

and Klastersky 2017a). It is beyond the scope of this study to establish the 

precise relationship. 

 Association between Thrombocytopenia and Anaemia 

In the study, thrombocytopenia and anaemia had a moderate positive 

correlation with the type of neutropenia. This confirms the hypothesis that the 

type of neutropenia increases the prevalence of either thrombocytopenia or 

anaemia. Although, this relationship is not a causal relationship, as it cannot be 

affirmed whether neutropenia drives thrombocytopenia and anaemia or vice 

versa or if there is a mediator affecting them all. Many literature studies explore 

the individual occurrences but do not attempt to correlate a relationship 

between these events. However, a study by Blay et al. (1998) confirmed a 

similar theory of the risk of thrombocytopenia after chemotherapy. The risk 
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model found that the risk of platelet transfusion increased if day 1 platelet count 

was <150,000/microL (OR 4.3), day 1 lymphocyte counts < 700/μL (OR 3.4), on 

high-risk chemotherapy (OR 3.4), and PS >1 (OR 2.2) (Blay et al. 1998). The 

significance of these results confirms a common clinical scenario of patients 

with grade 4 neutropenia presenting with thrombocytopenia and anaemia, 

collectively known as pancytopenia. Pancytopenia would represent a higher 

state of myelosuppression when compared to neutropenia alone, although the 

additional presence of thrombocytopenia or anaemia in this study did not 

influence the risk of secondary neutropenic events. The correlation between 

these variables is due to stemming from the same pre-cursor of PHSC, which 

mature and differentiate into the relevant cells (Balducci et al. 2000). 

Chemotherapy affects all core haemopoietic cells and therefore with sustained 

chemotherapy dosing and the influence of external factors, the equilibrium 

between cell destruction and production is disturbed. Although, it can be argued 

that there is no correlation as chemotherapy does destroy red blood cells and 

platelets. If we consider the half-life of the cells, it is unsurprising that 

neutrophils have the shortest half-life (6-8 hours) (Summers et al. 2010), 

followed by platelets (107 hours) (Fritz et al. 1986) and finally red blood cells 

(58 days) (Shrestha et al. 2016). Consequently, any factor impairing the 

production of cells, e.g. chemotherapy or infection, will have the greatest effect 

on the shortest surviving cells. This is also why neutropenias are more common 

than other cellular dysfunctions. Unless it is an idiopathic reaction or loss, 

anaemia or thrombocytopenia will usually occur upon sustained impairment of 

production. The correlation between these factors may need to be further 

explored with relevant timelines of exposure.          

The results of this study confirm the relationship between the discussed 

variables. However, the rates of anaemia, thrombocytopenia, and neutropenia 

differ for each chemotherapy regimen, schedule, intensity, and duration, as well 

as, patient characteristics (Daniel and Crawford 2006). All these variables need 

to be explored collectively in future studies to understand the impact on clinical 

practice. 
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 Prediction Risk Model 

Predictive models can be developed using the same traditional regression 

analyses methods used for causal modelling, such as linear, log binomial, 

logistic, Poisson or Cox regression (Ranapurwala et al. 2019). In this study a 

logistic regression model was used to analyse the predictive ability of the 

variables on the secondary neutropenic event. Since there was a considerable 

interplay between the variables a parsimonious model was not attempted. 

Three models were evaluated, Model A basic model with all covariates, Model B 

with the addition of nonlinear terms and Model C with the addition of two-way 

interaction. Model C was found to be the most accurate at predicting the 

secondary neutropenic event with the same ROC-AUC of 0.76 (95%) as Model 

B, but a marginally superior measure in R2 (0.27) and Brier (0.176) score. 

Considering the limited sample, the results are better than anticipated, 

explaining 27% of the variance and having 76% predictive ability; overall 

classifying it as a fair-good predictive model. The variable coefficients in the 

model can be used to align a strength to the relationship but not to signify the 

effect on the outcome, which is the primary domain for causal modelling 

(Ranapurwala et al. 2019). Hence, future models may want to investigate 

causal models and the relative effect size on the outcome in the general 

population, especially dose reductions.  

The significance of this finding is that secondary neutropenic events can be 

predicted based on the investigated variables. Thus, patients can be risk 

appraised to decide the suitability of a dose reduction, reducing unwarranted 

interventions for low risk patients. With better predictions of secondary events, 

patients will also be at lower risk of further dose reductions and dose delays. 

This would improve the overall RDI for that cohort of patients, possibly aligning 

it closer to the desired threshold of 85%. Improved management of 

chemotherapy-induced neutropenia will reduce the burden on the acute 

oncology service, as each neutropenic event increases the risk of infections, 

complications, and hospitalisation.  

Prediction models are relatively common in healthcare. Chemotherapy-induced 

neutropenia has been a long-standing focus for researchers, to identify high or 

low risk patients and offer suitable intervention. Many models aim to look at 

predicting the first neutropenic event. This study is unique as it acknowledges 
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that some neutropenias are inevitable and thus aims to reduce the risk of 

secondary events through a dose reduction. Lyman et al. (2011) developed a 

risk model for neutropenic complication and found that the risk was greatest in 

cycle 1. After adjustment for cancer type and age, major independent risk 

factors in multivariate analysis included: prior chemotherapy, abnormal hepatic 

and renal function, low white blood count, chemotherapy and planned delivery 

≥85% (Lyman et al. 2011). However, this risk model included a multitude of 

cancer and therefore its applicability in lung cancer is limited. Additionally, the 

model was solely refined in the United States of America with no external 

validation. 

Cao et al. (2020) validated the research by Lyman et al. (2011) by creating a 

multivariate logistic regression model, which had AUC of 0.8212 (95% CI: 

0.7799-0.8625). In the sub-analysis, the model performed superior in SCLC 

(AUC of 0.8772, 95% CI: 0.8502- 0.9042), but relatively poor in NSCLC (AUC of 

0.6287, 95 %CI: 0.5141, 0.7433) (Cao et al. 2020). In this current research, no 

distinction was made for the histology, which may be a future interest in a 

prospective analysis. 

A similar research to the current study, looked at developing a predictive risk 

model of chemotherapy-induced neutropenia in advanced lung cancer, using 

existing cooperative phase 2-3 trials of stage 3-4 NSCLC and extensive SCLC 

(EsSCLC). The final model which included 11,352 patients of 67 lung cancer 

trials found the following variables were significant: age (>65 years), gender 

(male), weight (kg), BMI, insurance status (yes/unknown), stage 

(IIIB/IV/EsSCLC), number of metastatic sites (1, 2 or ≥3), individual drugs 

(gemcitabine, taxanes), number of chemotherapy agents (2 or ≥3), planned use 

of growth factors, associated radiation therapy, previous therapy 

(chemotherapy, radiation, surgery), duration of planned treatment, pleural 

effusion (yes/unknown), performance status (1, ≥2) and presence of symptoms 

(Cao et al. 2020). The dataset yielded an AUC for the final model of 0.8348 

(95% CI: 0.8237-0.8459). Similar to this research, a parsimonious model was 

attempted by the elimination of GCSF, insurance and the number of 

chemotherapy agents, but found the predictive ability decreased marginally to 

0.8158 (95% CI:0.8039-0.8278) (Cao et al. 2020). The investigated model 

included numerous pre-treatment variables and subsequently had a large study 
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population. However, the generalisability of this study is debatable, due to 

selection bias in the trials, exclusion of missing data and imputation of data. 

Furthermore, patient factors are excluded such as extreme lab value patients 

and other variables like RDI and comorbidities which have shown to be 

significant contributors to predictive models.  

Ziepert et al. (2008) developed a web-based tool to predict the grade of 

haematological toxicity of neutropenia, anaemia, and thrombocytopenia in 

patients with non-Hodgkin’s lymphoma. The model stratified patients into five 

groups, which could spare intensive prophylactic strategies. However, the 

research is specific to NHL and its applicability in other cancers needs to be 

validated. 

In oncology, there are two renowned prediction models currently being used. 

The first model is known as the Multinational Association for Supportive Care in 

Cancer (MASCC) index and the other Clinical Index of Stable Febrile 

Neutropenia (CISNE). MASCC was first published in 2000 with the aim to 

identify low risk-risk febrile neutropenic patients (Klastersky and Paesmans 

2013). CISNE, like MASCC, predicts the risk of serious complications in stable 

febrile neutropenic patients (Ahn et al. 2018). Both models are designed to 

focus on the immediate complications. The model in this research focuses on 

the outcome of future neutropenic events, which neither of the above models 

evaluates. 

The predictive model in this research is believed to be first of its kind at 

evaluating the risk of a subsequent neutropenic event. However, as with all 

predictive models, there are limitations. For this model generalizability, 

misclassification, and unmeasured predictors are three main limitations that 

may also exist with most predictive models (Ranapurwala et al. 2019). This 

model has only been designed from data derived from South Yorkshire and in 

order to generalise it requires validation in other geographical areas. It is 

plausible that the relationships are due to the theoretical constructs or other 

aspects of research design which may have led to the causal relationship and 

therefore by changing these it may offset the observed correlations (Newell and 

Burnard 2010: Pg:209). Misclassification of the variables is another concern. 

The lack of distinction of the variables, such as neutropenia, febrile neutropenia, 
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and neutropenic sepsis may lead to an altered correlation between the 

predictors and outcome. Finally, the last limitation would be accounting for 

unmeasured variables. Retrospective studies are limited to the variables readily 

recorded however; some may pose as potent mediators whilst others are 

unaccounted for (Newell and Burnard 2010). The predictive model is a novel 

application and further research needs to take place prior to implementation in 

the general public.  
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 Strengths and limitation of the study 

Many studies have focused at predicting the risk of first neutropenias. This is a 

unique study as it focuses on the risk of secondary neutropenia in relation to the 

relative dose reduction. The key strengths are 

• First exploration of a neutropenic population and the risk of secondary 

neutropenias 

• Identification of the factors related to the risk of secondary neutropenias 

• Quantifying a minimum dose reduction for reducing the risk of secondary 

neutropenias 

• Providing a relative strong ROC-AUC for the prediction model despite the 

limited sample size 

• Exploring the impact of dose reductions on patients RDIs. 

Despite its strengths, the study was a retrospective design and therefore many 

of the factors were beyond control. Key limitations of this study can be 

summarised in the following points 

• Impact of uncontrolled real-world bias on the results and the lack of 

external validation – The study results need validation prior to any clinical 

appliaction 

• Exploring the service user needs, if a predictive model is desirable in 

deciding if to dose reduce – Prescribers and patients may not want a 

predictive model do decide the best outcome for 

• The distinction of type of neutropenia – The study did not account for the 

influence of febrile neutropenic events which can occur at any neutrophil 

count. The impact of infection could affect the correlation of the model. 

• Lack of interpretation of lymphocyte count – Immunosuppression needs 

to be investigated to understand the influence on events. Literature has 

highlighted a proven correlation to the risk of neutropenia.  

• Uses of prophylactic antibiotics – Antibiotics have been shown to reduce 

the risk of febrile neutropenia. The use of antibiotics could not be 

captured as they were prescribed on multiple platforms 
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• Non-haematological symptoms – Patients’ accompanying symptoms 

were not captured which could also affect the risk of neutropenia 

• Effect of hospitalisation – Patients who were hospitalised have on 

average had more interventions and thus could play a more critical role 

on the risk of neutropenia 

• Limited comorbidities recorded – The literature review highlighted many 

variables which were not investigated in this study, due to limitations in 

recording and analysis. 

• Accuracy of medical history and drug history – Data was extracted from 

patient letters and missing data, inaccuracies were noted. This could 

influence the results of this research.  

• Genetic involvement – No pharmacogenomics evaluation was carried out 

in the study. Patients with genomic mutations may be unable to 

metabolise the chemotherapy and thus would be at a higher risk of 

neutropenia.  

One of the key assumptions is that the risk of neutropenia is a static risk and 

only the variables documented can have a possible effect on the outcome. 

However, as acknowledged there could be unaccounted variables and it can be 

argued that the risk of neutropenia is a dynamic risk, varying with each 

progressive cycle, physiological reserve, and situational/social circumstances. 

However, to evaluate these effects would require a substantial input of 

resources and time which is not possible in this study.  

 Summary 

In this chapter the findings of the study were discussed and how they enhance 

the current knowledge understanding of the management of a secondary 

neutropenic event. The next chapter discusses the implications on practice and 

future research. 
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7. Chapter 7 – Conclusion 

 

This chapter summarises the key findings of this research and considers its 

implications on practice and policies. The chapter also describes the future 

direction of the research in order to allow it to embed in everyday practice. 

 Research Conclusion 

The investment to bring new medications to the market is often driven by the 

pharmaceutical industry. However, once approved for commercial use, real-life 

evaluation of the outcomes and practices are rarely carried out. This research 

has highlighted the increased need to scrutinise not only the conventional 

medicine but corresponding practices that provoke inferior outcomes or expose 

patients to unnecessary risks. Despite the introduction of preventative medicine, 

dose reductions are an integral part of SACT delivery in reducing the risk of 

complications. 

The aim of this thesis was to explore the independent variables especially the 

role of dose reduction in predicting a secondary event of neutropenia in a 

previous neutropenic palliative lung cancer population. The study is unique as 

no similar research was found in the literature review. Many prominent 

researchers in the field of neutropenia have focused their research on either 

identifying the first neutropenic event or evaluating the immediate complications 

from those events. This research acknowledges that some neutropenic events 

are inevitable and is therefore focused on preventing subsequent events. 

Secondary neutropenic events can lead to further dose reductions and delays, 

impacting the overall RDI of the treatments, therefore, leading to inferior 

outcomes. The research found that patients with successful dose reductions 

across the two studied cycles had on average a greater RDI of 10.6%. Patients 

with unsuccessful dose reductions and corresponding neutropenic events are 

also at increased risk of opportunistic infections and complications. No 

evaluation was made on the bearing of these neutropenic events if it led to 

hospitalisation or death.  
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The univariate analysis found four independent variables which influenced the 

risk of subsequent neutropenic events, type of neutropenia, dose reduction of 

drug 1, average dose reduction and cumulative dose reduction. Contrary to 

expectation the dose reduction of drug 2 and the use of GCSF had no effect on 

the risk of subsequent neutropenia. The subgroup analysis focused on three 

main groups, dose reductions, age and type of neutropenia and the relation to 

the respective covariates.  

The multivariate analysis involved a logistic regression model of all the variables 

due to the interwoven relation between covariates and the decline in predictive 

ability in the creation of a parsimonious model. The final model included all 

covariates with nonlinear terms and two-way interaction. The predictive model 

had an ROC-AUC of 0.76 (95% 0.71-0.81), classifying it as a fair to good 

model. However, it was acknowledged that there are limitations to the study due 

to design and uncaptured variables. 

A prospective study design, with the expansion of the number of variables, may 

bring more conclusive results to allow for general applicability. Of interest, the 

additional variables would include febrile neutropenia, lymphocyte count, 

antibiotics and other comorbidities (peptic ulcer disease, thyroid disorder, 

osteoarthritis). According to the Peduzzi sample size estimator and the revised 

proportion affected a larger sample size would be required (Peduzzi et al. 

1996). 

Formula N=10 x K / P 

N= 10 x 30 variants / 0.3 = 1000 

(N = Sample Size, K = No. of covariant, P = Smallest proportion affected) 

The prospective study would need to include a minimum of 1000 patients to 

have predicted statistical significance, but due to the infrequency of some 

variables such as heart failure either selective recruitment needs to occur, or 

the sample size would need to be increased until saturation of the subgroup. 
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  Clinical Implications 

The findings in this research are encouraging but still in their infancy. The 

results will have a bearing on personal practice as an advanced practitioner, 

where certain variables will be considered more intently when applying a dose 

reduction secondary to neutropenia. The clinical implications of the predictive 

model in the current format are limited as there are number of variables still to 

be accounted for. The first issue to address would be the output of the 

predictive model in the format of a binary outcome. In a clinical practice, it would 

be beneficial to have a stratified risk score which could be used in combination 

with clinical judgement to decide on the dose reduction. Stratified risk scores 

would also make it easier for the prescriber to explain to the patient of their risk 

of secondary neutropenia and come to a joint decision where applicable.  

Another concern is the acceptance of this predictive model in clinical practice. 

The foundation of this research is based on quantitative paradigm and does not 

account for or understand the service users’ needs. Would prescribers want this 

model in decision making process and how would patients feel in having their 

doses predicted by a mathematical model? These factors require a qualitative 

exploration as otherwise this model would not be accepted into clinical practice.  

Equally, even when there is a clinical need, any predictive model or 

recommendations need to be user friendly. Thus, whilst we acknowledge that 

there is a need to explore further variables, the more variables we incorporate, 

the less user friendly it becomes unless it is an automated process in the 

prescribing software. There is always a debate if a parsimonious model or a 

mathematical model is superior in real life practice, when considering the 

clinical impact and acceptance from service users. The other aspect to evaluate 

is the validation of the predictive model in real life practice. In the cohort study, 

there are real-life biases which may not have been accounted for, thus the 

outcome in real-life practice may differ. A high sensitivity, specificity, or area 

under the curve does not warrant to a clinical use due to the risk of 

miscalibration (Vickers et al. 2016). Therefore, there is a need for the clinical 

validation using net benefit analysis. Net benefit is an increasingly reported 

decision analytic measure that puts benefits and harms on the same scale 

(Vickers et al. 2016). There is the possibility of a trade-off between different 
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end-points, for example whilst reducing the rate of secondary neutropenia; we 

may inadvertently increase the incidence of non-haematological toxicities. A net 

benefit analysis can measure the real-life outcome between different endpoints 

to evaluate if application of a model is desirable based on the subjective benefit 

to harm exchange rate (Vickers et al. 2016).  

The immediate next steps of the research would be to refine the predictive 

model, by exploring the unaccounted variables, understanding the needs of 

service users and the real-life net benefit analysis for justifying the clinical 

application. The British Oncology Pharmacy Association (BOPA) provides a 

research platform for engagement with other oncology pharmacists. A BOPA 

led national study can provide a podium for external validation and the exploring 

the acceptability to the service users. It will also allow it to be a nationally 

accepted model and be incorporated into BOPA policies. The model then can 

be used to impact practice on a national scale, by providing guidance to 

prescribers and pharmacists. Prescribers understanding the risk of secondary 

neutropenias would be able to apply dose reduction to the appropriate patients, 

reducing future events, improving RDI and reducing the burden on the NHS. 

Pharmacists could also intervene if dose reductions had not been applied. If a 

dose reduction could be predicted based on the individualised model, 

chemotherapy doses could then be standardised to aid in the management of 

future chemotherapy workload.     

The research raised many interesting points, which could lend itself to future 

research. Three main concepts to explore would be, 

1. Understanding the impact of the prediction model on patient survival 

2. Exploring the impact of pharmacogenomics on the risk of neutropenia 

3. Extrapolating the minimum efficacious RDIs for each chemotherapy, at 

which point the survival is superior to no chemotherapy   
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 Personal Journey 

Personalised medicine is the future direction of cancer management, but 

conventional chemotherapy will always remain an integral part. The answer to 

better patient outcome is not always about access and delivery of novel 

treatments, but providing optimal treatments. Medicine optimisation is a key 

principle of the pharmacy profession and thus has been at the heart of my 

research. Clinical decisions should be evidence-based but working as a 

haematology and oncology pharmacist, I faced many conundrums where such 

evidence is still at large. Dose reduction with regards to neutropenia was always 

an interesting area for me. My journey as a researcher has not only been long 

and challenging but also a rewarding one. The DPharm has helped me to 

develop academically and professionally by creating a new network of research 

support and by me becoming a Consultant Pharmacist. It has helped me to 

critically think and analyse scientific topics and how to construct them into a 

suitable research hypothesis. My journey as a researcher has given me the 

experience of designing a research proposal, engaging with various 

stakeholders including REC, CAG and HRA committees. I have been fortunate 

to have been guided by my supervisors to understand the different types of 

research, the importance of the literature review and the methods used in 

statistical analysis. I hope these skills and knowledge will aid me in engaging in 

further research in optimising patient treatments, especially in cancer. I hope to 

use my experience in applying for future NIHR grants to undertake cancer-

related research.  
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Appendix 2 – Thematic Analysis 

Risk Factors in relation to Neutropenia 

Table 34. Risk Factors in relation to neutropenia that influence dose reductions of chemotherapy and the relevant dose 
reduction strategies employed. 

Article, Author & Year 

of publication  

 

Aims & 

Objectives 

Tumour Site/ 

Study type/ 

Country of origin  

Study 

Concept 

Dose 

reductions 

strategy and 

impact 

Primary or 

Secondary Dose 

Reduction Risk 

Factors 

(Codes) 

Quoted 

References 

Comments/ Critique 

of literature 

1. History of chronic 

comorbidity and 

risk of 

chemotherapy-

induced febrile 

neutropenia in 

cancer patients 

not receiving G-

CSF prophylaxis 

 (Chao et al. 2014)  

To determine 

the effects of 

chronic 

comorbidities 

on risk of FN 

Cohort study 

involving 19160 

patients to 

examine the 

association 

between a variety 

of chronic 

comorbidities and 

risk of FN in 

patients 

diagnosed with 

six types of 

Febrile 

Neutropenia 

 

No strategy 

documented 

RDI based on 

the most dose 

reduced agent 

for each 

patient, mean 

• NHL – 

66% 

• Breast – 

75% 

• Colorectal 

FN & Grade 3-4 

neutropenia 

• HIV infection (HR 

3.4, CI 1.9-5.63)  

• Liver Disease 

(HR 1.39, CI 

0.81-2.20) 

• Peptic Ulcer 

Disease (HR 

1.57, CI 1.05-

2.26) 

• Thyroid disorder 

 CASP – for COHORT 

study 

• Appropriate study 

addressing the 

focused study 

issue. 

• Cohort recruited 

via an electronic 

clinical database, 

but no mention of 

any 

randomisation 



 

269 | P a g e  
 

cancer (non-

Hodgkin 

lymphoma and 

breast, colorectal, 

lung, ovary, and 

gastric cancer) 

from 2000 to 2009 

Southern 

California (USA)  

- 74% 

• Lung - 

72% 

• Ovarian 

78% 

• Gastric 

68% 

(HR 1.32, CI 1.06 

– 1.64)     

FN but no Grade 3-4 

neutropenia 

• COPD (HR 1.3, 

CI 1.07-1.57) 

• CHF (HR 1.43, CI 

1.00-1.98) 

• Renal Disease 

(HR 1.6, CI 1.21-

2.09) 

• Autoimmune 

disease (HR 

2.01, CI 1.10-

3.33) 

• Bone Marrow 

Suppression 

Score (HR 3.35, 

CI 1.6-6.10) 

Obesity (HR 0.78, CI 

0.67-0.91) 

Total number of 

comorbidities 

process  

• Objective 

measurement of 

exposure via a 

database 

• Outcome – 

primary focus was 

FN appropriately 

recorded with ICD 

classification 

• Confounders are 

considered, 

including the 

chemotherapy 

regimens, 

however what 

contribution the 

regular 

medication makes 

was not 

considered 

• Results 

appropriately 

recorded for FN. 
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Only means for 

dose reductions 

• Results may not 

be applicable to a 

UK population as 

risk factors vary 

due to diet and 

environmental 

exposure. 

2. Patterns of 

chemotherapy-

associated 

toxicity and 

supportive care in 

US oncology 

practice: a 

nationwide 

prospective 

cohort study  

(Culakova et 

al. 2014) 

To understand 

timing of 

neutropenic 

events in 

relation to 

delivered 

chemotherapy 

dose intensity 

and utilization 

of supportive 

care during 

cancer 

treatment 

A prospective 

cohort study of 

3638 adult 

patients with solid 

tumours (Breast, 

Lung Colorectal, 

Ovarian) or 

lymphoma 

initiating 

chemotherapy at 

115 randomly 

selected US 

practice sites 

between 2002 

and 2006 

Neutropenia Patients with 

RDI <90% in 

one or more 

cycles 

• Lymphoma 

55.8% 

• I-III solid 

tumours 

51.1% 

• IV solid 

tumours 

67.3% 

Patients with 

overall actual 

RDI <85% 

• Age >65 years 

• Prior history of 

chemotherapy 

• Filgrastim use in 

patients with FN 

risk of 20% or 

more (7) 

• Stage IV solid 

tumours 51.7% 

overall had an 

RDI < 85%  

• First cycle 

chemotherapy (1) 

 

1. Silber et 

al. 1998 

2. Crawford 

et al. 

2008 

3. Vogel et 

al. 2005 

4. Gomez et 

al. 1998 

5. Lyman et 

al. 2003a 

6. Lyman et 

al. 2003b 

7. Aapro et 

al. 2010 

CASP – for COHORT 

study 

• Appropriate study 

addressing the 

focused study 

issue. 

• Appropriate 

cohort recruited 

via snowballing of 

new starters 

• Population 

exposure affected 

as restricted to 

patients willing to 

return for a 
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USA • Lymphoma 

38.9% 

• I-III solid 

tumours 

32.7% 

• IV solid 

tumours 

51.7% 

 

midcycle nadir 

and planned 

completion of 4 

cycles- potential 

to skew results if 

considering socio-

economic status 

• Outcome – 

primary focus was 

FN, ANC, SN. 

Documented 

infection or fever. 

Confirmation of 

infection is 

unclear. No 

timeline recorded 

for the events, i.e. 

within 14 days.  

• Confounders – 

concurrent 

radiotherapy 

patients permitted 

but not 

considered in 
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design nor 

analysis 

• Patients followed 

up for 4 cycles. 

Some regimens 

i.e. R-CHOP for 

NHL may permit 8 

cycles.    

• Results – no 

documentation on 

strength of 

association 

between 

exposure and 

outcome. 

• Results fit within 

evidence of 

clinical practice 

 

3. Chemotherapy 

Dose Intensity and 

Overall Survival 

Among Patients 

with Advanced 

To understand 

the association 

between 

chemotherapy 

relative dose 

Retrospective 

cohort study 

involving 874 

patients with 

advanced breast 

Relative Dose 

Intensity 

48.7% of 

patients 

experienced a 

dose reduction 

of >15% and 

• Filgrastim use in 

patients with FN 

risk of 20% or 

more 

• Advanced 

 CASP – for COHORT 

study 

• Appropriate study 

addressing the 

focused study 
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Breast or Ovarian 

Cancer 

(Denduluri et 

al. 2018) 

intensity (RDI) 

and overall 

survival (OS) 

among 

patients with 

advanced 

breast or 

ovarian cancer 

or ovarian caner 

USA 

mean RDI 

across all 

regimens was 

88.8%, with 

28.9% 

receiving an 

RDI <85% 

Multivariable 

Cox 

Regression if 

Overall survival  

• Breast 

cancer – 

Dose 

reduction 

>15% 

versus 

<15% - HR 

1.09 (CI 

0.86 – 

1.36) 

• Ovarian 

Cancer – 

Dose 

disease issue. 

• Appropriate 

cohort recruited 

via electronic 

records 

• Population 

exposure – 

retrospective 

design, extracted 

from electronic 

database. No 

subgroup analysis 

of which US 

states data was 

used. 

• Appropriate 

outcome 

measure– 

planned 

chemotherapy 

dose and 

schedule  

• Confounders – 

concurrent 
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reduction 

>15% 

versus 

<15% - HR 

1.94 (CI 

1.09 – 

3.46) 

radiotherapy 

exposure, stage 

of cancer 

• Patients followed 

up for 4 cycles. 

Some regimens 

i.e. R-CHOP for 

NHL may permit 8 

cycles.    

• Results – no 

documentation on 

strength of 

association 

between 

exposure and 

outcome. 

• Results fit within 

evidence of 

clinical practice 

 

4. Chemotherapy-

induced 

neutropenia and 

relative dose 

Determine the 

number of 

chemotherapy 

patients in our 

Chemotherapy-

induced 

neutropenia and 

relative dose 

Neutropenia The average 

RDI was 71% 

in inpatients 

and 79% in 

• Advanced cancer 

• Low haemoglobin 

• Bone marrow 

 CASP – for COHORT 

study 

• Appropriate study 

addressing the 
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intensity: an 

evidence-based 

practice project. 

(Vannice et al. 

2007) 

practice who 

are dose 

delayed or 

dose reduced 

due to CIN and 

calculate the 

RDI of this 

patient 

population. 

intensity: an 

evidence-based 

practice project in 

NHL and Breast 

cancer involving 

30 patients 

Location - 

unknown 

Outpatients involvement 

• Comorbidities 

focused study 

issue. 

• No recruitment 

method 

documented 

• Population 

exposure – 

prospective 

design. No 

mention of the 

chemotherapy 

regimen involved 

or location 

• Appropriate 

outcome 

measure– 

treatment delay 

and RDI 

• Confounders not 

considered 

• Appropriate follow 

up 

• Results – no RR 
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or CI on results 

• Results fit within 

evidence of 

clinical practice 

 

5. Neutropenia 

occurrence and 

predictors of 

reduced 

chemotherapy 

delivery: results 

from the INC-EU 

prospective 

observational 

European 

neutropenia study  

(Pettengell et 

al. 2008) 

Assess the 

incidence and 

risk of 

chemotherapy-

induced 

neutropenia, 

febrile 

neutropenia 

(FN) and dose-

limitations in 

breast cancer 

and lymphoma 

patients 

undergoing 

chemotherapy 

in Europe 

Observation study 

involving 444 

Breast and 305 

lymphoma 

patients at 66 

practices in five 

European 

countries 

(Belgium, France, 

Germany, Spain 

and the UK)  

Neutropenia No dose 

reduction 

strategies 

recorded 

Dose 

reductions of 

≥10% occurred 

in 14% of 

patients and 

21% of the 

breast cancer 

patients 

received RD 

I≤85% 

Dose 

reductions in 

33% of 

patients and 

36% of NHL 

• ECOG status >1 

• Age >65 

• Cycle 1 FN 

occurrence 

• Primary CSF 

prophylaxis 

• FN risk for each 

disease 

• Type of 

chemotherapy 

regimen 

 CASP – for COHORT 

study 

• Appropriate study 

addressing the 

focused study 

issue. 

• Observational 

study  

• Population 

exposure – 

prospective 

design, 

objectively 

measured. Stage 

IV breast cancers 

were excluded 

but not for 

lymphoma, which 

may bias results. 
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patients 

received 

RDI≤85% 

Higher female 

representation.  

• Measurement of 

additional ANC in 

cycle 1 may bias 

results to patients 

with better 

socioeconomic 

status with ability 

to travel. 

• Appropriate 

outcome measure 

• Confounders – 

prior/ concurrent 

radiotherapy 

exposure allowed 

but not 

incorporated in 

design. Details of 

supportive care 

• Appropriate follow 

up 

• Results – 

multivariate 
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analysis with 

appropriate CI 

and p-value 

• Results fit within 

evidence of 

clinical practice 

 

6. Predictors of 

chemotherapy 

dose reduction at 

first cycle in 

patients age 

65years and older 

with solid tumours 

(Gajra et al. 

2015) 

Evaluate how 

frequently 

PDR is utilized 

in the 

treatment of 

older patients 

with cancer 

and which 

factors may be 

associated 

with this 

decision 

Multi-institutional 

prospective 

cohort study 

involving 500 

patients age ≥ 65 

years treated with 

chemotherapy in 

Breast, Lung, 

Gastrointestinal, 

Gynaecological, 

Genitourinary 

cancers 

USA 

 

 

 

 

Dose 

Reductions 

No dose 

reduction 

strategies 

recorded 

Overall mean 

percentage of 

dose reduction 

was 25.1% 

(range 7-67%). 

Mean 

percentage of 

dose reduction 

for  

• Curative 

was 26.7% 

• Palliative 

24.7% 

• Increasing Age 

increases 

likelihood of PDR 

(OR 1.10; 95% CI 

1.05-1.15) 

• Liver/ Kidney 

disease (OR 9.4; 

95% CI 3.2-27.8) 

• Prior cancer (OR 

3.3; 95% CI 1.7-

6.2) 

• Higher incidence 

of comorbidities 

i.e. diabetes, 

heart disease, 

liver and kidney 

disease, 

1. Muss et 

al. 2005 

2. Shayne et 

al. 2009 

CASP – for COHORT 

study 

• Appropriate study 

addressing the 

focused study 

issue. 

• Longitudinal study 

• Population 

exposure – 

restricted to 

English speaking  

• Appropriate 

outcome measure 

• Confounders 

considered 

• Appropriate follow 
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 Planned dose 

reduction of 

>10% at first 

cycle (1) 

Planned dose 

reduction of 

>15% at first 

cycle (2) 

depression, 

history of prior 

cancers and 

stomach 

disorders 

• Gastrointestinal 

or Genitourinary 

cancers were 

more likely to 

receive PDR 

• History of one or 

more falls in the 

preceding 6 

months was 

associated with 

PDR 

• Cognitive deficits 

assessed by 

Blessed 

Orientation 

Memory 

Concentration 

was associated 

with PDR 

up 

• Results – 

multivariate 

analysis with 

appropriate CI 

and p-value 

• Results fit within 

evidence of 

clinical practice 
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• Lung cancer 

decreased the 

likelihood of PDR 

(OR 0.51; 95% CI 

0.27-0.95) 

• Age >65 years 

(1,2) 

• High body 

Surface area (1)  

• Renal disease (1) 

7. Hospitalizations, 

outcomes, and 

management 

costs of febrile 

neutropenia in 

patients from a 

managed care 

population  

(Kawatkar et 

al. 2017) 

Evaluate 

chemotherapy 

treatment 

patterns and 

incidence, 

cost, and 

resource 

utilization of 

febrile 

neutropenia-

related 

hospitalization 

(FNH) in 

patients with 

Retrospective 

study involving 

5338 patients 

aged ≥18 years 

with any stage 

breast cancer, 

lung cancer, or 

NHL who initiated 

myelosuppressive 

chemotherapy 

from 01/01/2006 

to 31/12/2009 

USA 

Febrile 

neutropenia-

related 

hospitalization 

25.3% breast 

cancer patients 

received an 

RDI < 85% 

17.9% lung 

cancer patients 

received an 

RDI < 85% 

27.9% NHL 

cancer patients 

received an 

RDI < 85% 

• Prophylactic 

GCSF 

• Prophylactic 

Antibiotic use 

 CASP – for COHORT 

study 

• Study addressing 

treatment 

patterns, 

incidence and 

resource 

utilisation.  

• Retrospective 

cohort study 

• Population 

exposure – 

restricted 
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breast cancer, 

lung cancer, 

and non-

Hodgkin's 

lymphoma 

(NHL) 

regimens 

administered to 

>100 patients 

• Confounders – 

radiotherapy not 

considered 

• Appropriate follow 

up 

• Results – 

multivariate 

analysis with 

appropriate CI 

and p-value 

• Results fit within 

evidence of 

clinical practice 

 

8. Impact of 

neutropenia on 

delivering planned 

chemotherapy for 

solid tumours 

(Khan et al. 2008) 

To assess the 

impact of 

neutropenic 

events 

[defined as 

either hospital 

admission due 

Limited study 

(audit) with 50 

patients in Breast, 

Colorectal, others 

UK 

Febrile 

Neutropenia 

50 patients in 

which 

neutropenia 

occurred in 

40% of cases.  

Dose 

reductions 

• Previous 

neutropenic 

event (65% of 

patients with 

previous 

neutropenia) 

1. Repetto 

et al. 

2003 

2. Pettengell 

et al. 

1992 

CASP – for COHORT 

study 

• Appropriate study 

design 

addressing 

focused issue 
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to febrile 

neutropenia 

(FN), dose 

delay > or =7 

days due to 

neutropenia or 

dose reduction 

of > or =15% 

due to 

neutropenia] 

on dose 

intensity (DI) 

occurred in 

20% of 

patients with 

breast 12%, 

colorectal 38% 

and 13% in 

others. RDI in 

patients with 

neutropenia 

was 81% 

compared to 

92% without an 

event. 

• Febrile 

neutropenia 

• Age >60years (1) 

• GCSF use (2) 

• Retrospective 

study limited to 50 

patients randomly 

selected 

• Population 

exposure – no 

exclusion criteria. 

Higher incidence 

of breast cancer 

• Outcome 

objective, 

accurately 

measured 

• Confounders not 

considered 

• Appropriate follow 

up 

• Results – limited 

analysis due to 

small number 

• Results fit within 

evidence of 

clinical practice 
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9. Results of a 

prospective dose 

intensity and 

neutropenia 

prophylaxis 

evaluation 

programme 

(DIEPP) in cancer 

patients at risk of 

febrile 

neutropenia due 

to 

myelosuppressive 

chemotherapy 

(Mądry et al. 2016) 

To describe 

the incidence 

of febrile 

neutropenia 

(FN) and use 

of 

pegfilgrastim in 

cancer 

patients with 

high overall 

risk of FN and 

to investigate 

the 

relationship 

between 

granulocyte-

colony 

stimulating 

factor (G-CSF) 

guideline 

adherence and 

chemotherapy 

delivery 

Prospective 

multicentre 

observational 

study, involving 

1072 patients with 

breast, lung, 

ovarian, gastric 

cancer and 

lymphoma 

Central and 

Eastern Europe 

(CEE) and Austria 

Febrile 

Neutropenia 

81% of breast 

cancer patients 

achieved an 

RDI of >85% 

50% of 

lymphoma 

patients 

achieved an 

RDI >90% 

Dose reduction 

was defined as 

patients having 

a reduction of 

greater than 

10%. Overall, 

43% patients 

had a dose 

reduction, with 

the highest 

proportion in 

lymphoma 

78% and 

lowest in 

breast at 25%.   

• Prior Febrile 

Neutropenia 

• Use of planned 

PP with 

pegfilgrastim 

• Myelotoxic 

potential of 

chemotherapy 

regimen 

• Age >65 years 

• Advanced stage 

disease/ 

metastases 

• Planned antibiotic 

prophylaxis 

• Female gender 

• Haemoglobin <12 

g/dl 

• Cardiovascular 

disease 

• Kidney disease 

• Elevated liver 

enzymes 

 CASP – for COHORT 

study 

• Appropriate study 

design 

addressing 

focused issue 

• Prospective 

observational 

study 

appropriately 

recruited across 

geographical 

centres.  

• Population 

exposure – 

limited to patients 

with FN risk of 

>20%, planned to 

4 cycles and use 

of GCSF 

• Outcome 

objective, 

accurately 

measured 
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• High dose 

intensity planned 

(>80%) 

• Poor nutritional 

status 

• One or more 

comorbidities 

• BSA < 2m2 

• Absolute 

neutrophil count 

(ANC) <1.5 x 

109/L before 

treatment 

• Albumin <3.5g/dL 

• Lymphoma 

histology 

• Asian origin 

 

• Confounders not 

considered 

• Appropriate 

length of follow 

up, although 

mention was lost 

to follow-up which 

is inappropriate. 

• Results – 

descriptive only 

• Results fit within 

evidence of 

clinical practice 

 

10. Chemotherapy for 

metastatic colon 

cancer: No effect 

on survival when 

the dose is 

To 

characterize 

the influence 

of dose 

reduction on 

Retrospective 

analysis involving 

109 patients 

receiving 

palliative 

Dose 

Reduction 

In 42% of 

patients, 

chemotherapy 

was dose 

reduced to 

• Neutropenia 

(30%) 

• Polyneuropathy 

(16%) 

• Diarrhoea (14%) 

 CASP – for COHORT 

study 

• Appropriate study 

design 

addressing 



 

285 | P a g e  
 

reduced due to 

side effects 

(Munker et al. 

2018) 

efficacy of 

colorectal 

cancer 

chemotherapy for 

metastatic colon 

cancer 

Germany 

80% or less.  • Hyperemesis 

• Worsening in 

general 

conditions 

• Hand & Foot 

syndrome 

• Mucositis 

• Liver dysfunction 

• Kidney 

dysfunction 

• Age >65 years 

 

focused issue 

• Retrospective 

study  

• Population 

exposure – 

limited to two 

chemotherapy 

regimens. 

Inclusion of 

biologics 

• Outcome 

objective, 

accurately 

measured as per 

registry 

• Confounders not 

considered 

• Appropriate follow 

up 

• Results – 

Appropriate HR 

and CI  

• Results suggest 
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improved median 

survival for 

patients on 

reduced dose of 

chemotherapy 

which 

contradictory to 

evidence. 

11. Dose intensity 

received in breast 

cancer treatment 

with 

chemotherapy 

(Quinones Ribas 

et al. 2007) 

To determine 

the number of 

patients where 

RDI was < 

85% of that 

programmed 

and the 

possible cause 

Retrospective 

study involving 

110 breast cancer 

patients 

Spain 

Relative Dose 

Intensity 

Average RDI 

was 91% in the 

110 patients. 

According to 

the intention to 

treat, average 

RDI was 

1. Adjuvant 

80.7%  

2. Neo-

adjuvant 

72.8% 

3. Palliative 

64.9% 

Neutropenia 

led to a 

• Number of 

different 

cytostatic prior 

treatments 

• Increasing Age 

• Neutropenia 

 

 CASP – for COHORT 

study 

• Appropriate study 

design 

addressing 

focused issue 

• Retrospective 

study design.  

• Population 

exposure – 

Captured all 

patients for 4 

months – limited 

to primary 

tumours 

• Outcome 
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decrease in the 

RDI in 36.8% 

of patients. 

Average RDI 

was 75.1% for 

patients 

suffering from 

neutropenia.  

objective, 

accurately 

measured  

• 6 patients were 

rejected because 

of lack of data – 

no documentation 

of the missing 

data 

• Confounders not 

considered nor 

planned in the 

design 

• Limited to 4 

months thus may 

capture 

incomplete 

treatment 

protocols – risk of 

bias 

• Results – limited 

to descriptive 

Results fall within the 

existing field of 
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practice. 

12. Dose intensity and 

hematologic 

toxicity in older 

cancer patients 

receiving 

systemic 

chemotherapy 

(Shayne et al. 

2007) 

To evaluate 

patient and 

treatment 

characteristics 

that contribute 

to hematologic 

toxicity in older 

cancer 

patients 

Prospective study 

involving 115 

community 

oncology 

practices and 976 

patients with 

common 

malignancies 

such as lung, 

colorectal, breast, 

ovarian, 

genitourinary and 

lymphoma  

USA 

Haematological 

toxicity 

Mean actual 

RDI was 80% 

overall, with 

51.1% of 

patients 

receiving an 

RDI of <85% 

• Age > 80 years 

was associated 

with a lower RDI 

• Age > 70 years 

was associated 

with a lower RD 

with lymphoma 

• Type of cancer, 

especially  

• Platinum-based 

chemotherapy 

• Regimens with 

longer cycle 

duration 

• Abnormal 

baseline glucose 

and protein levels 

• Lower level of 

education 

• Female gender 

 

 CASP – for COHORT 

study 

• Appropriate study 

design 

addressing 

focused issue 

• Prospective study 

• Appropriate 

population 

exposure and 

recruitment – 

Stratified random 

sampling based 

on practice size 

and location 

• Outcome 

objective, 

accurately 

measured 

although outcome 

definition of 

thrombocytopenia 

(platelets <75) 
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lower than 

standard 

definition 

• Confounders 

considered in the 

design 

• Appropriate follow 

up period 

• Results – OR and 

Cis included 

Results fall within the 

existing field of 

practice. 

13. Risk factors for 

chemotherapy-

induced 

neutropenia 

occurrence in 

breast cancer 

patients: data 

from the INC-EU 

Prospective 

Observational 

European 

Chemotherapy 

dose 

reductions or 

delay of the 

subsequent 

treatment 

cycle and 

impact on 

treatment 

outcome 

Prospective 

Observational 

European study 

involving 444 

breast cancer 

patients treated 

with neoadjuvant 

or adjuvant 

chemotherapy 

Europe (Belgium, 

France, Germany, 

Dose reduction Patients were 

more likely to 

receive a 

reduced RDI 

<85% if they 

experienced 

grade 4 CIN. 

Without grade 

4 CIN 17% 

(13-22% CI, 

95%) vs 28% 

Risk factors for grade 

4 chemotherapy-

induced neutropenia 

(<0.5 x 109/L) which 

led to dose 

reductions of >10% 

of planned dose (OR 

1.86; 1.16-2.97 CI, 

95%) 

• Older Age 

• Lower body 

 CASP – for COHORT 

study 

• Appropriate study 

addressing the 

focused study 

issue. 

• Observational 

study  

• Population 

exposure – 
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Neutropenia Study 

(Schwenkglenks 

et al. 2011) 

Spain, and the 

UK) 

with grade 4 

CIN in any 

cycle (21-36% 

CI, 95%) 

weight 

• Higher planned 

dose intensity of 

doxorubicin, 

epirubicin or 

docetaxel 

• Higher number of 

planned cycles 

• Vascular 

comorbidity 

• Low baseline 

white blood cell 

count 

Dose 

reductions 

and CSF use 

were 

protective 

against CIN 

grade 4 

prospective 

design, 

objectively 

measured. Stage 

IV breast cancers 

were excluded 

but not for 

lymphoma, which 

may bias results. 

Higher female 

representation.  

• Measurement of 

additional ANC in 

cycle 1 may bias 

results to patients 

with better 

socioeconomic 

status with ability 

to travel. 

• Appropriate 

outcome measure 

• Confounders – 

prior/ concurrent 

radiotherapy 
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exposure allowed 

but not 

incorporated in 

design. Details of 

supportive care 

• Appropriate follow 

up 

• Results – For 

candidate 

predictors with 

more than 5% 

missing values, 

missing 

categories were 

introduced in 

order to avoid 

loss of 

observations 

multivariate 

analysis with 

appropriate CI 

and p-value 

• Results fit within 

evidence of 
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clinical practice 

 

14. Neutropenic event 

risk and impaired 

chemotherapy 

delivery in six 

European audits 

of breast cancer 

treatment 

(Schwenkglenks 

et al. 2006) 

To assess 

chemotherapy 

treatment 

characteristics, 

neutropenic 

event (NE) 

occurrence 

and related 

risk factors in 

breast cancer 

patients in 

Western 

Europe 

Six retrospective 

audits of 2860 

breast cancer 

patients  

Belgium, 

Luxemburg, 

Spain, Germany 

and UK (15 sites) 

Neutropenia No dose 

reduction 

strategy 

documented 

Dose 

reductions in at 

least once 

cycle occurred 

in 33% of 

patients. Mean 

RDI +/-SD was 

94+/-11%. 

 An RDI <85% 

occurred in 

16% of 

patients. 

 

Low RDI (defined as 

<85%) was 

associated with 

• Higher Age 

• Bigger BSA 

• Lower BMI 

• Regimen Type 

(anthracycline) 

• More 

Chemotherapy 

• Cycles planned  

• Normal to high 

summation dose 

intensity 

Concomitant 

Radiotherapy 

 CASP – for COHORT 

study 

• Appropriate study 

addressing the 

focused study 

issue. 

• Mixture of 

prospective (60% 

of UK) and 

retrospective data 

collection   

• Population 

exposure – 

Different inclusion 

criteria for stage 

IV patients 

between centres 

• Outcome – 

objective 

measurement 

• Missing data for 

ANC and WBC 
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values – unclear if 

excluded 

• Comorbidity and 

performance 

status data were 

not available 

• Limited 

information on 

long-term 

outcome was 

available from the 

Austrian, German 

and Spanish 

audits but not 

from the rest 

• Confounders – 

Details of 

supportive care 

GCSF not 

documented 

• Appropriate follow 

up 

• Results - analysis 

with appropriate 



 

294 | P a g e  
 

CI and p-value 

• Results fit within 

evidence of 

clinical practice 

 

PDR – Primary Dose Reduction, PP – Primary Prophylaxis, BSA – Body Surface Area, SN – Severe Neutropenia 

BMI – Body Mass Index, SP – Secondary Prophylaxis, SDR – Secondary Dose Reduction,  

RDI – Relative Dose Intensity, CIN - Chemotherapy-induced Neutropenia 
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Secondary Literature review 

Table 35. Summary of articles for relevant risk factors and any dose reduction strategies. 

Article & Year Tumour Site/ Study 

type 

Dose reductions strategy and impact Primary or Secondary Dose Reduction 

Risk Factors 

(Codes) 

Quoted References 

(Lyman 2000b) ‘A Predictive Model for 

Neutropenia 

Associated with 

Cancer 

Chemotherapy’ 

Baseline filgrastim assumptions; the use 

of filgrastim would reduce the probability 

of a neutropenic complication by 50%.   

 

Filgrastim would not be used during the 

first course of treatment. Patients who 

experience a neutropenic event would 

have a 25% dose reduction followed by 

a 50% reduction with a second event. 

 

Filgrastim would be given to the highest 

risk 50% of patients, categorised in low 

and high risk.  Low risk patients after 

the first course of therapy would not 

receive filgrastim unless a neutropenic 

event occurred, after which the dose of 

chemotherapy would be reduced by 

10%. A second neutropenic event would 

• 53% of the patients receiving placebo 

and 26% of patients receiving filgrastim, 

experienced at least one event of FN, 

resulting in reduction in delays and 

doses (47% vs 29%) (1) 

• Meta-analysis of eight published studies 

evaluating the use of filgrastim. 

Lenograstim, showed a 68% reduction 

in the need to dose reduce or delay.  

• Radiation therapy (1) 

• The likelihood ratio of previous 

neutropenia is 9.33  

• Decrease in haemoglobin level (2) 

First cycle ANC Nadir (2) 

1. Trllet-Lenoir et al. 

1993 

2. Silber et al 1998 
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subsequently lead to a 50% reduction in 

dose. High risk would receive filgrastim 

immediately after the first course of 

therapy. The first neutropenic event in 

these patients would lead to a 25% 

dose reduction and the second event to 

a 50% reduction in chemotherapy dose. 

(3) 

(Dang et al. 2003) Literature review ‘Risk 

models for 

neutropenia in 

patients with breast 

cancer’ 

• The rates of chemotherapy dose 

intensity of 85% or less were 55% in 

patients with a first cycle ANC nadir 

of 0.5 x 109 or less and 32% in 

those with higher nadirs 

• CSF after 24hrs of chemotherapy 

allowed 74% to be given at least 

85% of RDI compared to 45% of 

control (4)  

• Age greater than 65 (2) 

• Anthracycline regimens (2) 

• Low pre-treatment cell counts (2) 

• First cycle CSF support (3)  

• First cycle Absolute Neutrophil count 

(ANC) nadir of 0.5 x 109 or less had 

30% association to neutropenic events 

compared to 10% with higher nadirs (1) 

• Febrile neutropenia at first cycle (2) 

• Extent of haemoglobin drop (2) 

 

1. Silber et al 1998 

2. Agboola et al. 2002 

3. Dale et al 2003 

4. De Graaf 1996 

(Lyman 2000a) Literature review ‘A 

novel approach to 

maintain planned dose 

chemotherapy on 

Baseline filgrastim assumptions; the use 

of filgrastim would reduce the probability 

of a neutropenic complication by 50%.   

1. Filgrastim would not be used during 

• Concurrent radiation therapy (1) 

• Filgrastim use (1) 

• Day 5 lymphocyte count of <700/mcl/L 

(2) 

1. Silber et al 1998 

2. Blay et al 1998 

3. Lyman 2000 
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time: a decision-

making tool to improve 

patient care’ 

the first course of treatment. 

Patients who experience a 

neutropenic event would have a 

25% dose reduction followed by a 

50% reduction with a second event. 

2. Filgrastim would be given to the 

highest risk 50% of patients, 

categorised in low and high risk.  

Low risk patients after the first 

course of therapy would not receive 

filgrastim unless a neutropenic 

event occurred, after which the 

dose of chemotherapy would be 

reduced by 10%. A second 

neutropenic event would 

subsequently lead to a 50% 

reduction in dose. High risk would 

receive filgrastim immediately after 

the first course of therapy. The first 

neutropenic event in these patients 

would lead to a 25% dose reduction 

and the second event to a 50% 

reduction in chemotherapy dose. (3) 

• Type of chemotherapy (2) 

• Magnitude of haemoglobin decrease 

during first cycle (1) 

• ANC Nadir during first cycle (1) 

 

(Lyman 2009)  Literature review • 20% dose reduction resulted in a • Elderly cancer patients 1. Crawford et al. 
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‘Impact of 

chemotherapy dose 

intensity on cancer 

patient outcomes in 

breast, NHL, Lung, 

colorectal, ovary, 

lymphoma 

reduction in cure rates by 50% or 

more (4) 

• Patients who received more than 

85% of planned dose intensity had 

a superior disease and overall 

survival than those who received 

lower (5) 

• Patients receiving less than 65% of 

RDI experienced survival identical 

to untreated controls 

• Patients with RDI for CHOP of 70% 

experienced a greater 5 years 

survival than those less than 70% or 

less (6,7) 

• Patients with RDI of 75% or less 

than standard chemotherapy 

experienced shorter survival (8) 

• RDI greater than 85% was 

associated with significant better 

early progression-free and overall 

survival than those with an RDI of 

85% or less.  

• Obesity or overweight as doses are 

suboptimal when capped or ideal body 

weights are used. 

• Older Age 

• BSA >2m2 

• Number and type of comorbidities 

• Race 

• Socioeconomic factors 

• Frailty 

• Debilitated 

• First cycle neutropenia (1,2) 

• Myelosuppression 

• Febrile neutropenia 

• Anaemia 

• Thrombocytopenia 

• Nausea and vomiting 

• Mucositis 

• Renal dysfunction (11) 

• Impact on quality of life 

 

2008 

2. Lyman et al 2005 

3. Lyman et al 2003 

4. Skipper et al 1971 

5. Bonadonna et al 

1995 

6. Epelbaum et al. 

1990 

7. Lepage et al 1993 

8. Kwak et al. 1990 

9. Crawford et al 2007 

10. Rosner et al 1996 

11. Lyman 2006 

(Prasanna et al. 2018) Literature review 

‘Dose modifications in 

Not mentioned any dose reduction 

strategy 

• Hepatic function 1. Shayne et al. 2009 
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adjuvant 

chemotherapy for 

solid organ 

malignancies: A 

systematic review of 

clinical trials’ 

Adjuvant/ 

neoadjuvant/ radio-

sensitising 

chemotherapy for 

breast, lung, 

colorectal, head and 

neck, bladder, gastro-

oesophageal, and 

pancreatic cancer.  

20% patients had a dose reduction of 

15% or more. 30% received of patients 

received less than 85% of their planned 

dose. 

• Renal function 

• Serum Albumin 

• Poor performance status 

• Extremes of age 

• Co-existing medical conditions 

• Age >65 years (1) 

• BSA >2m2 (1) 

• Negative lymph nodes (1) 

• Sarcopenia – skeletal muscle mass 

• Ethnicity affecting pharmacokinetics and 

pharmacogenomics. Dose calculations 

based on trials predominantly enrolling 

Caucasian populations.  

(Lalami and 

Klastersky 2017b) 

Literature review 

‘Impact of 

chemotherapy-

induced neutropenia 

(CIN) and febrile 

neutropenia (FN) on 

cancer treatment 

outcomes: An 

overview about well-

Breast - 20year follow up showed that 

survival was 52% when patients 

received 85% of the dose and only 27% 

for patients less than 85% (5) 

10-year OS was 73.9% for patients with 

RDI of <95% and 84.2% for RDI >95% 

(6) 

Survival for NHL 

• ARDI 81-85% - median survival 

• PDR due to  

o Elderly patients (1) 

o Severe Comorbidities (1) 

o Obesity (1) 

• Unplanned  

o CIN (<0.5 x 109/L) 

o Febrile Neutropenia 

• Age >65 years 

• Poor Performance status 

1. Chang 2000 

2. Blay et al. 1996 

3. Silber et al. 1998 

4. Savvides et al. 

2003 

5. Bonadonna 1995 

6. Chirivell et al 2009 

7. Bosly et al. 2008 
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established and 

recently emerging 

clinical data’ 

1.71 years 

• ARDI 86-90% - median survival3.14 

years 

• ARDI >90% - median survival 7.08 

years 

 

 

• Nutritional status 

• Multiple comorbid conditions 

• Liver disease 

• Lung disease 

• Kidney disease 

• Cardiovascular disease 

• Advanced cancer disease 

• History of prior neutropenia 

• No anti-biotic use 

• No GCSF use 

• High Lactate dehydrogenase level 

• Pharmacokinetics – polymorphism may 

affect drug clearance 

• First cycle nadir (2-4) 

o Neutrophil count 

o Decrease in haemoglobin 

o Platelet levels 

• Absolute Neutrophil Count of <0.1 x 

109/L 

1. Dose capping due to high BSA 

(Aapro et al. 2010) Literature review on 

“Prophylaxis of 

chemotherapy-

No dose reduction strategy 

documented. 

 

• GCSF reduced the need to dose reduce  

• Elderly patients 

• First cycle FN (1) 

1. Pettengell et al 

2008 
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induced febrile 

neutropenia with 

GCSF factors: where 

are we now?” 

• Age >65 years (1) 

• ECOG PS (1) 

• Chemotherapy-induced Neutropenia 

• FN 
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Organistaion into Broader Themes 

Table 36. Organisation of codes into broader themes  

Theme Codes from primary data Codes from non-primary data All Coded Factors 

Abnormal Baseline results Albumin <3.5g/dL 

Abnormal baseline glucose and 

protein levels 

Low baseline white blood cell count 

High Lactate dehydrogenase level 

Low pre-treatment cell counts 

Serum Albumin 

 

Abnormal baseline glucose and protein 

levels 

High Lactate dehydrogenase level 

Low pre-treatment cell counts 

Low baseline blood cell count 

Serum Albumin 

Albumin <3.5g/dL 

Advanced disease Stage IV solid tumours 51.7% 

overall had an RDI < 85%  

Advanced disease 

Advanced stage disease/ 

metastases 

Negative lymph nodes 

 

Advanced cancer disease 

Advanced stage disease/ metastases 

Negative lymph nodes 

Stage IV solid tumours  

Advanced Age 

 

Age >65 years 

Age >65 

Increasing Age increases likelihood 

of PDR (OR 1.10; 95% CI 1.05-

1.15) 

Age >65 years (1,2) 

Age >60years (1) 

Age >65 years 

Age greater than 65 

Elderly cancer patients 

Elderly patients 

Extremes of age 

Higher Age 

Increasing Age 

 

Age > 70 years was associated with a 

lower RDI with lymphoma 

Age > 80 years was associated with a 

lower RDI 

Age >60years 

Age >65 

Age >65 years 

Age greater than 65 
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Age >65 years 

Increasing Age 

Age > 80 years was associated 

with a lower RDI 

Age > 70 years was associated 

with a lower RD with lymphoma 

Older Age 

Higher Age 

Elderly cancer patients 

Elderly patients 

Extremes of age 

Higher Age 

Increasing Age 

Increasing Age increases likelihood of 

PDR (OR 1.10; 95% CI 1.05-1.15) 

Older Age 

Anaemia Low haemoglobin 

Haemoglobin <12 g/dl 

Anaemia 

Decrease in haemoglobin level 

Extent of haemoglobin drop 

Magnitude of haemoglobin decrease 

during first cycle 

Anaemia 

Decrease in haemoglobin level 

Extent of haemoglobin drop 

Haemoglobin <12 g/dl 

Low haemoglobin 

Magnitude of haemoglobin decrease 

during first cycle 

Absolute neutrophil count Absolute neutrophil count (ANC) 

<1.5 x 109/L before treatment 

 

Absolute Neutrophil Count of <0.1 x 

109/L 

First cycle Absolute Neutrophil count 

(ANC) nadir of 0.5 x 109 or less had 

30% association to neutropenic events 

compared to 10% with higher nadirs 

(1) 

First cycle ANC Nadir (2) 

ANC Nadir during first cycle (1) 

Absolute neutrophil count (ANC) <1.5 x 

109/L before treatment 

Absolute Neutrophil Count of <0.1 x 

109/L 

First cycle Absolute Neutrophil count 

(ANC) nadir of 0.5 x 109 or less had 

30% association to neutropenic events 

compared to 10% with higher nadirs 

(1) 
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First cycle ANC Nadir (2) 

ANC Nadir during first cycle (1) 

Antibiotics use Prophylactic Antibiotic use 

Planned antibiotic prophylaxis 

No anti-biotic use 

 

No anti-biotic use 

Planned antibiotic prophylaxis 

Prophylactic Antibiotic use 

BMI/ weight Poor nutritional status 

Lower body weight 

Lower BMI  

Obesity (HR 0.78, CI 0.67-0.91) 

 

Nutritional status 

Sarcopenia – skeletal muscle mass 

Obesity (HR 0.78, CI 0.67-0.91) 

Lower BMI 

Lower body weight 

Nutritional status 

Poor nutritional status 

Sarcopenia – skeletal muscle mass 

Obesity (HR 0.78, CI 0.67-0.91) 

Bone marrow involvement Bone Marrow Suppression Score 

(HR 3.35, CI 1.6-6.10) 

Bone marrow involvement 

 Bone marrow involvement 

Bone Marrow Suppression Score (HR 

3.35, CI 1.6-6.10) 

Body Surface Area (BSA) High body Surface area (1)  

BSA < 2m2 

Bigger BSA 

 

BSA 

Dose capping due to high BSA 

Obesity or overweight as doses are 

suboptimal when capped or ideal body 

weights are used. 

Bigger BSA 

BSA 

BSA >2m2 

Dose capping due to high BSA 

High body Surface area 

Obesity or overweight as doses are 

suboptimal when capped or ideal body 

weights are used. 

Chemotherapy Type First cycle chemotherapy (1) 

Type of chemotherapy regimen 

Type of chemotherapy (2) 

 

First cycle chemotherapy (1) 

Myelotoxicity potential of 
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Myelotoxic potential of 

chemotherapy regimen 

Platinum-based chemotherapy 

Regimen Type (anthracycline) 

chemotherapy regimen 

Platinum-based chemotherapy 

Regimen Type (anthracycline) 

Type of chemotherapy (2) 

Type of chemotherapy regimen 

Number & type Comorbidities HIV infection (HR 3.4, CI 1.9-5.63)  

Peptic Ulcer Disease (HR 1.57, CI 

1.05-2.26) 

Thyroid disorder (HR 1.32, CI 1.06 

– 1.64)     

COPD (HR 1.3, CI 1.07-1.57) 

CHF (HR 1.43, CI 1.00-1.98) 

Autoimmune disease (HR 2.01, CI 

1.10-3.33) 

Total number of comorbidities 

Comorbidities 

FN risk for each disease 

Higher incidence of comorbidities 

i.e. diabetes, heart disease, liver 

and kidney disease, depression, 

and stomach disorders 

Cardiovascular disease 

One or more comorbidities 

Vascular comorbidity 

Co-existing medical conditions 

Lung disease 

Multiple comorbid conditions 

Number and type of comorbidities 

One or more comorbidities 

Severe Comorbidities 

 

Comorbidities 

Autoimmune disease (HR 2.01, CI 

1.10-3.33) 

Cardiovascular disease 

CHF (HR 1.43, CI 1.00-1.98) 

Co-existing medical conditions 

COPD (HR 1.3, CI 1.07-1.57) 

FN risk for each disease 

Higher incidence of comorbidities i.e. 

diabetes, heart disease, liver and 

kidney disease, depression and 

stomach disorders 

HIV infection (HR 3.4, CI 1.9-5.63)  

Lung disease 

Multiple comorbid conditions 

Number and type of comorbidities 

One or more comorbidities 

Peptic Ulcer Disease (HR 1.57, CI 

1.05-2.26) 
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Thyroid disorder (HR 1.32, CI 1.06 – 

1.64)     

Vascular comorbidity 

Severe Comorbidities 

Total number of comorbidities 

Dose Intensity High dose intensity planned 

(>80%) 

Normal to high summation dose 

intensity 

Higher planned dose intensity of 

doxorubicin, epirubicin or docetaxel 

 

High dose intensity planned (>80%) 

Higher planned dose intensity of 

doxorubicin, epirubicin or docetaxel 

Normal to high summation dose 

intensity 

Ethnicity/ Genetics Asian origin Ethnicity affecting pharmacokinetics 

and pharmacogenomics.  

Dose calculations based on trials 

predominantly enrolling Caucasian 

populations.  

Race 

Asian origin 

Ethnicity affecting pharmacokinetics 

and pharmacogenomics.  

Dose calculations based on trials 

predominantly enrolling Caucasian 

populations.  

Race 

Falls/ Frailty History of one or more falls in the 

preceding 6 months was 

associated with PDR 

Frailty History of one or more falls in the 

preceding 6 months was associated 

with PDR 

Frailty 

Febrile Neutropenia Febrile neutropenia 

Prior Febrile Neutropenia 

Cycle 1 FN occurrence 

Febrile neutropenia at first cycle 

First cycle FN 

FN 

Cycle 1 FN occurrence 

Febrile neutropenia 

Febrile neutropenia at first cycle 
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Prior Febrile Neutropenia 

FN & Grade 3-4 neutropenia 

First cycle FN 

FN 

Prior Febrile Neutropenia 

FN & Grade 3-4 neutropenia 

GCSF use Filgrastim use in patients with FN 

risk of 20% or more 

Primary CSF prophylaxis 

Prophylactic GCSF 

GCSF use  

Use of planned PP with 

pegfilgrastim 

Dose reductions and CSF use 

were protective against CIN grade 

4 

Filgrastim use 

First cycle CSF support 

GCSF reduced the need to dose 

reduce  

Meta-analysis of eight published 

studies evaluating the use of filgrastim. 

Lenograstim, showed a 68% reduction 

in the need to dose reduce or delay 

No GCSF use 

Prophylactic GCSF 

 

Filgrastim use 

Filgrastim use in patients with FN risk 

of 20% or more 

First cycle CSF support 

GCSF reduced the need to dose 

reduce  

GCSF Use 

Meta-analysis of eight published 

studies evaluating the use of filgrastim. 

Lenograstim, showed a 68% reduction 

in the need to dose reduce or delay 

No GCSF use 

Primary CSF prophylaxis 

Prophylactic GCSF 

Use of planned PP with pegfilgrastim 

Dose reductions and CSF use were 

protective against CIN grade 4 

Gender Female Gender Female Gender Female Gender 

Kidney disease / dysfunction Liver/ Kidney disease (OR 9.4; 

95% CI 3.2-27.8) 

Renal dysfunction 

Renal function 

Kidney disease 

Kidney dysfunction 
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Renal disease (1) 

Kidney disease 

Kidney dysfunction 

Renal Disease (HR 1.6, CI 1.21-

2.09) 

 

 Renal disease 

Renal Disease (HR 1.6, CI 1.21-2.09) 

Renal dysfunction 

Renal function 

Liver/ Kidney disease (OR 9.4; 95% CI 

3.2-27.8) 

Liver disease/ dysfunction Liver/ Kidney disease (OR 9.4; 

95% CI 3.2-27.8) 

Elevated liver enzymes 

Liver dysfunction 

Liver Disease (HR 1.39, CI 0.81-

2.20) 

 

Hepatic function 

Liver Disease 

 

Elevated liver enzymes 

Hepatic function 

Liver Disease 

Liver Disease (HR 1.39, CI 0.81-2.20) 

Liver dysfunction 

Liver/ Kidney disease (OR 9.4; 95% CI 

3.2-27.8) 

Mental Health Cognitive deficits assessed by 

Blessed Orientation Memory 

Concentration was associated with 

PDR 

 Cognitive deficits assessed by Blessed 

Orientation Memory Concentration was 

associated with PDR 

Myelosuppression 

/Immunosuppression 

 First cycle nadir 

Myelosuppression 

Day 5 lymphocyte count of <700/mcl/L 

First cycle nadir 

Myelosuppression 

Day 5 lymphocyte count of <700/mcl/L 

Neutropenia Previous neutropenic event (65% 

of patients with previous 

neutropenia) 

Neutropenia (30%) 

Chemotherapy-induced Neutropenia 

First cycle neutropenia (1,2) 

History of prior neutropenia 

The likelihood ratio of previous 

Chemotherapy-induced Neutropenia 

First cycle neutropenia (1,2) 

History of prior neutropenia 

Neutropenia 
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Neutropenia neutropenia is 9.33 CIN (<0.5 x 109/L) 

Neutrophil count 

Risk factors for grade 4 chemotherapy-

induced neutropenia (<0.5 x 109/L) 

which led to dose reductions of >10% 

of planned dose (OR 1.86; 1.16-2.97 

CI, 95%) 

Neutropenia (30%) 

Previous neutropenic event (65% of 

patients with previous neutropenia) 

The likelihood ratio of previous 

neutropenia is 9.33 CIN (<0.5 x 109/L) 

Neutrophil count 

Risk factors for grade 4 chemotherapy-

induced neutropenia (<0.5 x 109/L) 

which led to dose reductions of >10% 

of planned dose (OR 1.86; 1.16-2.97 

CI, 95%) 

Planned chemotherapy length  Regimens with longer cycle 

duration 

Higher planned dose intensity of 

doxorubicin, epirubicin or docetaxel 

Higher number of planned cycles 

More Chemotherapy 

Cycles planned 

 Cycles planned  

Higher number of planned cycles 

More Chemotherapy 

Regimens with longer cycle duration 

Higher planned dose intensity of 

doxorubicin, epirubicin or docetaxel 

 

Previous cancer/ reoccurrence Prior cancer (OR 3.3; 95% CI 1.7-

6.2) 

 

History of prior cancers Prior cancer (OR 3.3; 95% CI 1.7-6.2) 

History of prior cancers 

Previous chemotherapy Prior history of chemotherapy 

Number of different cytostatic prior 

treatments 

 Prior history of chemotherapy 

Number of different cytostatic prior 

treatments 
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Performance Status ECOG status >1 

Worsening in general conditions 

Debilitated 

ECOG PS (1) 

Poor performance status 

 

Debilitated 

ECOG PS (1) 

ECOG status >1 

Poor performance status 

Worsening in general conditions 

Quality of life  Impact on quality of life Impact on quality of life 

Radiotherapy Concomitant Radiotherapy 

 

Concurrent radiation therapy 

Radiation therapy 

Concomitant Radiotherapy 

Concurrent radiation therapy 

Radiation therapy 

Socio-economic 

 

Lower level of education 

 

Socioeconomic factors Lower level of education 

Socioeconomic factors 

Thrombocytopenia  Thrombocytopenia 

Platelet levels 

 

Thrombocytopenia 

Platelet levels 

 

Toxicity Polyneuropathy (16%) 

Diarrhoea (14%) 

Hyperemesis 

Hand & Foot syndrome 

Mucositis 

Nausea and vomiting 

 

Diarrhoea 

Hand & Foot syndrome 

Hyperemesis 

Mucositis 

Nausea and vomiting 

Polyneuropathy 

Type of cancer Gastrointestinal or Genitourinary 

cancers were more likely to receive 

PDR 

 Gastrointestinal or Genitourinary 

cancers were more likely to receive 

PDR 
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Lung cancer decreased the 

likelihood of PDR (OR 0.51; 95% 

CI 0.27-0.95) 

Lymphoma histology 

 

Lung cancer decreased the likelihood 

of PDR (OR 0.51; 95% CI 0.27-0.95) 

Lymphoma histology 
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SmPC Dose Reduction Advice 

Table 37. Examples of SmPC recommendation on neutropenia  

Drug SmPC advice on managing neutropenia (leukopenia 1000 cells/mm3 equivalent to 

1.0 x 109/L of neutrophils) 

Critique  

Carboplatin Patients with creatinine clearance below 60 ml/min are at increased risk of severe 

myelosuppression. The frequency of severe leukopenia, neutropenia, or 

thrombocytopenia has been maintained at about 25% with the following dosage 

recommendations 

 

If neutrophil levels fall below 2000 cells/mm3 or platelets are less than 100,000 

cells/mm3 then postponement of carboplatin therapy until bone barrow recovery is 

evident, should be considered. This recovery usually takes 5 to 6 weeks. Transfusions 

may be necessary and dosage reductions recommended for subsequent treatment. 

 

Myelosuppression is the dose-limiting toxicity of carboplatin injection. In patients with 

normal baseline values, thrombocytopenia with platelet counts below 50,000/mm3 

occurs in 25% of patients, neutropenia with granulocyte counts below 1,000/mm3 in 

18% of patients, and leukopenia with WBC counts below 2,000/mm3 in 14% of 

patients. The nadir usually occurs on day 21. Myelosuppression can be worsened by 

combination of carboplatin injection with other myelosuppressive compounds or forms 

of treatment. 

The information provided only describes the 

occurrence of neutropenia but does not provide 

a recommended reduction post neutropenia. No 

consideration on using it with other drugs or 

what significance the patient setting has on the 

drug. 

Cisplatin NA  

Gemcitabine The frequency of grade 3 and 4 haematological toxicities, particularly neutropenia, No clinically relevant information 
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increases when gemcitabine is used in combination with paclitaxel. However, the 

increase in these adverse reactions is not associated with an increased incidence of 

infections or haemorrhagic events 

 

Etoposide ETOPOPHOS should not be administered to patients with neutrophil counts less than 

1,500 cells/mm3 or platelet counts less than 100,000 cells/mm3, unless caused by 

malignant disease. Doses subsequent to initial dose should be adjusted if neutrophil 

count less than 500 cells/mm3 occurs for more than 5 days or is associated with fever 

or infection, if platelet count less than 25,000 cells/mm3 occurs, if any grade 3 or 4 

toxicity develops or if renal clearance is less than 50 ml/min. 

The SmPC provides info at what neutrophil level 

a dose reduction should occur, but again does 

not stipulate what is regarded as safe dose 

reduction. Etoposide is rarely used as 

monotherapy in lung cancer and frequently 

combined with cisplatin or carboplatin, for which 

there is no consideration in the SmPC literature. 

Vinorelbine For any administration planned to be given at 80mg/m2, if the neutrophil count is below 

500/mm3 or more than once between 500 and 1000 / mm3 the administration should be 

delayed until recovery and the dose reduced from 80 to 60mg/m2 per week during the 

3 following administrations. 

 

If the neutrophil count is below 1500 / mm3 and/or the platelet count below 100000/ 

mm3, then the treatment should be delayed until recovery. 

One of the very few SmPC, which does 

recommend a dose reduction. However, it is 

unclear of which trial this advice stems from and 

if it is applicable to single agent or to 

combination treatments.  

Pemetrexed Before the start of any cycle of chemotherapy, patients are required to have the 

following: absolute neutrophil count (ANC) should be ≥ 1500 cells/mm3 and platelets 

should be ≥ 100,000 cells/mm3 

 

Pemetrexed can suppress bone marrow function as manifested by neutropenia, 

thrombocytopenia and anaemia (or pancytopenia) (see section 4.8). Myelosuppression 

The only SmPC in relation to lung cancer which 

provides both the level of neutrophil count and 

the recommended dose reduction for 

pemetrexed in combination treatment. However 

similar to other SmPC advice, no information is 

found on the patients’ clinical settings. 
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is usually the dose-limiting toxicity. Patients should be monitored for myelosuppression 

during therapy and pemetrexed should not be given to patients until absolute 

neutrophil count (ANC) returns to ≥ 1500 cells/ mm3 and platelet count returns to ≥ 

100,000 cells/ mm3. Dose reductions for subsequent cycles are based on nadir ANC, 

platelet count and maximum non-haematologic toxicity seen from the previous cycle 

 

Table - Dose modification table for ALIMTA (as single agent or in combination) and 

cisplatin – Haematologic toxicities  

Nadir ANC < 500 /mm3 and nadir platelets ≥ 

50,000 /mm3 

75 % of previous dose (both 

ALIMTA and cisplatin) 

Nadir platelets <50,000 /mm3 regardless of nadir 

ANC 

75 % of previous dose (both 

ALIMTA and cisplatin) 

Nadir platelets <50,000/mm3 with bleedinga, 

regardless of nadir ANC 

50% of previous dose (both 

ALIMTA and cisplatin) 

a These criteria meet the National Cancer Institute Common Toxicity Criteria (CTC 

v2.0; NCI 1998) definition of ≥CTC Grade 2 bleeding 

 

Furthermore, no evidence is provided on the 

efficacy of these dose reductions on 

successfully reducing further events of 

neutropenia.     

Docetaxel In patients who experienced either febrile neutropenia, neutrophil count < 500 

cells/mm3 for more than one week, severe or cumulative cutaneous reactions or 

severe peripheral neuropathy during docetaxel therapy, the dose of docetaxel should 

No information on the efficacy of dose reduction 

on the prevention neutropenia and if it is 

applicable to all clinical settings, patient factors. 
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be reduced from 100 mg/m2 to 75 mg/m2 and/or from 75 to 60 mg/m². If the patient 

continues to experience these reactions at 60 mg/m², the treatment should be 

discontinued. 

 

For patients who experience complicated neutropenia (prolonged neutropenia, febrile 

neutropenia or infection), G-CSF and dose reduction should be considered 

 

GCSF is advocated to use, however no mention 

if the previously documented dose reduction is 

still applicable. 

Cyclophosphamide Infections occurring during treatment with cyclophosphamide, including neutropenic 

fever, must be treated appropriately. Antimicrobial prophylaxis may be indicated in 

certain cases of neutropenia (at the discretion of the managing physician). In case of 

neutropenic fever, antibiotics and/or antimycotics must be given. Cyclophosphamide 

must be administered with the necessary caution (or not at all) in patients with severe 

functional impairment of bone marrow and patients with severe immunosuppression 

The SmPC advises to use antimicrobials rather 

than dose reducing or adding GCSF. Since the 

rise of antibiotic resistant microbes, the empiric 

use of antibiotics is restricted. Similar with other 

SmPC, no information on amount to dose 

reduce, at what neutrophil level and the efficacy 

of those dose reductions.  

Doxorubicin Doxorubicin may produce myelosuppression (See Section 4.8) Haematologic profiles 

should be assessed before and during each cycle of therapy with doxorubicin, 

including differential white blood cell (WBC) counts. A dose-dependent, reversible 

leucopenia and/or granulocytopenia (neutropenia) is the predominant manifestation of 

doxorubicin haematologic toxicity and is the most common acute dose-limiting toxicity 

of this drug. Leucopenia and neutropenia generally reach the nadir between days 10 

and 14 after drug administration; the WBC/neutrophil counts return to normal values in 

most cases by day 21. Dose reduction or increase of the dose interval should be 

considered if the blood values are not normalised. Thrombocytopenia and anaemia 

may also occur. Clinical consequences of severe myelosuppression include fever, 

infections, sepsis/septicaemia, septic shock, haemorrhage, tissue hypoxia or death. 

No clinically relevant information on the 

management of neutropenia is found apart from 

that dose reductions should be considered. 
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Vincristine Leukopenia and neutropenia; vincristine does not appear to have any constant or 

significant effect upon the platelets or the red blood cells. Clinical consequences of 

leukopenia may be fever, infections and sepsis. There have been occasional reports of 

fatal infections during vincristine therapy 

Limited information on the management of 

neutropenia.  
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Appendix 3 – Drug associated with neutropenia 

• Drugs associated with Induced Neutropenia – (Bhatt and Saleem 2004) 

• Analgesics/anti-inflammatory agents  

o indomethacin  

o ibuprofen  

o aspirin  

o mesalazine  

o aminopyrine  

o phenylbutazone  

o barbiturates  

• Anti-psychotics and antidepressants  

o phenothiazines  

o clozapine  

o risperidone  

o imipramine  

o desipramine  

o haloperidol  

• Anti-convulsants  

o valproic acid  

o carbamazepine  

o phenytoin  

o ethosuximide  

o mesantoin  

• Anti-thyroid drugs  

o thiouracil  

o propylthiouracil  

o carbimazole  

o methimazole  

o thiocyanate  

• Anti-histamines  

o cimetidine  

o ranitidine  

o brompheniramine  

o methapheniline  

• Miscellaneous drugs  

o immunoglobulin  

o allopurinol  

o colchicine  

o tamoxifen  

o retinoic acid  

o ethanol  

o thiazide diuretics  

o levodopa  

• Anti-microbials  

o penicillins  

o cephalosporins  
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o chloramphenicol  

o gentamicin  

o metronidazole  

o rifampin  

o isoniazid  

o pyrimethamine  

o levamisole  

o sulfonamides  

o dapsone  

o chloroquine  

o acyclovir  

o zidovudine  

o ciprofloxacin  

• Cardiovascular drugs  

o procainamide  

o captopril  

o propanolol  

o hydralazine  

o methyldopa  

o nifedipine  

o ticlopidine  

o quinidine 

• Other   

o NOAC’s  

o Steroids  
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