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Summary 

Chemotherapy is the mainstay of treatment for patients with malignant pleural 

mesothelioma (MPM) and advanced non-small cell lung cancer (NSCLC). More 

recently, targeted therapies have demonstrated efficacy in a subset of patients with 

NSCLC harbouring an oncogenic driver, such as epidermal growth factor receptor 

(EGFR) mutations. However, most patients with NSCLC do not have an actionable 

mutation, or have mutations for which no treatment is available. Moreover, those with a 

driver mutation who are treated with a targeted agent and achieve an initial response, 

invariably develop resistance. 

In recent clinical developments, immune checkpoint inhibitors against the programmed 

death receptor-1 (PD-1) are now approved for the treatment of NSCLC and malignant 

melanoma, with ongoing trials in most solid tumours. Although some patients achieve 

durable responses, most do not respond to single-agent immunotherapy. Moreover, 

there are no reliable biomarkers to identify patients more likely to respond to treatment. 

The expression of PD-ligand-1 (PD-L1) on tumour cells has been the most promising 

biomarker, but remains unreliable as some patients with PD-L1-negative tumours also 

respond to PD-1 blockade, possibly due to the dynamic nature of PD-L1 expression. 

Following these important therapeutic developments, there are ongoing efforts to 

develop strategies that may improve efficacy by combining an immunotherapy with 

other immunotherapies, or with conventional therapies, including chemotherapy, 

targeted therapies, and radiotherapy. Understanding the effects of individual therapies 

on the immune system will enable the development of rational approaches to optimise 

therapeutic sequencing and combinations. Furthermore, there is an urgent need to 

identify biomarkers to individualise treatment decisions and maximise the likelihood of 

response.  

This thesis describes two studies in MPM and NSCLC. The first was a retrospective 

study of 274 patients with advanced MPM, examining the prognostic significance of the 

neutrophil-to-lymphocyte ratio (NLR), a marker of systemic inflammation, compared to 

routinely collected clinical and laboratory variables. NLR was previously reported as a 

promising biomarker that was predictive of survival in MPM and other solid tumours. 

Although this study aimed to validate NLR as a biomarker in MPM, it was not found to 

be prognostic on univariate or multivariate analysis for the total cohort or on subgroup 

analyses. In contrast, established prognostic variables, including age, histology, 
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performance status, weight loss, chest pain and platelet count were independent 

predictors. Therefore, although the prospect of a simple blood test providing prognostic 

information was promising, it did not withstand the rigour of independent validation in 

this cohort. 

The second study examined the effects of EGFR tyrosine kinase inhibitors (TKIs) on 

the immune system in a prospective cohort of patients with advanced NSCLC. 33 

patients receiving an EGFR-TKI were recruited, including 12 patients with a known 

EGFR mutation. Peripheral blood mononuclear cells were collected pre-treatment, and 

after 1, 3 and 8 weeks, and flow cytometry was used to identify immune cell subsets. 

Four panels were used to examine proportions of effector CD8+ and regulatory CD4+ T 

cells, dendritic cells (DCs), and PD-1 and PD-L1 expression on T cells and DCs. 

Immune parameters were correlated with radiological response, progression-free 

survival (PFS), and overall survival (OS). 

Compared to healthy donors, patients were found to have higher proportions of 

proliferating T cells at baseline, suggesting the presence of an underlying immune 

response. After commencement of an EGFR-TKI, there were no significant changes in 

immune cell subsets across the four study time-points. In the subset of patients who 

subsequently developed progressive disease, there was a significant increase in the 

proportions of PD-L1+ T cells after one week of EGFR-TKI. Moreover, the proportion of 

PD-L1+ T cells at one week was strongly associated with radiological response, PFS, 

and OS, independently of other variables, including EGFR mutation status.  

This was the first study to assess the effects of EGFR-TKIs on the immune system in 

patients with advanced NSCLC. Although no significant longitudinal changes in 

immune parameters were revealed, the finding that higher proportions of PD-L1+ T 

cells was associated with worse clinical outcomes, is important. Although the results 

are exploratory in nature, they support the concept that peripheral immune parameters 

may be a non-invasive surrogate for an anti-tumour response in this cohort, and 

warrant further investigation. Furthermore, relationships between clinical outcomes and 

proportions of PD-L1+ T cells should be prospectively examined as a predictive 

biomarker for anti-PD-1 therapies.   
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Chapter 1:   Literature Review 

1.1 Introduction 

Lung cancer is the leading cause of cancer mortality worldwide, representing one in 

five cancer deaths and resulting in an estimated 1.6 million deaths in 20121. MPM is an 

aggressive malignancy arising from the mesothelial surface of the pleura, with a 

well-established link to asbestos exposure. Conventional cytotoxic chemotherapy 

remains the principal treatment modality for most patients with advanced NSCLC or 

MPM, but unfortunately the majority of patients ultimately succumb to their illness, with 

a median OS of 11-14 months2,3. 

Targeted therapies are an emerging class of drugs that exert their anti-tumour effect by 

targeting one or several receptors or pathways that cancers may be dependent upon 

for development, proliferation and survival. This has led to significant advances in the 

treatment of lung cancer and other malignancies, especially those where a specific 

oncogene has been identified, such as activating EGFR mutations. However, despite 

initial responses in most patients with EGFR mutations, resistance to these agents 

ultimately develops, and other strategies are needed to improve outcomes. 

Targeting the immune system to treat cancer has been a long sought goal that has 

only recently reached the clinic as a novel class of promising agents in the 

armamentarium against cancer. Indeed, immunotherapy was designated ‘Breakthrough 

of the Year’ by Science magazine in 20134. Improvements in outcomes have been 

demonstrated with the use immune checkpoint inhibitors in an increasing number of 

malignancies, including NSCLC, MPM and malignant melanoma5-7.  

Although treatment with immune checkpoint inhibitors achieves impressive responses 

and durable control of disease in some patients, complete responses to treatment are 

rare, and disease progression eventually develops in most patients. Moreover, there 

are no reliable biomarkers to identify patients who are more likely to respond. Ongoing 

efforts aim to develop therapeutic strategies to optimise combinations of two or more 

immunotherapies, as well combinations of immunotherapy with conventional therapies 

including chemotherapy, targeted therapies and radiotherapy.  
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The effects of targeted therapies on the immune system are not well understood. 

Current knowledge suggests that targeted therapies can exert diverse immune-

modulatory effects depending on the agent studied, the disease context, as well as the 

immune compartment examined (e.g. tumour microenvironment, lymph nodes or 

peripheral blood). An understanding of these immune interactions is required to enable 

the rational development of combinations with immunotherapy, and to inform the 

selection and sequencing of treatment modalities in an evolving era of personalised 

cancer therapy. 

This thesis examines the effects of EGFR-TKIs on the immune system in patients with 

NSCLC. The thesis also examines the prognostic value of NLR, a marker of systemic 

inflammation, in a retrospective cohort of patients with MPM. This chapter provides an 

overview of NSCLC and MPM, the immune response to cancer, approaches to 

targeted therapies and immunotherapy, the effects of systemic anti-cancer therapies 

on the immune system, immunological biomarkers of prognosis and treatment 

response, and the rationale for combination approaches. 
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1.2 Thoracic cancers 

1.2.1 Non-small cell lung cancer 

NSCLC is a highly lethal cancer, with the majority of patients presenting with advanced 

disease that is not amenable to potentially curative surgical resection or radical 

chemo-radiotherapy. Although tobacco smoking causes most lung cancer deaths, 

NSCLC in never-smokers has been estimated to account for 10-15% of all lung cancer 

deaths in western populations, and up to 30% in populations from East Asia. In fact, if 

lung cancer in never-smokers were considered a separate entity, it would rank 

between 7th and 9th of the most common cause of cancer deaths in the United States, 

and the 5th most common malignancy in China8,9. This highlights that the global burden 

of lung cancer is likely to remain significant, despite the ongoing global efforts against 

tobacco consumption. 

In 1995, systemic chemotherapy was first demonstrated to provide a survival 

advantage, compared to best supportive care alone, following a meta-analysis of 

individual data from 9,387 patients with NSCLC10. Historically, the treatment approach 

for advanced lung cancer was based on simply dichotomising the histological 

classification as either small-cell lung cancer (SCLC), or NSCLC, while lumping 

together the pathological subtypes of NSCLC. Patients with SCLC were treated with 

platinum-etoposide doublet chemotherapy, while NSCLC was treated with the 

‘physician’s choice’ of platinum-doublet, based on patient and physician preference, 

and considering the expected toxicity profile and patient tolerance.  

Although chemotherapy remains the mainstay treatment for most patients with 

advanced disease, there has been a shift towards individualising treatment decisions 

based on the histological NSCLC subtype. For example, the angiogenesis inhibitor 

bevacizumab, in combination with carboplatin and paclitaxel, was approved as first-line 

treatment for advanced NSCLC, but only for non-squamous histology, owing to an 

increased risk of life-threatening haemorrhage seen in early clinical trials in those with 

squamous histology cancers11,12. The multi-targeted anti-folate chemotherapy agent 

pemetrexed, which was initially approved for all NSCLC subtypes after failure of prior 

therapy, was subsequently shown to be active predominantly in patients with non-

squamous histology2,13,14. This was found to result from higher levels of thymidylate 

synthase in squamous compared to non-squamous histologies15. These 

histology-driven approaches heralded the beginning of an era of ‘personalised 
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medicine’ for lung cancer, which rapidly accelerated with the characterisation of 

molecular NSCLC subtypes. 

EGFR-TKIs were the first targeted therapies against a known oncogene to be 

approved in advanced NSCLC, and are most effective in patients with tumours 

harbouring activating EGFR mutations16-18. More recently, other molecular subtypes 

have been identified including anaplastic lymphoma kinase (ALK), ROS proto-

oncogene 1 (ROS1), and rearranged during transfection (RET) fusions, for which 

targeted therapies have either reached routine practice, or are in various stages of 

development19-23. Despite the effectiveness of these agents and the expanding 

spectrum of potential targets, resistance ultimately develops and treatment remains 

palliative for the majority of patients.  

Although lung cancer has long been considered to be non-immunogenic, treatment 

with immune checkpoint inhibitors has now been shown to be efficacious, and has 

become the latest class of agents to be added to the armamentarium against this 

deadly disease. The first study of a checkpoint inhibitor to demonstrate preliminary 

activity in NSCLC included 39 patients with solid tumours (6 with NSCLC) treated with 

a single dose of nivolumab (also known as BMS-936558, and previously MDX-1106 

and ONO-4538), a monoclonal antibody against the PD-1 receptor24. Subsequent 

studies demonstrated response rates of up to 20%, as well as improved OS compared 

to standard chemotherapy in previously treated patients6,25-28. Importantly, treatment 

responses were found to be durable in some patients, reaching a median of 17 months 

in one study27.  

Nevertheless, the majority of patients with NSCLC do not respond to treatment with a 

PD-1 inhibitor and unlike oncogene-directed therapies, there are no reliable biomarkers 

to predict patients most likely to respond. The most promising biomarker proposed to 

date is the expression of PD-L1 on tumour tissue, with lower levels of expression being 

associated with inferior clinical outcomes in some studies25,26. However, patients with 

PD-L1-negative tumours also achieve durable responses, and OS was found to be 

superior in nivolumab-treated patients compared to those receiving chemotherapy at 

any PD-L1 expression level, and thus PD-L1 lacks specificity as a predictive 

biomarker6.  

There have clearly been significant advances in the systemic treatment of lung cancer 

in the 20 years since chemotherapy first became a standard-of-care. Incremental 

improvements in survival have been achieved with targeted therapy and more recently 
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with immunotherapy. However, this remains a disease with a dismal prognosis, as the 

majority of patients are either not suitable for targeted therapy, or do not respond to 

targeted or immune therapies. Moreover, these novel treatments are prohibitively 

expensive for most individuals, and sustainable funding of these agents will be 

challenging even for the most developed of the world’s health care systems. Much of 

this cost is expended on treatment that does not achieve any benefit for individual 

patients. For example, treatment with a PD-1 inhibitor can cost upwards of US$10,000 

per month. Given that the median PFS following nivolumab or pembrolizumab in 

NSCLC is less than 4 months6,26, up to US$40,000 per patient would be spent on an 

ineffective treatment for the 50% patients who progress within 4 months. If the bar 

were set higher for those who achieve an overall partial or complete response (i.e. 

20%), then the cost of treating the 80% of patients who do not respond would be 

significantly higher, although a proportion of these patients do achieve durable stable 

disease, and are likely to be deriving an OS advantage27. There is therefore an urgent 

need to develop rational approaches to patient selection for individual therapies, to 

optimise therapeutic sequencing and combinations of currently available agents, and to 

develop novel treatments to address the challenge of molecular and immunological 

heterogeneity in NSCLC.  



 

24 

1.2.2 Malignant pleural mesothelioma 

MPM is an aggressive neoplasm arising from the mesothelial surface of the pleura, 

with a well-established link to asbestos exposure. Asbestos fibres can affect the pleura 

in a number of ways. For example, fibres can result in direct irritation of the pleura by 

penetrating the lung, resulting in repetitive inflammation, damage and repair of the 

parietal mesothelial cell layer29.  

The prognosis of MPM remains poor, and most patients ultimately die of their disease, 

with a median survival of 12 months after chemotherapy, which is the only treatment 

with a proven survival benefit30. Palliative radiotherapy is also helpful to control local 

tumour-related symptoms such as chest wall pain31. The role of radical surgery in MPM 

remains controversial, where it is performed at highly specialised centres despite the 

absence of supporting evidence from the sole randomised pilot study, and significant 

associated morbidity and peri-operative mortality32. Surgery involves either 

cytoreduction with pleurectomy/decortication, a procedure that removes the pleura and 

debulks the tumour, or the more radical extra-pleural pneumonectomy (EPP), which 

involves the en-bloc resection of the parietal pleura, lung, pericardium, diaphragm, and 

mediastinal lymph nodes33-35. When surgery is performed, it is often combined with 

radical radiotherapy and chemotherapy (tri-modality therapy; TMT)36,37.  

A number of established clinical and pathological factors are prognostic for survival 

after a diagnosis of MPM, including age, gender, histological subtype, performance 

status, chest pain, weight loss, and treatment status38-41. In chemotherapy-treated 

patients, serial fluorodeoxyglucose positron emission tomography (18F-FDG-PET) 

scans using a novel, semi-automated volume-based analysis, predicts response to 

chemotherapy and survival42. Two prognostic scoring systems have been developed by 

the European Organisation for Research and Treatment of Cancer (EORTC) and the 

Cancer and Leukaemia Group B (CALGB)43,44. These scoring systems were developed 

in patients treated as part of clinical trials of the EORTC and CALGB groups, and 

utilise clinical and pathological variables to determine a risk score or a risk category for 

each patient. Although these scoring systems were proposed for use in stratification of 

patient entry into clinical trials, and as a tool to select patients for systemic therapy, 

they have not been used routinely in clinical practice, possibly owing to the complexity 

of determining a score for each patient and lack of demonstrated applicability outside 

the clinical trial setting. Other biomarkers have been investigated as potential 
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diagnostic or treatment monitoring tools, including soluble mesothelin-related peptides, 

osteopontin, and fibulin-345-53.  

NLR is a marker of systemic inflammation that has been proposed as a potential 

prognostic marker in many solid tumours. In MPM, NLR was shown to be potentially 

prognostic in a number of cohorts, including patients participating in clinical trials, 

surgically-treated patients and patients not receiving any systemic therapy54-59. 

However, limitations of these studies included heterogeneity in patient populations, 

treatments received, and different cut-off values used for classifying a low vs. high 

NLR. 

Although it is hoped that further advances in systemic therapy, including the recent 

encouraging data for immune checkpoint therapy for MPM7, will improve outcomes for 

patients with this highly lethal disease, systemic chemotherapy remains the mainstay 

of treatment. At the time of diagnosis, there is significant heterogeneity in patients’ 

clinical and pathological characteristics, which impacts on symptom burden and 

performance status, and may be predictive of subsequent disease progression and 

survival. Therefore clinicians treating this disease are initially faced with the decision of 

when first-line chemotherapy should be commenced, which regimen to use, and if an 

appropriate clinical trial should be considered. For selected patients with no symptoms 

and minimal tumour burden, observation alone initially is often appropriate and 

preferred, and for some patients can extend to many months before any systemic 

treatment needs to be instituted. In making these decisions, experienced clinicians rely 

on patient preferences as well as consideration of multiple prognostic variables that 

independently, but also jointly, predict clinical outcomes. 
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1.3 Immune response to cancer 

1.3.1 Inflammation and cancer 

A relationship between inflammation and cancer was first suggested by Rudolph 

Virchow in 1863, who noted the presence of leukocytes in tumours, and highlighted 

that cancers frequently arise at sites of chronic inflammation60.  Abundant evidence has 

since emerged to support Virchow’s hypothesis. Associations between cancer risk and 

inflammation have been well established in multiple malignancies, including colorectal 

cancer (inflammatory bowel disease)61, cervical cancer (human papilloma virus)62, 

bladder cancer (schistosomiasis)63, gastric cancer (H pylori induced gastritis)64 and 

malignant mesothelioma (asbestos exposure)65. The link between inflammation and 

cancer has also been supported by observations that non-steroidal anti-inflammatory 

drugs can reduce the long term risk of some cancers and have been associated with 

reduced cancer mortality66-69.  

The activation of oncogenes, such as members of the rat sarcoma oncogene (RAS) 

family can promote an inflammatory environment which promotes tumour growth70-72. 

Key transcription factors, including signal transducer and activator of transcription 3 

(STAT3), nuclear factor-κB (NF-κB) and hypoxia-inducible factor 1α (HIF-1α) result in 

the production of pro-inflammatory cytokines and chemokines such as interleukin 1β 
(IL-1 β) and tumour necrosis factor α (TNF- α). This results in recruitment of 

inflammatory and immune cells frequently present within the tumour microenvironment, 

including macrophages, myeloid-derived suppressor cells (MDSCs), natural killer (NK) 

cells, and mast cells. These diverse cell populations, in addition to cancer cells and the 

surrounding stromal cells, communicate via cytokines and chemokines as well as direct 

contact. The resulting balance between the activation status and the proportions of 

various cell types will determine whether the environment favours tumour growth-

promoting inflammation or is tipped towards anti-tumour immunity73,74.  

1.3.2 Cancer immunosurveillance 

The immune system has long been thought to play a role in cancer development and 

surveillance. Although the theory that the immune system can protect the host from 

cancer was proposed by Paul Ehrlich in the early 20th century, the concept was 

formally described by Burnet and Thomas 50 years later as ‘cancer 

immunosurveillance’75-77. The multi-step process of carcinogenesis can lead to the 
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accumulation of mutations that may affect the antigenic properties of proteins within 

tumour cells, which can in turn be presented by major histocompatibility complex 

(MHC) class I molecules to CD8+ T cells. In addition, the oncogenic stress occurring in 

early tumour development can lead to activation of immune responses by the innate 

and/or adaptive arms of the immune system that may destroy cells prior to the 

development of overt malignancy.  

There are several lines of evidence that support the presence of cancer 

immunosurveillance and an immune response to cancer in humans78: 

1. The association between the presence of lymphocytes within tumours and patient 

prognosis: The presence of immune cell tumour infiltrates was first noted by 

Virchow more than 150 years ago, and it is now well recognised that the presence 

of tumour-infiltrating lymphocytes (TILs) is associated with improved prognosis in 

some cancers, as discussed in Section 1.7.1.  

2. Cancer incidence in immunosuppressed individuals and in transplant recipients: 

Patients with congenital or acquired immunodeficiency syndromes were found to 

have higher incidence of non-Hodgkin’s lymphoma, Kaposi’s sarcoma, as well as 

virally induced cancers of the anal and genital tract79,80. Recipients of solid organ 

transplants are at significantly relative risk of developing a broad range of 

tumours81. For example, cardiac transplant recipients were at a 25-fold greater risk 

of developing lung cancer that the general population82. Moreover, analysis of data 

from a transplant tumour registry found a two-fold increase in development of 

melanoma in adult transplant recipients, and up to 10-fold in paediatric transplant 

patients83.  

3. The demonstration of spontaneous, specific immune responses to cancer: A large 

number of tumour antigens have been identified. Of these, the cancer-testis antigen 

family, which is comprised of about 140 members including melanoma-associated 

antigens (MAGE) and NY-ESO-1, was the best-studied84,85. These antigens are 

limited in their expression to the germ cells in the testis, as well as a wide range of 

human cancers86. The identification of antibodies against NY-ESO-1 in patients 

with tumours expressing NY-ESO-1, but not in normal individuals, was one of the 

first examples of spontaneous, specific immune responses to cancer87,88. 

Antigen-specific CD8+ and CD4+ T cell responses have also been demonstrated in 

patients with NY-ESO-1+ tumours, suggesting a role for both cellular and humoral 

anti-tumour immune responses89-91.  
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1.3.3 The anti-tumour immune response 

The original model of immune function described by Burnet75 suggested that the 

immune system seeks to differentiate between ‘self’, which is defined early in life, and 

‘non self’, which represents anything that comes later. The model evolved over the 

years to accommodate new data and address incompatible findings such as somatic 

hypermutation of B cells, transplant rejection, and the foetus as an allograft. 

Consequently, the ‘danger model’ was proposed92, which highlighted that in addition to 

‘foreignness’, damage or ‘danger’ also play an important role in the immune system. As 

such, established tumours that do not cause damage, i.e. do not elicit endogenous or 

exogenous danger signals through cellular stress or injury such as ‘immunogenic cell 

death’, will not elicit an immune response. Conversely the ‘self-ness’ of healthy tissues 

does not guarantee tolerance. Further incarnations of the danger model lead to the 

current understanding that the immune system would seek to answer two questions 

when faced with a threat: firstly whether to respond or not –and this is determined by 

the nature of the threat as determined by ‘danger signals’; and second, what kind of 

immune response is elicited, a decision that will be primarily determined according to 

the tissue where the response occurs, rather than the nature of the invading 

pathogen92,93. 

The anti-tumour immune response can involve components of the innate immune 

system as well as the humoural (antibody-mediated) and cellular (T cell mediated) 

arms of the adaptive immune system. However, CD8+ cytotoxic lymphocytes are 

generally considered a key component in an effective anti-tumour immune response for 

a number of reasons. Firstly, the importance of CD8+ effector cells is highlighted by the 

observation that greater proportions and the activation status of CD8+ TILs correlates 

with a better prognosis in several cancers, as discussed in Section 1.7. Secondly, both 

treated and untreated tumours have been shown to grow more rapidly when CD8+ 

cells, but not NK cells or B cells, are depleted from the tumour microenvironment94,95. 

Moreover, chemotherapy can selectively deplete B cells while preserving CD8+ function 

without obvious detriment to anti-tumour immunity96. The efficacy of adoptive T 

cell-transfer therapy in some patients with advanced melanoma and the use of graft 

versus leukaemia effect with donor leucocyte infusions for relapse after allogeneic 

bone marrow transplantation further highlight the prominent role for CD8+ T cells in 

anti-tumour immunity97-99. 
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There are six key components postulated for an effective anti-tumour CD8+ T cell 

response (Figure 1.1; adapted from Lake and Robinson100): 

a) tumour antigens must be present;

b) antigens must be seen as ‘dangerous’ and acquired by professional antigen- 

presenting cells (APCs);

c) tumour-specific CD8+ T cells must recognise antigens and respond by proliferation;

d) circulating CD8+ T cells must reach the tumour;

e) CD8+ T cells must overcome immune-suppressive signals within the tumour

microenvironment;

f) memory cells should be generated for a durable response.

Figure 1.1   Components of an effective anti-tumour CD8+ T cell response 
Tumour antigen must be present (a), and must reach and be recognised by antigen-presenting cells (b). 
CD8+ T cells must be activated and respond by proliferation (c), then are trafficked to the tumour 
microenvironment (d), where they must overcome local immune suppression (e). Memory T cells must be 
generated to achieve lasting immunity and a durable response/remission (f)  
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An understanding of the steps required to elicit an anti-tumour immune response, 

especially a specific CD8+ anti-tumour response, as well as the effect of various 

anti-cancer therapies on the immune system, is necessary to enable the rational 

design of studies that will harness the immune response and utilise the expanding 

armament of immunotherapies that may be combined with other anti-cancer therapies. 

1.3.4 Immune escape 

It has been proposed that an immune response to cancer may result in one of three 

outcomes, referred to by Schreiber and colleagues as the ‘the three Es of cancer 

immunoediting’: elimination, equilibrium, or escape78.  A cancer may never be clinically 

detected if it is eliminated by the immune system at an early stage of development, or 

reaches a state of immune ‘equilibrium’, before being identified clinically. In contrast, a 

diagnosis of cancer, or a recurrence of a known tumour, indicates failure of 

immunosurveillance. In fact, immune equilibrium, rather than complete elimination, is 

likely present in some individuals who are thought to be cancer-free after initial 

treatment. For example, two kidney transplant recipients were found to have metastatic 

melanoma within two years of receiving a donor kidney, having never had a primary 

melanoma identified. The transplant registry later revealed that both had received their 

kidneys from the same donor, who had a primary melanoma excised (and presumably 

cured) 16 years prior to dying of an apparently unrelated cause101. 

It is now accepted that the ability of tumour cells to evade immune destruction is one of 

the hallmarks of cancer78,102,103. Tumours have to circumvent one or both of the innate 

and adaptive arms of the immune system, or at least limit the extent of immunologic 

destruction. Mechanisms of immune evasion may include strategies that disrupt 

components of the CD8+ T cell anti-tumour immune response described above, 

including antigen presentation and processing, T cell activation, and the trafficking of 

tumour-specific T cells into the tumour microenvironment (Table 1.1). For example, 

tumours can suppress molecules involved in antigen processing and presentation via 

down-regulation or loss of HLA class I expression104,105, or deficiency in transporter 

associated with antigen processing 1 (TAP1), low-molecular-mass proteins 2 (LMP2), 

LMP7 and tapasin106-108. Tumours can also actively suppress the immune system by 

inhibiting CD8+ T cell function via the overproduction of nitric oxide or increased 

arginase-1 activity109, and by blocking CD8+ T cell proliferation via the local production 

of indoleamine 2,3-dioxygenase (IDO) by DCs, MDSCs, and cancer cells110-112. 

Moreover, tumours can also evade destruction by cytotoxic T lymphocytes (CTLs) by 
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blocking the granzyme-B-perforin pathway of cell lysis113, the expression of 

anti-apoptotic signals114, or  via defects in the death-receptor signalling pathways115.  

Immune modulatory molecules that can affect the function of T cells, including the 

cytotoxic T lymphocyte antigen-4 (CTLA-4) and the PD-1 pathway, have generated 

much interest in recent times, particularly with the success of agents targeting immune 

checkpoints. CTLA-4, first identified by Brunet et al. in 1987116, is found within the 

intracellular compartment of resting T cells. Upon recognition of an antigen in 

association with the MHC, stimulation of a naïve T cell via the TCR results in the 

transport of CTLA-4 to the cell surface. It then competes with the co-stimulatory 

receptor CD28 for its ligands CD80 and CD86, which results in inhibition of T cell 

activation (Figure 1.2a, adapted from Ref. 117)118. Although the specific signalling 

pathways responsible for blockade of T cell activation by CTLA-4 have not been 

elucidated, a clear role in T-cell function was demonstrated in knockout mice deficient 

in CTLA-4, which develop an aggressive lympho-proliferative disorder at a young age. 

Inhibition of CTLA-4 was also shown to play a role in reducing the suppressive effect of 

Tregs119-125. For example, in a mouse model of malignant melanoma, inhibition of 

CTLA-4 was demonstrated to increase tumour-specific CD4+ effector and Tregs in 

lymph nodes, but selectively depleted intra-tumoural Tregs, an effect that was 

dependent on the presence of Fc𝛾  receptor-expressing macrophages126. 

The PD-1: PD-Ligand pathway plays a critical role in terminating immune responses 

and preventing autoimmunity via a number of mechanisms, including the promotion of 

Treg development, as well as the direct inhibition of self-reactive peripheral T cells127. 

PD-1 is expressed on double-negative (CD4-CD8-) T cells in the thymus and is induced 

on a variety of peripheral haematopoietic cells, including T cells, B cells, NK cells, 

monocytes and some DC subsets. PD-L1 is expressed on a range of normal tissues 

including the lung, heart, liver and placenta, with lower expression in the spleen, 

thymus and lymph nodes. PD-L1 is also expressed on resting T cells, B cells, DCs, 

macrophages, and is up-regulated upon their activation. In contrast, PD-L2 is rarely 

expressed on non-haematopoietic cells or on resting T cells, but is expressed on 

activated CD8+ and CD4+ T cells (predominantly type 2 T helper cells), and can be 

induced on macrophages and DCs128-133.  

The PD-1 pathway can also be ‘hijacked’ by invasive cancers as a mechanism of 

immune evasion134. A variety of tumour tissues express PD-L1, including NSCLC, 

melanoma, renal cell, oesophageal, gastric, ovarian and breast carcinomas135-142. 

Increased PD-L1 expression on tumour cells, or on tumour-infiltrating immune cells is 
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associated with a worse prognosis, and was proposed as a potential biomarker for 

response to PD-1/PD-L1 checkpoint inhibitors in some cohorts25,141-143. While the 

regulation of the immune response by CTLA-4 occurs at the initial phase of T cell 

activation, the PD-1 pathway may mediate tumour escape at the effector site of T cells, 

within the tumour microenvironment (Figure 1.2b). 

A number of noncancerous cells within the tumour microenvironment also play an 

important role in immune evasion. Stromal cells such as monocytes, MDSCs and 

cancer-associated fibroblasts (CAFs) can restrict the ability of T cells to infiltrate 

tumours. For example, the production of reactive nitrogen species by MDSCs induces 

the nitration of the chemokine ligand 2 (CCL2), and this can result in trapping of T cells 

within the tumour stroma in colon and prostate cancers. Moreover, inhibition of CCL2 in 

corresponding animal models was shown to increase TILs144. Similarly, CAFs can 

contribute to T cell exclusion from the vicinity of tumour cells via the production of a 

dense extracellular matrix, as well as the synthesis of chemokine (C-X-C motif) ligand 

12 (CXCL12) 145-148. 

Furthermore, the tumour vasculature can also contribute to the exclusion of T cells. 

The expression of Fas ligand (FasL), an inducer of apoptosis, in the tumour 

vasculature can result in selective FasL-mediated killing of CD8+ T cells, while sparing 

Tregs which may be protected by a higher expression of an apoptosis inhibitor, cellular 

FLICE (FADD-like IL-1β-converting enzyme)-inhibitory protein (c-FLIP)149. The 

expression of FasL is induced by vascular endothelial growth factor (VEGF), IL-10 and 

prostaglandin E2 (PGE2), and elevated levels of VEGF or overexpression of the 

endothelin B receptor in ovarian cancer are associated with reduced T cell infiltration 

and worse survival150,151. Moreover, VEGF impairs DC maturation, and hypoxic 

conditions with the tumour microenvironment results in up-regulation of PD-L1, and 

interferes with DC function and T cell activation152,153. 

The above examples highlight the diverse mechanisms by which tumours can evade 

the immune system. An improved understanding of the local and systemic mechanisms 

of immune escape will enable the development of rational approaches to skew the 

‘immune-editing’ process towards immune elimination, or at least durable equilibrium. 
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Table 1.1  Immune escape mechanisms  

Component of immune response Mechanism/pathway of suppression Ref 

Antigen recognition, processing 
and presentation 

Down-modulation or loss of HLA expression 154 

Down-regulation of antigen-processing molecules 
e.g. TAP1, LMP2, LMP7, tapasin 108 

Impaired maturation, differentiation and function of 
DCs via tumour-derived factors e.g. VEGF, IL-6, 
IL-10, TGFβ, PGE2 

152,155 

T cell activation and proliferation Overproduction of nitrogen oxide and arginase-1 
activity by MDSCs 109 

Inhibition of T cell activation by CTLA-4 
expression 118 

T cell trafficking into, and 
proliferation within, the tumour 
microenvironment 

T cell exclusion by extra-cellular matrix secretion 
and CXCL12 production by cancer-associated 
fibroblasts 

145,146 

 Expression of IDO by DCs, MDSCs and cancer 
cells, interfering with local T cell proliferation at 
tumour site 

110-112 

 T cell trapping in the stroma via MDSC production 
of reactive oxygen species which induce the 
nitration of CCL2 

144 

 Up-regulation of PD-1/PD-L1 by tumour and 
immune cells 134 

Tumour cell killing Blockade of granzyme-B-perforin pathway 113 

 Defective death receptor signalling e.g. FasL and 
c-FLIP overexpression resulting in CD8+ T cell 
killing, while sparing suppressive Tregs 

114 
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Figure 1.2   Immune checkpoints and the immune response  
a CTLA-4 is transported to the surface of T cells at the time of their initial response to antigen, and
competes with the co-stimulatory receptors CD80 and CD86, resulting in inhibition of T cell activation 
b In contrast, up-regulation of PD-1/PD-L1 results in suppression of T cell activity in the tumour 
microenvironment 
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1.4 Targeted therapies in cancer 

1.4.1 Historical perspectives: Ehrlich’s ‘magic bullet’ 

The contemporary use of the term ‘targeted therapy’ often refers to biological agents 

such as small molecule inhibitors and monoclonal antibodies, which are highly specific 

against pre-identified receptors or oncogenes. However, the concept of targeted 

therapy was conceived more than a century ago, by the German biochemist and 

immunologist Paul Ehrlich (1854-1915). His famous ‘side-chain’ theory postulated that 

toxins (antigens) could specifically bind to cells via chemical side-chains (receptors), 

and affect their function. If the cells survive the toxin, then these side-chains can be 

regenerated, and if produced in sufficient numbers can be released into the blood as 

antibodies. In recognition of their work on immunology, Paul Ehrlich and Ilya 

Mechnikov were jointly awarded the Nobel Prize in Physiology or Medicine in 1908. 

Ehrlich’s book ‘Beitrage zur experimentellen Pathologie und Chemotherapie’, published 

in 1909, was the first known text on chemotherapy. He postulated that the ‘ideal 

therapeutic agent’ would be one that selectively targets a disease-causing organism, 

and used the term “magische Kugel” (magic bullet) to describe these potential targeted 

agents. Importantly, he discovered that Compound 606 (arsphenamine, marketed as 

Salvarsan) was highly effective against syphilis, yet had few side effects in humans in 

clinical trials, and rapidly became the most widely prescribed drug in the world156-159. 

1.4.2 Conventional chemotherapy: from battlefield to bedside 

The serendipitous discovery of the first chemotherapeutic agents used in cancer was 

possibly the only positive outcome arising from the horrors of chemical warfare in 

World War I, which resulted in 91,198 fatalities and more than a million non-fatal 

casualties. Krumbhaar, a captain in the US Medical Corps made the observation that 

individuals who survived several days after poison gas attacks experienced profound 

leukopenia160. More than two decades later, during World War II, an air raid on a naval 

base in Bari, Italy on December 2, 1943 destroyed 17 ships, including the Liberty ship 

John Harvey that was laden with ammunition, as well as 2,000 mustard bombs. Similar 

observations to those made by Krumbhaar were noted, with casualties demonstrating 

reductions in leukocytes starting 3-4 days after exposure161.  However, it was in 

December 1942, 12 months before the Bari events, that a 48 year-old with 

radiotherapy-resistant lymphosarcoma and life-threatening airway compression was 

the first human subject to receive treatment with nitrogen mustard, with remarkable 
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tumour regression. It was only after the end of WWII that findings of this research were 

first published, and further research into nitrogen mustards was conducted in many 

centres.  The mustard gas ‘military experiments’, conducted during and after WWII, as 

late as 1975, were often surrounded by secrecy, which lead to inaccuracies in reporting 

and difficulty in ascertaining the appropriateness and ethical conduct of these 

experiments, which involved close to 60,000 human ‘volunteers’162-164. Despite the 

controversies, the knowledge that emerged from these tragedies of chemical warfare 

led to the birth of contemporary chemotherapy as we know it today. 

1.4.3 Targeted therapies and oncogene addiction 

Although the first cytotoxic chemotherapeutics were arguably ‘targeted’ against DNA or 

folate metabolism, their non-selective lethality against normal tissues resulted in a 

narrow therapeutic index, relative to more targeted approaches. In 1932, a French 

physician demonstrated that oestrogen injections can induce breast cancer in male 

mice165. A few years later, the American urologist Charles Huggins demonstrated the 

hormone-dependency of prostate cancer and in 1940, oestrogen therapy for prostate 

cancer became the first systemic therapy specifically targeted against receptors or 

pathways upon which a cancer was dependent166,167. 

Paul Ehrlich’s vision of an ideal therapeutic target (magic bullet) gained a further boost 

in 1975, when Georges Köhler and César Milstein produced the first murine 

monoclonal antibodies (mAbs) from a B cell-hybridoma168. In 1980, the first treatment 

of a patient with a monoclonal antibody against a patient-specific lymphoma-associated 

antigen was reported169. A few years later, the first mAb, a murine anti-CD3 antibody 

(OKT3) was licensed by the United States Food and Drug Administration (FDA) for 

acute transplant allograft rejection170. It remained the only approved mAb for nearly 10 

years, as the therapeutic success of murine mAbs was hampered by their 

immunogenicity that lead to the development of human anti-mouse antibodies, as well 

as their limited cytotoxicity. These limitations were circumvented with the development 

of chimeric and humanised mAbs, which could elicit antibody-dependent cellular 

cytotoxicity (ADCC) as well as fix human complement171,172. In 1997, the anti-CD20 

chimeric mouse/human antibody rituximab became the first FDA approved mAb for the 

treatment of cancer. 
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The discovery of the epidermal growth factor (EGF) and its receptor in the 1960s, is 

credited to Stanley Cohen, who was awarded the Nobel Prize for his work173-175. ErbB 

proteins belong to the superfamily of human receptor tyrosine kinases (RTK), and 

consist of four members: EGFR (ErbB1/HER1), ErbB2/Neu/HER2, ErbB3/HER3 and 

ErbB4/HER4. They share a common architecture with a ligand-binding extracellular 

domain, a transmembrane region, and a cytoplasmic kinase domain. Binding of growth 

factor to the extracellular domain results in receptor dimerization that triggers 

cytoplasmic tyrosine kinase activity, and the phosphorylated tyrosine residues become 

docking sites for molecules involved in initiating intracellular signalling cascades176-178. 

Signalling via EGFR leads to increased proliferation and decreased apoptosis, and 

these effects are mediated through several intracellular pathways including the PI3K 

(phosphoinositide 3-kinase) - PTEN (phosphatase and tensin homolog)-AKT, the RAS-

RAF-MEK-MAPK -(mitogen-activated protein kinases), and the STAT (signal 

transducer and activator of transcription) pathways179. In 1983-84, the murine mAb 

(mAb225) was the first mAb shown to block EGFR and inhibit cancer growth in human 

xenografts180-182. Subsequent clinical trials using a chimeric mouse/human version of 

mAb225 (cetuximab) led to its approval for the treatment of colorectal cancer in 2004, 

and head and neck cancer in 2006.  

The phenomenon of ‘oncogene addiction’ proposed that despite the presence of large 

numbers of genetic alterations that may co-exist during tumour development and 

progression, some cancers are dependent on a single oncogenic pathway for 

proliferation and survival183. The remarkable discovery of the role of ErbB2/Neu/HER2 

overexpression in breast cancer had led to the development of the humanised mAb 

trastuzumab, which was FDA approved in 1998184,185. Trastuzumab (Herceptin®) 

became the second mAb approved for the treatment of cancer, and the first rationally 

developed mAb against a known human onco-protein. Thus, Ehrlich’s concept of a 

magic bullet was finally realised.  

The next breakthrough in the field of targeted therapies came in the form of small 

molecule inhibitors that were directed against specific ‘oncogenic drivers’, the prototype 

for which was imatinib, a TKI first approved in 2001 for the treatment of chronic myeloid 

leukaemia (CML). Imatinib was identified as a highly selective inhibitor of BCR-ABL, a 

fusion protein of the tyrosine kinase ABL and the breakpoint cluster region (BCR) 

protein186,187. In May 2001, imatinib made the cover of TIME magazine: “There is new 

ammunition in the war against cancer. These are the bullets”188. Further examples of 

inhibitors matched to a genomic driver include imatinib in gastro-intestinal tumours (KIT 
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mutations)189, vemurafenib/ dabrafenib in melanoma (B-Raf proto-oncogene (BRAF) 

mutations)190,191 and erlotinib/gefitinib/ afatinib in NSCLC (EGFR mutations)192-194.  

While targeted therapies are most effective in oncogene-addicted cancers, they have 

also been effective in some patients by interfering with pathways that are often altered 

in cancer, and involve control of cell cycle, angiogenesis, metabolism, proliferation and 

survival. Examples include bevacizumab, a mAb against the VEGF receptor, other 

multi-targeted anti-angiogenic TKIs such as sunitinib and sorafenib, as well as 

inhibitors of the PI3K-AKT-mTOR and MET signalling pathways195-201.  

1.4.4 Targeted therapies in NSCLC 

Oncogenic activation of EGFR signalling can occur as a result of increased gene copy 

number, EGFR overexpression or most importantly for NSCLC, activating mutations of 

the EGFR gene. The two most common EGFR mutations involve short deletions in 

exon 19, and point mutations in exons 19 and 21, which result in constitutive activation 

of the EGFR tyrosine kinase domain192,202. NSCLC tumours harbouring these driver 

mutations are exquisitely sensitive to treatment with EGFR-TKIs. 

The EGFR-TKI erlotinib was approved after a study of unselected patients with 

NSCLC, who had received 1-2 prior therapies, revealed a modest overall response rate 

(ORR) of 8.9%, and an improvement in median OS of 2 months when compared to 

placebo203. In another study of unselected patients treated with either gefitinib or 

placebo, there was no difference in survival for the intention-to-treat population, but on 

pre-planned subgroup analysis, never-smokers and patients of Asian origin had 

significant longer survival following gefitinib204. At the time, there was evidence that the 

presence of activating EGFR mutations was predictive of response to EGFR-TKIs, and 

that these mutations were more prevalent in never-smokers, in those of Asian ethnicity, 

and occur almost exclusively in non-squamous NSCLC. As a result, some clinicians 

were selecting patients for EGFR-TKI therapy based on clinical characteristics, in the 

absence of routinely available EGFR mutation testing. It was not until five years after 

the association between EGFR mutations and responsiveness to EGFR-TKIs was first 

reported that a study of an EGFR-TKI compared to chemotherapy demonstrated the 

superiority of an EGFR-TKI as first-line treatment. Although the study population was 

enriched for the presence of mutations based on clinico-pathologic characteristics 

(adenocarcinoma and non-smoking or light smoking history), rather than prospective 

mutation testing, a retrospective analysis of patient samples confirmed the advantage 

of gefitinib for mutation-positive patients, as well as the superiority of chemotherapy for 
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those with EGFR wild-type tumours205. Further studies of EGFR mutation-positive 

patients validated the role of EGFR-TKIs in this population, and signalled another 

paradigm shift from histology-driven, to molecular-driven personalised treatment in lung 

cancer16-18. 

The spectrum of actionable targets in NSCLC continued to expand rapidly, with the 

identification of several driver mutations for which TKIs showed an advantage over 

chemotherapy. The ALK inhibitor crizotinib achieved FDA approval only 4 years after 

the identification of ALK fusions in NSCLC20-23,206,207. Other driver mutations for which 

active drugs are available in the clinic, or under active development include ROS1, 

RET, HER2, PIK3A, AKT and BRAF18,19,21,23,208,209. Unlike the initial studies of 

EGFR-TKIs, clinical trials of several novel agents such as ALK-inhibitors have included 

only patients with the known oncogenic driver, thus requiring a smaller sample size to 

demonstrate efficacy, and leading to significantly shorter development and approval 

pathways.  

Unfortunately, most patients treated with targeted therapies ultimately acquire 

resistance by various mechanisms. For example, T790M mutations occur in the same 

allele as the activating EGFR mutation in NSCLC, and were shown to be associated 

with resistance to the EGFR-TKIs210. Although it was initially thought that the T790M 

mutation resulted in conformal changes in the binding site of EGFR-TKIs, subsequent 

studies revealed that the likely mechanism was an increase in the kinase affinity for 

adenosine triphosphate (ATP), thus reducing the sensitivity to ATP-competitive 

reversible EGFR-TKIs211. Resistance to EGFR-TKIs may also develop through 

activation of alternative signalling mechanisms such as the MET pathway (MET 

proto-oncogene)212. In patients with ALK fusion-positive NSCLC, ALK mutations and 

fusion variants have also resulted in resistance to ALK inhibitors213,214. Moreover, 

although most lung adenocarcinomas from patients who are classified as ‘never 

smokers’ have been shown to harbour an actionable oncogenic driver, the majority of 

lung cancers either lack a driver mutation, or harbour a mutation for which no treatment 

is available215-217. Ongoing efforts are therefore aiming to identify novel actionable 

targets, as well as developing next-generation agents that can be effective in acquired 

TKI resistance194,218-221. 
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1.4.5 Current challenges and future perspectives 

Despite impressive responses to targeted therapies, particularly in oncogene-addicted 

tumours, resistance inevitably develops. As discussed above, this may occur as a 

consequence of additional resistance mutations or activation of alternative 

pathways210,212-214,222. This has led to the development of combination and sequencing 

strategies with the aim of preventing or overcoming acquired resistance. Examples 

include the use of MEK (mitogen/ extracellular signal-regulated kinase) inhibitors in 

combination with BRAF inhibitors in BRAF-mutant melanoma, dual HER2 blockade in 

breast cancer, or the sequential use of the BCR-ABL kinase inhibitor imatinib followed 

by an early switch to nilotinib in CML223-225.  

Since the development of the first mAbs, there has been an exponential increase in 

research (and publications) on targeted therapies (Figure 1.3). Despite the numerous 

successes reaching the clinic, many agents have been promising in preclinical and 

early clinical studies, but failed to demonstrate sufficient benefit in subsequent trials to 

warrant registration and routine clinical use. Although targeted therapies can be 

effective in some cancers without a known oncogenic driver (e.g. anti-VEGF and 

anti-EGFR mAbs in colorectal cancer), a common reason for failure is often the 

empirical approach of ‘one-size-fits-all’ study design, which includes all patients with a 

particular cancer, without attempts at stratification by a biological target.  

It had been well-established that EGFR is expressed in most NSCLC tumours, as well 

as in many other malignancies, prompting the investigation of EGFR inhibitors in a 

range of solid tumours226,227. In NSCLC, retrospective analyses of studies in unselected 

patients revealed inconsistent associations between response to EGFR inhibitors, and 

EGFR expression, or increased EGFR gene copy number. These analyses were 

further limited by inter-study variability in technical methods and cut-off 

determination228-231. As a result, the EGFR-TKIs erlotinib and gefitinib provided a very 

modest survival benefit in unselected patients, while the initial trials of the mAb 

cetuximab showed no or minimal benefit232,233. Similarly, large phase III trials of EGFR 

mAbs in unselected patients with gastro-oesophageal cancer as well as ovarian cancer 

have been disappointing234-236. It subsequently became clear that at least in NSCLC, 

EGFR-TKIs were most effective in tumours harbouring an EGFR mutation, and their 

use in EGFR wild-type NSCLC patients is now very limited. These findings highlight the 

importance of identifying the threshold required to predict a clinically meaningful benefit 

for EGFR inhibition in NSCLC. An EGFR driver mutation was required for the greatest 
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benefit, whereas increased EGFR copy number, EGFR ‘overexpression’ or merely 

EGFR ‘expression’ were shown to be of limited value.  

 

Figure 1.3   Number of targeted therapy publications 
Number of publications listed on PubMed between 1985 and 2014 related to the search term ‘targeted 
therapy’  

Since the sequencing of the first human genome was reported in 1991, there have 

been major advances in the methods, technologies and bioinformatics required for the 

discovery of genetic alterations in cancer. It is likely that we have now identified the 

most frequent relevant mutations, rearrangements and amplifications, at least in the 

most common of human cancers.  However, changes in cell function can also be 

caused by events other than genetic DNA alterations. Methylation of DNA, 

abnormalities in RNA and protein, alteration in metabolism, and other non-genomic 

events can all contribute to the emergence of resistance to targeted therapies, 

necessitating the development of combination approaches to improve outcomes. 

One of the major challenges in the development of targeted therapies is the molecular 

heterogeneity of cancer. The homogeneity of CML (95% of patients harbour a BCR-

ABL translocation) is quite unique to this disease and is likely responsible for the 

success of imatinib in an unselected population. More recently, the identification of 

novel oncogenic drivers has been limited to abnormalities of low prevalence. For 

1985 1990 1995 2000 2005 2010 2014
0

2,000

4,000

6,000

8,000

10,000

12,000

Year

N
um

be
r 

of
 p

ub
lic

at
io

ns



 

42 

example, recently identified oncogenic drivers in lung adenocarcinoma and their 

estimated frequencies include EGFR (11.3%), BRAF (7%), MET amplification (2.2%), 

ROS1 fusion (1.7%), ALK fusion (1.3%), and RET fusion (0.9%)216.  

In addition to inter-patient heterogeneity, the concept of intra-patient heterogeneity is 

also well recognised. Each patient’s tumour can evolve genetically, giving rise to 

molecular characteristics that vary between the primary tumour and metastases, and 

can also change over time237,238.  Therefore a primary tumour biopsy that was obtained 

months or even years prior to progression may be less informative for selecting the 

best targeted therapy, and even if a repeat biopsy is obtained there may be differences 

between different metastatic sites. Together, these limitations have resulted in an 

increasing acceptance that a ‘one-size-fits-all’ approach to clinical trials of targeted 

therapies is likely to result in frequent failures158,239. 

So how do we efficiently investigate potential targeted therapies in increasingly small 

molecularly-defined patient subsets? There are now a number of ‘next-generation’ 

clinical trial designs aimed at addressing the intra- and inter- patient molecular 

heterogeneity and accelerating the path (and hence reducing the cost) to final 

regulatory approval239. One such design is the so-called ‘umbrella’ study design, which 

investigates several different drugs matched to different mutations within a single 

tumour type. The Lung Master Protocol (Lung-MAP) is a phase II/III umbrella study 

design that is now recruiting patients with lung squamous cell carcinoma (SCC) who 

have received a single line of therapy240. The study will screen an estimated 3,000-

6,000 patients from >700 study centres. Tumours are collected and screened using a 

next-generation sequencing (NGS) and immunohistochemistry (IHC) panel 

(Foundation Medicine, Cambridge MA, USA) before being assigned to one of 4-7 

substudies, according to the biomarkers identified. Within each arm, patients will be 

randomised to either the investigational therapy (including a PD-L1 inhibitor, a PI3K 

inhibitor, a fibroblast growth factor receptor (FGFR) inhibitor, and a MET inhibitor), or 

standard-of-care therapy. The phase II/III design allows a drug that demonstrates 

efficacy in the phase II part to move directly into the phase III registration setting, which 

will include patients from the phase II recruitment. The overall aim is to improve the 

efficiency of drug and protocol development, share infrastructure costs compared to 

individual trials, and provide a regulatory approval pathway for drugs together with 

companion biomarker assays.  
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Similar potential for efficiency benefits apply to the ‘basket’ study design, as in the 

National Cancer Institute Molecular Analysis for Therapy Choice (NCI-MATCH)241. This 

phase II study aims to screen 3,000 patients with any solid tumour or lymphoma that 

progresses after standard treatment, and biopsies from metastases at study entry will 

be sequenced using a 200-gene panel, supplemented by IHC and fluorescence in situ 

hybridization (FISH) assays, at one of three certified laboratories, with an expected 

turnaround of 2 weeks or less. Patients will then be ‘matched’ using pre-specified 

algorithms to individual study arms, with more than 40 agents to be tested, targeting 

major pathways and kinases. Patients that progress will have repeat biopsies if their 

initial biopsy was more than 6 months prior, and will then be able to enter another 

study arm based on the next ‘ranked’ target. This optimistic approach therefore 

incorporates the ability to follow the genetic evolution of cancers upon progression, to 

account for intra-patient heterogeneity. 

Clinical outcomes after a diagnosis of advanced cancer have no doubt improved 

remarkably since the first patient was treated with nitrogen mustard in 1942. The 

promise of ‘personalised’ cancer therapy has evolved significantly since the first mAb 

was approved, and incremental advances are achieved, albeit at a slower pace. 

However, to avoid reaching a ‘benefit plateau’, it will be necessary to address the 

molecular heterogeneity that is being increasingly identified using modern diagnostic 

platforms and technologies. The latest breakthroughs in cancer immunotherapy add 

another layer of complexity that will require an understanding of how targeted therapies 

interact with the immune system, to enable the rational development of combination 

and sequencing strategies.    
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1.5 Cancer Immunotherapy – breakthrough of the century? 

1.5.1 Introduction 

William Coley, a New York surgeon, observed that some patients with sarcoma who 

had developed erysipelas experienced spontaneous tumour regression. In 1861, he 

began intra-tumoural injections of bacterial toxins in an effort to promote an anti-tumour 

immune response, and less than a decade after Rudolph Virchow described tumour-

infiltrating leukocytes, ‘Coley’s toxins’ became the first treatment that harnessed the 

immune system to treat cancer242. This non-specific approach did not gain widespread 

use due to the inconsistent results observed, and significant associated toxicity. One 

exception is the intra-lesional injection of live bacillus Calmette-Guérin (BCG), which is 

now routinely used for some patients with pre-invasive or early bladder cancer243. 

1.5.2 Cancer vaccines 

The use of vaccines for cancer prevention is well established in tumours of viral origin, 

such as cervical (HPV vaccination) and hepatocellular carcinoma (Hepatitis B 

vaccination). However, the therapeutic use of vaccination to treat established cancers 

has been problematic.  

As discussed in Section 1.3.3, an effective CD8+ immune response requires the 

presentation of an antigen to professional APCs (DCs), and then recognition by CD8+ T 

cells, which in turn must respond by activation and proliferation. Many cancer vaccines 

have failed due to limitations in one or more of these key steps. For example, many of 

the earlier studies used vaccines comprised of short peptides, without an effective 

adjuvant that is able to activate DCs244. Furthermore, the identity and number of the 

appropriate antigens required is not well understood. One recent example of a 

disappointing outcome was the MAGRIT study in NSCLC, which utilised a monovalent 

vaccine using a recombinant fusion protein of the cancer-testis antigen MAGE-A3. This 

study screened nearly 14,000 patients with resected stage IB-IIIA NSCLC, and 

randomised 2,272 patients with MAGE-A3-positive tumours to 13 injections of either 

vaccine or placebo. The absence of clinical benefit on interim analysis led to the 

premature termination of the study245.  

Another vaccine approach is to utilise recombinant viral or bacterial vectors. A phase II 

trial of the vaccine product ‘PROSTVAC’ incorporated the initial administration of a 
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recombinant vaccinia virus encoding prostate-specific antigen and the adhesion 

molecules B7-1, ICAM-1 (intra-cellular adhesion molecule 1) and LFA-3 (lymphocyte 

function-associated antigen 3). This was followed by a subsequent fowlpox vector 

inoculated in a prime-boost strategy, with granulocyte-monocyte colony stimulating 

factor (GM-CSF) given with both vectors. Although the trial did not meet the primary 

endpoint of PFS, there was a significant improvement in OS (25 vs. 17 months, HR 

0.59, p=0.01)246. Several phase III studies are now ongoing in patients with locally 

advanced or metastatic prostate cancer, as well as a phase II study of neoadjuvant 

PROSTVAC +/- ipilimumab in patients planned to undergo radical prostatectomy 

(ClinicalTrials.gov identifier NCT02506114). Cell-based vaccines have also been of 

interest; the GVAX vaccine product was comprised of two prostate cancer cell lines 

that were engineered to secrete GM-CSF. Phase III studies were disappointing after 

earlier promising results, possibly resulting from the selection of antigens that were 

insufficiently immunogenic when applied to the full spectrum of antigens found in 

individual prostate cancer patients247.  

There has also been interest in DC-based vaccines, where DCs are isolated from 

patients, then loaded with antigen and activated ex vivo, before being administered 

back to the patient. Although this approach has not gained significant adoption due its 

complexities and cost, it has led to the first validated therapeutic cancer vaccine to 

achieve regulatory approval. Sipuleucel-T is a mixture of peripheral blood mononuclear 

cells (PBMCs) collected from patients by leukopheresis, then co-cultured ex vivo in 

medium containing a tumour-associated differentiation antigen (prostatic acid 

phosphatase) and GM-CSF, before being re-infused. Compared to placebo, 

Sipuleucel-T resulted in a 4.1 month improvement in OS (25.8 vs. 21.7 months), which 

resulted in its approval in 2010 by the FDA for the treatment of advanced prostate 

cancer248. Examples of cancer vaccines reported in recent clinical trials are listed in 

Table 1.2 (adapted from Ref. 249). 

Although cancer vaccines have yielded some promising results in recent years, and 

ongoing trials may reveal more successes, this approach is unlikely to consistently 

overcome limitations that may be present downstream of antigen delivery and 

presentation. The presence of negative signals within the tumour microenvironment 

may remain an obstacle to an effective anti-tumour immune response that would 

require intervention beyond antigen delivery and T cell priming, such as combining 

therapeutic vaccination with other immunotherapies. 



Table 1.2  Cancer vaccines in clinical trials 

Vaccine Antigen Adjuvant/ immune modulator Population Outcomes Ref 

Peptide-based 

GSK1572932A MAGE-A3 Liposomal AS15 Resected NSCLC No DFS advantage 245 

GSK 2132231A MAGE-A3 QS-21 Resected melanoma No DFS advantage 250 

gp100-specific gp100 IL-2 plus ISA51 Advanced melanoma No OS advantage 251 

tecemotide (L-BLP25) MUC1 Liposomal monophosphoryl lipid 
A and cyclophosphamide	  

Stage III unresected 
NSCLC No OS benefit 252 

Cell-based 

GVAX Allogenic 
tumour cells GM-CSF 

Castration-resistant 
prostate cancer 

No OS benefit 247 

belagenpumatucel-L Allogenic 
tumour cells Anti-TGF-β Advanced NSCLC No OS benefit 253 

DC-based vaccines 

Sipuleucel-T PAP GM-CSF 
Castration-resistant 
prostate cancer 

OS 25.8 months vs. 21.7 
months (p =0.03) 248 

Viral vectors 

Prostvac-VF PSA GM-CSF 
Castration-resistant 
prostate cancer 

OS 25 vs. 17 months (p =0.01) 246 
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1.5.3 Monoclonal antibodies and cytokines 

Although mAbs used for the treatment of solid tumours and lymphoma are generally 

considered to exert their anti-tumour effects by targeting specific pathways or 

oncogenes, there is also evidence to suggest that some of these agents can promote 

an anti-tumour immune response. This effect that was observed for the anti-CD20 mAb 

rituximab, the anti-HER2 mAb trastuzumab, and the anti-EGFR mAb cetuximab. 

Mechanisms proposed include the promotion of complement-dependent cytotoxicity, 

and binding to fragment c receptors (FcRs) on neutrophils, monocytes and NK cells, 

leading to antibody-dependent cellular cytotoxicity (ADCC)254-258. 

Cytokines with immune-stimulatory effects have also been used with some degree of 

success. IL-2 is a potent T cell growth factor that has demonstrated efficacy in 

melanoma and renal cell carcinoma (RCC), where a high-dose regimen of recombinant 

IL-2 resulted an ORR of 15-16%259,260. However, treatment is associated with 

significant risks and toxicities, which require administration in an intensive care setting. 

Although response rates are relatively modest, they can be durable in some patients, 

and high-dose IL-2 has been considered a standard-of-care for selected patients in 

some centres. However, their use has now declined significantly due to the availability 

of more effective and less toxic agents in both RCC and melanoma. Another cytokine, 

interferon-α, has been shown to modestly reduce the risk of recurrence in high risk 

(stage III) resected melanoma261.  

Although immune-modulatory cytokines and growth factors have shown limited efficacy 

as ‘single-agents’, there may be a role for combining immune adjuvants, such as 

GM-CSF or IL-2 with other immunotherapies such as cancer vaccines, mAbs, or 

adoptive T cell therapy (ACT)262. 

1.5.4 Adoptive cell therapy 

ACT is a strategy that attempts to bypass the initial step of antigen delivery and 

presentation, by directly delivering tumour antigen-specific T cells. One approach that 

has demonstrated efficacy is ACT using TILs, which are grown out of a resected 

tumour and expanded in vitro. Patients are then conditioned with a lympho-depleting 

regimen and T cells are re-infused, followed by administration of IL-2263-265. 

Lymphodepletion has been shown to improve the efficacy and persistence of 

adoptively transferred T cells, which was rarely seen in trials without a conditioning 
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regimen266. In one study incorporating lymphodepletion, adoptively transferred CD8+ T 

cells were shown to comprise the majority of circulating T cells one month after ACT267. 

Although the mechanisms by which lymphodepletion enhances ACT are not fully 

understood, they may include the depletion of Tregs and MDSCs, the promotion of 

homeostatic cytokines that promote T cell proliferation in the absence of pre-existing 

lymphocytes, and the activation of APCs268-275. ACT, in selected patients with advanced 

melanoma from three non-randomised studies, yielded an ORR rate of 56%, and a 

durable complete response rate of 22%276.  

As an alternative to ACT using TILs, antigen-specific T cell clones have also been 

used, an approach that can be effective where an appropriate shared antigen can be 

identified, such as the use of HPV-specific TILs in cervical cancer277,278. Moreover, 

other ACT strategies harness recent technological advances to develop genetically 

engineered T cells. A tumour would be first sequenced on a patient-by-patient basis, 

and using prediction algorithms, mutated epitopes are used to identify tumour-specific 

T cells from TILs or peripheral blood, then generate TCR-genetically engineered T 

cells279. Another approach is to transduce T cells using genetically engineered chimeric 

antigen receptors (CAR), which consist of a chimera between TCR segments and an 

antibody molecule280,281. 

ACT, while clearly effective for some patients, has not achieved widespread use. The 

process requires highly specialised and dedicated resources, has significant 

complexities and cost, and has not had significant support from the pharmaceutical 

industry. Furthermore, adoptively transferred T cells must still be trafficked to sites of 

disease, and survive other immune suppressive mechanisms in the tumour 

microenvironment. While conditioning regimens may circumvent some of these 

obstacles, it may be that the future of ACT will involve a multi-modality approach that 

incorporates other targeted therapies, or immunotherapies such as immune checkpoint 

blockade. There are ongoing trials evaluating different ACT approaches, including 

combinations with vemurafenib (NCT01659151), ipilimumab (NCT01701674) and 

radiotherapy (NCT01691664). 
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1.5.5 Immune checkpoint inhibitors 

As discussed in Section 1.3.3, the two-signal model of T cell co-stimulation plays a key 

role in regulating the CD8+ T cell anti-tumour immune response. CTLA-4 and the PD-1 

receptor and its ligands represent two important pathways, or ‘immune checkpoints’ 

that have generated much excitement in the field of cancer immunotherapy. 

1.5.5.1 CTLA-4 inhibition 

The profound and lethal autoimmunity seen in CTLA-4 knockout mice, and the non-

specific expression of CTLA-4 ligands on tumours, raised doubt as to the safety and 

efficacy of blocking CTLA-4. Nevertheless, Allison and colleagues were first to 

demonstrate a therapeutic anti-tumour activity for CTLA-4 antibodies in mouse models, 

without significant toxicity. This was achieved in studies where ‘immunogenic’ tumours 

were treated with single agent anti-CTLA-4, while non-immunogenic tumours were 

given CTLA-4 in combination with a GM-CSF-transduced cellular vaccine282,283. These 

early studies suggested that some degree of endogenous anti-tumour response was 

required for the efficacy of CTLA-4 blockade.  

The first reports of CTLA-4 antibody treatment in melanoma patients in 2003 

demonstrated some efficacy, with an ORR of approximately 10%, but with significant 

associated toxicity, in particular immune-mediated colitis284-287. Subsequently, the first 

phase III study of a CTLA-4 antibody in advanced melanoma compared tremelimumab, 

given every 3 months, to dacarbazine, with no survival difference observed. This may 

have resulted from the use of an ineffective dosing or scheduling regimen, or the 

crossover of patients from the control arm to the tremelimumab arm upon 

progression288. Ipilimumab, however, although having a similar ORR to tremelimumab 

in phase II studies, had the advantage of being evaluated at different doses and 

administration schedules, as well as the use of defined algorithms to manage immune-

related toxicity. This perseverance was rewarded with the results of the landmark, 

3-arm study of ipilimumab plus gp100 vaccine (a peptide vaccine of melanoma-specific 

gp100), ipilimumab alone, or gp100 vaccine alone, in patients with metastatic 

melanoma289. Median OS was 10 months for patients receiving ipilimumab plus gp100, 

versus 6.4 months receiving gp100 alone, while no difference was seen between the 

two ipilimumab arms. This study was a major breakthrough on several counts: a) it was 

the first systemic therapy to ever demonstrate an OS improvement in metastatic 

melanoma (dacarbazine had been approved on ORR data alone); b) it was the first 

non-vaccine immunotherapy to result in a survival advantage in a randomised 
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controlled trial; and c) despite the modest ORR of 10.9% in the ipilimumab-alone 

group, 60% of patients maintained the response for at least 2 years, well beyond the 

completion of the 3-month course of therapy. Ipilimumab was approved by the U.S. 

Food and Drug Administration on March 25th 2011 for the treatment of advanced 

melanoma as a first-in-class immune checkpoint inhibitor, and a new era of cancer 

immunotherapy was born. 

Further studies in melanoma demonstrated a survival advantage for ipilimumab plus 

dacarbazine compared to placebo plus dacarbazine, although it is generally believed 

that the survival benefit was due to ipilimumab rather than dacarbazine. A recent 

milestone analysis reported the five-year survival from this study, with 18% of patients 

alive at 5 years in the ipilimumab/dacarbazine arm, compared to 8.8% for 

placebo/dacarbazine290,291. Furthermore, pooled analysis of long-term survival for 1,861 

patients treated from phase II and III trials of ipilimumab in melanoma revealed a 

plateau of the survival curve at 21%, beginning at about 3 years, with some patients 

alive after up to 10 years follow-up292.  

While representing a significant breakthrough in the treatment of advanced cancer, the 

ipilimumab story is not without disappointments or challenges. Efforts to translate these 

results in other tumour types have yet to yield any positive results, with large phase III 

studies failing to meet their primary outcome in prostate cancer and NSCLC293,294. 

Furthermore, the majority of patients with melanoma do not respond to therapy, and to 

date there are no reliable biomarkers to aid with patient selection. It is also recognised 

that responses can be delayed, with approximately 10% of ipilimumab-treated patients 

who ultimately experience a long term benefit experiencing initial radiological 

progression (or ‘pseudo-progression’) before responding, sometimes 6 months or more 

after initiation of therapy295. Consequently, many patients continue a potentially futile 

therapy in the modest hope that a delayed response will develop. 

Ipilimumab did not remain on top of the immunotherapy ‘podium’ in melanoma for long, 

with further advances demonstrating superior efficacy for single agent PD-1 blockade, 

as well for dual-checkpoint (CTLA-4/PD-1) blockade. Nevertheless, there are many 

ongoing trials examining ipilimumab in a wide range of settings both as a single agent 

and in combination with other therapies. Future developments will likely yield further 

advances in the field, but the development of ipilimumab will remain the springboard 

from which this promising class of agents was launched. 
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1.5.5.2  Blockade of PD-1 pathway 

The early phase I and II clinical trials of PD-1 inhibitors demonstrated the safety and 

efficacy of these agents in pre-treated patients with a number of solid tumours, 

particularly malignant melanoma, NSCLC, and RCC24,25,296,297. More recently, in a 

landmark phase III study comparing the PD-1 inhibitor pembrolizumab, to ipilimumab in 

advanced melanoma, pembrolizumab was shown to have a superior ORR (33% vs. 

12%), 6-month PFS rate (47% vs. 27%), and 12-month OS rate (74% vs. 58%). 

Pembrolizumab was also better tolerated, with a lower frequency and severity of 

immune-related adverse events. As a result, pembrolizumab was granted accelerated 

FDA approval for the treatment of advanced melanoma. A few months later, the PD-1 

inhibitor nivolumab became the first immunotherapy approved in NSCLC, based on 

improved OS in chemotherapy pre-treated patients6,27. Emerging data is increasingly 

demonstrating the rapidly expanding promise of blocking PD-1 and its ligand PD-L1 in 

many malignancies including NSCLC, ovarian carcinoma, colorectal cancer, head and 

neck carcinoma, RCC, and MPM, to name a few. 

Like with ipilimumab, the search for predictive biomarkers for PD-1 inhibition remains 

elusive. The most promising biomarker to date is PD-L1 expression on tumour tissue, 

but this remains unreliable and not consistent between different tumour types, with 

responses still seen in patients with tumour that are ‘PD-L1-negative’. Variability in IHC 

assays used, and different cut-offs for positivity have contributed to this challenge, but 

it is also likely that inter- and intra-patient heterogeneity is also a factor, as PD-L1 

expression is dynamic and can be up-regulated in response to a CD8+ effector 

response26,142,298,299.  

A higher tumour mutational burden has also been associated with increased likelihood 

of response to PD-1 inhibition300. In a non-randomised study, pembrolizumab was 

found to be more effective against tumours with mismatch-repair (MMR) deficiency 

(which also harboured a higher mutation load) than tumours that were MMR 

‘proficient’301. There is evidence that a higher burden of somatic mutations is 

associated with increased immunogenicity in NSCLC and other tumours, as shown in a 

study using data sets from The Cancer Genome Atlas (TCGA), where the number of 

predicted MHC Class I-associated neo-antigens was associated with increased 

immune effector activity, based on transcript levels of granzyme A and perforin, and 

the overall mutation rate was closely correlated with the rate of neoepitope-yielding 

mutations302. Therefore, the higher mutational burden in MMR deficient cancers may 

reflect a higher proportion of neo-antigens, and therefore a more immunogenic cancer 
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that results in a greater endogenous immune response, which is subsequently 

enhanced by blocking the PD-1 suppressive pathway. 

1.5.5.3 Other T-cell immune-modulators 

The success of CTLA-4 and PD-1 inhibition has led to the accelerated development of 

other immune modulatory molecules that can activate or inhibit the function of T cells 

or other immune cells. Examples include the inhibitory receptors LAG3 (lymphocyte 

activation gene 3)303 and TIM3 (T cell immunoglobulin and mucin domain-containing 

3)304, as well as co-stimulatory receptors such as CD137 (4-1BB)305, GITR306 

(glucocorticoid-induced tumour necrosis factor receptor family-related protein) and 

OX40307. There are now agonistic or antagonistic mAbs for each of these targets in 

various stages of clinical development, either alone or in combination with other 

checkpoint inhibitors. 

The development of immune modulating agents provides much promise as well as 

challenges for cancer immunotherapy. The evolving potential for synergistic 

combinations of two or more immunotherapies or combinations with other anti-cancer 

therapies will require an understanding of the diverse effects that each agent has on 

the tumour, the tumour microenvironment, and on the immune system. The overall aim 

is the rational development of effective combinations with an acceptable safety profile, 

and ideally with appropriate biomarkers to guide therapeutic optimisation.   
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1.6 Effects of anti-cancer therapies on the immune system  

Conventional cytotoxic chemotherapy has long been assumed to have either a neutral 

effect or, more commonly, a negative effect on the immune system. This is based on 

the inhibitory effect on proliferation of immune cells, observations of clinical 

lymphopenia, and the induction of apoptotic cell death, which is thought to be 

immunologically ‘bland’. In line with this, conventional cytotoxic drug development has 

involved the selection of agents that are active against human tumour cells in vitro and 

against transplanted xenografts in immunodeficient mice308.  

There is now a significant body of evidence that conventional chemotherapy, as well as 

targeted therapies, can have both immune-stimulatory and immune-inhibitory effects 

over and above the distinctive properties of immunogenic vs. non-immunogenic cell 

death discussed below. These effects can interact with both innate and adaptive anti-

tumour immunity, potentially influencing one or several of the components of the 

CD8-mediated anti-tumour immune response described in Section 1.3.3100. 

1.6.1 Mechanisms of cell death induced by anti-cancer therapy 

The development and progression of cancer is not only a result of a series of genetic 

alterations within individual tumour cells, but is also dependent on the ability of 

malignant cells to escape physiological barriers to tumourigenesis. The complex 

tumour microenvironment is a result of significant changes to the host stromal, 

inflammatory, endothelial and immune cells that allow a tumour cell to escape death 

pathways and immune destruction309,310.  

The ability to evade apoptosis is one of the hallmarks of cancer311, but other non-

apoptotic pathways have been described including necrosis, senescence, autophagy 

and mitotic catastrophe312. The mechanism of cell death and associated biochemical 

events caused by anti-cancer therapies has important sequelae for the interaction of 

these dying cells with the local tumour environment and with the immune system, and 

may set the tone for the subsequent immune response. 

1.6.1.1 Apoptosis 

The most common form of cell death resulting from anti-cancer therapy is apoptosis, a 

form of programmed cell death or ‘cell suicide’ with morphological features first 
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described in 1972 by Kerr et al.313. Billions of cells undergo this form of physiological, 

‘scheduled’ cell death daily as part of a sophisticated mechanism to remove damaged 

cells or cells that are no longer needed. Apoptosis is typically mediated by the caspase 

family of cysteine proteases including initiator caspases (such as caspase-8 and 

caspase-9), with subsequent activation of effector caspases (such as caspase-3, -7 

and 7)314. The result is a series of morphological changes that include chromatin 

condensation, nuclear fragmentation, blebbing of the cell membrane and finally 

fragmentation of the cytoplasm to form apoptotic bodies312.  

The term ‘extrinsic apoptosis’ describes a process whereby apoptotic cell death is 

initiated by extracellular stress signals via specific transmembrane receptors, such as 

the death receptor ‘Fas’ (also called Apo-1 or CD95) and other members of the tumour 

necrosis factor receptor (TNFR) superfamily315,316. Fas ligation is a prototypic signalling 

pathway of extrinsic apoptosis, which results in the formation of a super-molecular 

complex, the ‘death-inducing signalling complex’ (DISC), a platform that recruits 

caspase-8 and promotes caspase activation317. 

‘Intrinsic apoptosis’, on the other hand, can be trigged by a large number of intracellular 

stimuli such as DNA damage and oxidative stress. Although the initiating stimuli can be 

highly heterogeneous, they all lead to a mitochondrion-centered control mechanism318. 

The cell death process is mediated by mitochondrial outer membrane permeabilisation 

(MOMP), and can be caspase-dependent or caspase-independent318,319.  

There is evidence that both intrinsic and extrinsic pathways may be involved in 

apoptosis triggered by cancer therapies. Treatment with a number of anticancer drugs 

can lead to an increase in Fas ligand expression, which subsequently binds its receptor 

CD95 and initiates the apoptotic cascade320-323. Drugs implicated in using the extrinsic 

pathway include doxorubicin, cisplatin, etoposide, and bleomycin. However, the 

intrinsic pathway is also utilised for a number of chemotherapy agents through multiple 

mechanisms, including direct permeabilisation of the outer mitochondrial membrane324, 

up-regulation of pro-apoptotic proteins in response to DNA325, or microtubule 

damage326. Some examples are shown in Table 1.3. 
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Table 1.3   Examples of drugs which kill by apoptosis 

Drug class Drug Pathway References 

Platinum compounds Cisplatin Extrinsic 323,327 

 Oxaliplatin* Intrinsic 328-330 

Antimetabolites 5-fluorouracil Extrinsic 331 

 Gemcitabine* Intrinsic 332,333 

 Methotrexate Extrinsic 334 

Anthracyclines Doxorubicin* Both 323,325,335,33
6 

 Idarubicin* Intrinsic 336,337 

 Mitoxantrone* Intrinsic 335,336,338 

Alkylating agents Cyclophosphamide Intrinsic 339,340 

Spindle poisons Paclitaxel Intrinsic 324,341 

 Vinorelbine Intrinsic 342 

Topoisomerase poisons Etoposide Extrinsic 323,334,336 

* drugs shown to cause immunogenic cell death 

 

1.6.1.2 Non-apoptotic cell death 

Anti-cancer therapies can also result in non-apoptotic cell death, including necrosis, 

autophagy and mitotic catastrophe. 

Necrosis was historically considered a ‘messy’ form of cell destruction, morphologically 

characterised by random degradation of nuclear DNA, organelle degeneration and 

swelling and rupture of the cell membrane with release of intracellular components312. 

Recent work, however, suggests that necrosis can occur in a regulated manner, which 

is dependent on specific signalling modules such as receptor interacting protein kinase 

1 (RIP1) activation and can be triggered by a number of processes including alkylating 

DNA damage and death receptor ligation343-346. Zong et al. first demonstrated that in 

vitro cell death caused by the alkylating agents nitrogen mustard and MNNG (1-methyl-

3-nitro-1-nitrosoguanidine) occurred independently of apoptotic factors, but required 

activation of the DNA repair protein poly (ADP-ribose) polymerase 1 (PARP1), 

suggesting a necrotic form of programmed cell death347. More recently, the alkylating 
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agent cyclophosphamide was shown to cause tumour regression in a xenograft mouse 

tumour system in both apoptosis-competent and apoptosis-deficient tumour cells, with 

the observation of sporadic necrosis in both groups, as identified using cell 

morphology, high mobility box group 1 (HMBG1) extracellular release and activation of 

innate immune cells339. In an effort to define the molecular signalling network that 

regulates necrotic pathways, Hitomi et al. carried out a genome-wide siRNA screen 

and identified 432 genes that regulate necroptosis of which 32 acted downstream of 

regulators of RIP, 32 genes were required for death-receptor-mediated apoptosis and 7 

genes that were involved in both pathways344. Together, these data suggests that 

necrosis can occur in a regulated manner that is independent of apoptosis and may 

play a role in several physiological and pathological settings, but its role in 

tumourigenesis, in chemotherapy-induced cell death, or in the anti-tumour immune 

response is yet to be fully elucidated. 

Autophagy, or ‘autophagic cell death’, is a process that leads to cytoplasmic 

vacuolisation without features of apoptosis. It often constitutes a cytoprotective 

response activated by dying cells as a defense against acute stress, and inhibiting 

autophagy can actually mediate death rather than prevent it348-350. It is therefore 

unclear whether autophagy can be responsible for cell death, or rather is a process 

that can accompany cell death, without participating in the lethal catabolic cascade319. 

A third death mechanism, ‘mitotic catastrophe’, refers to cell death triggered by 

aberrant mitosis and occurring either during mitosis or in subsequent interphase351. A 

number of chemotherapeutic agents, namely spindle poisons and microtubule 

inhibitors (taxanes and vinca alkaloids) interfere with the function of microtubules 

during mitosis, resulting in activation of the spindle assembly checkpoint (SAC) and 

causing mitotic arrest. The result is caspase-mediated cell death, but the molecular 

mechanism connecting initial SAC activation to caspase activation has not been clearly 

defined352. Interestingly, recent work has indicated that these mitotic aberrations can 

lead to cell senescence or cell death, which can occur either through apoptosis or 

necrosis353,354. It was therefore proposed that mitotic catastrophe may not be a ‘pure’ 

cell death pathway but an ‘oncosuppression’ mechanism that ultimately leads to cell 

death or senescence. Whether the duration of mitotic arrest truly has an influence on 

the cell fate remains unclear319,355. 

Cellular senescence is a form of permanent cell cycle arrest with typical morphological 

and biochemical changes including the induction of senescence-associated β-

galactosidase activity. It can be induced by cellular stresses such as DNA damage and 
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oncogenic stress, which can be regulated by tumour suppressors including p53, 

p16INK4a and retinoblastoma protein (RB)312. Cellular senescence may play a role in 

suppressing tumourigenesis by disabling apoptosis, as suggested by the early cancer 

development in murine cells with senescence defects356,357. Moreover, senescence 

may contribute to chemotherapy sensitivity in primary murine lymphomas, where 

cyclophosphamide can lead to p16INK4a activation, p53-dependent cell-cycle arrest and 

premature senescence in in vivo 358.  

1.6.1.3 Morphological vs. functional classification of cell death 

Morphological classification of cell death dominated the cell death literature for several 

decades before the development of many of the biochemical tests available today. 

However, it is becoming increasingly clear that morphologically similar cell deaths may 

demonstrate significant functional, biochemical and immunological 

heterogeneity351,359,360. In addition, a specific morphological appearance may not 

necessarily be sufficient to establish a link between a causative process and 

subsequent cell death. Conversely, biochemical classifications also have drawbacks. 

For example, a cell death pathway frequently associated with a process may still occur 

in the absence of that process. Phosphatidylserine (PS) exposure, an early marker of 

cell death, was shown not to occur in autophagy-deficient cells undergoing 

apoptosis361. The Nomenclature Committee on Cell Death (NCCD), which has 

previously published two rounds of recommendations in 2005 and 2009, has 

formulated a novel systematic classification of cell death based on biochemical 

features intended for both in vitro and in vivo applications319. 

1.6.1.4 Immunogenicity of cell death 

The induction of immunogenic cell death is an important goal for anticancer therapies. 

Apoptotic cell death, the most common modality of chemotherapy-induced cell death, 

has classically been assumed to be non-immunogenic (or tolerogenic), whereas 

necrotic cell death was considered truly immunogenic. As millions of cells die every 

second by ‘physiological’ apoptosis, PS residues are exposed on the cell surface, 

which leads to the rapid and silent clearance of apoptotic bodies by macrophages and 

stimulates the production of immunosuppressive cytokines362,363, thus protecting the 

host from overwhelming inflammation and autoimmunity.  

Other studies, however have challenged the theory that apoptosis is uniformly non-

immunogenic, and demonstrated that the pre-apoptotic cellular responses to stress, 
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the surface characteristics of apoptotic bodies and the process of apoptosis itself can 

be quite heterogeneous biochemically, despite apparently similar morphologies95,336,364-

366. In a murine model of malignant mesothelioma, chemotherapy-induced apoptosis 

was found to increase antigen cross-presentation and cross-priming rather than 

tolerance, resulting in a synergistic effect between chemotherapy and 

immunotherapy333,367. 

Kroemer and colleagues demonstrated that although the chemotherapeutic drugs 

mitomycin C and doxorubicin both cause caspase-dependent apoptosis, only cell death 

caused by doxorubicin is immunogenic and mediated by DCs. They found that caspase 

inhibition by the broad-spectrum caspase inhibitor Z-VAD-fmk, or using cells 

transfected with the baculovirus caspase inhibitor p35 delayed, but did not inhibit 

doxorubicin induced death, and inhibited uptake of dead tumour cells by DCs, but had 

no effect on their ability to elicit DC maturation. Moreover, the selective depletion of 

DCs or CD8+ T cells, but not NK cells, abolished the anti-tumour immune response95. 

1.6.1.5 Biochemical features of immunogenic cell death 

Although it has been shown that cell death induced by anti-cancer therapies can be 

immunogenic, it is less clear which agents, and in what settings, can trigger danger 

signals that would be seen by the immune system and elicit an anti-tumour immune 

response. A number of features of ‘dangerous’ cell death have been associated with 

the immunogenicity of chemotherapy. 

Calreticulin (CRT) is a 46kDa protein previously thought to be an obligate endoplasmic 

reticulum (ER) protein, but later found to have broad localisation within the cell368. 

When CT26 colon cancer cells were treated with ~20 distinct inducers of apoptosis, 

including doxorubicin and other anthracyclines, then injected into immune-competent 

BALB/c mice, CRT was found to translocate to the cell surface from the ER rapidly, 

prior to exposure of PS on the outer leaflet of the plasma membrane. There was a 

strong, positive linear correlation between the surface exposure of CRT and the 

protection against tumour growth, which was interpreted as a sign of immunogenicity 

and ‘anti-tumour vaccination’336. These and other data suggest that CRT exposure is a 

major determinant of immunogenic cell death, that its exposure occurs upstream of 

apoptosis or necrosis and that it can confer immunogenicity when added to non-

immunogenic cell death inducers.  
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Heat shock proteins (HSPs) are a family of chaperone proteins involved in the correct 

folding (or refolding) of proteins in conditions of cellular stress, and are classified as 

endogenous danger signals, or danger associated molecular patterns (DAMPs). HSPs 

play an important role in driving immune function and can be released from dead cells 

after either primary or secondary necrosis369. The frequent expression of HSPs such as 

HSP70 and HSP90 inside tumour cells, presumably as a result of stress, can have 

apoptosis-inhibitory and cytoprotective effects and has been associated with 

chemotherapy resistance in vitro and in vivo, and was associated with poor prognosis 

in patients with several cancers370-372. Paradoxically, whilst HSP70 and HSP90 can be 

immune inhibitory when overexpressed inside the cell, they can actually have an 

immune stimulatory effect when expressed on the cell surface373. Clinically, the 

immunogenicity of HSP90 has been explored in clinical trials of autologous tumour-

derived HSP90 in the form of a Gp96 peptide vaccine, in patients with malignant 

melanoma and colorectal cancer. Both trials reported that the autologous vaccine can 

successfully induce in vivo anti-tumour immunity and demonstrated a clinical benefit in 

a percentage of patients374,375. 

HMGB1 is a pro-inflammatory cytokine secreted by activated macrophages, NK cells 

and mature dendritic cells, and can also be released from dying cells376. Bianchi and 

co-workers were first to report that HMGB1 is released following necrotic cell death, but 

remains attached to the nucleus during apoptotic cell death, even after rupture of the 

plasma membrane377. However, apoptotic cells under some circumstances can also 

release HMGB1. Alkylating agents that activate PARP can release HMGB1 from its 

association with chromatin, allowing it to be released from the nucleus, binding to TLR4 

(toll-like receptor 4) and activating macrophage cytokine release329,378,379.  

1.6.2 Immune effects of conventional chemotherapy 

1.6.2.1 Non-immunogenic cell death 

While a number of chemotherapy agents have been shown to induce immunogenic cell 

death as discussed above, other agents are capable of inducing cell death without 

associated danger signals, and therefore do not induce an effective anti-tumour 

immune response. For example, treatment of murine colon cancer cells with mitomycin 

C, etoposide or camptothecin results in apoptotic cell death and a weaker anti-tumour 

immune response compared to that of immunogenic agents such as doxorubicin. 

Although a positive correlation was observed between ‘high’ CRT exposure and 

immunogenicity, there was a discrepancy between low CRT and low or intermediate 
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mitomycin C immunogenicity336. This highlights that the immunogenicity of cell death is 

not dichotomous, but rather occur on a continuous spectrum from none or low, to 

higher immunogenicity. 

1.6.2.2 Enhanced antigen delivery and presentation 

Our understanding of tumour-specific antigens has evolved over several decades380, 

with the recognition of an increasing number of antigens that may be either ‘self’, or 

neoantigens such as mutated proteins or oncogenic viruses100,381-385. Conventional and 

targeted therapies can result in the release of antigens from dead or dying tumour 

cells, which are then available for presentation to the immune system. Novel, targeted 

therapies are also now increasingly used, as discussed in Section 1.4. These targeted 

approaches can produce tumour regression that far exceeds what is seen with 

conventional chemotherapy, and this in turn might be expected to improve delivery of 

tumour antigens for presentation. 

Once antigen concentration is above the threshold required to elicit an immune 

response, it must then be presented to the immune system in a context that is seen as 

‘dangerous’, otherwise there may be no immune response, or tolerance may ensue100. 

“Cross-presentation” is the process by which exogenous antigens, typically expressed 

via the MHC class II pathway, are presented via the class I pathway, which is typically 

responsible for expression of endogenous antigens386,387. For example, apoptosis 

induced by gemcitabine chemotherapy in vivo significantly increases cross-

presentation of tumour antigens but does not induce tolerance of tumour-specific CD8 

T cells333. Moreover, HSPs can play an important role in cross-presentation of tumour 

antigens on MHC class I molecules resulting in specific CD8+ T-cell responses388-390.  

1.6.2.3 Homeostatic proliferation  

The observation of clinical lymphopenia resulting from chemotherapy is generally 

considered an immunosuppressed state. However, the induction of transient 

lymphopenia therapeutically in the context of adoptive transfer treatment and 

vaccination strategies can enhance the effectiveness of these therapies through 

homeostatic mechanisms. This lymphoid reconstitution could overcome cancer-

induced defects in T cell signalling and increase cytokine production, resulting in 

enhanced T cell activity, as discussed in Section 1.5.4269-275. Clinically, there is a 

demonstrated benefit from adoptive cell transfer therapy following lymphodepleting 

chemotherapy in patients with refractory metastatic melanoma391. 
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In a recent study examining the effects of chemotherapy on the anti-tumour immune 

response in patients with mesothelioma and NSCLC, chemotherapy resulted in early 

depletion of proliferating CD8+ and CD4+ T cells, one week after chemotherapy, before 

subsequently rebounding above baseline levels by the end of the treatment cycle. 

Importantly, the increase in proportion of proliferating CD8+ T cells after one cycle of 

chemotherapy was an independent predictor of patient survival392.   

1.6.2.4 Regulatory T cells 

CD4+CD25+ regulatory T cells (Tregs), comprising 5-10% of the peripheral lymphocyte 

pool, typically express the forkhead box-binding protein 3 (Foxp3), CTLA-4 and GITR. 

They secrete transforming growth factor β (TGFβ) and IL-10, and serve to 

down-regulate the normal immune response and prevent autoimmunity through either 

direct cell-cell contact or via the effects of TGFβ and IL-10393-395. Importantly, Tregs 

also induce B7-H4 on APCs including DCs, monocytes and macrophages, which in 

turn suppress tumour-antigen-specific T cell responses396. 

The prognostic value of tumour infiltrating lymphocytes has been a subject of 

increasing interest over the past decade. High numbers of lymphocytes, especially T 

lymphocytes have been associated with a better prognosis in patients with several 

malignancies including lung, colorectal, ovarian, oesophageal, and head and neck 

cancers397-401. The earliest reports date back more than three decades402, and were 

confirmed again recently with studies that demonstrated an important prognostic role 

for CD8+ T cells403 and memory T cells404 for both PFS and OS in colorectal cancer.  

In contrast to CD8+ T cells, Treg infiltration is associated with a worse prognosis when 

found in malignant ascites of patients with ovarian carcinoma, correlating with higher 

stage and reduced survival405. This association was also found in other cancers 

including NSCLC, breast, gastric, renal, pancreatic as well as hepatocellular 

carcinoma406-411. However, a high proportion of intra-tumoural Tregs was reported in 

some cases to correlate with good prognosis, as demonstrated in several cancers 

including non-Hodgkin’s lymphoma, colorectal, and head and neck cancers412-414. The 

discrepancy is not surprising, given the complexities and heterogeneity within tumours 

with regards to Treg location (center vs. periphery), the ability of Tregs to lose Foxp3 

expression and change phenotype, or normal T cells to acquire Foxp3 without adopting 

a regulatory phenotype415-417. Nevertheless, it is more likely that the balance between 

effector T cells and Tregs is a better predictor of clinical outcomes than either marker 

alone418-421.   
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A number of anti-cancer agents affect the proportions or suppressive function of Tregs. 

The most studied is cyclophosphamide, which inhibits the suppressive function of 

CD4+CD25+ Tregs and enhances the anti-tumour immune response in preclinical 

models by promoting CD4+ T helper type I immunity. It also facilitates the recruitment of 

latent CD8+ T cells when given before vaccination, mediating tumour rejection422,423. 

Treg activity was also inhibited in mice using metronomic cyclophosphamide, paclitaxel 

or temozolamide424-426. The depletion of Treg using chemotherapy has also been 

achieved in clinical studies using metronomic cyclophosphamide in patients with late 

stage cancers427 and with paclitaxel in NSCLC428. In patients with metastatic colorectal 

cancer, treatment with gemcitabine and FOLFOX4, followed by GM-CSF and IL-2 

resulted in significant Treg reduction in 65% of patients and was associated with a 70% 

ORR to therapy429,430. 

Although the use of an anti-CD25 mAb resulted in tumour eradication in animal 

models, clinical benefit could not be consistently demonstrated in humans, which may 

be a consequence of concurrent depletion of CD25+ effector T cells431,432. Other 

molecules expressed on Tregs are also under investigation, including the chemokine 

receptor CCR4 and the co-stimulatory molecules GITR and OX40433-436. It has also 

been proposed that the suppression of Treg activity contributes to the mechanism of 

action of the anti-CTLA-4 mAb ipilimumab, which resulted in decreased Treg 

proportions in tumour tissue, an effect that was correlated with better clinical outcomes 

(as discussed in Section 1.3.4)437,438.  

These data suggest that there are a number of potential approaches to modulating 

suppressive Tregs that can enhance anti-tumour immunity, which may be achievable 

using conventional cytotoxics, novel targeted mAbs or immunotherapies, or a 

combination of these strategies. 

1.6.2.5 Myeloid derived suppressor cells 

MDSCs are a diverse population of progenitor cells and immature myeloid cells that 

expand in cancer patients and can significantly inhibit T-cell responses439. In animal 

models, gemcitabine, 5-fluorouracil (5-FU), and doxorubicin deplete MDSCs, resulting 

in enhanced T cell activity and anti-tumour activity. Conversely, irinotecan was 

associated with MDSC expansion in colorectal cancer patients440-443. However, these 

effects are tumour-specific, as gemcitabine and 5-FU have also been demonstrated to 

activate the NLRP3 inflammasome in MDSCs, which reduced the effectiveness of 
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chemotherapy, and patients with early breast cancer treated with dose-dense 

doxorubicin and cyclophosphamide (AC) experienced an increase in MDSCs441,444,445. 

1.6.2.6 DNA-damage response and activation of innate immunity 

NKG2D (NK group 2 member D) is an activating receptor involved in immune-

surveillance by NK cells, NKT cells, γδ T cells and CD8+ T cells. DNA-damaging 

agents, such as topoisomerase inhibitors, can initiate a complex DNA-damage 

response that involves the activation of tumour-suppressor proteins such as ataxia-

telangiectasia mutated (ATM), checkpoint kinase 1 (CHK1) and the transcription factor 

p53. This can result in the ATM and CHK1-dependent, but p53 independent expression 

of NKG2D ligands446. Although p53 is not required for the expression of NKG2D ligand 

in response to DNA damage, the reactivation of p53 in hepatocellular cancer has lead 

to the expression of pro-inflammatory cytokines, chemokines and adhesion molecules 

which may contribute to p53-induced recruitment of NK cells, neutrophils and 

macrophages. This highlights the ability of chemotherapy-induced DNA damage to 

trigger an innate anti-tumour immune response447. 

1.6.3 Immune-modulatory effects of targeted agents 

As discussed in Section 1.4, an increasing number of targeted therapies are now in 

clinical use in many solid tumours and haematological malignancies, with many more 

in clinical development. The different modes of action of these drugs compared to 

conventional chemotherapy has led to the observation of different side effect profiles 

as well as off-target effects that may be contributory, or deleterious to their anti-tumour 

effects. There is accumulating evidence that many of these agents can modulate the 

immune response by various mechanisms, including effects on innate immunity, on 

immunosuppressive cells such as MDSCs or Tregs, as well as effector T cells and 

DCs. 

1.6.3.1 Imatinib 

Imatinib is a small molecule TKI of KIT, PDGFR (platelet derived growth factor 

receptor), and BCR-ABL with demonstrated activity and improved survival benefit in 

patients with CML and advanced gastrointestinal stromal tumours (GIST)189. Imatinib 

has been shown to suppress T cell proliferation and activation in vitro448, and to inhibit 

expansion of memory CTLs, but not the primary immune response in vivo449.  



 

64 

A recent study by Balachandran et al. elegantly demonstrated the central role for the 

anti-tumour CD8+T cell responses in imatinib-treated GIST tumours94. In a model of 

transgenic GIST mice that develop spontaneous GIST due to an activating mutation in 

the KIT gene, treatment with imatinib resulted in an increase in CD8+ T cell frequency, 

number, proliferation, activation as well as cytolytic capacity within the tumour, and an 

increase in tumour-specific CD8+T cells within the draining, but not the non-draining 

lymph nodes. The anti-tumour effect was reduced in mice depleted of CD8+ but not 

CD4+ T cells, NK cells or myeloid cells, and knockout mice lacking mature T and B 

cells had larger tumours than controls, whereas those lacking B cells only did not. 

Moreover, untreated mice depleted of CD8+, but not of CD4+ T cells, NK cells or B cells 

had larger tumours after 4 weeks. The authors also demonstrated a suppressive effect 

on Tregs within tumours, but not the draining lymph nodes, resulting from imatinib-

induced apoptosis of Tregs through inhibition of tumour cell expression of the 

immunosuppressive enzyme IDO. Importantly, a synergistic effect was seen in a 

mouse GIST model treated with imatinib and a CTLA-4 blocking antibody compared to 

either drug alone, suggesting that additional immune activation could augment the anti-

tumour effect of imatinib. Finally, the authors demonstrated a correlation between the 

findings in the mouse GIST model and human GIST by analyzing the blood and 

freshly-obtained GIST tissue from 36 patients undergoing surgery followed by either 

imatinib therapy or observation. A greater frequency of CD8+ T cells, but lower Tregs 

and IDO mRNA was found in sensitive tumours compared to resistant tumours, 

therefore correlating with the preclinical data in mouse GIST94.  

1.6.3.2 Sunitinib and sorafenib 

Sunitinib and sorafenib are TKIs with activity against multiple receptors, inhibiting 

different domains of the VEGFR and PDGFR; as well as c-KIT and FLT-3, while 

sorafenib additionally inhibits Raf1-kinase.  Patients with metastatic RCC were shown 

to have elevated levels of circulating MDSCs as well as Tregs, which were reversed by 

sunitinib. In vitro, sunitinib partially restored patient T-cell production of IFN-γ after 

depletion of MDSCs450.  In contrast, in vitro data suggested that sorafenib inhibited 

CD4+ and CD8+ T cell proliferation, impaired T cell responses, as well as being 

cytotoxic to Tregs, potentially by targeting lymphocyte-specific protein tyrosine kinase 

(LCK) phosphorylation or by a MAPK-independent mechanism451-453. This was later 

challenged by an in vivo study examining peripheral blood from 35 patients with RCC 

receiving sorafenib therapy, which showed a reduction in Tregs, but with no influence 

on type 1 cytokine responses454.  
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The effects on DC function have also been controversial. Hipp et al. reported that 

sorafenib, but not sunitinib, inhibits DC function in mice, as characterized by reduced 

cytokine release and reduced expression of CD1a, MHC and CD80/CD86 

co-stimulatory molecules in response to lipopolysaccharide (LPS) stimulation, as well 

as an impaired ability to stimulate T-cell responses. This effect was mediated by 

inhibition of phosphatidylinositide 3-kinase (PI3K) production and MAPK, as well as 

nuclear factor-kappa B (NFκB) signalling455. In contrast, other data has suggested that 

sorafenib, but not sunitinib, reversed VEGF inhibition of DC differentiation from myeloid 

precursors in vivo456.  

1.6.3.3 BRAF inhibitors 

The effects of BRAF inhibition on the tumour microenvironment was evaluated in 

pre- and post-treatment biopsies from 16 patients with metastatic melanoma. 

Treatment with either a BRAF inhibitor (BRAFi) alone (vemurafenib), or a combination 

of BRAF and MEK inhibitors (dabrafenib and trametinib) was associated with an 

increase in expression of melanoma differentiation antigens as well as an increase in 

CD8+ T cell tumour infiltrates. It also resulted in a decrease in the immunosuppressive 

cytokines IL-6 and IL-8, an increase in markers of T cell cytotoxicity (granzyme B and 

perforin), and an increase in expression of PD-L1, PD-1, and TIM-3 on tumour biopsy 

samples. Moreover, at time of progression on BRAFi alone, there was a decrease in 

melanoma antigen presentation and a reduction in TILs, which was reversed by 

combined BRAF and MEK inhibition457.  

In a retrospective study examining the influence of BRAFi on peripheral lymphocytes, 

Schilling et al. demonstrated a differential influence of vemurafenib and dabrafenib. 

Total peripheral lymphocyte counts within 4 weeks of commencing a BRAFi were 

compared to the nadir of lymphocytes within the first 12 weeks of treatment. There was 

a significant decrease in the lymphocyte counts of vemurafenib-treated (-24.3%, p < 

0.001), but not dabrafenib-treated patients (+1.2%, p = 0.72). Analyses of lymphocyte 

subsets revealed the most profound loss in vemurafenib-treated patients was in the 

CD4+ compartment, with no significant changes in CD8+ cells or B cells. Further 

phenotypical and functional analyses of the vemurafenib subgroup demonstrated a 

significant decrease in CD4+ T cells with a central memory phenotype 

(CCR7+CD45RA-), while the naïve phenotype population (CCR7+CD45RA+) was 

increased. There was no association between the decrease in lymphocyte counts and 

PFS or OS458.  
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1.6.3.4 EGFR inhibitors 

EGFR-TKIs have been shown to have diverse immune-modulatory effects. The dual 

erbB1/2 TKI lapatinib is used in the treatment of HER2-positive breast cancer. In an 

animal model using MMTV-neu mice, lapatinib and/or doxorubicin promoted 

Stat1-dependent tumour infiltration by IFN-𝛾-‐secreting T cells. Antibody depletion 

experiments demonstrated a contribution of CD8+, but not CD4+ T cells, to the 

anti-tumour effects of both drugs. This study suggested that lapatinib and doxorubicin 

promoted an effective anti-tumour immune response, which was mediated by Stat1459. 

Pivarsci et al. demonstrated that human keratinocyte-derived skin tumours could evade 

T cell anti-tumour immune responses by down-regulating the keratinocyte-specific 

chemokine CCL27, via the activation of the EGFR/Ras/MAPK signalling pathways. The 

expression of CCL27 was up-regulated by the EGFR inhibitor erlotinib in skin lesions of 

treated patients, compared to non-lesional or healthy skin samples, suggesting a role 

for CCL27 in the development of erlotinib-induced skin inflammation460. In another 

study of cancer patients receiving erlotinib, biopsies from sites of drug-induced skin 

inflammation were shown to have increased epidermal MHC-I protein expression, as 

well as increased MHC-I and MHC-II RNA, compared to non-inflamed skin, suggesting 

that EGFR inhibitors may influence immune responses by modulating MHC 

expression461. 

Zaiss et al. examined the relationship between the EGFR pathway, and 

immune-suppressive regulatory T cells. Tregs were found to express EGFR under 

inflammatory conditions, and activation of the EGFR pathway was demonstrated to 

enhance Treg function in vitro. Moreover, treatment of B16 mice bearing melanoma 

tumours with the EGFR-TKI gefitinib or EGFR-blocking nanobodies, given 

concomitantly with peptide-pulsed bone marrow-derived DCs (BM-DCs), resulted in 

significant suppression of tumour growth462. This was the first study to suggest a direct 

effect of EGFR inhibitors on Treg cell suppressive capacity, which may enhance the 

anti-tumour immune response.  

In a cohort of patients with resected NSCLC, tumours harbouring EGFR mutations 

were associated with higher expression of PD-L1 than those that were EGFR wild-type. 

Patient-derived cells lines were then treated with the EGFR-TKI erlotinib, which 

resulted in down-regulation of PD-L1 in EGFR-mutant, but not EGFR-wild type cell 

lines463. In another study, increased tumour PD-L1 expression was also associated 

with the presence of EGFR mutations, and treatment with an EGFR-TKI was 
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associated with better outcomes in patients with PD-L1+ tumours than those with 

PD-L1-negative tumours464.  

In contrast to the potential immune-stimulatory effects described above, it has also 

been suggested that the EGFR TKI erlotinib has an immunosuppressive effect on T 

cells, mediated by the down-regulation of the c-Raf/ERK cascade and the Akt 

signalling pathway. Luo et al. demonstrated that in vitro, erlotinib resulted in inhibition 

of T cell proliferation in a concentration-dependent manner, and that it inhibited the 

secretion of IL-2 and IFN-𝛾. Erlotinib resulted in G0/G1 phase arrest in T cells by Con 

A, and resulted in a decrease in protein levels of phosphorylated CDK. The study also 

demonstrated that erlotinib ameliorated allergen-induced contact dermatitis in mice, 

compared to animals in the control group465.  

Taken together, the above studies suggest that the EGFR-TKIs can have diverse 

immune-modulatory effects, which are not well understood, and further studies will be 

required to characterise how each agent affects the anti-tumour immune response in 

various malignancies. This knowledge will be required to inform the rational 

development of combination strategies with immunotherapy.  

These data highlight some of the difficulties in characterising immune parameters in 

the context of drug therapy given the heterogeneity of tumour cells and 

microenvironment, host interactions and differences between in vitro and the more 

complex in vivo setting. Examples of immune stimulatory effects of anti-cancer agents 

are illustrated in Figure 1.4. 
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Figure 1.4   Examples of immune-stimulatory effects of anti-cancer therapies 
Anti-cancer therapies can have a number of immune-stimulatory effects including: the induction of 
immunogenic cell death, the exposure or release of a number of ‘danger signals’ including calreticulin, 
HMGB1, HSPs and ATP; activation of innate immune system through NKG2DL expression, direct 
activation and cross-presentation of tumor associated antigens by DCs, and direct effects on 
immunosuppressive cells.  
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1.7 Immunological biomarkers of prognosis and treatment 
response 

While there have been significant improvements in outcomes for many patients treated 

with cancer immunotherapy, there is an urgent need to develop biomarkers to identify 

patients who are more likely to benefit. Although the toxicity of single agent 

immunotherapy compares favourably to that of chemotherapy and some targeted 

therapies, combination immunotherapies are more toxic, and the costs of treatment are 

considerable. Given that that only a proportion of patients respond to treatment, a 

priority will be to develop strategies to identify and validate immune biomarkers of 

prognosis and treatment response, and incorporate biomarker discovery into drug 

development pipelines. 

1.7.1 Tumour-infiltrating lymphocytes and cancer prognosis 

As discussed in Section 1.6.2.4, an association between prognosis and tumour 

infiltration with various immune cells has been proposed in a number of malignancies. 

For example, there is a well-documented relationship between TILs, mainly high 

proportions of CD8+ T cells, and improved clinical outcomes in colorectal cancer 

(CRC), malignant melanoma, oesophageal, breast and ovarian carcinoma150,466-469. In a 

meta-analysis of 52 studies involving more than 10,000 patients with cancer, Gooden 

et al. demonstrated an association between CD3+ T cell infiltration and improved OS, 

with a hazard ratio (HR) of 0.58 (95% confidence interval (CI) 0.43–0.78). CD8+ TILs 

also had a positive prognostic influence (HR of 0.71; 95% CI 0.62–0.82), but not 

Foxp3+ cells (HR 1.19; 95% CI 0.84–1.67). In a subset of six studies, the ratio of 

CD8+/Foxp3+ was used, with a strongly significant HR of 0.48 (95% CI 0.34–0.68, 

P<0.0001) for OS470. In a another meta-analysis of 30 studies involving 2988 patients 

with CRC, Mei et al. highlighted the significant differences amongst studies with 

regards to subset of tumour infiltrates reported (e.g. CD3+, CD8+ or Foxp3+ T cells) and 

location of infiltrates (tumour centre, surrounding stromal tissue or invasive margin). On 

pooled analyses, the authors found that a generalised inflammatory infiltrate was 

associated with improved survival, but that there was significant heterogeneity and 

further prospective studies were needed471. In contrast to TILs, increased numbers of 

tumour infiltrating neutrophils have been associated with tumour progression, 

angiogenesis and metastasis439,472-476.  
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Despite the demonstrated prognostic significance of tumour infiltration with various cell 

subsets, their utility in clinical practice as prognostic or predictive biomarkers remains 

limited. This may be a result of multiple factors that impact on the development and 

validation of biomarkers, including the small amount of tissue that may be ‘left over’ for 

research studies after diagnostic work-up, the reliability and reproducibility of assays, 

and the lack of prospective independent validation in many of the reported biomarker 

studies.  

1.7.2 Biomarkers of systemic inflammation 

There is a well-recognised relationship between inflammation and cancer, as 

discussed in Section 1.3.1. The prognostic value of biomarkers of systemic 

inflammation in peripheral blood, as an alternative to tissue-based markers, has been 

investigated in many tumour types. In contrast to tissue samples, circulating 

biomarkers have the advantage of less invasive sample collection, and the potential for 

collecting serial samples to study biomarker changes at different time points in the 

course of illness. A number of biomarkers of inflammation have been evaluated, 

including the acute phase protein C-reactive protein (CRP), serum albumin, peripheral 

blood leukocytes and leukocyte subsets, as well as cytokines and other inflammatory 

and immune cells. 

The acute phase protein C-reactive protein (CRP) was discovered by Tillett and 

Francis in 1930477. Early studies demonstrated CRP in the serum of cancer patients 

using qualitative methods or less sensitive quantitative methods, with inconsistent 

results478,479.  With the development of more sensitive assays, CRP is now recognised 

as a sensitive, specific and reproducible marker of systemic inflammation and is 

commonly used in hospital laboratories. It has therefore been widely investigated in 

studies associating systemic inflammation and cancer mortality480-482. A prognostic 

score derived from a combination of CRP and albumin, the Glasgow Prognostic Score 

(GPS) has also been shown to be prognostic in a number of solid tumours483-489. 
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1.7.3 The neutrophil-to-lymphocyte ratio 

A correlation between peripheral blood leukocyte subsets and cancer cure was first 

proposed in 1970. In this study, 3,777 consecutive hospitalised patients were screened 

for inclusion, and 589 patients with different cancer types treated with curative intent 

were included. A positive association was found between total lymphocyte count and 

‘cancer curability’, whereas the peripheral neutrophil count was correlated with a worse 

outcome. No association with cure was found for monocytes, eosinophils or 

basophils490.  

The peripheral blood NLR was more recently proposed as a biomarker with a potential 

prognostic value in a number of malignancies. Hirashima et al. reported a correlation 

between NLR and prognosis in 55 patients with early gastric cancer undergoing 

surgery. In this study, patients with an NLR < 2 had a better prognosis than those with 

an NLR ≥ 2, whereas no correlation with prognosis was found for the total white cell 

count491. A subsequent study in advanced gastric cancer reported an NLR ≥ 2.5 as 

significantly associated with poorer prognosis492. Further studies explored NLR as a 

prognostic variable in a wide range of malignancies including malignant melanoma, 

mesothelioma, colorectal, lung, hepatocellular, ovarian and pancreatic carcinomas54,493-

503. A recent systematic review and meta-analysis by Templeton et al. included one 

hundred studies comprising 40,559 patients and 22 solid tumour sites504. Of these, 

seventy-nine studies (33,432 patients) reported a HR for OS, and the median cut-off for 

NLR was 4 (range 1.9-7.2). Overall, NLR greater than the cut-off was associated with a 

HR for OS of 1.81 (95% CI 1.67-1.97; p <0.001). This effect was greatest in 

mesothelioma, followed by pancreatic, renal, colorectal, gastro-oesophageal, lung, 

biliary and hepatocellular carcinomas. Sensitivity analyses demonstrated that studies 

with retrospective data collection reported higher hazard ratios than those with data 

collected prospectively. The authors, using a Funnel plot, also found evidence of 

publication bias, with fewer negative studies identified than would be expected. 

While systemic inflammatory markers derived from routinely collected clinical samples, 

such as CRP and NLR, may be prognostic in some patients, this may reflect an 

association with more advanced disease and therefore worse outcomes. The utility of 

non-specific inflammatory markers in predicting response to specific treatments, 

however, has not been demonstrated. The study of specific immune cell subsets in the 

peripheral blood and/or the tumour microenvironment is more likely to provide useful 
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biomarkers, particularly where this may also provide insight into key immune pathways 

that may be targeted by immunotherapeutic agents.  

1.7.4 Biomarkers of response to cancer immunotherapy 

The identification of specific biomarkers for immunotherapy has been a major 

challenge. This may be a consequence of the complexity of the anti-tumour immune 

response, which involves a diverse range of immune and non-immune cells that 

contribute to immune elimination and escape (as discussed in Section 1.3). Unlike 

some targeted therapies, where the likelihood of response may be stratified by the 

presence or absence of a defined oncogenic driver such as BRAF or EGFR mutations, 

a single reliable immune biomarker has not been identified. 

Retrospective studies incorporating small numbers of patients reported a correlation 

between immunological biomarkers in peripheral blood, and response to ipilimumab in 

malignant melanoma. Associations were found between responses to ipilimumab and 

an increase in the peripheral lymphocyte count after two treatments (7 weeks), as well 

as other blood biomarkers including lactate dehydrogenase (LDH), CRP, Tregs, and 

the expression of ICOS (the inducible co-stimulator molecule) on T cells505-507. 

Moreover, patients who have a pre-existing NY-ESO-1 specific CD8+ T cell response 

were more likely to have a survival benefit following ipilimumab 508. Other biomarkers 

associated with clinical benefit from ipilimumab include circulating MDSCs, and higher 

levels of proliferating (Ki67+) T cells in the peripheral blood509,510.  However, most of 

these biomarkers were more likely prognostic, being associated with clinical outcomes 

irrespective of the treatment given, rather than predictive of patients who are more 

likely to respond.  

As discussed in Section 1.5.5.2, the expression of PD-L1 on tumour cells has been 

proposed as a biomarker of response to PD-1/PD-L1 inhibitors. However, there are 

significant limitations in relation to the variability in the assays used, methods of 

interpretation, as well as intra- and inter-patient heterogeneity. Moreover, the 

discordance in PD-L1 expression on tumour cells between fresh and archival tissue, 

and the dynamic nature of PD-1/PD-L1 expression on tumour and immune cells, 

present further challenges to meaningful interpretation. To date, no studies have 

effectively ‘ruled out’ a benefit of PD-1 blockade based on tumour PD-L1 expression 

alone. 
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A classification of cancers into one of four subtypes based on tumour PD-L1 

expression and the presence or absence of TILs was recently proposed, and was 

postulated to be of potential utility for selection of a specific immunotherapy agent or 

treatment combination511,512. Type I (PD-L1+TIL+) represents ‘adaptive immune 

resistance’, where an underlying T cell response is present, but results in adaptive 

up-regulation of PD-L1, and that may benefit from single agent PD-1 blockade. Type II 

(PD-L1-TIL-) is an ‘immune ignorant’ group, which carries a poor prognosis due to the 

absence of an immune response in the tumour microenvironment, and these patients 

may require a combination approach e.g. anti-CTLA-4 and PD-1 blockade. Type III 

cancers (PD-L1+TIL-) constitutively express PD-L1 but in the absence of TILs, were 

proposed to require a strategy that promotes T cell recruitment in addition to PD-1 

blockade, e.g. by eliciting immunogenic cell death with radiotherapy or cytotoxics. 

Finally, type IV (PD-L1-TIL+) cancers contain TILs but these may be restricted by other 

immune suppressive pathways e.g. tumour-associated macrophages, MDSCs, or 

tumour vasculature. Gene expression profiling and specific immune signatures have 

also been used to characterise immune cell infiltrates, and an ‘immunoscores’ has 

been shown to have prognostic significance in some cohorts513-515.  

As discussed in Section 1.5.5.2, an association between a higher tumour mutational 

burden, and response to PD-1 inhibitors has been demonstrated in patients with 

NSCLC and MMR-deficient cancers26,300,301. Therefore, genomic analysis of the tumour 

microenvironment may represent another potential biomarker of response, and may 

contribute to the goal of personalised immunotherapy. Table 1.4 summarises examples 

of immune biomarkers, and the platforms and assays that may be performed to 

examine pathways relevant to the immune response. 



 

74 

Table 1.4   Immune biomarkers of prognosis and treatment response 

Sample Advantages and limitations Platforms and assays 

Peripheral blood Advantages 
• Easily accessible 
• Enables serial sampling for 

on-treatment monitoring 
Limitations 
• May not be representative of 

the tumour microenvironment 

• Inflammatory markers (CRP, NLR) 
• PBMCs by flow cytometry 
• Enumeration of circulating tumour cells 
• Genomic analysis of circulating tumour 

DNA and peripheral immune cells 

 

 

Fresh/frozen tissue Advantages 
• Comprehensive analysis of 

tumour microenvironment 
pre-treatment 

Limitations 
• Invasive procedure 
• Heterogeneity between sites 

of metastasis 
• Serial sampling impractical  

 

• DNA/RNA sequencing 
• Isolation and characterisation of TILs 

by flow cytometry and functional 
assays 

• Gene/immune signatures 
• Mutational load and neo-antigen 

identification 
• Generation of tumour cell lines and 

patient-derived xenografts 

Formalin-fixed, 
paraffin-embedded 

Advantages 
• Retrospective studies for 

biomarker discovery 
• Cost-effective 
Limitations 
• Sample degradation e.g. loss 

of PD-L1 expression 
• Limitations for genomic 

analysis  

• IHC of tumour and immune cells 
• Limited genomic studies 
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1.8 Future directions – rational combination approaches 

There have been major advances in systemic chemotherapy, and more recently 

targeted therapies, which have led to improvements in survival in the majority of solid 

tumours and haematological malignancies. However, for patients with advanced 

disease these treatments are usually palliative, with resistance emerging with ongoing 

use. Immunotherapy is a therapeutic strategy that has been shown to produce durable 

remissions in a proportion of patients. Nevertheless, most patients do not respond to 

single-agent immunotherapy, or respond to a modest degree only. Increasingly, 

investigators are seeking to combine two or more immunotherapies, or immunotherapy 

with other standard therapies such as chemotherapy, targeted therapy or radiotherapy.  

The first successful combination approach in a phase III clinical trial has been the 

combination of the two checkpoint inhibitors nivolumab and ipilimumab, which resulted 

in a significantly better ORR and PFS in melanoma patients treated with the 

combination than either agent alone. The benefit with dual-checkpoint blockade was 

independent of PD-L1 expression on tumour tissue or BRAF mutation status. However, 

there was significantly higher toxicity with combination treatment, leading to treatment 

discontinuation in a third of patients516. Moreover, the current cost of such combination 

would be highly prohibitive, and the OS results are not yet mature. It is also not yet 

clear whether the combination approach would be superior to a sequential approach, 

or whether an alternative dosing or administration schedule can be less toxic but 

equally effective. 

Another logical combination approach involves the combination of a BRAF inhibitor to 

ipilimumab in patients with a BRAF-mutant melanoma. This is based on data 

demonstrating that BRAF mutations can suppress melanoma antigen expression, and 

that BRAF inhibition can enhance both antigen presentation and CD8+ T cell infiltration, 

and is synergistic with ACT517-521. However, a phase I study combining the BRAF 

inhibitor vemurafenib with ipilimumab was prematurely stopped due to unexpected 

significant liver toxicity522. Nevertheless, the combination of ipilimumab with dabrafenib 

+/- the MEK inhibitor trametinib is being re-examined in a multiple arm phase I study 

using multiple dosing levels and schedules, including a cohort receiving a 2 week ‘run-

in’ period of BRAF inhibition (NCT01767454). Similarly, the combination of ipilimumab 

and dacarbazine has a higher incidence of liver toxicity compared to dacarbazine alone 

(29% vs. 5%)523. This combination has not been adopted in routine practice, as the 
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addition of dacarbazine to ipilimumab is not believed to be superior to ipilimumab alone 

(albeit not proven in a phase III study).  

Despite some promising results, several combination approaches have been 

unsuccessful, at least to date, either due to lack of efficacy or excessive toxicity. In the 

ipilimumab registration study, ipilimumab alone was compared to ipilimumab plus a 

cancer vaccine (gp100), or gp100 alone. An OS benefit was demonstrated for the 

ipilimumab-containing arms, but no OS benefit was gained from adding gp100 to 

ipilimumab524. In large phase III studies combining ipilimumab with radiotherapy in 

prostate cancer, or with chemotherapy in NSCLC, there were no unexpected toxicities, 

but both studies failed to meet their primary efficacy endpoints293,294.  

Novel immunotherapy combinations under study include the addition of checkpoint 

inhibitors to ACT, cancer vaccines, other immune-modulating molecules (e.g. OX40, 

4-1BB, GITR, TIM-3 and LAG-3) and oncolytic viruses. For example, Talimogene 

Laherparepvec (T-VEC) is a recombinant oncolytic herpes simples virus (HSV) 

immunotherapy which, when injected directly into melanoma lesions, can selectively 

replicate within tumours and produce GM-CSF. In the first phase III study of T-VEC vs. 

GM-CSF alone, the ORR as well as the durable response rate (lasting > 6 months) was 

significantly higher in the T-VEC arm525. Ongoing studies combining anti-CTLA-4 or 

anti-PD-1 antibodies with T-VEC are currently underway. 

It is becoming increasingly recognised that the involvement of the immune system in 

the response to anti-cancer therapies is dictated by significant inter- and intra-patient 

variability, including the tumour type, treatment used, model examined and mutational 

signatures. Given the diverse effects of different agents in each disease setting, a 

generalisation of the expected immune effects across tumour types (or perhaps even 

across individual patients) is likely to be misleading. A systematic approach to 

examining the interactions between each treatment approach and the immune system 

will therefore be a prerequisite for rational development of successful combination 

approaches.    
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1.9 Aims of this thesis 

There are many immunotherapy studies currently ongoing or planned in the majority of 

cancers, both as single agent and in various combinations. While it is likely that more 

successes will be revealed which will build on the breakthroughs observed in the last 5 

years, many patients do not derive any benefit, and at least some toxicity is 

unavoidable. The costs of developing new agents from pre-clinical studies through to 

regulatory approval will inevitably get passed on as subsequent healthcare costs, an 

issue that is becoming increasingly unsustainable. There is therefore an urgent need 

on two interrelated fronts: 

a) to improve our understanding of how each anti-cancer therapy interacts with 

the immune system in different disease and patient settings, to better 

develop rational combination approaches, and ultimately improve outcomes,  

b) to develop biomarkers that can reliably match treatments to patients who 

are most likely to benefit. 

The overall aim of this thesis was to examine the effects of TKIs on the immune system 

in a prospective cohort of patients with advanced NSCLC. A secondary aim was to 

validate the NLR as an independent prognostic marker in a retrospective cohort of 

patients with newly diagnosed MPM. 

Specific aims and hypotheses: 

In a prospective cohort of patients with advanced NSCLC: 

1. To assess the effects of EGFR-TKIs on the proportions, proliferation and activation 

status of CD4+, CD8+ T cells, the proportions of Tregs, and the proportions of DCs 

in peripheral blood 

2. To assess the effects of EGFR-TKIs on the proportions of T cells expressing PD-1 

and PD-L1, and proportions of DCs expressing PD-L1 and PD-L2 

3. To correlate observed immunological parameters pre- and post- treatment with 

clinical outcomes including radiological response, PFS and OS 

Primary hypotheses: EGFR-TKIs will enhance the adaptive immune response in 

patients with NSCLC, and immunological parameters will be predictive of clinical 

outcomes 
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In a retrospective cohort of patients with advanced newly diagnosed MPM: 

4. To identify pre-treatment prognostic factors in malignant mesothelioma  

5. To investigate whether the addition of NLR confers additional diagnostic accuracy 

over currently used prognostic scoring systems 

6. To determine whether a reduction or normalisation of white cell count (WCC) or 

NLR after 1 cycle of chemotherapy is predictive of survival 

Primary hypothesis: pre-treatment levels of WCC or NLR are independent 

prognostic factors in patients with MPM 
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Chapter 2:   Materials and Methods 

2.1 Prognostic value of NLR in malignant pleural mesothelioma 

2.1.1 Patient selection 

Consecutive patients diagnosed with MPM, who attended or were diagnosed at Sir 

Charles Gairdner Hospital (SCGH), Nedlands, Western Australia, between 1 January 

2005 and 31 December 2010 were screened for this retrospective study. Patients were 

eligible if they had cytological or histologically confirmed MPM, and available neutrophil 

and lymphocyte counts within 90 days of diagnosis. Patients were excluded if they had 

a concurrent haematological malignancy or duration of follow-up less than 90 days. 

The study protocol is included in Appendix B. 

2.1.2 Data collection 

Prognostic variables for MPM were collected retrospectively from the hospital medical 

records. Variable selection, categorisation and cut-off determination were pre-specified 

in the study protocol, and were derived from prior studies of NLR in MPM54,57,58, and 

from the established prognostic models of the EORTC43 and the CALGB44. Clinical 

variables included histological subtype, age, gender, Eastern Cooperative Oncology 

Group (ECOG) performance status526, the presence of weight loss or chest pain, 

treatments received, and disease stage. Staging was determined using surgical 

pathology reports (for patients undergoing surgery) or imaging by computerised 

tomography (CT) and/or PET for other patients, according to the American Joint 

Committee on Cancer Staging System (AJCC), 7th Edition527. Laboratory variables 

included haemoglobin level (Hb), expressed as the difference of patient Hb relative to 

160 g/L in males and 140 g/L in females (Hb difference <10 vs. ≥ 10g/L), WCC (<8.3 

vs. ≥8.3 x 109/L), platelet count (PLT, <400 vs. ≥400 x 109/L), neutrophil and 

lymphocyte counts. NLR was calculated by dividing the absolute neutrophil count by 

the absolute lymphocyte count, and the ratio categorised as <5 vs. ≥5. Laboratory 

values were collected at up to 4 time points where available: at time of diagnosis, prior 

to first and second cycles of chemotherapy, and prior to commencing second-line 

chemotherapy.  
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2.1.3 Ethical considerations 

The study was approved by the Sir Charles Gairdner Group Human Research Ethics 

Committee, and was conducted in accordance with the principles of good clinical 

practice (GCP) outlined in the Declaration of Helsinki, and the International Conference 

on Harmonisation (ICH). As the majority of patients were deceased at commencement 

of the study, a waiver of consent was granted by the ethics committee, in accordance 

with the NHMRC National Statement on Ethical Conduct of Research Involving 

Humans528.  

2.1.4 Statistical considerations 

Analyses were performed using R version 3.1.0 (R Foundation for Statistical 

Computing, Vienna, Austria)529, SAS 9.3 (SAS Institute Inc., Cary, NC, USA) and 

GraphPad Prism version 6.0c (GraphPad Software, San Diego, CA, USA). 

2.1.4.1 Sample size 

The sample size was determined using a Cox regression power analysis for continuous 

and binary covariates530,531. A sample size of 321 patients was required to detect a 

clinically meaningful HR of 1.5 as statistically significant, with alpha=0.05 and power 

0.80 on a continuous covariate with a standard deviation of 0.5, and an anticipated 

event rate of 0.85. 

2.1.4.2 Statistical analyses 

Prognostic variables predictive for OS were entered into a univariate Kaplan-Meier 

model and compared with a log-rank test. All individual variables were then entered 

into a multivariate Cox regression model to determine their independent effect, and 

diagnostic tests were performed to test for the proportional hazards assumption. 

Planned subgroup analyses were performed for baseline NLR in chemotherapy-treated 

and non-chemotherapy-treated groups. For chemotherapy-treated patients with a 

repeat NLR available prior to commencing treatment, and that was elevated >5, a 

subgroup analysis was performed to assess the prognostic significance of NLR 

normalisation after one cycle of chemotherapy. 
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2.1.4.3 Multiple imputation of missing data 

Multiple imputation (MI) of missing data for prognostic variables was performed using 

the R package MICE: Multivariate Imputation by Chained Equations, which uses the 

principles of Fully Conditional Specification (FCS) for imputation of incomplete 

multivariate data532. The three steps involved in MI using this methodology are 

imputation, analysis, and pooling.  

Prior to performing imputation, missing observations were examined using the MICE 

function md.pattern, to determine the ‘pattern of missingness’, and confirm the 

appropriateness of the chosen MI algorithm. Next, the imputation method was 

determined for each missing variable, according to the scale of the dependent variable 

e.g. numeric, binary, categorical or ordered. Then, an optimal set of predictor variables 

to include in the model was determined after analysing the data using the MICE 

functions predictorMatrix and quickpred. MI was then performed after specifying the 

number of iterations and number of multiply imputed data sets to be produced using 

the function imp. MI model parameters were adjusted and the process repeated as 

necessary after diagnostic checking to assess for convergence of the algorithm and 

inspect the distribution of imputed and observed values. Once imputation was 

performed, the function with.mids was used to evaluate the multivariate Cox model in 

each of the multiply imputed data sets, using the same model parameters used to 

analyse data from patients with no missing values (complete case analysis). Lastly, the 

function pool was used to combine the individual estimates and standard errors from 

each of the imputed datasets, resulting in a combined overall estimate for each 

variable, with p values and confidence intervals. 
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2.2 Targeted therapies in advanced solid tumours: clinical methods 

2.2.1 Patient selection 

Patients with an advanced solid tumour attending the medical oncology outpatient 

clinic at SCGH were screened for this study. Patients commencing targeted therapy 

with an oral TKI as a single agent, as part of routine clinical care were invited to 

participate. Patients 18 years of age or older with a cytological or histologically 

confirmed malignancy, who were willing to undergo study blood collection and provide 

written informed consent, were included. Patients were excluded if they were planned 

to receive conventional chemotherapy concurrently or within 3 weeks of commencing 

TKI, if they had a known autoimmune disease, or required oral or intravenous 

corticosteroids within 72 hours of study entry. The study protocol is included in 

Appendix B. 

2.2.2 Study schedule 

At study enrolment and after confirming eligibility and obtaining written informed 

consent, relevant clinical history, demographic details and concomitant medications 

were recorded. Blood samples (20-30 ml) were collected within 7 days prior to 

commencing an oral TKI, and at up to 3 further time points: 7 days (+/- 1 day), 21 days 

(+/- 2 days) and 8 weeks (+/- 1 week) after starting treatment. At second and 

subsequent visits, patient compliance with treatment, ECOG performance status, TKI 

toxicity and concomitant medications were recorded.  

2.2.3 Clinical outcomes 

Objective response to treatment: Patients underwent a CT scan prior to starting 

treatment and a follow up scan after 8 weeks. Objective radiological response was 

determined according to the Response Evaluation Criteria in Solid Tumours (RECIST), 

version 1.1533.  

PFS was defined as the time from first dose of TKI until disease progression, as per 

RECIST 1.1, or until date of clinical progression for patients who were unable to 

undergo a repeat CT due to clinical deterioration or death. Patients were censored on 

date of last visit if they were lost to follow-up prior to radiological response assessment, 

or on date of death if they died of other causes.  
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OS was defined as time from first dose of targeted therapy until death, or censored for 

date of last follow-up for patients who were still alive or lost to follow-up, or date of 

death if they died of other causes. 

2.2.4 Ethical considerations 

The study was approved by the Sir Charles Gairdner Group Human Research Ethics 

Committee (Trial No. 2011-016) with reciprocal recognition from the University of 

Western Australia Human Research Ethics Committee (RA/4/1/4879), and was 

conducted in line with the principles of GCP outlined in the Declaration of Helsinki, the 

NHMRC National Statement on Ethical Conduct of Research Involving Humans528, and 

the ICH. Written informed consent was obtained from all patients. 

2.2.5 Laboratory methods 

2.2.5.1 Blood sample handling and storage 

Whole blood was collected into BD Vacutainer Cell Preparation Tubes (CPT) with 

Sodium Heparin (Becton Dickinson, Australia), and cell separation was performed 

using density gradient centrifugation, according to manufacturer’s instructions. Plasma 

was removed and 1ml aliquots were frozen in cryovials (Corning Life Sciences, Lowell, 

MA, USA) at  -80oC. The mononuclear cell layer was recovered and washed twice in 

sterile phosphate buffered saline (PBS). Cells were then counted using a 

haemocytometer and resuspended at 2-3 x 106 cells/ml in pre-prepared freezing media 

of RPMI-1640 with L-glutamine and Phenol Red (Life Technologies, Australia), 10% 

dimethyl sulfoxide (DMSO; Sigma-Aldrich, Australia) and 10% heat-inactivated foetal 

calf serum (FCS; Life Technologies, Australia). Cells were frozen in 1ml aliquots in 

cryovials (Corning Life Sciences, Lowell, MA, USA) at -80oC overnight in a Mr Frosty 

freezing container (Nalgene, Thermo Fisher Scientific, Rochester, NY, USA) and then 

transferred to liquid nitrogen for storage. 

2.2.5.2 Flow cytometry staining panels 

Four 8-colour staining panels were designed for this study. Panels were created to 

analyse the proportions, activation status and proliferation of CD8+ T cells and CD4+ 

Tregs, the proportions of DC subsets, and the expression of PD-1 and its ligand PD-L1 

on CD4+ and CD8+ T cells. Staining panels and antibodies are listed in Table 2.1 

below. Panels 1 and 2 and staining protocols were adapted from previous 6-colour 
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panels kindly provided by Drs Melanie MCoy and Alison McDonnell of the Tumour 

Immunology Group, University of Western Australia. 

2.2.5.3 Controls 

Cytometer photomultiplier tube (PMT) voltage gains were adjusted to optimise 

visualisation of stained and unstained cells, then Ultra Rainbow Calibration Particles 

(URCP, Spherotech, Lake Forest, IL, USA) were acquired as baseline calibration to 

minimise inter-experiment variability. Prior to each experiment acquisition, URCP 

beads were then used to calibrate PMT voltage gains to the baseline settings. The BD 

CompBeads compensation particle sets (Becton Dickinson, Australia), consisting of 

anti-mouse Igκ and negative control, or anti-rat/anti-hamster Igκ and negative control, 

were used for each fluorochrome-conjugated mouse, rat or hamster antibody to 

optimise fluorescence compensation settings. Fluorescence-minus-one controls 

(FMOs), which included all the antibody conjugates in a test sample except one, were 

used as a gating control534. In addition, a ‘biological control’ sample, comprised of 

cryopreserved PBMCs from a single donation by a healthy volunteer, and frozen in 

multiple aliquots was thawed and processed with each experimental run, to estimate 

inter-experimental variability and as an additional guide to gating. Finally, samples from 

10 healthy control volunteers were processed for each panel.  
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Table 2.1   Staining panels (human study) 

Panel Target Fluorophore Clone Manufacturer 

1. CD8+ effector Ki67a FITC B56 BD Biosciences 
 CD19 PE HIB19 BioLegend 
 ICOS PerCP-Cy5.5 C398.4A BioLegend 
 HLA-DR PE-Cy7 L243 BD Biosciences 
 CD38 AlexaFluor647 HIT2 BioLegend 
 CD3 V450 SK7 BD Biosciences 
 CD8 APC-H7 SK1 BD Biosciences 

 CD14 V500 M5E2 BD Biosciences 
 Cellular amines  LIVE/DEAD® Aqua N/A Life Technologies 

2. CD4+ Tregs Ki67a FITC B56 BD Biosciences 
 Foxp3a PE PCH101 eBioscience 
 ICOS PerCP-Cy5.5 C398.4A BioLegend 
 CD127 PE-Cy7 eBioRDR5 eBioscience 
 CD25 APC M-A251 BD Biosciences 
 CD4 APC-H7 RPA-T4 BD Biosciences 
 CD3 V450 SK7 BD Biosciences 

 CD14 V500 M5E2 BD Biosciences 
 CD19 V500 HIB19 BD Biosciences 
 Cellular amines Live/Dead Aqua N/A Life Technologies 

3. Dendritic cells BDCA-2 FITC AC144 Miltenyi Biotec 
 BDCA-1 PE AD5-8E7 Miltenyi Biotec 
 BDCA-3 PerCP-Cy5.5 M80 BioLegend 
 PD-L1 PE-Cy7 MIH1 BD Biosciences 
 PD-L2 APC MIH18 BD Biosciences 
 CD45 APC-H7 2D1 BD Biosciences 

 CD14 V500 M5E2 BD Biosciences 
 CD19 V500 HIB19 BD Biosciences 
 Cellular amines Live/Dead Aqua N/A Life Technologies 

4. PD pathway ICOS FITC C398.4A BioLegend 
 PD-1 PerCP-Cy5.5 EH12.1 BD Biosciences 
 PD-L1 PE-Cy7 MIH1 BD Biosciences 
 CD8 APC SK1 BD Biosciences 
 CD4 APC-H7 RPA-T4 BD Biosciences 
 CD3 V450 SK7 BD Biosciences 
 CD14 V500 M5E2 BD Biosciences 
 CD19 V500 HIB19 BD Biosciences 
 Cellular amines Live/Dead Aqua N/A Life Technologies 

Abbreviations: BD = Becton Dickinson 

a: intracellular staining after fixation and permeabilisation step 

Antibodies were titrated to determine optimal concentrations  
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2.2.6 Statistical considerations 

2.2.6.1 Sample size 

The change in proportions of proliferating CD8+ T cells was the primary outcome for 

this study. Previous data from patients undergoing chemotherapy showed a 50% 

increase in proliferating CD8+ T cells 21 days after start of treatment, and in a group of 

10 healthy volunteers, the standard deviation (SD) of change of this variable over a 

90-day period was 1.1 (both estimates were kindly provided by Dr Melanie McCoy, 

University of Western Australia). A sample size of 20 patients was required to detect a 

change in proliferating CD8+ T cells from 4% to 5.5%, with SD=1.1, α=0.05 and β=0.8. 

A recruitment target of 35 patients was planned, to allow for withdrawals and the 

heterogeneity of subgroups for TKI received and patient disease characteristics. 

2.2.6.2 Statistical analyses 

Analyses were performed using R version 3.1.0 (R Foundation for Statistical 

Computing, Vienna, Austria)529 and GraphPad Prism version 6.0c (GraphPad Software, 

San Diego, CA, USA). The change in proportions of immune cell subsets from baseline 

to subsequent points within patients, and between patient groups, were assessed 

using the Student’s t test, one-way ANOVA or two-way ANOVA, as appropriate.  

Correlation between immune parameters, PFS and OS, were assessed using 

univariate Kaplan-Meier models and multivariate Cox regression models. Subgroup 

and exploratory analyses were performed for clinically relevant subgroups including 

objective radiological response, disease characteristics and treatments received, as 

appropriate.  
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Chapter 3:   Prognostic Value of NLR in Malignant 
Pleural Mesothelioma 

3.1 Introduction 

As discussed in Section 1.2.2, MPM is an aggressive thoracic cancer that carries a 

poor prognosis, with a median survival of 12 months after chemotherapy30. A number 

of individual variables are prognostic in MPM, including age, gender, histology, 

performance status (PS), chest pain, weight loss and the use of chemotherapy38-41.  

Two prognostic scoring systems have been developed by the EORTC and CALGB43,44. 

The EORTC examined prognostic variables in a retrospective cohort of 204 patients 

participating in five phase II clinical trials. On multivariate analysis, five variables were 

identified as independent predictors for OS: PS, gender, sarcomatous histological 

subtype, a histologic diagnosis that was possible/probable and the total WCC. For 

each of the five variables, a prognostic score was determined based on maximum-

likelihood parameter estimates, and the total score for each patient was used to 

classify patients into low vs. high risk groups, which corresponded to patients having 0-

2 vs. 3-5 negative prognostic factors, respectively. Median survival was 10.8 months 

for high-risk patients and 5.5 months for low risk patients, with a relative risk (RR) of 

death of 2.9 (CI 2.0-4.1; p <0.001) for high risk relative to low risk patients. The CALGB 

retrospective study included 337 patients from seven phase II studies, and used 

exponential regression trees to generate six patient groups with significant differences 

in OS.  Groups were defined by age, PS, haemoglobin level, WCC and the presence or 

absence of weight loss and chest pain. OS was 13.9 months for patients in the best 

prognostic group, while those in the worst prognostic group had a median survival of 

1.4 months. Both scoring systems were validated in subsequent studies535,536.  

Although it was proposed that these scoring systems be used to stratify patient entry 

into clinical trials, and as a tool to define patient prognosis and identify patients who 

may benefit from systemic therapy, their use in routine clinical practice remains limited. 

The scoring systems were derived from clinical trial populations, and thus have an 

inherent selection bias, and may not be applicable to routine clinical care. Moreover, 

their use may be limited by the complexity in determining a score for each patient, and 

the preference to use clinical experience and judgment which considers the individual 
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prognostic variables as well as each patient’s individual circumstances and wishes to 

make an informed treatment decision.  

As discussed in Section 1.7.3, the prognostic value of biomarkers of systemic 

inflammation in peripheral blood, as an alternative to tissue-based markers, has been 

investigated in many tumour types. Circulating biomarkers have the advantage of less 

invasive sample collection, and biomarker changes can be examined at different time 

points in the course of illness. NLR has been examined as a potential prognostic 

variable in a wide range of malignancies, including MPM. The rationale for these 

studies was based on the simplicity of determining a patient NLR from routinely 

performed blood tests, and the recognised role of systemic inflammation in MPM 

pathogenesis. The first study of NLR in MPM was reported by Kao et al., who analysed 

prognostic variables in 173 patients undergoing systemic therapy54.  In this 

retrospective study, 119 patients were treated in the first-line setting, and 54 patients in 

second/third-line setting, and the majority of patients were participants in clinical trials 

of experimental agents or combinations. On univariate analysis, gender, histology, 

WCC count, PLT count, and NLR of 5 or less were predictive of OS. After multivariate 

analysis, two variables remained predictive of worse survival: NLR ≥ 5 (HR 2.7, 95% CI 

1.8-3.9; p <0.001) and non-epithelioid histology (HR 2.0, 95% CI 1.3-2.9; p= 0.001). In 

a subgroup of 65 patients receiving chemotherapy, the normalisation of NLR after 1 

cycle of chemotherapy was associated with improved survival.  Four retrospective 

studies subsequently validated NLR as potentially prognostic in MPM55-58.  In a study of 

surgically treated patients, NLR was not found to be prognostic, but the study was not 

adequately powered for this analysis59.  

Limitations of previous studies included heterogeneity in patient populations and 

treatments delivered, different NLR cut-offs used, as well their retrospective design. 

Moreover, important prognostic variables, such as chest pain, weight loss and PS were 

missing in a large proportion of patients, limiting the ability to construct a multivariate 

model with all relevant variables, or to determine CALGB prognostic grouping. 

The aim of this chapter was to validate the prognostic role of NLR, a non-specific 

marker of systemic inflammation, in an independent, consecutive cohort of patients 

with newly diagnosed MPM.  Importantly, the study examined whether NLR would be 

prognostic when analysed alongside established and validated prognostic variables in 

a population representative of routine clinical practice in a tertiary cancer centre, that 

includes patients treated with standard first-line chemotherapy, as well as patients not 

receiving chemotherapy.    
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3.2 Results 

Patient selection and data collection methods are described in Section 2.1, and the 

study protocol is included in Appendix B. Briefly, consecutive patients diagnosed with 

MPM at SCGH between 2005 and 2010 were screened for inclusion. Patients were 

included if they had confirmed MPM, and an available NLR within 90 days of diagnosis. 

Prognostic variables collected and determination of cut-off points were pre-determined, 

based on previous NLR studies and on validated MPM prognostic scoring systems. 

The study described in this chapter, including tables and figures was first published in 

the British Journal of Cancer537,538 (Appendix A). 

3.2.1 Patients 

369 patients were screened for this retrospective study, and 274 patients were 

included in the analysis according to the selection criteria. Of these, 169 (62%) 

received systemic chemotherapy, while 105 patients (38%) were in the non-

chemotherapy group. The study CONSORT diagram is shown in Figure 3.1. 

Figure 3.1   Study CONSORT diagram 

237 (86%) patients were male, and the median age was 69 (range 40-93) for the total 

cohort, 66 (40-80) for chemotherapy-treated patients, and 75 (52-93) for the no-

chemotherapy group. Patient and disease characteristics, according to treatment 

group, are listed in Table 3.1.  
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Table 3.1   Baseline patient characteristics 

  All patients (N=274) Systemic chemotherapy 

  
  

Yes (N=169) No (N=105) 

  N % N % N % 
Age 
Median (range) 69 (40-93) 66 (40-80) 75 (52-93) 
Sex 
Male 237 86 143 85 94 90 
Female 37 14 26 15 11 10 
Histopathology 
Epithelioid 115 42 68 40 47 45 
Sarcomatous 32 12 19 11 13 12 
Others 127 46 82 49 45 43 
AJCC Stage 
I-II 137 50 79 47 58 55 
III-IV 119 43 86 51 33 31 
Missing 18 7 4 2 14 13 
ECOG performance status 
0-1 234 85 161 95 73 70 
2-3 32 12 8 5 24 23 
Missing 8 3 0 0.0 8 8 
Weight loss 
Absent 140 51 95 56 45 43 
Present 125 46 74 44 51 49 
Missing 9 3 8 0.0 9 9 
Chest pain 
Absent 98 36 64 38 34 32 
Present 169 62 105 62 64 61 
Missing 7 3 0 0.0 7 7 
EORTC prognostic group 
Low risk 135 49 81 48 54 51 
High risk 139 51 88 52 51 49 
CALGB prognostic group 
1 or 2 56 20 34 20 22 21 
3 or 4 131 48 92 54 39 37 
5 or 6 80 29 43 25 37 35 
Missing 7 3 0 0.0 7 7 
Neutrophil-to-lymphocyte ratio at baseline 
Median (range) 3.53 (1.28-22.6) 3.39 (1.48-13.62) 3.77 (1.28-22.6) 
    < 5 202 74 129 76 73 70 
     ≥5 72 26 40 24 32 30 
Overall survival from diagnosis 
Median, mo (CI) 13.3 (11.6-15.1) 15.2 (13.8-17.9) 8.3 (5.7-11.1) 

Abbreviations: N=number; AJCC=American Joint Committee on Cancer Staging System; 
ECOG=Eastern Cooperative Oncology Group, EORTC=European Organisation for Research 
and Treatment of Cancer; CALGB=Cancer and Leukemia Group B; CI=Confidence Intervals 
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Treatments received are listed in Table 3.2. Of 169 patients treated with systemic 

chemotherapy, 165 (98%) received a platinum doublet regimen, and 10 patients 

underwent TMT, which included EPP, thoracic radiotherapy and chemotherapy. The 

median time from diagnosis to commencing first-line chemotherapy was 78 days 

(range 14 to 1658 days). 91 (54%) patients received more than one line of therapy, and 

68 (40%) participated in a therapeutic clinical trial in the first- or second-line setting. In 

the no-chemotherapy group, 103 patients received best supportive care alone 

(including palliative radiotherapy), and two patients were treated with EPP but did not 

go on to receive chemotherapy. 

Table 3.2   Treatments received 

N % 

Chemotherapy group (n=169) - 1st line regimens received: 

Cisplatin/pemetrexed 122 72 

Carboplatin/pemetrexed 28 17 

Cisplatin/gemcitabine 12 7 

Carboplatin/gemcitabine 3 2 

Gemcitabine 1 1 

Unknown 3 2 

Trimodality therapy 10 6 

>1 line of chemotherapy received 91 54 

Clinical trial participation (1st or 2nd line) 68 40 

No chemotherapy group (n=105) 

Best supportive care 103 98 

EPP and best supportive care 2 2 

Abbreviations: EPP= Extra-pleural pneumonectomy 

At the census date of 15 May 2013, 251 (92%) patients were deceased, 18 were alive 

and 5 patients were censored (3 died of non-cancer related causes and 2 were lost to 

follow-up). For patients who were alive, the median duration of follow-up was 45.5 

months (range 29.0-88.3 months). The median OS from diagnosis was 13.3 months 

(95% CI 11.6-15.1 months) for all patients (n = 274), 15.2 months (95% CI 13.8-17.9 

months) for patients treated with chemotherapy (n = 169), and 8.3 months (95% CI 5.7-

11.1 months) for non-chemotherapy treated patients (n = 105). For chemotherapy-

treated patients, the median OS from the start of chemotherapy was 12.3 months. 
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Data collection was complete for all baseline prognostic variables in 90% of patients. 

There was missing data in 7% of patients for disease stage, 3% of patients for weight 

loss, 3% for chest pain and 3% for performance status. NLR at diagnosis was available 

for all patients, and the mean duration between diagnosis and baseline NLR was 12 

days (95% CI 10-14 days). The CALGB prognostic group could not be determined for 

3% of patients due to missing values. However, for the EORTC prognostic group, the 

only component of the 5-variable score with missing values was ECOG PS, which was 

missing in 8 patients. For these 8 patients, PS would not have changed their EORTC 

prognostic group, which is dichotomised as low-risk (0-2 variables) or high risk (3-5 

variables). It was therefore possible to determine the EORTC group for all patients.  

3.2.2 Univariate analyses 

The presence of the following prognostic variables at diagnosis was predictive of 

shorter OS on univariate analysis: age ≥ 65, non-epithelioid histology, stage III-IV, 

weight loss, chest pain, platelet count >400 x 109/L and Hb difference ≥10 g/L 

(expressed as the difference of patient Hb relative to 160 g/L in males and 140 g/L in 

females; Hb difference <10 vs. ≥ 10g/L).  An NLR ≥ 5 was not found to be predictive for 

OS (HR 1.25; 95% CI 0.94-1.66; p = 0.12), while both the EORTC and CALGB 

prognostic score were significantly predictive for OS, with a HR of 1.62 and 1.65, 

respectively. Results of univariate and multivariate analyses are listed in Table 3.3. 

Kaplan Meier survival curves according to treatment received, NLR at diagnosis, 

EORTC and CALGB scores are shown Figure 3.2.  

3.2.3 Multivariate analyses 

After performing multiple imputation of missing values, variables were entered into a 

multivariate Cox model. All clinically relevant variables were used for multivariate 

analyses, including those that were not statistically significant on univariate analyses. 

The following variables were found to be independently predictive of worse OS: age ≥ 

65, non-epithelioid histology, performance status 2-3, weight loss, chest pain and a 

baseline platelet count >400 x 109/L (Table 3.3). Multivariate analysis was repeated 

using data from patients with no missing values (n=247), and revealed the same 

significant variables as analysis following multiple imputation.  
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Figure 3.2   Univariate analyses of overall survival from diagnosis 

 

Kaplan Meier plots of overall survival according to (A) Treatment group; (B) NLR; (C) EORTC prognostic 
group; and (D) CALGB prognostic group.  
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Table 3.3   Univariate and multivariate analyses of prognostic variables 

      
Univariate Analyses 

Multivariate analysis Multivariate analysis 

      Patients with complete 
data (N=247) 

All patients - MI for 
missing values (N=274) 

  N No. of 
deaths 

Median survival, 
mo. (95% CI)  P-value HR (95% CI) P-value HR (95% CI) P-value 

Age, years 

 <65 84 70 16.8 (14.2 - 19.5) <0.01 1 (referent) 0.019 1 (referent) 0.02 
 ≥65 190 181 11.4 (10.4-13.3)   1.45 (1.06-1.97)   1.42 (1.05-1.91)   

Gender 

 Female 37 34 15.7 (13.9-22.1) 0.26 1 (referent) 0.542 1 (referent) 0.28 

 Male 237 217 12.6 (11.2-14.5) 
 

1.13 (0.77-1.66)   1.23 (0.85-1.80)   

Histology 

 Epithelioid 115 104 15.9 (14.6-18.4) <0.01 1 (referent)   1 (referent)   
 Sarcomatous 32 31 7.8 (4.9-9.8) 

 
2.57 (1.62-4.07) <0.001 2.56 (1.67-3.93) <0.01 

 Other 127 116 12.6 (10.7-15.4) 
 

1.37 (1.02-1.83) 0.035 1.39 (1.05-1.83) 0.02 

AJCC Stage 

 I-II 137 120 14.8 (12.7-19.1) <0.01 1 (referent) 0.056 1 (referent) 0.06 

 III-IV 119 113 11.6 (9.5-14.5) 
 

1.31 (0.99-1.74)   1.29 (0.99-1.69)   

Missing 18 18   
 

        

ECOG performance status 

 0-1 234 213 14.2 (13.1-16.5) <0.01 1 (referent) 0.008 1 (referent) <0.01 
 2-3 32 30 6.1 (4.4-10.9) 

 
1.80 (1.17-2.77)   1.78 (1.19-2.66)   

 Missing 8 8   
 

        

Weight loss 

 Absent 140 121 18.2 (14.2-21.2) <0.01 1 (referent) 0.002 1 (referent) <0.01 
 Present 125 121 11.0 (8.94-12.6) 

 
1.59 (1.18-2.14)   1.61 (1.21-2.14)   

 Missing 9 9             

Chest pain 

 Absent 98 84 16.5 (13.3-20.2) <0.01 1 (referent) 0.048 1 (referent) 0.045 
 Present 169 160 12.0 (9.76-14.1) 

 
1.34 (1.00-1.79)   1.32 (1.01-1.74)   

 Missing 7 7             

Haemoglobin difference g/L 

 <10 80 68 18.4 (15.2-24.2) <0.01 1 (referent) 0.090 1 (referent) 0.10 

  ≥10 194 183 11.4 (10.4-13.3)   1.33 (0.96-1.84)   1.31 (0.95-1.79)   

White cell count (x 109/L) 

 ≤8.30 135 122 14.5 (12.6-17.8) 0.11 1 (referent) 0.745 1 (referent) 0.77 

 >8.30 139 129 11.6 (10.4-14.0)   1.05 (0.79-1.40)   0.96 (0.73-1.26)   

Platelet count, (x 109/L) 

 ≤400 197 176 15.2 (13.3-18.2) <0.01 1 (referent) 0.003 1 (referent) <0.01 
 >400 77 75 9.6 (7.3-11.6)   1.65 (1.19-2.28)   1.71 (1.26-2.33)   

Neutrophil-to-lymphocyte ratio at baseline 

    < 5 202 185 14.2 (12.7-16.3) 0.12 1 (referent) 0.835 1 (referent) 0.94 

     ≥5 72 66 10.4 (8.1-13.1)   1.03 (0.75-1.42)   1.01 (0.75-1.36)   

Abbreviations: N=number; MI=Multiple Imputation; AJCC=American Joint Committee on Cancer Staging System; ECOG=Eastern 
Cooperative Oncology Group 
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3.2.4 Multiple imputation of missing values 

NLR, the primary prognostic variable to be validated in this study, was known for all 

patients. Complete data for the 11 prognostic variables analysed in univariate and 

multivariate models was available for 247 (90%) patients. There was missing data for 

four prognostic variables: stage (6.6%), weight loss (3.3%), chest pain (2.9%) and 

ECOG PS (2.6%). As outlined in Section 2.1.4.3, MI of missing data for prognostic 

variables was performed using the R package MICE, using a step-wise approach as 

described by van Buuren & Groothuis-Oudshoorn532.  

The first step prior to MI was to inspect the pattern of missing data. The pattern of 

‘missingness’ can be one of three types: missing completely at random (MCAR), 

‘missing not at random’ (MNAR), or ‘missing at random’ (MAR). In medical research, 

missing data is rarely MCAR, where the cause for missing observations is entirely 

random, with no relationship to the missing value or to any observed values. In 

contrast, MNAR is seen where data is systematically missing for a specific reason e.g. 

the white cell count consistently missing when the result was above the reference 

range and thus cannot be reported by the lab. More common is the MAR pattern, 

where missingness may be related to a variable of interest, but is not to the 

unobserved missing value. For example, disease stage was more commonly missing 

than other variables in this study, possibly due to the type of imaging performed not 

being adequate to determine stage (e.g. x-ray rather than computed tomography) or if 

imaging investigations were performed outside the home institution and therefore not 

evaluable, but missing stage was not expected to be more common for a particular 

disease stage.   

Most MI models assume that missing data is random, and the MICE package can 

handle both MAR and MNAR, but MNAR requires additional modelling assumptions. 

While it is impossible to confirm the type of missing data pattern without knowledge of 

the missing values, on inspection of the missing data it was decided that the MAR 

assumption is plausible and MI could be used to yield statistically valid imputations. 

The results of the function md.pattern are shown in Table 3.4. 
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Table 3.4   Missing data pattern 

Variable Observed value = 1, Missing value = 0 No. of patients 

Stage 1 0 1 1 1 18 

Weight loss 1 1 0 0 0 9 

Performance status (PS) 1 1 1 0 0 8 

Chest Pain 1 1 0 1 0 7 

Age 1 1 1 1 1 0 

NLR 1 1 1 1 1 0 

Gender 1 1 1 1 1 0 

Haemoglobin level 1 1 1 1 1 0 

Histology 1 1 1 1 1 0 

Platelet count 1 1 1 1 1 0 

White cell count 1 1 1 1 1 0 

No. of variables missing 0 1 2 2 3   

No. of patients 247 18 1 2 6   

Result of the function md.pattern: Stage was missing in 18, weight loss in 9, PS in 8, and chest 

pain in 7 patients. There was 1 variable (stage) missing in 18 patients, while both weight loss 

and chest pain were missing in 2 patients, weight loss and PS in 2 patients. In 6 patients there 

were 3 missing variables: weight loss, PS and chest pain 

The next step was to determine the imputation technique to be used within the model, 

which depends on the scale of the missing variables (e.g. numeric, factor, ordered). As 

the 4 missing variables were binary (factor with 2 levels), the logistic regression 

method was utilised, which is the model default for this scale type.  

The third choice is to specify appropriate variables to be included as predictors in the 

model, which is essential in minimising bias and enhancing the certainty of the imputed 

data sets. The preferred approach is to consider all variables that are to be analysed 

following MI, thus all variables included in the multivariate Cox model, including the 

outcome measure (OS), were considered as potential predictors. The function 

quickpred was used as it simplified the process of predictor selection. This function 

calculates Pearson correlations using all available values for each pair of variables to 

determine which variables are to be used as predictors, then automatically generates a 

‘predictorMatrix’ that can be passed on to the imputation function imp. 

The function imp was then setup to create the imputed data sets, and diagnostic 

checking was performed to assess whether imputations are plausible. Convergence of 

MICE algorithm was assessed by inspecting a plot of multiple imputation streams 
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representing the mean and standard deviation at each iteration, for each variable that 

was imputed. Freely intermingled streams without a definite trend is suggestive of 

healthy convergence, as shown in Figure 3.1. 

Figure 3.3   Assessing convergence of the MICE algorithm 

Plot of means and standard deviation per iteration of imputed values for stage, chest pain, performance 
status and weight loss. The streams are freely intermingled with no definite trend, suggesting healthy 
convergence 

Finally, the multivariate Cox model was applied to each of the imputed data sets using 

the with.mids function, and then the function pool was used to combine the individual 

estimates and standard errors, resulting in a combined overall estimate for each 

variable, with p values and confidence intervals, as listed in Table 3.3.  
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3.2.5 Pre-planned subgroup analyses 

The prognostic value of NLR was examined in the subgroup of chemotherapy-treated 

patients (n = 169) and in the non-chemotherapy group (n = 105). No association was 

found between a baseline NLR ≥ 5 and worse OS for either subgroup, with a HR of 

1.08 (95% 0.74-1.58; p = 0.69) for chemotherapy-treated patients and HR 1.46 (95% 

CI 0.95-2.25); p = 0.08) for the non-chemotherapy group. 

The predictive value of NLR normalisation after chemotherapy was analysed in the 169 

chemotherapy-treated patients. Of these, 66 (39%) patients had a known pre-

chemotherapy NLR that was greater than 5. NLR normalised to <5 in 47 (71%) patients 

and remained elevated in 19 (29%) after 1 cycle of chemotherapy.  On univariate 

analysis, normalisation of NLR after chemotherapy was associated with improved OS 

(calculated from time of commencing chemotherapy), with a HR of 2.2 (95% CI 1.25-

4.03; p <0.001).  

 

Figure 3.4   NLR normalisation after chemotherapy 
Kaplan Meier plot of overall survival, calculated from commencement of chemotherapy, for patients with a 
pre-chemotherapy NLR > 5 (n=66).  
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3.2.6 Post-hoc analyses 

For chemotherapy-treated patients (n = 169), the median time from initial diagnosis to 

start of chemotherapy was 78 days (range 14 to 1658), and NLR was collected at 3 

time-points, where available: at time of diagnosis, prior to initiation of chemotherapy, 

and after 1 cycle of treatment.  Repeat measures for all 3 time-points were available for 

157 (93%) patients, and NLR was found to be significantly different, with a median NLR 

of 3.39, 4.44 and 2.67 at diagnosis, pre-chemotherapy and after one cycle, 

respectively (p < 0.001; Figure 3.5). 

Figure 3.5   NLR at different time-points 
NLR (mean and standard error) at time of diagnosis of MPM, prior to commencement of chemotherapy 
and after 1 cycle of treatment  

Due to the variability of NLR cut-offs reported in the literature, exploratory univariate 

analyses were performed. No significant associations with OS were revealed for a cut-

off NLR value of 3, the median (3.53), or as a continuous variable at time of diagnosis, 

or for a cut-off of 3 or the median (4.44) at time of commencing chemotherapy. A pre-

chemotherapy NLR >5 approached significance for predicting worse survival on 

univariate (HR 1.39; 95% CI 1.00-1.94; p=0.051), but not on multivariate analysis 

(p=0.08). 
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3.3 Discussion 

There has been considerable interest over the past decade in the association of 

systemic inflammatory markers and prognosis in both early and advanced solid 

tumours. A prognostic role for NLR in MPM was reported in a number of retrospective 

series, the largest of these are summarised in Table 3.5. The first report was a cohort 

of patients receiving systemic therapy54, and further reports by the same group 

included surgically-treated patients56 and patients receiving compensation for 

asbestos-related disease57.  

NLR has been proposed as a biomarker of systemic inflammation that can be used for 

stratification in clinical trials, and as potentially useful in clinical practice54, and it was 

suggested that NLR could provide a ‘snapshot of the immune status’ in MPM57. This 

chapter aimed to independently validate NLR as a potential prognostic marker in MPM. 

The chapter also aimed to validate the established EORTC and CALGB prognostic 

models, as well as known individual prognostic variables, all at the point of diagnosis 

and irrespective of subsequent treatment. The performance of NLR as a variable had 

not previously been assessed in a dataset also able to examine the existing prognostic 

models; as such, the relative performance of NLR to the composite prognostic models 

was unknown.  

This retrospective study revealed that the baseline variables of advanced age ≥ 65 

years, non-epithelioid histology, sarcomatous histology, poor performance status, 

weight loss, chest pain and an elevated baseline platelet count were independently 

predictive of shorter survival, in keeping with the extensive body of literature on clinical 

prognostic factors in this disease. Both the EORTC and CALGB scores were 

individually predictive for OS with a highly statistically significant HR of 1.62 and 1.65, 

respectively. A baseline NLR ≥5 did not predict shorter survival for the total cohort, or 

for any treatment modality group. For the subgroup of patients with an elevated pre-

chemotherapy NLR (n = 69), normalisation of NLR to <5 after 1 cycle of chemotherapy 

was predictive of longer survival on univariate analysis, a finding that was consistent 

with a previous report54. However, it is not known whether NLR normalisation would be 

an independent predictor if considered alongside other clinical parameters suggestive 

of response to chemotherapy such as improvement in performance status, dyspnoea 

and chest pain, as these variables were not collected post chemotherapy. It is also 

unclear whether NLR normalisation would add to imaging information that is predictive 
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of survival outcomes, such as CT and PET assessment after one or two treatment 

cycles 42,539. 

Table 3.5   Published multivariate analyses of NLR in mesothelioma 

  Kao et al. 
(2010) 

Kao et al. 
(2011) 

Pinato et 
al. (2012) 

Kao et al. 
(2013) 

This 
chapter 

No. of patients 173 85 171 148 274 

No. in multivariate model NR NR NR 130 274 

No. with NLR available 168 (97%) 84 (99%) 159 (94%) 79 (53%) 274 (100%) 

Treatments received 
	   	   	   	   	  

    EPP  - 100% 0% 5% 1% 

    Chemotherapy 100% NR 41% 53% 62% 

    Radiotherapy NR NR NR 34% NR 

    Supportive care 
  

42% 
 

38% 

    Unknown     17%     

Median baseline NLR NR 3 NR 3.5 3.5 

Cut-off used in analysis <5 vs. ≥5 <3 vs. ≥3 <5 vs. ≥5 <3 vs. ≥3 <5 vs. ≥5 

Prognostic variables entered into final multivariate model  

Age 
 

ns 
 

ns + 

Gender ns ns ns ns ns 

Non-epithelioid histology + ns ns + + 

Sarcomatous histology 
    

+ 

Stage 
   

+ ns 

Performance status 
  

ns 
 

+ 

Weight loss 
    

+ 

Chest pain 
    

+ 

Hb level    + ns 

White cell count ns  ns ns ns 

Platelet count ns   ns + 

Baseline NLR + + + + ns 

Calretinin score  +    

mGPS   +   

 Albumin, EPS, CRP, PLR   ns   

Treatments received ns   +  

Abbreviations: NR = not reported; + = significant (p < 0.05); ns = non-significant; mGPS: modified 
Glasgow Prognostic Score; EPS: European Organisation for the Research and Treatment of Cancer 
Prognostic Score; CRP: C-reactive protein; PLR: platelet-to-lymphocyte ratio 
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While this work validated the EORTC and CALGB models as well as other standard 

individual variables, the NLR finding was not consistent with previous series (Table 3.5). 

Strengths of this study include a large sample size, and the collection of relevant 

clinical variables, namely, the first NLR study to include chest pain and weight loss in 

addition to other standard variables, thus allowing the calculation of the CALGB 

prognostic group. The chemotherapy-treated patients in this study consistently 

received best standard chemotherapy regimens, with 165/169 (98%) receiving a first-

line platinum doublet containing either pemetrexed or gemcitabine (Table 3.2). The cut-

off values for NLR and other categorical variables used in the primary analyses were 

pre-specified according to previous reports43,44,54, an important prerequisite for reliable 

validation. In previous reports, treatments were more heterogeneous and different cut-

offs for NLR were used, which raises the possibility of data-driven cut-off optimisation. 

As the prognostic importance of NLR was not reproduced, limited post-hoc analyses 

were performed to explore the NLR findings of this study. Initiation of chemotherapy 

after initial diagnosis may be delayed according to the clinical scenario or patient 

preferences (median of 78 days in this study). For 157 patients with a repeat NLR pre-

chemotherapy, NLR increased significantly before subsequently declining after 1 cycle 

(Figure 3.5), and a pre-chemotherapy NLR >5 approached significance for predicting 

worse survival than an NLR <5 on univariate (p=0.051), but not on multivariate analysis 

(p=0.08). This supports the hypothesis that systemic inflammatory markers, including 

NLR increase as the disease progresses. However, a prognostic variable would be 

most useful in guiding decisions when considered at the time of diagnosis, rather than 

pre-chemotherapy when a treatment decision has already been made based on other 

clinical and imaging factors.  To consider other cut-offs previously used in the literature, 

NLR was also analysed as a continuous variable, at a cut-off of 356,57 and at the median 

value, and no significant associations were revealed.   

The role of systemic inflammation has been well documented in a number of 

malignancies, and has been linked to impaired nutritional status, poor performance 

status and worse survival540. The absence of data on weight loss and performance 

status in previous reports may have exaggerated the relative significance of NLR, 

although it is noted that platelet count, which also reflects inflammation, was 

independently prognostic in this study.  
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Missing data is an inevitable and common problem in clinical studies and other types of 

data analyses, particularly in retrospective series; and a number of methods to prevent 

or handle missing data have been proposed541,542. In the literature, the most commonly 

used method to handle missing values is ignoring data for all patients that have any 

missing values, known as complete-case analysis. This can lead to misleading results 

and conclusions, and reduce the power to detect important covariates543. Multiple 

imputation allows analyses that can result in valid statistical inferences, while still 

incorporating the uncertainty of missing values543,544. In this study, although 90% of 

patients had no missing values, advanced MI methods were employed to avoid wasting 

informative data that has been collected, and results were similar to those revealed 

with complete-case analysis.  

Limitations of this study include its retrospective design and non-randomised allocation 

of treatment groups, which prevents a comparison of the prognostic and predictive 

value of variables between treatment groups. While patient screening was sequential, 

a selection bias is inherent when screened patients are excluded based on missing 

values for the prognostic markers being examined. It is possible that some patients 

were not fit for, or refused diagnostic testing, were lost to follow-up at an early point, or 

were diagnosed outside the study tertiary institution in community or regional practices. 

These excluded patients may have different covariate significance than the analysed 

sample, so results may not be generalisable to these populations. Moreover, data was 

not collected for albumin (to determine the GPS) or CRP, and thus these markers of 

inflammation could not be included in this analysis. Finally, this study did not reach the 

original planned sample size, due to a lower number of patients than estimated being 

seen between the dates specified on the institutional ethics approval. Nevertheless, the 

higher than anticipated event rate (0.92 vs. 0.85) preserved the power of the study, and 

this remains the largest published study of the prognostic value of NLR that includes 

comprehensive collection of clinical variables. Despite the modest decrease in 

participant numbers from that planned, the CALGB and EORTC prognostic models 

nevertheless demonstrated significant prognostic value with hazard ratios that 

substantially outperformed NLR. 

In response to the published results of this study, a letter from Kao et al. (authors of the 

initial NLR paper in MPM), questioned the methodology and conclusions drawn from 

this work (and included in Appendix A)538,545. The letter proposed that this study was 

flawed due to inclusion criteria that they considered arbitrarily defined and led to a 

selection bias, and that too many patients were excluded based on these criteria. 
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Another issue raised by the correspondents was that patients in this study showed 

‘unusually good OS’.  

These challenges were addressed in a reply published in the same issue (Appendix 

B)538. Firstly it is worth noting that this study aimed to validate the prognostic value of 

NLR in the presence of other established factors, but the data did not support this 

hypothesis, and the correspondents took issue with this. Firstly, selection bias is 

inherent in all retrospective studies, and in the initial study of NLR, only patients 

receiving systemic therapy were selected, and of these 61% were selected due to 

being a participant in a clinical trial54. In subsequent NLR studies, selection bias was 

also evident, with patients selected if they were undergoing surgery, or if they had 

occupational dust exposure and were seeking compensation from the Dust Disease 

Board56,57.  In a fourth study patients were specifically excluded if they had a history of 

inflammatory disease, a second malignancy, active infection or insufficient follow-up 

data58. Therefore previous studies had heterogeneous populations screened against 

specific selection criteria and received a variety of treatment approaches. Moreover, 

patients described in this study were screened using pre-specified selection criteria 

that were relevant for the hypothesis to be tested, and therefore it was reasonable to 

exclude patients who did not have a confirmed diagnosis of MPM, who had 

confounders such as concurrent malignancy and who did not have available the 

variable under study. It would not have been possible to validate the prognostic value 

of NLR if the biomarker under investigation was missing, and therefore it was 

maintained that the selection criteria were appropriate. Moreover, this study was the 

first NLR study to include all the established prognostic factors in mesothelioma, which 

were not collected in previous reports, and the data was analysed using rigorous 

statistical methodology, including multiple imputation of missing data.  

The second issue raised by the correspondents was the ‘unusually long overall 

survival’ in this study. This was adequately refuted by referring to the data, and 

comparing the OS observed in this study to previous published reports. The primary 

OS in this study was calculated from the time of diagnosis, but was also reported from 

time of commencing systemic chemotherapy, being 12.3 months for chemotherapy-

treated patients. This median OS is not significantly different from the median OS of 

12.1 months seen for the intervention arm of the landmark study of cisplatin / 

pemetrexed by Vogelzang et al.30, or indeed from the median OS of 11.7 months 

reported for the chemotherapy-naïve group of the initial NLR study54. 
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Although the study results did not validate NLR as originally anticipated and was 

contradictory to others’ findings, it was important to report these ‘negative’ results as 

failure to do so can lead to substantial publication bias, as has been reported in the 

recent meta-analysis by Templeton et al504. The NLR cut-off was selected a priori on 

the basis of the published studies and was not data-driven, an issue that often results 

in contradictory findings in biomarker studies. It was acknowledged that Kao et al. were 

the initiators in this field, and further prospective research will be required to fully define 

the place of NLR as a prognostic marker. 

Future research is likely to include more studies of prognostic markers in MPM, where 

there is an urgent need for biomarkers that predict response to treatments such as 

chemotherapy and immunotherapy, in an evolving era of personalised cancer therapy. 

It is important to consider the most appropriate methods to prevent and handle missing 

data to avoid the omission of valuable information, and to apply recommendations from 

reporting guidelines such as REMARK (Guidelines for the REporting of tumour 

MARKer Studies)546, to ensure transparent and complete reporting of prognostic 

biomarkers studies, which will lead to realistic and reproducible results and 

conclusions, and aid readers in considering the findings and their generalisability.  

The next chapters will describe the results of a prospective study examining the effects 

of EGFR-TKIs in NSCLC, which examined the immune cell subsets that may be 

involved in an anti-tumour immune response. 
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Chapter 4:   EGFR-TKIs in NSCLC: clinical results 

4.1 Introduction 

As discussed in Section1.2.1, lung cancer is the most common cause of cancer death 

worldwide and is caused by tobacco smoking, although up to 10-30% of deaths are 

estimated to occur in never-smokers8,9. Chemotherapy is the mainstay of treatment for 

most patients with NSCLC, but targeted therapies are increasingly used in some 

patients, based on histological or molecular subtypes, as discussed in Section 1.4.4. 

Activating EGFR mutations were the first identified ‘oncogenic drivers’ in NSCLC. The 

most common mutations occur in exons 19 and 21 of the EGFR gene, and result in 

constitutive activation of the EGFR tyrosine kinase domain192,202. EGFR mutations 

occur almost exclusively in patients with adenocarcinoma, and are most prevalent in 

females, in individuals who have never smoked or are former light smokers, and in 

Asian populations.  

EGFR-TKIs were the first targeted therapies against a known oncogene to be 

approved in advanced NSCLC, and are most effective in patients with tumours 

harbouring activating EGFR mutations16-18. Randomised studies of 1st line EGFR TKIs 

for patients with EGFR mutations reported overall response rates of 60-74%, median 

PFS of 9-11 months, and median OS of 19-30 months16,17,205. In contrast, patients 

without EGFR mutations had much lower sensitivity to EGFR TKIs, with reported 

response rates and median PFS of 1-3%, and 1-3 months, respectively205,547. Other 

‘actionable targets’ in NSCLC have now been identified including ALK, ROS1 and RET 

fusions19-23, with targeted therapies either in clinical use or in various stages of 

development.   Despite the promise of targeted therapies being ‘magic bullets’ against 

cancer, the majority of patients with NSCLC do not have a known oncogenic driver. 

Moreover, patients with an oncogenic driver ultimately develop resistance to treatment 

via various mechanisms.  

Immunotherapy is another therapeutic strategy that has generated much excitement in 

recent years, with immune checkpoint inhibitors now approved in malignant melanoma 

as well as NSCLC, as discussed in Section 1.5. However, like targeted therapies, only 

a proportion of patients respond to single agent immunotherapy, and further advances 

are needed to improve patient outcomes. This may be achieved by the identification of 

novel immunological or molecular targeted approaches, as well as the rational 
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development of strategies to sequence or combine different treatments, as discussed 

in Section 1.8. This will require an improved understanding of how each agent affects 

the immune system, as well as the development of potential biomarkers for selection of 

patients who are more likely to respond to a therapeutic approach.  

This prospective study recruited patients with advanced NSCLC receiving an oral 

EGFR-TKI as part of usual clinical care. Patient selection criteria and clinical methods 

are described in Section 2.2. The overall aim of this study was to examine the effects 

of EGFR-TKIs on immune cell subsets in peripheral blood, and correlate immune 

parameters with clinical outcomes. This chapter describes the patient and disease 

characteristics, the treatments received and clinical outcomes, and Chapter 5 

describes the results of the immune subset analyses.  

4.2 Results 

4.2.1 Patients 

A total of 35 patients met the protocol inclusion criteria (Section 2.2.1 and Appendix B) 

and were included in this study, between 31 May 2011 and 23 April 2013. Data 

collection for time-to-event outcomes continued until the census date of 10 Dec 2014.  

As the study protocol was initially designed to include any patients with advanced solid 

tumours commencing a TKI, 34 patients with NSCLC and one patient with RCC were 

enrolled. One patient (RCC) withdrew from study prior to the second visit, as they did 

not wish to have additional blood samples collected. After the initial 10 patients were 

recruited, only patients with NSCLC were invited to participate for the remainder of the 

study. This was decided as the study was accruing two patients per month, which 

projected to reach the target of 35 patients for a single tumour site. Thus restricting 

accrual to one disease type reduced the heterogeneity in diagnoses and treatments 

received. One patient initially enrolled with NSCLC subsequently had their diagnosis 

revised to metastatic endometrial cancer with lung metastases, thus was not included 

in the final analyses. This chapter describes the clinical results for 33 patients with 

NSCLC included in the final analyses. A CONSORT diagram is shown in Figure 4.1. 
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Of the 33 patients with NSCLC, 12 (36%) had tumours harbouring an activating EGFR 

mutation, while 11 patients (33%) had tumours with wild type EGFR. Mutation testing 

was not performed in 10 patients (seven with squamous cell lung cancer and three with 

NSCLC ‘not otherwise specified’), as mutation testing (at the time of this study) was 

only performed routinely for lung adenocarcinoma at the study site, owing to the rarity 

of EGFR mutations in squamous cell lung cancer.  Activating EGFR mutations 

identified were exon 19 in-frame deletions in eight patients and exon 21 amino acid 

substitutions (L858R) in four patients. One patient had a complex mutation with both an 

activating exon 21 L858R mutation, and a T790M resistance mutation in exon 20548.  

17 (52%) patients were female, and the median age was 68 (range 51-80). All patients 

had metastatic (AJCC Stage IV) NSCLC at study entry. Patient and disease 

characteristics, according to EGFR mutation status, are listed in Table 4.1. 

Figure 4.1   Study CONSORT diagram 
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Table 4.1   Baseline patient characteristics 

  All patients (N=33)  EGFR positive 
(N=12) 

EGFR negative or 
unknown (N=21) 

  N % N % N % 

Age 

Median (range) 68 (51-80) 62 (51-77) 71 (52-80) 

Sex 

Female 17 52 9 75 8 38 

Male 16 48 3 25 13 62 

Histopathology 

Adenocarcinoma 23 70 12 100 11 52 

Squamous cell 7 21 0 0 7 33 

NSCLC NOS 3 9 0 0 3 14 

ECOG performance status 

0 4 12 1 8 3 14 

1 28 85 10 83 18 86 

3 1 3 1 8 0 0 

Prior lines of systemic therapy 

None 9 27 9 75 0 0 

1  13 39 1 8 12 57 

2 9 27 1 8 8 38 

3 1 3 1 8 0 0 

5 1 3 0 0 1 5 

 

All patients were treated with one of three, orally administered EGFR-TKIs at standard 

doses as part of routine clinical care. 26 patients received erlotinib (150mg daily), six 

received gefitinib (250mg daily), and one received afatinib (40mg daily) (Table 4.2). 10 

(30%) patients were treated with an EGFR TKI as first-line systemic therapy for EGFR 

mutation positive NSCLC, including four patients who were also enrolled in an open 

label, international phase III trial comparing the second generation EGFR-TKI afatinib 

to the first-generation TKI gefitinib. 23 (70%) patients had received 1-5 prior regimens 

for advanced NSCLC. The median time from diagnosis to participating in this study 

was 10 months (range 0-49 months). 
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Table 4.2   EGFR TKIs received 

 All patients (N=33) EGFR positive 
(N=12) 

EGFR negative or 
unknown (N=21) 

N % N % N % 

Any line of treatment 

Erlotinib 26 79 5 42 21 100 

Gefitinib 6 18 6 50 0 0 

Afatinib 1 3 1 8 0 0 

1st line treatment for advanced disease 

Erlotinib 4 40 4 40 0 0 

Gefitinib 6 60 6 60 0 0 

2nd or subsequent line of treatment 

Erlotinib 22 96 1 50 21 100 

Afatinib 1 4 1 50 0 0 

4.2.2 Study schedule 

As described in Section 2.2.2, blood samples were collected for each patient prior to 

commencing an oral TKI, and at up to 3 further time points at 7 days, 21 days, and 8 

weeks from starting treatment. For the 33 patients included in the final analyses, 116 

samples were collected out a possible 132 (88%). All 4 time points were collected for 

22 (67%) patients, while 7 (21%) patients had 3 time points, 3 (9%) patients had 2 time 

points and one patient had only the baseline time point available. Missing blood 

collections were due to early disease progression, patients unable to attend for 

transport or personal reasons, or unsuccessful blood draw at time of visit. Minor 

deviations were permitted from the planned visit time windows to maximise patient 

participation and sample collection. The completion of visits and timing of sample 

collection are listed in Table 4.3. 
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Table 4.3   Completion and timing of sample collection 

Patients (N=33) Days from TKI commencement 
N % Median (IQR) 

Visits for blood collection 
Baseline 33 100 0 (-1 to 0) 

7
-1 to 0

Visit 2 30 91 7 (6 to 11) 

Visit 3 28 85 21 (20 to 27) 

Visit 4 25 76 56 (52 to 60) 

Abbreviations: N=number; TKI=tyrosine kinase inhibitor; IQR=Interquartile range 

4.2.3 Treatment response 

Patients underwent a CT of the chest and abdomen prior to commencing treatment 

with a TKI, then a repeat CT after 8 weeks, and response to treatment was determined 

according to RECIST 1.1 criteria533. Briefly, measurable lesions ≥ 10mm in long axis (≥ 

15mm in short axis for lymph nodes) were identified as target lesions. The overall 

tumour burden at baseline was determined by adding the sum of diameters (SOD) of 

up to 5 target lesions (up to 2 per organ). Non-measurable lesions (e.g. pleural 

effusions, lesions <10mm or lesions in excess of the 5 target lesions) were recorded as 

non-target lesions. Response to treatment was then assessed at each follow-up CT 

until disease progression. A complete response (CR) was defined as the 

disappearance of all target and non-target lesions, while a partial response (PR) 

occurred if there was ≥30% reduction in SOD of target lesions compared to baseline. 

Progressive disease (PD) occurred if the SOD of target lesions increases by ≥20% 

(taking as reference the smallest SOD while on treatment), if new lesions developed, or 

if there was unequivocal progression of non-target lesions. Stable disease (SD) 

occurred where there was neither sufficient reduction in SOD to qualify for PR nor 

sufficient increase to qualify for PD, taking as reference the smallest SOD while on 

treatment. Best overall response was defined as the best response across all time 

points. An example of target lesions measured before and after treatment is shown in 

Figure 4.2. 
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Figure 4.2   Example of tumour measurements according to RECIST 1.1 

Representative images of 2 thoracic lesions (lung mass, left; and lymph node, right) for an EGFR 
mutation-positive patient before commencement of an EGFR TKI (A), and after 8 weeks (B). This patient 
experienced ≥ 50% reduction in sum of diameters (SOD), indicating a partial response. 

All 33 patients underwent a baseline CT and at least one post-treatment CT for 

response assessment. Of these, 27 (82%) patients had measurable target lesions and 

the ‘change in SOD’ could be determined, while six (18%) patients did not have 

measurable disease but had unequivocal progressive disease based on non-target 

lesions or the development of new lesions at first evaluation of response. Therefore, all 

33 patients were evaluable for response according to RECIST 1.1. No patients 

experienced a CR, 24% achieved a PR, 24% SD and 52% PD. For patients with EGFR 

mutation-positive tumours, 58% achieved a PR, 17% SD and 25% PD at first response 

assessment. The best percentage change in SOD across all time points are shown in 

Figure 4.3, while the best overall response, according to EGFR mutation status, is 

listed in Table 4.4. 
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Figure 4.3   Change in sum of diameters during treatment with TKI 

 
The best % change in sum of diameters (SOD) while receiving an EGFR TKI is shown above for patients 
who had measurable target lesions at baseline and repeat imaging (n=27)  

4.2.4 Survival outcomes 

As described in Section 2.2.3, PFS was defined as the time from first dose of TKI until 

disease progression, or until the date of clinical progression for patients who were 

unable to undergo a repeat CT due to clinical deterioration or death. Patients were 

censored for PFS on the date of their last visit if they were lost to follow up, or on the 

date of death if they died of other causes. OS was defined as time from first dose of 

TKI until death, or censored for date of last follow up for patients who were still alive or 

lost to follow-up, or for date of death if they died of other causes. 

At the census date of 10 Dec 2014, 26 (79%) were deceased due to NSCLC and three 

patients (9%) were alive following progression of disease and were receiving further 

systemic therapy. Four (12%) patients were censored for OS; three died of non-cancer 

causes in the absence of progressive disease and one patient was lost to follow-up 

(following disease progression). The event rate was therefore 0.79 for OS and 0.91 for 

PFS. 
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Table 4.4   Best overall response to EGFR TKI and survival outcomes 

All patients (N=33) EGFR positive 
(N=12) 

EGFR negative or 
unknown (N=21) 

N % N % N % 

Best overall response 

Complete response 0 0 0 0 0 0 

Partial response 8 24 7 58 1 5 

Stable disease 8 24 2 17 6 29 

Progressive disease 17 52 3 25 14 67 

Survival outcomes - median, months (95% confidence intervals) 

Progression-free survival  2.3 (1.7-9.0) 9.0 (3.9-NR) 1.8 (1.5-7.4) 

Overall survival 11.2 (5.8-17.5) 23.2 (15.6-NR) 5.8 (3.8-14.3) 

Median follow-up for patients who were alive was 28 months (range 26-34). The 

median PFS for all patients (n=33) was 2.3 months (95% CI 1.7-9.0), while median OS 

was 11.2 months (95% CI 5.8-17.5). For patients with EGFR mutation-positive tumours 

(n=12), median PFS was 9.0 months (95% CI 3.9 – not reached, NR) and median OS 

was 23.2 months (95%CI 15.6-NR). Patients with EGFR negative or unknown (n=21) 

had a median PFS and OS of 1.8 (95% CI 1.5-7.4) and 5.8 (95%CI 3.8-14.3) months, 

respectively. When compared to patients who were EGFR negative or unknown, EGFR 

positive patients had a significantly better PFS, with a HR of 0.40 (95% CI 0.18-0.90, 

p=0.03) and OS (HR 0.27, 95% CI 0.11-0.67, p=0.005).  Survival outcomes are listed 

in Table 4.4, and Kaplan Meier survival curves for PFS and OS are shown in Figure 4.4.
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Figure 4.4   Kaplan Meier plots for progression-free and overall survival 

 
Kaplan Meier plots for PFS and OS for all patients receiving TKI (n=33) and according to EGFR mutation 
status 

0 2 4 6 8 10 12 14 16 18 20
0.0

0.5

1.0

Time (months)

C
um

ul
at

iv
e 

pr
og

re
ss

io
n-

fre
e 

su
rv

iv
al

PFS for all patients (n=33)
2.3 months, 95% CI 1.7-9.0

0 10 20 30 40
0.0

0.5

1.0

Time (months)

C
um

ul
at

iv
e 

ov
er

al
l s

ur
vi

va
l

OS for all patients (n=33)
11.2 months, 95% CI 5.8-17.5

0 2 4 6 8 10 12 14 16 18 20
0.0

0.5

1.0

Time (months)
C

um
ul

at
iv

e 
pr

og
re

ss
io

n-
fre

e 
su

rv
iv

al

Positive (n=12), 9.0 mo
Negative or unknown 
(n=21), 1.8 mo

PFS by EGFR mutation status

HR 0.40, p = 0.03

0 10 20 30 40
0.0

0.5

1.0

Time (months)

C
um

ul
at

iv
e 

ov
er

al
l s

ur
vi

va
l

OS by EGFR mutation status

HR 0.27, p = 0.005

Positive (n=12), 23.2 mo
Negative or unknown 
(n=21), 5.8 mo

A B

DC



 

117 

4.3 Discussion 

The aim of this study was to recruit patients with advanced solid tumours who are 

commencing a TKI as part of routine clinical care. Blood samples were collected prior 

to commencing a TKI and at up to three time points while on treatment, and clinical 

outcomes were collected for treatment response, PFS and OS. The overall aim was to 

examine the effects of TKIs on immune cell subsets in peripheral blood, and correlate 

immune parameters with clinical outcomes. 

The calculated sample size for this study was 20 patients, with a planned recruitment 

target of 35 patients to allow for withdrawals and heterogeneity in patient populations. 

35 patients were enrolled, and the entry criteria were modified after the initial 10 

patients, after which only patients with NSCLC were invited to participate. This was 

decided in order to maintain a more homogenous population of patients, and as a 

result 33 patients with NSCLC were included in the final analyses. All four time points 

for blood collection were available for 22 (67%) patients, thus exceeding the required 

sample size, while the remaining 11 patients missed some visits. This limitation was 

expected given the advanced nature of this disease, with some patients progressing 

within the first month of therapy, and others were not able to undergo all planned blood 

collections for health, transport or personal reasons. 

Patient response to treatment with EGFR TKIs was evaluated for all patients based on 

radiological response criteria, in accordance with RECIST 1.1 guidelines. Patients with 

significant clinical deterioration underwent a CT to confirm radiological progression. 

The best overall response for patients with EGFR mutation-positive disease (n=12) 

was PR 58%, 17% SD and 25% PD, whereas patients with EGFR mutation-negative or 

unknown (n=21) had lower responses of 5% PR, 29% SD and 67% PD. 30 (90%) 

patients eventually progressed while on treatment, whereas three died from other 

causes prior to disease progression. Median PFS was 2.3 months for all patients, 9 

months for EGFR mutation-positive patients, and 1.8 months for those where EGFR 

was negative or unknown. Median OS was 11.2 months for all patients, 23.2 months 

for EGFR-positive and 5.8 months for EGFR-negative patients.  

The clinical outcomes from this study are therefore consistent with established data on 

EGFR TKIs in advanced NSCLC, which reported ORR of 60-74%, and median PFS of 

9-11 months for patients with EGFR mutations16,17,205. It is worth noting that two of the 

12 patients with EGFR mutations were receiving treatment in the 3rd or 4th line settings, 
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and had been previously been exposed to an EGFR TKI, thus were less likely to 

respond than 1st line-treated patients. 

This study had a number of limitations. Firstly, although the required sample size was 

achieved, the ability to derive significant correlations between clinical outcomes and 

immune parameters is limited, given the number of immune variables examined and 

the resulting multiple comparisons, as well as the heterogeneity of the patient 

population with regards to histology, EGFR mutation status and prior therapies. 

Despite the modification of inclusion criteria to maintain a more homogenous 

population of patients, NSCLC is a heterogeneous disease, with a rapidly evolving 

knowledge of molecular characteristics, and EGFR mutation is the first of a number of 

driver mutations to result in an oncogene-directed therapy.  Other actionable 

alterations include translocations in ALK, RET and ROS119,208,549, for which there are 

targeted therapies that are entering clinical practice or in late stages of development. 

Moreover, recent reports from TCGA Research Network highlighted the wide range of 

genetic and epigenetic alterations in NSCLC, including statistically recurrent mutations 

in 18 genes in adenocarcinoma and 11 genes in squamous cell carcinoma216,217. 

Nevertheless, this study was designed as a pilot study to explore potentially significant 

immune signals and generate hypotheses for future larger studies (ideally as 

translational sub-studies to interventional trials).  

Secondly, only peripheral blood was collected for the immune study, and tumour tissue 

was not collected. The relationship between immune cell subsets in peripheral blood 

and that in tumour tissue is unknown. During the course of this study, a number of 

novel immunotherapies have shown demonstrated efficacy in solid tumours, including 

blockade of the PD-1 pathway. Importantly, the expression of the PD-L1 on tumours 

has been proposed as a candidate biomarker for PD-pathway blockade that warrants 

further exploration25,26,142.  It is becoming increasingly important to consider study-

specific biopsies during clinical trials of targeted therapies and immunotherapies, to 

better understand the mechanisms that result in sensitivity or resistance, thus 

improving the matching of patient, biomarker and targeted agent, and resulting in 

enhanced precision while minimising unnecessary toxicity. Given that this was a small 

non-interventional study enrolling patients receiving routine clinical care, it was not 

feasible to request additional tumour biopsies, as this would have reduced the potential 

participations if patients were required to undergo invasive procedures, and would 

have required significant additional resources outside the scope of this work. 
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Another limitation was that the EGFR mutation status was not known for 10 (30%) 

patients. Of these, seven patients had squamous cell carcinoma, which at the time of 

this study was not routinely tested for EGFR mutations at our institution. Activating 

EGFR mutations are extremely rare in squamous cell cancer of the lung, with only two 

of 178 patients shown to have an EGFR mutation in the TCGA genomic 

characterisation of squamous lung cancer217. The remaining three patients in this study 

with NSCLC ‘not-otherwise-specified’ may have had an EGFR mutation. Of these, one 

patient progressed within 1 month of therapy and the other was censored due to death 

from non-malignant bowel obstruction (after having a response assessment CT 

demonstrating stable disease). The likelihood of these ‘missing values’ representing 

misclassification of mutation status was therefore very low, and it was decided that 

EGFR negative and EGFR unknown are both analysed as one group, and the clinical 

outcomes were consistent with this.  

Cancer immunotherapy is a promising strategy that has been explored for decades, but 

has only recently started to pay dividends in a number of advanced cancers, including 

melanoma and NSCLC25. Indeed, cancer immunotherapy has been designated 

‘Breakthrough of the Year’ by Science magazine in 20134. There is a paucity of data on 

the immune effects of EGFR-TKIs, and an understanding of this interaction is an 

important prerequisite to biologically rational strategies to combine and/or sequence 

targeted therapies and immunotherapies, and develop more ‘personalised’ treatment 

approaches. 

This chapter described the patient characteristics and clinical outcomes for 33 patients 

with NSCLC receiving an EGFR TKI, including 12 patients with an activating EGFR 

mutation. Despite significant advances in the treatment of NSCLC, this deadly disease 

remains in urgent need of novel strategies to improve patient outcomes. While targeted 

molecular therapies such as EGFR inhibitors can be very efficacious, prolonging 

survival and improving patient quality of life, all patients inevitably develop resistance 

and succumb to their illness.  

The next chapter will discuss the results of the laboratory component of this study, 

where blood samples collected were analysed by 8-color flow cytometry. The effects of 

EGFR TKIs on immune cell subsets, including CD4+ and CD8+ T cells, DCs, and 

markers of the PD-1 pathway will be described, as well as their correlation with clinical 

outcomes.  
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Chapter 5:   Effects of EGFR-TKIs on the Immune 
System 

5.1 Introduction 

Until recently, conventional cytotoxic chemotherapy has been the principal treatment 

modality for most patients with advanced cancer. Over the past decade, targeted 

therapies have been a rapidly growing class of anti-cancer treatments that employ a 

more selective activity, against pathways that tumours may be dependent upon for 

development, proliferation and survival. More recently, cancer immunotherapy has 

been recognised as a promising class of agents. The anti-CTLA-4 antibody ipilimumab 

was the first immune checkpoint inhibitor approved for the treatment of metastatic 

melanoma. More recently, two agents targeting PD-1 have achieved accelerated FDA 

approval for the treatment of advanced malignant melanoma and advanced NSCLC.  

Future advances in cancer immunotherapy may be achieved by targeting multiple 

levels of the anti-tumour immune response to increase its effectiveness. Examples of 

potential synergies include combining two or more immunotherapies, or combining 

immunotherapies with targeted agents, chemotherapy or radiotherapy. It will be 

essential to examine how existing therapies affect the immune system, to enable 

rational development and optimisation of potentially effective combinations. 

Our understanding of the role of tumour-specific antigens has evolved over several 

decades380. An increasing number of antigens are recognised that may be either ‘self’ 

antigens such as overexpressed or differentially expressed self-proteins, or 

neo-antigens such as mutated proteins, or oncogenic viruses100,381-385. Conventional 

and targeted therapies can result in the release of antigen from dead or dying tumour 

cells, which are then available for presentation to the immune system, as discussed in 

Section 1.3.3. Targeted therapies are also now increasingly used in the clinic, guided 

by some of the recently discovered molecular drivers. In selected patients, they can 

produce tumour regression that far exceeds what was previously seen with 

conventional chemotherapy for metastatic solid tumours205,549-551, and this in turn might 

be expected to improve delivery of tumour antigen for presentation. 

As discussed in Section 1.3.4, the PD-1 pathway plays a critical role in terminating 

immune responses, but can also be ‘hijacked’ by invasive cancers as a mechanism of 

immune evasion134. In NSCLC, Konishi et al. were first to demonstrate that the number 
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of TILs was significantly lower in PD-L1-positive tumour regions compared to 

PD-L1-negative regions135. In another study of patients with early stage NSCLC 

undergoing surgery, the proportion of CD8+ T cells expressing PD-1 was assessed in 

PBMCs and tumour tissue. PD-1 expression was significantly higher on CD8+ in patient 

tumour tissue than in PBMCs of patients or healthy controls. Furthermore, blocking 

PD-1 increased proliferation and IFN-𝛾  production of PD-1+CD8+ T cells in vitro552. 

Nevertheless, the association of PD-L1 expression with prognosis requires further 

study. Velcheti et al. examined tissue microarrays (TMAs) from two independent 

populations of 340 and 204 patients with NSCLC using four different PD-L1 antibodies, 

as well as in situ mRNA hybridization, and PD-L1 was measured using a quantitative 

fluorescence approach553. Only one of four PD-L1 antibodies tested, as well as the in 

situ mRNA hybridisation, validated for specificity on the TMA. Patients with PD-L1 

expression above the detection threshold had significantly longer OS. Similar 

associations for PD-L1 with improved outcomes were demonstrated in cohorts of 

patients with melanoma, colorectal cancer, and Merkel cell carcinoma298,554,555. It is 

possible that in patients with improved OS despite PD-L1 up-regulation, there is a 

pre-existing immune response and infiltration by lymphocytes, and it is the balance and 

perhaps localisation of TILs vs. PD-L1 expression that determines outcomes. This was 

proposed recently as a concept of cancer classification based on TILs and PD-L1 

expression, where PD-L1+TIL+ tumours represent ‘Type I’ tumours, where PD-L1 

up-regulation may represent adaptive immune resistance, and these patients may 

benefit from PD-1 inhibition (discussed in Section 1.7.4)511. 

Furthermore, a number of studies have demonstrated a differential expression of 

PD-L1 in tumour tissue according to molecular NSCLC subtypes463,464,556,557. In a 

murine model of EGFR mutant NSCLC, signalling via EGFR was shown to up-regulate 

PD-L1 in tumour tissue, and PD-1 blockade improved survival in the same model556. In 

164 patients with surgically resected NSCLC, increased PD-L1 expression was 

significantly associated with the presence of EGFR mutations and adenocarcinoma 

histology on multivariate analysis. Patient-derived cell lines harbouring EGFR 

mutations also demonstrated higher PD-L1 expression than wild-type cell lines, and 

PD-L1 expression was down-regulated by the EGFR-TKI erlotinib in EGFR-mutant but 

not EGFR-wild type cell lines463. In another study of molecularly-selected NSCLC 

patients, increased tumour PD-L1 expression was associated with EGFR mutations, 

and treatment with EGFR-TKIs erlotinib or gefitinib was associated with improved 

response and time to progression in PD-L1+ vs. PD-L1-negative tumours464. More 
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recently, Chen et al. examined the mechanism of PD-L1 regulation by EGFR activation 

in human EGFR-mutant cell lines. They found that EGFR activation induced PD-L1, 

and demonstrated that PD-L1 up-regulation was associated with down-regulation of 

ERK1/2, but not AKT, in a dose-dependent manner557. Taken together, these studies 

suggest an association between the presence of EGFR mutations and PD-L1 

expression on tumour cells. 

The identification of reproducible, predictive biomarkers for inhibitors of the 

PD-1/PD-L1 pathway remains elusive. In an era where a number of drugs are rapidly 

progressing towards routine clinical use, there is an urgent need to identify potential 

biomarkers of response, which will require prospective validation for each candidate 

drug/biomarker combination, in each treatment setting. In NSCLC and other tumours 

where PD-L1 expression on tumour tissue was proposed as a biomarker, studies have 

used different IHC antibody clones, proprietary staining platforms, and different cut-offs 

for ‘positive’ PD-L1 expression, as well as examining PD-L1 on tumour cells and/or on 

tumour-infiltrating immune cells. These issues were recently reviewed by the 

International Association of Lung Cancer (IASLC) Pathology Committee, with the aim 

of developing standardised protocols for testing for PD-L1 by IHC in NSCLC299.   

The effects of targeted therapies on the immune system are not well understood. The 

diverse modes of action of these agents results in a variety of off-target effects that 

may be beneficial, or deleterious to an effective anti-tumour immune response. 

EGFR-TKIs can have diverse immune-modulatory effects, as discussed in Section 

1.6.3.4. An understanding of how different targeted agents affect the immune system 

will be required to inform the rational development of strategies for sequencing or 

combining different treatment modalities.  

The aim of this chapter was to examine the effects of EGFR-TKIs on the immune 

system in patients with advanced NSCLC. 33 patients were recruited, including 12 

patients with EGFR mutation positive disease, and 21 patients with EGFR wild-type or 

unknown. All patients received an EGFR-TKI, and blood samples were collected prior 

to commencing treatment, then at 1 week, 3 weeks and 8 weeks from start of 

treatment. The patient population, treatments received, response to therapy and 

outcomes were described in Chapter 4. Changes in the proportions of immune cells in 

peripheral blood were examined, including CD8+ and CD4+ T cell subsets, DC subsets, 

and expression of PD-1 and PD-L1 on T cells. Changes in immune parameters were 

assessed in subgroups according to EGFR mutation status, and immune parameters 

were correlated with response to treatment, PFS, and OS.  
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5.2 Results 

5.2.1 The effect of EGFR-TKIs on lymphocyte subsets 

Blood samples collected from patients were analysed by 8-color flow cytometry. The 

laboratory methods, including blood sample handling and storage, cell preparation and 

staining, sample acquisition and analysis are described in Section 2.2.5. The gating 

strategy used for identification of lymphocyte subsets is shown in Figure 5.1. The 

median number of events for the lymphocyte gate acquired across the four staining 

panels, including all patient visits analysed (n=460) was 175,430 (IQR 84,596- 

261,268). 

In addition to the research samples collected for this study, patients also had a routine 

blood test at the hospital laboratory (PathWest) at each study visit, as part of standard 

clinical care. The full blood count included a Hb level, platelet count, total WCC, and 

absolute neutrophil and lymphocyte counts. The absolute lymphocyte count was then 

used to determine absolute counts of lymphocyte subpopulations from the 

corresponding research samples analysed by flow cytometry, by multiplying the 

proportion of each subpopulation relative to the lymphocyte count. 

The mean absolute lymphocyte count was 1.28 x 109/L (95% CI 1.02-1.55) at time of 

commencement of an EGFR-TKI (baseline visit) and 1.32 x 109/L (95% CI 0.97-1.68) at 

the 8-week visit (end of study), with no significant changes detected across study visits 

(one-way ANOVA, p=0.9). Similarly, analysis of lymphocyte subsets, expressed as a 

percentage of the parent population, did not reveal significant changes in CD3+ (p=0.7), 

CD4+ (p=0.7), CD8+ T cells (p=0.7), or in CD19+ B cells (p=0.9) (Figure 5.2). 
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Figure 5.1   Gating strategy for lymphocyte subsets 
Lymphocytes were gated according to forward and side scatter, and then a dump channel was used to 
exclude dead cells and CD14+ monocytes for the CD8+ effector panel, and dead cells, CD14+ and CD19+ 
B cells for the Treg, PD and DC panels. Lymphocyte subsets were then gated as shown to identify CD3+ T 
cells, CD3+CD8+ T cells, CD3+CD4+ T cells, and CD19+ B cells; with each subpopulation expressed as a 
percentage of the parent population e.g. CD3+CD4+ T cells represented 73.1% of CD3+ T cells. 

Control blood samples were collected from 10 healthy donors, with a median age of 62 

(range 54-74), whereas the median age of study patients was 68 (range 51-80). 

Analysis of healthy control samples was performed using the same methods, staining 

panels and antibody stocks as for study patients. There was a failure of staining for 

Ki67+ on CD4+ and CD8+ cells of the 10 healthy volunteers in this study. The analysis 

could not be repeated, given that all stored PBMCs had been used. The missing data 

points for Ki67 were therefore kindly provided by Dr Melanie McCoy for nine of these 

volunteers, from previous analyses conducted using a 6-colour panel that had utilised 

the same antibody clone for Ki67, with similar strong staining and distinct 

positive/negative separation on gating. 

The proportions of lymphocyte subsets were compared between healthy donors and 

baseline samples from study patients. The means of each group were compared using 

an unpaired, 2-sample t test with a two-tailed p value of 0.05 considered statistically 

significant. Compared to healthy donors, study patients had a significantly higher 

proportion of CD4+ T cells  (69% vs. 57%, p=0.01), and a correspondingly lower 

proportion for CD8+ T cells (26% vs. 38%, p=0.01). There were no significant 

differences revealed for proportions of CD19+ B cells or CD3+ T cells (Figure 5.3). 
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Figure 5.2   Changes in main lymphocyte subsets following EGFR-TKI therapy 
The absolute lymphocyte count was obtained from routine blood tests performed at the hospital laboratory 
(Pathwest) at each study visit, while frozen patient PBMCs were thawed and analysed in a single 
experiment by flow cytometry to determine lymphocyte subsets, expressed as a percentage of the parent 
population. Each bar represents the mean and Std. error of the mean (SEM) of each population. The data 
were analysed using one-way ANOVA. 
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Figure 5.3   Lymphocyte subsets in study patients vs. health donors 
Lymphocyte subsets were compared between study patients (at baseline) and 10 healthy donors. Each 
bar represents the mean and SEM of each population. 

5.2.2 Changes in CD8+ T cell subsets following EGFR-TKI 

Characterisation of CD8+ T lymphocyte subpopulations was performed using the 

8-colour “CD8+ effector T panel” listed in Section 2.2.5.2. CD8+ effector T cells were 

identified by the co-expression of the HLA class II molecule HLA-DR, and the type II 

transmembrane glycoprotein CD38. Proliferating CD8+ T cells were identified using the 

intra-cellular proliferation marker Ki67, and activated CD8+ T cells were identified using 

the surface marker ICOS. FMO controls were used to define gate boundaries, then 

gates were applied to stained cells, as shown in Figure 5.4. An automated Boolean 

‘AND’ gate was used to combine HLA-DR and CD38 gates to define HLA-DR+CD38+ 

effector T cells. 
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Figure 5.4   Gating of CD8+ subpopulations 
A. Fluorescence-minus-one (FMO) controls were used to define gate boundaries (on CD3+CD8+ as parent 
population) for the markers CD38, HLA-DR, ICOS and Ki67. B. Gates were then copied to the 
corresponding CD3+CD8+ population on stained patient cells to define CD3+CD8+ subpopulations, then 
visually confirmed for each sample. Lastly, CD38+ and HLA-DR+ gates were combined using an automated 
Boolean ‘AND’ gate to define effector CD8+ T cells. 

Analyses were performed comparing patient samples at baseline with healthy donors. 

Patients had a significantly higher proportion of CD8+ T cells expressing the 

proliferation marker Ki67 (5.8% vs. 2.2%, p<0.01), but no significant differences in 

proportions of CD38+HLA-DR+, or ICOS+. A comparison was also performed between 

subgroups of patients with or without EGFR mutations. Patients with EGFR mutation-

positive NSCLC had lower proportions of all three CD8+ subsets compared to patients 

without a mutation, but these differences did not reach statistical significance (Figure 

5.5).  

Changes in proportions of CD8+ subsets were compared between commencement of 

an EGFR-TKI (baseline visit) and subsequent visits at 1 week, 3 weeks and 8 weeks 

(end of study) using one-way ANOVA. There was a non-significant increase in effector 

T cells (6.7% at baseline vs. 11.4% at end of study, p=0.07), whereas no significant 

changes were found for Ki67+ (proliferating) or ICOS+ (activated) CD8+ T cells (Figure 

5.6). 
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Figure 5.5   CD8+ subsets in patients vs. healthy donors and by EGFR mutation 
Patient samples at baseline were compared to those of healthy volunteers, and patient subgroups were 
compared according to EGFR mutation status. Groups were analysed by a two-sample, unpaired t test 
with a two-tailed p value of <0.05 as significant. Each bar represents the mean and SEM.  
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Figure 5.6   Changes in CD8+ subsets following EGFR-TKI 
Changes in proportions of effector (CD38+HLA-DR+), proliferating (Ki67+) and activated (ICOS+) CD8+ T 
cells following treatment with an EGFR-TKI were analysed by one-way ANOVA. Each bar represents the 
mean and SEM of each population. 

5.2.3 Regulatory CD4+ T cells 

Characterisation of CD4+ regulatory T lymphocytes was performed using the 8-colour 

“CD4+ Treg panel” listed in Section 2.2.5.2. CD4+ regulatory T cells we identified by the 

co-expression of Foxp3 and the IL-2 receptor α chain (CD25), together with low 

expression of the IL-7 receptor α chain (CD127). As in the CD8+ effector panel, 

proliferating CD4+ T cells were identified using the intra-cellular proliferation marker 

Ki67, and activated CD4+ T cells were identified using the surface marker ICOS. FMO 

controls were again used to define gate boundaries, before applying gates to stained 

cells. An automated Boolean ‘AND’ gate was used to combine Foxp3+, CD25+ and low 

expression of CD127 gates, together defining Tregs as Foxp3+CD25+CD127lo CD4+ T 

cells. 
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Compared to healthy donors, patients had higher baseline proportions of proliferating 

Ki67+ CD4+ cells (5.9% vs. 3.5%, p=0.03), but lower proportions of ICOS+ cells (8% vs. 

13%, p=0.03). There were non-significantly lower proportions of Tregs in patients 

compared to healthy donors. When patient subgroups were compared according to 

EGFR mutation status, those without EGFR mutations had higher proportions of 

proliferating CD4+ T cells than patients with mutation-positive disease (7% vs. 4%, 

p=0.04), as well as non-significantly higher proportions of Tregs and ICOS+ CD4+ T 

cells. Following treatment with an EGFR-TKI, there were no significant changes in 

proportions revealed for Tregs, proliferating or activated CD4+ T cells (Figure 5.7).  

Figure 5.7   CD4+ subsets following EGFR-TKI 
Panel A. Comparisons of CD4+ T cell subsets between patient baseline samples and healthy donors, and 
between patient subgroups according to EGFR mutation status.  
Panel B. Proportions of CD4+ subsets 1 week, 3 weeks and 8 weeks (end of study) following 
commencement of an EGFR-TKI analysed by one-way ANOVA. 
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5.2.4 Dendritic cell subsets 

Enumeration of DC subsets was performed to identify the three DC populations found 

in peripheral blood. After initial gating to identify CD45+ leucocytes and exclude CD14+ 

monocytes, CD19+ B cells, and dead cells in a dump channel, three DC-specific 

markers were used to identify DC subsets. The myeloid DC populations (mDCs) were 

enumerated using CD1c+ (BDCA-1) to identify mDC1 and CD141+ (BDCA-3) to identify 

mDC2, while CD303+ (BDCA-2) was used to identify plasmacytoid DCs (pDCs) (Figure 

5.8). 

There were no significant changes seen in any of the three DC subsets examined 

following treatment with an EGFR-TKI (Figure 5.9). Similarly, there were no significant 

differences between DC proportions in patients vs. healthy donors, or between patients 

with or without EGFR mutations (data not shown).  

Although the DC staining panel also included markers for PD-L1 and PDL-2, their 

proportions were very small (average <50 cells from a mean of more than 130,000 

CD45+ leucocytes). Given that they were not part of the pre-planed statistical analyses 

and the small numbers were unlikely to provide interpretable results, they were not 

included in the final analyses. 
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Figure 5.8   Gating of DC subsets 
Cells were first gated to identify CD45+ leucocytes and exclude CD14+ monocytes, CD19+ B cells, and 
dead cells via a dump channel (A). CD45+ cells were then gated using FMO controls to define gate 
boundaries for each subset (B). Lastly, gates were applied to CD45+ subpopulations on stained cells to 
identify DC subsets (C). 
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Figure 5.9   DC subsets following EGFR-TKI therapy 
Changes in DC subsets following EGFR-TKI therapy at each visit were analysed using one-way ANOVA.  
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5.2.5 The effects of EGFR-TKIs on PD-1 and PD-L1 expression 

The expression of PD-1 and PD-L1 on T cell subsets was determined using the ‘PD 

pathway’ panel listed in Section 2.2.5.2. Lymphocytes were first gated according to 

FSC and SSC, and then a dump channel was used to exclude CD14+ monocytes, 

CD19+ B cells and dead cells. Gating was then applied to identify CD3+, CD3+CD4+, 

and CD3+CD8+ T cells, as shown in Section 5.2.1. FMO controls for PD-1 and PD-L1 

were used to define gate boundaries as shown in Figure 5.10 and then gates were 

applied to CD3+, CD3+CD4+, and CD3+CD8+ T cell subsets.  

Figure 5.10 Gating of PD-1/PD-L1 on T cells 
After gating for lymphocytes subsets as shown in Figure 5.1 above, FMO controls for PD-1 and PD-L1 
were used to set gate boundaries (A), then gates were applied to CD3+, CD3+CD4+ and CD3+CD8+ T cell 
subsets (CD3+ subsets shown in panel B). 
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The proportions of CD3+, CD4+, and CD8+ T cells expressing PD-L1 or PD-1 were 

compared between patients (at baseline) and healthy donors. Patients had significantly 

higher proportions of PD-L1+ T cells than healthy donors: 4.6% vs. 0.4% (p <0.0001) 

on CD3+ T cells, 5.1% vs. 0.4% (p = 0.001) on CD3+CD4+ T cells, and 5.6% vs. 0.4% 

(p = 0.01) on CD3+CD8+ T cells. In contrast, there were no significant differences in 

PD-1 expression between patients and healthy donors on CD3+, CD4+, or CD8+ T cells.  

PD-1 and PD-L1 expression on T cells was also examined between patient subgroups 

according to EGFR mutation status. Compared to patients with EGFR mutation-

positive disease, patients without an EGFR mutation had significantly higher 

proportions of PD-L1+ T cells:  5.8% vs. 2.3% (p = 0.03) on CD3+ T cells, 6.6% vs. 

2.3% (p = 0.047) on CD3+CD4+ T cells, and 7.5 vs. 2% (p = 0.01) on CD3+CD8+ T cells. 

Again, there were no differences in PD-1 expression on T cells between the two 

patient subgroups (Figure 5.11). 

Figure 5.11 PD-L1 and PD-1 expression on T cells in patients vs. healthy donors 
The proportions of T cell subsets expressing PD-L1 (A) or PD-1 (B) were compared between patients and 
healthy donors, and between patients with or without an EGFR mutation, using 2-sample paired t tests. 
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Changes in proportions of T cells expressing PD-L1 or PD-1 were compared between 

commencement of an EGFR-TKI (baseline visit) and subsequent visits at 1 week, 3 

weeks and 8 weeks (end of study). Comparison of the 4 time points using one-way 

ANOVA revealed no significant changes in PD-L1 or in PD-1 expression on CD3+, 

CD4+ or CD8+ T cells. However, a comparison between baseline and week 1 revealed 

an increase in PD-L1 expression on CD3+CD8+ cells from 5.6% to 8.5%, which was 

statistically significant on a paired 2-sample t test (p = 0.04). A similar increase after 1 

week occurred for expression of PD-L1 on CD3+ T cells (4.6% to 6.9%) and CD3+CD4+ 

T cells (5.1% to 7%), but these did not reach statistical significance (Figure 5.12). 

Figure 5.12 Changes in PD-1 and PD-L1 on T cells following EGFR-TKI 
Changes in proportions of PD-L1+ (A) and PD-1+ (B) T cells following treatment with an EGFR-TKI were 
analysed by one-way ANOVA. 
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5.2.6 PD-L1 expression is predictive of response to EGFR-TKI 

As discussed in Section 4.2.3, patients underwent a CT of the chest and abdomen 

prior to commencing treatment with a TKI, then a repeat CT after 8 weeks. Response 

to treatment was determined according to RECIST 1.1 criteria, with patients classified 

as having partial response (PR), stable disease (SD), or progressive disease (PD). Of 

33 patients in this study, 24% achieved a PR, 24% SD and 52% PD. 

The relationship between immunological parameters and radiological response to 

EGFR-TKI was assessed. To dichotomise responses, RECIST responses that were 

classified as PR or SD were combined as one group of ‘non-progressive disease’ (non-

PD), a grouping that is clinically relevant as it defines patients who are achieving a 

degree of disease control, and patients with non-PD were compared to patients with 

PD. A 2-way (2-factor) ANOVA was performed, comparing the proportion of an 

immunological variable according to response to treatment (PD vs. non-PD) as one 

factor, and between study time-points as the second factor, followed by a test for 

interaction between the two factors. Where there was a significant result on 2-way 

ANOVA, this was followed by a Sidak’s multiple comparisons test, to compare 

proportions between PD vs. non-PD at each time-point individually and calculate a 

multiplicity-adjusted p value. 

Following commencement of an EGFR-TKI, the expression of PD-L1 on CD3+, 

CD3+CD4+, and CD3+CD8+ T cells was significantly higher in patients with PD 

compared to those with non-PD (p < 0.001), whereas there was no significant change 

between time-points and no significant interaction between the response and time-

point factors (Figure 5.13). Multiple comparisons with multiplicity-corrected p values 

revealed significantly higher proportions of T cells expressing PD-L1 in patients with PD 

vs. non-PD, one week after commencing treatment: 10.8% vs. 2.5% for CD3+ (p 

<0.001), 10.9% vs. 2.5% for CD4+(p = 0.001) and 12.8% vs. 3.6% for CD8+ T cells (p = 

0.002). There were no significant associations between proportions of effector T cells 

or Tregs and response to treatment, and therefore no multiple comparisons were 

performed. 

As the 2-way ANOVA examined changes across all time-points, and some 

immunological variables were observed to initially increase before declining towards 

baseline, two-sample paired t tests were performed to compare changes in 

immunological variables between baseline and after one week of EGFR-TKI, according 

to treatment response. Compared to baseline, patients with PD had a significant 
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increase in PD-L1 expression on CD3+ (10.8% vs. 5.8%, p = 0.03), CD4+ (10.9% vs. 

6.4%, p = 0.046) and CD8+ (12.8% vs. 7.6%, p = 0.04) T cells. No significant changes 

were revealed for patients with non-PD or for changes in effector T cells or Tregs 

(Figure 5.14). 

Figure 5.13 Changes in immunological variables according to RECIST response 
The relationship between the proportions of immunological variables at each study visit and radiological 
response to EGFR-TKIs was assessed using 2-way ANOVA.  
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Figure 5.14 Changes in immunological parameters after 1 week of EGFR-TKI 
The change in proportions of immunological variables between baseline and after one week of EGFR-TKI 
treatment was assessed with a two-sample paired t test, according to RECIST response. Statistically 
significant differences are indicated with bold type.  

A logistic regression model was also used to assess the relationship between 

immunological variables and treatment response (PD vs. non-PD). Three 

immunological predictor variables were entered into the multivariate model: effector 

CD8+ T cells, CD4+ Tregs and PD-L1+CD3+ T cells. For each immunological variable, 

proportions were dichotomised at the median value and included in the model as ‘high 

vs. low”. In addition, EGFR-mutation status (positive vs. negative) was also entered 

into the model, as it is a known predictive variable for response to EGFR-TKIs. The 

model was fitted for immunological variables at baseline, and repeated using values 

from the 1-week visit. 

There were no significant associations between baseline immunological parameters 

and the Odds Ratio (OR) for progression on both univariate and multivariate analyses. 

EGFR mutation status was significant on univariate analysis, with an OR = 0.17 (95% 

CI 0.03-0.75, p = 0.03), but did not reach significance on multivariate analysis. After 

one week of EGFR-TKI, a higher proportion of PD-L1+CD3+ T cells (above the median) 

was the only independent predictor of progression (OR = 30.3, 95% CI 3.70-700, p 

<0.01). The results of the multivariate model are shown in Table 5.1 below.  
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Table 5.1   Multivariate model to assess the relationship between immunological 
parameters and risk of RECIST progression following treatment with EGFR-TKI 

At baseline (N=32) After 1 week of EGFR-TKI (N=30) 

Predictor variable OR (95% CI) P-value OR (95% CI) P-value 

Effector CD8+ T cells > median 1.37 (0.20-8.73) 0.74 2.30 (0.23-51.4) 0.50 

CD4+ Tregs > median 0.37 (0.04-2.33) 0.32 1.07 (0.13-10.1) 0.95 

PDL+CD3+ T cells > median 4.48 (0.84-30.1) 0.09 30.3 (3.70-700) <0.01 

EGFR mutation positive 0.18 (0.02-1.12) 0.08 0.34 (0.03-3.26) 0.35 

Overall model significance (fit) P = 0.1 P = 0.002 

Abbreviations: OR: Odds Ratio, CI: Confidence interval 

A logistic regression model was used to assess the relationship between immunological variables 
and the OR for progression, at baseline and after 1 week of EGFR-TKI treatment. Each 
immunological variable was dichotomised at the median value, and EGFR mutation status was 
included as a known predictor of EGFR-TKI response.  Statistically significant differences are 
indicated with bold type. 

A 2 x 2 contingency table was used to summarise the relationship between the 

proportion of PD-L1+CD3+ T cells one week after commencing and EGFR-TKI, 

and treatment response. Of 15 patients with a proportion of PD-L1+CD3+ cells 

above the median, 13 had progressive disease compared to two non-

progressors. In contrast, of 15 patients with PD-L1+CD3+ below the median, 12 

patients were non-progressors while three experienced disease progression. 

The relative risk of progression with high PD-L1+CD3+ T cells was 5.7 (95% CI 

1.5-20.1), and the OR was 26 (95% CI 3.7-184). The sensitivity of higher 

PD-L1+CD3+ T cells for predicting progression was 87% (95% CI 60-98), and the 

specificity was 80% (95% CI 52-96). Analysis of the contingency table using a 

Fisher’s exact test revealed a highly significant association, with a p value of 

<0.001 (Figure 5.15). 
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Figure 5.15 Sensitivity and specificity of PD-L1 on CD3+ T cells in predicting 
response 
The predictive value of PD-L1 expression on CD3+ cells for disease progression after EGFR-TKI was 
summarised in a 2 x 2 contingency table.  

5.2.7 PD-L1 expression on T cells predicts survival after EGFR-TKI 

5.2.7.1 Univariate analyses 

The predictive value of immunological and clinical variables for PFS and OS was 

examined. Variables were entered into a univariate Kaplan-Meier model and compared 

with a log-rank test. Immunological variables analysed were: effector CD8+ T cells, 

CD4+ Tregs, and the proportion of PD-L-1+ cells on CD3+, CD3+CD4+ and CD3+CD8+ T 

cells. Potentially prognostic clinical variables were also examined: Age ≥ 68 (median 

age), gender, ECOG performance status, EGFR mutation status and the number or 

prior systemic therapies (0-1 vs. ≥2). Variables were analysed both at the baseline visit, 

and after one week of EGFR-TKI therapy.   

Univariate analyses for PFS revealed age ≥ 68 and the absence of an EGFR mutation 

as the only clinical variables predictive for shorter PFS. No immunological variables 

were significantly predictive at the baseline visit, whereas after one week of EGFR-TKI, 

higher proportions of PD-L1+CD3+ or PD-L1+CD4+ T cells (above the median) were 

significantly predictive for shorter PFS (Figure 5.16A and Table 5.2). 

Clinical variables predictive for shorter OS on univariate analyses were age ≥ 68, and 

the absence of an EGFR mutation. Immunological variables predictive for shorter OS 

at the baseline visit were higher PD-L1+CD3+ or PD-L1+CD8+ T cells, whereas after one 
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week of EGFR-TKI they included higher PD-L1+CD3+, PD-L1+CD4+ and PD-L1+CD8+ 

T cells (Figure 5.16B and Table 5.3).  

Figure 5.16 Univariate analyses according to proportions of PD-L1+CD3+ T cells 
Kaplan Meier curves comparing progression-free (A) and overall survival (B) according to proportions of 
PD-L1+CD3+ T cells (above vs. below the median) 
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Table 5.2   Univariate analyses for progression-free survival 

  Baseline visit After 1 week of EGFR-TKI 
  

  N Events Progression-free 
survival, mo. (95% CI)  P-value N Events Progression-free 

survival, mo. (95% CI) P-value 

 Age, years         

  <68 16 14 9.0 (2.3-NR) 0.004 16 14 9.0 (2.3-NR) 0.004 

  ≥ 68 17 16 1.7 (1.5-8.8)  17 16 1.7 (1.5-8.8)  

 Gender         

  Female 17 16 3.9 (2.3-11) 0.08 17 16 3.9 (2.3-11) 0.08 

  Male 16 14 1.7 (1.4-NR)  16 14 1.7 (1.4-NR)  

 ECOG performance status       

  0 4 4 5.8 (1.4-NR) 0.9 4 4 5.8 (1.4-NR) 0.9 

  1-3 29 26 2.3 (1.7-9.0)  29 26 2.3 (1.7-9.0)  

 EGFR mutation present      

  Yes 12 10 9.0 (3.9-NR) 0.02 12 10 9.0 (3.9-NR) 0.02 

  No 21 20 1.8 (1.5-7.4)  21 20 1.8 (1.5-7.4)  

 Prior lines of therapy      

  0-1 22 19 7.4 (1.7-10.3) 0.2 22 19 7.4 (1.7-10.3) 0.2 

  2+ 11 11 1.8 (1.6-NR)  11 11 1.8 (1.6-NR)  

 Effector CD8+ T cells      

  < median 16 14 3.8 (1.7-NR) 0.6 15 14 1.8 (1.6-NR) 0.8 

  ≥ median 17 16 2.3 (1.5-10.9)  15 14 2.3 (1.6-NR)  

 CD4+ Tregs      

  < median 16 14 3.7 (1.7-NR) 0.5 15 15 1.8 (1.4-10.9) 0.8 

  ≥ median 17 16 1.8 (1.6-10.3)  15 13 2.3 (1.7-NR)  

 PD-L1+CD3+ T cells      

  < median 16 15 3.8 (1.8-11) 0.4 15 13 8.8 (3.9-NR) 0.001 

  ≥ median 16 14 1.7 (1.4-NR)  15 15 1.6 (1.4-2.3)  

 PD-L1+CD3+CD4+ T cells      

  < median 16 16 3.56 (1.6-10.0) 0.9 15 14 8.8 (3.6-11.0) 0.004 

  ≥ median 16 13 1.8 (1.5-NR)  15 14 1.6 (1.3-2.3)  

 PD-L1+CD3+CD8+ T cells      

  < median 16 15 3.7 (1.8-11) 0.4 15 14 7.4 (2.3-11.0) 0.09 

  ≥ median 16 14 1.7 (1.4-NR)  15 14 1.7 (1.4-NR)  

 Abbreviations: N= number; CI= confidence intervals; NR= not reached; ECOG= Eastern Cooperative Oncology Group 

Immunological and clinical variables potentially predictive for PFS were examined at the baseline (pre-
treatment) visit and after one week of EGFR-TKI. Variables were entered into a univariate Kaplan-Meier 
model and compared with a log-rank test. Statistically significant differences are indicated with bold type. 
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Table 5.3   Univariate analyses for overall survival 

  Baseline visit After 1 week of EGFR-TKI 
  

  N Events Overall survival, mo. 
(95% CI)  P-value N Events Overall survival, mo. 

(95% CI) P-value 

 Age, years         

  <68 16 11 19.3 (11.2-NR) 0.001 16 11 19.3 (11.2-NR) 0.001 

  ≥ 68 17 15 5.8 (3.3-14.7)  17 15 5.8 (3.3-14.7)  

 Gender         

  Female 17 12 15.6 (9.8-NR) 0.09 17 12 15.6 (9.8-NR) 0.09 

  Male 16 14 5.8 (3.8-NR)  16 14 5.8 (3.8-NR)  

 ECOG performance status       

  0 29 23 11.2 (5.8-19.3) 0.6 29 23 11.2 (5.8-19.3) 0.6 

  1-3 4 3 9.6 (3.3-NR)  4 3 9.6 (3.3-NR)  

 EGFR mutation present      

  Yes 12 7 23.2 (15.6-NR) 0.003 12 7 23.2 (15.6-NR) 0.003 

  No 21 19 5.8 (3.8-14.3)  21 19 5.8 (3.8-14.3)  

 Prior lines of therapy      

  0-1 22 15 14.7 (6.3-NR) 0.07 22 15 14.7 (6.3-NR) 0.07 

  2+ 11 11 7.7 (4.0-NR)  11 11 7.7 (4.0-NR)  

 Effector CD8+ T cells      

  < median 16 11 15.6 (11.2-NR) 0.1 15 13 15.6 (5.8-NR) 0.8 

  ≥ median 17 15 4.4 (3.8-19.3)  15 11 9.8 (4.0-NR)  

 CD4+ Tregs      

  < median 16 11 11.2 (5.8-NR) 0.4 15 12 9.8 (4.4-NR) 0.9 

  ≥ median 17 15 12.0 (4.0-19.3)  15 12 12.0 (4.0-NR)  

  PD-L1+CD3+ T cells      

  < median 16 11 14.3 (4.0-NR) 0.05 15 9 23.2 (14.3-NR) <0.001 

  ≥ median 16 14 7.7 (3.8-17.4)  15 15 3.8 (2.8-12)  

  PD-L1+CD3+CD4+ T cells       

  < median 16 12 15.0 (4.0-NR) 0.1 15 10 23.2 (14.3-NR) <0.001 

  ≥ median 16 13 7.7 (4.4-NR)  15 14 3.8 (2.8-16.5)  

  PD-L1+CD3+CD8+ T cells       

  < median 16 11 14.3 (4.0-NR) 0.05 15 10 23.2 (11.2-NR) 0.003 

  ≥ median 16 14 7.7 (3.8-17.4)  15 14 5.8 (3.1-16.5)  

 Abbreviations: N= number; CI= confidence intervals; NR= not reached; ECOG= Eastern Cooperative Oncology Group 

Immunological and clinical variables potentially predictive for OS were examined at the baseline (pre-
treatment) visit and after one week of EGFR-TKI. Variables were entered into a univariate Kaplan-Meier 
model and compared with a log-rank test. Statistically significant differences are indicated with bold type. 
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5.2.7.2 Relationship between PD-L1 on T cells and 12-month survival 

The relationship between proportions of PD-L1+CD3+ T cells one week after 

EGFR-TKI, and 12-month survival was summarised using a 2 x 2 contingency table. Of 

15 patients with a high proportion of PD-L1+CD3+ cells (above the median), 13 survived 

less than 12 months, compared to two patients who were alive beyond 12 months from 

study entry. In contrast, of 12 patients with a lower proportion of PD-L1+CD3+ T cells, 

10 patients survived longer than 12 months, whereas five patients did not. The relative 

risk of death within 12 months with higher PD-L1+CD3+ was 4.3 (95% CI 1.2-15.9) and 

the OR was 13 (95% CI 2.1-81.2). The sensitivity of high PD-L1+CD3+ for predicting 

shorter survival was 87% (95% CI 60-98), and the specificity was 67% (95% CI 38-88) 

(Fisher’s exact test p<0.01) (Figure 5.17). 

Figure 5.17 Sensitivity and specificity of  PD-L1 on T cells in predicting 12-month 
survival 
The predictive value of PD-L1 expression on CD3+ cells for survival after EGFR-TKI was summarised in a 
2 x 2 contingency table. 

5.2.7.3 Multivariate analyses 

Individual variables found to be significant on univariate analyses were entered into a 

multivariate Cox regression model to determine their independent effect (Table 5.4). 

Effector T cells, Tregs and PD-L1+ proportions were entered into the multivariate 

model, even where they were not statistically significant on univariate analyses, as 

these were the primary populations under investigation. Of the PD-L1+ subsets, only 

the proportions of PD-L1+ on CD3+ T cells were entered into the multivariate model, as 

PDL-1 + > median and survival < 12 months:

- Relative risk:   4.3 (95% CI 1.2-15.9)
- Odds Ratio:     13  (95% CI 2.1-81.2)

- Sensitivity: 87%
- Specificity: 67%

        Fisher's exact test: p <0.01
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PD-L1+CD3+ T cells were the most significant subset on univariate analyses, and to 

avoid analysing variables of related populations that are known to be inter-dependent.  

At baseline, no prognostic variables were predictive for PFS, whereas after 1 week of 

EGFR-TKI, a higher proportion of PD-L1+CD3+ T cells was independently predictive for 

shorter PFS (HR 3.69, 95% CI 1.35-10.1; p=0.01). Multivariate analyses for OS at the 

baseline visit revealed age ≥ 68 (HR 3.84, 95% CI 1.24-11.9; p=0.02), and high 

PD-L1+CD3+ T cells (HR 3.52, 95% CI 1.09-11.4p; p=0.04) as independent predictors 

for worse OS. After 1 week of an EGFR-TKI, the absence of an EGFR mutation (HR 

3.28, 95%CI 1.07-10.1; p=0.04), and high PD-L1+CD3+ T cells  (HR 6.49, 95% CI 1.93-

21.8; p=0.002) were predictive for shorter OS. 

Table 5.4   Multivariate analyses for progression-free and overall survival 

 Progression-free survival Overall survival 

  Baseline visit After 1 week of 
EGFR-TKI Baseline visit After 1 week of 

EGFR-TKI   

  HR for PFS 
(95% CI)  P-value HR for PFS 

(95% CI) P-value HR for OS 
(95% CI)  P-value HR for OS 

(95% CI)  P-value 

 Age, years  

  <68 1 (referent) 0.1 1 (referent) 0.1 1 (referent) 0.02 1 (referent) 0.8 

  ≥ 68 2.39 (0.81-7.04)  1.01 (0.27-3.73)  3.84 (1.24-11.9)  1.22 (0.34-4.38)  

 EGFR mutation present     

  Yes 1 (referent) 0.4 1 (referent) 0.08 1 (referent) 0.17 1 (referent) 0.038 

  No 1.66 (0.51-5.39)  3.34 (0.86-12.9)  2.26 (0.72-7.13)  3.28 (1.07-10.1)  

 Effector CD8+ T cells  

  < median 1 (referent) 0.8 1 (referent) 0.8 1 (referent) 0.26 1 (referent) 0.5 

  ≥ median 0.89 (0.35-2.25)  0.90 (0.32-2.51)  1.74 (066-4.58)  1.49 (0.52-4.27)  

 CD4+ Tregs   

  < median 1 (referent) 0.7 1 (referent) 0.8 1 (referent) 0.07 1 (referent) 0.6 

  ≥ median 0.79 (0.27-2.33)  1.14 (0.47-2.77)  0.31 (0.09-1.08)  0.80 (0.32-1.98)  

  PD-L1+CD3+ T cells    

  < median 1 (referent) 0.7 1 (referent) 0.011 1 (referent) 0.036 1 (referent) 0.002 

  ≥ median 1.22 (0.43-3.42)  3.69 (1.35-10.1)  3.52 (1.09-11.4)  6.49 (1.93-21.8)  

 Abbreviations: HR= Hazard Ratio; PFS= progression-free survival; CI= confidence intervals 

 
Individual variables found to be significant on univariate analyses (Age, EGFR mutation status and PD-L1 
on T cells), as well immunological subsets that are potentially relevant (effector T cells, and Tregs) were 
examined. Variables were entered into a multivariate Cox regression model to determine their independent 
effect on PFS and OS. The model was analysed at the baseline (pre-treatment) visit, and after one week 
of EGFR-TKI. Statistically significant differences are indicated with bold type. 
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5.3 Discussion 

The effects of EGFR-TKIs on the immune system have not been elucidated. As 

discussed in Section 1.6.3.4, previous studies have predominantly examined their 

immune effects within the tumour microenvironment, and most have been conducted in 

vitro, in animal models, or in human skin lesions. Erlotinib has been shown to have 

immune stimulatory effects via a number of mechanisms, including up-regulation of 

CCL27460, modulation of MHC expression461, down-regulation of the PD-1/PD-L1 

pathway463, and inhibition of Treg suppressive capacity462. In contrast, the same TKI 

was demonstrated to be immunosuppressive in vitro and in vivo, an effect that was 

mediated by down-regulation of c-Raf/ERK and Akt signalling465. This chapter 

examined the effects of EGFR-TKIs on immune cells in the peripheral blood of 33 

patients with advanced NSCLC, including CD8+ and CD4+ T cell subsets, DC subsets, 

and expression of PD-1 and PD-L1 on T cells, and assessed the correlation of immune 

parameters with clinical outcomes. 

5.3.1 Immune cell subsets in patients vs. healthy volunteers and 
according to EGFR mutation status 

Compared to healthy volunteers, patients had significantly higher proportions of 

proliferating CD4+ and CD8+ T cells, and non-significantly higher proportions of effector 

CD8+ T cells (Figure 5.5 and Figure 5.7). Patients also had significantly higher 

proportions of PD-L1, but not PD-1, on CD3+, CD4+, and C8+ T cells (Figure 5.11). 

There were no significant differences in other subsets of CD4+ or CD8+ T cells, or in 

DC subsets.  

These findings suggest that in this cohort of patients with advanced NSCLC, there was 

indirect evidence of an underlying immune response, reflected in the peripheral 

lymphocyte compartment by higher proportions of proliferating CD4+ and CD8+ T cells, 

effector T cells, and PD-L1 expression on T cells. It has long been recognised that 

tumour antigens can elicit a T cell response, and in malignant melanoma, disease 

progression was shown to occur despite the presence of high levels of circulating, 

vaccine-induced antigen-specific CD8+ T cells558-560. In thoracic malignancies, a recent 

study of 43 patients with NSCLC and malignant mesothelioma examined the 

association of peripheral blood CD8+ T cells and Tregs with clinical outcomes. Patients 

were found to have higher proportions of Tregs, proliferating CD8+ T cells, and effector 

T cells, than age-matched healthy controls, and higher proportions of proliferating CD8+ 
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cells were independent predictors of worse survival392. Similarly, in patients with 

melanoma and head and neck cancer, activated T cells in peripheral blood were 

associated with worse outcomes561,562. Moreover, in a study of patients with early stage 

NSCLC, PD-1 expression was significantly higher on peripheral CD8+ T cells than in 

healthy controls, and PD-1+CD8+ T cells demonstrated impaired function552. The 

findings in this study were therefore consistent with existing evidence suggesting that 

patients with advanced NSCLC have an underlying immune response, although the 

specificity against tumour-associated antigens, the functional status of peripheral 

lymphocytes, and immune interactions within the tumour microenvironment were not 

examined.  

The proportions of lymphocyte subsets were also compared between patient 

subgroups according to EGFR mutation status. Compared to patients with an EGFR 

mutation (n=12), patients with no known EGFR mutation (n=21) had significantly higher 

proportions of Ki67+ CD4+ T cells, and non-significantly higher proportions of Ki67+, 

ICOS+, and effector CD8+ T cells (Figure 5.5 and Figure 5.7). Similarly, the proportions 

of PD-L1, but not PD-1, were significantly higher on CD3+, CD4+, and CD8+ T cells in 

patients without, compared to those with, an EGFR mutation (Figure 5.11). 

Previous studies by the TCGA Research Network and others, have demonstrated that 

NSCLC due to tobacco smoking is associated with a significantly higher number of 

mutations compared to lung cancer in non-smokers (median 10.5 vs. 0.6 mutations per 

Mb in one study), and that EGFR mutations are significantly enriched in 

non-smokers193,563-565. Furthermore, there is evidence that a higher burden of somatic 

mutations is associated with increased immunogenicity in NSCLC and other tumours. 

In a study by Brown et al., RNA-seq data from the TCGA for 515 patients with six 

tumour types was used to identify mutations that would yield epitopes presented by 

each patient’s HLA-A alleles, and therefore were predicted to be immunogenic. 

Tumours with higher immunogenic mutation counts were associated with increased 

CD8A gene expression, increased T cell exhaustion markers, and improved patient 

survival566. In another study using TCGA data sets, the number of predicted MHC 

Class I-associated neo-antigens was associated with increased immune effector 

activity, based on transcript levels of granzyme A and perforin. The overall mutation 

rate was closely correlated with the per-sample rate of neoepitope-yielding mutations, 

and at least one neoepitope was found in 50% of non-silent mutations. Moreover, and 

consistent with their higher mutational burden, smoking-related lung adenocarcinoma 

had significantly higher immune effector activity than those from never-smokers302. 
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Together, these data are consistent with the trend in this study for a pre-existing, 

greater peripheral immune response in patients without an EGFR mutation, which are 

likely have a higher overall and immunogenic mutation burden, than EGFR 

mutation-positive tumours. This was evidenced by the observation of higher 

proportions of proliferating, activated and PD-L1+ T cells in patients with EGFR wild 

type or unknown NSCLC. Nevertheless, any underlying immune response in patients 

without an EGFR mutation may have been abrogated by the up-regulation of PD-L1 on 

T cells. 

5.3.2 Changes in immune cell subsets following EGFR-TKI treatment 

In this study of 33 patients commencing an EGFR-TKI, there were no significant 

changes after treatment in the total peripheral absolute lymphocyte count, or in the 

lymphocyte subsets of B cells, CD3+, CD4+ or CD8+ T cells (Figure 5.2). Similarly, 

analysis of T cell subpopulations did not reveal significant changes in the proportions of 

CD4+ or CD8+ cells expressing markers of proliferation (Ki67+) or activation (ICOS+), or 

in proportions of CD4+ Tregs. There was a non-significant increase in the proportion of 

effector T cells (CD38+HLA-DR+CD8+) between baseline and end of study (Figure 5.6 

and Figure 5.7), and no significant changes in any of the three DC subsets examined 

(Figure 5.9). There were no significant changes in PD-1 or PD-L1 expression on T cell 

subsets across the four study time-points using one-way ANOVA, but there was an 

increase in PD-L1 observed between baseline and one week study visits, which 

reached statistical significance for PD-L1 expression on CD8+ T cells (Figure 5.12). 

This was the first longitudinal study to examine the immune effects of EGFR-TKIs in 

peripheral blood. No significant changes were revealed in the proportions of 

proliferating CD8+ T cells, which was the primary outcome for this study. Similarly, no 

significant changes were found in other immune parameters in peripheral blood 

following EGFR-TKI treatment. Although previous studies have demonstrated 

EGFR-TKIs to have immune-modulatory effects, findings have been inconsistent, with 

some studies suggesting an immune-stimulatory effect via the suppression of Treg 

capacity, while others have demonstrated a direct immunosuppressive effect on T 

cells462,465. Moreover, most studies had examined immune effects in vitro, in mice, or in 

human skin lesions460,461, but not in peripheral blood.  

The negative findings of this study may be a result of the small sample size, the 

heterogeneity in patient characteristics including EGFR mutation status, differences in 

drugs used and previous lines of therapy received. Importantly, comprehensive 
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analysis of key immune parameters in the peripheral blood compartment alone, may 

not have been sensitive enough to reveal surrogates for any immune-modulatory 

effects or anti-tumour immune responses which may be occurring within the tumour 

microenvironment or draining lymph nodes. However, one positive finding was the 

observation of an early increase in PD-L+ expression on T cells, one week after 

commencing an EGFR-TKI, before decreasing again towards baseline levels. This 

observation was limited to patients who did not progress after EGFR-TKI, and this is 

explored further in the next section.    

5.3.3 PD-L1 on peripheral T cells predicts survival following EGFR-TKI 
treatment 

A higher expression of PD-L1 on T cell subsets was found to be significantly 

associated with progressive disease following treatment with an EGFR-TKI. Analysis 

using 2-way ANOVA revealed that a higher proportion of PD-L1 on CD3+, CD4+, and 

CD8+ T cells was significantly associated with disease progression, whereas there 

were no significant longitudinal changes in PD-L1 proportions in either subgroup. 

Multiple comparisons following ANOVA were performed for each time-point (with 

multiplicity-adjusted p values), demonstrating a significantly higher proportion of PD-L1 

on T cells in patients with progression, compared to non-progressors, after one week 

of treatment (Figure 5.13). Moreover, patients with progression had a significant 

increase in proportions of PD-L1 on T cells after the first week of treatment compared 

to baseline, whereas non-progressors had little or no change (Figure 5.14). A 

multivariate logistic regression model, including immunological variables and EGFR 

mutation status, revealed a high PD-L1 on CD3+ T cells (above the median value) after 

1 week of treatment, but not at baseline, to be the only significant predictor of response 

to EGFR-TKI (OR 30.3) (Table 5.1). A higher PD-L1 expression on CD3+ T cells was 

associated with a relative risk of 5.7 and had a sensitivity of 87%, and specificity of 

80% for disease progression, compared to a low PD-L1 (Figure 5.15). 

The association between immune parameters and clinical outcomes, including 

response to EGFR-TKI, PFS and OS, were examined as secondary outcomes in this 

study. Univariate and multivariate survival analyses were performed at baseline and 

after one week of EGFR-TKI for PFS and OS. The one-week time-point was selected 

for inclusion in survival analyses due to the significant difference in PD-L1 expression 

on T cells observed at this time-point between patients with progressive disease and 

those without progression. The median value was used to define high/low groups for 
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each immunological variable. A higher expression of PD-L1 on T cells after one week 

of EGFR-TKI was an independent predictor of worse clinical outcomes (OS 23.3 vs. 

3.8 months for low vs. high PD-L1+CD3+, Figure 5.16) and these findings were 

consistent across multivariate analyses for treatment response, PFS and OS (Table 

5.1 and Table 5.4). These findings suggest that ‘immune escape’ mediated by the PD-

pathway may be contributing to EGFR-TKI treatment failure, independent of other 

immune and clinical variables, including EGFR mutation status. 

As discussed in Section 5.1, previous studies have examined the expression of PD-L1 

on NSCLC tumour tissue, with conflicting results reported for its prognostic value141,553. 

Some of this might be a result of technical aspects of testing for PD-L1 between 

studies in relation to antibodies used, cut-offs for positivity, assessment on tumour cells 

vs. immune cells, and drug-assay combinations. However, there are also likely to be 

significant differences between an immune response that is assessed in peripheral 

blood, compared to what may be occurring in the tumour microenvironment or draining 

lymph nodes, or indeed within areas of the tumour itself. Naito et al. were first to 

demonstrate a significant correlation between prognosis of patients with colorectal 

cancer, and CD8+ T cells within cancer cell nests, compared to CD8+ T cells at the 

invasive margin or tumour stroma403. Moreover, although PD-L1 can be constitutively 

expressed on the surface of tumour cells, it has been recently shown that PD-L1 can 

be up-regulated in response to the presence of CD8+ T cells producing immune-

stimulating cytokines such as interferon-𝛾, a process referred to as ‘adaptive immune 

resistance’117,298,567,568. These observations may explain the conflicting findings for the 

prognostic role of PD-L1 in previous studies, given that the location of various tumour 

and immune cells within tumours and any co-existing immune response have not been 

adequately explored.  

Recent studies have also demonstrated a differential expression of PD-L1 on tumour 

tissue according to EGFR mutation status, where higher PD-L1 expression was seen in 

EGFR-mutation positive tumours than those without a mutation. In EGFR-mutant cell 

lines, PD-L1 expression was reduced by EGFR-TKIs, and in patients with EGFR 

mutation-positive NSCLC treated with an EGFR-TKI, time-to-progression was 

significantly longer in PD-L1-positive tumours than those with PD-L1-negative 

disease464,556. In contrast, this study suggested that EGFR mutation-positive patients 

had lower PD-L1 expression on circulating T cells, than those without a mutation, and 

that higher PD-L1 expression was predictive of worse outcomes, independent of EGFR 

mutation status. These conflicting findings may be due to the technical limitations of 
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evaluating PD-L1 on tumour tissue discussed above, but without paired peripheral 

blood and tumour tissue, it would not possible to interpret the association between 

PD-L1 expression on circulating T cells, assessed using flow cytometry, and PD-L1 

expression by IHC on tumour cells. One hypothesis would be that PD-L1 ‘positive’ 

tumour cells according to IHC (defined as >5% of cells in one previous study) may be a 

result of PD-L1 up-regulation in response to tumour-infiltrating cytotoxic T cells, and 

therefore reflects an anti-tumour immune response and improved prognosis in some 

patients. In contrast, higher levels of PD-L1 expression on tumour cells may have 

yielded different results, as the balance shifts between an effective immune response 

and immune tolerance. However, the relationship between the level of tumour PD-L1 

expression, and PD-L1 expression on peripheral T cells, is not known. 

Another finding in this study was the significant increase in proportions of T cells 

expressing PD-L1 after one week of EGFR-TKI, which was observed only in patients 

with progressive disease (Figure 5.14), whereas non-progressors had no significant 

change, or a slight decrease in PD-L1 expression. This observation could be a result of 

a number of mechanisms, including a direct drug effect on T cells, or an indirect effect 

following local anti-tumour activity and a resulting immune response. A direct effect of 

EGFR-TKIs on PD-L1 expression was previously demonstrated on tumour cells in vitro, 

where EGFR-TKIs were shown to down-regulate PD-L1 on EGFR-TKI-sensitive, but 

not resistant NSCLC cell lines556. Alternatively, a direct anti-tumour effect of EGFR-TKI 

on tumour tissue may result in antigen release and an immune response, and 

consistent with the theory of ‘adaptive immune resistance’, this results in PD-L1 

up-regulation and other mechanisms of immune evasion. For patients with progression, 

these early adaptive changes after EGFR-TKI result in a ‘spike’ in peripheral PD-L1 

expression, an effect not observed in responding patients. To explore whether 

EGFR-TKIs directly altered PD-L1 on T cells would involve an experiment where 

PBMCs from responding and non-responding patients are co-cultured with EGFR-TKIs 

ex-vivo. However, due to the limited number of cells collected, this was not performed 

in this study. Moreover, interpretation of ex-vivo changes would still be limited by the 

absence of tumour-host interactions, where tumour antigen release and the immune 

response within the tumour microenvironment could not be evaluated. Although the 

mechanism could not been elucidated in this study, the overall results suggest that one 

week of treatment with an EGFR-TKI had the effect of ‘unmasking’, or potentially 

promoting, the underlying anti-tumour immune response, represented by an increase in 

PD-L1 on peripheral T cells, and that this was highly predictive of clinical outcomes.   
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Ultimately, the overall anti-tumour immune response will depend on the balance of 

immune-stimulatory and inhibitory signals, and the complex, dynamic interplay 

between tumours and the host immune system, including the tumour 

microenvironment, draining lymph nodes, and circulating immune cells. The exclusion 

of cytotoxic T cells from the vicinity of tumour cells can occur via multiple mechanisms, 

which may include PD-L1 expression on tumour cells, or other immune suppressive 

cells such as Tregs, myeloid-derived suppressor cells, macrophages, fibroblasts as 

well as interactions with the tumour vasculature and extracellular matrix, (as discussed 

in Section 1.3.4)569. In this study, PD-L1 expression in peripheral T cells was a 

significant predictor of worse clinical outcomes, and this may be a surrogate for an 

immune-suppressive tumour microenvironment.  

Although this was a pilot study with a small number of patients, it provides important 

preliminary data that has significant translational relevance. It is well recognised that 

EGFR-TKIs are much more effective in patients with EGFR mutation-positive NSCLC 

than those with wild-type EGFR, with reported response rates in one study of 71% vs. 

1%, respectively205. Drugs targeting the PD-1 pathway are entering routine clinical 

practice in melanoma, and have now been approved in NSCLC. An anti-PD-1 antibody 

demonstrated a response rate of 15% in squamous NSCLC28, and there is an urgent 

need for biomarkers to better select patients for treatment and guide future drug 

development. In this chapter, findings suggest that PD-L1 expression on peripheral T 

cells is higher in patients without an EGFR mutation, and that high PD-L1 on T cells is 

predictive of EGFR-TKI response, independent of mutation status. Therefore, it can be 

hypothesised that patients with high PD-L1 may derive the greatest benefit from 

incorporating a PD-1/PD-L1 inhibitor, possibly in combination with an EGFR-TKI. The 

greatest relative benefit would therefore be expected in patients without an EGFR 

mutation, who represent more than 80% of patients with advanced NSCLC570, and 

have more limited options of effective therapies.  

There are a number of important limitations to this study. Firstly, the small sample size, 

which was powered to detect a significant difference in proliferating CD8+ T cells, was 

not powered to examine a wide range of immune parameters from four 8-colour flow 

cytometry panels. Cut-off points for immunological variables were not pre-specified, 

and were data-driven, being determined by the median observed values of each 

immunological variable. As a result, results from the secondary endpoints are 

exploratory in nature and hypothesis-generating, and will require validation in future 

studies. Nevertheless, the association of PD-L1 expression and clinical outcomes was 

consistent across a number of analyses, and the significant association with RECIST 
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response, PFS and OS on both univariate and multivariate analyses is highly indicative 

of a positive signal and warrants further investigation. Moreover, the findings were 

compatible with existing knowledge associating mutational burden with the magnitude 

of immune response, and the hypothesis of adaptive immune resistance provides an 

explanation for the observed increase in PD-L1 after initiating EGFR-TKI.  

The lack of tumour tissue for evaluation was another limitation, which would have 

enabled the correlation of peripheral immune parameters with changes within the 

tumour microenvironment. However, only archival tissue samples would have been 

available for most patients, which often contain limited tumour material, as many 

patients with advanced lung cancer were diagnosed via fine-needle aspirate of tumour 

tissue. Moreover, tissue samples would have pre-dated study entry by months to 

years, as most patients who entered this study were receiving 2nd line treatment or 

later, and therefore tumour features may not be representative of pre-treatment 

immune responses. Similarly, the limited amount of blood collected was required to 

conduct the flow cytometric analyses, and there was insufficient material to perform 

additional ex-vivo experiments to further explore the mechanisms involved in the 

observed immunological changes.  

Despite these limitations, this was the first study to examine the immune effects of 

EGFR-TKIs in patients with NSCLC. The results was reported in accordance with the 

REMARK guidelines, including limitations related to materials and methods, study 

design, statistical analyses, results analysis and presentation, and discussion546. An 

important association was revealed between PD-L1 expression and clinical outcomes, 

and this has important translational relevance in the rapidly evolving era of cancer 

immunotherapy, and warrants further investigation. 

There is much excitement surrounding the recent breakthroughs in cancer 

immunotherapies in a wide range of malignancies. There remain significant gaps in 

knowledge, not only for identifying settings where immunotherapy may be effective, but 

importantly for potential strategies to combine immunotherapy with targeted therapies 

such as EGFR-TKIs, with radiotherapy, or with other immunotherapies. Given the 

significant costs and potential for toxicities associated with novel treatments, there is 

an urgent need to develop biomarkers that may identify patients who are likely to 

benefit from treatment. Ideally, a biomarker should be sensitive and specific, 

inexpensive, and obtained through the least invasive method, such as peripheral blood 

sampling, rather than repeat tumour biopsies, which carry significantly higher risk and 

inconvenience to patients.  
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Chapter 6:   General Discussion 

6.1 Introduction 

It is now recognised that the immune system plays a critical role in cancer surveillance 

and elimination. Tumour immunology has emerged from being a subspecialised, 

marginal topic ‘of interest’ in cancer research, to taking centre stage in many recent 

breakthroughs in cancer treatment. Rapid developments in immunotherapy are 

dominating plenary sessions in meetings of cancer researchers and clinicians, as well 

as the mainstream media, and generating much excitement as a real hope for 

conquering cancer. It is not unreasonable to believe that immunotherapeutic strategies 

will play an important role in the treatment of most cancers in the foreseeable future, 

and that a ‘cure’ will be achieved in many settings where the prospect of long-term 

survival has been elusive. 

While there is much excitement in the field, there are major challenges ahead. 

Advances in cancer treatment will require the development of rational approaches to 

sequencing and combining available therapies to improve outcomes. Importantly, 

identifying biomarkers to predict patients who are most likely to respond, and thus 

enhancing the precision of personalised cancer care, is an area of urgent need. This 

will not only be important to identify strategies that maximise efficacy while minimising 

toxicity, but also to reduce the significant, unsustainable costs of treatments that may 

be ineffective in many ‘unselected’ patients.  

This thesis examined the effect of EGFR-TKIs on the immune system in a cohort of 

patients with advanced NSCLC. Understanding these effects for each available 

treatment will be necessary to enable the rational development of combination 

strategies, and the identification of relevant biomarkers. The thesis also examined the 

performance of NLR, proposed as a simple prognostic biomarker in many cancers, in a 

cohort of patients with MPM, and compared this to current models and known 

prognostic factors. 
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6.2 Current models, but not NLR, are prognostic in malignant 
mesothelioma 

The link between the development of cancer and systemic inflammation is well 

established, as is the association between inflammatory markers and cancer prognosis 

in solid tumours (as discussed in Section 3.1). NLR has been proposed as an 

independent prognostic variable in MPM in patients treated with systemic 

chemotherapy, radical surgery (EPP), and in un-treated patients (Table 3.5). However, 

previous studies have focussed on specific cohorts and have not demonstrated the 

applicability of this putative biomarker to a general cohort at diagnosis, nor in the 

context of existing biomarkers and prognostic factors which have been more widely 

used in prognostication and for clinical trial stratification. This study examined the role 

of NLR, and other established prognostic factors, in a retrospective cohort of 274 

patients with newly diagnosed MPM.  

Multivariate analyses of clinical and laboratory variables at the time of diagnosis 

revealed age ≥ 65 years, non-epithelioid or sarcomatous histology, poor performance 

status, weight loss, chest pain and an elevated baseline platelet count as independent 

predictors of shorter OS. The baseline NLR was not prognostic on univariate or 

multivariate analysis for the total cohort or according to treatment group. Moreover, 

both the EORTC and CALGB score were individually predictive for OS. These findings 

were therefore contradictory to previous studies reporting NLR as significantly 

prognostic in MPM, but validated established individual variables reported in the 

literature, as well as the EORTC and CALGB scoring systems. 

One of the strengths of this study was the collection of the clinical variables of weight 

loss and chest pain, which were not available in prior NLR studies. This is important 

because one of the determinants of commencing palliative chemotherapy in MPM is 

the presence of symptoms of the disease, which are also components of the CALGB 

score. Other strengths included an adequately powered sample size, the use of 

multiple imputation to account for missing values, and the homogeneity in 

chemotherapy regimens used, as 98% of patients received a platinum doublet with 

pemetrexed or gemcitabine. Importantly, as this was a validation study, cut-offs for 

NLR and other variables were pre-determined according to the existing literature, and 

therefore were not data-driven. 
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Given that the prognostic value of NLR was not reproduced, a limited number of post-

hoc analyses were performed to identify the reasons for this finding. These revealed 

that for chemotherapy-treated patients, where a second NLR was available 

pre-chemotherapy, there was a significant increase in NLR compared to the value at 

baseline (an increase of median NLR from 3.4 to 4.4). When the higher pre-

chemotherapy value was used for survival analyses, a high NLR (>5) pre-treatment 

approached significance on univariate analysis (p=0.051), but not multivariate analysis 

(p=0.08). This finding suggests that the NLR was reflective of a greater disease burden 

as it increased with the natural course of disease progression. However, the pre-

chemotherapy NLR was still not significant on multivariate analyses, and it would no 

longer be useful in making treatment decisions, as these patients are already 

commencing treatment, presumably due to symptomatic or radiological progression 

(this information was not collected at time of initiating chemotherapy).  

Limitations of the study included its retrospective design and the absence of data for 

albumin and CRP, both being markers of inflammation included in previous studies. A 

selection bias was also inherent, as patients without an available FBC were excluded.  

A large number of biomarkers have been proposed in oncology, with only a small 

number of clinically useful markers being validated, despite hundreds of promising 

initial studies that were followed by studies failing to reproduce their results or revealing 

contradictory findings. This has been attributed to deficiencies in study design, 

analysis, and inadequate reporting of findings. This prompted the development of the 

REMARK guidelines, which aimed to encourage transparency in reporting of studies to 

contain sufficient information for readers to judge the usefulness and applicability of 

results and conclusions546. One example given by the authors is the reporting of 

prognostic marker significance without disclosing extensive manipulation of data for 

cut-off optimisation and variable selection. Item 17 of the REMARK guidelines 

recommends that results should include “an analysis in which the marker and standard 

prognostic variables are included, regardless of their statistical significance”. This is in 

contrast to the common practice of including in multivariate analyses only significant 

variables on univariate analysis. Reporting of this study adheres to the REMARK 

guidelines where applicable, and clearly identifies pre-specified methods and analyses. 

Moreover, the multivariate model was fit to variables significant in univariate analysis 

as well as clinically meaningful, standard prognostic variables. 

In conclusion, this was the first study to assess the prognostic value of NLR in MPM 

alongside established clinical variables that include both the EORTC and CALGB 
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scoring systems. The findings validated established prognostic factors but did not find 

NLR to be prognostic in this cohort of MPM patients. The prospect of a simple blood 

test providing prognostic information was promising, but did not withstand the rigour of 

independent validation. While there is a known relationship between inflammatory 

markers and disease stage, it is unlikely that a ratio of neutrophils to total lymphocyte 

can provide an informative ‘snapshot’ of the anti-tumour immune response, which 

involves a variety of immune cells, where lymphocytes alone have many phenotypes 

and differing functionalities. Therefore, the clinical management and decision making in 

MPM will continue to rely on patient preferences and consideration of multiple 

prognostic variables that independently, but also jointly, predict survival. 

There have been positive findings for NLR as a prognostic marker in a number of other 

cancers and the field is evolving. However, there is a risk of publication bias in 

retrospective analysis of readily available clinical biomarkers, and there is no 

requirement to prospectively register such studies. Negative studies are less likely to 

be published, as reported in the recent meta-analysis of NLR in solid tumours. The 

controversy may only be resolved by the prospective inclusion of NLR in large clinical 

trials or prospective cohorts such as the IASLC mesothelioma staging database.  

6.3 Effects of EGFR-TKIs on the immune system in NSCLC 

Targeted therapies are now used routinely in the treatment of solid tumours as well as 

haematological cancers, but they are most effective in subsets of patients with tumours 

harbouring a known oncogenic driver such as BRAF mutations in melanoma, and 

EGFR mutations or ALK rearrangements in NSCLC22,194,571,572. Recently, the anti-PD-1 

immune checkpoint inhibitor nivolumab became the first immunotherapy to gain 

regulatory approval for the treatment of lung cancer. Ongoing and future studies will 

explore strategies to combine different treatment modalities, including 

TKI-immunotherapy combinations, to improve patient outcomes. 

The effects of EGFR-TKIs on the immune system are not well understood. To my 

knowledge, this was the first study to examine immune parameters in the peripheral 

blood of patients before and after commencing an EGFR-TKI for advanced NSCLC. 
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6.3.1 Immune parameters in patients vs. healthy volunteers and 
according to EGFR mutations status 

Patients had significantly higher proportions of proliferating CD4+ and CD8+ T cells, as 

well as PD-L1+ T cells, than healthy volunteers. Similarly, when patients were 

compared according to EGFR mutation status, patients with EGFR mutation-positive 

NSCLC had higher proportions of proliferating CD4+ T cells, and higher proportions of 

PD-L1+ T cells, than those who were EGFR wild-type or unknown. These observations 

suggest the presence of an underlying immune response in this cohort of patients with 

NSCLC, which was consistent with the existing literature392,558-560. As discussed in 

Section 5.3.1, the finding that EGFR-negative NSCLC was also associated with a 

greater peripheral immune response than EGFR-mutant patients was consistent with 

their higher overall mutational burden, relative to EGFR-mutation-driven tumours193,563-

566.  

6.3.2 Changes in immune cell subsets following EGFR-TKI 

There were no significant changes in the proportions of proliferating CD8+ T cells, 

which was the primary study endpoint. Similarly, no significant changes were observed 

in other immune parameters assessed across the four study time-points. A notable 

exception was the proportion of PD-L1+ T cells, which increased between the 

pre-treatment and the 1-week time-point, before declining again towards baseline 

levels. Although this change was observed for the total cohort, subgroup analyses 

revealed that the effect was attributed to differences between patients with progressive 

disease, compared to those without progression, where PD-L1+ T cells remained the 

same or decreased slightly during the first week of treatment. It is not known whether 

this increase in PD-L1+ T cells was a direct effect of the EGFR-TKI on the immune 

system or secondary to its effect on the tumour. However, it is hypothesised that 

patients subsequently experiencing progression also had more immune suppression 

pre-treatment (evidenced by greater PD-L1+ T cells), and therefore experienced a more 

pronounced increase in PD-L1+ after starting treatment, presumably in response to an 

effect of EGFR-TKIs on the tumour microenvironment.  
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6.3.3 Prognostic role of PD-L1 on peripheral T cells 

The key finding in this study was the strong association between proportions of PD-L1+ 

T cells, and clinical outcomes. A higher proportion of PD-L1+ T cells (above the median 

value), one week after commencing an EGRF-TKI, was a significant predictor of 

radiological response (progression vs. non-progression), PFS and OS, which was 

independent of other clinical and immune variables, including EGFR mutation status.  

As discussed in Sections 5.1 and 5.3.3, previous studies have revealed inconsistent 

results for tumour PD-L1 expression in NSCLC, whereas the expression of PD-L1 on 

peripheral T cells has not been examined135,464,556. In addition to technical variations in 

assays, antibodies and cut-offs used, PD-L1 expression is dynamic on both tumour 

cells and immune cells. On immune cells, PD-1 and PD-L1 are both up-regulated upon 

activation, whereas on tumour cells, ‘adaptive immune resistance’ can result in PD-L1 

up-regulation in response to production of IFN- 𝛾 by tumour-infiltrating CD8+ T 

cells117,298,567,568.  

Key limitations of this study included the small sample size, and data-driven cut-off 

determination, and therefore conclusions are hypothesis-generating and exploratory in 

nature. The lack of paired tumour tissue meant that a comparison between the 

peripheral and tumour immune compartment could not be performed. Furthermore, 

ex-vivo experiments for functional assays and testing of EGFR-TKI effects on PBMCs 

were not performed due to limited samples collected from patients. Nevertheless, the 

positive associations revealed for PD-L1+ T cells and clinical outcomes were significant 

and consistent across multiple analyses. Together, the findings were also consistent 

with published studies associating mutational burden and immune response, as well as 

the immunosuppressive role of PD-L1. Importantly, the prospect of a potential 

peripheral immunological biomarker that can be easily obtained pre-treatment and 

followed longitudinally without invasive biopsies, is an interesting finding that warrants 

further investigation in patients treated with TKIs as well as in other treatment settings, 

including in chemotherapy and immunotherapy-treated patients.  
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6.4 Combining targeted therapies with immunotherapy 

As discussed in Chapters 1 and 5, there are potential synergies between targeted 

therapies and chemotherapy. Targeted drugs can initiate tumour cell death and antigen 

release, but before durable tumour elimination or control can be achieved, multiple 

obstacles must be overcome, including immune escape.  

Although the immune system has been shown to contribute to anti-cancer therapies, 

an immune-stimulatory effect is not universal, and the underlying immunological 

mechanisms are not fully understood95,329. For example, in a mouse model of HER2+ 

spontaneous breast cancer, response to chemotherapy was observed independently of 

the adaptive immune system, and a subsequent study demonstrated that 

overexpression of HER2 resulted in a reduction in total MHC class I surface 

expression, and impaired T cell recognition of HLA-A2 restricted tumour antigens573,574. 

In another mouse model of oncogene-addicted GIST, the immunosuppressive enzyme 

IDO contributed to immune escape, an effect that was reversed by the TKI imatinib94. 

These findings demonstrate that oncogene-addicted tumours can employ immune 

suppressive mechanisms, which may be reversible with targeted therapies. 

Nevertheless, given that most oncogene-driven cancers eventually develop resistance, 

the early addition of immunotherapy may contribute to the development of an effective 

and durable anti-tumour immune response, before escape mechanisms such as 

genetic evolution and adaptive immune resistance ultimately lead to treatment failure. 

Although attempts at combining targeted therapies and immunotherapy have not yet 

yielded a successful partnership (Section 1.7), there are ongoing clinical trials 

evaluating some of the more promising candidates in solid tumours. Examples of 

current trials in NSCLC are shown in Table 6.1. Although some studies are employing 

biomarkers for selecting a population more likely to respond, it is hoped that most will 

have adequate translational research components to evaluate potential biomarkers for 

both initial patient selection to a particular treatment, as well as for treatment 

monitoring and identification of resistance mechanisms, to better inform future trial 

design.  
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There are many questions that need to be addressed for the rational development of 

effective targeted therapy-immunotherapy combinations, including: 

• Which tumours will benefit from combining immune-modulatory strategies with 

targeted therapies, and what are the mechanisms of potential synergies? 

• What is the role of various immune cell subsets in the mechanism of action of 

candidate combination agents? 

• What is the role of other immune and non-immune elements of the tumour 

microenvironment in mediating immune response or resistance e.g. tumour 

vasculature, tumour-associated macrophages, cancer-associated fibroblasts, mast 

cells, innate immune cells and eosinophils? 

• What are the tumour and/or patient-specific determinants of response to a candidate 

combination regimen, i.e. how can treatment be personalised? 

• How can treatment be monitored for the early detection of response or resistance? 

• What are the mechanisms of resistance and how can resistance be predicted or 

prevented? 

• What is the optimal dosage and scheduling regimens that are required to maximise 

efficacy, while minimising toxicity? 

 

 

 



  Table 6.1   Examples of trials evaluating targeted therapy-immunotherapy combinations in NSCLC 

Drug name and target Phase Population Biomarker selection Clinicaltrials.gov ID 

Nivolumab (anti-PD-1 mAb) alone or in combination with: 
  - Cisplatin + gemcitabine  
  - Cisplatin + pemetrexed  
  - Carboplatin + paclitaxel + bevacizumab (anti-VEGF-A) 
  - Erlotinib (EGFR-TKI) 
  - Ipilimumab (anti-CTLA4 mAb) 

I 
(18 arms) 

Advanced NSCLC 
 - Squamous vs. non-squamous 
 - EGFR mutation status 

Active, recruiting, 
NCT01454102 

Ipilimumab plus targeted inhibitor: 
 - Erlotinib or crizotinib (ALK-inhibitor) 

Ib Advanced NSCLC 
- EGFR mutation 
- ALK-translocated 

Active, recruiting, 
NCT01998126 

Pembrolizumab (anti-PD-1) plus afatinib (EGFR-TKI) I/Ib Erlotinib-resistant NSCLC - EGFR mutation 
Active, not yet recruiting 
NCT02364609 

Pembrolizumab plus crizotinib Ib Advanced NSCLC - ALK-translocated 

MEDI4736 (anti PD-L1) plus gefitinib (EGFR-TKI) I/Ib Advanced NSCLC - EGFR mutation (in expansion 
phase only) 

Active, recruiting, 
NCT02088112 

MEDI4736 alone or in combination with tremelimumab (anti-CTLA4), 
versus standard of care therapy (physician choice) III Advanced NSCLC 

- PD-L1 positive for MEDI4736 
  single agent arm 
- PD-L1 negative for MEDI4736 
  plus tremelimumab arm 

Active, recruiting, 
NCT02352948 
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6.5 Biomarkers for immunotherapy: the $100 million dollar question 

The National Institutes of Health Biomarker Definitions Working Group defined the term 

biomarker as: 

“a characteristic that is objectively measured and evaluated as an indicator of 

normal biological processes, pathogenic processes, or pharmacologic 

responses to a therapeutic intervention”575,576 

The use of biomarkers in targeted cancer therapy is well established, particularly where 

there is a distinct dichotomous classification that predicts expected outcomes e.g. 

EGFR and BRAF mutations, HER2 overexpression, or ALK. In each of these settings, 

the classification of initial response based on the biomarker is highly accurate. The 

following are examples of criteria that have to be met before an immune biomarker can 

be widely adopted576: 

1. clinically useful i.e. potential for use in routine practice,

2. cost effective,

3. can accurately classify for expected outcome or response to treatment,

4. practical to sample and measure,

5. reproducible and possible to standardise between institutions,

6. validated in multiple cohorts,

7. acceptable to clinicians, scientists and patients.

There is also a complex ‘work-stream’ involved for a biomarker to be taken from 

discovery to widespread implementation, including initial validation, testing in 

randomised trials, further replication, and validation in multiple large cohorts and 

trials576. Each phase of biomarker development is associated with increasing costs, 

due to larger numbers of patients required, but implementation of an effective 

biomarker will eventually be cost-effective owing to the current high expenditure on 

ineffective treatments. There are also different designs for randomised studies to 

validate biomarkers which include: the ‘randomise all’ design where all patients are 

randomised to experimental or standard treatment irrespective of biomarker status, 

which is then correlated with clinical outcomes; a ‘targeted’ design where treatment is 

restricted to those with a positive biomarker; or, a ‘customised’ approach, which 

examines whether biomarker-guided treatment is superior to the standard treatment 

approach (Figure 6.1; adapted from Ref 576 and 510). 
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Figure 6.1   Biomarker development 

 

 

a Example of a biomarker development work stream, from discovery phase in retrospective studies to 
implementation in the clinical setting.  
b Examples of randomised study designs for biomarker development. In ‘randomise all’ studies, patients 
are randomised to experimental or standard treatment, irrespective of biomarker status, whereas targeted 
study design randomises only those with the candidate biomarker present, and customised studies 
randomise patient to a biomarker-guided approach vs. standard treatment approach.  
R: randomisation; BM: Biomarker 
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To date, the most promising immune biomarker for checkpoint inhibitors is the 

expression of PD-L1 on tumour cells. However, it remains in the ‘discovery’ phase and 

does not meet most of the criteria listed above. Firstly, different studies have used 

different staining platforms, IHC antibody clones, and different cut-offs for PD-L1 

positivity299.  Moreover, the predictive value for response to a PD-1/PD-L1 inhibitor 

varies between tumour types, with PD-L1 positivity being potentially more sensitive in 

NSCLC than other solid tumours142. Nevertheless, the ORR to pembrolizumab in 

NSCLC patients with tumour PD-L1 <1% was 10.7%, and given the potential for 

durable disease control, this level cannot be used to ‘rule out’ pembrolizumab as a 

treatment option for many patients who have no effective alternatives26. Similarly, 

PD-L1 expression in patients with NSCLC or melanoma treated with nivolumab was 

neither sensitive nor specific enough to be considered ‘clinically useful’6,516,577. Lastly, 

there is likely to be significant intra-patient heterogeneity in tumour PD-L1 expression, 

owing to the dynamic changes in PD-L1 in response to treatment, as well as the 

observation that different metastases from the same patient may show differential 

PD-L1 expression298,578,579. 

Tumour somatic mutational signature has also been demonstrated to correlate with 

response to PD-1 inhibitors. In a study of patients with NSCLC receiving a PD-1 

antibody, tumours were analysed for the presence of somatic non-synonymous 

mutations.  In the discovery set (n=16), a higher mutation burden (above the median 

value), resulted in a higher ORR (63% vs. 0%) and durable clinical benefit (PR or SD 

lasting >6 months) (73% vs. 13%), compared to a lower mutational burden. In the 

validation cohort (n=9), the disease control rate was 83% in those with higher 

mutational burden vs. 22% in those with a lower mutation burden300. More recently, the 

efficacy of pembrolizumab was also examined in patients with mismatch repair (MMR) 

deficient CRC, MMR-deficient non-CRC, and MMR-proficient CRC. ORR was 

significantly higher in tumours with MMR deficiency, whereas there were no responses 

seen in patients with MMR-proficient CRC, although 2/19 (11%) of patients 

experienced stable disease for 12 weeks or more301. These data suggest that while 

mutational burden may be associated with greater likelihood of response to PD-1 

blockade, the sensitivity remains below what would be acceptable to determine 

treatment as futile in patients with lower mutational burden. 

It is clear that the complexity of the immune system, the inter- and intra-patient 

heterogeneity of metastatic cancer, and the diverse immune-modulatory effects of 

anti-cancer therapies present unique challenges for the development of reliable 

immune biomarkers. It is likely that a single biomarker may not be adequate in 



 

169 

representing the complex anti-tumour immune response in all disease settings or in all 

tissues.  

Biomarker discovery will require systematic efforts to examine multiple potentially 

relevant compartments, and translational research efforts that should go hand-in-hand 

with drug development, and should also be embedded in ‘real-world’ settings to 

generate additional data for replication and validation of proposed assays. For a 

comprehensive biomarker study, samples may be taken from tumour tissue for snap-

freezing and subsequent analysis by deep sequencing and by flow cytometry, as well 

as being formaldehyde-fixated and paraffin-embedded (FFPE) for analysis by IHC 

and/or immunofluorescence to allow the assessment of localisation of immune, 

non-immune, and tumour cells. Tumour tissue may also be used to grow 

patient-derived xenografts in mice to grow cell lines and isolate TILs for subsequent 

analysis by flow cytometry, or for ex vivo studies. Patients may also have multiple 

biopsies from different metastatic sites, as well as on-treatment, post-treatment, and 

biopsies at recurrence. PBMCs would also be collected pre- and post- treatment and 

analysed by multi-parameter flow cytometry, to correlate peripheral immune changes 

with changes within the tumour microenvironment. Peripheral blood may also be 

examined for circulating tumour cells or DNA, which may also be subject to sequencing 

to identify potential genetic, epigenetic, or molecular signatures. The aim would be to 

determine whether peripheral blood may be useful as a surrogate for tumour tissue, 

alleviating the need for fresh or repeat biopsies.   

Although biomarker development, from discovery to implementation can be expensive, 

much of the initial cost is attributed to the discovery and validation phases, and 

declines upon implementation, particularly with the decreasing cost of technologies 

such as genome sequencing. The FDA estimated that an improvement of 10% in the 

detection of ineffective drugs could translate to a cost saving of USD$100 million in 

drug development cost576,580. Given the exponential increase in costs of cancer drugs in 

recent years, with the cost of combined nivolumab and ipilimumab treatment exceeding 

US$500,000 p.a., the question is not whether we can afford to perform comprehensive 

biomarker studies, but whether we can afford not to. 
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6.6 Conclusions 

This is the first study to assess the effects of EGFR-TKIs on the immune system in 

patients with advanced NSCLC. The expression of PD-L1 on peripheral T lymphocytes, 

one week after commencing an EGFR-TKI was strongly associated with radiological 

response, PFS, and OS, independent of other variables, including EGFR mutation 

status. While this result is exploratory in nature, it supports the concept that peripheral 

immune parameters, which may be a non-invasive surrogate for other local immune 

changes, and can be followed longitudinally, should be examined alongside the current 

efforts to examine changes in the tumour microenvironment.  
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Existing models, but not neutrophil-to-
lymphocyte ratio, are prognostic in malignant
mesothelioma
T M Meniawy*,1,2,3, J Creaney1,2, R A Lake1,2 and A K Nowak1,2,3

1M503, School of Medicine and Pharmacology, University of Western Australia, Sir Charles Gairdner Hospital, Nedlands, Western
Australia 6009, Australia; 2National Centre for Asbestos Related Disease, Sir Charles Gairdner Hospital, Nedlands, Western
Australia 6009, Australia and 3Department of Medical Oncology, Sir Charles Gairdner Hospital, Nedlands, Western Australia 6009,
Australia

Background: Recent studies proposed neutrophil-to-lymphocyte ratio (NLR) as a prognostic biomarker in malignant pleural
mesothelioma (MPM). We examined baseline prognostic variables including NLR and the EORTC and CALGB models as
predictors of overall survival (OS) in MPM.

Methods: In this retrospective study, 274 consecutive eligible, newly presenting patients with MPM were included. Of these,
159 received chemotherapy, 10 had tri-modality therapy, 2 underwent surgery only and 103 received supportive care alone.
Univariate analyses and multivariate Cox models were calculated for OS.

Results: In univariate analysis, poor prognostic factors were: age X65 years, nonepithelioid histology, stage III–IV, poor
performance status (PS), weight loss, chest pain, low haemoglobin and high platelet count. A baseline NLRX5 did not predict
worse OS (hazard ratio (HR) 1.25; P¼ 0.122). On multivariate analysis, age, histology, PS, weight loss, chest pain
and platelet count remained significant. The EORTC and CALGB prognostic groups were validated as predictive for OS (HR
1.62; Po0.001 and HR 1.65; Po0.001, respectively).

Conclusion: Our findings validate standard prognostic variables and the existing EORTC and CALGB models, but not NLR,
at initial diagnosis of MPM. In guiding patient management at diagnosis, it is important to consider multiple baseline variables
that jointly predict survival.

Malignant pleural mesothelioma (MPM) is an aggressive neoplasm
that is linked to exposure to asbestos. Its prognosis remains poor
and the majority of patients ultimately succumb to their disease.
The median survival of patients receiving current best treatment is
12 months (Vogelzang et al, 2003). A number of prognostic factors
have been evaluated in multivariate analyses, and the best-known
prognostic scoring systems have been proposed by the European
Organisation for Research and Treatment of Cancer (EORTC)
(Curran et al, 1998) and the Cancer and Leukaemia Group B
(CALGB) (Herndon et al, 1998). The EORTC retrospectively
evaluated prognostic variables in 204 patients from five phase II

studies and found that performance status (PS), gender, white
blood cell count (WCC), sarcomatous histology and a probable/
possible histologic diagnosis were independent prognostic factors.
Patients were then classified into low- and high-risk groups with a
1-year survival of 40% and 12%, respectively. The CALGB index
used regression trees to examine prognostic variables in 337
patients treated in seven phase II clinical trials. Six prognostic
groups were identified based on age, performance status,
haemoglobin (Hb) level, WCC and the presence or absence of
chest pain and weight loss. Both retrospective reports have
been validated in subsequent studies (Edwards et al, 2000;
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Fennell et al, 2005), although only one validation was in
consecutive presenting patients rather than a clinical trial
population (Edwards et al, 2000).

Neutrophil-to-lymphocyte ratio (NLR), a marker of systemic
inflammation, has been proposed as a prognostic factor from an
analysis of a group of 173 patients undergoing systemic therapy
(Kao et al, 2010). A baseline NLR of o5 was an independent
predictor of better survival, and normalisation of NLR after one
cycle of treatment was a predictor of improved survival on
subgroup analysis. The prognostic value of NLR was subsequently
demonstrated in four independent studies (Kao et al, 2011; Cedres
et al, 2012; Pinato et al, 2012; Kao et al, 2013), although there were
differences in study populations, and in two studies the NLR
cutoffs used were different from the original threshold value of 5.
However, in one study of surgically treated patients, the association
between NLR and survival was not statistically significant, although
this study was underpowered for this analysis (Suzuki et al, 2011).

In this study, we explored prognostic variables at presentation in
a cohort of consecutive, previously untreated patients with a
diagnosis of MPM. Patients were included irrespective of
subsequent treatment modality, including those who received only
supportive care. Our aim was to validate the prognostic role of
NLR as well as the EORTC and CALGB prognostic models for
overall survival (OS) in MPM. There has been no previous
validation of all three prognostic indicators in the same data set at
initial presentation, the time point at which prognostic information
is most important.

MATERIALS AND METHODS

Subjects. Consecutive patients with a diagnosis of MPM made
between 1 January 2005 and 31 December 2010 who were
diagnosed at or attended Sir Charles Gairdner Hospital, Nedlands,
Western Australia, Australia, were included in this retrospective
study. Selection criteria included availability of a neutrophil and
lymphocyte count within 90 days of diagnosis, cytological or
histologically confirmed MPM, absence of concurrent haematolo-
gical malignancy and duration of follow-up 490 days from
diagnosis for any censored patients.

Baseline prognostic clinical and laboratory variables were
collected retrospectively from the clinical record. These included
age, gender, histological subtype, Eastern Cooperative Oncology
Group (ECOG) performance status, presence of chest pain or
weight loss and treatment. Staging was determined according to
the American Joint Committee on Cancer Staging System (AJCC),
7th Edition (Pleural Mesothelioma, 2010) according to surgical
pathology (for extrapleural pneumonectomy (EPP) patients) or
computerised tomography (CT) and, where performed, positron
emission tomography (PET) imaging for all others. Laboratory
variables at the time of diagnosis, before first and second cycles of
chemotherapy and before commencing second-line chemotherapy,
where applicable, were recorded. Variables to be assessed and
cutoff determination were predetermined and categorised using
the same cutoff points as the CALGB and EORTC models,
where applicable. These included Hb, which was expressed as the
difference of patient Hb level relative to 160 g l! 1 in males and
140 g l! 1 in females (Hb difference o10 vs X10 g l! 1), WCC
(o8.3 vs X8.3" 109 l! 1) (Curran et al, 1998), platelet count (PLT
o400 vs X400" 109 l! 1) (Herndon et al, 1998) and neutrophil
and lymphocyte counts. The NLR was derived by dividing the
absolute neutrophil count by the absolute lymphocyte count, and a
cutoff of o5 vs X5 was used in accordance with the first report
of NLR in MPM (Kao et al, 2010).

The study was approved by the Sir Charles Gairdner Group
Human Research Ethics Committee.

Statistical analyses. The primary end point of the study was OS,
defined as the time from confirmed diagnosis of MPM to the
date of death, or to the date of last follow-up for patients who have
not died before the censor date.

A Cox regression power analysis was performed, and a sample
size of 321 patients with an anticipated event rate of 0.85 was
required to detect a HR of 1.5 as statistically significant
with a¼ 0.05 and power of 0.80 on a covariate with the s.d. of
0.5. Baseline prognostic factors predictive for OS were entered into
univariate Kaplan–Meier models and compared with the log-rank
test. A Cox proportional hazards model was fitted to all individual
prognostic variables to determine their independent effect, and
diagnostics for the proportional hazards assumption were
performed. Variables for EORTC, CALGB and the treatment
groups were not entered into the Cox model as these are composite
variables that are derived from, or determined by, other individual
covariates in the model. Planned subgroup analyses of chemother-
apy- or nonchemotherapy-treated groups for OS were performed
for baseline NLR, and for NLR normalisation after one cycle of
chemotherapy for patients with a prechemotherapy NLR X5.

Missing values for prognostic variables were imputed using a
multiple imputation by chained equation (MICE) approach
(Van Buuren and Groothuis-Oudshoorn, 2011). Multivariate
analyses were performed using the imputed data sets and repeated
using data from patients with no missing values (complete case
(CC) analysis).

Analyses were performed in R statistical computing software
(R Core Team, 2013), SAS 9.3 (SAS Institute Inc., Cary, NC, USA)
and GraphPad Prism version 6.0c (GraphPad Software, San Diego,
CA, USA).

RESULTS

Patients. A total of 274 patients met the inclusion criteria and
were included in the analyses. Of these, 169 (62%) patients were
treated with systemic chemotherapy, including 10 patients who
underwent trimodality therapy (TMT); 103 (38%) patients received
supportive care alone (including palliative radiotherapy) and 2
patients underwent EPP but did not go on to receive TMT.
For chemotherapy-treated patients, the median time from
diagnosis to start of chemotherapy was 78 days (range 14 to
1658 days). A CONSORT diagram is shown in Figure 1.

At the census date of 15 May 2013, 251 patients were deceased,
18 patients were alive and 5 patients were censored (3 noncancer-
related deaths and 2 lost to follow-up), giving an event rate of 0.92.

Median follow-up for patients who were alive was 45.5 months
(range 29.0–88.3 months). The median OS from diagnosis for all
patients (n¼ 274) was 13.3 months (95% CI, 11.6–15.1 months).
For chemotherapy-treated patients, median OS was 15.2 months
(95% CI, 13.8–17.9 months), whereas for the nonchemotherapy-
treated group it was 8.3 months (95% CI, 5.7–11.1 months).
For patients with a known chemotherapy start date (n¼ 163), the
median OS from start of chemotherapy was 12.3 months, and
was 11.7 months for those treated with chemotherapy only
(i.e., nonsurgically, n¼ 153).

The baseline distribution of patient demographics and disease
characteristics according to treatment group are listed in Table 1;
chemotherapy received is described in Table 2. Complete data for
the 11 baseline prognostic variables analysed were available for
90% of patients. The mean duration between diagnosis and
baseline blood results was 12 days (95% CI, 10–14 days). In all
patients NLR was available. Data were missing for staging in 6.6%,
weight loss in 3.3%, chest pain in 2.9% and ECOG PS in 2.6% of
patients. The CALGB prognostic group could not be calculated for
2.6% of patients, whereas the EORTC prognostic group was
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calculated for all patients, as the missing values would not have
altered the prognostic risk group in those patients.

Univariate analyses. Results for the univariate analyses of 11
prespecified individual baseline variables are listed in Table 3.
Variables that individually predicted for shorter OS were age X65
years, nonepithelioid histology, AJCC stage III–IV, ECOG PS 2–3,
weight loss, chest pain, Hb difference X10 g l! 1 and a platelet
count 4400" 109 l! 1. Both the EORTC and CALGB prognostic
models were individually predictive for OS with a HR of 1.62
(95% CI, 1.26–2.08; Po0.001) and 1.65 (95% CI, 1.36–1.99;
Po0.001), respectively. A baseline NLR X5 was not predictive
for OS (HR 1.25; 95% CI, 0.94–1.66; P¼ 0.122; Figure 2).

Multivariate analyses. Individual variables analysed in univariate
analyses were entered into the multivariate Cox model, irrespective
of their significance. Analysis was performed using data from all
study patients (n¼ 274) after multiple imputation (MI) of missing
values, and revealed the following prognostic variables to be
independent predictors of poor survival: age X65 years, none-
pithelioid histology, ECOG PS 2–3, weight loss, chest pain and a
baseline platelet count 4400" 109 l! 1. Analysis using CC analysis
revealed the same set of independent predictors as the imputed
data sets (Table 3).

Preplanned subgroup analyses. Univariate analysis by che-
motherapy subgroup showed that a baseline NLR of X5 was not
predictive of worse OS in chemotherapy-treated patients (n¼ 169)
(HR, 1.08; 95% CI, 0.74–1.58; P¼ 0.69) or in nonchemotherapy-
treated patients (n¼ 105) (HR, 1.46; 95% CI, 0.95–2.25; P¼ 0.08).
In chemotherapy-treated patients, 66 (39%) had an NLR 45 at the
time of commencement of chemotherapy that declined to o5 in 47
patients and remained elevated in 19 patients after one cycle of
chemotherapy. Normalisation of NLR was individually prognostic
for OS calculated from the time of commencing chemotherapy
(HR, 2.2; 95% CI, 1.25–4.03; Po0.001; Figure 3).

The post hoc analyses. The AJCC stage for patients with NLR o5
at diagnosis was I–II in 54% and III–IV in 46% of patients, whereas
for patients with NLR 45 it was I–II in 51% and III–IV in 49% of
patients. Repeat measures of NLR at the time of diagnosis, at the
time of commencement and after one cycle of chemotherapy were

Table 1. Patient characteristics

Systemic chemotherapy

All patients Yes No

N % N % N %

Age

Median (range) 69 (40–93) 66 (40–80) 75 (52–93)

Sex

Male 237 86.5 143 84.6 94 89.5
Female 37 13.5 26 15.4 11 10.5

Histopathology

Epithelioid 115 42.0 68 40.2 47 44.8
Biphasic 36 13.1 26 15.4 10 9.5
Sarcomatous 32 11.7 19 11.2 13 12.4
Others 91 33.2 56 33.1 35 33.3

AJCC stage

I–II 137 50.0 79 46.7 58 55.2
III–IV 119 43.4 86 50.9 33 31.4
Missing 18 6.6 4 2.4 14 13.3

ECOG performance status

0–1 234 85.4 161 95.3 73 69.5
2–3 32 11.7 8 4.7 24 22.9
Missing 8 2.9 0 0.0 8 7.6

Weight loss

Absent 140 51.1 95 56.2 45 42.9
Present 125 45.6 74 43.8 51 48.6
Missing 9 3.3 0 0.0 9 8.6

Chest pain

Absent 98 35.8 64 37.9 34 32.4
Present 169 61.7 105 62.1 64 61.0
Missing 7 2.6 0 0.0 7 6.7

EORTC prognostic group

Low risk 135 49.3 81 47.9 54 51.4
High risk 139 50.7 88 52.1 51 48.6

CALGB prognostic group

1 or 2 56 20.4 34 20.1 22 21.0
3 or 4 131 47.8 92 54.4 39 37.1
5 or 6 80 29.2 43 25.4 37 35.2
Missing 7 2.6 0 0.0 7 6.7

Neutrophil-to-lymphocyte ratio at baseline

Median (range) 3.53 (1.28–22.6) 3.39 (1.48–13.62) 3.77 (1.28–22.6)

o5 202 73.7 129 76.3 73 69.5
X5 72 26.3 40 23.7 32 30.5

Overall survival from diagnosis

Median, months (CI) 13.3 (11.6–15.1) 15.2 (13.8–17.9) 8.3 (5.7–11.1)

Abbreviations: AJCC¼ american joint committee on cancer staging system; CALGB¼
cancer and leukemia group B; CI¼ confidence interval; ECOG¼ eastern cooperative
oncology group, EORTC¼ european organization for research and treatment of cancer;
N¼ number.

369 consecutive
patients screened

Ineligible by selection criteria (n =95)
  Missing laboratory data (n =64)
  Lab results >90 d from diagnosis (n =4)
  Histopathology not confirmed (n =14)
  Peritoneal mesothelioma (n =5)
  Concurrent malignancy (n =3)
  Follow-up duration <90 days (n =5)

Evaluable for prognostic
variable analysis (n =274)

Received systemic
chemotherapy

(n =169)

No systemic
chemotherapy

(n =105)

Figure 1. Study CONSORT diagram.
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available for 157 out of 169 (93%) chemotherapy-treated patients.
The NLR was significantly different between the three time points
(Po0.001; Figure 4). Median NLR was 3.39, 4.44 and 2.67 at
diagnosis, prechemotherapy and after one cycle, respectively.

Exploratory univariate analyses of OS for NLR taken at
diagnosis (n¼ 274) was performed at different NLR cutoff values
of 3, at the median value (3.53) and as a continuous variable, with
no significant differences in survival revealed. These analyses were
performed as proposed cutoffs used in the existing literature have
been inconsistent (Kao et al, 2010, 2011; Pinato et al, 2012; Kao
et al, 2013). For patients where a repeat NLR was available
prechemotherapy (n¼ 163), exploratory univariate analysis of OS
(calculated from start of chemotherapy) was performed at NLR
cutoff points of 5, 3, and at the median value (4.44). Using an NLR
cutoff of 5 prechemotherapy, HR was 1.39 (95% CI, 1.00–1.94;
P¼ 0.051), which remained nonsignificant on multivariate analysis
(P¼ 0.08). No significant difference in survival was revealed for a
cutoff of 3 or for the median value.

DISCUSSION

There has been considerable interest over the past decade in the
association of systemic inflammatory markers and prognosis in
both early and advanced cancer. A prognostic role for NLR in
MPM was reported in a number of retrospective series, the largest
of which are summarised in Table 4. The first report was a cohort
of patients receiving systemic therapy (Kao et al, 2010), and further
reports by the same group included surgically treated patients
(Kao et al, 2011) and patients receiving compensation for asbestos-
related disease (Kao et al, 2013). Thus, NLR was proposed as a
potential biomarker for stratification in clinical trials and for
use in clinical practice. The primary aim of our study was to
independently validate NLR as a prognostic marker in MPM and
to further validate the EORTC and CALGB prognostic models, as
well as known individual prognostic variables, all at the point of
diagnosis and irrespective of subsequent treatment. Previous
studies of NLR did not also examine the existing prognostic
models; as such, the relative performance of NLR and the
composite prognostic models was unknown.

Our study revealed that the baseline variables of advanced age
X65 years, nonepithelioid histology, poor PS, weight loss, chest
pain and an elevated baseline platelet count were independently

predictive of shorter survival, in keeping with the extensive body of
prior literature of clinical prognostic factors in this disease. Both
the EORTC and CALGB scores were individually predictive for OS
with a highly statistically significant HR of 1.62 and 1.65,
respectively. A baseline NLR of X5 did not predict for shorter
survival for the total cohort, or for any treatment modality group.
For the subgroup of patients with an elevated prechemotherapy
NLR (n¼ 69), normalisation of NLR to o5 after one cycle of
chemotherapy was predictive, on univariate analysis, of longer
survival, a finding that was consistent with a previous report (Kao
et al, 2010). However, it is not known whether NLR normalisation
would be an independent predictor if considered alongside other
clinical parameters suggestive of response to chemotherapy such as
improvement in PS, dyspnoea and chest pain, as these variables
were not collected post chemotherapy. It is also unclear whether
NLR normalisation would add to imaging information that is
predictive of survival outcomes, such as CT and PET assessment
after one or two treatment cycles (Byrne and Nowak, 2004; Francis
et al, 2007).

Although our study validates the EORTC and CALGB models
as well as other standard individual variables, the NLR finding was
not consistent with previous series (Table 4). The strengths of the
reported study include a large sample size, and the collection of
relevant clinical variables, being the first NLR study to include
chest pain and weight loss in addition to other standard variables,
thus allowing the calculation of the CALGB prognostic group. The
chemotherapy-treated patients in our study consistently received
best standard chemotherapy regimens, with 165 out of 169 (98%)
patients receiving a first-line platinum doublet containing either
pemetrexed or gemcitabine (Table 2). The cutoff values for NLR
and other categorical variables used in our primary analyses were
prespecified according to previous reports (Curran et al, 1998;
Herndon et al, 1998; Kao et al, 2010), an important prerequisite for
reliable validation. In previous reports, treatments were more
heterogeneous and different cutoffs for NLR were used, which
raises the possibility of data-driven cutoff optimisation (Table 4).

As we did not reproduce the prognostic importance of NLR,
limited post hoc analyses were performed to explore the NLR
findings of our study. Initiation of chemotherapy after initial
diagnosis may be delayed according to the clinical scenario or
patient preferences (median of 78 days in this study). We found
that for 157 patients with a repeat NLR prechemotherapy, NLR
increased significantly before subsequently declining after one cycle
(Figure 4), and that a prechemotherapy NLR of 45 approached
significance for predicting worse survival than NLR of o5 on
univariate (P¼ 0.051) but not multivariate analysis (P¼ 0.08). This
supports the hypothesis that systemic inflammatory markers,
including NLR, increase as the disease progresses. However, a
prognostic variable would be most useful in guiding decisions
when considered at the time of diagnosis, rather than preche-
motherapy when a treatment decision has already been made based
on other clinical and imaging factors. We also explored NLR as a
continuous variable, at a cutoff of 3 and at the median value, and
no significant associations were revealed.

The role of systemic inflammation has been well documented in
a number of malignancies, and has been linked to impaired
nutritional status, poor PS and worse survival (Mcmillan, 2009).
The absence of data on weight loss and performance status in
previous reports may have exaggerated the relative significance of
NLR, although we note that platelet count, which also reflects
inflammation, was independently prognostic in our study.

Missing data is an inevitable and common problem in clinical
studies and other types of data analyses, particularly in retro-
spective series; a number of methods to prevent and to handle
missing data have been proposed (Ibrahim et al, 2012; Little and
D’agostino, 2012). The most common method used in the
literature to handle missing values is ignoring data for all patients

Table 2. Treatments received

N %

Chemotherapy group (n¼169), first-line regimens received

Cisplatin/pemetrexed 122 72.2
Carboplatin/pemetrexed 28 16.6
Cisplatin/gemcitabine 12 7.1
Carboplatin/gemcitabine 3 1.8
Gemcitabine 1 0.6
Unknown 3 1.8
Trimodality therapy 10 5.9
41 line of chemotherapy received 91 53.8
Clinical trial participation (1st or 2nd line) 68 40.2

No chemotherapy group (n¼105)

Best supportive care 103 98.1
EPP and best supportive care 2 1.9

Abbreviation: EPP¼ extrapleural pneumonectomy.
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that have any missing values, known as CC analysis. This can lead
to misleading results and conclusions, and reduce the power to
detect important covariates (Burton and Altman, 2004). Multiple
imputation allows analyses that can result in valid statistical

inferences, while still incorporating the uncertainty of missing
values (Schafer, 1977; Burton and Altman, 2004). In this study,
although 90% of patients had no missing values, we employed MI
methods to avoid wasting informative data that have been

Table 3. Univariate and multivariate analyses of association of baseline prognostic factors with overall survival

Univariate analyses

Multivariate analysis
Patients with complete

data (N¼247)

Multivariate analysis All
patients, MI for missing

values (N¼274)

N No. of deaths Median survival, months (95% CI) P-value HR (95% CI) P-value HR (95% CI) P-value

Age, years

o65 84 70 16.8 (14.2–19.5) o0.001 1 (referent) 0.019 1 (referent) 0.022
X65 190 181 11.4 (10.4–13.3) 1.45 (1.06–1.97) 1.42 (1.05–1.91)

Gender

Female 37 34 15.7 (13.9–22.1) 0.262 1 (referent) 0.542 1 (referent) 0.276
Male 237 217 12.6 (11.2–14.5) 1.13 (0.77–1.66) 1.23 (0.85–1.80)

Histology

Epithelioid 115 104 15.9 (14.6–18.4) o0.001 1 (referent) 1 (referent)
Sarcomatous 32 31 7.8 (4.9–9.8) 2.57 (1.62–4.07) o0.001 2.56 (1.67–3.93) o0.001
Other 127 116 12.6 (10.7–15.4) 1.37 (1.02–1.83) 0.035 1.39 (1.05–1.83) 0.020

AJCC stage

I–II 137 120 14.8 (12.7–19.1) 0.002 1 (referent) 0.056 1 (referent) 0.063
III–IV 119 113 11.6 (9.5–14.5) 1.31 (0.99–1.74) 1.29 (0.99–1.69)
Missing 18 18

ECOG performance status

0–1 234 213 14.2 (13.1–16.5) o0.001 1 (referent) 0.008 1 (referent) 0.005
2–3 32 30 6.1 (4.4–10.9) 1.80 (1.17–2.77) 1.78 (1.19–2.66)
Missing 8 8

Weight loss

Absent 140 121 18.2 (14.2–21.2) o0.001 1 (referent) 0.002 1 (referent) 0.001
Present 125 121 11.0 (8.94–12.6) 1.59 (1.18–2.14) 1.61 (1.21–2.14)
Missing 9 9

Chest pain

Absent 98 84 16.5 (13.3–20.2) o0.001 1 (referent) 0.048 1 (referent) 0.045
Present 169 160 12.0 (9.76–14.1) 1.34 (1.00–1.79) 1.32 (1.01–1.74)
Missing 7 7

Haemoglobin difference, g l"1

o10 80 68 18.4 (15.2–24.2) o0.001 1 (referent) 0.090 1 (referent) 0.095
X10 194 183 11.4 (10.4–13.3) 1.33 (0.96–1.84) 1.31 (0.95–1.79)

White cell count (#109 l"1)

p8.30 135 122 14.5 (12.6–17.8) 0.109 1 (referent) 0.745 1 (referent) 0.765
48.30 139 129 11.6 (10.4–14.0) 1.05 (0.79–1.40) 0.96 (0.73–1.26)

Platelet count (#109 l"1)

p400 197 176 15.2 (13.3–18.2) o0.001 1 (referent) 0.003 1 (referent) o0.001
4400 77 75 9.6 (7.3–11.6) 1.65 (1.19–2.28) 1.71 (1.26–2.33)

Neutrophil-to-lymphocyte ratio at baseline

o5 202 185 14.2 (12.7–16.3) 0.122 1 (referent) 0.835 1 (referent) 0.939
X5 72 66 10.4 (8.1–13.1) 1.03 (0.75–1.42) 1.01 (0.75–1.36)

Abbreviations: AJCC¼ american joint committee on cancer staging system; CI¼ confidence interval; ECOG¼ eastern cooperative oncology group; HR¼ hazard ratio; MI¼multiple imputation;
N¼number. Bold entries were used to emphasise variables that reached statistical significance (P-value o0.05).

Validating prognostic models in mesothelioma BRITISH JOURNAL OF CANCER

www.bjcancer.com | DOI:10.1038/bjc.2013.504 1817



	  
	   	  

collected, and results were similar to those revealed with CC
analysis.

A large number of biomarkers have been proposed in oncology,
with only a small number of clinically useful markers being
validated despite hundreds of promising initial studies that were
followed by studies failing to reproduce their results or revealing
contradictory findings. This has been attributed to deficiencies
in study design, analysis and inadequate reporting of findings.
This prompted the development of the REMARK guidelines

(Guidelines for the REporting of tumor MARKer Studies), which
aimed to encourage transparency in reporting of studies to contain
sufficient information for readers to judge the usefulness and
applicability of results and conclusions (Mcshane, 2005). One
example given by the authors is the reporting of prognostic marker
significance without disclosing extensive manipulation of data for
cutoff optimisation and variable selection. Item 17 of the REMARK
guidelines recommends that results should include ‘an analysis in
which the marker and standard prognostic variables are included,
regardless of their statistical significance’. This is in contrast to the
common practice of including in multivariate analyses only
significant variables on univariate analysis. This report adheres to
the REMARK guidelines where applicable, and clearly identifies
prespecified methods and analyses, and the multivariate model was
fit to variables significant in univariate analysis as well as clinically
meaningful, standard prognostic variables.

The limitations of this study include its retrospective design and
nonrandomised allocation of treatment groups, which prevents a
comparison of the prognostic and predictive value of variables
between treatment groups. Although patient screening was
sequential, a selection bias is inherent when screened patients are
excluded based on missing values for the prognostic markers being
examined. It is possible that patients who were not fit for, or
refused diagnostic testing, were lost to follow-up at an early point,
or were diagnosed outside our tertiary institution in community or
regional practices, and may have different covariate significance
than our analysed sample, and hence results may not be
generalisable to these populations. We also did not collect data
on albumin (to determine the GPS) or CRP, and thus we could not
include these markers of inflammation in this analysis. Finally, our
study did not reach the original planned sample size because of a
lower number of patients than estimated being seen between the
dates we had ethical approval to span. Nevertheless, the higher
than anticipated event rate (0.92 vs 0.85) preserved the power of
the study, and this remains the largest study of the prognostic value
of NLR published to date. Despite the modest decrease in
participant numbers from that planned, the CALGB and EORTC
prognostic models nevertheless demonstrated significant prognos-
tic value with hazard ratios that substantially outperformed NLR.

In conclusion, this study validates established prognostic factors
but did not find NLR to be prognostic in this cohort of MPM
patients. Previous positive findings may be a result of heterogeneity
in patient populations, variable selection and cutoff points used in
reports of NLR to date. The prospect of a simple blood test
providing prognostic information was promising, but did not
withstand the rigour of independent validation. Although there is a
known relationship between inflammatory markers and disease
stage, we hypothesise that it is unlikely that a ratio of neutrophils to
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Figure 2. Univariate analyses of overall survival according to (A) EORTC prognostic group; (B) CALGB prognostic group; and (C) NLR. All at the
time of diagnosis.
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total lymphocyte can provide an informative ‘snapshot’ of the
antitumour immune response, which involves a variety of immune
cells, where lymphocytes alone have many phenotypes and
differing functionalities. We conclude that clinical management
and decision making in MPM will continue to rely on patient
preferences and consideration of multiple prognostic variables that
independently, but also jointly, predict survival.

Future research is likely to include more studies of prognostic
markers in MPM, where there is an urgent need for biomarkers
that predict response to treatments such as chemotherapy and
immunotherapy, as the era of personalised therapy in other cancers
has yet to be utilised in the management of MPM. We suggest that
researchers consider the most appropriate methods to prevent and
handle missing data to avoid the omission of valuable information,
and to apply recommendations from reporting guidelines such as
REMARK to ensure transparent and complete reporting of
prognostic biomarkers studies, which will lead to realistic and
reproducible results and conclusions, and aid readers in consider-
ing the findings and their generalisability.
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Sir,
We feel compelled to comment on the article of Meniawy et al (2013) to

provide perspective on the value of the neutrophil to lymphocyte ratio (NLR) as
a prognostic indicator in patients with malignant pleural mesothelioma (MPM).
The Western Australia-based authors of this article have concluded from their
analysis that the NLR did not provide prognostic value, whereas the Cancer and
Leukemia Group B (CALGB) and European Organisation for Research and
Treatment of Cancer (EORTC) prognostic guides did.

However, there are some flaws in the data that have not been adequately
acknowledged and that might have had a major impact on the conclusions. The
principal flaw was that although intended to be an analysis of 369 consecutive
patients presenting to a single treatment centre, this number was reduced by 95
(26%) based on failure to meet fairly arbitrarily defined inclusion criteria of:
availability of a full blood count within 90 days of diagnosis; cytologically or
histologically confirmed diagnosis of MPM; absence of concurrent haemato-
logical malignancy and duration of follow-up 490 days. A majority of patients
(64) were excluded on the basis of missing laboratory data (unspecified as to
which). There was no attempt to compare the characteristics of those excluded
with those included to determine comparability of populations. In addition, of
the remaining 274 patients, 169 (46% of initial) were treated with
chemotherapy, whereas 105 (28%) received no systemic chemotherapy. In
spite of 28% of patients receiving no treatment at all, the median survival for the
entire group was 13.3 months with a median of 15.3 months for the
chemotherapy group. These data appear to show unusually good overall
survivals and are suggestive of selection bias, possibly caused by the exclusion of
the 95 patients. In our original study in consecutive patients receiving systemic
chemotherapy for MPM (Kao et al, 2010), the median survival was very similar
to that reported by Vogelzang et al (2003) in their phase III study that
compared pemetrexed and cisplatin with cisplatin alone.

The findings of Meniawy and colleagues are also contradictory to the
findings of other investigators in regard to the prognostic significance of NLR
in MPM and numerous investigators in other tumour types (Cedres et al,
2012, 2013; Pinato et al, 2012; Guthrie et al, 2013; Paramanathan et al, 2014);
however, the contradictory nature of their own findings was not adequately
highlighted or explanation attempted. We have recently presented the
outcomes of prognostic factors in a large cohort of patients (n¼ 913) based
on the clinical and laboratory data extracted from the records of the Dust
Diseases Board of New South Wales (NSW), where median survival of
patients was 10 months (Linton et al, 2013). In this large population-based
study including 490% of the NSW patients seeking compensation from 2002
to 2009, NLR45 was again found to be an independent poor prognostic
factor (HR¼ 1.21; CI: 1.02–1.44; P¼ 0.03) in multivariate analysis (624
patients in the model), along with non-epithelial histology, age 470 years,
male gender, stage III/IV, platelet count X400, haemoglobin 41 g dl" 1

decrease, negative calretinin staining in tumour specimen, not receiving
pemetrexed chemotherapy and not receiving extrapleural pneumonectomy
(EPP). Although the clinical factors were not in the final multivariate model,
performance status was indirectly assessed in the model by including patients
who received chemotherapy and EPP.

In addition, we felt that the interesting observation of the significant
predictive value of normalisation of NLR after one cycle of chemotherapy was
brushed over in the article. This confirmatory finding after our initial article
(Kao et al, 2010), along with the recent study demonstrating normalisation of
NLR (o5) predicting for a survival benefit of 7 months in a series of 118
patients participating in phase I trials (Pinato et al, 2014), suggests that
prospective validation of NLR is warranted.

Finally, there appears to be a misconception that we were seeking a
universal prognostic marker that could guide treatment outcomes for all. The
series investigated by us confirm that determination of the NLR is a relatively
simple way to assess prognosis in certain groups of patients with MPM;
however, (ongoing) prospective validation will teach us how to properly use
this parameter in clinical practice.
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Response to comment on ‘Existing prognostic models, but not neutrophil-to-lymphocyte ratio,
are prognostic in malignant mesothelioma’
T M Meniawy*,1,2,3, J Creaney1,2, R A Lake1,2 and A K Nowak1,2,3

1M503, School of Medicine and Pharmacology, University of Western Australia, Sir Charles Gairdner Hospital, Nedlands, Western Australia 6009,
Australia; 2National Centre for Asbestos Related Disease, Sir Charles Gairdner Hospital, Nedlands, Western Australia 6009, Australia and
3Department of Medical Oncology, Sir Charles Gairdner Hospital, Nedlands, Western Australia 6009, Australia

Sir,
Our goal when this study was designed was to understand whether the

findings of the initial study (Kao et al, 2010) could also be useful at other clinical
time points, and whether neutrophil-to-lymphocyte ratio (NLR) retained
independent significance when established clinical prognostic factors were
incorporated. The data did not support our initial hypothesis, and the
correspondents take issue with this (Kao et al, 2014). The validation of prognostic
markers in retrospective series frequently generates conflicting findings, and we
all await a robustly designed prospective study to resolve this controversy.

The correspondents suggest that our study was flawed due to the inclusion
criteria that they considered were arbitrarily defined and that led to selection bias.
We acknowledge that this is an inherent limitation of all retrospective studies,
including previous studies of the NLR. In the initial study (Kao et al, 2010), only
patients receiving systemic therapy were selected, and 61% were selected due to
their participation in clinical trials. Subsequent studies selected only patients
undergoing extrapleural pneumonectomy (EPP) (Kao et al, 2011) or only patients
with occupational dust exposure seeking compensation from the Dust Disease
Board (Kao et al, 2013). In a fourth study, patients were excluded if they had a
history of inflammatory disease, a second primary, active infection or insufficient
follow-up data (Pinato et al, 2012). These were therefore also studies with
heterogeneous patient populations receiving different treatment approaches.

We set out to validate NLR at diagnosis and at the time of starting
treatment, using pre-specified selection criteria and therefore screened all
consecutive patients where: (a) the disease under study was confirmed, (b) the
variable under study was available and (c) there were no co-existing
confounders that may influence the disease or variable under study. It would
not be possible to validate the prognostic significance of NLR in patients
where the target biomarker was unknown, and we therefore maintain the
appropriateness of our selection criteria, and have transparently reported the
study denominator. Moreover, all other missing data were described in our
report, and the resulting multivariate model was the first published NLR study
to include previously established clinical and laboratory prognostic variables.
Our data were analysed using rigorous statistical methodology, including the
consideration of missing data by multiple imputation.

Kao et al maintain that our data showed ‘unusually good overall survival’, and
this can be adequately refuted by referring to our paper, where we defined overall
survival (OS) as being calculated from the time of diagnosis, but also provided OS
from the time of commencement of systemic therapy. This was 12.3 months for all
patients receiving chemotherapy and 11.7 months for those treated with
chemotherapy only (that is, non-surgically). This OS does not differ materially
from an OS of 12.1 months for the intervention arm of the landmark cisplatin/
pemetrexed study (Vogelzang et al, 2003) and an OS of 11.7 months for the
chemotherapy-naive group of the initial study of NLR in MPM (Kao et al, 2010).

The results were indeed not what we had originally anticipated;
nevertheless, we have pursued the scientifically and ethically appropriate

course of reporting ‘negative’ results, which are contradictory to others’
findings. Failure to publish negative findings can lead to substantial
publication bias in retrospective analyses of data. Our data were subjected
to rigorous statistical methodology and we have reported what we found.
Furthermore, the NLR cut-off was not data driven but selected a priori on the
basis of the correspondents’ own published literature. In our discussion, we
cautioned against data-driven cut-offs and note that the NLR literature is
not consistent in choice of cut-point, which may also have resulted in
contradictory findings across studies. Kao et al refer to other manuscripts
confirming the prognostic value of NLR that were published during the
period in which our manuscript was in submission and in press and that
continue to inform scientific debate. At the time of submission we were not
privy to these data, which may reflect either an increasing literature on
the importance of NLR or alternatively a positive publication bias in
retrospective series.

We acknowledge Kao et al as the initiators of this field in mesothelioma
and, as previously stated, had anticipated confirming their initial study (Kao
et al, 2010) in an additional cohort. That we were not able to do this is not a
repudiation of the potential value of NLR, but an invitation for additional
rigorous prospective research in the field to fully define the place of this
potential prognostic marker.
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Comment on ‘Interventions to improve exercise behaviour in sedentary people living with and
beyond cancer: a systematic review’
J M Broderick*,1, J Hussey1 and D M O’Donnell2

1Department of Physiotherapy, School of Medicine, Trinity Centre for Health Science, St James’s Hospital, St James’s Street, Dublin 8, Ireland and
2Academic Unit of Clinical and Medical Oncology, St James’s Hospital, St James’s Street, Dublin 8, Ireland

Sir,
We read with great interest the review by Bourke et al (2014). We agree

there is a dearth of evidence that any specific intervention results in improved
adherence to physical activity guidelines in cancer patients and survivors but
would like, respectfully, to offer some further observations.

The authors, in our view, could distinguish more clearly between ‘Physical
Activity’ and ‘Exercise’ and acknowledge that ‘sedentary behaviour’ can be
independent of physical activity levels. The terms ‘exercise behaviour’ and
‘physical activity’ are not interchangeable. ‘Physical Activity’ refers to body
movement produced by the contraction of skeletal muscles and that increases
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1. General information 

1.1 Full title 

The Prognostic and Predictive Value of Neutrophil-to-lymphocyte Ratio in 
Malignant Mesothelioma 

1.2 Short title 

Inflammation and malignant mesothelioma 

1.3 Lay title 

Inflammation and malignant mesothelioma 

1.4 Study personnel 

Principal Investigator:   Prof Anna Nowak 
 

Co-Investigators:   Prof Jenette Creaney 
Prof Michael Millward 
Dr Tarek Meniawy 

   Dr Henry Steer 
   Dr Raj Tota 
 

Study Co-ordinator:   Dr Tarek Meniawy 

1.5 Study summary 

The majority of patients with malignant pleural mesothelioma have a history of 
asbestos exposure, present with advanced disease, and receive palliative 
chemotherapy only.  
 

Inflammation is thought to play an important role in the development of 
malignancy, including malignant mesothelioma. Previous studies have 
demonstrated a relationship between inflammatory markers, including white 
blood cell count (WBC) and neutrophil-to-lymphocyte ratio, and prognosis of 
malignant mesothelioma. 
 

We aim to conduct a retrospective cohort study to investigate the relationship of 
the inflammatory markers NLR and WBC with observed patient survival in both 
treated and untreated patients. We also aim to assess other predictors of prognosis, 
including age, histopathology, gender, treatment delivery and inflammatory 
markers in multivariate analysis.   
 

The overall aim of this study is to validate NLR as an independent prognostic and 
predictive factor and to determine other prognostic and predictive factors in a WA 
patient population with malignant pleural mesothelioma  

2. Background 
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Malignant mesothelioma is a primary cancer of the pleura and peritoneum, 
which is caused by asbestos exposure in most instances. It is generally incurable 
and median overall survival is estimated between 9-12 months from diagnosis.  
However, considerable individual variations exist, with most series showing 
small numbers of patients who survive for considerably longer than this. Pleural 
mesothelioma is approximately 10 times more common than peritoneal 
mesothelioma, and this project focuses on malignant pleural mesothelioma. 
 

Patients with mesothelioma are usually over the age of 60 and many have 
significant co-morbidities.  By the time of presentation most patients have 
advanced disease.  Mesothelioma is relatively resistant to most conventional 
treatments and is rarely amenable to surgical resection.  The only treatment to 
show a survival advantage in randomised controlled trials is a combination of a 
multi targeted anti-folate agent (pemetrexed/ raltitrexed) and cisplatin 
(Vogelzang et al. 2003; van Meerbeeck et al. 2005).  However survival benefits 
from this treatment are modest, median survival being increased by around 12 
weeks.   
 

Predicting which patients are likely to have poorer survival means decisions 
about care can be better informed and palliative services can be appropriately 
directed.  In addition, predicting which patients will respond best to 
chemotherapy means treatment can be targeted to those patients who will benefit 
whilst avoiding side effects in those who will not.   
 

Two scoring systems are in current use for predicting survival in pleural 
mesothelioma patients: European Organisation for Research and Treatment of 
Cancer (EORTC) score and Cancer and Leukaemia Group B (CALGB) score 
(Curran et al. 1998; Herndon et al. 1998).  Variables incorporated into these 
systems include patient characteristics such as age, fitness and gender; disease 
characteristics including histological subtypes, extent of disease and clinical 
symptoms; markers of inflammation, including white blood cell count (WBC), 
platelet count and lactate dehydrogenase (LDH).  However, although commonly 
used in a research setting, in clinical practice these scoring systems are unwieldy 
and are not accurate enough to base individual treatment decisions upon.  Only 
histological subtype and patient performance status routinely inform clinical 
decision making (Scherpereel et al. 2010). 
 

Chronic inflammation plays a key role in the development of mesothelioma and 
may also be a driver of continued tumour growth. Previous studies have shown 
that markers of inflammation, including WBC and neutrophil-to-lymphocyte 
ratio (NLR) are associated with prognosis in malignant mesothelioma (Kao et al. 
2010).  Furthermore, normalisation of the NLR after one cycle of chemotherapy 
associated with an improved outcome. 
 

WBC and NLR are measurements that can be obtained from a standard blood 
count, which is a routine blood test regularly performed in clinical practice.  It is 
inexpensive and easy to acquire.  Finding better ways to predict outcomes in 
patients with mesothelioma could improve our ability to deliver the most 
appropriate care to these patients. 
 

The overall aim of this work is to evaluate NLR and WBC as prognostic and 
predictive factors in a WA patient population, and determine other prognostic 
and predictive factors both pre-treatment and after one cycle of chemotherapy. 
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3. Study Objectives 

3.1 Primary hypothesis 

1) The pre-treatment levels of the inflammatory markers WBC and NLR 
are independent prognostic factors in patients with malignant pleural 
mesothelioma. 

 
2) A reduction or normalisation of WBC count or NLR after one cycle of 

chemotherapy is predictive of improved survival in patients with 
malignant pleural mesothelioma 

3.2 Aims 

1) To identify the pre-treatment prognostic factors in malignant 
mesothelioma in a WA population 

 
2) To investigate whether the addition of NLR confers additional diagnostic 

accuracy over currently used prognostic scoring systems 
 
3) To determine whether a reduction or normalisation of WBC count or 

NLR after 1 cycle of chemotherapy is predictive of survival 

4. Participants 

4.1 Selection of patients 

Consecutive patients with a histologically confirmed diagnosis of malignant 
pleural mesothelioma made between 1st January 2005 and 31st December 2009 
who attended the Medical Oncology Department at SCGH will be included in this 
retrospective cohort study 

4.2 Inclusion/exclusion criteria 

Inclusion criteria: 
 

• 18 years of age or over 
• Histologically or cytologically confirmed malignant pleural 

mesothelioma 
• Baseline WBC, neutrophil and lymphocyte counts available to research 

team 
• Both treated and untreated patients will be included 

 
Exclusion criteria: 

  
• Non-diagnostic histopathology results 
• No available baseline laboratory results 
• Non-pleural primary site of mesothelioma 
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5. Methodology 

5.1 Type of study 

Retrospective cohort study 

5.2 Study schedule 

Retrospective data will be collected from the following sources: 
 

• Existing electronic databases for mesothelioma clinical trials conducted 
at SCGH 

• Electronic records of correspondence and clinic visits held on the 
Medical Oncology network drives 

• Electronic histopathology and laboratory results through “ICM” 
• Medical records held at the Medical Oncology department for deceased 

clinical trial patients 
• For some patients the physical medical record will be recalled to collect 

information (estimated that 20-30% of medical records will be recalled) 
 
Data will be collected and recorded on case record forms (CRFs) and entered into 
an electronic database. Data collected will include, but not limited to the 
following: 
 

• Patient and disease characteristics 
o Date of birth, gender, smoking history, asbestos exposure, 

performance status, presence of symptoms at diagnosis including 
weight loss, chest pain, fevers or night sweats, and shortness of 
breath 

o Date of diagnosis, histopathological subtype, radiological stage 
o ECOG and CALGB prognostic scores, where available 
o Date of death or last follow-up 

• Laboratory results within 3 months of diagnosis and, if applicable, post-
treatment (after 1 cycle of chemotherapy) including: 

o WBC, neutrophils, lymphocytes, platelets, haemoglobin, 
creatinine, LDH and alkaline phosphatase, mesothelin levels 

• Treatments delivered including chemotherapy, surgery and/or radiotherapy 

5.3 Therapeutic regimens 

This is not a therapeutic study.  Treatment received by study participants will be 
recorded on the case record forms 

5.4 Outcomes 

• Primary:  
o Relationship between pre-treatment prognostic factors, including NLR 

on overall survival 
• Secondary:  

o Predictive value of change in NLR and post-treatment NLR on 
survival 
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o Independent effect of detected prognostic factors in relation to the 
previously validated EORTC and CALBG prognostic scoring system 

6. Statistics 

6.1 Sample size 

Assuming that a Cox proportional hazard analysis will be performed for the test of 
the primary hypothesis, a Cox regression power analysis was performed. 
A Cox regression of the log hazard ratio on a covariate with a standard deviation 
of 0.5 based on a sample size of 321 patients with complete data will give a power 
of 0.80, with alpha=0.05, to detect a hazard ratio of 1.5 as statistically significant. 
The sample size was adjusted since a multiple regression of the variable of 
interest on the other covariates in the Cox regression is expected to have an R-
Squared of 0.3000. The sample size was adjusted for an anticipated event rate of 
0.85.  
 

Consecutive patients with a histologically confirmed diagnosis of malignant 
mesothelioma made between 1st January 2005 and 31st December 2009 and 
attended the Medical Oncology Department at SCGH will be included in this 
retrospective cohort study 

6.2 Loss to follow up 

Patients will be censored at last follow-up if still alive or lost to follow-up. 

6.3 Planned analyses 

• Overall survival will be calculated from the date of diagnosis to date of death or 
last follow-up 

• Potential predictors of survival will be entered into univariate Kaplan-Meier 
models and compared with the log-rank test. 

• Prognostic factors that are significant in univariate analysis will be entered into a 
Cox regression model to determine their independent effect. 

• Classification and regression tree (CART) analysis to categorise and group 
significant prognostic factors 

6.4 Pre-planned subgroup analysis 

• Untreated and treated patient groups will be analysed separately 
• Subgroups will be analysed according to treatment delivered 

7. Data handling 

7.1 Case record forms (CRFs) 

Completed case record forms should be sent to the study coordinator / data 
manager: 
 
 Tarek Meniawy 
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 School of Medicine and Pharmacology 
 4th Floor, G Block 

 Tel: 9346 3259 
Fax: 9346 2816 

7.2 Data storage 

Case record forms will be filed in a secure location within the University 
Department of Medicine, 4th Floor G Block. 
 
Data will be entered into a database, which can only be accessed by the 
designated study personnel. 

8. Adverse event reporting 
 

This is not a therapeutic study so adverse event reporting is not required. 

9. Quality assurance 

Two investigators will independently collect data for each patient from the 
medical record and/or electronic database 

10. Ethical considerations 

10.1 Good clinical practice 

The investigators will ensure that the study is conducted in line with the 
principles of good clinical practice outlined in the Declaration of Helsinki (last 
revised Edinburgh 2000), the NHMRC National Statement on Ethical Conduct 
of Research Involving Humans and ICH-GCP. 

10.2 Informed consent 

A waiver of consent is sought form the HREC as the majority of patients are 
deceased and obtaining consent from surviving family members would be 
unnecessarily distressing. This waiver application complies with the guidelines 
outlined in the National Statement on Ethical Conduct in Human Research, 
paragraph 2.3.6. 

10.3 Data protection 

Only the designated study personnel will have access to data from which 
subjects may be identified. Any identifying data will be stored in a locked filing 
cabinet or in a password-protected electronic form. Data will be stored for a 
minimum of five years from study closure. 
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1. General information 

1.1 Full title 

The Effect of Targeted Therapy on the Anti-Tumour Immune Response in 
Patients with Advanced Solid Tumours 

1.2 Short title 

Targeted therapy and the immune response 

1.3 Lay title 

Targeted therapy and the immune system 

1.4 Study personnel 

Principal Investigator:   Prof Anna Nowak 
 

Co-Investigators:   Prof Michael Millward 
   Prof Richard Lake 
   Dr Tarek Meniawy 
   Dr Kevin Jasas 
   Dr Arman Hasani 
   Dr Alison McDonnell 
 

Study Co-ordinator:   Dr Tarek Meniawy 
 

1.5 Study summary 

There is increasing interest in the potential partnership between cytotoxic or 
targeted therapy and immunotherapy for treatment of solid tumours. An emerging 
body of work has shown that chemotherapy can provide a beneficial environment 
for immunotherapy. The tyrosine kinase inhibitors (TKIs) Sunitinib and Sorafenib 
have shown variable effects on the anti-tumour immune response. 
 
The Epidermal Growth Factor Receptor (EGFR) TKIs Gefitinib and Erlotinib 
have an important role in the treatment of non-small cell lung cancer (NSCLC), 
particularly in the context of activating EGFR mutations. However, EGFR-TKIs 
are not curative in advanced disease, with resistance invariably developing. As 
antigen-specific and non-specific immunotherapies such as anti-CTLA4 
antibodies, MUC-1 vaccines, and CD40 activating antibodies enter clinical 
development, there is potential to combine immunotherapies with TKIs or other 
targeted therapies to improve patient outcomes.   
 
The specific effects of targeted therapies on the immune system are poorly 
understood. We aim to study the effect of targeted therapies on the immune 
response in patients with solid tumours.  
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In addition, many patients develop toxicities such as rash and diarrhoea, which 
may be immunologically mediated. A secondary aim of this study is to correlate 
the immune response with observed clinical toxicities in order to better 
understand the role of the immune system in the pathogenesis of these toxicities. 
 
The overall aim of this work is to understand how targeted therapies affect the 
immune response in order to rationally choose schedules and agents for future 
testing of clinical combinations of targeted therapies and immunotherapy.  

2. Background 

Palliative chemotherapy remains the standard treatment for patients with most 
advanced solid tumours.  However, there is an increasing interest in specifically 
targeted therapies that target cancer cells while sparing normal tissues, with 
several monoclonal antibodies and small molecule compounds now in routine 
clinical use (Imai et al. 2006). While currently available treatments may relieve 
symptoms and confer a modest survival benefit for some patients, there remains 
an urgent need to develop new, more effective anticancer therapies or treatment 
regimens.   
 
The ErbB family of receptor tyrosine kinase comprises four members: ERBB1 
(also known as EGFR), ERBB2 (also known as HER2), ERBB3 and ERRB4. 
These receptors have an important role in signalling pathways including cell 
proliferation, differentiation and cell-cycle regulation. They are often 
deregulated during tumorigenesis, and have been the focus in developing several 
molecular-targeted therapies (Olayioye et al. 2000; Imai and Takaoka 2006). 
 
Several randomised clinical trials have shown that EGFR small molecule 
Tyrosine Kinase Inhibitors (EGFR-TKIs) improve survival in advanced Non-
Small Cell Lung Cancer (NSCLC). Enhanced efficacy was demonstrated by 
selecting patients who are more likely to respond, with significantly improved 
survival noted in patients whose tumours harbour an activating EGFR mutation, 
most commonly an exon 19 deletion or L858R point mutation (Shepherd et al. 
2005; Mok et al. 2009; Maemondo et al. 2010). Despite improved survival 
outcomes with the use of first generation EGFR-TKIs, all patients eventually 
develop progressive disease due to development of drug resistance, and newer 
multi-targeted and irreversible agents are currently in development (Li et al. 
2008; Tang et al. 2008).  
 
Findings from several studies have also suggested that a specific cutaneous rash 
that commonly develops in EGFR-inhibitor treated patients may be a surrogate 
marker for response and/or survival (Perez-Soler et al. 2004; Lacouture 2006). 
The mechanism of this rash is yet to be fully elucidated, but may be linked to 
immune-triggered apoptosis of epithelial cells in the skin, which may be 
mirrored within the underlying carcinoma (Guttman-Yassky et al. 2010). There 
may also be a relationship between levels of serum cytokines and the risk of 
developing toxicity to targeted therapies. For example, one study showed that a 
lower level of macrophage inflammatory protein-1 beta (MIP-1β) was associated 
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with a higher risk of appearance of skin toxicity from Gefitinib (Kimura et al. 
2005).  
 
The tyrosine kinase inhibitors sunitinib and sorafenib are approved for the 
treatment of advanced renal cell cancer, and recent studies have demonstrated an 
interaction of TKIs with the immune system and a potential for combining 
cytotoxic or targeted therapies with immunotherapy in breast cancer (Emens et 
al. 2009) and renal cell cancer (Hipp et al. 2008; Ko et al. 2009; Ko et al. 2010).  
 
Several serum cytokines were demonstrated to be potential baseline predictive 
serum markers of sunitinib activity, and variation in serum levels of 27 
cytokines showed significant differences between responders and non-
responders in a population of patients with renal cell carcinoma receiving 
sunitinib (Perez-Gracia et al. 2009). 
 
With the increasing availability of multi-targeted agents, a variety of off-target 
side effects are observed, including hand-foot syndrome, diarrhoea, proteinuria 
and rash (Schmidinger et al. 2010). An understanding of the mechanisms of 
these side effects will help to improve their management and potentially 
improve outcomes by increasing treatment tolerability.  
 
An effective anti-tumour immune response requires antigens to be recognized, 
presented, followed by an effective T cell response that enters tumour and can 
overcome local immunosuppressive factors. Immunotherapy may fail at any of 
these steps, and other therapies may impact on any of these steps (Lake et al. 
2005). Previous work by this group has demonstrated synergy between 
chemotherapies and immunotherapy in murine solid tumours (Nowak et al. 
2003; Nowak  et al 2008), a concept that has now been translated to a phase I 
clinical trial actively recruiting patients at this centre.  
 
Work by this group has demonstrated the importance of an intact immune 
system in determining response to cytotoxic chemotherapy in animal models, 
suggesting that direct cytotoxicity only partially accounts for the observed anti-
tumour response (Nowak  et al 2008). There are a number of potential 
mechanisms for this, but most relevant to targeted therapies, tumour cell death 
appears to lead to increased cross-presentation of released tumour antigen 
(Nowak et al. 2003). As targeted therapies may lead to dramatic resolution of 
tumour burden, we hypothesise that massive tumour antigen release at this time 
may promote the tumour-specific immune response. 
 
Additional evidence for the potential importance of the immune response in 
determining treatment outcomes comes from our study of the human immune 
response during cytotoxic chemotherapy. In patients with NSCLC and malignant 
pleural mesothelioma receiving conventional cytotoxic chemotherapy, an 
increase in proliferating CD8+ T cells following one cycle of chemotherapy 
predicted for improved survival, but did not predict for radiological response 
(McCoy, Lake, Nowak. Unpublished data). Similarly, an increase in the ratio of 
proliferating CD8+ T cells to regulatory T cells after one cycle of chemotherapy 
predicted for improved survival. We hypothesise that similar changes may be 
seen with targeted therapies. 
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The effect of targeted therapies on the human cellular immune response has not 
been elucidated, and warrants further investigation to explore the potential for 
combination with immunotherapy, and the utility of changes in immune 
parameters for prediction of response. 
 
The primary aim of this pilot study is to assess the effects of targeted therapy on 
the numbers and function of the constituents of the immune cell population, and 
on antitumour response and survival outcomes in patients with advanced solid 
tumours.  Once understood, this could have major implications for the rational 
development of new combination treatment protocols. A secondary aim is to 
correlate immune response and changes in serum cytokine profile with treatment 
toxicity in order to better understand the pathogenesis of toxicity and the 
observed relationship between greater toxicity and better survival outcomes.  

3. Study Objectives 

3.1 Primary hypothesis 

Targeted therapy increases the tumour-specific adaptive immune response in 
patients with advanced solid tumours.   

3.2 Aims 

1) To assess the effect of targeted therapy on numbers, proliferation, and 
activation of CD8+ T cells 

 

2) To assess the effect of targeted therapy on numbers, proliferation and 
activation of regulatory T cells 

 

3) To assess the effect of targeted therapy on dendritic cell (DC) numbers 
and activation. 

 

4) To correlate observed changes in immunological parameters with clinical 
outcomes including radiological response, survival, and toxicity 

 

5) To investigate changes in serum cytokine profile following treatment 
with targeted therapy, and correlate observed changes with treatment 
toxicity. 

 

6) To investigate changes in recall responses to tumour-specific peptides 
and non-specific viral peptides following treatment with targeted 
therapy. 

4. Participants 

4.1 Selection of patients 

The following patient groups will be invited to participate: 
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Cohort 1: Patients with a diagnosis of advanced solid tumours who are to 
commence a targeted therapy small molecule or antibody compound as a single 
agent. 
Cohort 2: Patients with a diagnosis of an advanced solid tumour who are already 
receiving a targeted therapy drug as a single agent. 
 
Patient cohort 1 will be prioritised. However patients will be accrued to cohort 2 
for exploratory analyses, correlation of toxicity with immune function and 
changes in serum cytokine profile, and hypothesis generation. 

4.2 Inclusion/exclusion criteria 

Inclusion criteria: 
• 18 years of age or over 
• Histologically or cytologically confirmed advanced solid tumour 
• Treatment with a single agent targeted therapy drug planned as part of 

usual clinical care 
• Willingness to undergo study blood tests at SCGH 
• Written informed consent 

 
Exclusion criteria: 

  
• Unable or unwilling to undergo study blood tests at SCGH 
• Unable or unwilling to return to SCGH 7 days after commencement of 

treatment to have blood sample taken 
• Concurrent chemotherapy 
• Chemotherapy within 3 weeks of study entry 
• Known autoimmune disease 
• Treatment with oral or intravenous dexamethasone or other 

corticosteroids within 72 hours of study entry 

5. Methodology 

5.1 Type of study 

 Longitudinal pilot cohort study 

5.2 Study schedule 

See Appendix 1 for study schedule flow chart 
 

At study enrolment: 
 

• Physician reviews inclusion/exclusion criteria to confirm eligibility 
• Information sheet given to patient and explained 
• Patient gives written informed consent 
• Relevant clinical history obtained and background and demographics 

details recorded as per study schedule 
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• Two baseline blood samples (20ml) taken within 7 days of commencing 
treatment (Cohort 1) 

• One baseline blood sample at study enrolment (Cohort 2) 
 

Following commencement of targeted therapy drug: 
 

• Blood samples (20ml) will be taken at 3 time points: 
1. 7 days (+/- 1 day)  after commencement of targeted therapy (Cohort 

1 only) 
2. 21 days (+/- 2 days) after commencement of targeted therapy (Cohort 

1) or 21 days (+/- 2 days) after study enrolment (Cohort 2) 
3. 8 weeks (+/- 1 week) after commencement of targeted therapy – or 

earlier if treatment is to be discontinued due to disease progression or 
toxicity (Cohort 1 only)   

 
N.B.  For the majority of patients, the above time points will coincide 
with routine clinical visits and patients will be seen clinically on this 
schedule.  
 

 

5.3 Therapeutic regimens 

This is not a therapeutic study.  Treatment received by study participants will be 
as per usual clinical practice.   

 
There will be no restrictions on concomitant medications or treatments such as 
surgery or radiotherapy although details will be recorded on study case record 
forms (CRFs). 

5.4 Laboratory investigations 

Details of PBMC collection, processing, freezing and storage are detailed in 
Appendix 3.  
 
A. T cell subset enumeration and assessment of T cell proliferation, activation 

status and function will be via analysis of relevant surface and intracellular 
marker expression using flow cytometry (Appendix 3).  
 

B. Tumour-specific CD8+ T cell proliferation and function will be assessed 
using 2 methods (Appendix 3) 

 
1) Peripheral blood mononuclear cells (PBMCs) will be incubated with 

peptides containing known epitopes of tumour antigens and CD8+ T cell 
response assessed by flow cytometry. 

 
2) PBMCs will be incubated with a viral antigen peptide pool and CD8+ T 

cell response assessed by flow cytometry. 
 

C. Enumeration of DC subsets and assessment of DC activation and maturation 
status will be via analysis of relevant surface marker expression using flow 
cytometry. 
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D. Serum cytokines including MIP-1β, TNF-α, MMP-9, IL-2, IL-4, IL-6, TGF, 

VEGF and others will be assessed by flow cytometry using multiplexed 
quantification and detection with a bead-based immunoassay, BD™ 
Cytometric Bead Array (BD Biosciences, Australia) 

 
N.B.  Other relevant markers may be analysed in addition to or in place of those 
specified if considered appropriate. Specific laboratory methods used may be 
modified according to feasibility and availability of equipment and reagents, but 
without modification to the specific aims of study – i.e. effect of treatment on 
immune function and cytokine profile. 

5.5 Primary outcome 

 
Change in CD8+ T cell proliferation following start of targeted therapy as 
measured by Ki67 expression on flow cytometry (Cohort 1) 
 

5.6 Clinical outcomes 

1) Objective response to treatment: Patients routinely receive a CT scan 
pre-treatment and a follow up scan during treatment at 8 weeks after the 
start of treatment.  Objective radiological response status will be 
determined as per the RECIST 1.1 criteria (Eisenhauer et al. 2009).  Data 
will be recorded on study CRFs. 
 

2) Overall survival:  
A. From diagnosis: defined as time from histological or cytological 

diagnosis until death, or censored for date of last follow up for 
those remaining alive or lost to follow up. 

B. From start of treatment: defined as time from first dose of 
targeted therapy until death, or censored for date of last follow up 
for those remaining alive or lost to follow up 

3) Toxicity: recorded at weeks 1,3, and 8 as per the NCI CTCAE Version 
4.03. 

6. Statistics 

6.1 Sample size 

Change in the proportion of proliferating CD8+ T cells following treatment is the 
primary outcome.  The standard deviation of change in this variable from day 0 
to day 90 in a group of 10 healthy controls has been used for this calculation 
(SD=1.1).   Data from patients undergoing chemotherapy showed a 50% 
increase in the proportion of proliferating CD8+ T cells 21 days after the start of 
treatment (from 4% to 6%). A sample size of 20 patients will be adequate to 
detect a change in proliferating CD8+ T cells from 4% to 5.5 % with SD=1.1, 
α=0.05 and β=0.8.  
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Correlation with survival outcomes will be performed using the Cox 
proportional hazards model. Correlation with radiological outcomes and toxicity 
will be performed using logistic regression analysis. 
 
Although this pilot study is unlikely to be definitive, this will provide 
preliminary human data, and will be the subject of future funding applications to 
expand the cohort if a signal of interest is seen. As some patients will withdraw 
prior to the final study time-point, and there will be some heterogeneity of 
different targeted therapy drugs and tumour characteristics, recruitment of 35 
patients to Cohort 1 is proposed to allow for withdrawals and for comparisons 
within different subgroups.  
 
Recruitment to Cohort 2 will allow for exploratory analyses and hypothesis 
generation in patients with rare tumours or receiving less commonly used 
targeted therapies. Recruitment of up to 15 patients to cohort 2 is anticipated. 

6.2 Planned recruitment rate 

It is estimated that 2 patients will be recruited to Cohort 1 per month.  At this 
rate, the required minimum sample size of 20 patients will be reached within 10 
months and the proposed sample size of 35 patients will be reached within 18 
months. It is estimated that 1 patient will be recruited to Cohort 2 per month. 

6.3 Compliance 

Drug doses will be recorded in CRFs. Where the targeted therapy is an oral 
drug, patients will be asked about compliance in order for the investigators to 
interpret study data. Compliance will be recorded in CRFs as a % of total 
expected/prescribed dose taken over the previous week. 

6.4 Loss to follow up 

It is estimated that loss to follow up will be low as most blood draws will 
coincide with routine clinic visits, and patients will be undergoing routine 
medical care at the study site.   
 
If patients are not able to have a blood sample taken at a particular time point 
they will continue in the study and have blood taken at subsequent time points.  
 
If any patients are lost to follow up, data obtained from earlier time points will 
be included in the analyses provided that data from at least 1 follow up time 
point is available. 

6.5 Planned analyses 

A longitudinal analysis of intra-patient changes in cell surface / intracellular 
marker expression will be performed using ANOVA. 
 
Correlation between changes in marker expression and tumour response will be 
assessed, comparing patients grouped as partial responders, stable disease, and 
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those with objective progression.  Analysis will be performed using Chi square 
tests. 
 
Correlation with overall survival will be assessed using the Kaplan-Meier 
estimator.  Patients will be categorised according to changes in marker 
expression and groups compared using the log-rank test. 

 
For clinical endpoints, p values of ≤0.05 will be considered significant. 

6.6 Frequency of analyses 

An exploratory analysis will be conducted once marker expression data has been 
obtained for 10 patients.   

6.7 Subgroup analysis 

In addition to the main analysis patients will be divided into groups according to 
the following criteria and subgroup analyses performed: 
 
1. Specific targeted therapy drug used 
2. Histological diagnosis 

7. Data handling 

7.1 Case record forms (CRFs) 

Please see Appendix 2 for details of study CRFs and schedule for completion. 
 
Completed CRFs should be sent to the study coordinator / data manager: 
 
 Tarek Meniawy 
 School of Medicine and Pharmacology 
 4th Floor, G Block 

 Tel: 9346 3259 
Fax: 9346 2816 

7.2 Data storage 

CRFs will be filed in a secure location within the University Department of 
Medicine, 4th Floor G Block. 
 

Data will be entered into a database, which can only be accessed by the 
designated study personnel. 

8. Adverse event reporting 

This is not a therapeutic study so adverse event reporting is not required. 
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9. Quality assurance 

Tumour measurements will be performed according to the RECIST criteria 
(Eisenhauer, Therasse et al. 2009).  Measurements will be performed by the 
same clinician for each patient at each different time point. 
 

Toxicity will be assessed according to the NCI Common Toxicity Criteria for 
Adverse Events v4.03. 
 

Laboratory assays for all time points for each given subject will be performed on 
one occasion to minimize intra-patient variability. 

10. Ethical considerations 

10.1 Good clinical practice 

The investigators will ensure that the study is conducted in line with the 
principles of good clinical practice outlined in the Declaration of Helsinki (last 
revised Edinburgh 2000), the NHMRC National Statement on Ethical Conduct 
of Research Involving Humans and ICH-GCP. 

10.2 Informed consent 

The investigator, or person designated by the investigator will explain the study 
to each subject, give them a copy of the patient information sheet and answer 
any questions they may have. Written informed consent will be obtained from 
all patients.  

10.3 Data protection 

Only the designated study personnel will have access to data from which 
subjects may be identified. Any identifying data will be stored in a locked filing 
cabinet or in a password-protected electronic form. Data will be stored for a 
minimum of five years from study closure. 
. 

Consent for members of the study team to access medical records to obtain data 
relevant to the study will be obtained form each subject as part of the informed 
consent process. 
 

Each patient will be allocated a unique study number.  Stored cell samples will 
be labelled with the patient’s study number and initials only.  
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       Appendix 1 – Study schedule 

Time point 
Pre-treatment 
(within 7 days of starting 

drug) 
Day 7 (+/- 1 day) Day 21 (+/- 2 days) 

 
8 weeks +/- 7 days (or at  
treatment discontinuation  
if earlier) 
 

After 8 weeks 

 
Forms/action 
(COHORT 1) 

 
• Eligibility check 
• Informed consent 
• Study enrolment form 
• Treatment details form 
• 2 x blood samples 
• Blood sample collection form 

• Blood sample 
• Blood sample 

collection form 
• Toxicity 

assessment 

• Treatment details form 
• Blood sample 
• Blood sample collection 

form 
• Toxicity assessment 

 
• Treatment details form 
• Blood sample 
• Blood sample collection 

form 
• Toxicity assessment 
• Tumour assessment 

completed once routine 
follow-up CT scan done 

 

 
• No further blood 

samples or active 
follow-up 

• Relevant clinical 
information obtained 
from medical record 

Forms/action 
(COHORT 2) 

• Eligibility check 
• Informed consent 
• Study enrolment form 
• Treatment details form 
• 1 x blood samples 
• Blood sample collection form 

• No 
assessments 

• Treatment details form 
• Blood sample 
• Blood sample collection 

form 
• Toxicity assessment 

• No assessments 

 
• No further blood 

samples or active 
follow-up 

• Relevant clinical 
information obtained 
from medical record 
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Appendix 2 – Case record forms 

Form  When to be completed Who to complete 

Eligibility Checklist Prior to study enrolment Investigator 

Consent Form At study enrolment  Investigator & 
patient 

Study Enrolment Form  At study enrolment  Investigator  

Treatment Details Form 

At study enrolment  
At 7 day time point 
At 21 day time point 
At 8 week time point 

Investigator  

Toxicity Assessment 

At study enrolment  
At 7 day time point 
At 21 day time point 
At 8 week time point 

Investigator 

Blood Sample Collection 
Form  At each blood collection  Individual taking 

blood sample 

Tumour Assessment 
Form Once follow up CT scan has been performed  Investigator  

Study Discontinuation 
Form 

Upon withdrawal of patient from the study 
for any reason including withdrawal of 
consent, investigator discretion and death. 

Investigator  
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Appendix 3 - Laboratory investigations 

Peripheral blood mononuclear cells (PBMCs) will be isolated from heparinised 
blood by Ficoll density centrifugation, immediately frozen at -80oC and assays for 
all time points for each subject performed on one occasion. 
 

A. Leucocyte enumeration and assessment of proliferation and 
activation/maturation status 

 
PBMCs will be analysed by flow cytometry for relevant surface/intracellular 
marker expression in the following panels: 
 
 

Panel Markers 
 
T cell activation/proliferation 

CD3, CD8 (phenotyping) 
HLA-DR, CD38 (activation) 
Ki-67 (proliferation) 
Bcl-2 (apoptosis) 

 
Regulatory T cell proliferation 

CD3, CD4, CD25, FoxP3 
(phenotyping) 
Ki-67 (proliferation) 
Bcl-2 (apoptosis) 

 
Dendritic cell activation/maturation 

BDCA-1, BDCA-2, BDCA-3, 
CD14/19 (phenotyping) 
HLA-DR (activation) 
CD83 (maturation) 

 
PBMCs will be thawed and incubated with fluorescence-conjugated antibodies 
(Abs) specific to surface markers then, where necessary, permeated and incubated 
with Abs specific to intracellular markers. 
 
Samples will be analysed on a FACS Canto II flow cytometer (BD) 
 
 

B. Assessment of tumour-specific CD8+ T cell proliferation and effector function 
 
Method 1 
 
PBMCs will be thawed and incubated with peptides containing known epitopes of 
tumour antigens including, but not limited to, Survivin, Mesothelin and MUC-1.  
Expression of the following markers will be assessed by flow cytometry in order 
to identify the proportion of CD8+ T cells responding to the epitope.   
 

CD3, CD8 Phenotyping 
CD69 Activation 
IFN-γ, TNF-α Effector function 
Ki-67 Proliferation 
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Patients will be HLA typed for the alleles to which each of the epitopes is 
restricted (if this information is not available in their medical notes) and assays 
only performed with samples from patients expressing the appropriate allele. 
 
 
Method 2 

Viral antigen peptide pool 
CD8+ T cell responses to common viral antigens will be assessed using the CEF 
Class I Peptide Pool Plus (Cellular Technology Ltd, Cleveland, OH, USA).  This 
pool contains 32 peptides corresponding to HLA Class I-restricted epitopes from 
Cytomegalovirus, Epstein-Barr virus and Influenza virus, covering 15 
HLA Class I alleles.  Peptides will be reconstituted and used according to the 
manufacturer’s instructions. 

 
C. Enumeration of DC subsets and assessment of DC activation and maturation status 

will be via analysis of relevant surface marker expression using flow cytometry. 
 

D. Serum cytokines including, but not limited to MIP-1β, TNF-α, MMP-9, IL-2, IL-4, 
IL-6, TGF, VEGF 

• Multiple proteins will be quantified simultaneously using a BD™ 
Cytometric Bead Array Flex Set system using bead-based reagents to create 
multiplex assays. 

• Analytes will be measured on a FACS Canto II flow cytometer (BD) 
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