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ABSTRACT 

Background: Clinical trials are designed to help patients to live better and/or longer. Each component 

considered in the design of the trial has the potential to shape and impact the ultimate result. Interpretation of a 

trial as positive or negative hinges on the endpoint of interest and the trial design. This thesis will consider each 

decision made during the initial trial design, and their impact on the success of a trial and translation to practice.   

Methods: Multiple research tools were utilised including systematic reviews, questionnaire based research and 

prospective studies to address: (i) confounding issues in patient population selection; (ii) the clinical relevance 

and validity of survival endpoints; (iii) effective integration of quality of life (QOL) tools; and (iv) the feasibility and 

safety of correlative tests. The results of the individual projects are summarised herein. 

Results: A systematic review of 166 phase III clinical trials in ovarian cancer demonstrated intermediate 

endpoints have been increasingly used as the primary endpoint. A relationship was seen between the median 

progression free survival (PFS) and overall survival (OS) (Pearson correlation +0.78) but very few studies had 

statistically significant improvements in both PFS and OS. Overall survival was more commonly underestimated 

in the statistical design than PFS (p<0.001) in ovarian cancer and in comparison to predictions in other cancer 

sub-types with shorter survival post-progression (p=0.02). The net gain in PFS has fallen with time (5.9 months 

1980s; 1.9 months 2010+).  

Quality of life measures have been increasingly included in studies (2% of trials in 1980s, 64% of trials 

published since 2010; p<0.001) but were the primary endpoint in only one study. A predefined hypothesis was 

specified in 8 of 35 studies (23%). A mean rather than an individual score was more commonly reported.  

A literature review found correlative studies are incorporated in early phase trials to understand disease biology 

and treatment effect. A sub-study of ARIEL2 (a phase II clinical trial), demonstrated mandatory biopsies were 

feasible and safe in ovarian cancer. Higher rates of biopsies were achieved in studies with a mandatory rather 

than an optional biopsy (median 100% vs. 16%). Complications and successful procurement were poorly 

reported (5% and 23% of studies respectively).  

A retrospective review of 77 patients with endometrial cancer showed tolerability and the presence of multiple 

mutations (52% had ≥2 mutation) were barriers to the implementation of personalised medicine. 26% stopped 

targeted therapy due to toxicity rather than lack of effect. Time to progression on targeted therapy was not better 

than prior systemic therapy (HR=1.5). 

Conclusions: Tremendous progress has been seen in oncology trial design but more is needed to optimise 

resource utilisation and improve patient outcomes. Similar rigour to that used for response evaluation criteria in 

solid tumours (RECIST) needs to be applied to quality of life tools and the inclusion of correlative tests. It is 

important to consider and specify the statistical rationale for these aspects of trial design. As investigators we 

need to remain accountable for each test requested and ensure it is optimally integrated to ensure the study 

hypotheses are achievable and that these hypotheses reflect benefit for the patient.  
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PREFACE 

Clinical trials are integral to the improvement of patient care and central to regulatory approvals. The 

quintessential goal of clinical trials is to identify treatments that positively impact the quantity and quality of a 

patient’s life. Substantial gains have been made in our understanding of the underlying pathogenesis of cancer 

but these have not been matched with improvements in cure in all types of cancer.  

This thesis with start with a literature review investigating clinical trial design. Through this we will illustrate the 

unifying priority for reproducible, valid and appropriate endpoints which optimise the design and development of 

clinical trials whilst ensuring patient safety. Trial endpoints must reflect clinically meaningful improvement in 

survival or quality of life; however, in practice this can be difficult. Patient and disease characteristics need to be 

considered in the trial design and in the interpretation of the data in order to facilitate meaningful decisions 

about the clinical implications (benefit and use) and pharmaco-economic effectiveness. Of equal importance is 

the need to design trials which optimise utilisation of resources with the inclusion of endpoints that are 

transparent. A badly designed study runs the risk of missing a therapeutic benefit in a specific patient 

population. In the setting of increasing drug costs, this will not be sustainable.  

We will then question and review some of the challenges facing trial design in oncology. When designing a trial 

key decisions are made on the appropriate patient population, the endpoint of interest, the expected result and 

subsequent impact on the statistical design, the integration and safety of correlative tests and the use of patient 

reported endpoints. Through collaborative projects, each of these topics will be considered with respect to their 

impact on clinical trial design and analysis. 

In the following chapters systematic reviews will be used to explore the evolution of clinical trial endpoints in 

ovarian cancer and consider the impact of these on the statistical analyses and the ultimate result of the trial. 

These will demonstrate that intermediate endpoints have been increasingly used in preference to overall 

survival but the clinical relevance of this for the patient needs optimisation. Additionally, as patients live longer 

due to more therapeutic options, cross-over and better supportive care, the difficulties in estimating overall 

survival and the impact of this on the power of a study will be presented.  

Quality of life outcomes are recognised as an integral and direct measure of patient benefit yet the integration of 

these in clinical trials conveys their own difficulties. With the recent acknowledgement at the 5th Ovarian Cancer 

Consensus Conference of their value, we will investigate the use of these in ovarian cancer trials.  

As well as measuring benefit in trial, there is an increasing drive to understand more about the biology of cancer 

and drivers of response and resistance in the molecular era. The use of correlative studies to achieve this and 

the impact of these studies on the patient will be investigated. This will be achieved through a retrospective 

review of recent publications and a prospective review of the safety and utility of biopsies in a phase II clinical 

trial (ARIEL2 – Part 1).  

We will then question and review some of the challenges facing integration of correlative tests and personalised 

medicine in practice. Using endometrial cancer as an example, the importance of the molecular signature and 

the impact of individual patient characteristics and comorbidities in defining a patient population will be shown. 

In this patient population, we will demonstrate that there are multiple factors above the molecular signature 

alone that need consideration in the trial design.  
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As expected, this body of research identifies even more challenges that need consideration in future trial design 

and interpretation. It is time to challenge traditional trial design and incorporate novel endpoints that reflect 

benefit to patients, and show that changes in tumour size either in absolute terms (response/progression) or 

relative to control (progression) are clinically relevant. I conclude by considering the resource implications we 

face in a constrained health-economic environment and present examples of novel trial designs and initiatives 

which are attempting to address some of these issues.  
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CHAPTER 1: THE PAST, PRESENT AND FUTURE OF TRIAL DESIGN AND ENDPOINTS 

The sequential pathway of drug development from the initial phase I trial through to a phase III trial remains 

similar to when it was first developed in the 1960s (10, 11). Over this time, there has been a dramatic increase 

in both the number and type of therapeutic agents (12, 13). In 2016, 45 new drugs were approved by the Food 

and Drug Administration (FDA) with 15 of these for the treatment of cancer (14). Alongside this, large scale 

collaborative sequencing projects such as The Cancer Genome Atlas (TCGA) have recognised the importance 

of the molecular signature in conjunction with the histological subtype that defines a cancer, when predicting 

outcomes and therapeutic response (15, 16).  

Patient and disease characteristics need to be considered in the trial design and in the interpretation of the data, 

in order to facilitate meaningful decisions about the clinical implications (benefit and use) and pharmaco-

economic effectiveness. There is a unifying priority to ensure reproducible, valid and appropriate endpoints to 

optimise the design and development of clinical trials whilst ensuring patient safety. Of equal importance is the 

need to design trials which optimise utilisation of resources with the inclusion of endpoints that are transparent. 

A badly designed study runs the risk of missing a therapeutic benefit in a select patient population. In the setting 

of increasing drug costs, this will not be sustainable.  

In this thesis, we will question and review the challenges facing clinical trial design in oncology. This process is 

fundamental to the commitment to bring new agents to patients without compromising the standards of 

effectiveness required (17). This chapter provides the platform for understanding the rationale behind the 

projects presented in this thesis. Based on two health development articles published in Lancet Oncology, this 

thesis will address the need for us to challenge clinical trial endpoints and design in the molecular era (1, 5). 

The questions addressed in each of the subsequent chapters consider difference facets of trial design. 

Recognising the enormity of this area, ongoing research evolving from the work presented herein will continue 

to shape our approach to research over the upcoming years.  

1.1 What is a meaningful endpoint? 

Our key priorities for treatment remain unchanged - to enable affected individuals to live longer or better, and 

ideally both (10). Proving a benefit can be challenging and this will be considered further in chapters 2, 3 and 5. 

The ‘gold standard’ to assess therapeutic efficacy is a statistically significant and clinically meaningful 

improvement in overall survival (OS), quality of life or cancer-related symptoms. In reality this is more difficult 

than it appears. The first issue is what is clinically meaningful as there is a considerable variation in opinion 

between patients, clinicians and regulatory agencies (5, 10). Secondly, how can this be accurately assessed 

within a clinical trial that translates to benefit in daily practice. Finally, in the modern era, how can we 

incorporate and interpret this into a single trial. In this section, the endpoints currently used will be defined and 

some of the inherent weaknesses with their use will be illustrated (Table 1). 
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Table 1: A comparison of important cancer approval endpoints 

Endpoint 
Regulatory 

evidence 
Study design Advantages Disadvantages 

Overall survival (OS) Clinical benefit for 

regular approval 

 

 Randomised studies 

essential 

 Blinding not essential 

 Universally accepted direct measure 

of benefit 

 Easily measured 

 Precisely measured 

 May involve larger studies 

 May be affected by cross-over therapy 

and sequential therapy 

 Includes non-cancer deaths 

Symptom endpoints 

(patient-reported 

Outcomes (PRO)) 

 

Clinical benefit for 

regular approval 

 

 Randomised blinded 

studies 

 Patient perspective of direct clinical 

benefit 

 

 Blinding is often difficult 

 Data are frequently missing or 

incomplete 

 Clinical significance of small changes is 

unknown 

 Multiple analyses 

 Lack of validated instruments 

 Often reported as mean/median group 

scores rather than individual results 

Disease free survival (DFS) Surrogate for 

accelerated of 

regular approval* 

 

 Randomised studies 

essential 

 Used in adjuvant 

setting 

 Blinding preferred 

 Blinded review recommended 

 Smaller sample size and shorter 

follow-up necessary, compared with 

survival studies 

 Not statistically validated as surrogate 

for survival in all settings 

 Not precisely measured; subject to bias, 

particularly in open-label studies 

 Definitions vary among studies 

Progression free 

Survival (PFS) (includes all 

deaths) 

OR 

Time to progression (TTP) 

(deaths before progression 

censored) 
 

Progression free survival 2  

(PFS2) (includes all deaths) 

OR 

Time to second progression 

(TTSP) (deaths before 

progression censored) 

Surrogate for 

accelerated or 

regular approval* 

 

 Randomised studies 

essential 

 Blinding preferred in 

comparative studies 

 Blinded review 

recommended 

 Used in advanced 

setting 

 

 Smaller sample size and shorter 

follow-up necessary, compared with 

survival studies 

 Includes measurement of stable 

disease 

 Not affected by cross-over or 

subsequent therapies (PFS2 

affected to a lesser degree than OS) 

 Generally based on objective and 

quantitative assessment 

 

 Not statistically validated as surrogate 

for survival in most settings 

 Not validated as measure of quality of 

life 

 Not precisely measured; subject to 

assessment bias, particularly in open-

label studies 

 Definitions vary among studies 

 Frequent radiological or other 

assessments 

 Involves balanced timing of 

assessments among treatment arms 

 Affected by censoring of data 
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Endpoint 
Regulatory 

evidence 
Study design Advantages Disadvantages 

Objective response rate 

(RR) 

Surrogate for 

accelerated or 

regular approval* 

 

 Single-arm or 

randomised studies 

can be used 

 Blinding preferred in 

comparative studies 

 Blinded review 

recommended 

 Can be assessed in single-arm 

studies 

 Assessed earlier and in smaller 

studies, compared with survival 

studies 

 Effect attributable to drug, and not 

natural history 

 Used in advanced setting 

 Only a subset of patients who benefit  

 Not a direct measure of benefit 

 Not a comprehensive measure of drug 

activity 

 Does not measure duration of benefit 

 

Complete response (CR) 

 

 

 

 

Surrogate for 

accelerated 

or regular approval* 

 

 Single-arm or 

randomised studies 

can be used 

 Blinding preferred in 

comparative studies 

 Blinded review 

recommended 

 Can be assessed in single-arm 

studies 

 Durable complete responses can 

 represent clinical benefit 

 Assessed earlier and in smaller 

studies 

 Compared with survival studies 

 Not a direct measure of benefit 

 Not a comprehensive measure of drug 

activity 

 Small subset of patients with benefit 

Clinical benefit  rate (CBR) Not generally used 

for regulatory 

approval 

 Single-arm or 

randomised studies 

can be used 

 Blinding preferred in 

comparative studies 

 Blinded review 

recommended 

 Can be assessed in single-arm 

studies 

 Assessed earlier and in smaller 

studies 

 Compared with survival studies 

 Includes complete response, partial 

response and stable disease for a 

defined period 

 Not a direct measure of benefit 

 Not a comprehensive measure of drug 

activity 

 Definition of duration of stable disease 

varies between studies 

 Inclusion of stable disease can reflect 

inherent characteristics of tumour rather 

than disease activity 

* Adequacy as a surrogate endpoint for accelerated approval or regular approval is highly dependent upon other factors such as effect size, effect duration, and 

benefits of other available therapy. 

Adapted from: FDA Guidance for Industry: Clinical Trial Endpoints for the Approval of Cancer Drugs and Biologics. Supplemented with information from 

European Medicines Agency (18, 19). 



  

4 
 

Overall survival (OS) is an unambiguous measure of outcome; but one may question whether it is an 

unambiguous marker of therapeutic effect. Improvement in cytotoxic therapies and development of new 

treatment strategies, alongside improved understanding of disease biology, has meant that some cancers now 

behave like a chronic disease. As a result, detecting OS differences in clinical trials can be complex with many 

confounding challenges related to the duration of the trial, cost, sample size, and post-progression therapies 

(20). If cancer is considered to be a more chronic disease, new therapies have to have meaningful outcomes for 

patients, such as improving quality of life, symptom control and tolerability of therapy.  

Clinical trial endpoints such as progression free survival (PFS) and time to progression (TTP) have been 

proposed due to their ability to measure differences in treatment effect in a shorter time period. However, a 

robust debate continues as to whether they are meaningful in their own right or as surrogates (for example for 

survival or disease control). Dissimilar to OS, they are less affected by subsequent therapies, palliative care and 

co-morbidities (20). Unlike death as an endpoint, the exact timing of disease progression is likely continuous but 

is determined in trials by discrete clinical or radiological assessments; and hence, inherently dependent on the 

timing of these investigations (Figure 1). In contrast to routine practice where determination of disease status is 

made on the integration of clinical, biochemical and radiological factors, in trials surrogate patient outcomes are 

often defined by radiological measures alone in order to increase objectivity.  

Figure 1: Relationship between Progression Free Survival and Overall Survival 

 

Legend: While progression is continuous, the time a patient is defined to have progressed is based on the time 

of radiological assessment. In this example, the patient’s progression free survival could be defined at 2 or 4 

months dependent on when the CT scan was conducted. PFS2 and PFS3 represent the time to second and 

third progression respectively. Survival post-progression is represented by the time following progression until 

death and is influenced by multiple factors including treatment post-progression, cross-over and supportive 

care. This will be discussed more in chapter 3. 

Overall survival and surrogate endpoints 

Polarised views exist over the importance of OS and PFS as outcome measures in clinical trials. Overall 

survival is a precise endpoint representing the proportion of patients alive after a fixed duration of time and thus 
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reflects a clinically relevant benefit (Table 1) (21). The confounding effects of cross-over, supportive care and 

post-progression therapies makes OS measurement increasingly protracted (20). Combined with a desire to 

measure more modest differences, phase III trials have become larger and more resource intense. Current trial 

designs are challenging this model and paradigm. In this section, current endpoints used in trials will be defined. 

In chapters 2, 3 and 5, their application to ovarian cancer and clinical trial design will be explored in more detail.   

Surrogate or intermediate endpoints (Table 1) have attracted increasing interest as indirect measures of 

treatment benefit as they are generally achievable within a shorter timeframe; yet they carry the risk of 

misleading conclusions due to erroneous extrapolation (22). The definition of what reflects a “true surrogate” 

endpoint is complex and controversial. Published as guidelines for validating surrogate endpoints, the Prentice 

Criteria are a set of conditions describing the relationship between the therapy and endpoints of interest (23). 

The key criterion herein is the assumption that the effect of the intervention on the surrogate endpoint (such as 

progression free survival), is expected to mimic clinically meaningful changes in the target endpoint (for example 

overall survival) (23). In chapter 2, the evolution of endpoint choice in trials in ovarian cancer will be explored 

and the relationship between OS and PFS will be investigated in this disease. 

Assessment of surrogate endpoints remains challenging due to the complexity of disease (22). Baker and 

Kramer identified four questions that need to be addressed when using surrogate endpoints in trials and include: 

(i) does the increased uncertainty associated with estimation extrapolation in historical trials outweigh the 

advantage of drawing conclusions sooner than with a true endpoint trial? If “NO”, the use of a surrogate 

endpoint would be uninformative (22). If “YES” the following must be considered (ii) would biological 

mechanisms by which treatment affects surrogate and true endpoints likely be similar in the new trial as in 

historical controls? (iii) would patient management following the surrogate endpoint likely be similar to historical 

controls? and (iv) would no serious or detrimental side effects likely arise in the new trial between time of 

observation of the surrogate endpoint and time of the true endpoint (22). While direct in theory, in practice much 

uncertainty remains in addressing these questions. For example with novel therapies, often little is known about 

long-term toxicity (24). Recently a literature review identified that 39% of serious adverse drug reactions (ADR) 

and 39% of potentially fatal adverse drug reactions were not described in the randomised clinical trials and 49% 

and 58% were not described on initial drug labels respectively (24). 

It remains important to define what outcome the surrogate is reflecting, and assess the validation. Commonly, 

candidate surrogate endpoints such as PFS implicitly assess OS. It is critical to consider whether these 

endpoints act as a surrogate for clinical benefit to patients, such as symptom control or palliation (25, 26). 

Progression free survival is the most commonly used measure and is defined as time from randomisation to 

tumour progression or death (27). Compared to OS, the exact timing of progression is dependent on the timing 

of the assessment of progression, generally determined by a discrete clinical or radiological assessment (Figure 

1). It also depends on the inherent growth rate of the malignancy under investigation. Other surrogate measures 

include disease free survival (DFS) or relapse free survival (RFS) in trials of adjuvant therapy, objective 

response rate (RR) and time to progression (TTP) (18). With newer targeted agents, an intra-patient time to 

progression ratio has been used to compare current response with response to the last therapeutic intervention. 

These are subject to measurement error, evaluation and attrition biases (27).   

Progression free survival is an imperfect outcome measure yet remains central to current trial design. In some 

disease sites, it remains questionable as to whether improving PFS is a true advantage to the patient, as 
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surrogacy of PFS for OS has been demonstrated infrequently. There are a number of reasons why a benefit in 

PFS may not translate to a benefit in OS. First, with increasing therapeutic options subsequent therapies are 

likely to dilute any initial benefit (28). Second, the change in tumour burden associated with defined disease 

progression may not be sufficient to affect time to death in patients with small volume disease (25). Third, 

prolonged exposure to targeted therapies may lead to evolutionary changes in tumours producing a different 

phenotype offsetting any initial advantage from treatment (25).  

Overall survival is composed of PFS and survival post-progression (SPP) (Figures 1 and 2) (28). When patients 

with metastatic disease progress there are a number of potential interventions available including: cross-over, 

treatment with an alternative agent, continuation with the same agent if there is symptomatic benefit or no 

further therapy (28). The heterogeneity of these options makes it difficult to assess the influence (if any) on OS 

of the initial randomised therapy, due to confounding from each subsequent intervention (28). Several analyses 

and statistical models have assessed the concordance between PFS and OS. In diseases where median 

survival post-progression is short (i.e. less than 12 months), PFS is often a reasonable alternative endpoint for 

OS (28). This has been demonstrated in advanced colorectal and extensive small stage lung cancers where a 

strong correlation has been shown between the two measures (29-32). In contrast, for diseases such as 

metastatic breast or recurrent ovarian cancer, where patients have a longer survival post-progression, there 

remains a divergent relationship between PFS and OS as a result of a greater number of effective therapeutic 

options available post-progression (28, 32). This relationship will be further explored in ovarian cancer in 

chapters 2 and 3. Whilst statistically sound, evidence to the contrary exists with clear survival benefit 

demonstrated with the use of trastuzumab both alone and in combination with pertuzumab in HER2 positive 

metastatic breast cancer (33, 34). This emphasises the levels of complexity in the relationship between PFS 

and OS that is not fully reflected by this statistical argument.   

The confounding effect of post-treatment therapy and cross-over can make long-term assessment of a specific 

intervention difficult. Progression free survival in this scenario is not affected by these factors, and potentially 

allows a more direct assessment of the experimental intervention on disease control. If a patient receives the 

control arm, they may have the opportunity to receive the same or similar experimental drug at a later date, 

ultimately impacting on the OS results from the original study. Yet, from a patient perspective, access to all 

potential therapeutic options may allow them to live longer or better (or both).   

Furthermore, the influence of supportive care is often discounted. Early integration of palliative care in patients 

with metastatic non-small cell lung cancer not only improved quality of life, but was also associated with 

improved survival (8.9 months vs. 11.6 months p=0.02) even when accounting for age, performance status and 

sex (hazard ratio 1.7 p=0.01) (35). Whilst this study was limited to one disease site, it identifies a further variable 

that may impact survival post-progression beyond the studied treatment.  

Contingent on consistent timing of tumour assessment in control and experimental arms, endpoints may be 

subject to error and bias. Additionally censoring patients lost to follow-up or starting a new therapy can 

perpetuate bias in the reported endpoints (36). If there remains imbalance between treatment arms in the 

censoring rates, this will impact on study endpoints. For example, the BOLERO-2 study in breast cancer 

(comparing exemestane and everolimus with exemestane and placebo) showed 24% of patients in the 

treatment arm compared to 6% of patients in the control arm discontinued therapy (37, 38). As a consequence 

of uneven censoring, it remains difficult to determine the true difference in PFS in this study, which was the 
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primary endpoint. In most statistical methods it is assumed that expected survival for censored patients is the 

same as for non-censored patients. 

The use of maintenance therapy in patients with no active disease or disease related symptoms can make it 

challenging to define and detect a clinical benefit. The use of poly ADP ribose polymerase (PARP) inhibitors in 

ovarian cancer demonstrates the difficulty in designing trials and appropriate endpoints to show (or rule out) 

improvement in outcome. Initial PARP inhibitor trials have shown striking and clinically convincing single agent 

activity, sometimes controlling disease for years, particularly in women harbouring germ-line BRCA mutations 

(39-42). For durable benefit these agents need to be taken chronically and continuously in a maintenance 

setting (39, 42, 43). However, this group of patients are also known to have generally very chemo-sensitive 

disease to a variety of agents, and may have as many as 10 different lines of treatment over a median of 5 to 7 

years of survival. Proving a survival benefit in this scenario can be difficult (3, 42).   

Taking the above into consideration what is the optimal endpoint for trials which: (i) involve chronic maintenance 

therapy?; (ii) may have modest side effects and impair quality of life over a longer period, but to a lesser degree 

than short-term chemotherapy?; and (iii) where survival benefit is hard to demonstrate due to effective (and 

alternative) post-progression therapies? PARP agents seem to have ‘clinically meaningful benefit’, but defining 

this benefit and measuring it objectively remains a challenge. Delaying progression may decrease emotional 

distress for the patient. Balancing this against treatment toxicity and patient preference, emphasises the 

difficulty in determining which treatment allows a patient to live with overall better quality of life and control of 

symptoms. This has been reflected in the recent statements from the 5th Ovarian Cancer Consensus 

Conference statements (44). It remains unclear as to whether OS is the best endpoint in the maintenance 

setting, reflecting the importance of linking the choice of endpoints to the question.  

Figure 2: Clinical endpoints in use in trials 

 

Legend: To bridge the gap between PFS and OS, intermediate endpoints of time to second progression (PFS2) 

and time to first (TFST) and second subsequent therapy (TSST) have been used (3). Assessing time to second 

progression (PFS2) provides reassurance that there is no detrimental effect from the initial therapy on response 

to other treatments (1, 3). 
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Other Endpoints in Use 

A) Time to Subsequent Progression or Treatment 

Time to second (PFS2) and third progression (PFS3) have been used as alternative endpoints for OS and have 

been incorporated into an increasing number of clinical trials (Figure 1 and 2). In contrast to PFS, PFS2 and 

PFS3 are defined as time from randomisation to second and third objective disease progression (or death from 

any cause) respectively. Demonstration of preserved benefit post-progression with subsequent therapy provides 

additional confidence that the observed benefit is maintained and does not negatively impact response to 

subsequent therapy. This has been recognised by the European Medicines Agency as a viable endpoint for 

drug registration (19). Not reliant on radiological assessment, time to second subsequent therapy or death 

(TSST) is another intermediate endpoint that is being explored. Time to second subsequent therapy (TSST) 

may mirror clinical practice more closely and may be easier to measure than time to second progression 

(PFS2). Nonetheless, bias due to patient heterogeneity and treatment decisions post-progression are likely to 

confound these results. Theoretically this should be lesser in degree than that seen with OS.   

B) Disease Free and Event Free Survivals 

Disease free survival and event free survival have been accepted for regulatory approval in the adjuvant setting 

where the ultimate aim is cure (2). The time necessary to demonstrate an OS difference is often impractical and 

these are accepted as alternative measures. These measures are considered clinically relevant as they reflect 

the time patients are disease free and are generally accepted to correlate with living better if not longer.   

C) Objective Response Rate 

A commonly used endpoint for accelerated drug approval is objective response rate (RR) (2, 18). Accelerated 

approvals endeavour to allow more rapid access to drugs and are based on the assumptions that the drug is 

better than current “available therapy” and that confirmatory trials investigating benefit will be performed (45). 

Response rate includes partial and complete response and whilst directly attributable to drug effect, the 

correlation between this and clinical benefit remains unclear and subject to measurement error. In practice the 

duration of response may be more relevant to the patient than the degree of response, particularly in the era of 

biological agents. With many of the newer cytostatic agents achieving stable disease, response rate may be low 

but a clear survival benefit may still be demonstrated. Sorafenib in renal cell cancer is evidence of this with a 

low response rate in the initial trial of only 10% but a clear survival benefit (46, 47). Similarly in hepatocellular 

cancer, sorafenib showed a response rate of only 2% but was associated with a significant improvement in 

median OS and time to progression of 2.8 months (10.7 months vs. 7.9 months) and 2.7 months (5.5 months vs. 

2.8 months) respectively (48). In chemotherapy refractory non-small cell lung cancer, erlotinib has portrayed 

similar findings with a response rate of only 9% but a 43% improvement in median OS (6.7 months vs. 4.7 

months) (49). 

Conversely, several biological agents have demonstrated significant and rapid tumour response which 

emphasised the importance of recognising the specific target for the drug. For example, crizotinib gained FDA 

approval in ALK-positive non-small cell lung cancer based on initial results from two single arm phase II studies 

(a total of 255 patients) with a response rate of 50% and 61% (50, 51). The relevance of response rate as an 

endpoint is acknowledged with the use of this endpoint in breakthrough registration and accelerated approval by 
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the FDA. A study investigating FDA approvals between 1990 and 2002, demonstrated 46% were approved 

based on response rate (52). A more recent study showed similar findings (53). A high response rate in 

pretreated patients has been shown to be a reliable criterion for drug approval (54). These approvals seem 

robust as shown by Tsimberidou and colleagues where only one of 31 drugs approved based on a single arm 

study had approval subsequently withdrawn (54). However, caution still needs to be exercised as patients in a 

single-arm study may have less comorbidities or better supportive care than historical controls falsely inferring 

improved outcomes (54). 

Response rate in phase II trials has also been shown to correlate with success in phase III clinical trials (55). In 

a review of 89 clinical trials investigating targeted therapies across six disease sites, response rates correlated 

with high non-progression rates and was predictive of eventual drug approval (p=0.005) (55). In metastatic 

breast cancer improved response rate in patients treated with chemotherapy, significantly predicted survival 

(p<0.0001) with a hazard ratio for partial response compared to no response of 0.69 and complete response 

versus no response of 0.48 (56). A similar relationship has been demonstrated in advanced colorectal cancer 

but in general it remains too early to assume this association across disease sites and stage (57).  

D) Stable Disease 

Stable disease (SD) is not in general used as a criterion of response but is a guide for continuing treatment (58, 

59). A disease stabilisation rate of 25% (range 0 to 67%) has been demonstrated in a review of patients with 

metastatic solid tumours treated with placebo or best supportive care (60). Many tumours that grow at their 

standard rate satisfy short term stable disease. If disease stability is incorporated into trial design it should only 

be done so if it is prolonged in a clinically meaningful way and should be interpreted with caution in slow-

growing tumours (60).  

E) Quality of Life (QOL)  

Health-related quality of life (QOL) is defined as the impact of the illness on an individual’s physical, 

psychologic, social, and somatic functioning and general well-being (61). Symptom control refers to alleviation 

of one or more symptoms and is complementary to quality of life but should not be confused with this (62). The 

United States Food and Drug administration (FDA) recognises symptomatic improvement as a direct clinical 

benefit and an important consideration in drug approval (18). Advances have been made over the past two 

decades with the classical measures of the European Organisation for the Research and Treatment of Cancer 

(EORTC) Quality of life Questionnaire-Core 30 (QLQ-C30) and the Functional Assessment of Cancer Therapy 

(FACT) now associated with more tumour, treatment and symptom specific scores (63-65). Assessment of 

quality of life is a critical component of clinical trials at least as a secondary objective, particularly as a significant 

proportion of systemic treatment is given to achieve palliation rather than cure. This was also reflected in the 

recent 5th Ovarian Cancer Consensus Conference statements, particularly in recurrent disease (44).  

It is important to demonstrate an improvement in quality of life, particularly if incremental gains in quantity of life 

are ‘small’ (62). A recent study in pancreatic cancer comparing triplet therapy with 5-fluouracil, oxaliplatin and 

irinotecan with gemcitabine alone, illustrates the importance of quality of life as an endpoint (66). Initially 

concerns were raised over published findings regarding the absolute treatment benefit when balanced against 
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the incidence of grade 3 and 4 toxicities. Authors were able counter these concerns by demonstrating that 

quality of life was better overall with the triplet therapy compared to gemcitabine alone (67, 68).  

Interpreting quality of life remains challenging as assessment is by definition subjective and difficult to 

generalise between patient populations. Just as small improvements in PFS and OS are of questionable clinical 

significance, the same caveats apply to quality of life assessments—a meaningful benefit to individual patients 

may be masked by the overall evaluation of the group (63). The ability of a patient to complete questionnaires 

may be affected by bias depending on where they are on their trajectory of their illness, as well as the timing of 

the assessments (Figure 3) (4, 63). Changes in quality of life may not be primarily related to their current 

treatment but rather refer to symptoms due to disease progression or even consequences of previous therapies. 

A study in non-small cell lung cancer demonstrated greater quality of life impairments with subsequent 

therapeutic lines (Figure 3) (4). A patient given bad news is likely to interpret the questionnaire very differently to 

someone who has been told they are responding. Also, the toxicity and benefit deemed acceptable to a 30 year 

old may be very different to that of an 80 year old.  

Figure 3: Differences in quality of life and symptoms during chemotherapy lines 

 

Legend: Figure 3a - Patient functioning varies during the disease course. Generally, reduced functioning is seen 

with subsequent therapeutic lines (4). Figure 3b - Disease and treatment symptoms tend to increase with 

subsequent treatments (4). pall = palliative 

a

. 

 3a 

b
.

. 

 3a 



  

11 
 

Health related quality of life assessment in trials requires the same rigour as tumour response and survival. A 

review of 112 randomised controlled trials demonstrated the methodology for assessing quality of life differed 

significantly between studies (62). Whilst quality of life is a property of the individual patient, only 25% of these 

studies reported individual scores (62). Reporting changes in group means or medians can hide a therapeutic 

benefit. Only 21% of studies defined what constituted a palliative response, 13% reported the duration of 

response and only 4% confirmed that a palliative response had occurred by reassessing this at a later date (62). 

Presently there remain few clinical examples where a formal assessment of quality of life or symptom control 

has influenced clinical decision making but this must be a priority component of trials with palliative intent. In 

chapter 5, the integration of quality of life measures in phase III trials in ovarian cancer will be investigated and 

the current issues with the inclusion and reporting of this outcome will be considered. This will emphasise the 

need for ongoing rigour in the incorporation of these measures in clinical trials.  

There is a paucity of literature examining the relationship between PFS and quality of life despite this being a 

critical aim of care. An exploratory analysis in patients with metastatic colorectal cancer treated with best 

supportive care with or without panitumumab demonstrated a significant association between quality of life, 

disease symptomatology and being progression free (26). Authors hypothesised that clinical benefit was due to 

halting disease growth with 10% of patients achieving a partial response and a further 27% having stable 

disease (26). Similar effects have been observed with chemotherapy and other targeted therapies such as that 

seen with the use of sorafenib in renal cancer and gemcitabine and capecitabine in biliary tract cancers (47, 69). 

1.2 How do we ensure robustness and relevance of the tools used to assess benefit?   

Accurate determination of clinical outcomes is dependent on the robustness of the tools used to measure them. 

Besides OS, surrogate measures are intrinsically dependent on the method and timing of evaluation. Clinical, 

biochemical and radiological measures are utilised in day-to-day practice but classically in trials, “responses” in 

solid malignancies are usually radiologic in an attempt to make assessment objective. In addition, central, 

blinded and objective review of radiology is increasingly incorporated or required, if the primary endpoint is 

dependent on imaging criteria (70). However, even blinded independent central review has the potential to 

cause evaluation bias (71).  

Biochemical markers of progression are limited in utility for determining clinical outcomes and are rarely used 

independent of other measures. The Gynaecologic Cancer InterGroup (GCIG) has developed guidelines for 

CA125 response in ovarian cancer but generally these are secondary objectives and not used to define 

progression (72, 73). In prostate cancer, prostatic specific antigen (PSA) is used as a marker of progression or 

response, often in conjunction with quality of life measures, as many patients have no measurable disease by 

radiological criteria (74, 75). 

RECIST 

In 1979 the World Health Organisation (WHO) established the first internationally recognised criteria for 

radiological response employing a bi-dimensional model to provide a summation of tumour burden (76, 77). 

These were updated in 2000 to reflect modern imaging utilising uni-dimensional measures with establishment of 

the response evaluation criteria in solid tumours (RECIST 1.0) (76), with a further update in 2009 (RECIST 1.1) 

(76, 78, 79). In comparison to the historical WHO criteria where a partial response was described as a 50% 

reduction of the sum of the products of all measurable lesions, RECIST utilises a 30% reduction in the sum of 
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maximum diameters of a specified number of measurable lesions (79). These measures were designed to 

provide an objective, uniform and reliable method to reflect changes in tumour burden in clinical trials between 

international institutions (76, 78, 79). In practice it can sometimes appear that there is disconnect between the 

uniformity provided by RECIST and the clinical relevance. As part of addressing the complexity of clinical trial 

design, expert opinions on the use and relevance of RECIST will be explored in chapter 4.  

It can be challenging to determine a meaningful correlation between the clinical status of the patient and the 

changes defined by RECIST as progressive disease or partial response (25). A change of 19% versus 21% in 

disease is unlikely to cause a change in symptomatology, yet this is the arbitrary line for defining progression 

(25). Furthermore, a patient who has tumour regression of 29% may have a different outcome to a patient with 

tumour growth of 19%, but both would be labelled with stable disease by RECIST. In clinical practice it appears 

logical that patients with tumour regression are more likely to derive symptomatic benefit than those without. 

One may then hypothesise that it may be useful to compare patients with any growth versus any regression.  

Measurement variability remains problematic. This is exemplified in a study in non-small cell lung cancer where 

intra-observer and inter-observer misclassification of unchanged lesions as progressive disease was 9.5% and 

29.8% respectively (80). Early results of a study investigating this in ovarian cancer (Variability in RECIST), will 

be presented in chapter 4.  

Assessment timing must reflect the mechanism of therapy and anticipated time to response. Tumours may 

progress after instigation of treatment with chemotherapy and particularly hormones before responding. A case 

in point is prostate cancer, where initially PSA may increase and bone scans may falsely indicate disease 

progression (81). To accommodate for this flare phenomenon, current guidelines recommend delaying 

assessment of disease or PSA changes until after the first 12 weeks unless there is continuous signs of 

progression (81).  

Additionally, RECIST criteria were established when the predominant therapeutic modality was cytotoxic 

chemotherapy. Clinical experience has demonstrated limitations with the use of traditional response criteria to 

characterise activity of new targeted therapies, biologics and immunotherapy, largely due to the fact that lesion 

volume on imaging may poorly reflect the number of viable tumour cells present (82-84). For example, in 

gastrointestinal stromal tumours, RECIST 1.0 has been shown to underestimate the initial response to imatinib 

(82). A reduction in tumour density using CT scans at two months of more than 15% (Hounsfield units) or a 10% 

decrease in tumour size (Choi criteria) was more sensitive and specific than RECIST for assessing response 

(85).  

Angiogenic agents are often associated with cavitation and central necrosis which can make accurate 

assessment of response and progression challenging (86). In addition, as many targeted therapies are 

cytostatic rather than cytotoxic, tumour shrinkage may not occur initially (87). Disease stabilisation, delayed 

tumour response, or transient swelling followed by tumour response are often more expected trajectories (83). 

Similar findings have been demonstrated with the use of immunotherapeutic agents such as ipilimumab (a 

human anti-CTLA4 monoclonal antibody) in metastatic melanoma, where responses may follow a period of 

tumour flare or pseudo-progression with the appearance of new lesions (83, 88-90). As a result modified 

immune-response related criteria were created to optimise tumour assessment but require validation and 

evaluation of surrogacy for OS (84).  
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Imaging advances 

Differentiating viable tumour tissue from treatment-induced fibrosis or necrosis on conventional computed 

topography is difficult (76). There is growing interest in FDG-PET and dynamic contrast enhanced MRI to 

distinguish active from inactive disease.  

A PET scan after 1 to 2 cycles of chemotherapy has been shown to predict response in lymphoma and is 

proposed to be a better marker of response to some targeted therapies than the classic RECIST assessment 

(91-93). For example, a recent study in non-small cell lung cancer demonstrated response to gefitinib but not 

chemotherapy was associated with late anatomical response, PFS and importantly OS (94). FDG-uptake has 

been shown to correlate with cancer cell number and frequently falls in response to treatment more quickly than 

reduction in tumour size (82, 85, 95, 96). Integration of PET as a frontline tool to measure and evaluate 

response in trials remains to be validated (97). Not all diseases are PET-avid and early changes in tumour 

glucose update are not always necessarily predictive of response to all targeted therapies as has been 

demonstrated with mTOR inhibition (98). 

With novel reagents, the specificity and sensitivity of PET for detecting response is likely to become more 

specialised (93). In conjunction to providing more accurate staging, it may also identify therapeutic candidates. 

This has been demonstrated with patients with neuroendocrine tumours where somatostatin receptor imaging in 

addition to staging identifies patients who may benefit from treatment with radiolabelled analogues [90Y] 

DOTATOC and [177Lu] octreotate (99-101).  

Circulating tumour cells and DNA 

Novel indicators of disease progression continue to be explored and these may in future potentially modify 

classical definitions of progression and outcome. In some cancers, circulating tumour cells (CTC) are postulated 

to provide “real-time” characterisation of disease status during therapy (102) and have shown predictive and 

prognostic value among patients with metastatic breast, prostate and colorectal cancers (103-106). In 

metastatic breast cancer, circulating tumour cells have been compared to early radiological assessment (by 

WHO criteria) for predicting OS and were found to be more reproducible and to correlate better with survival 

(107). Circulating tumour cells have the advantage of assessing response earlier, potentially avoiding 

unnecessary exposure to ineffective therapy. Circulating tumour cells in addition to imaging, add prognostic 

information in colorectal cancer (108). However, it has not been shown that switching therapy in response to a 

persistent elevation of circulating tumour cells (at least in breast cancer) improves patient outcomes (109). In 

prostate cancer, circulating tumour cell counts predicted OS better than PSA decrements (p<0.02) (104). To 

date circulating tumour cells have not been validated in other cancers where the pattern of spread is not 

primarily haematogenous (110). In ovarian cancer, circulating tumour cells counts greater than 2 were found in 

only 14% of patients with relapsed disease (110). Circulating tumour cells are postulated to reflect cancer 

biology rather than tumour burden (110).  

Circulating tumour DNA (ctDNA) has been described as more accessible and easier to process compared to 

circulating tumour cells (111). In advanced cancer, circulating tumour DNA can constitute 1-10% of circulating 

DNA and includes DNA shed by the primary tumour and metastatic sites (105, 112, 113). Circulating tumour 

DNA is thought to correlate with tumour burden as post-operative studies have shown levels decrease following 

surgery and increase as new lesions appear (114). Post-operative circulating tumour DNA has been compared 
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with carcinoembryonic antigen in colorectal cancer and is better at predicting recurrent disease (114). In ovarian 

cancer, circulating tumour DNA has been shown to parallel CA125 and disease activity (113). More recently, it 

has been shown to be prognostic in pancreatic cancer (115). Studies continue to try to define the role of ctDNA 

across different cancer sub-types. Incorporation of circulating tumour cells and circulating tumour DNA into large 

randomised trials is currently limited by the reproducibility between centres and the accessibility of the 

necessary technology to perform these. In chapters 6 and 7, the challenges incorporating correlative studies 

with a focus on the inclusion of tumour biopsies will be presented.  

1.3 Statistical considerations  

Pivotal to all trial design are: (i) what is a plausible difference with respect to a measurable clinical effect; and (ii) 

what is a worthwhile clinical benefit. These questions determine the statistical design of a study and define 

study size and power. Estimating the outcome of a control population is an important component to this but is 

difficult as variation in patient population, changes in treatment patterns and random error can result in 

significant deviation from even the most robust historical data (116). In chapter 3, the accuracy of estimations of 

the control outcome in trials in ovarian cancer and the impact of this on trial design will be investigated. This will 

then be contrasted with data from three other cancers – locally advanced or recurrent bladder cancer, 

metastatic melanoma and locally advanced or recurrent pancreatic cancer. These diseases are classically 

associated with a shorter survival post-progression compared to that seen with ovarian cancer.  

Analysing clinical trial outcomes is dependent on the appropriate question being asked. Pre-planned statistical 

analyses provide an essential tool to determine trial outcomes. Post-hoc analyses whilst hypothesis generating, 

are subject to bias. Statistics provide a formal framework for assessing the strength of evidence in the midst of 

uncertainty but a statistically significant result is still at risk of error (117). The probability of a research claim 

being true is dependent on study power and bias, the prior probability of it being true and the statistical 

significance (118). With more investigators asking similar questions there is a higher probability that an incorrect 

result may be achieved. With an α error of 0.05, one study out of 20 asking the same question will be positive 

due to chance alone regardless of true benefit (119). As such, results require external validation and 

interpretation in parallel with other studies.  

In oncology trials, statistical significance using p values remains the mainstay to assess the likelihood that the 

result occurred due to chance alone. In most trials this is set at 0.05 as most clinicians are willing to accept a 

5% probability of a false positive result. The question then arises as to whether there is ever a scenario where 

clinicians would be willing to accept a higher risk of a false positive occurring if more significant clinical benefit 

was obtainable. Presently, physicians do accept this if the clinical gains/benefits are significant particularly in 

situations where there are limited alternatives. The quick adoption of crizotinib in ALK positive lung cancer is 

exemplary of this (50, 51). Moreover, it has been shown in statistical simulations evaluating two-treatment 

superiority trials that smaller sample sizes and larger α values lead to greater long-term survival benefits 

compared to traditional designs (120). This is particularly important as cancer becomes a collection of rare sub-

entities with significant implications on trial recruitment with respect to population size (120).  

Despite being statistically significant, gains in clinical terms can be often small as highlighted by the use of 

erlotinib in pancreatic cancer. This study demonstrated an 18% relative risk reduction (p=0.038) which 

translated to less than a two week improvement in median survival (121). Therefore, it is important to remember 
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that statistics need to be interpreted in the context of clinical value. The impact of approved drugs by the FDA 

over the past 10 years has in general been small, with the median gain in survival and PFS of 2.16 and 2.15 

months respectively (122). In chapter 2, we will show that similarly small net gains have been achieved in 

ovarian cancer.   

Sobrero recently proposed that the target benefit should be raised to be paradigm shifting and reflect the 

specific cancer in question (123). It was presented that the PFS hazard ratio in aggressive neoplasms should be 

set higher (0.5 reflecting a doubling in the median PFS) (123). In contrast, in diseases such as breast, colorectal 

and ovarian cancer with a more chronic course (median survival time greater than two years), a lower PFS 

hazard ratio of 0.6 to 0.7 is appropriate (123). The reverse could equally be argued, implying any improvement 

in an aggressive malignancy is worth pursuing. There are advantages and disadvantages to shifting the 

paradigm. One key advantage is that it would allow for smaller studies and potentially quicker development of 

drugs, but the small incremental benefits that have shaped clinical practice today could potentially be missed 

(123). 

Finally, it is critical that all hypotheses being tested in a trial are recognised in the statistical design. This is 

important for not only survival endpoints but also the integration of quality of life tools and correlative studies. In 

chapter 5, the statistical analysis of quality of life endpoints is considered and in chapters 6 and 7 the increasing 

use of correlative studies is investigated. It is important that each task asked of the patient is justified.  

1.4 How do we define the patient population of interest and learn more from the resource we 

have? 

A key step in designing a clinical trial is selecting the patient population of interest. Cancer is a multitude of 

diseases with differing natural histories and clinical characteristics (120, 124). This makes defining a specific 

cohort to study increasingly complex. While most clinical trials remain defined by histology, based on the benefit 

derived from molecular stratification there is a drive to change this (125, 126). Selective and specific therapy 

carries an expectation of a much more dramatic effect and benefit; provided the selection strategy is accurate. 

This has been achieved with human epidermal growth factor receptor 2 (HER2) and trastuzumab in breast 

cancer, BRAF and vemurafenib in melanoma, and anaplastic lymphoma kinase (ALK) and crizotinib in lung 

cancer, but in many instances remains elusive (127-129). This paradigm should allow for the conduct of smaller 

randomised trials in highly selected populations, with an anticipated large difference in outcome. To achieve 

this, correlative studies are becoming an integral component of trial design. However, there are a number of 

factors that hinder success in this area. In chapter 8, these challenges will be discussed in a cohort of patients 

with endometrial cancer.  

The early potential of molecular stratification has been demonstrated in Phase I trials where matched therapy in 

heavily pre-treated patients led to superior response rates (27% vs. 5% p<0.0001); longer time to treatment 

failure (5.3 months vs. 2.2 months p<0.0001); and improved median survival (13.4 months vs. 9.0 months 

p=0.017) (126). However, 50% of patients did not respond and only 40% had a mutation identifiable with current 

technology (126). Even when a driver oncogene (e.g., KRAS, MYC) or tumour suppressor gene (e.g. TP53, 

BRCA1/2) is known, these can be poor targets for drug development. Interpreting combinations of mutations 

adds additional complexity to this process.  
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Furthermore, mutations need interpretation within the context of their tissue of origin (130). The BRAF (V600E) 

mutation is a classic example with a high response rate to vemurafenib therapy in melanoma but a dismal 

response rate in colorectal cancer (131-133). Similar discrepancies have been described with HER2 targeted 

therapy in breast and endometrial cancer (34, 127, 134). The reasons for this are varied and include 

concomitant mutations and the impact of the microenvironment. On average three to six recognised driver 

mutations are detected in breast, colon, brain or pancreatic tumours (135). In the phase I series described 

above, 18% of patients with mutations had two or more detected (126). In our cohort of patients with 

endometrial cancer presented in chapter 8, 52% had at least two mutations. 

Finally, patient characteristics need consideration. For example, physiological age and comorbidities can impact 

response to therapy and treatment tolerability. Clinical trial outcomes need to consider the inherent properties of 

the disease and patient population to ensure meaningful interpretation of the outcomes. This in turn will help 

facilitate identification of the smaller homogenous sub-populations that do benefit (119, 124). In chapter 8, these 

aspects will also be explored in patients with endometrial cancer. More than 90% of patients with endometrial 

cancer are over the age of 50 with a median age of 63 (136). Endometrial cancer is also associated with type 

two diabetes and obesity (body mass index >30) (136, 137). Patient attributes may affect drug dosing and 

adverse event monitoring in a clinical trial. The role of n=1 studies and the importance of investigating 

exceptional responders will be demonstrated. This chapter will introduce some of the benefits and challenges 

with using results of correlative studies to guide patient selection and shape patient management.   

1.5 The future – bridging the divide 

The dilemma remains how to intelligently design trials and use relevant endpoints to improve patient outcomes 

and optimise resource use. Endpoint selection needs to reflect inter-tumour and inter-patient heterogeneity and 

importantly be clinically meaningful. This should include endpoints that reflect tangible benefit for patients which 

in itself is challenging to define. The results presented in this thesis will make us question each decision made in 

the design of a trial and consider the impact this has on the final result.  

The objective assessment of meaningful benefit for a patient is paramount in designing trials and measured 

outcomes need to be tailored to reflect the patient population, disease and therapeutic modality. Trials and 

outcomes have to evolve to reflect increasing understanding of disease biology and predictors of response and 

benefit – how we approach this and bridge this divide is the next challenge. Outcomes have to be valid, reliable 

and objective. Ultimately outcome assessment should define patient benefit – individually or collectively, and the 

fundamental question in their design, implementation and execution should address if the intervention allows 

one to live better or longer.  

In the following chapters, the challenges facing clinical trial design in oncology today will be explored. When 

designing a clinical trial, key decisions are made on: (i) the endpoint of interest; (ii) the statistical considerations 

defining trial size and power; (iii) the use of quality of life endpoints; (iv) the integration and safety of correlative 

tests; and (v) the patient population of interest. Herein, each of these topics will be considered and discussed 

with respect to their impact on clinical trial design, analysis and outcome. As with all research, each challenge 

identified and investigated raises many more that need consideration in trial design.  

Finally, we will move beyond the challenges in the design of the trial to how these impact the conduct of the trial 

in our resource-limited environment. Each objective we test and each investigation we request adds a cost to 
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both the patient and investigator. This has monetary and non-monetary implications for the patient which we as 

investigators need to consider. To finish, some novel trial designs will demonstrate potential ways to optimise 

the use of the resources we have. Collectively the work presented in this thesis, will help guide investigators to 

be accountable for each test they request. It will ensure these tests are optimally integrated to ensure the study 

hypotheses are achievable and importantly, that these hypotheses reflect benefit to the patient. 
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CHAPTER 2: EVOLUTION IN EPITHELIAL OVARIAN CANCER TRIALS – IMPROVING 

ACCURACY BY DESIGN. 

Defining how to prove benefit is fundamental to clinical trial design. As discussed in the opening chapter, 

treatment effectiveness is defined as a clinically meaningful benefit to the patient with the objective of living 

longer or better such as improved quality of life (or both) (10). Proving clinical benefit in trials is instrumental to 

drug approval, clinical decision making and ultimately drug access for patients. As cancers behave more like a 

chronic disease, proving a survival benefit is becoming increasingly difficult due to the confounding impact of 

post-progression therapies, cross-over and supportive care. Additionally the resource and fiscal implications 

needed to complete a trial powered sufficiently to detect such a difference, represents a significant barrier in a 

resource-scarce environment (124). The FDA has defined clinical benefit as improvement in patient reported 

symptomatology or survival (2, 19). Disappointingly for patients with ovarian cancer, only four drugs have met 

these FDA standards and been approved in the last 10 years – olaparib, rucaparib, niraparib and bevacizumab.  

In this chapter, a systematic review of phase III clinical trials in epithelial ovarian cancer will illustrate the 

different endpoints used in clinical trial design. An increase in the use of surrogate endpoints, such as PFS and 

response rate, was demonstrated in similar reviews in non-small cell lung cancer and sarcoma (138, 139). This 

chapter will demonstrate how benefit has been defined and assessed in randomised phase III clinical trials in 

ovarian cancer over the last 35 years. Phase III trials were chosen as they often represent the gateway to drug 

approval. The relationship between PFS and OS in phase III trials in ovarian cancer will be investigated given 

the growing use of intermediate endpoints in clinical trials.  

A total of 166 trials were identified including 60,763 patients. The median sample size increased 6.5 fold from 

123 in the 1980s, to 815 in trials published since 2010. The use of PFS as the primary endpoint increased from 

0% of trials published in the 1980s, to 69% of trials published since 2010. The median OS increased from 14.0 

months in the 1980s, to 39.7 months since 2010. The net survival benefit gained peaked in the 1990s at 5 

months, with an average net improvement of only 1.1 months since 2010. Similarly, since 2010 the net PFS 

gain was only 1.9 months.  

A strong statistically significant association was seen between the hazard ratio for PFS and OS (Pearson 

correlation coefficient +0.78). Similarly, a strong association was demonstrated between the median PFS and 

median OS for both the control (+0.73) and experimental groups (+0.73). 

The results of this systematic review adds to the literature by demonstrating that like non-small cell lung cancer 

and sarcoma, ovarian cancer has moved to use surrogate endpoints to assess benefit. Our net benefits are 

disappointing but overall incremental gains have been achieved with time. It is important to recognise that 

because this systematic review was restricted to published studies and did not involve review of the original 

protocol, there is an element of bias. The association between the hazard ratio and median PFS and OS is 

interesting and provides further rationale for analysis of this relationship using individual patient data.  

In this chapter, a more detailed summary of the results of this systematic review will be presented. This raises a 

number of important considerations for future trial planning, particularly around the statistical design which will 

be discussed further in chapter 3. These results add to the literature by demonstrating the advances that have 

been achieved in ovarian cancer. It also defines components of trial design and reporting, that need ongoing 
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improvement. Tony Panzarella provided statistical support for this work. This study was presented at the 

American Society of Clinical Oncology meeting in 2016 as a poster presentation and was awarded a Merit 

Award.  

2.1 The use of endpoints in epithelial ovarian cancer 

Epithelial ovarian cancer remains a significant cause of gynaecological cancer mortality, affecting more than 

225,000 women worldwide each year (140-142). The management of ovarian cancer has evolved over the last 

35 years resulting in incremental gains in overall survival. Pivotal developments include the recognition of the 

importance of surgical debulking (143); the advent of platinum-based-therapy (144-146); and the increasing 

plethora of therapeutic options including targeted therapies (42, 147-156). Despite this, cure rates have not 

changed with fewer than 20% of patients with ovarian cancer surviving long-term.  

The quality of the design and the detail in the reporting of the trial is an important mechanism by which a drugs 

worth is determined. Sample size calculations are critical to ensure the study has adequate power to 

demonstrate a statistically significant difference which is based upon assumptions determined by the 

investigator and historical data (116). The choice of patient population, endpoint of interest and the expected 

clinically important outcome are integral to this. There are concerns that more modest and questionable 

improvements from new treatments are being increasingly interpreted as evidence of clinical benefit (138). The 

definition of what is a clinically meaningful benefit continues to be debated, with the role of PFS as an 

independent measure of benefit at the centre of the controversy. At the 5th Ovarian Cancer Consensus 

Conference, it was recommended that PFS should only be considered to reflect benefit if supported by clinically 

meaningful improvements in quality of life or cancer-related symptoms and only in patient populations with an 

expected overall survival more than one year (44).   

Given the importance of trial design in decision making in epithelial ovarian cancer, in this chapter through a 

systematic literature review, the trends in the design, choice of endpoints, and interpretation of randomised 

phase III trials in ovarian cancer over the past 35 years will be explored.  

2.2 Methods 

A systematic review search strategy was conducted in the following databases: MEDLINE (1946 to December 

2014), MEDLINE In-Process and other non-indexed citations December 2014, and EMBASE (1974 to 

December 2014) via the OvidSP platform. Each of the databases was searched individually. Where available, 

both controlled vocabulary terms and text words were used in the subject component blocks, for example 

‘ovarian cancer’ terms comprised one block, and ‘clinical trials’ ‘phase III’ comprised a second block. This was 

performed with the assistance of Rouhu Fazelzad (Information Specialist). 

The search start date for publications was 1st January 1980 with a cut-off date of 31st December 2014. Eligible 

studies explored systemic therapy in at least one arm. The search was not limited by sample size, endpoint 

selection, type of control arm, line of therapy or blinding. Studies were limited to English and phase III. The full 

search strategy can be found in appendix A. To be included studies had to be published and could not be in 

abstract form alone.  
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Data extraction 

A standardised predesigned data extraction form was used with the data extracted independently by two 

investigators (Drs M Wilson and V Rodriguez-Freixinos). In the case of discrepancies a third investigator (Dr A 

Oza) was consulted. Study characteristics and statistical design including choice of endpoint, definition of 

endpoint, sample size and outcomes were recorded.  

When the expected outcome was stated as a percentage of patients at a precise time point, this was 

transformed to a median result assuming an exponential model.  

Spin or inappropriate reporting was defined as inconsistency between the statistical significance of the primary 

analysis and interpretation in the concluding statements of the abstract or manuscript (139). 

Statistical analysis 

The primary objective was to assess how clinical endpoints have evolved in randomised phase III clinical trials 

in ovarian cancer. Secondary objectives included the evaluation of the trial design and reporting with a particular 

focus on the statistical plan and the potential surrogacy of intermediate endpoints such as PFS for OS. 

Trials were identified from 1980 to 2014, a period spanning 35 years. Given the small number of trials (n=6) for 

the 5-year period 1990-1994, we chose to categorise this time interval using three 10-year intervals and one 5-

year interval as follows: 1980 - 1989, 1990 -1999, 2000 - 2009 and 2010 - 2014.  

Descriptive statistics used included the median and range for continuous data, and frequencies, proportions and 

percentages for categorical data. Differences between groups involving categorical data were assessed using 

either Fisher’s exact test or the chi-square test, as appropriate. When there was a natural ordering of categories 

the chi-square test for trend was used. Differences between groups involving continuous data were compared 

using the Mann-Whitney test (TP). The Jonckheere-Terpstra test was used to test for trends involving ordinal 

data; for continuous data linear regression was used. The Pearson correlation coefficient was used to 

summarise the magnitude of the linear relationship between 2 continuous variables. All plots were produced in 

R version 3.1. Analyses were conducted either in SAS version 9.4 or R version 3.1.  

2.3 Results 

Of the 3276 articles identified, 166 randomised controlled trials were eligible for analysis (Figure 4, Appendix B). 

Eligible studies included 60,763 patients, with the median sample size increasing from 123 for studies published 

in the 1980s, to 815 in those published from 2010 on (Table 2). Over this time the number of trials investigating 

treatment for recurrence increased from 10% of studies prior to 2000, to 36% of trials published since 2010. 

Platinum-sensitivity status was mentioned in 25 (15.1%) trials. Only two trials were limited by histology and only 

six specified correlative components (4%).  

Overall the number of studies published did not change, but a decrease in publications was noted between 

1990 and 1994. The majority of trials investigated chemotherapy (143 studies; 86%) with immunotherapy, 

angiogenesis and targeted therapy investigated in 13 (8%), seven (4%) and two (1%) studies respectively. 

There was a statistically significant reduction in the investigation of chemotherapy over time from more than 
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90% of studies in the 1980s and 1990s, to 86% in the 2000s, and 69% of trials published since 2010 (p=0.019). 

The median time for patient accrual was 37.5 months but ranged from 9.0 to 135.1 months.  

Figure 4: CONSORT diagram demonstrating selection of phase III studies 

 

Legend: From 3276 abstracts identified, 166 met the criteria for analysis.   

Statistical design 

After detailed review of the methods section of each manuscript, the primary endpoint was clearly defined in 87 

trials (52%) (Table 2). Over time, this percentage increased from 7% of trials published in the 1980s, to 100% of 

trials published between 2010 and 2014 (p<0.0001).  

Of the studies that specified the primary endpoint, overall survival was the primary endpoint in 31 (36%) studies, 

with an intermediate endpoint used in 36 studies (41%) (Table 3). In a further seven studies, a co-primary 

endpoint of OS and an intermediate endpoint (IEP) were used. The most common intermediate endpoint 

employed was PFS. Quality of life (QOL) was a co-primary endpoint in only one study. Over time (2000-10 vs. 

2010+), the nature of the primary endpoint (PFS vs. OS) changed, with reducing use of OS (55% vs. 19%) and 

increasing use of PFS (45% vs. 81%) (p=0.008).  
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Table 2: Characteristics of the randomised phase III trials identified 

 Total 

(%) 

1980-1989 

(%) 

1990-1999 

(%) 

2000-2009 

(%) 

2010+ 

(%) 

Number of trials 166 54 (33) 29 (17) 58 (35) 25 (15) 

Median sample size 210 123 152 280 814.5 

Line of treatment 

First-line 

Recurrent 

 

140 (84) 

32 (19) 

 

53^ (98) 

6^ (11) 

 

27* (93) 

3* (10) 

 

44 (76) 

14 (24) 

 

16 (64) 

9 (36) 

Clearly identified primary endpoint 87 (52) 4 (7) 8 (28) 50 (86) 25 (100) 

Expected outcome specified 89 (54) 6 (11) 9 (31) 50 (86) 24 (96) 

Inclusion of quality of life data 35 (21) 1 (2) 0 (0) 18 (31) 16 (64) 

Statistically significant  51 (31) 21 (39) 8 (28) 13 (22) 9 (36) 

Trials reported as positive 

independent of statistical significance 

88 (53) 26 (48) 17 (59) 33 (57) 12 (48) 

^ 6 trials included both first-line and recurrent disease 

*2 trials included both first-line and recurrent disease 

Overall, OS was listed as an endpoint in 150 trials (90%), PFS in 131 trials (79%), and response rate in 115 

studies (69%). A toxicity endpoint was included in 94 trials (57%). In 35 trials (21%), a QOL endpoint was 

acknowledged. Intermediate endpoints included PFS (94 studies; 78%), time to progression (14 studies; 12%), 

duration of response (6 studies; 5%), relapse free survival (3 studies; 3%) and disease free survival (3 studies; 

3%).  

Table 3: Choice of primary endpoint in ovarian cancer randomised phase III trials 

Time period 

Number of studies Primary Endpoint 

p value* Total  Primary endpoint 

specified (%) 
OS (%) IEP (%) Other (%) 

1980-1989 54 4 (7) 2 (50) 0 (0) 2 (50) 0.43 

1990-1999 29 8 (28) 2 (29) 0 (0) 6 (61) 0.46 

2000-2009 58 50 (86) 23 (47) 19 (37) 8 (19) 0.41 

2010+ 25 25 (100) 4 (15) 17 (69) 5 (16) 0.0002 

*Fisher’s exact test was used to compare the proportion of studies with overall survival (OS) and intermediate 

endpoints (IEP) as the primary endpoint within a given time period. Some studies included co-primary 

endpoints. Intermediate endpoints (IEP) included progression free survival, time to progression, duration of 

response, relapse free survival and disease free survival.  

The expected outcome for the control group was reported in 89 studies (54%). This increased with time. 

Underestimation was more common in both endpoints than overestimation.  

Clinical benefit in trials 

The net survival benefit in studies with a statistically significant result varied from 2.0 months (maximum 14 

months) between 1980-89, to 4.2 months between 1990-99 (maximum 14 months), to 5.0 months (maximum 

15.9 months) between 2000-10, and 1.1 months in trials published since 2010 (maximum 3.3 months). Similarly, 

the overall net PFS benefit overall was 4.0 months, decreasing from 5.9 months in the 1980s, to 1.9 month in 

trials published since 2010. Despite the decreasing magnitude of benefit, the median overall survival increased 

from 14.0 months to 39.7 months over time in first-line clinical trials in patients with advanced disease 

(experimental arm) (Figure 5). The most significant change was seen in the 1990s.  
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The number of trials with statistically significant results did not change with time. Overall 51 studies reported a 

statistically significant primary endpoint (31%), yet 88 studies were labelled as positive (53%). The percentage 

of trials reporting a positive result independent of statistical significance also remained stable. Reasons for a 

positive trial independent of statistical significance included use of a secondary endpoint, insufficient sample 

size, and tolerability/safety. Studies were labelled negative despite being statistically significant in 10 studies 

due to superiority of the control (5), no OS benefit (3), and toxicity profiles (2).  

Figure 5: Trend in median overall survival over time in first-line trials for patients with 
advanced disease 

 
Legend: The median overall survival has shown incremental benefits with time with the biggest change seen in 

the 1990s. This data is from the experimental groups in trials with similar results seen in the control arms. The 

median OS has increased from 14.0 months in the 1980s, to 39.7 months in recent studies. The median value is 

represented by the horizontal line within the box; the box represents the inter-quartile range i.e. the data value 

from the 25th percentile to the 75th percentile. Whiskers extend up to 1.5 times the inter-quartile range. The 

diamond represents the mean result.    

Quality of life and toxicity results 

Quality of life (QOL) data was included in 35 studies (21%) of which only one listed it as a co-primary endpoint. 

The use of QOL as an endpoint has increased with time, with only five trials (17%) reporting QOL between 

2000-2004, in contrast to 16 trials (64%) between 2010 and 2014 (p<0.0001). In 29 studies (83%), the QOL 

endpoints were mentioned in the statistical section but a predefined target result was specified in only eight 

articles (23%). The QOL tool used was specified in 29 studies (83%). This will be reviewed in more detail in 

chapter 5. 
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Figure 6a and 6b: Correlation between progression free and overall survival for all trials  

 

Legend: A significant correlation between the hazard ratio for PFS and OS (r=0.78) and for the median PFS and OS (r=0.73) was seen   

 

 

 

b a 



  

25 
 

Thirteen studies (37%) included QOL information in the abstract with 30 studies including it in the main article 

(86%). In nine studies (26%) the quality of life data was reported in a separate article. The median time to the 

subsequent article being published was 14 months (range 0-51 months), with one article published concurrently 

within the same journal. Toxicity was addressed in the majority of studies, with 117 trials including it in the 

abstract (71%) and 158 (95%) in the main article.  

Surrogacy of PFS for OS 

Analysis of surrogacy was performed for studies including the hazard ratio for both PFS and OS or the median 

OS and PFS. There was a strong statistically significant association between the hazard ratio for PFS and OS 

(Pearson correlation coefficient +0.78; 95% confidence interval 0.63-0.87) (Figure 6a). There was a strong 

statistically significant association between the median PFS and median OS for both the control (+0.73) (Figure 

6b) and experimental groups (+0.73). The Pearson correlation coefficient was only 0.41 when comparing the p 

values for PFS and OS.  

Forty-two studies demonstrated a statistically significant improvement in PFS (25%). Of these, 19 studies also 

demonstrated a statistically significant improvement in OS (11%). Of these six were published in the 1980s, four 

in the 1990s, and nine since 2000. No studies have demonstrated a statistically significant improvement in both 

PFS and OS since 2009. 

2.4 Discussion 

This systematic review confirms that over the past 35 years, there has been a definite change in the design and 

reporting of randomised controlled phase III trials in ovarian cancer. Importantly, the quality of the 

documentation and the statistical justification of survival endpoints have improved. Incremental gains have been 

achieved in survival, with the median survival for patients presenting with advanced disease now 39.7 months. It 

is important to recognise however that no significant change has been noted since the 1990s. 

It has been argued that detecting an OS advantage in ovarian cancer is increasingly problematic, due to the 

impact of cross-over, increasing post-progression therapies and supportive care. In keeping with other disease 

types, there has been a clear move away from the use of OS as the primary endpoint to the use of intermediate 

endpoints such as PFS (138, 139). It remains controversial as to whether adopting this approach is appropriate. 

At the recent Ovarian Cancer Consensus Conference it was stated that PFS was not an acceptable stand-alone 

endpoint in patients with recurrent ovarian cancer and required supportive evidence of patient benefit (44). In 

our series, only one study included a co-primary endpoint of QOL, with seven studies using both OS and PFS. 

Recently, other time to event measures have received support such as time to second progression (PFS2) and 

time to second subsequent therapies (TSST) (1, 3, 19). These provide interval measures between PFS and OS 

and as such are hypothesised to be better surrogates (3).   

Patients have reported that both PFS and OS are important tangible endpoints to them, but that they want and 

expect large differences (5+ months) (157). In our series, the median statistically significant change in PFS and 

OS in trials was only 4.0 months and 2.2 months respectively and importantly since 2010, the difference was 

only 1.9 and 1.1 months respectively.  
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While a correlation was seen between both the hazard ratio for PFS and OS and the median PFS and OS, it 

was rare to see a statistically significant PFS and OS result. Less than half the trials in our series with a 

statistically significant PFS benefit also had a statistically significant difference in OS. Data analysis of individual 

patient results is the next step to better delineate the relationship between these two endpoints in ovarian 

cancer, similar to work that has been previously done in colorectal cancer (158). As a result of improvements in 

post-progression survival, detecting an overall survival advantage requires both large sample sizes and 

prolonged follow up (28). Both these factors present challenges in an era of finite resources. The median 

sample size in ovarian cancer trials has increased from 123 patients in studies published in the 1980s, to 815 in 

studies published since 2010. This is double that seen in recent phase III lung cancer trials, yet internationally 

there are 1.8 million new lung cancer diagnoses each year - 8 times higher than that of ovarian cancer (138). In 

contrast to research in lung and soft tissue sarcomas, the number of randomised controlled trials in ovarian 

cancer has not increased over time (138, 139). 

It is important to acknowledge that while the median time for recruitment was 37.5 months, in some studies this 

was as long as 135 months. This is contradictory to our key priority of getting effective therapies to patients in a 

timely fashion. Knowledge with respect to the agent, disease biology and patient population may change over 

the time it takes to complete a trial, making the initial question erroneous and obsolete. This was apparent in 

trials underway when the benefit of platinum-based therapy became apparent, with the control arm in competing 

trials inferior to the new standard of care. Additionally, some studies attributed the negative results to study 

design rather than lack of drug efficacy. Ovarian cancer is increasingly recognised as a heterogeneous disease 

with not only different histological sub-types but different molecular drivers. Only two studies in this series 

limited patients based on histology and none used a biomarker to define the patient population. This is changing 

with most current trials in ovarian cancer limiting histology to non-mucinous sub-types at a minimum.  

Integration of quality of life measures to assess patient benefit is a key priority (1). Pleasingly, the inclusion of 

quality of life measures in randomised controlled trials in ovarian cancer has increased over time, but still only 

one trial employed this as a co-primary endpoint. This study was reported as positive based on the improvement 

in quality of life despite no change in PFS (159). Demonstration of symptomatic benefit in platinum resistant 

disease has also been fundamental for approval and use of bevacizumab for patient care (155, 160).  

The challenge remains the rigour by which quality of life measures are assessed and reported. It is increasingly 

important that these outcomes are assessed with similarly stringent criteria to that employed to assess 

radiological response. CONSORT (Consolidated Standards of Reporting Trials) guidelines have been 

developed to define how patient reported outcomes (PROs) should be reported in studies. This includes 

identification as a primary or secondary outcome in the abstract; description of the hypotheses; evidence for the 

validity and reliability of the instrument/s used; statistical approaches for dealing with missing data be stated; 

and specific limitations of the study findings and generalisability of results to other populations and clinical 

practice be discussed (161). A detailed assessment of the use of quality of life measures in trials in ovarian 

cancer will be presented in chapter 5.  

2.5 Conclusion 

This systematic review provides a comprehensive analysis of the evolution of randomised controlled trials in 

ovarian cancer. It is important to recognise that this review has a number of limitations. The inclusion of 



  

27 
 

randomised phase III trials independent of sample size and the exclusion of phase II trials, adds a degree of 

bias to these results. Additionally, as only published studies were included, publication bias is likely to be a 

factor. It has been shown in other tumour types that approximately one in five trials close early, with the majority 

being for reasons other than toxicity or lack of efficacy (162). These trials are less likely to be published but still 

represent a valuable resource to learn from (163). Understanding why a trial does not succeed is as important 

as learning from those that do. Our analysis was also based on the publications and not the protocol. While the 

protocol is likely to include significantly more detail around the statistical design and justification of the trial than 

what is found in the publication, this is uncommonly available to clinicians not involved in the trial. Additionally 

for clinicians, it is often the published trial results that guide practice change and treatment decisions.  

The definition of what represents a minimum clinically significant difference in a trial is quintessential. It has 

been proposed the bar for benefit needs to be raised to aim for a 50% improvement in OS and doubling of PFS 

(123). A benefit of this degree has not been achieved in ovarian cancer since the advent of platinum-based 

therapy. A key advantage to this approach is that it allows for smaller studies and the potential for accelerated 

drug development. Isolating the patient population most likely to benefit is key. This is an area where ovarian 

cancer is lagging behind other tumour types with only one biomarker identified to date (BRCA). There is the risk 

with this approach that a smaller sample size may mean increased statistical uncertainty and the potential to 

miss the incremental benefits that have shaped clinical practice in ovarian cancer to date (123).  

The evidence presented demonstrates significant improvements have been made in the reporting and design of 

randomised controlled trials in ovarian cancer, but more is needed. No significant gains have been made since 

the 1990s, which is concerning as a clinician. It remains unclear as to whether this is because no agents are 

more beneficial than the classic platinum-based therapy, or simply because the key questions have not been 

asked. There has been a shift in design with increasing acknowledgement of the role of quality of life measures 

but this requires more meticulous attention. This will be discussed in more detail in chapter 5. The diminishing 

additional survival benefits gained in trials is contrary to our key objectives as clinicians. Determining how to 

optimise resource utilisation and define what is a key clinically significant difference for patients is fundamental 

to make progress.  

The endpoints chosen for a study impact the ultimate design, size and resource implications of a study. The 

statistical plan for a study requires an estimation of the expected outcome to determine the power. Importantly, 

as discussed in these first two chapters, survival is influenced by a number of factors including cross-over, 

treatment post-progression and supportive cares. With more treatment options predicting survival outcomes has 

become more complex yet remains an integral step and determinant of the trial result. In the next chapter, the 

statistical implications associated with endpoint selection will be investigated and the potential for errors in the 

estimation of outcome to result in a trial designed to miss a potential benefit will be discussed. 
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CHAPTER 3: ESTIMATION OF EXPECTEDNESS: PREDICTIVE ACCURACY IN PHASE III 

CLINICAL TRIALS IN OVARIAN CANCER 

Once the primary endpoint has been defined for a study, an appropriate sample size calculation is necessary to 

ensure a study is adequately powered to demonstrate a statistically significant difference between the 

experimental and control arms. This is an essential step in the design of a clinical trial. Most trial designs 

estimate the required sample size by incorporating two variables: the expected outcome for the standard/control 

arm; and the size effect hypothesised for the experimental treatment, or in other words, the magnitude of the 

benefit the experimental arm is expected to confer relative to the standard arm (164). Thus, accurate estimation 

of the control arm outcome is necessary in order for initial sample size calculations to be precise and reliable. In 

this chapter, results of a study illustrating the complexity of this in practice in ovarian cancer will be reported.  

The expected outcome of the control arm is generally inferred from completed clinical trials, using historical data 

from comparable patient populations treated with similar therapies. However, correctly estimating the outcome 

of a contemporaneous population is difficult, as variation in patient population, changes in treatment patterns 

and random error can result in significant deviation from even the most robust historical data (116). 

As discussed in the previous chapter, estimating the outcome of women treated with advanced-stage epithelial 

ovarian cancer is particularly challenging given the surgical and therapeutic advances over the last decades 

which have significantly influenced patient outcomes. In contrast to trials in the early 1980s where median 

survival in phase II and III ranged from 15 to 24 months (145, 165), median survival times published in the last 

decade range from 36 to 40 months (147, 154). 

In this chapter, the impact changes in standard of care and treatment patterns have had on our ability to 

estimate the expected control arm outcome in randomised phase III trials in ovarian cancer will be presented. 

To test this hypothesis, a literature review of advanced stage ovarian cancer phase III trials published or 

reported from 1st of January 2000 to the 31st of December 2010 was designed and conducted with Dr Vincent 

Castonguay. In contrast to the systematic review presented in the previous chapter, this cohort included only 

studies where the primary endpoint was clearly documented. The primary objective was to determine the 

accuracy of the statistical design of the study and endpoint estimation. Studies presented at the American 

Society of Clinical Oncology and European Society of Medical Oncology meetings were also evaluated.  

To better understand the results seen in this patient cohort, an additional review of randomised phase III trials 

published over the same time period in locally advanced or recurrent bladder cancer, melanoma and pancreatic 

cancer was performed. These cancer sub-types were chosen as they represented diseases with typically a 

short overall survival and survival post-progression, in comparison to that seen in ovarian cancer.  

Thirty-fivestudies in ovarian cancer were included. The striking finding from this work was the imprecision 

demonstrated in predicting survival-based endpoints in contrast to progression-based endpoints. Twelve of the 

15 studies with overall survival as the primary endpoint underestimated the control arm result, in contrast to four 

of 20 studies with a progression-based endpoint (p<0.001). These predictions impact the power of the study and 

may cause a study to be underpowered to detect a benefit. This research is limited by the small sample size but 

it raises an important consideration in trial design and also in the interpretation of published results to date.  
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In the three additional cancer types explored, 26 studies were identified. In all of these studies the predicted 

median overall survival for the control arm was 12 months or less (range 3-12 months). Prediction of overall 

survival was significantly more accurate in these studies compared to the trials in ovarian cancer (20 of 26 

studies, 77%; p=0.02).  

The results of the analysis of the studies in ovarian cancer have been presented at the American Society of 

Clinical Oncology annual meeting as a poster discussion by Dr Vincent Castonguay and have been published in 

Cancer (166). The original manuscript has been modified for this chapter to include the additional patient 

cohorts of interest (6). Lisa Wang provided statistical support for this chapter.  

3.1 Methods 

Search strategy 

A search in MEDLINE and EMBASE was conducted for studies published in English language between January 

2000 and December 2010. MeSH terms were “random allocation“ AND “ovarian neoplasm“. Keywords were 

(“ovarian” AND “neoplasm”) OR “ovarian neoplasm“ OR (“ovarian” and “cancer” OR (“ovarian cancer“) AND 

(“random” AND “allocation”) OR “random allocation” OR “randomised”. An additional search was performed in 

MEDLINE for published randomised phase III trials over this same period for pancreatic cancer, bladder cancer 

and melanoma.  

Citation lists of relevant publications were also reviewed for articles that might have been missed with the 

search strategy. Finally abstracts from the American Society of Clinical Oncology (ASCO) 2008-2010 and 

European Society for Medical Oncology (ESMO) 2008-2010 annual meetings were reviewed to include reported 

yet unpublished trials in ovarian cancer. 

Study selection 

Trials with the following characteristics were included: randomised phase III clinical trials in ovarian cancer 

patients comparing one systemic treatment (experimental arm) over another (control arm). Only trials where the 

primary outcome was overall survival (OS), progression free survival (PFS) or time to progression (TTP) were 

included. Trials reporting different primary endpoints (e.g. response rate, quality of life) were excluded. Trials 

had to state explicitly the expected outcome of the control arm used for sample size calculation (either in the 

publication or in an appendix), and the actual or estimated outcome of the control arm once the study was 

finished. Trials with non-inferiority design were excluded.  

In the bladder, melanoma and pancreatic cohorts, studies were restricted to those conducted in patients with 

locally advanced or metastatic disease where the overall survival was expected to be short. Additionally, studies 

had to define their expected and actual outcome to be included in the analysis. Unpublished trials were not 

included.  

Data analysis 

Trials were screened for eligibility and data was collected using standardised collection forms. Data retrieved 

included: publication details, methodological components and trial characteristics, such as sample size, 

interventions, and outcome measures. The expected control arm outcome used for the sample size calculation, 
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hypothesised experimental arm outcome and finally the actual or estimated result achieved by the control arm in 

the trial was recorded. For accuracy the data extraction was performed by two clinicians for the ovarian studies 

(Drs Vincent Castonguay and Michelle Wilson). One clinician (Dr Michelle Wilson) performed the data extraction 

for the trials conducted in bladder cancer, melanoma and pancreatic cancer. To allow analysis, whenever the 

expected or actual result was stated as a percentage of patients at a given time point, the result was 

transformed to a median using an exponential model. If the expected outcome of the control arm and sample 

size were modified at interim analysis because of significant imprecision, the parameters used at initial trial 

design were used for the primary analysis. However, the revised interim parameters were collected for a 

separate analysis. 

Statistical methods 

A simple ratio of the actual (A) outcome of the control arm for the primary endpoint divided by the expected (E) 

outcome used for sample size calculation was calculated (the A/E ratio). When the expected outcome was 

stated as a median, a ratio of the actual/expected median was calculated. When the expected outcome was 

stated as a percentage of patients at a precise time point, this was transformed to a median result assuming an 

exponential model and the ratio was then calculated. An A/E ratio of 0.75 to 1.25 was defined as reflecting an 

accurate prediction. This was based on the premise that a 25% difference in actual versus expected outcome 

was likely to be clinically and statistically relevant. It was felt that this degree of imprecision was sufficient to 

cause inaccurate initial power calculations. Thus, a ratio of >1.25 was considered as underestimation while a 

ratio of <0.75 was termed an overestimation. For analysis, studies were stratified by whether the primary 

endpoint was survival-based (OS) or progression-based (PFS or TTP). 

A Wilcoxon two-sample test was used to compare the A/E ratios of survival-based trials to those of progression-

based trials in order to assess whether one of the two strata tended to be more inaccurate than the other. The 

significance level was set at an alpha error of 0.05 or lower. This comparison was also used to compare the A/E 

ratios for survival-based studies in ovarian cancer with the three other disease sub-types. 

3.2 Results 

With the described search strategy, 61 randomised phase III trials of systemic therapy in ovarian cancer were 

identified. Twenty-nine trials were excluded: 19 did not explicitly state the expected control arm outcome, four 

used response rate as a primary endpoint, three trials had a non-inferiority design and three trials did not clearly 

report the primary endpoint result (167-169). Thirty-two trials met all pre-required criteria and were included in 

the analysis. In addition, three further unpublished trials met all eligibility criteria, two from the ESMO annual 

meeting abstracts and one from the ASCO annual meeting abstracts (170-172). A total of 35 trials met all pre-

specified criteria and were included in the analysis (Figure 7). Of these 35 trials, 15 had OS as their primary 

endpoint and 20 had either PFS or TTP as their primary endpoint  

For ten trials the outcomes for the expected and/or actual primary endpoint was transformed from a percentage 

of patients alive at a fixed time, to a median survival assuming an exponential distribution (173-182). This was 

then used to calculate the A/E ratio.  

In total, 26 studies met the eligibility criteria for the bladder (two studies), melanoma (seven studies) and 

pancreatic cancer (17 studies) cohorts. Only published studies were included. For four trials the outcomes for 
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the expected and/or actual primary endpoint was transformed from a percentage of patients alive at a fixed time, 

to a median survival assuming an exponential distribution to calculate the A/E ratio. 

Figure 7: Search results for eligible Phase III trials in ovarian cancer 

 

Legend: OS = Overall survival; PFS = Progression free survival; TTP = Time to progression (6) 

Trials with a survival-based primary endpoint: 

Fifteen trials with OS as a primary endpoint met all criteria (Table 4). Twelve trials underestimated the actual OS 

as defined by an A/E ratio >1.25, while three trials were accurate in predicting OS as defined by an A/E between 

0.75 and 1.25 (20%). None of the trials overestimated the actual OS. The range of A/E calculated was from 1.0 

to 4.7 with no trial having an A/E ratio less than 1 (Figure 8). The mean and median of all ratios was 2.0 and 1.5 

respectively. 

In two of these 15 trials, survival was severely underestimated as reflected by A/E ratios of 4.3 and 4.7 (179, 

182). In both these trials, the expected control arm survival was revised in interim protocol amendments. This 

resulted in more precise estimations (A/E ratio of 1.1 and 1.0 respectively). When using these revised 

parameters, the mean and median of all ratios still remained elevated at 1.5 and 1.4 respectively. 

Of the 15 trials, 10 underestimated the control arm outcome by such a margin that the control arm did better 

than the hypothesis for the experimental arm. This highlights the degree of the underestimation. 
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Table 4: Actual over expected ratio (A/E) for trials using overall survival as a primary endpoint. 

Trial # First author Setting Control arm Experimental arm 
Expected OS 

(control) 

Actual OS 

(control) 

Sample 

size 

(control 

arm) 

Size effect 

studied 
A/E ratio 

1 
du Bois 

(2006) (180) 
First-line Paclitaxel-carboplatin 

Paclitaxel-carboplatin-

epirubicin 
36m (med) 41m 635 1.2 1.1 

2 
Spriggs 

(2007) (183) 
First-line 

Cisplatin-paclitaxel (24 

hours) 

Cisplatin-paclitaxel (96 

hours) 
27m (med) 29.9m 140 1.3 1.1 

3 
ICON group 

(2002) (178) 
First-line 

Carboplatin or 

cyclophosphamide 

doxorubicin + cisplatin 

Paclitaxel-carboplatin 
50% 

(2 year OS) 

63% 

(2 year OS) 
1364 1.1 1.5 

4 
Bolis 

(2010) (177) 
First-line Paclitaxel-carboplatin 

Paclitaxel-carboplatin-

topotecan 

20% 

(3 year OS) 

53% 

(3 year OS) 
172 1.8 2.5 

5 
Bolis 

(2004) (176) 
First-line 

Cisplatin- paclitaxel 

(175 mg/m2) 

Cisplatin- paclitaxel   

(225 mg/m2) 

30% 

(4 year OS) 

46% 

(4 year OS) 
207 1.3 1.6 

6 
Ray-Coquard 

(2007) (181) 
First-line 

Cyclophosphamide 

(500mg/m2)-epirubicin-

cisplatin 

Cyclophosphamide 

(1800mg/m2)-

epirubicin-cisplatin + G-

CSF 

50% 

(2 year OS) 

66% 

(2 year OS) 
85 1.3 1.7 

7 
Pfisterer 

(2006) (184) 

First-line 

mnt 
Observation Topotecan mnt 

50% 

(3 year OS) 

58% 

(3 year OS) 
650 1.2 1.3 

8 
Rustin 

(2010) (182) 
Relapse Delayed treatment* Early treatment* 

5% 

(2 year OS) 

53% 

(2 year OS) 
264 3.0 4.7 

9 
Colombo 

(2010) (171) 
Relapse 

Pegylated liposomal 

doxorubicin 
Patupilone 8.9m (med) 12.7m 416 1.3 1.4 

10 
Vergote 

(2009) (185)  
Relapse 

Pegylated liposomal 

doxorubicin or 

topotecan 

Canfosfamide 6m (med) 13.5m 229 1.4 2.3 

11 
Hall 

(2004) (186) 
Relapse Observation Interferon 15m (med) 33m 151 1.5 2.2 
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Trial # First author Setting Control arm Experimental arm 
Expected OS 

(control) 

Actual OS 

(control) 

Sample 

size 

(control 

arm) 

Size effect 

studied 
A/E ratio 

12 
Meier 

(2009) (174) 
Relapse Treosulfan Topotecan 

55% at 6m 

(med 6.7m) 
9.5m 119 1.3 1.4 

13 
Parmar 

(2003) (179) 
Relapse 

Any platinum-based 

therapy 
Paclitaxel-carboplatin 

5% 

(2 year OS) 

50% 

(2 year OS) 
392 1.2 4.3 

14 
du Bois 

(2002) (173) 
Relapse Leuprolide Treosulfan 

40% 

(6m OS) 

(med 4.8m) 

6.9m 39 1.5 1.5 

15 
Alberts 

(2008) (187) 
Relapse Carboplatin 

Carboplatin + pegylated 

liposomal doxorubicin 
18m (med) 18m 30 1.3 1.0 

# = number; m = months; med = median; mnt = maintenance therapy; G-CSF, granulocyte-colony-stimulating factor; ICON, International Collaborative Ovarian 

Neoplasm Group; OS, overall survival. 

*  This trial was designed to determine if there was a survival benefit with early treatment of relapse based on an elevated CA125 concentration alone. 

Legend: Table demonstrating actual compared to expected outcome in trials with overall survival as the primary endpoint (6). 
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Trial (as listed in Table 5) 

Trial (as listed in Table 4) 

Figure 8: Actual over expected ratio (A/E) for trials with survival as a primary endpoint 

 

 

Legend: A/E ratio of trials using overall survival (OS) as a primary endpoint. Size of the bubble is proportional to 

the sample size of the control cohort. Blue lines delineate the region between 0.75 and 1.25 termed as being an 

accurate estimation (6).  

 

Figure 9: Actual over expected ratio (A/E) for trials with progression as a primary endpoint 

 

 

Legend: A/E ratio of trials using PFS or TTP as a primary endpoint. Size of the bubble is proportional to the 

sample size of the control cohort. Blue lines delineate the region between 0.75 and 1.25 termed as being an 

accurate estimation of the endpoint (6).  
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Table 5: Actual over expected ratio (A/E) for trials using progression as a primary endpoint. 

Trial # First author Setting Control arm Experimental arm 
Expected 

PFS (control) 

Actual PFS 

(control) 

Sample 

size 

(control) 

Size 

effect 

A/E 

ratio 

1 
Katsumata 

(2009) (188) 
First-line Paclitaxel-carboplatin 

Dose dense paclitaxel-

carboplatin 
16m (med) 17.2m 320 1.4 1.1 

2 
Markman 

(2009) (189) 
First-line mnt 

Paclitaxel mnt 

(3 cycles) 

Paclitaxel mnt (12 

cycles) 
20m (med) 14m 128 1.3 0.7 

3 
Burger 

(2010) (170) 
First-line Paclitaxel-carboplatin 

Paclitaxel-carboplatin + 

bevacizumab 
14m (med) 10m 625 1.3 0.7 

4 
Perren 

(2010) (172) 
First-line Paclitaxel-carboplatin 

Paclitaxel-carboplatin + 

bevacizumab 
18m (med) 16m 764 1.3 0.9 

5 
Pfisterer 

(2006) (190) 
Relapse Carboplatin Carboplatin-gemcitabine 6m (med) 5.8m 178 1.4 1.0 

6 
Monk 

(2010) (191) 
Relapse 

Pegylated  liposomal 

doxorubicin 

Pegylated  liposomal 

doxorubicin  + 

trabectedin 

3.7m (med) 5.8m 335 1.3 1.6 

7 
Niejt 

(2000) (192) 
First-line Paclitaxel-cisplatin Paclitaxel-carboplatin 12m (med) 16m 108 1.7 1.3 

8 
Vasey 

(2004) (193) 
First-line Paclitaxel-carboplatin Docetaxel-carboplatin 17m (med) 14.8m 538 1.25 0.9 

9 
Papadimitriou 

(2008) (194) 
First-line No further treatment High dose melphalan 18m (med)^ 18m^ 43 2.0 1.0 

10 
Bookman 

(2009) (195) 
First-line Paclitaxel-carboplatin 

Paclitaxel-carboplatin + 

3rd agent+ 
15m (med) 16m 864 1.25 1.1 

11 
Pecorelli 

(2009) (196) 
First-line mnt Paclitaxel-carboplatin 

Paclitaxel-carboplatin + 

paclitaxel mnt 

50% 

(2 year PFS) 

54% 

(2 year PFS) 
99 1.3 1.1 

12 
Hoskins 

(2010) (197) 
First-line Paclitaxel-carboplatin 

Sequential cisplatin-

topotecan and 

paclitaxel-carboplatin 

16m (med) 16.2m 410 1.25 1.0 
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Trial # First author Setting Control arm Experimental arm 
Expected 

PFS (control) 

Actual PFS 

(control) 

Sample 

size 

(control) 

Size 

effect 

A/E 

ratio 

13 
Lhomme 

(2008) (198) 
First-line Paclitaxel-carboplatin 

Paclitaxel-carboplatin-

valspodar 
18m (med)^ 13.5m^ 377 1.3 0.8 

14 
Hirte 

(2006) (199) 
First-line mnt Observation Tanomastat 20m (med) 9.2m 121 1.4 0.5 

15 
De Placido 

(2004) (200) 
First-line mnt Observation Topotecan 18m (med) 28m 93 1.5 1.6 

16 
Ferrandina 

(2008) (148) 
Relapse 

Pegylated liposomal 

doxorubicin 
Gemcitabine 2.8m (med)^ 3.7m^ 76 1.6 1.3 

17 
Berek 

(2004) (201) 
First-line mnt Observation Oregovomab 18m (med)^^ 10.8m^^ 72 1.5 0.6 

18 
Mobus 

(2007) (175) 
First-line 

Paclitaxel-carboplatin 

+/- etoposide 

High dose 

chemotherapy* 

0.35 

(2 year PFS) 

16.8m (med) 

20.5m 89 1.4 1.1 

19 
Vergote 

(2010) (202) 
Relapse 

Pegylated liposomal 

doxorubicin 

Canfosfmide-pegylated 

liposomal doxorubicin 
3.5m 3.7m 60 1.5 1.1 

20 
Reed 

(2006) (203) 
First-line Treosulfan Carboplatin 9.2m 5.0m 102 1.5 0.5 

m = months; med = median; mnt = maintenance therapy; PFS, progression-free survival; TTP, time to disease progression. 

^ Used TTP as progression measure. 

+ Third chemotherapy agent included gemcitabine, pegylated liposomal doxorubicin, or topotecan. 

^^ Used time to disease recurrence as a progression measure. 

* High-dose chemotherapy includes 2 cycles of fortnightly paclitaxel and cyclophosphamide with peripheral blood stem cell harvest followed by 3 cycles of 

carboplatin and paclitaxel with melphalan included in the final cycle. Both arms have the option of etoposide and up to 4 cycles of maintenance topotecan. 

Legend: Table demonstrating actual compared to expected outcome in trials with progression-based endpoints as the primary endpoint (6). 
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Trials with a progression-based primary endpoint: 

Twenty trials met all criteria with either PFS or TTP as a primary endpoint. Four trials underestimated the actual 

outcome (A/E ratio >1.25), 11 trials were accurate (A/E ratio 0.75-1.25) and five trials overestimated the 

outcome (A/E ratio <0.75) (Table 5). The A/E ratios ranged from 0.5 to 1.6, with a mean and median ratio of 1.0 

and 1.0 respectively (Figure 9).  

Comparison of accuracy of predictions of survival-based and progression-based endpoints: 

The 15 trials with OS as a primary endpoint when compared to the 20 trials with a progression-based primary 

outcome, were significantly more likely to underestimate the control arm outcome (Wilcoxon two-sample test 

p<0.001). 

To account for potential random error introduced by inclusion of trials with small sample size, the two groups 

were compared again after excluding trials where the control group sample size was less than 100 patients. 

Three and seven studies were excluded from the OS (173, 181, 187) and PFS (148, 175, 194, 196, 200-202) 

analyses respectively. This confirmed a statistically significant difference (p=0.001). A secondary analysis was 

performed to account for the two trials where expected survival was updated at an interim analysis (179, 182). 

Even with the revised expected survival, there was statistically more underestimation with survival-based trials 

than progression-based trials (p=0.002). 

Comparison to trials in advanced or recurrent bladder cancer, melanoma or pancreatic cancer  

The 15 phase III trials in ovarian cancer with overall survival as the primary endpoint were compared with 

cohorts in three cancer sub-types with classically shorter post-progression survival – metastatic or locally 

advanced bladder cancer, metastatic or locally advanced pancreatic cancer and metastatic melanoma (Table 6, 

Figure 10).  

Over this period, six randomised phase III trials were identified that had been published in metastatic or locally 

advanced bladder cancer, of which only three had overall survival as their primary endpoint and only two 

specified the expected outcome. The actual to expected outcome ratio (A/E ratio) was 1.3 and 1.2 for these two 

trials. 

In melanoma, forty published randomised phase III trials were identified, with 16 of these conducted in the 

metastatic setting. Eleven studies had overall survival as their primary endpoint, with seven specifying the 

expected outcome of the control arm. Six of the seven trials accurately estimated the outcome (86%). The range 

in A/E ratio was 1.0 to 1.8.  

In advanced or recurrent pancreatic cancer, 33 randomised phase III trials were identified. Of these, 25 studies 

had overall survival as the primary endpoint and 17 defined the expected overall survival result (Table 6). The 

A/E ratio was accurately predicted in 13 of the 17 trials (76%) (Figure 10). The overall survival was more 

accurately predicted in these studies in contrast to the ovarian cancer cohort (76% vs.20% p=0.02).  

Twenty-six studies met the inclusion criteria across the three tumour types. Twenty studies accurately predicted 

the outcome of the control arm, in contrast to three of the trials in ovarian cancer (77% vs. 20%; p=0.02) (Figure 

10). In all studies across the three additional cancer sub-types, the expected median overall survival was 12 
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months or less (range 3 to 12 months). In contrast in ovarian cancer, only seven studies (47%) predicted the 

median overall survival to be 12 months or less (range 6 to 36 months).  

To account for potential random error introduced by the inclusion of trials with a small sample size, the two 

groups were compared again after excluding studies where the control group sample size was less than 100 

patients. Three and seven studies were excluded from the ovarian (173, 181, 187) and other tumour subtype 

cohort (204-209) analyses respectively. This confirmed a statistically significant difference (p=0.02). 

Table 6: Actual over expected ratio (A/E) for trials in advanced or recurrent bladder cancer, 
melanoma and pancreatic cancer using overall survival as a primary endpoint. 

Trial # First author 
Expected OS 

(control) 
Actual OS 
(control) 

Sample size 
(control arm) 

A/E ratio 

BLADDER CANCER 

1 
Dreicer  

(2004) (210) 
12m 14.1m 129 1.2 

2 
Sternberg  

(2001) (205) 
12m 15.4m 41 1.3 

MELANOMA 

1 
Agarwala 

(2002) (211) 
7m 8.1m 153 1.2 

2 
Atkins 

(2008) (212) 
9m 8.7m 206 1.0 

3 
Hauschild 

(2001) (213) 
6m 11m 144 1.8 

4 
Keilholz 

(2005) (214) 
10%  

(2 year survival) 
12.9m 180 1.1 

5 
Middleton  

(2000) (215) 
6m 6.4m 149 1.1 

6 
Ridolfi 

(2002) (207) 
40%  

(1 year survival) 
9.5m 89 1.0 

7 
Young  

(2001) (216) 
6m 7.2m 30 1.2 

PANCREATIC CANCER 

1 
Abou-Alfa  

(2006) (217) 
5.1m 6.2m 174 1.2 

2 
Berlin  

(2002) (218) 
5m 5.4m 158 1.1 

3 
Chauffert 

(2008) (206) 
6m 15.1m 60 2.5 

4 
Ciuleanu 

(2009) (219) 
3m 2.8m 155 0.9 

5 
Cohen 

(2005) (204) 
8m 7.1m 53 0.9 

6 
Colucci 

(2010) (220) 
4.8m 8.3m 199 1.7 

7 
Cunningham 
(2009) (221) 

20%  
(1 year survival) 

22%  
(1 year survival) 

266 1.1 

8 
Dahan 

(2010) (222) 
6.5m 6.7 100 1.0 

9 
Heinemann  
(2006) (208) 

5m 6m 97 1.2 

10 
Herrmann 

(2007) (223) 
5m 7.2 159 1.4 

11 
Johnson  

(2001) (209) 
120d 129d 60 0.9 

12 
Louvet 

(2005) (224) 
30%  

(8m survival) 
45% 

 (8m survival) 
156 1.5 



  

39 
 

Trial # First author 
Expected OS 

(control) 
Actual OS 
(control) 

Sample size 
(control arm) 

A/E ratio 

13 
Moore 

(2003) (225) 
6m 6.6 139 1.1 

14 
Philip 

(2010) (226) 
6m 5.9 371 1.0 

15 
Poplin 

(2009) (227) 
6m 4.9 275 0.8 

16 
Van Cutsem 
(2004) (228) 

5.5m 6 347 1.1 

17 
Van Cutsem  
(2009) (229) 

6.9m 6 301 0.9 

m = months 
In scenarios where expected OS and actual OS were expressed as a percentage alive at a defined time 
point, these were converted to a median overall survival using an exponential model in order to calculate 
the A/E ratio.  

 

Figure 10: Actual over expected ratio (A/E) for trials with overall survival as a primary endpoint 

 

Legend: A/E ratio of trials in advanced or recurrent bladder cancer (black), melanoma (red) and pancreatic 

cancer (yellow) using overall survival (OS) as a primary endpoint. The results from the ovarian cancer studies 

are shown in blue. Size of the bubble is proportional to the sample size of the control cohort. Blue lines 

delineate the region between 0.75 and 1.25 termed as being an accurate estimation. Twenty studies accurately 

predicted the outcome of the control arm in contrast to three of 15 of the ovarian trials (77% vs. 20%; p=0.02). 

 

3.3 Discussion 

This work demonstrates that for randomised phase III trials in ovarian cancer published from 2000 to 2010, 

there has been significant imprecision in the estimation of the control arm outcome. This imprecision is present 

in trials with both progression-based and survival-based primary endpoints. However, the data presented here 

shows that trials with an overall survival endpoint were significantly more likely to underestimate the outcome of 

the control arm, than those using progression-based endpoint (PFS or TTP; p<0.001). This also appears 

significantly more problematic in trials in ovarian cancer in contrast to studies conducted in locally advanced or 
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recurrent bladder cancer, metastatic melanoma, or locally advanced or recurrent pancreatic cancer where 

overall survival and survival post-progression is typically shorter (p=0.02).  

A limitation of this review is that relatively few randomised phase III trials met all eligibility criteria. Approximately 

half of the ovarian cancer randomised phase III trials were excluded, in most instances because of missing 

information regarding sample size calculations. Similar issues were seen in the other cancer sub-types 

investigated. This finding is perhaps not surprising as it has previously been reported that information regarding 

sample size calculation is frequently missing in clinical trial publications (230). A further limitation is that some of 

the trials included had a small sample size, sometimes as a result of poor accrual, and as such are subject to 

random error. In order to minimise the potential impact of this confounding factor, a sensitivity analysis was 

performed excluding trials with a small sample size. This demonstrated similar results to that observed in the 

analysis of all trials. 

It is important to consider why OS was significantly underestimated when designing systemic therapy trials in 

ovarian cancer. It is possible that changing patterns of care and improvement in survival for patients with 

ovarian cancer during the years these trials were designed and conducted, may have rendered historical data 

obsolete, causing investigators to underestimate the outcome anticipated with standard therapy. Improved 

surgical techniques and consequent stage migration may also have impacted overall survival estimations. 

The time between initial trial design and completion of accrual typically spans many years. In the previous 

chapter, it was shown that the median time for accrual was 37.5 months but could be as long as 135 months. 

After completion of accrual, more time elapses until enough events have occurred to analyse survival. Thus 

even when factoring in differences in patterns of care between reported historical data and available care at the 

moment of study design, it is possible that evolving therapy during the conduct of the trial may further confound 

these estimations.  

It should be noted that since 1990, paclitaxel, gemcitabine and pegylated liposomal doxorubicin have 

demonstrated efficacy in ovarian cancer and have been approved for treatment (190, 197, 231). Most recently 

anti-angiogenic agents and PARP inhibitors have demonstrated effectiveness in ovarian cancer clinical trials 

(22, 42, 43, 147, 154, 156). The progressive introduction of these agents in trials and in routine care during the 

conduct of most of the ovarian cancer trials published in the last decade may have caused actual survival to 

deviate from historical controls.  

Moreover, for many of the clinical trials included in this analysis, the experimental agents studied (for instance 

topotecan, anthracyclines, and gemcitabine) were commercially available either during or after study conduct 

raising the potential for off-trial cross-over with the experimental agent in a proportion of patients, further 

confounding, and possibly increasing observed overall survival in control arms. This is recognised in many 

recent studies with both bevacizumab and PARP inhibitors, where high rates of unplanned cross-over have 

been seen (42, 170, 172). As a consequence of the small sample size, we were not able to delineate if 

underestimation of OS is becoming more problematic with time, but one would expect this to be the case 

reflecting increasing post-progression therapeutic options and longer time to accrue patients to trials. At the 

recent 5th Ovarian Cancer Consensus Conference it was recommended that analysis and sample size 

calculations should account for cross-over when OS is the primary endpoint (44). If the estimated overall 

survival is long, for example more than 3 years, planned cross-over may help avoid informative censoring (in the 
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absence of placebo) (44). This issue is likely to be clinically relevant in both the first-line and recurrent setting 

and should be considered in the design of future research.   

Figure 11: Impact of post-progression treatment on ovarian cancer outcomes 

 

Legend: After a diagnosis of ovarian carcinoma, the clinical course generally follows a path that includes 

cytoreductive surgery and multiple courses of chemotherapy treatment if the disease progresses. To distinguish 

between consolidation therapy and maintenance therapy, “consolidation” implies a very short course of a 

different form of therapy, and “maintenance” implies a more drawn-out course of therapy, for example a PARP 

inhibitor or angiogenic agent. Each treatment after progression (for example. chemotherapy #2 or 3, supportive 

care) makes it challenging to assess the true benefit of therapy prior to this (for example. chemotherapy #1). 

The time from when a patient progresses, to when a patient dies is referred to as the survival post-progression. 

It is influenced by each subsequent intervention. This figure has been modified with permission from Dr A Oza 

(unpublished). 

When patients with ovarian cancer progress, as discussed previously there are a number of potential 

interventions available including: (i) cross-over; (ii) treatment with an alternative agent; (iii) continuation with the 

same agent if there is symptomatic benefit; or (iv) no further therapy (28). The heterogeneity of these options 

makes it difficult to assess the influence (if any) on OS of the initial randomised therapy, due to the confounding 

and diluting effect from each subsequent intervention (Figure 11) (28). Fewer variables come into play when 

estimating the time to progression than when estimating time to death. Moreover, the time to event is shorter 

lending to more predictable estimates. 

It is perhaps not surprising that such a prominent underestimation of outcome is not observed when trials use a 

progression-based endpoint. In contrast to PFS, OS is a composite of both PFS and survival post-progression 

(Figure 11) (28). Time from treatment initiation until either relapse or progression is not influenced by post-trial 

treatment nor cross-over, making historical publications on efficacy of a single treatment more reliable than 

estimates of survival that reflect a sequence of treatment that dynamically evolves as new drugs become 

available.  

Interestingly, this same issue was not seen in the three other cancer cohorts explored. This reflects the more 

limited therapeutic options for these patients post-progression. In all 26 studies, the expected median OS was 

12 months or less. In contrast, only seven of the ovarian cancer trials predicted a median OS of 12 months or 

less (47%). Across the three cohorts, overall survival was more accurately predicted than in the ovarian trials 

investigated (77% vs. 20%; p=0.02). This exploratory cohort is limited by the small sample size and the inclusion 

of only published papers but emphasises the differences faced when designing trials in different cancer cohorts. 
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Aspects that need consideration for trials in ovarian cancer may be very different to that for trials in pancreatic 

cancer. Similar analyses in other cancer sub-types with long post-progression survival (such as breast cancer) 

should be performed to further explore these findings.  

Table 7: Theoretical scenarios to illustrate how variation in survival of the control cohort 
impacts on required sample size required to maintain statistical power 

Scenario 

A/E 

outcome 

ratio 

Expected 

outcome of 

control arm 

(months) 

Size 

effect 

studied 

Absolute 

benefit in 

survival to 

demonstrate 

Expected 

outcome of 

experimental 

arm 

Sample 

size 

required 

Initial trial design 
Not 

applicable 
24 months 1.25 6 months 30 months 

455 

patients 

per arm 

Number of patients 

to show same 

maintenance of 

absolute benefit 

1.5 36 months 1.166 6 months 42 months 

1685 

patients 

per arm 

Number of patients 

to show 

maintenance of 

effect size 

1.5 36 months 1.25 9 months 45 months 

495 

patients 

per arm 

A/E ratio = actual over expected outcome 

Calculations made assuming an accrual rate of 20 patients per month and a follow up time of 24 months 

for the first scenario and 36 months for the latter two scenarios (6). 

The finding that OS has been underestimated when designing ovarian cancer trials has important implications 

both for interpreting recently published trials and for designing future trials. A significant underestimation of the 

anticipated control arm outcome means that the observed event rate will be lower than anticipated during the 

trial conduct. Since sample size is proportional to the square power of the difference in event rate between the 

control and experimental arm, the trials become underpowered to detect a difference of the magnitude they 

were designed for. As event rate decreases, sample size will need to increase exponentially to show the same 

absolute difference in survival. Table 7 illustrates how relatively small changes in observed outcome and relative 

size effect studied, affect the sample size required to maintain adequate statistical power to demonstrate the 

same benefit.  

3.4 Conclusion 

The results of this study raise concerns that discrepancies between the expected and actual outcome of the 

control arm, could potentially result in clinically relevant survival differences being missed because of lack of 

sufficient statistical power. When the result of an endpoint is underestimated owing to lower event rates, the trial 

duration is likely to be longer and more expensive than anticipated. Consequently, it is concerning that ovarian 

cancer trials published in the past decade were potentially underpowered to demonstrate the magnitude of 

absolute survival benefit they were designed for, despite being longer and potentially more costly. 

The difficulty in predicting and detecting OS improvements has significant ramifications for regulatory agencies 

who rely on these trials and the accurate determination of the size of benefit to make funding decisions. 
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Furthermore, the underestimation of OS in most ovarian cancer trials published highlights the challenges in 

designing trials adequately powered to show differences in survival, due to the increasing number of variables 

requiring consideration. These challenges may be more problematic in malignancies with longer survival and 

many available treatment options such as ovarian cancer, low-grade lymphomas or breast cancer, compared to 

those with limited treatment options and short survival times such as metastatic pancreatic or bladder cancer. In 

diseases where the median survival post-progression is short (i.e. less than 12 months) such as in non-small 

lung cancer, a stronger correlation between PFS and OS has been demonstrated (28, 31). The results shown 

here for advanced or recurrent bladder cancer, melanoma and pancreatic cancer, indicate OS is easier to 

predict in these diseases. Data on the accuracy of trial survival predictions in other disease sites needs to be 

further collected to formally test this hypothesis.   

This research also highlights the difficulty inherent to estimating the actual outcome of a cohort of patients. In 

ovarian cancer this has led to an almost routine underestimation of expected survival in recently reported 

randomised phase III trials. These challenges should be addressed when designing future phase III trials in 

ovarian cancer as well as other malignancies. Severely underestimating the control arm outcome can lead to a 

trial being more complex and expensive to conduct than initially planned but importantly statistically 

underpowered to demonstrate the clinically meaningful survival difference it was designed to detect. 

Recognising this is important when interpreting the results of the study.  

These last two chapters have highlighted the challenges with choosing and defining the endpoint of interest in 

clinical trials in ovarian cancer. The results described in this chapter, indicate the use of PFS as the primary 

endpoint in ovarian cancer trials may result in more robust statistical planning as a consequence of a more 

precise prediction of the expected outcome. This in conjunction with the relationship between the hazard ratio 

and median OS and PFS that was described in the previous chapter, suggests progression free survival can be 

a valuable endpoint in ovarian cancer.  

However, the clinical significance of PFS is perpetuated by the tools (typically radiological) used to measure it. It 

is recognised that the measurement of OS is precise and unambiguous. The measurement of PFS (and other 

progression-based endpoints) in trials typically relies on radiological measures. While tools have been 

specifically designed to assess this in clinical trials, there are concerns that these do not always reflect the 

clinical situation. The next chapter will illustrate this, by discussing examples where there is clear disconnect 

between the measure used and the patient being treated. In the next chapter, we will move from endpoint 

selection to discuss the use of radiological criteria to assess progression-based endpoints.  
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CHAPTER 4: RESISTING RECIST – UNIFORMITY VERSUS CLINICAL VALIDITY  

Survival-based endpoints have been the traditional tool used to assess clinical benefit in trials. Death is an 

unambiguous and precise measure of outcome. As illustrated in chapter 2, overall survival as the primary 

endpoint is being increasingly replaced (at least in ovarian cancer), by surrogate endpoints such as progression 

free survival. Unlike death as an endpoint, the exact timing of disease progression is continuous but is 

determined in trials by discrete clinical or radiological assessments; and hence, inherently dependent on the 

timing of these investigations. In day-to-day practice, clinical, biochemical and radiological measures are 

integrated to guide therapeutic decision-making. In contrast, in clinical trials in solid tumours, “responses” to 

treatment are conventionally assessed radiologically to maintain objectivity and uniformity across all sites 

recruiting patients to the trial. The World Health Organisation response criteria were replaced by the Response 

Evaluation Criteria in Solid Tumours (RECIST) criteria, which were developed in an attempt to provide a reliable 

objective method to standardise the measurement of changes in tumour size in clinical trials with chemotherapy 

(78, 79). The general assumption underlying the use of RECIST is that it is accurate, reproducible and reflects 

the clinical benefit of treatment. This assessment forms the basis for the evaluation of response rates and 

progression free survival in trials.  

As RECIST is used to evaluate changes and define response or progression endpoints in clinical trials, reliability 

and reproducibility is critically important. In practice it can feel that this is not always achieved. The work in this 

chapter arose from concerns over the clinical discrepancies between the patient and the radiology report. It is 

well recognised that RECIST was not designed to replace clinical decision making, but in a clinical trial this is its 

role. Some trials do now allow patients to continue on treatment beyond progression, which has created 

flexibility for the management of patients where this disconnect may be seen. As RECIST remains integral to 

trial results, international opinions were sought on this important area and used to investigate the challenges 

with the use of RECIST. This work has led to the development of two further projects (Variability of RECIST and 

The relevance of non-target progression in clinical trials). This work is ongoing. 

Two questionnaires were designed to target two different groups: (i) research staff working across a range of 

solid tumours at Princess Margaret Cancer Centre; and (ii) members of the Gynaecologic Cancer InterGroup 

(GCIG). The results presented in this chapter relate to the survey concentrating on gynaecological cancers. The 

surveys were designed to seek clinician opinion on the role of RECIST and the components of RECIST where 

the clinical and radiological pictures can vary.  

Sixty responses were received from members of the Gynaecologic Cancer InterGroup across 13 countries. 

Respondents indicated RECIST is essential for the conduct of clinical trials. The role of both the clinician and 

the radiologist were noted to be important, particularly in the determination of non-target progression. An 

important area of controversy highlighted in this survey was the interpretation of a small new lesion and the 

subsequent clinical implications for the patient.  

The results are limited by the sample size and response rates to the questionnaires. It was not possible to 

determine a definitive denominator for this survey but it is estimated that response rates were approximately 

30%. It is important to recognise the responders represent highly motivated members of the research 

community, who play an integral role in the conduct of clinical trials.  
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The manuscript has been modified and adapted in this chapter to allow inclusion of early results investigating 

the variability of RECIST in ovarian cancer – Variability of RECIST. This project was developed based on 

concerns raised from clinical practice and responses to the questionnaires. This study involves input from eight 

international radiologists and evaluates the inter- and intra-observer variability in the measurement of lesions in 

ovarian cancer and additionally the consistency of selection of RECIST lesions. We are awaiting the final 

responses but anticipate analysis to be underway in 2018.  

4.1 RECIST and response in gynaecological cancers 

In trials with response as a primary endpoint, measurable disease is a baseline requirement for RECIST 

evaluation and poses unique challenges in ovarian cancer (232). Many patients with recurrent ovarian cancer 

have ascites, nodal disease and peritoneal nodularity which may not meet size criteria or be “measurable” by 

RECIST (232). This can often be associated with significant symptoms that necessitate treatment. In ovarian 

cancer, the Gynaecological Cancer InterGroup (GCIG) have developed consensus statements based on 

changes in serum CA125 to define progression and response (73). Response assessment by GCIG CA125 

criteria has been shown to be superior to RECIST in predicting survival in patients receiving second line 

chemotherapy for recurrent ovarian cancer (233). In contrast, RECIST response had no demonstrable 

independent influence on survival in patients with recurrent ovarian cancer receiving second line therapy (233).  

Although RECIST was designed as a drug development tool to measure response in phase II trials and not to 

inform clinical decision-making, there is a concern that many clinicians have lost sight of the reasons these 

response criteria were developed, with RECIST being increasingly used in clinical practice for treatment 

decisions (234). The value of RECIST as an independent metric of patient benefit in clinical trials has been 

questioned. In women with platinum-resistant ovarian cancer, symptom benefit is the key objective of treatment 

and in this setting quality of life and patient reported outcomes including toxicity of treatment may be more 

important factors influencing treatment decisions than RECIST measurements. Disconnect between the 

radiology report and the patient’s clinical picture is an additional concern. These are the scenarios that cause 

clinicians to question the clinical validity of RECIST and emphasise the potential differences in a patient’s 

management on and off trial.  

In view of these discrepancies, clinicians were surveyed regarding their attitudes to RECIST in clinical trials and 

clinical practice with a focus on its role in gynaecological cancers. In this chapter, these results will serve as a 

platform to consider the complexities of implementing RECIST in gynaecological cancer trials and to discuss the 

potential disconnect between the uniformity and clinical validity of radiological findings in practice. 

4.2 Methods 

Two web-based surveys were designed to: (i) examine present-day views and use of RECIST at a large 

specialist cancer centre (Princess Margaret Cancer Centre, Toronto, Canada); and (ii) to concentrate on its use 

in gynaecological malignancies by seeking opinions from international gynaecological and medical oncologists 

through the Gynaecologic Cancer InterGroup (GCIG) (Table 8). The Gynaecologic Cancer InterGroup is a 

leading international organisation which includes 28 cooperative gynaecological cancer clinical trial groups. 

Following local ethics approval (Appendix H), the first survey was circulated to medical oncologists, clinical 

fellows and clinical trial nurses based at the Princess Margaret Cancer Centre (Survey 1; Appendix C). The 

survey that focused specifically on gynaecological malignancies was distributed to representatives of the 
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Gynaecologic Cancer InterGroup (Survey 2; Appendix D). The surveys were sent electronically by email, which 

provided background information; study purpose; and a link to the webpage for easy survey retrieval. The 

results reported herein relate to the second survey focusing on the use of RECIST in gynaecological cancers. 

Questionnaire 

The survey was designed to address concerns raised in the literature and by practicing clinicians with respect to 

the current use of RECIST (supplementary data). A complementary literature review was performed. Responses 

were registered until the end of July 2015. Eligible respondents were asked to answer specific questions related 

to their use and opinions on RECIST. The questions focused on the use of RECIST; the clinical relevance; and 

the components of RECIST. To illustrate the complexity of the use of RECIST as a tool, an example with an 

asymptomatic isolated new lesion was presented to the gynaecological cancer specialists. 

Table 8: Example of the questions used in the questionnaires 

1. Does your clinical practice include involvement in clinical trials? 

2. What proportion of your patients in your practice/clinic do you estimate are 

involved with clinical trials? 

3. Are you familiar with RECIST 1.1? 

4. Who assesses response by RECIST in trials at your centre? 

5. When do you use RECIST to assess response? 

6. Do you think RECIST increases the objectivity of assessment of response in 

trials? 

7. Do you think RECIST is a good measure of clinical response? 

8. Is there ever a time to continue treatment beyond progression by RECIST if the 

trial allows? 

9. Do you agree with the model of continuing beyond progression? 

10. Who should make the decision of unequivocal progression of non-target 

disease by RECIST? 

11. Independent of RECIST do you believe the appearance of a new lesion should 

always be considered progressive disease 

12. In trials do you think radiological progression is as relevant to treatment 

decisions as clinical progression? 

13. In your experience what proportion of patients do you estimate come off trial for 

clinical progression rather than radiological progression? 

14. Do you think target or non-target progression is more relevant to clinical 

decision making? 

15. How often do you feel you disagree or challenge RECIST evaluation? 

The objectives were to (i) seek opinions of international experts managing gynaecological malignancies on the 

use of RECIST; and (ii) review the impact of radiological findings on clinical decisions on and off trials. The 

information and responses were used to reflect upon the differences between disease progression as defined 

by objective tumour measurements in accordance to RECIST and that used in clinical practice.  

Statistical Analysis 

All data were coded and checked for errors by the investigators. Data cut-off was the 31st of July 2015. Missing 

or ambiguous responses were excluded from analysis. Descriptive statistics were used to summarise the 

results. Comments from participants were reviewed and used to shape the discussion.  
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4.3 Results 

In total, 99 medical professionals participated across the two surveys. Sixty international medical professionals, 

from 13 countries completed the second survey which targeted specialists treating gynaecological malignancies. 

No clear denominator was collected due to the mechanism by which the surveys were distributed. The majority 

of these respondents worked at a tertiary centre or specialist cancer centre (51; 85%) (Table 9).  

Table 9: Characteristics of the respondents 

Characteristics 
n = 60 

(%) 

Consultant/Specialist 

Institution 

Tertiary Institution 

Specialist Cancer Centre 

Peripheral Hospital 

Clinical trials as part of their clinical practice 

Percentage of patients on clinical trials 

<10% 

10-25% 

25-50% 

>50% 

Familiarity with RECIST 

In great detail 

In general terms 

Not in great detail 

56 (93) 

 

31 (52) 

20 (33) 

5 (8) 

57 (95) 

 

21 (35) 

26 (43) 

9 (15) 

3 (5) 

 

39 (65) 

19 (32) 

2 (3) 

The majority of the respondents were involved in clinical trials (57; 95%), with 20% estimating more than 25% of 

their patients were on a clinical trial. 

Use of RECIST 

The respondents were in general well informed of the intricacies of RECIST, with 65% reporting familiarity in 

great detail with RECIST 1.1 (Table 9). Fifty-eight percent of respondents reported the assessment of RECIST 

was performed by both radiologists and oncologists at their centre. In 40% of responses, this was purely 

performed by a radiologist or an oncologist. RECIST was only used in trials by nearly 40% of respondents (23; 

38%), but 55% (33 respondents) reported using it in both clinical and trial settings.  

Target versus non-target progression 

Target and non-target assessments were deemed equally important to clinical decision-making by the majority 

of respondents (77%). Non-target progression was reported as more important by 4% of respondents. Just 

under a quarter of respondents felt clinicians should make the decision on non-target progression (32%), with 

63% recommending involvement of both the clinician and radiologist.  
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Clinical relevance of RECIST 

Sixty-eight percent of participants felt RECIST improved objectivity most of the time in trials, with 8% reporting it 

always achieved this. Similarly, 71% of respondents (42 participants) felt that RECIST 1.1 was a good measure 

of clinical response at least most of the time.  

Figure 12: Percentage of patients stopping therapy due to clinical progression rather than 
radiological progression 

 
Legend: This graph illustrates that overall the majority of respondents reported less than a quarter of their 

patients came off trial for clinical rather than radiological progression. This is a predicted rather than an absolute 

measure. This is an important patient group to explore. 

The majority of respondents (81%) reported that they infrequently challenged RECIST, but almost one fifth of 

respondents (17%) reported commonly disagreeing or challenging the RECIST evaluation. Overall, 60% felt 

more than 10% of their patients came off trial for clinical progression rather than radiological progression (Figure 

12). The majority of respondents (55%; 33 respondents) felt radiological progression was as relevant to 

treatment decisions as clinical progression but 21% felt this was less important.   

A small new lesion – relevance and impact on practice on and off trial 

With respect to the appearance of a new small lesion, 35% felt this should always be considered progressive 

disease but 46% felt that a new lesion did not necessarily reflect progressive disease. The use of confirmatory 

scans was considered important if there was uncertainty. Interpretation in conjunction with biochemical 

monitoring (CA125) and the clinical picture was emphasised by many respondents as critical.  

An example of an asymptomatic isolated new lesion (Figure 13) was presented to the gynaecological cancer 

specialists. Twenty-two respondents (40%) felt they would definitely or most likely take the patient off trial, with 

29 respondents (54%) reporting the contrary (Figure 14a). Additionally, 82% reported they would not or would 

be unlikely to start a new therapy based on this finding alone (Figure 14b).  

In general, 40% of respondents (24 participants) agreed with the model of continuing beyond progression. It 

was highlighted in the comments that this is relevant in the biological era and only in the setting of clinical 

benefit. 
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Figure 13: Example illustrating the challenges with interpreting a new lesion as progressive 

disease 

 
Legend: A patient with high grade serous ovarian cancer currently on observation as part of a clinical trial was 

found to have a small new soft tissue nodule by the spleen suspicious for a peritoneal deposit. This was 5 

months post completion of platinum-based therapy. The patient was asymptomatic with a normal CA125. The 

lesion was reported to be only faintly present on the study 4 months prior. No other new findings were 

documented. 
 

 

 
Figure 14: Implications of a new isolated lesion on practice 

Legend: The graphs reflect the variability in responses on how a small new lesion would be interpreted and the 
impact of this on a patient’s treatment. Over 40% would not start a new treatment in this setting. The comments 
highlighted the need to integrate the clinical and biochemical picture in decision-making. Based on a RECIST 
definition of progression, this patient would now be defined as having platinum-resistant disease which impacts 
future trial options.   
 

4.4 Discussion 

The responses to this survey confirm the value of RECIST in ensuring uniformity and validity of clinical trial 

results. It also highlights the importance of correlating the radiological and clinical picture in clinical decision 

making. Although there are clearly many benefits of using standardised methods to report response and 

progression in trials, RECIST defined measurements alone are not sufficient to determine clinical benefit for the 

patient. An increase in tumour dimensions from 19% to 21% defines disease progression but this alone is
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unlikely to cause a change in symptomatology (25). The investigators who developed RECIST recognise the 

challenges this poses (25, 234). With the increasing use of progression free survival (PFS) as the primary 

endpoint in clinical trials, there is a pressing need to include additional measures that support PFS to ensure it is 

a clinically meaningful endpoint (3, 44).  

The generalisability of the results of this survey is constrained by the small sample size and format of this 

research. No clear denominator was collected to determine the likely response rate to these surveys but it is 

estimated to be less than 30%. Survey-based research has limitations and is subject to inherent bias as 

respondents represent a small proportion of clinicians who are often highly motivated with a strong opinion on 

the topic in question. Paradoxically, this is both a weakness and an advantage as it provides a platform to share 

and discuss the challenges voiced by invested experts in this field. Additionally, the questions used can be 

criticised as being biased. Investigators across disciplines were involved in the development and review of these 

surveys but this is an inherent weakness of this style of research. The results presented highlight some of 

conundrums with the use of RECIST in assessing patient benefit and the discrepancies in decision-making for 

patients in clinical practice and trials. These differences create opportunities for us learn from and to use to 

shape future assessment tools to better mirror clinical practice.  

Figure 15: Cohorts within clinical trials requiring exploration 

 

Legend: Within a clinical trial there are key patient groups we can learn from, where there is the greatest 

discrepancy between the radiology report and the clinical picture. Two key groups to explore are: (i) patients 

with response but clinical progression (*); and (ii) patients with progression by RECIST but clinical benefit (**). 

This figure has been modified with permission from Dr A Oza. 

An important patient cohort for us to explore as part of trials, are those who stop due to clinical progression 

(Figure 15). Patients who stop treatment due to clinical rather than radiological progression are poorly reported 

in the literature. Overall, 60% of respondents felt more than 10% of patients came off trial for clinical progression 

rather than radiological progression. Arguably, symptomatic deterioration is more likely to affect quality and 

potentially quantity of life than asymptomatic radiological change alone. In our survey, most clinicians felt clinical 

and radiological progression was equally important in treatment decisions. In patients who stop due to clinical 

rather than radiological progression, there is a significant division between the uniformity provided by RECIST 
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and the clinical relevance to the patient (Figure 15). Investigating the situations where RECIST misrepresents 

the clinical picture, will allow us to adapt and shape this tool to better assess patient outcomes in the future.  

Objectivity and reproducibility 

The general assumption underlying RECIST is that uni-dimensional tumour measurements can be reliably 

performed by different readers and that these measurements are accurate and reproducible. Yet, measurement 

variability remains problematic. The variability may be further dependent on who performs the assessments. In 

our survey 20% reported RECIST assessments were performed at their centre by an oncologist; 20% by 

radiologists; and 58% by both oncologists and radiologists. This variability is evident in some studies that 

incorporate independent and local radiology review. A phase II study of ridorafolimus in endometrial cancer 

demonstrated a PFS of 5.6 months when evaluated by local investigator assessment in contrast to 3.6 months 

by independent review (235). A recent phase III study investigating maintenance olaparib (a PARP inhibitor) in 

recurrent ovarian cancer (SOLO2), demonstrated a significant difference in the PFS in the experimental group 

when measured by the investigator in comparison to a blinded central review committee (19.1 months vs. 30.2 

months) (236). No difference was seen in the placebo arm (236). Yet, a number of other recent phase III studies 

in ovarian cancer have not shown similar discrepancies (191, 237).  

A study in non-small cell lung cancer found intra-observer and inter-observer misclassification of unchanged 

lesions as progressive disease in 10% and 30%, respectively (80). Similar results were seen with measurement 

of lesions in patients with breast and colorectal cancer, with response rates varying from 23% to 33% between 

observers (238). Intra-observer agreement has been reported to be better than the inter-observer agreement 

but measurements have still been shown to differ by up to 24% (0.76-0.96) (238). Assessments which use the 

sum of multiple lesions demonstrate reduced variability (239). This is reassuring as this underpins the 

evaluation of target disease in RECIST (79). 

Repeat imaging of the same lesion after a short-time period has also demonstrated measurement variability with 

changes of up to 10% documented in 84% of cases (240). The relative change was more significant in smaller 

lesions compared to larger tumours (p=0.005) (240). In tumours smaller than 3cm, 6% of the changes reached 

RECIST criteria for progression, in contrast to 1% in tumours larger than 3cm (240). To the best of our 

knowledge there have not been any studies investigating inter-observer and intra-observer variability in tumour 

measurements in ovarian cancer. Tumour boundary distinctiveness is affected by the disease and organ site 

(241). It seems likely that measuring lung metastases is easier than measuring the peritoneal nodules or 

omental “thickening” commonly seen in ovarian cancer.  

This is being investigated through a study we have designed in conjunction with Drs Amit Oza, Stephanie 

Lheureux and Tanya Chawla - Variability in RECIST. In this study, eight international radiologists are asked to 

measure 30 lesions at two discrete time points. The lesions used include a number of omental and nodal 

lesions, as well as visceral metastases (decided upon by Drs Michelle Wilson and Tanya Chawla). The 

radiologists were chosen due to their interest and experience in this area.  A proportion of the lesions are 

repeated over the two time points to allow the study to assess both inter and intra-observer variability.  
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Figure 16: Variability with RECIST examples 

 
 

In
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 Lung lesion measurement (mm) 

1 2 3 4 5 6 

1 43  - - - 52 -- 

2 - 12 - - 49 - 

3 19 - - - 48 - 

4 20 - - - 49 - 

5 20 - - - 50 - 

6 20 - - - 49 - 

7 - 13 - - 52 - 

8 - - 42 - 50 - 

 

 

 

 

In
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 Liver lesion measurement (mm) 

1 2 3 4 5 

1 - 57 - 41 - 

2 - 53 - 35 - 

3 - 56 - - 25 

4 - 55 - 39 - 

5 - 56 - 38 - 

6 - 55 - 36 - 

7 - 57 17 - - 

8 - 55 - -  

 

Legend: Eight radiologists were asked to measure two lesions in the cases shown above in accordance to RECIST. When choosing lesions for RECIST larger 

lesions were more consistently chosen (Figure 16a lesion 5 and Figure 16b lesion 2). Illustrating this, the largest lesion was chosen by all radiologists for both the 

lung and liver example. Less than 10% variability was seen between largest and smallest measurement for these lesions.  

a. Example of lung lesions b. Example of liver lesions 
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Additionally, to investigate the uniformity of lesion selection for RECIST, radiologists are asked to select the two 

lesions from a lung series that they would use to assess RECIST at two separate time points. A similar question 

is asked based on a single image where a patient has multiple lesions visible (Figure 16a and 16b). This 

investigates both liver and lung lesions. We are currently awaiting the final responses from the second time 

point. It is important to recognise there are limitations with this project in assessing lesion size. A key issue is 

this project creates an artificial setting where the radiologist has access to only a single slice from the scan to 

measure the lesion and limited clinical data. 

Preliminary results demonstrate that three of eight radiologists, chose the same two lesions from the lung series 

and a further four radiologists chose at least one lesion in common with another radiologist. Choosing two liver 

and lung lesions from a single image demonstrated less variability (Figure 16a and 16b).  Pleasingly, larger 

lesions were most commonly selected on both the liver and lung image, with less than 10% variability between 

the smallest and largest measurements. It will be interesting to see the final degree of variability and determine 

if this is a concern in keeping with the hypothesis behind this project. We anticipate the results of this to be 

ready for evaluation in 2018. Of the six responses to date, four radiologists chose exactly the same two lung 

lesions (from the example in figure 16a) on two separate occasions. Two radiologists measured at least one 

lesion identically. The median variation in measurements of the other lesions was 4.9% (range 0-11.1%).   

Non-target progression – the curse of measurability 

To make a call of unequivocal progression of a non-target lesion there must be “an overall level of substantial 

worsening in non-target disease that is of a magnitude that even in the presence of stable disease or partial 

response of target lesions the treating physician would feel it important to change therapy” (79). Progression in 

this setting has to be “unequivocal” but the definition of “unequivocal” and how this equates to objective 

assessments in international clinical trials is unclear (Figure 17). The point at which a clinician defines 

“unequivocal” progression may exhibit significant variability and can be contrary to the objectives of RECIST, 

but is in line with clinical practice decision making. Figure 17 highlights a scenario where a patient had a partial 

response by target disease, but the non-target disease demonstrated a slowly progressing nodal mass and 

pelvic side wall disease over 2 years.  

Non-target lesions by definition are not easily quantifiable and are said to be a qualitative measure. Ascites, 

nodal disease and peritoneal nodularity are common in ovarian cancer and may not meet size criteria by 

RECIST (232). These are often categorised as non-target lesions, yet these are clinically important in practice 

and can be associated with symptoms that require treatment (242). Progression based on non-target lesions in 

patients with baseline measurable disease was thought to be a rare event but a recent review of the RECIST 

database suggests this may be more common than anticipated (243). In this series, non-target progression was 

seen in 25%, 27% and 34% of patients with breast, lung and colorectal cancer, respectively (243).  

The results of our surveys indicate that assessment of non-target progression should include a collaborative 

dialogue between the radiologists and oncologists as was intended in the design of RECIST. Clinical judgement 

is a critical component in decision making (244). To ensure uniformity, more precise definitions of non-target 

progression are important, particularly in ovarian cancer where disease can be difficult to measure. To 

investigate this further, we are investigating the percentage of patients with gynaecological cancers who came 

off trial for non-target progression or symptomatic progression in studies conducted through the Princess 
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Margaret Consortium. Ethical approval has been achieved (Appendix H). These patients represent a further 

cohort of patients that should be explored (Figure 15). Understanding the elements of non-target progression 

that cause symptomatic deterioration, may help us determine the best way to modify and improve upon our 

current assessment tools.   

Figure 17: A case of non-target progression 

 
Legend: The images demonstrate progression of a nodal lesion (a) and pelvic side wall disease over time (b). 

The patient demonstrated a partial response by target disease and remained asymptomatic for 2 years. These 

areas were considered non-target disease on her tumour measurements at baseline. Each radiological report 

reported progression of these areas but recommended physician assessment as to the relevance of this with 

respect to defining non-target progression. The definition of non-target progression in this setting is challenging 

and reflects the intertwined nature of clinical and radiological assessments.  

A small new lesion or slow growth – interpreting the clinical significance 

A small new lesion reflects disease progression by definition but has uncertain clinical relevance, and in some 

circumstances can “be non-measurable” by RECIST as illustrated in the example in the survey (Figure 13). 

Despite having progressive disease by RECIST 1.1, a patient may still have no measurable disease by RECIST 

1.1. In day-to-day clinical practice an isolated radiologic change in an asymptomatic patient is often insufficient 

to necessitate an immediate change of therapy. To define progression based on target lesions, a 20% increase 

in the total sum of these lesions is required regardless of whether the lesion disappeared and reappeared and 

must be more than 5mm. In contrast, a small “unequivocal” new lesion is considered progression and does not 

necessitate a change defined by a specific magnitude or size criteria. Defining what represents a true new 

lesion can be difficult, as the imaging alone can confound this. For example, the appearance of a new liver 

lesion may simply reflect a different phase of enhancement. There is also the potential that a small new lesion 

may have a different aetiology.  

Moreover, the time of progression is particularly important in ovarian cancer as it is used to define platinum-

sensitivity or resistance which impacts future treatment and trial options. In ovarian cancer, it has been shown 

that there is no survival benefit with early initiation of chemotherapy in asymptomatic patients with CA125 

progression alone (182). One could postulate that similarly, there would be no survival benefit with treatment 

started because of a small asymptomatic new lesion alone. Recent recommendations from the 5th Ovarian 

Cancer Consensus Conference have recognised that progression is a continuum rather than an absolute event 

(44). To overcome the limitations imposed by the arbitrary division of platinum-sensitive and resistant disease, 

a 

b 
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they proposed that the specific time from the last platinum dose should be used to define future trial populations 

(44).  

It is also unclear as to whether stopping treatment based on radiological progression alone or continuing beyond 

progression conveys an advantage to the patient. In our survey, 40% felt continuing beyond progression was an 

appropriate consideration if a patient was “clinically benefitting”. The opportunity to continue beyond progression 

has increased with the advent of targeted agents and is now an option in many clinical trials. This patient 

population may help us better understand the biology of the disease and define the patient cohort where 

treatment beyond progression is most appropriate. 

It is important for us to better understand the implications of stopping therapy in this scenario too. In non-small 

cell lung cancer, withdrawal of EGFR (epidermal growth factor receptor) tyrosine kinase inhibitors at the onset of 

resistance has been shown to lead to rapid tumour growth (245). There is now evidence that continuing 

treatment beyond progression in this disease is associated with better outcomes (246-248). Studies are now 

evaluating management strategies for patients who have progressed on a PARP inhibitor in ovarian cancer 

(NCT02326844 and NCT02681237).   

Bone metastases are another example where a new lesion may not truly be new. Bone lesions often persist 

after effective therapy and in some instances only become apparent after treatment (249, 250). Objective 

assessment of tumour response is a significant challenge due to the nature of the fixed bone lesions ranging 

from sclerotic to osteolytic and the lack of sensitivity and specificity on most imaging modalities (249, 250). 

Evaluation of bone metastases response and the development of criteria of bone response are current priorities 

with the European Organisation of Research and Treatment of Cancer (EORTC) imaging group (249). 

In addition to RECIST measurements, it has been suggested that time to first subsequent therapy (TFST) and 

time to second subsequent therapy (TSST) may be more clinically relevant than PFS alone but are also subject 

to bias (3, 42). In the hypothetical scenario presented in our survey, the majority of oncologists would not 

recommend a new therapy. However, the criteria that clinicians use to start/change therapy may vary 

significantly. If these measures (TFST and TSST) were to become a standard measure for regulatory approval, 

attempts to ensure uniformity for this decision would have many complexities and inherent challenges; despite 

this potentially representing a more clinically meaningful endpoint to the patient.  

The new therapeutic era  

Cancer is no longer considered one disease with the importance of this emphasised in clinical trial design and 

endpoint selection (1). In the future, the radiological criteria employed to assess response will reflect both the 

disease and agent of interest. This has been shown to be advantageous with the Choi criteria in gastrointestinal 

stromal tumours (GIST) (82, 251) and both the MacDonald criteria and the more recently updated Response 

Assessment in Neuro-Oncology (RANO) criteria for high grade gliomas (252, 253).  

The Choi criteria has also demonstrated a significantly better predictive value for progression free survival and 

overall survival in comparison to RECIST in renal cancers (251). Furthermore, the Choi criteria can predict 

earlier which patients are most likely to benefit from sunitinib (251). Clear cell ovarian cancers may share many 

similarities with renal cancers with studies evaluating the role of tyrosine kinase inhibitors in these cancers 

(254). Based on the results from renal cancer, it would seem sensible to integrate the Choi criteria in these 

https://clinicaltrials.gov/show/NCT02326844
https://clinicaltrials.gov/show/NCT02681237
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studies alongside RECIST to assess response and investigate this further in future trials in clear cell ovarian 

cancer.  

Novel functional response criteria need to be developed to better define the activity of targeted therapies. With 

many of the newer cytostatic agents achieving stable disease, response rates may be low but a clear patient 

benefit may still be demonstrated. A good example of this can be seen in hepatocellular cancer where sorafenib 

has been demonstrated to be associated with a significant improvement in median overall survival and time to 

progression of 2.8 months (10.7 months vs. 7.9 months) and 2.7 months (5.5 months vs. 2.8 months) 

respectively, despite a response rate of only 2% (48). Durability of drug effect is an essential component of the 

evidence of benefit (255). However, it is important to recognise that stable disease represents a composite 

measure of intrinsic tumour biology and drug effect (256). In diseases like granulosa cell tumours of the ovary 

where the natural history is often very indolent, stable disease may be more indicative of disease biology than 

treatment effect which needs important consideration (257). In studies of patients with metastatic solid tumours 

treated with placebo or best supportive care, a disease stabilisation rate of 25% (range 0 to 67%) has been 

demonstrated (60).  

Many argue that the “degree of response” is more relevant for assessing clinical benefit and more recently, 

waterfall plots have been used to chart each individual patient’s response and provide a measure of the 

“amount of response” (240, 255, 258, 259). This has not been clearly proven to indicate patient benefit or to be 

better than RECIST. There has been a suggestion of improved overall survival with increasing numeric levels of 

tumour shrinkage, but the same effect was not seen with tumour progression (243). Tumour longitudinal growth 

models have also been developed to describe the tumour size as a function of time and drug exposure, in 

conjunction with calculations accounting for the natural growth of the tumour and drug activity on the tumour 

(260-262). In colorectal cancer, this modelling framework successfully predicted survival in a Phase III trial on 

the basis of capecitabine Phase II data (260). To our knowledge this has not been looked at in gynaecological 

cancers.  

RECIST does not currently take into account the possibility that an increase in tumour size may not always be 

reflective of disease progression (241). Cystic lesions are one example where changes in size can be difficult to 

interpret. With increasing use of targeted therapies in cancer treatment, response can appear different to that 

seen with cytotoxic chemotherapy on imaging, which raises questions about the value of RECIST in this setting 

(241, 263). Targeted therapies including angiogenesis inhibitors such as bevacizumab or tyrosine kinase 

inhibitors can cause a paradoxical increase of tumour size despite response due to haemorrhage or necrosis 

(82, 251-253). With the advent of immunotherapies such as ipilimumab (a human anti-CTLA4 monoclonal 

antibody), responses may follow a period of tumour flare or pseudo-progression with the appearance of new 

lesions (83, 88, 90). As a result, modified immune-response related criteria (IrRC) were created to optimise 

tumour assessment but require validation and evaluation of surrogacy for overall survival (84). 

Radiological assessment of clinical benefit is an important goal and may be facilitated by incorporating novel 

imaging sub-studies into clinical trials. Functional imaging techniques including positron emission tomography 

(PET), diffusion weighted magnetic resonance imaging (MRI), dynamic contrast enhanced MRI, magnetic 

resonance spectroscopy as well as radioimmunoscintigraphy are under investigation, but require ongoing 

rigorous assessment to ensure reproducibility and validity before they are adopted into routine clinical practice 

(1). To date, few widely available alternatives exist that are easily executed or of greater benefit to justify 
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expense, time demands or operational complexity (241, 264). The incorporation of some of these technologies 

and other correlative studies will be discussed further in chapter 6.  

4.5 Conclusion 

RECIST 1.1 remains the international standard for assessment of radiological response in solid malignancies. 

The respondents recognised that RECIST helps ensure objectivity and uniformity in trials but appreciated that 

radiology alone is not sufficient to assess response in practice. Determining the clinical significance of RECIST 

defined response and progression for the patient remains an area of uncertainty. Over half of the clinicians 

surveyed valued the option of continuing treatment beyond progression based on the presence of clinical 

benefit, indicating the discordance that can be seen between the clinical and radiological picture.  

Until a more valid and objective measure is identified, RECIST 1.1 will remain integral to clinical trial design and 

assessment of response and progression. Continued efforts to improve metrics assessing patient benefit in 

trials remains a priority. Exploring the scenarios where the radiology report is contrary to the patient’s clinical 

picture will help us determine ways to modify RECIST to better assess clinical benefit in this patient cohort. 

There is the opportunity for us to investigate the areas of RECIST which are more controversial. There is the 

potential to learn from patients who stop treatment due to clinical rather than radiological progression. In this 

group, disconnect between the uniformity provided by RECIST and the clinical relevance to the patient is 

evident. Learning from the scenarios where the RECIST response is inconsistent with the clinical response, will 

help us adapt and shape this tool to better assess patient outcomes in the future.  

Patients who stop treatment due to non-target progression are another cohort where further information gained 

from more detailed investigations could help us improve our current tools and criteria for benefit. This appears to 

be more common in practice than what was anticipated when RECIST was designed (243). This is about to be 

further investigated in gynaecological cancer trials conducted through the Princess Margaret Phase II 

Consortium.  

RECIST is just one measure of outcome and as illustrated this may not always correlate with patient benefit. A 

patient with 19% growth of their target lesions falls into the same category of stable disease as a patient with 

29% shrinkage, yet their clinical benefit and outcomes may be very different. This reinforces the importance of 

supporting measures such as progression free survival and response rate with quality of life endpoints which 

help define the actual clinical meaning for the patient. Survival and quality of life measures are complementary 

for trial design. In the next chapter, the use of quality of life measures in ovarian cancer will be investigated as a 

direct measure of patient benefit. In the preceding chapters, the challenges in measuring survival endpoints 

have been presented. In keeping with this, similar issues need consideration when evaluating quality of life tools 

and will be considered in the next chapter.  
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CHAPTER 5: ASSESSING PATIENT BENEFIT THROUGH QUALITY OF LIFE MEASURES 

– ROOM TO IMPROVE 

Throughout this thesis, it has been reinforced that the two key priorities of care are to help patients live longer or 

better, and ideally both. The preceding chapters have predominantly concentrated on the former – living longer. 

This chapter will concentrate on how we determine if a patient lives better. Quality of life tools are central to this. 

As discussed earlier, epithelial ovarian cancer remains a disease associated with significant mortality and 

morbidity (140). Although small incremental therapeutic gains have been made, overall survival has not 

improved in the last 20 years (179). The disease and the treatment can cause a multitude of symptoms that can 

detrimentally impact quality of life (QOL) (265). The effect on QOL is an important consideration particularly in 

patients with recurrent ovarian cancer where treatment is given with palliative intent. Improving symptom control 

in symptomatic patients may be a more important measure of treatment effect and benefit than PFS or response 

rates (266). The 5th Ovarian Cancer Consensus Conference confirmed the importance of QOL tools in ovarian 

cancer trials particularly in recurrent disease (44). 

In a recent systematic review of the use of QOL measures in small cell lung cancer, it was recognised that the 

hypothesis for the QOL assessment is frequently missing– a key premise for interpreting the end result (267). 

Given the importance of this issue for clinical decision making and drug funding, we performed a systematic 

review to explore the current use and integration of QOL tools in clinical trial design in ovarian cancer and to 

compare this with recent recommendations from the 5th Ovarian Cancer Consensus Conference (268). It was 

hypothesised that the issues raised in the small cell lung cancer cohort would be of similar concern in studies 

conducted in ovarian cancer.  

Of 3276 abstracts, 35 studies investigating 24,664 patients were included. The inclusion of QOL measures 

increased from 2% of trials published in the 1980s, to 64% of trials published since 2010 (p<0.0001). However, 

a quality of life measure was the co-primary endpoint in only one trial. The minimal clinically important difference 

in QOL was defined in eight trials (23%), with 13 trials (37%) stating specifically how they dealt with missing 

data. Only seven trials reported the reason for missing data (20%). 

Group QOL results were published in 29 trials (83%), with only six studies (17%) reporting individual patient 

results. Results were more commonly reported as a mean score (21 trials; 60%), with specific scores in only 

eight trials (23%). No studies reported QOL beyond progression, the time until definitive deterioration of quality 

of life (TUDD) or the quality-adjusted time without symptoms or toxicity (Q-TWIST). Duration of benefit was 

reported in only one study.   

This systematic review confirms that the reporting of the quality of life measures has improved but further work 

is needed to optimise this in this patient population. Key criteria that need to be addressed include: (i) ensuring 

an adequate degree of detail with respect to implementation and inclusion of quality of life endpoints is reported; 

(ii) improving objectivity of QOL measures to better reflect the magnitude and duration of clinical benefit; (iii) 

defining clinically important differences specific to the patient population in question at the time of study design; 

and (iv) dealing with missing data and being accountable for this in the interpretation of outcomes. 
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A limitation of this review is that it includes only published trials and did not include a review of the protocol or 

statistical analysis plans. Based on the literature review, it is not possible to comment on how many quality of 

life trials remain unreported and whether the limited data included in the publications reflects an investigator or 

journal-driven restriction.  

This systematic review has been published in the Oncologist (269). The original manuscript has been modified 

for this chapter, where key findings from this systematic review will be presented (269). 

5.1 Quality of life assessment in randomised phase III clinical trials in epithelial ovarian cancer 

Quality of life measures are increasingly recognised by regulatory agencies, patients and clinicians alike, as 

being key determinants of measuring treatment benefit (270-272). Patient reported outcomes (PROs) are fast 

replacing QOL, as the terminology to encompass the impact of disease-related symptoms and treatment-related 

side effects on a patient’s well-being (272). Patient reported outcomes have been referred to as the only study 

endpoints that directly evaluate the palliative benefits of treatment on the patient (1, 5, 272, 273). They may be 

generic or disease specific but importantly, should reflect the patient’s perspective alone (270). Integrating 

patient reported outcomes into clinical trials provides a greater insight into the patient experience of treatment 

and adverse events beyond the common terminology criteria for adverse events (CTCAE) grading by clinicians 

(273). This is well illustrated in colorectal cancer where 10% of survivors were recorded by the clinician as 

having severe peripheral neuropathy, but 60% of patients self-reported significant physical limitations due to 

persistent neuropathy (274). 

Despite the recognition of the importance of assessing QOL, there remain significant shortcomings in the 

inclusion of QOL measures as secondary endpoints in many clinical trials, including challenges in the selection 

of instruments, evaluation of findings and interpretation of the results (267, 272, 275, 276). To accurately assess 

QOL in trials, a robust and standardised approach similar to that used to assess tumour response and PFS is 

warranted. A review of 112 randomised controlled trials in advanced cancer demonstrated that the methodology 

for assessing health related QOL differed significantly between studies (62). Most trials report the mean scores 

of QOL but this does not provide meaningful insight into the impact of treatment on patients. This approach 

does not take into account the proportion of patients who benefit from treatment or indeed have significant 

problems with treatment, as these differences are diluted by the reporting of mean scores for the whole group. 

Only 25% of studies have been shown to report individual scores and very few document the proportion of 

patients who improve as a result of treatment, or the proportion who deteriorate while on palliative treatment 

(62). Consistency in defining what is a clinically meaningful difference remains a significant challenge, with only 

20% of studies defining what constitutes a palliative response, and only 13% reporting the duration of symptom 

benefit (62). 

Given the importance of QOL as an endpoint in ovarian cancer, we performed a systematic review to evaluate 

how effectively QOL assessment has been integrated into the reporting of randomised phase III trials in ovarian 

cancer. The minimum criteria necessary for reporting to guide clinical decision-making in this patient group were 

considered based on five of the CONSORT-PRO guidelines (161). This was performed in collaboration with 

members of the symptom benefit group of Gynaecologic Cancer InterGroup (GCIG) and considered recent 

recommendations from the 5th Ovarian Cancer Consensus Conference (268). 
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5.2 Methods 

The search strategy was conducted in the following databases: MEDLINE (1946 to December 2014), MEDLINE 

In-Process and other non-indexed citations December 2014, and EMBASE (1974 to December 2014) via the 

OvidSP platform. Each of the databases was searched individually. Where available, both controlled vocabulary 

terms and text words were used in the subject component blocks, for example ‘ovarian cancer’ terms comprised 

one block, and ‘clinical trials’ ‘phase III’ comprised a second block. This was performed with the assistance of 

Rouhu Fazelzad (Information Specialist). 

The search start date for publications was 1st January 1980 with a cut-off date of 31st December 2014. Eligible 

studies explored systemic therapy in at least one arm. The search was not limited by sample size, endpoint 

selection, type of control arm, line of therapy or blinding. Studies were limited to phase III clinical trials and those 

published in English. The last search was performed in February 2015. 

Predefined inclusion criteria were randomised phase III controlled trials of adults with ovarian cancer undergoing 

any systemic anticancer treatment (chemotherapy, targeted therapy, immunotherapy, hormonal therapy). 

Health-related quality of life analyses that were published separately from randomised controlled trials were 

reviewed in conjunction with the original publication. The randomised controlled trials had to include patient 

reported health-related quality of life endpoints and be published. Predefined exclusion criteria were any 

randomised controlled trials that assessed psychological interventions, radiation or surgery alone.  

All identified studies were assessed with an established checklist of assessment criteria (62, 161). The articles 

were reviewed in accordance with the CONSORT recommendations on the reporting of patient reported 

outcomes (161). The 5 items considered important for evaluation were: (i) identification of the PRO as a primary 

or secondary outcome in the abstract; (ii) that a description of the PRO hypothesis and relevant domains should 

be identified; (iii) that evidence of the PRO instrument validity and reliability should be provided or cited; (iv) that 

the statistical approaches  for dealing with missing data should be explicitly stated; and (v) that PRO-specific 

limitations of study findings and generalisability of results to other populations and clinical practice should be 

discussed (161). Additionally, studies were reviewed to determine if they reported the recommended core set of 

symptoms and quality of life domains as defined by Donovan and colleagues (265). These core symptoms 

included abdominal pain, bloating, cramping, fear of recurrence, indigestion, sexual dysfunction, vomiting, 

weight gain and weight loss (265).  

The individual studies were scored to assess the adequacy of reporting based on previous guidelines on the 

minimum information needed to guide decisions (270). The scoring system included: (i) degree of detail (one 

point if QOL mentioned in abstract and conclusion, QOL instrument defined in article, and compliance reported; 

two points if these achieved plus individual patient results and scores reported); (ii) duration of benefit reported; 

(iii) pre-specified clinically important difference defined and hypothesis; and (iv) missing data investigated, for a 

total maximum score of five. 

Additionally, the integration of the QOL measures was compared to recent recommendations made at the 5 th 

Ovarian Cancer Consensus Conference in Tokyo 2015 (268). These recommendations were context-specific 

and related to the patient population being investigated. It was recommended that all studies should include pre-

specified patient reported outcomes that support PFS and the proportion of patients who benefit should be 

reported. Additionally patient preference, time until definitive deterioration of quality of life (TUDD) and quality-
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adjusted time without symptoms or toxicity (Q-TWiST) should be assessed as key measures of outcome. The 

inclusion of quality of life measurements post-progression was identified as an important area (Table 10). 

The impact factor of the journal that the trial was published in was recorded. High impact was defined as those 

with impact factors over 15. Descriptive statistics were used to present results.  

Table 10: Summary of recommendations for QOL endpoints from the 5th OCCC 

Patient Group Considerations What should be measured? 

Maintenance 

therapy in good 

prognosis patients 

 Late relapse (or possibly no relapse) 

 Duration of maintenance therapy 

 Side effects of therapy 

 Quality of life on treatment  

 Quality-adjusted time without symptoms 

or toxicity  

 Patient reported adverse events- severity 

and duration - cumulative versus 

transient 

 Compliance and patient preferences 

Maintenance 

therapy in high 

risk patients 

 High likelihood of early relapse  

 Often symptomatic relapse 

 Concurrent adverse events from prior 

chemotherapy 

 Delay time to deterioration of QOL 

 Quality-adjusted time without symptoms 

or toxicity  

 Delay time to further chemotherapy 

 QOL after progression 

Recurrent disease 

 Uncertain and probably modest impact of 

treatment on overall length of life 

 Treatment can negatively impact on QOL 

due to adverse effects 

 Treatment can also positively impact QOL 

by reducing and/or delaying cancer 

symptoms 

 Pre-specified PROs that supports PFS   

 Proportion of patients who benefit from 

the treatment  

 QOL, symptom benefit, adverse effects, 

time to definitive deterioration of QOL, 

time to start next line of chemotherapy 

 

QOL = quality of life; PRO = patient reported outcome; PFS = progression free survival 

5.3 Results: 

Key characteristics of identified trials 

Our search identified 166 randomised phase III trials in ovarian cancer, of which 35 included assessment of 

health related QOL (Figure 18; Table 11). Nine of these trials reported additional health related quality of life 

results in a separate article. The remaining 131 articles were excluded due to the absence of health related 

quality of life assessment. The 35 randomised controlled trials assessed 24,664 patients. Trial size ranged from 

86 to 1873 patients. Twenty-two trials (63%) were in the first-line setting, with 13 (37%) in the recurrent setting. 

Five trials investigated maintenance therapy (14%).  

The integration of QOL instruments increased with time with only one trial including QOL data prior to 2000. 

From 2000 to 2004, five trials (5 of 29 studies; 17%) reported QOL endpoints, in contrast to sixteen trials 

between 2010 and 2014 (16 of 25 studies; 64%; p<0.0001) (Figure 19). Health-related quality of life was the co-

primary endpoint with progression free survival in only one trial (159). Overall survival and intermediate 

endpoints (defined as response rate, progression free survival or disease free survival) were the primary 

endpoints in eight and 19 studies, respectively. Two studies used co-primary endpoints of overall survival and 

an intermediate endpoint (154, 277). In 29 studies, the QOL endpoints were mentioned in the statistical section, 

but a predefined target result was only specified in eight articles (23%).  
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Figure 18: CONSORT diagram showing trial selection for analysis 
 

 

Figure 19: Randomised phase III trials in epithelial ovarian cancer 
including quality of life endpoints 

 

Legend: The integration of QOL instruments has increased with time with only 

one trial including QOL data prior to 2000. From 2000 to 2004, five trials (17%) 

reported QOL endpoints, in contrast to sixteen trials between 2010 and 2014 

(64%). A QOL endpoint was the co-primary endpoint with progression free 

survival in only one trial. 
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Table 11: Reporting of quality of life in randomised phase III trials in ovarian cancer 

 

QOL 

reported in 

abstract 

QOL data 

discussed in 

the abstract 

conclusion 

QOL results 

discussed in 

the article 

QOL results 

discussed In 

conclusion 

QOL 

reported in 

a separate 

article 

Time to 

publishing of 

the separate 

article 

(months) 

QOL data 

reported in 

at least one 

figure 

QOL data 

reported 

in at least 

one table 

QOL data 

reported in 

an 

appendix 

Armstrong 

(2006) (277) 
Yes 

In subsequent 

article 
Yes 

In primary and 

subsequent 

article 

Yes 12.9 Yes Yes No 

Banerjee  

(2013) (278) 
No No Yes No No - No No No 

Berek 

(2009) (279) 
Yes No Yes No No - No No No 

Burger  

(2011) (147) 
No 

In subsequent 

article 
Yes 

In primary and 

subsequent 

article 

Yes 14.1 Yes Yes No 

Colombo 

 (2012) (280) 
No No Yes No Yes 7.6 No No Yes 

du Bois  

(2003) (144) 
Yes 

In subsequent 

article 
Yes 

In subsequent 

article 
Yes 29.0 Yes Yes No 

du Bois 

 (2006) (180) 
Yes No Yes Yes No - No No No 

du Bois  

(2010) (281) 
Yes No Yes No No - Yes No No 

Ferrandina  

(2008) (148) 
Yes No Yes Yes No - Yes No No 

Fotopoulou  

(2014) (282) 
No No Yes No No - No No No 

Gordon  

(2001) (149) 
No No Yes Yes No - No No No 

Hirte  

(2006) (199) 
No No Yes No No - No No No 

Hoskins  

(2010) (197) 
Yes No Yes Yes Planned - Yes Yes No 
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QOL 

reported in 

abstract 

QOL data 

discussed in 

the abstract 

conclusion 

QOL results 

discussed in 

the article 

QOL results 

discussed In 

conclusion 

QOL 

reported in 

a separate 

article 

Time to 

publishing of 

the separate 

article 

(months) 

QOL data 

reported in 

at least one 

figure 

QOL data 

reported 

in at least 

one table 

QOL data 

reported in 

an 

appendix 

Katsumata  

(2009) (188) 
No 

In subsequent 

article 
No 

In subsequent 

article 
Yes 50.5 Yes Yes No 

Lambert  

(1985) (283) 
No No Yes Yes No - No No No 

Lindemann  

(2012) (284) 
Yes No Yes Yes No - No No No 

Meier  

(2009) (174) 
No No Yes Yes No - No No No 

Monk  

(2010) (191) 
No 

In subsequent 

article 
Yes 

In primary and 

subsequent 

article 

Yes 27.1 Yes Yes Yes 

Monk  

(2014) (152) 
No No Yes Yes Planned - No No No 

Mouratidou  

(2007) (285) 
No No No No No - No No No 

Mutch  

(2007) (153) 
No No Yes No No - No No No 

Parmar 

 (2003) (179) 
No No Yes Yes No - Yes No No 

Perren  

(2011) (154) 
No 

In subsequent 

article 
Yes 

In subsequent 

article 
Yes 14.1 Yes Yes Yes 

Pfisterer  

(2006) (190) 
Yes Yes Yes Yes No - Yes No No 

Pfisterer  

(2006) (184) 
No No Yes Yes No - No No No 

Piccart  

(2000) (286) 
No No No No No - No No No 

Pignata  

(2011) (287) 
Yes No Yes Yes No - No No Yes 
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QOL 

reported in 

abstract 

QOL data 

discussed in 

the abstract 

conclusion 

QOL results 

discussed in 

the article 

QOL results 

discussed In 

conclusion 

QOL 

reported in 

a separate 

article 

Time to 

publishing of 

the separate 

article 

(months) 

QOL data 

reported in 

at least one 

figure 

QOL data 

reported 

in at least 

one table 

QOL data 

reported in 

an 

appendix 

Pignata  

(2014) (159) 
Yes No Yes Yes No - Yes No No 

Pujade-Lauraine 

(2010) (288) 
No 

In subsequent 

article 
No 

In primary and 

subsequent 

article 

Yes 18.7 Yes Yes No 

Pujade-Lauraine 

(2014) (155) 
No 

In subsequent 

article 
No 

In subsequent 

article 
Yes 0.0 Yes Yes No 

Reed  

(2006) (203) 
No No Yes No No - No No No 

Rustin  

(2010) (182) 
No No Yes Yes No - Yes Yes No 

Sehouli  

(2008) (289) 
No No Yes Yes No - No Yes No 

Vasey  

(2004) (193) 
Yes No Yes Yes No - No Yes No 

Vergote  

(2014) (290) 
Yes No Yes No No - No No No 
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Twenty-nine studies were published in high impact factor journals. For the nine trials where QOL was reported 

in a separate article, five of these articles were published in a high impact journal. The median time to the 

subsequent article being published was 14 months (range 0-51 months), with one article published concurrently 

within the same journal (160). One of these articles was a letter of response detailing the QOL results (291).  

Quality of health-related quality of life measurements 

Health-related quality of life measurements were assessed with standard instruments. The European 

Organisation for Research and Treatment of Cancer (EORTC) Core Quality of Life Questionnaire (EORTC 

QLQ-C30) was the most frequently used instrument employed in 22 trials (63%). Eleven trials supplemented 

this with the EORTC OV28 module. A median of two instruments were used in each study (range 1-3). Four 

trials did not specify the instrument used. The Functional Assessment of Cancer Therapy-Ovarian (FACT-O) 

was used in nine trials (26%). Other measures used include the Functional Assessment of Cancer Therapy-

General (FACT-G), Functional Assessment of Cancer Therapy-Taxane subscale (FACT-T), Functional 

Assessment of Cancer Therapy-Biologic Response Modifier (FACT-BRM), EuroQol five dimensions 

questionnaire (EQ-5D) and FACT-Ovarian symptom index (FOSI). Table 12 summarises the assessments used.   

In 20 trials (57%), the validity of the instrument used was referenced in the original article, with a further five 

trials referencing this in the separate quality of life article. In 18 trials (51%), the reason for the use of the 

instrument was clearly discussed and outlined. Cultural validation of the instruments was rarely reported, with 

only two papers mentioning the relevance of the availability in multiple languages (154, 292). This was 

discussed in the supplementary article presenting the quality of life data. 

Timelines for QOL assessments were defined in 26 trials (74%) but actual details of the process were rarely 

recorded. Compliance at separate time points was noted in only 16 trials (46%). Seven studies measured QOL 

only during treatment. The median time post-treatment for measurement of QOL was 6 months (maximum 36 

months) but this was not always clearly defined.  

Quality of life results were mentioned in the abstract in 13 trials (37%), within the article in 30 trials (86%) and in 

a separate article in nine trials (26%) (Table 12). Of those presented in separate articles, the QOL was referred 

to in five of the nine original publications. Baseline results were available in 21 trials (60%). The majority of trials 

reported results of the group (29 trials; 83%), with six studies (17%) also reporting individual patient results. 

Results were more commonly given as a mean score (21 trials; 60%), with specific scores in only eight trials 

23%). Quality of life results were presented in the form of a table, figure or appendix in 15 (43%), 12 (34%) and 

four (11%) trials, respectively.  

The core set of identified symptoms relevant to ovarian cancer described by Donovan and colleagues were 

variably reported (265). The majority of trials reported global health related QOL (30 trials; 86%), with more 

specific domains reported less commonly. Of note, neuropathy was reported in only nine trials (26%) and 

abdominal specific symptoms in 13 trials (37%). Financial consequences and sexual dysfunction were reported 

in only eight trials (23%) and one trial (3%), respectively.  
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Table 12: Assessment methods for quality of life in randomised phase III trials in ovarian cancer 

 
QOL instrument 

Compliance 

reported 

QOL instrument 

referenced 

Cultural 

validation 

mentioned 

Rationale 

provided 

Timing of 

tests 

reported 

Described in 

statistical 

section 

Expected 

statistical 

difference 

stated 

Missing 

data 

patterns 

investigated 

Armstrong 

(2006) (277) 

FACT-O  and 

NTX 
Yes 

Yes – in 

separate article 
No Yes Yes Yes Yes Yes 

Banerjee 

(2013) (278) 

QLQ-C30 and 

OV28 
Yes No No Yes Yes Yes No No 

Berek 

(2009) (279) 
FACT-O No Yes No No No Yes No No 

Burger 

(2011) (147) 
FACT-O TOI Yes Yes No Yes Yes Yes Yes Yes 

Colombo 

(2012) (280) 
FACT-O, FOSI Yes No No No No No No No 

du Bois 

(2003) (144) 
QLQ-C30 Yes Yes Yes Yes Yes Yes No No 

du Bois 

(2006) (180) 
QLQ-C30 Yes Yes No No Yes Yes No No 

du Bois 

(2010) (281) 

QLQ-C30 and 

OV28 
Yes Yes No No Yes Yes No No 

Ferrandina 

(2008) (148) 
QLQ-C30 Yes Yes No No Yes Yes No No 

Fotopoulou 

(2014) (282) 

FACT-O FACT –

BRM 
Yes No No No Yes No No No 

Gordon 

(2001) (149) 
QLQ-C30 Yes Yes No Yes Yes Yes No Yes 

Hirte 

(2006) (199) 
QLQ-C30 Yes No No Yes Yes Yes No No 

Hoskins 

(2010) (197) 
QLQ-C30 OV28 Yes Yes No Yes Yes Yes No No 

Katsumata 

(2009) (188) 

FACT- G, T and 

OV 
Yes 

Yes – in 

separate article 
No Yes Yes Yes No No 
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QOL instrument 

Compliance 

reported 

QOL instrument 

referenced 

Cultural 

validation 

mentioned 

Rationale 

provided 

Timing of 

tests 

reported 

Described in 

statistical 

section 

Expected 

statistical 

difference 

stated 

Missing 

data 

patterns 

investigated 

Lambert 

(1985) (283) 
- No No No No No No No No 

Lindemann 

(2012) (284) 
QLQ-C30 No Yes No No Yes Yes No No 

Meier 

(2009) (174) 
QLQ-C30 Yes No No No Yes Yes No No 

Monk 

(2010) (191) 

QLQ-30-OV28 

EQ5D 
Yes Yes No Yes Yes Yes No No 

Monk 

(2014) (152) 
FACT-O, EQ-5D Yes Yes No Yes Yes Yes No No 

Mouratidou 

(2007) (285) 
- No No No No No No No No 

Mutch 

(2007) (153) 
FACT-O No Yes No No No Yes No No 

Parmar 

(2003) (179) 
QLQ-C30 Yes Yes No Yes Yes Yes No No 

Perren 

(2011) (154) 

QLQ-C30 and 

OV28 
Yes 

Yes – in 

separate article 
Yes Yes Yes Yes Yes Yes 

Pfisterer 

(2006) (190) 

QLQ-C30 and 

OV28 
Yes Yes No No Yes Yes No No 

Pfisterer 

(2006) (184) 

QLQ-C30 and 

OV28 
No Yes No No Yes Yes No No 

Piccart 

(2000) (286) 
- No No No No No No No No 

Pignata 

(2011) (287) 
QLQ-C30 Yes Yes No No No Yes No No 

Pignata 

(2014) (159) 

FACT-O/TOI and 

GOG NTX 
Yes Yes No Yes Yes Yes Yes No 

Pujade-Lauraine 

(2010) (288) 

EORTC and 

QOLQ-OV28 
Yes 

Yes – in 

separate article 
No No Yes Yes Yes Yes 
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QOL instrument 

Compliance 

reported 

QOL instrument 

referenced 

Cultural 

validation 

mentioned 

Rationale 

provided 

Timing of 

tests 

reported 

Described in 

statistical 

section 

Expected 

statistical 

difference 

stated 

Missing 

data 

patterns 

investigated 

Pujade-Lauraine 

(2014) (155) 

QLQ-C30 OV28 

and FOSI 
Yes 

Yes – in 

separate article 
No Yes Yes Yes Yes Yes 

Reed 

(2006) (203) 
- Yes No No No No No No No 

Rustin 

(2010) (182) 
QLQ-C30 No Yes No Yes Yes Yes Yes No 

Sehouli 

(2008) (289) 
QLQ-C30 No Yes No Yes Yes Yes No No 

Vasey 

(2004) (193) 

QLQ-C30 and 

OV28 and N 

Score 

Yes Yes No Yes Yes Yes No No 

Vergote 

(2014) (290) 

QLQ-C30 and 

OV28 
Yes No No Yes No Yes Yes Yes 

EQ-5D EuroQol five dimensions questionnaire  

FACT-BRM Functional Assessment of Cancer Therapy-biologic response modifier  

FACT-G Functional Assessment of Cancer Therapy-General  

FACT-O  Functional Assessment of Cancer Therapy-Ovarian  

FACT-T Functional Assessment of Cancer Therapy-Taxane subscale  

FOSI FACT-Ovarian symptom index  

QLQ-C30 European Organisation for Research and Treatment of Cancer Core Quality of Life Questionnaire 

OV28 European Organisation for Research and Treatment of Cancer Core Quality of Life Ovarian Cancer Specific Survey 
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Context of clinical trials in which quality of life was assessed 

Twenty-two trials (63%) were in the first-line setting, all of which included patients with advanced stage disease. 

Five studies investigated maintenance therapy, of which four documented measuring QOL during treatment and 

follow up (Table 13). Three of these studies in the maintenance setting defined a clinically significant difference. 

However, none of these studies reported QOL post-progression. Additionally, time until definitive deterioration of 

quality of life and quality-adjusted time without symptoms or toxicity were not reported in any of the studies. 

Patient reported adverse events were not included in these studies 

Table 13: Reporting of trials in accordance with recommendations from the 5th Ovarian 
Cancer Consensus Committee 

 
Number of trials  

(%) 

MAINTENANCE THERAPY (HIGH RISK) 5 

Pre-specified difference in patient reported outcomes 3 (60%) 

Quality-adjusted time without symptoms or toxicity reported 0 (0%) 

Quality of life on treatment 5 (100%) 

Delay time to deterioration of QOL 0 (0%) 

Delay time to further chemotherapy 5^ (100%) 

QOL after progression 0 (0%) 

 

RECURRENT DISEASE 13 

Pre-specified difference in patient reported outcomes 2 (15%) 

Proportion of patients who benefit from treatment 0 (0%) 

Time until definitive deterioration of quality of life or quality-adjusted time 

without symptoms or toxicity reported 
0 (0%) 

^ All studies reported PFS but not time to subsequent therapy 

In the 13 studies in the recurrent setting, only two defined the expected difference in QOL (Table 13). No studies 

reported the time until definitive deterioration of quality of life and quality-adjusted time without symptoms or 

toxicity.  

Statistical analysis  

In 29 trials, the statistical section outlined collection of the QOL data specific to the trial. However, an expected 

significant difference was specified in only four of the original publications (11%). A further four studies specified 

this in a separate publication. The expected difference ranged from 5 to 30 points.  

Compliance was reported in 26 trials (74%), with 13 trials (37%) stating specifically how they dealt with missing 

data. Only seven trials reported the reason for missing data (20%). The study which included a QOL measure 

as a co-primary endpoint was deemed positive and statistically significant based on the QOL results alone, with 

no difference seen in progression free survival (159).  
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Adequacy of reporting 

Table 14: Adequacy of detailed reporting of QOL data 

 Number of trials 

(%) 

Adequate information 

- QOL mentioned in abstract and conclusion, QOL instrument 

defined, and compliance reported 

- Above met and individual results and scores 

 

13 (37%) 

 

5 (14%) 

Reported duration of benefit 1 (3%) 

Expected difference specified 8 (23%) 

Missing data patterns investigated 7 (20%) 

We scored the individual studies to assess the adequacy of reporting based on previous guidelines on the 

minimum criteria needed to guide decisions (270). In 13 studies (37%), QOL was mentioned in the abstract and 

conclusion, the instrument was defined, and compliance reported (Table 14). The duration of benefit was only 

reported in one trial. Eight studies specified the expected difference. The degree of discussion of the QOL 

results varied significantly between studies. Ten studies (29%) did not discuss the meaning or implications of 

the results. Over 40% scored 0 out of 5, with only 18% of trials scoring 3 or more. No trials met all defined 

criteria (Figure 20). 

Figure 20: Adequacy of reporting based on our 4 key criterion 

 
Legend: For this we defined and scored specific criteria based on current guidelines to assess the adequacy of 

reporting based on previous guidelines and what the study team felt was the minimum needed to guide 

decisions. These included: (i) degree of detail (one point if QOL mentioned in abstract and conclusion, QOL 

instrument defined in article, and compliance reported; 2 points if this achieved plus individual patient results 

and scores reported); (ii) duration of benefit reported; (iii) pre-specified clinically important difference defined 

and hypothesis; and (iv) missing data investigated for a total maximum score of 5. 

5.4 Discussion 

The overarching aim of treatment in advanced stage ovarian cancer is for patients to live longer and better. This 

systematic review reinforces the improvement in QOL reporting that has occurred, but also emphasises the 

0

2

4

6

8

10

12

14

16

0 1 2 3 4 5

N
u
m

b
e
r 

o
f 

tr
ia

ls
 

Score



  

72 
 

need to improve. The importance of including quality of life as an outcome measure in clinical trials is now 

gaining greater acceptance, particularly as the costs and availability of new agents increase. Regulatory 

agencies such as the Food and Drug Administration (FDA) and European Medicine Agency (EMA) recognise 

the importance of these measures in the evaluation of treatments (271). Measuring the patient’s experience in 

prospective comparative effectiveness research is essential to informing clinical decision-making and to help 

guide health policy (293). Ensuring QOL outcomes are assessed with the same degree of rigour and attention 

that is applied to conventional outcomes such as response and PFS remains a priority.  

The 3rd Ovarian Cancer Consensus meeting concluded that response rates were inadequate measures of the 

palliative benefit of chemotherapy and that symptom control and health related quality of life should also be 

considered as measures of treatment benefit (294). This was later endorsed at the 4th and now 5th Consensus 

meeting (44, 268, 295, 296). This is reflected in the increasing percentage of trials over time including QOL 

assessment. The discrepancies in the detail of QOL measures reported, is of concern given the increasing 

importance of these results in clinical decision making. Herein, we describe four key criteria that need to be met 

to ensure accurate interpretation of QOL in clinical trials in keeping with CONSORT-PRO guidelines. These 

criteria are: (i) clinical trials should specify objective measurements and timely reporting of quality of life; (ii) 

ensure the duration of follow up is congruent with anticipated changes in quality of life; (iii) integrate clinically 

relevant instruments and measures specific to the patient population in question; and (iv) Trials should report 

reasons for missing or censored quality of life data.  

Clinical trials should specify objective measurements and timely reporting of quality of life   

To date, QOL analyses in first-line ovarian trials have not been published in detail with the historical trend being 

to publish summary data only (297). This systematic review demonstrated similar issues with reporting QOL 

measures in trials in recurrent ovarian cancer. The cultural validity of the QOL questionnaires was mentioned in 

only two studies. The relevance of the questionnaires across cultures is an important consideration in a 

culturally diverse patient population. Of particular concern, only 18 published randomised phase III trials (51%) 

reported what are now considered the minimal information for reporting on QOL (QOL results mentioned in the 

abstract and conclusion; reason for selecting the specific QOL instrument; and compliance). Whilst 13 trials 

mentioned QOL in the abstract, only one mentioned it in the conclusion of the original publication. Despite being 

recognised as an important measure, QOL was mentioned in the discussion in only 20 of the original 

publications (57%). Seventeen trials dedicated a table and/or figure to QOL results (49%).  

Eight trials reported QOL results as a separate publication, with an additional trial being reported in a letter. Six 

of the nine publications were in the last five years, reflecting an encouraging trend towards improved reporting. 

It is important to note that the companion publications on QOL are infrequently published in a timely fashion, 

with the median time to publication over one year after the primary publication. A limitation of the work 

presented in this chapter is that we were not able to explore the reasons behind this delay to publication.  

Whilst assessment of QOL was mentioned in the statistical sections, less than a quarter of the trials defined the 

expected benefit that would be clinically significant to be considered positive. Furthermore, as the sample size in 

most trials is calculated based on a survival endpoint, they may not be powered to detect a clinically significant 

change in QOL and therefore, what is statistically significant may not be clinically significant (1, 266). Despite 

this, few studies report substantial differences in QOL between treatment arms, supporting our premise that 
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mean scores are not the best way to compare treatments. A further limitation of this review is that analysis was 

based on trial publications and not protocols. The protocol may have defined the QOL endpoints in more detail. 

However, it is typically the publication that guides clinician decisions and shapes a change in practice.  

Ensure the duration of follow up is congruent with anticipated changes in quality of life 

Assessment of QOL is more complicated than RECIST. RECIST has predefined measures of complete 

response, partial response, stable disease and progression (79). Defining similar criteria to measure benefit 

based on QOL assessment remains a challenge, but is possible with good examples where this has been 

achieved (160). Duration of benefit is also important and could impact clinical decision making. Rustin and 

colleagues reported the duration of good QOL (defined as the time without a 10% detriment in mean global 

scores) as a clinically relevant measure of patient benefit (182). Assessment of the time until definitive 

deterioration in QLQ-C30 scale has been used to document the palliative benefit of chemotherapy in pancreatic 

cancer. Triplet therapy with fluorouracil, oxaliplatin and irinotecan has been compared with gemcitabine alone in 

pancreatic cancer demonstrating greater toxicity but a significantly increased PFS (68). The investigators also 

assessed time until a 10 point and 20 point deterioration in global score of QLQ-C30 in both arms which strongly 

supported the experimental treatment arm (68). The Aide et Recherche en Cancérologie Digestive group are 

currently developing “PRO-RECIST” criteria to use as co-primary endpoints in trials in patients with recurrent 

colon cancer and pancreatic cancer (298). Moving forward, the ovarian cancer research community and other 

research groups need to work collaboratively with the Aide et Recherche en Cancérologie Digestive group, as 

the same principles should apply across tumour types. 

Integrate clinically relevant instruments and measures specific to the patient population in 

question 

The minimum important clinical difference for the EORTC QLQ-C30 questionnaire was originally defined as a 10 

point change. In an analysis of 12 articles, group differences in mean QOL scores were reliably classified as 

trivial, small, moderate or large (299). A further study recommended the minimum important clinical difference 

was 15 points (62). In our series, the pre-specified significant change ranged from 5 to 30. A major barrier to the 

use of QOL instruments is reliably converting subjective scores to objective measures of outcome. This is a 

necessary step to advocate and prove the relevance in decision-making and regulatory approvals. Clinician 

awareness of QOL scores may represent a further knowledge gap and is an important consideration moving 

forward. Most clinicians are aware of the criteria associated with RECIST as demonstrated in chapter 4. 

Clinicians may be less aware of the intricacies of the assessment of QOL measures, and as a consequence 

may have a more limited understanding of what a change in score reflects clinically. This further supports the 

need for the minimum important clinical difference to be defined for each study. This awareness should change 

with time as a result of increasing inclusion of QOL measures.    

The QOL measures selected should reflect the aim and objectives of the study and specifically the relevant 

patient reported outcome hypothesis. There are significant differences in selecting the most appropriate QOL 

endpoints dependent on the patient population. The best measure in trials of maintenance therapy in 

asymptomatic patients will differ to that in a trial investigating palliative therapy. In patients recruited in first-line 

trials, survivorship and late toxicities are of key importance. While similar instruments were used to measure the 

patient reported outcome objectives independent of the patient population (first-line or recurrent) across studies 

in this review, it is the predefined hypotheses that need to reflect the patient cohort of interest. The duration of 
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assessment is also important. The timing and duration of QOL assessments need to be tailored to the 

population of patients in the trial and the QOL hypotheses. The duration of assessment in first-line trials in this 

series averaged six months post completion of therapy (range 0-24 months). In colorectal cancer survivors 

neuropathy-related symptoms were still reported two to 11 years post-therapy, and continued to have a negative 

influence on their QOL (300).  

Timing of assessments is dependent on whether the QOL domain of interest is more likely to be acute versus 

persistent. Two studies investigating dose dense chemotherapy, illustrate how this can be approached 

differently (148, 159, 188, 301). Pignata and colleagues employed a weekly assessment of QOL during 

treatment in contrast to Katsumata and colleagues who assessed QOL after 3 and 6 cycles and 12 months 

post-therapy (159, 188). The different time points reflect the questions to be addressed in each of the studies – 

acute versus chronic toxicity. Importantly, they used instruments designed with a neuropathy focus as this was 

the domain of interest. Similarly in the Aurelia study, investigators focused on gastrointestinal symptoms which 

are often the predominant symptoms in patients with platinum-resistant ovarian cancer and used this to define 

the minimum clinically important difference (160). Predefining the specific QOL hypothesis is critical to the 

choice of instrument and analysing the domains/symptoms of particular interest. 

The approval of ruxolitinib in myelofibrosis is indicative of the potential benefit of using symptom improvement 

for regulatory approval. A fit for purpose patient reported outcome Myelofibrosis Symptom Assessment Form 

was used to demonstrate clinical relevance, focusing primarily on symptoms that are clinically meaningful to 

patients with myelofibrosis such as night sweats, itchiness, early satiety, and abdominal discomfort (302, 303). 

Evidence of benefit from this patient reported outcome in conjunction with response rate, led to full approval 

without the need for a confirmatory study. A limitation with the systematic review presented in this chapter is that 

many of the studies included predate the development of a specific ovarian cancer QOL measure. Moving 

forward, a core set of symptoms and quality of life domains have been described in ovarian cancer to better 

reflect the salient concerns of the patient (265). Additionally, a new patient reported outcome measure —

Measure of Ovarian Symptoms and Treatment (MOST) — has been developed to better assess symptom 

burden and symptom benefit in trials of palliative chemotherapy in patients with recurrent ovarian cancer and is 

currently being validated (304). The success of this measure will remain dependent upon the rigour with its use 

in clinical trials.  

Furthermore, the value of integrating QOL with toxicity data was demonstrated by Hoskins and colleagues. In 

their study of doublet therapy with carboplatin and paclitaxel versus sequential therapy with cisplatin and 

topotecan followed by carboplatin and paclitaxel, more self-reported neurotoxicity was described at cycle 3 and 

5 than that shown by the clinician reported toxicity data alone (197). Greimel and colleagues investigated 

toxicity scores as covariates to assess which toxicity scores had greater impact on QOL (305). Neuropathy was 

reported to be the principal toxicity that interfered with self-care, mobility and QOL (305). This is a significant 

problem in this patient population, with one third of patients receiving cisplatin and paclitaxel reported to have 

long-term neuropathy (306). A patient reported outcomes version of the common terminology criteria for 

adverse events (PRO-CTCAE) has been developed as an electronic based system (307). This aims to allow 

patients to report their adverse events to improve the accuracy and precision of grading. This is currently being 

integrated into clinical trials through the National Cancer Institute (279). 
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Trials should report reasons for missing or censored quality of life data  

Standardisation in reporting and handling of missing data is essential to accurately interpret QOL results from 

clinical trials. Approximately a third of trials specified how they dealt with missing data and only 20% of trials 

reported why data were missing. Censoring of patients in trials is a concern in evaluation of survival-based 

endpoints and is also equally of concern in assessment of QOL. There may be a self-selection bias, as patients 

who complete questionnaires are well enough to do so and may represent a population that tolerates treatment 

better (308). Lack of completion of a questionnaire often represents patients removed due to toxicity or 

progression, and who ultimately would be more likely to report a detrimental impact on QOL. While the majority 

of trials did not report the reasons for missing evaluations, in those that did reasons included: lost to follow up, 

death and institutional error.  

It is also clinically relevant to consider which questions patients do not answer and the driving forces behind 

this. Monk and colleagues identified a high rate of unanswered questions related to sexual function, which may 

be a difficult/uncomfortable topic for patients to discuss (191). Additionally, less than a quarter of trials reported 

or commented on the financial impact of the trial which can be significant, not only to the patient but also their 

family. The indirect costs of cancer care such as transportation, child care and lost wages may seem trivial in 

contrast to the disease itself but these represent a harsh reality to the patient (309). The costs to the patient will 

be explored further in chapter 9. 

5.5 Conclusion 

Measurement and reporting quality of life endpoints requires methodological rigour similar to that applied to 

tumour measurements with RECIST. This precision is critical to the interpretation of the trial findings. This 

systematic review highlighted four salient areas that need more meticulous consideration in order to improve the 

robustness of quality of life endpoints in trials in ovarian cancer.  

First, quality of life results need to be more detailed to allow us to better understand the patient experience, and 

additionally, they need to build upon the historical precedence of reporting the group and mean results. The 

move to report detailed quality of life data in a companion paper is encouraging. Ideally this should be in the 

same journal or published soon after the primary publication, to improve the timeliness of this information for 

decision making.  

Second, similar criteria analogous to those defining survival-based endpoints need to be integrated in the trial 

design to improve objectivity. Duration of clinical benefit is an important consideration but was poorly reported. 

Integration of time until definitive deterioration of quality of life at 3 and 6 months and documentation of the 

proportion of patients who derive symptom benefit should be evaluated concurrently in trials in recurrent ovarian 

cancer.  

Third, the quality of life endpoint measured needs to be relevant to the patient population in question. A defined 

minimum important clinical difference (preferably in a relevant domain), should be specified and justified in the 

statistical design and should reflect the patient cohort being studied. Finally, reasons for missing data must be 

included to allow accurate censoring and interpretation and reduce bias. Disappointingly when we applied these 

principles to our series, less than 20% included at least three of these criteria. 
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Though few drugs have been approved based on quality of life data alone, it does influence treatment decisions 

and adoption of new therapy in ovarian cancer (277, 306, 310, 311). Unfortunately, as most patients do die from 

their disease, quality of life, convenience and safety of therapy are as important as efficacy in determining the 

role of new therapies (191). The issues this systematic review has raised regarding the precision of the data 

reported is concerning. Well-designed and stringent quality of life analyses are pivotal for regulatory approvals 

and clinical decision-making.  

The work of the Gynaecologic Cancer InterGroup Symptom Benefit working party to develop the Measure of 

Ovarian Symptoms and Treatment concerns (MOST) tool is an important step to reinforce the role that quality of 

life instruments can play in patient decisions and in trial outcomes in patients with recurrent ovarian cancer 

(304). Through the work of this group (and groups like this), the reporting and inclusion of quality of life data 

should change dramatically over future years and increasingly shape clinical practice. Furthermore, the 

publication of quality of life data in separate companion articles is encouraging. It provides the additional level of 

detail these measures deserve and that clinicians need to understand the patient experience more clearly. The 

key issue is the time to the subsequent publication, as ideally this should be published simultaneously. 

Improving the standard of reporting of quality of life outcomes in clinical trials will ultimately better inform patient 

care and outcomes. 

The results of this systematic review confirms while we have made progress, there is still room for us to improve 

with a need for better documentation of the justification and rationale for quality of life measures. Moving 

forward, as quality of life tools play an increasing part in drug approval, more vigilance and precision is required.  

In conjunction with improving disease-related symptoms, avoiding unnecessary toxicities is important. A priority 

of current research is to identify earlier markers of response and resistance with the ultimate assumption that 

this will help patients live better. To achieve this, correlative studies have become essential components of 

clinical trials. In the long-term, this should help patients live better but in the short-term this can potentially 

detrimentally impact a patient’s quality of life by increasing the number of investigations expected of them in 

trials. The challenge is balancing the immediate risk against the potential long-term benefit.  

The next two chapters will consider the impact of the inclusion of correlative research on the patient and clinical 

trial design. To achieve this, two studies will be presented which investigate: (i) how correlative studies, 

particularly fresh biopsies, have been included in recent oncology trials; and (ii) the feasibility and success rates 

with mandatory biopsies in a phase II ovarian cancer trial (ARIEL2).  

As investigators, it is critical we remain accountable to the patient and consider the impact each test requested 

has on them. This current chapter has focussed on the importance of quality of life outcomes for the patient. 

Fresh tumour biopsies are an increasing requirement of studies to help improve our understanding of the 

disease and responses to therapy. The impact of the biopsy on the patient is poorly studied and documented, 

yet this has important ramifications for the patient. As part of the discussion in the next two chapters, early 

results from a prospective study designed at Princess Margaret investigating this key question will be presented 

- the impact of biopsies on the patient (BIOPSY) (312).  
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CHAPTER 6: CORRELATIVE SCIENCE – A CHALLENGE TO PERSONALISED 

MEDICINE 

The preceding chapters have concentrated on the traditional tools incorporated into trial design to determine 

benefit. These chapters have highlighted the need for better and earlier markers of response. Novel indicators 

of disease progression such as circulating tumour DNA (ctDNA) and circulating tumour cells (CTCs) continue to 

be explored. In the future these may potentially modify classical definitions of progression and outcome. To 

date, these have not replaced our traditional measures but are increasingly being investigated as part of clinical 

trials.  

Significant advances have been seen with successful inclusion of correlative science (304, 313-315). As 

correlative research offers the opportunity to learn about drug-tumour interactions in parallel with patient 

outcomes, there is a strong drive to harness the potential of correlative research and increase the percentage of 

trials integrating these questions (316). Correlative research requires a clear definition of the hypothesis in the 

trial design to ensure adequate power to address the scientific question/s of interest (317). Each investigation 

has the potential to impact the patient through additional time and visits and also potential complications. It adds 

to the overall cost and resource implications of the study. In view of this, it is important that they are justified in 

the study design.  

In this chapter, correlative research has been defined as investigations and/or tests included in a study to 

determine a relationship between two variables, for example, the test and patient response or the mechanism of 

action. In this chapter, a literature review was used to investigate how correlative research has been integrated 

into recent trial design with a particular focus on the use of optional and mandatory biopsies. To be included, at 

least one patient involved with the trial had to have a tumour biopsy. Other correlative studies included (but not 

limited to) were: radiological measures (for example. MRI, PET); tissue collection (for example archival tissue 

and skin biopsies); and blood sampling (for example circulating tumour cells (CTCs), circulating tumour DNA 

(ctDNA)). The key objectives were to: (i) assess what correlative investigations are being included in clinical 

trials with a focus on fresh tissue biopsies; (ii) determine the success rates for procurement of tissue; and (iii) 

investigate whether safety is reported. 

Over a 5 year period, 394 trials investigating 25,196 patients were identified. The majority of these were phase I 

or II clinical trials (95%). A third of patients enrolled across the trials underwent at least one biopsy. The median 

number of biopsies per patient was two, with 17 trials (4%) requiring at least three biopsies. Biopsies were 

optional in 27% of trials and mandatory in 42%. At least 75% of the patient cohort underwent a biopsy in over 

75% of trials where the biopsy was mandatory, compared to 5% of trials when the biopsy was optional 

(p<0.001). Complications were reported in 2% of trials and success rates of tissue procurement in only 7% of 

trials. 

The results of this literature review are biased by the search strategy employed. However, this study has 

generated several hypotheses which will now be tested in a more systematic review of ovarian cancer trials. 

The results provide valuable information and justification for when to include a mandatory rather than an 

optional biopsy which should be considered when designing a trial. In this chapter, the results of the literature 

review will be presented and used to discuss how this information will potentially guide future correlative 

research.  
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As part of this chapter and the following chapter, early results of BIOPSY (NCT02334761) – a prospective study 

investigating the impact of biopsies on the patient will be presented (312). This study included three 

questionnaires adapted from published surveys and a modified version of the hospital anxiety and depression 

scale (Appendix E-G). The surveys were performed prior to the biopsy and at two time points post biopsy (1 

week and 1 month). The surveys evaluate the patient’s perception of the biopsy, complications in real-time 

(particularly anxiety and pain) and the likelihood of the patient agreeing to a future biopsy. Two time points were 

chosen post-biopsy, to assess if the patient’s recollection of the event evolved with time.  

6.1 The role of correlative research in clinical trials in oncology 

With the increasing number of targeted drugs under development in oncology, there is a strong motivation to 

adopt a more personalised biomarker-driven approach to care (318). Impressive survival benefits have been 

shown when target populations have been identified and matched to specific inhibitors such as HER2 and 

trastuzumab in breast cancer (33). Identification of biomarkers or tests that allow us to identify which patients 

benefit from the therapy early is critical. Exploration and validation of potential molecular, genetic, and other 

biological factors that may predict treatment response or resistance, offers the opportunity to better guide 

therapeutic decisions, avoid ineffective therapies and subsequently improve patient outcomes (317).  

In order to achieve this goal, correlative science to define measurements of pathway activity and therapeutic 

efficacy are being incorporated earlier in the drug development process. Correlative research requires a clear 

definition of the hypothesis in the trial design to ensure adequate power to address the scientific question/s of 

interest (317). Prospective and statistically well-powered assessment of the correlation between candidate 

molecular targets and patient outcomes, creates the potential for tremendous knowledge growth. This is 

contingent upon sufficient samples being obtained and patient consent. The inclusion of mandatory biopsies in 

trials allows investigators the advantage of ensuring sufficient tissue is collected to test the scientific hypothesis, 

but continues to raise ethical concerns over potential coercion (317, 319, 320). The quality and morbidity 

associated with tumour biopsies are additional factors to be considered when planning correlative research 

(321). This will be further considered in chapter 7. 

To assess this, recent literature was analysed to investigate how correlative research is being integrated in 

medical oncology research. The key objectives were to: (i) assess what correlative investigations are being 

included in clinical trials with a focus on fresh tissue biopsies (ii) determine the success rates for procurement of 

tissue; and (iii) investigate whether safety is reported.  

6.2 Methods 

Literature review 

To identify the study sample, a search of PUBMED using the search terms ‘biopsy’, ‘oncology’ and ‘cancer’ was 

conducted. This was limited to January 2009 until December 2013. Articles were limited to those published in 

English and performed on humans. ‘Biopsy’ was included as a search term as it was posited that trials with this 

as a search term would have incorporated a biopsy as a key endpoint and therefore be more likely to present 

correlative results. Trials had to include at least one patient biopsy to be eligible for inclusion. This search may 

have underestimated the number of articles in 2013 due to the delay in articles being updated as part of 
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PUBMED. A similar search was performed of abstracts included in the American Society of Clinical Oncology 

(ASCO) meetings from 2009 until 2013. Abstracts accepted for e-publication were included.  

Data collection 

A study specific data abstraction tool was used for this research. Trial characteristics including disease stage, 

phase of trial, and trial design were recorded. In addition, specific data related to whether the biopsy was 

optional or mandatory was included. Adequacy of samples, biopsy safety and correlative outcomes were 

recorded. The number of biopsies requested and the number achieved were documented. Other correlative 

tests evaluated included: collection of archival tissue, blood-based biomarkers, specialised radiology tools, 

circulating tumour cells (CTCs), circulating tumour DNA (ctDNA), hair analysis, and skin biopsies.  

Analysis 

The analysis included primary descriptive statistics. Fisher’s exact test and Chi square analysis were performed 

to evaluate characteristics of trials associated with higher sampling rates. A p value of 0.05 was defined as 

being statistically significant. Statistical analysis was performed using the PRISM 6.01 programme (California, 

USA) and SPSS software. 

6.3 Results 

Three-hundred and ninety-four trials were identified including 86 published trials and 308 abstracts presented at 

the American Society of Clinical Oncology meetings (ASCO) between January 2009 and December 2013 (Table 

15). From the identified trials, 25,196 patients were enrolled from which 8,303 (33%) had a biopsy performed.  

Trial characteristics 

Table 15: Characteristics of the trials included in the analysis 

Trial characteristics 
n = 394  

(%) 

Type of publication 

Published article 

ASCO abstract 

ASCO trial in progress 

Disease site 

Solid tumours/lymphoma 

Breast 

Skin 

Gastrointestinal 

Genitourinary 

Lung 

Phase 

Phase I* 

Phase II*^ 

Phase III^ 

Window of opportunity 

 

86 (22) 

244 (62) 

64 (16) 

 

111 (28) 

74 (19) 

47 (12) 

51 (13) 

34 (9) 

33 (8) 

 

183 (46) 

215 (55) 

13 (3) 

4 (1) 

* Includes 19 phase I/II trials 

^ Includes 4 phase II/III trials 
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From the 394 trials, 164 were phase I (42%), 192 phase II (49%) and 19 a combination of phase I and II (5%) 

(Table 15). Thirteen phase III trials were identified (3%). These trials spanned all tumour types, with 111 

including all solid malignancies (28%). Breast was the most common single tumour site identified (74 trials; 

19%). 

Correlative science 

Correlative studies other than tumour biopsies were included in 183 studies (46%). Forty-nine studies collected 

archival tissue (12%) with blood-based biomarkers, radiological imaging and circulating tumour DNA (ctDNA) or 

circulating tumour cells (CTCs) included in 97 (25%), 57 (14%) and 25 (6%) studies respectively (Figure 21). 

Biopsies were optional in 106 trials (27%) and mandatory in 165 trials (42%) (Table 16). In many examples this 

was not clearly stated (123 trials; 31%). The median number of biopsies was two, with 17 studies requiring at 

least three biopsies (4%). The use of ctDNA and CTCs has increased with time from 5% of trials in 2010 to 10% 

of trials in 2013, but this was not statistically significant (p=0.32).  

The most common reason for including a biopsy was for pharmacodynamic testing (253 trials; 64%). 

Determining potential predictive and prognostic biomarkers were the justification for biopsies in 42% and 10% of 

trials, respectively. Typically, correlatives were a secondary or exploratory endpoint, but 76 trials listed it as a 

primary endpoint (19%). Very few studies did not indicate a reason for the biopsy (10 studies; 3%).  

Figure 21: Type of correlative investigations utilised in recent oncology trials in conjunction 
with biopsies. 

 
Legend: Overall 183 studies (46%) included at least one additional correlative test. These included archival 

(12%), circulating tumour DNA (ctDNA) or circulating tumour cells (CTCs) (6%), skin biopsies (3%), radiology 

(14%), hair analysis (2%) and blood based (25%) correlative samples. Other tests included cytology, faecal and 

urine analyses. Based on the design of this study and cohort of trials, it was not possible to assess whether 

inclusion of the individual types of correlative research changed with time.  
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Table 16: Characteristics of biopsies in clinical trials 

Characteristics of biopsies in clinical trials 
n = 394 

(%) 

Number of patients  

Number undergoing biopsy 

Type of biopsy 

Optional  

Mandatory 

Not stated 

Median number of biopsies  

Reason for biopsy* 

Pharmacodynamic analysis 

Predictive markers 

Prognostic markers 

Other 

Not Stated 

25,196 

8,303 (33) 

 

106 (27) 

165 (42) 

123 (31) 

2 

 

253 (64) 

166 (42) 

40 (10) 

36 (9) 

10 (3) 

* Some trials indicated multiple reasons for including a biopsy 

Rates of testing 

Overall, 204 trials reported the number of patients undergoing a biopsy (52%). In over a third of trials, 75% of 

patients enrolled underwent a biopsy. In those where the biopsy was mandatory, a significantly higher 

proportion of patients underwent a biopsy (Figure 22). Where a biopsy was optional, the median percentage of 

patients undergoing a biopsy was 16% (standard deviation 23%), in contrast to 100% where biopsies were 

mandatory (standard deviation 25%).  

Figure 22: Percentage of patients undergoing biopsies in trials  

 
Legend: In over a third of trials, 75% of patients enrolled underwent a biopsy. A higher proportions of patients 

enrolled in a trial had a biopsy if it was mandatory in the protocol. At least 75% of patients enrolled on the trial 

underwent a biopsy in 75% of trials where the biopsy was mandatory in contrast to only 5% when testing was 

optional (p<0.001).  
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At least 75% of patients enrolled on the trial underwent a biopsy in over 75% of trials where the biopsy was 

mandatory, in contrast to only 5% of trials when testing was optional (p<0.001). Phase II trials were more likely 

to achieve biopsies in at least 75% of patients (54% vs. 29%; p=0.0006). Biopsies were more likely to be 

mandatory in phase II trials compared to phase I trials (52% vs. 27%; p<0.001). In phase I trials, biopsies were 

more likely to be optional (35% vs. 21%; p=0.006). 

Reporting 

Results of the correlative testing were mentioned in the article or abstract in 60% of trials (235 trials). This was 

higher in the publications than the conference proceedings (91% vs. 51%). Only 26 studies documented 

whether tissue was successfully procured or analysed (7%). Complications were noted in only 6 trials (2%). In 

published trials, 5% (4 of 86 studies) reported complications and 23% (20 studies) reported the viability of the 

samples.  

6.4 Discussion 

This literature review provides new data illustrating how correlative research has been integrated into oncology 

trials and identifies key deficiencies in the reporting of these investigations. While only 2% of studies reported 

complications and 7% commented on successful procurement rates of samples, higher rates were seen when 

the analysis was limited to publications (5% and 23% respectively). One of the key limitations of this research is 

that it does not represent all trials in oncology and has an inherent bias due to the search criteria employed. To 

address this issue more thoroughly, a more comprehensive review comparing the integration of correlative 

across all phases of clinical trials over the past 5 years in ovarian cancer (COVERT – correlative studies in 

ovarian cancer) is underway. This will allow us to more accurately assess whether the percentage of trials 

including correlative studies and the quality of the reporting of these studies. Ideally this should be compared 

across tumour types, as it may be that more successful correlative research has been achieved in diseases 

where more targeted therapies are now available, for example in melanoma and lung cancer.  

As correlative research offers the opportunity to learn about drug-tumour interactions in parallel with patient 

outcomes, there is a strong drive to harness the potential of correlative research and increase the percentage of 

trials integrating these questions (316). Given the low estimated success rates (0.1%) for successful clinical 

translation of biomarkers, inclusion at each stage of research is vital (322, 323). It has been previously 

demonstrated that only 1 in 4 phase II trials in breast cancer include correlative research, and this rate is likely 

to be similar in other disease sites (316). There is little published on this in other tumour types, but this is an 

important area of need. A limitation of the research presented in this chapter is that there is no clear 

denominator.  

This study provides a benchmark to help refine clinician expectations of correlative research. The manner in 

which correlative science is reported and the missed opportunities for scientific progress continue to be a 

concern—overall, only a third of patients enrolled had a biopsy performed. Clinical trials which do not include 

parallel correlative marker discovery and hypothesis testing represent missed opportunities (324). Phase I and II 

trials represented over 95% of the studies in this series. In contrast, window of opportunity studies represented 

only 1% of the trials reviewed. Biomarker driven window of opportunity studies offer a safe and effective method 

to evaluate pharmacodynamic properties of new targeted therapies (325). As tissue collection is part of the 

therapeutic intervention, these studies provide the opportunity to obtain tissue and improve our understanding of 
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disease biology. In chapter 9, the NEO trial (A Phase II, Open-Label, Randomised, Multi-Centre Study, of 

Neoadjuvant Olaparib in Patients with Platinum Sensitive Recurrent High Grade Serous Ovarian/Primary 

Peritoneal or Fallopian tube Cancer (NCT02489006)) which has been designed with this in mind, will be 

discussed. Based on the selection criteria used, this cohort may not be a true representation of current research 

but it does highlight that early phase clinical trials remain the major conduit for correlative research.   

The ethics and safety of integrating biopsies (mandatory or optional) is central to trial development (326). Ethical 

debates regarding the use of biopsies concentrate on the scientific necessity of biopsies versus the rights of 

prospective study participants to consent for biopsies independent of their consent for treatment (317). It is 

equally important to consider the rights of those who undertake an optional biopsy, as if insufficient samples are 

achieved, the scientific objective may remain unachieved and patient investment (to some degree) is futile. This 

study provides evidence that confirms when biopsies are optional, the percentage of patients willing to undergo 

a biopsy is significantly lower than when biopsies are mandatory. It is important that the number of samples 

necessary to address the scientific hypothesis is clarified in the statistical design, as this may support the role of 

mandatory testing in specific clinical trials (317).  

Figure 23: Example of an algorithm to guide choice of an optional versus mandatory biopsy 

 

Legend: It is important to define the correlative question and use this to calculate the necessary sample size. 

Figure 23 illustrates based on our series how many trials would have reached their target accrual e.g. if the 

statistical design defined a biopsy was needed in 25% of the trial cohort, inclusion of an optional biopsy 

achieved this in approximately 30% of trials in contrast to over 90% of trials where the biopsy was mandatory. 

Larger more definitive data sets are needed to investigate this further.  

The high compliance rate seen in this series with mandatory biopsies reinforces that this may not be a 

significant deterrent from clinical trial participation. However, even with mandatory biopsies, rates of compliance 

were not always 100%, implying where biopsies were not feasible and/or possible, patients were still treated as 

part of the trial based on intention. In the next chapter, this will be illustrated using the ARIEL2 clinical trial as an 

example. Based on the data we have presented, if the scientific question requires biopsies in more than 25% of 

the total patient cohort, a mandatory biopsy would appear justified. Larger confirmatory series will help develop 
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an algorithm to determine whether a biopsy should be mandatory in the trial design in order to ensure sufficient 

samples are collected (Figure 23).  

As illustrated by this series, it is not uncommon for patients to be expected to have more than one biopsy. The 

median number of biopsies in this series was two, although 4% of studies required at least three biopsies. As 

studies attempt to understand clonal evolution, multiple biopsies may be necessary. Defining the factors which 

determine whether a patient will agree to undergo multiple biopsies is important. In one series, 11% reported a 

repeat biopsy would be a major or moderate problem immediately after the biopsy with this increasing to 20% 

one week post-biopsy (327). Patients with metastatic breast cancer who had had a greater number of prior 

biopsies (≥3) have been shown to be less likely to agree to further research biopsies (328). Reasons for patients 

not wanting to undergo further biopsies included pain, risk of complications, no direct benefit, anxiety and 

inconvenience of the additional procedure (328). As we continue to ask patients to undergo more investigations, 

it is critical the impact of these tests on the patient is evaluated.  

To better understand the ramifications of a biopsy on the patient, we designed a prospective study to evaluate 

patients having a biopsy at the Princess Margaret Cancer Centre in Toronto (BIOPSY) (312). From March 2015 

to January 2017, 51, 47 and 39 patients completed 1, 2 and 3 surveys respectively (appendix E, F, G). 

Questions covered: (i) their perception of the benefit of the biopsy; (ii) whether they felt well-informed of risks; 

(iii) complications of the biopsy; and (iv) whether they would consider a further biopsy for research. Patient-

reported adverse events including pain, anxiety, infection and hospitalisation were collected. 

Forty patients underwent a biopsy as part of research and 11 for diagnostic reasons (312). The majority of these 

patients had a gynaecological cancer (47 patients; 92%) and were involved in a clinical trial (46 patients; 90%). 

Of note, 45 patients felt well-informed of the potential risks (88%) (312).  

Table 17: Patient reported anxiety pre- and post-biopsy 

 

 

 

 

Legend: Feelings of anxiety around the biopsy improved with time. Patients with an elevated hospital anxiety 

and depression scale (HADS) score at 1 month were less likely to agree to a further biopsy (p=0.02). 

Patient responses demonstrated feelings of anxiety and pain improved with time (Table 17) (312). Twenty-eight 

patients had pain one week post-biopsy (60%), which was a moderate to major concern in nine patients (19%). 

Two patients reported reduced dignity with the biopsy (4%) (312). Twelve patients at one week (26%) felt 

another biopsy would be a moderate to major issue, but by one month three of these patients felt a biopsy was 

now only a mild problem. No serious adverse events occurred (312). Patient-reported pain was higher than 

 1 week prior to 

biopsy 

1 week post-

biopsy 

1 month post-

biopsy 

n = 51 

(%) 

n = 47 

(%) 

n = 39 

(%) 

Elevated HADS score^ 6 (12) 4 (9) 4 (10) 

Sense of worry* 8 (16) 6 (13) 3 (8) 

Sense of panic* 16 (31) 4 (9) 4 (10) 

^Score of >10 on the hospital anxiety and depression scale (HADS) 

*Includes patients reporting worry or panic a lot or great deal of the time 
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anticipated. Correlation with number of core biopsies taken and location would be important in future studies. 

Based on the small cohort this is not feasible currently.  

At baseline, only two patients in this motivated cohort felt a biopsy would deter them from being involved in a 

clinical trial (312). Five patients at one week (11%) and eight patients at one month (21%) reported they were 

unlikely to consent to another biopsy for research. Patients with at least moderate pain post-biopsy were less 

likely to agree to a future biopsy at one week and one month (p=0.03 on univariate analysis) but this was not 

statistically significant on multivariate analysis (p=0.10). Patients with an elevated hospital anxiety and 

depression scale (HADS) score at one month were less likely to agree to a further biopsy (p=0.02 on 

multivariate analysis). Anxiety and pain represent two potentially modifiable adverse events which impact 

whether a patient will agree to a further biopsy but were less frequent that hypothesised. Overall, most patients 

tolerated their biopsy well, supported its use in future unspecified research and were open to further biopsies.  

The risk of a serious complication from a biopsy appears generally low (326, 329) but complications (or lack of 

complications) are often poorly reported. In the data presented, complications were documented in only 5% of 

the published studies examined. Pain is the most commonly reported adverse event with biopsies (327, 330). In 

patients with breast cancer, 59% reported pain post-biopsy with severe pain noted in 8% (330). Anxiety is 

common before the procedure occurring in 45% of clinic patients (331). In our small series described above 

(BIOPSY), higher rates of pain but lower rates of anxiety were noted (312). The balance between the risk and 

benefit for the patient is important, particularly as over half the patients undergoing research biopsies believe 

the biopsies impact their care despite clear documentation to the contrary (331). In our prospective study – 

BIOPSY - over half the patients surveyed (55%) still believed the results could impact their health directly (312).  

Patients have been shown to be more accepting of biopsies and the risk associated with them than the treating 

oncologist (331). Whilst most oncologists have been shown to be comfortable approaching patients for research 

samples of blood or skin, in one series approximately half of the medical oncologists reported feeling 

uncomfortable approaching patients for research biopsies of the liver (332). Factors which were correlated with 

greater clinician comfort in approaching patients for research biopsies included: fewer years in practice, caring 

for patients who had undergone recent research biopsies, and the predicted willingness of patients to consent to 

biopsies (332). Biopsy risk and biopsy-related pain were commonly cited reasons not to refer patients for 

research biopsies (332). Oncologists' attitudes may represent a potential target for education to assist in 

increasing the availability of tissue for cancer research (332). This is particularly important where biopsies are 

optional, as one could hypothesise that increased support and belief in the value and safety of biopsies may 

lead to higher uptake. 

Collection of tissue is important for correlative research. The inclusion of further biopsies at progression has 

been increasingly included in trials to better understand the disease biology and help delineate markers of 

resistance and response (Table 18). Archival tissue is often collected at the start of a study and was included in 

12% of trials in this series. Other correlative measures including circulating tumour DNA (ctDNA) and circulating 

tumour cells (CTCs) are being increasingly included (5). There are multiple lessons that can be learnt from this. 

First, correlation between archival and fresh tissue is of interest because of the question of temporal and spatial 

heterogeneity. Breast cancer is one example where discordance in hormonal receptor and HER2 status has 

been clearly documented (330, 333, 334). Discordance between the primary and metastatic site in ER, PR and 

HER2 status has been demonstrated in 16%, 40% and 10% of cases, respectively (330). Similarly in non-small 
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cell lung cancer, ALK expression has been shown to be acquired during metastatic progression with expression 

increasing from 12% of primary lesions to 25% of metastatic lesions (335). Both of these scenarios have 

therapeutic implications.  

Table 18: Advantages and limitations of different correlative studies 

Specimen type Collection time Advantages Limitations 

Archival tumour Pre-therapy  Timely and economical  Remote to time of treatment 

initiation 

 Subject to degradation with time 

Tumour biopsy Pre-therapy  Reflects current disease 

status 

 Financial cost of additional 

sampling and analysis 

 Invasive procedure with risk of 

complications/discomfort 

 Can delay treatment based on 

time needed to secure sample 

 Not always feasible based on 

distribution of disease 

 Not all samples will be evaluable  

On treatment  Reflects current disease 

status 

 Allows assessment of 

the effect of the drug on 

tumour directly 

 Financial cost of additional 

sampling and analysis 

 Invasive procedure with risk of 

complications/discomfort 

 Not always feasible based on 

distribution of disease 

 Not all samples will be evaluable 

At progression  Reflects current disease 

status 

 Financial cost of additional 

sampling and analysis 

 Invasive procedure with risk of 

complications/discomfort 

 Not always feasible based on 

distribution of disease 

 Not all samples will be evaluable 

Blood 

(pharmacokinetics) 

Pre-therapy  Timely and economical 

to collect 

 Financial cost of additional 

sampling and analysis 

On treatment  Timely and economical 

to collect 

 Financial cost of additional 

sampling and analysis 

At progression  Timely and economical 

to collect 

 Financial cost of additional 

sampling and analysis 

Blood for ctDNA or 

CTCs 

Pre-therapy  Timely and economical 

to collect 

 Financial cost of processing and 

analysis 

 Requires expertise for analysis 

 Not all samples will be evaluable 

On treatment  Timely and economical 

to collect 

 Allows assessment of 

the effect of the drug on 

ctDNA/CTCs 

 Financial cost of processing and 

analysis 

 Requires expertise for analysis 

 Not all samples will be evaluable 

At progression  Timely and economical 

to collect 

 Financial cost of processing and 

analysis 

 Requires expertise for analysis 

 Not all samples will be evaluable 
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Second, it may not always be technically feasible or safe to perform a biopsy. The data presented in this chapter 

suggests biopsies are overall achievable and safe, but there is selection and reporting bias with this data. 

Biopsies may not always be possible and these patients will not necessarily be reflected in the numbers 

presented here. In the setting of a mandatory biopsy, patients where a biopsy was not feasible (for example due 

to distribution of their disease, patient preference or safety) would not be offered the clinical trial. In view of this 

and the invasive nature of biopsies, it is important to define the role of less invasive modalities such as ctDNA 

and CTCs. Circulating tumour cells have demonstrated predictive and prognostic value in patients with 

metastatic breast, prostate and colorectal cancers (103, 104, 106, 107, 336). Circulating tumour DNA has been 

suggested to be more accessible and easier to process compared to CTCs (111). Post-operative ctDNA has 

been shown to be better at predicting and detecting recurrent disease than classical biochemical markers 

(carcinoembryonic antigen) in colorectal cancer (114, 337). It has also been shown to be prognostic in 

pancreatic cancer (115). In ovarian cancer, ctDNA has been shown to parallel CA125 and disease activity (113). 

In this series, only 10% of trials included evaluation of CTCs or ctDNA but this has increased from 5% in 2010, 

and is likely to continue to increase and play a more influential role in trial design and biomarker discovery.  

Third, integrating novel measures alongside standard tools provides additional information and helps shape 

future trial design. Illustrating this, utilising CTCs in conjunction with imaging offers additional prognostic 

information in colorectal cancer (108). This series demonstrated the feasibility and benefit of integrating novel 

tests alongside classical measures. However, it did not evaluate the added cost to the study of the correlative 

research.  

In this series, archival tissue was collected in only 49 studies (12%), with 172 studies (44%) including at least 

one additional correlative investigation alongside biopsies. There are significant financial implications with 

incorporating correlative research in trial design and with limited resources this remains a considerable barrier. It 

is critical that the results of the correlative research are published and made available even if negative. Results 

from the correlative testing were discussed in 60% of the studies in this series, but this implies a significant 

proportion did not address this. This may be reflective of the research strategy used. It is critical that 

investigators remain accountable for this. Based on this literature review, it is not possible to comment on how 

many correlative trials remain unreported and whether the limited data included in the publications reflects an 

investigator or journal-driven restriction. Many of the included studies were also only presented at the Annual 

American Society of Clinical Oncology (ASCO) meeting, which will have restricted the degree of detail that could 

be reported. Analogous to our recommendations in the previous chapter for quality of life data, it is important 

that correlative research is reported in a timely fashion and with the same rigour. 

6.5 Conclusion 

Correlative studies have the potential to shape trial design and provide guidance for therapeutic decisions. 

Although there are constraints to the data presented here, it identifies key factors to consider in the design and 

reporting of correlative research. Safety and utility are important aspects which are underreported. The 

statistical basis and rationale for collecting correlative samples needs clear documentation to ensure 

accountability. Correlative research should be included at all stages of drug development in order to learn more 

and help accelerate the adoption of a more personalised biomarker-driven approach to care. This will help us 

integrate earlier measures of benefit for patients in the long-term. While there is clear bias and limitations with 
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the results presented in this chapter, this literature review highlights that more precision is required in the 

reporting and inclusion of correlative studies.  

The results in this chapter illustrate that we need to improve our accountability to the patient in the design of 

correlative research. Complications and rates of procurement of tissue have been inadequately reported. The 

following chapter will further explore this in a phase II clinical trial in recurrent ovarian cancer. To take 

advantage of the potential benefit of correlative testing on patient outcomes, barriers to implementation need to 

be addressed. The data presented from BIOPSY is encouraging and is one of the first steps to better 

understand the impact of a biopsy on the patient. This study has identified that anxiety is a key factor to 

address.   

The direct and indirect costs to the investigators, and importantly the patient, need consideration in an era of 

finite resources. The rate of biopsy uptake with optional and mandatory biopsies and the rate of successful 

tissue procurement are extremely important. These key details help us define the cohort size necessary to 

address the correlative hypotheses effectively. As illustrated, these aspects are often not reported. In the next 

chapter, these factors will be investigated in a large ovarian cancer cohort. While costs were not evaluated in 

this series, it is important to recognise that each test included in a study has a cost to both the patient and the 

investigator. There is also an opportunity cost, as the money spent on these tests may potentially reduce the 

number of patients who can be treated. These important considerations will be revisited in chapter 9.  
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CHAPTER 7: BIOPSIES ARE SAFE AND FEASIBLE IN OVARIAN CANCER 

As discussed in the previous chapter, correlative research and our expectations of the patients are increasing. It 

is important that the risk to the patients is balanced against the benefit of each test requested. A challenge with 

the implementation of correlative research is the modest data available on complications of the procedure and 

the challenges with the use of the tissue itself. In the preceding chapter, complications were only reported in 5% 

of published studies and rates of successful tissue procurement in only 23%. This data is important in guiding 

the statistical design of correlative studies and the required sample size. 

Retrospective data from early phase trials has shown that sequential tissue samples are achievable and 

relatively safe (326, 338). Dowlati and colleagues demonstrated successful and safe procurement of paired 

biopsies in 88% of patients (338). El-Osta and colleagues similarly confirmed an 86% success rate with a 1% 

risk of serious complication (326). As noted previously, patients have been shown to be more accepting of 

biopsies for research purposes than oncologists anticipate and interestingly, are willing to accept a higher level 

of risk than the treating oncologist (331). A 5 to 10% risk of major biopsy complication was deemed acceptable 

by 22% of patients, in contrast to only 1% of medical oncologists (331).  

Recurrent ovarian cancer is recognised as notoriously difficult to “measure” on a CT scan and it has been 

estimated that over 50% of patients with recurrent disease do not have measureable disease using RECIST 

(339). In view of these attributes, we reviewed the feasibility and safety of obtaining biopsies in a cohort of 204 

patients undergoing a mandatory biopsy for genomic profiling as part of a clinical trial - the ARIEL2 Part 1 

clinical trial - a large multi-centre phase II trial investigating rucaparib (an oral PARP inhibitor) in patients with 

recurrent platinum-sensitive high grade serous or endometrioid ovarian cancer (41).   

This study required a screening biopsy and archival tissue samples at study entry. Success was defined as the 

ability to obtain tissue safely and to complete Foundation Medicine’s next generation sequencing-based 

comprehensive genomic profiling and was assessed by biopsy site.  

Archival specimens and screening biopsies were available for analysis in 201 and 196 patients respectively. Of 

note, 10 patients had insufficient/inaccessible tissue for biopsy (5%). Overall the sequencing success rate was 

88%. Greater success was seen with archival tissue (198; 99%) than screening biopsies (152; 78%). The 

predominant reasons for unsuccessful profiling in patient biopsies were insufficient tumour nuclei and 

inadequate volume. Success was higher in nodal biopsies (85%) and lower in omental/peritoneal samples 

(66%). No serious biopsy-related adverse events occurred, with grade 1 pain recorded in only four patients 

(2%).  

This study is the first study to investigate the results of biopsies with respect to feasibility and safety in a cohort 

of patients with ovarian cancer. Determining the rates of successful tissue procurement builds upon current 

literature and provides useful information to help guide trial design. The higher success rates with nodal 

sampling is noteworthy and while this needs a confirmatory study, could help guide radiologists as to the best 

site to target.  
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The results of this research were presented at the American Society of Clinical Oncology meeting in 2015 and 

received a Merit award. Kevin Lin and Lara Maloney helped clarify queries with the data. In this chapter, the full 

results of this sub-study will be presented. 

7.1 Methods 

Between October 30th 2013 and December 19th 2014, 206 patients were enrolled and 204 treated in the 

ARIEL2 Part 1 clinical trial (NCT01891344). ARIEL2 (Part 1) is a multicentre phase II trial investigating 

monotherapy with rucaparib in patients with recurrent platinum sensitive high grade ovarian cancer (41). A 

screening biopsy and archival tissue sample was required at study entry. The biopsies were a mandatory 

component of the trial to allow generation of next generation sequencing (NGS) data, with the ultimate goal of 

identifying a molecular signature to guide therapy. Patients were expected to have one to three cores (14-18 

gauge).  

Formalin-fixed paraffin-embedded (FFPE) tumour samples were reviewed by the central laboratory to determine 

tissue adequacy. This was defined as at least 20% tumour content with a minimum of 80% nucleated cellular 

content. Profiling required tissue specimens with a volume greater or equal to 0.2 mm3. Success was defined as 

the ability to obtain tissue with minimal patient risk and to complete Foundation Medicine’s next generation 

sequencing-based comprehensive genomic profiling (NGS-based CGP).  

Biopsies were required within 28 days of commencing rucaparib but no closer than seven days. The biopsy was 

included to allow patients to be divided into one of three predefined homologous recombination deficiency 

subgroups on the basis of tumour mutational analysis: BRCA mutant (deleterious germ-line or somatic), BRCA 

wild-type and loss of heterozygosity high, or BRCA wild-type and loss of heterozygosity low (41).  

Choice of modality for biopsy was at the discretion of the radiologist. Ascites was not sufficient. Adverse events 

related to the biopsy were recorded as part of the trial. An optional tumour biopsy at disease progression was 

included in the protocol for patients who provided appropriate consent.  

Usability of tissue was assessed by biopsy site. Reasons for unsuccessful profiling were compared between 

archival samples and fresh biopsies. Success rates by biopsy site were compared with the fisher’s exact test. 

Patients with no biopsy or archival tissue were excluded from the analysis.  

The next generation sequencing profiling success rate was defined per patient. If a patient had a first tissue 

specimen that failed Foundation Medicine next generation sequencing quality control (for example insufficient 

tumour nuclei or tissue size) but a second tissue specimen passed (for example another archival tumour sample 

subsequently shipped to Foundation Medicine), then on a per-patient level this patient was defined as having a 

successful Foundation Medicine next generation sequencing.  

This sub-study was designed to: (i) assess the safety of biopsies in patients with ovarian cancer; (ii) assess the 

rates of successful profiling for both archival tissue and fresh biopsy samples; and (iii) investigate obstacles to 

successful profiling.  
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7.2 Results 

Between October 30, 2013 and December 19th, 2014, 206 patients were enrolled and 204 treated in the ARIEL2 

Part 1 clinical trial. Based on a data cut-off date of 29 April 2016, results were available for 196 screening 

biopsies and 201 archival specimens (Figure 24). The majority of patients had high grade serous histology 

(97%), with endometrioid histology and mixed histology seen in 2% and 1% respectively. Seventy-one patients 

(35%) received neoadjuvant chemotherapy at initial diagnosis. The median and mean body mass index was 

26.9 and 38.0kg/m2 (standard deviation 6.9) respectively. The average number of previous lines was one (range 

1-5). Previous therapy with bevacizumab was not documented. 

Figure 24: Schema of patient sample processing for next generation sequencing (NGS) 

 

Archival tissue 

Archival samples were available in 201 patients (98% of enrolled patients). Successful profiling was achieved in 

99% of patients with archival samples available (198 of 201 samples). Only three patients had unsuccessful 

Foundation Medicine next generation sequencing of their archival samples. Insufficient tumour nuclei, failed 

library construction, and failed post-sequencing quality control were the reasons for the unsuccessful profiling. 

Numbers were too small to compare success by histology or prior use of neoadjuvant therapy. 

Pre-treatment biopsy 

Pre-treatment biopsy specimens were collected from 196 patients (95% of enrolled patients). Only ten patients 

had insufficient and/or inaccessible tissue for biopsy at the procedure (5%). In four patients this was not 
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attempted due to safety concerns. Omental or peritoneal disease was the most common site biopsied (64 

patients; 33%) (Figure 25).  

Figure 25: Sites of fresh biopsies 

 
Legend: Pre-treatment biopsy specimens were collected from 196 patients (95% of enrolled patients). Omental 

or peritoneal disease was the most common site biopsied (64 patients; 33%).  

NOS = not otherwise specified. 

Overall biopsies were safe and tolerable. No serious biopsy related adverse events were seen, with grade 1 

pain documented in only four patients (2%). One haematoma was seen post-biopsy which resolved with no 

further intervention.  No patients developed a pneumothorax post-lung biopsy, but numbers were small with only 

six patients (3%) having a biopsy from the lung or pleura.  

Figure 26: Examples of tumour tissue specimens with sufficient and insufficient tumour nuclei 
for next generation sequencing 

  

Legend: Sample with sufficient tumour content for analysis on the left (26a), with a sample with scant cellular 

material insufficient for testing shown on the right (26b).  

Overall, successful profiling was achieved in 78% of screening biopsies (152 samples). Insufficient tumour 

nuclei (n=33), small tissue dimensions (n=9) of biopsies, and insufficient DNA yield from extraction (n=2) were 

the reasons for unsuccessful next generation sequencing profiling. Examples of formalin-fixed paraffin-

embedded tissue samples with sufficient and insufficient tumour nuclei for next generation sequencing are 

shown in Figure 26. Success was higher in nodal biopsies (85%; p=0.17) but lower in samples from the 

omentum or peritoneum (66%; p=0.01) (Table 19).   
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Table 19: Success rates based on biopsy sites 

Site of biopsy 
Overall 

(n) 

Sufficient tumour nuclei 

and volume 

Successful next generation 

sequencing-based comprehensive 

genomic profiling 

N 
Success rate 

(%) 
n 

Success rate 

(%) 
p* 

Liver 24 17 71 17 71 0.44 

Lymph node 48 41 85 41 85 0.17 

Omentum or 

Peritoneum 
64 44 69 42 66 0.01 

Other 60 52 87 52 87 0.04 

* Fisher’s exact of success/fail rate for each biopsy site versus all other sites  

Profiling results 

Overall the next generation sequencing-based comprehensive genomic profiling success rate was 88%. Greater 

success was seen with archival tissue (99%) than screening biopsies (78%; p<0.0001). No patient tumours 

failed profiling on both screening biopsy and archival tissue. Fresh biopsies were more likely to fail on tumour 

nuclei percentage and tumour volume in contrast to archival tissue (Table 20).   

Table 20: Reasons for unsuccessful profiling 

Reason for unsuccessful 

profiling 

Archival sample (201) Biopsy Samples (196) 

Number Percentage Number Percentage p* 

Tumour nuclei percentage 

(<20%) 
1 1 33 17 <0.001 

Tissue dimensions 

(<0.2mm
3

) 
0 0 9 5 0.002 

DNA extraction 0 0 2 1 0.24 

Library construction 1 1 - - >0.99 

Post-sequencing analysis 1 1 - - >0.99 

* Fisher’s exact of reason for unsuccessful profiling for archival tissue versus fresh biopsy specimen  

Optional post-progression biopsy 

In total, 131 out of 206 patients (64%) consented for an optional biopsy at progression. To date 8 of 145 patients 

who have progressed have had a biopsy at progression (6% vs. 95%; p<0.0001). 
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7.3 Discussion 

As biopsies become an increasingly common requirement in clinical trials, willingness of patients, procedural 

safety and useful tumour acquisition are critical elements of success. This series has demonstrated that 

research biopsies in high grade ovarian cancer are safe, feasible, and can be profiled with a next generation 

sequencing-based assay. In diseases like ovarian cancer where measurable disease for biopsy at recurrence 

can be small, these results are encouraging. The motivation to receive a new therapeutic option can be a strong 

incentive and deciding factor for a patient to undergo a biopsy. This is likely to have been a factor in this study, 

which allowed patient to receive a PARP inhibitor. This series also confirms the advantage of a mandatory 

versus an optional biopsy with respect to tissue procurement, with significantly higher rates of biopsies in this 

patient cohort (95% vs. 6% respectively p<0.0001). However, this study fails to assess how many patients were 

deemed ineligible for the trial due to the mandatory biopsy, either because of feasibility or patient wishes. 

Safety of biopsies 

Biopsies appear a relatively safe option in experienced hands. Low complication rates were seen in our series 

with grade one pain in only 4 patients (2%) and only one documented uncomplicated hematoma. Defining what 

is an acceptable complication rate is important as often biopsies are performed for scientific exploration rather 

than direct patient benefit. The Society of Interventional Radiology reports a threshold of 2% for major 

complications (340). It has been documented that patients are prepared to accept a higher level of risk with 22% 

of clinic patients reporting a 5 to 10% risk of a major biopsy complication as acceptable (331). In fact, the 

serious complication rates reported in the literature are much lower than this, in the order of 1 to 5% (326, 329, 

330, 341-348).  

Potential risk factors for complications have been explored. The use of anti-angiogenic agents, presence of 

obesity and tumour location have all been proposed to impact complication rates (347). Obesity can pose a 

challenge to invasive procedures by impacting visualisation, bleeding, tissue quality, and healing (349, 350). 

However, conflicting results have been reported with respect to this (346, 347). In paediatric patients, increasing 

body mass index was associated with an increasing risk of complications (346). Given the low complication 

rates seen in our series, it was not possible to investigate the effect of obesity or relationship with increasing 

body mass index. It is likely that a combined analysis would be needed to define these parameters. The number 

of previous lines of therapy does not appear to increase rates of complications (347). In our series, the average 

number of previous lines of chemotherapy was one. Additionally, to date anti-angiogenic agents have not been 

shown to clearly increase complication rates (341, 347). Data on previous bevacizumab was not collected but 

based on eligibility criteria no patients were receiving treatment at study entry.  

The site of biopsy does appear important. In a paediatric series of 1073 biopsies, samples from the head and 

neck region appeared the safest (346). Biopsies in the thorax seem to have higher rate of complications 

particularly pneumothoraces (326, 346). Rates of up to 10% have been reported with potential risk factors 

identified including the size of the lesion and lesion to pleura distance (326, 344).  In most situations these can 

be conservatively managed but occasionally more significant interventions have been required (341, 343-345, 

347, 348, 351). This was not an issue in our series but likely reflects the patient population in question, as only 

six patients had biopsies in the thorax (3%).  



  

95 
 

Biopsy-related pain may have been underestimated in our cohort. In a prospective series in patients with breast 

cancer, over half the patients reported pain post-biopsy (59%) with severe pain documented in 8% (330). This 

did not deter patients in that series from recommending a biopsy to other patients, implying that the impact of 

pain was not sustained (330). In contrast pain has been shown to be associated with a negative attitude to a 

repeat prostate biopsy (odds ratio 8.2 p<0.01) (327). In our series at Princess Margaret (BIOPSY), 28 patients 

had pain 1 week post-biopsy (60%), which nine patients described as a moderate or major problem (19%) 

(312). On univariate analysis, patients with at least moderate pain post-biopsy at 1 week or 1 month appeared 

less likely to agree to a further research biopsy but numbers were small (p=0.03) (312). This was however not 

statistically significant on multivariate analysis (p=0.10).  

Successful tissue procurement 

Useful tissue acquisition depends on the type of test it is required for. The research presented in chapter 6, 

demonstrated that this is poorly reported in the literature. The volume of tissue necessary to make a histological 

diagnosis may be very different to that required for successful molecular profiling. In ovarian cancer, image-

guided percutaneous biopsies at initial diagnosis have been shown to be safe and feasible resulting in a 

histological diagnosis in 87 to 93% of cases (342, 352). In this series, 0.2mm3 of tumour tissue was necessary 

but other testing may have different requirements. Across all tumour types, success rates for analysis vary from 

70% to as high as 97%, with the difference likely reflecting the test in question (330, 338, 341-343, 345, 346, 

348). Our success rate for molecular profiling was 88% overall and importantly 78% for biopsy samples.  

Unsuccessful sampling is due to a mixture of tumour-specific characteristics and the relative accessibility of 

sites (348). Tumour related factors include necrosis, fibrosis or presence of effusive lymphocytes (338, 347). 

Tumours with necrosis greater than 25% have been suggested to be unsuitable (347). In lung cancer, small 

target lesions (<1.5cm) and also lesions larger than 5cm were more likely to be unsuccessful, the latter due to 

necrosis (353). A minimum size of 1.0cm greatest dimension has been suggested (345). A weakness of this 

study is that we were not able to correlate the radiological appearance with success rates, which is an important 

factor in developing algorithms to guide future biopsies.  

The type of biopsy is also relevant with a higher diagnostic yield seen with excisional biopsy in contrast to 

incisional samples (99% vs. 88%) (346). Fine needle aspirate samples or samples from paracentesis or 

thoracentesis have demonstrated lower yields for assessing hormonal receptor status in metastatic breast 

cancer (330). Paracenteses or fine needle aspirates were not deemed acceptable in our series. For core 

biopsies, larger gauge needles appear more efficacious and also importantly appear safe (342).  

The site being biopsied seems important. In our series higher rates of success were seen with lymph node 

biopsies, with lower rates seen in samples from the peritoneum and omentum (85% vs. 66%). Conflicting results 

exist and one could posit that this reflects the underlying histology and tumour related factors that need further 

consideration. Lung and bone samples seem to yield lower success rates, with higher rates seen in liver and 

lymph node samples (330, 341, 348). In contrast in children, biopsies from the thorax have been reported to be 

more successful (346). Factors leading to higher success rates may reflect the microenvironment of the tissue 

where the sample was collected.  

In this series, investigator related success was not investigated but one would suspect that more experienced 

radiologists would have higher success rates. Previous series have suggested higher rates of unsuccessful 
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biopsies when performed by registrars compared to consultants reflecting the value of experience (15% vs.10%, 

respectively) (342). However, an analysis investigating the rates of failure with biopsies in patients with 

metastatic breast cancer found no difference based on the volume of patients per centre (348).  

Optional versus mandatory biopsies 

This study included a mandatory biopsy at study entry, with an optional biopsy at progression. Ethical debates 

continue over the scientific necessity of mandatory biopsies versus the rights of prospective study participants to 

consent for biopsies independently of their consent for treatment (317). Key concerns raised include the risk of 

patient harm, the importance of protecting patient autonomy and finally unrealistic expectations with consent 

(326). There can be considerable variation in the description and scientific justification of biopsies and 

importantly, the discussion of risks (329). Based on our results, the risks seem low but it is critical that patients 

are well-informed. This does seem to be improving, with 45 of 51 patients (88%) in our Princess Margaret series 

(BIOPSY), reporting they were well-informed of the potential risks of the biopsy (312). 

Over a third of oncologists have raised concerns that mandatory biopsies may discourage patients from 

enrolling on a clinical trial (331). A limitation of this series is that we did not assess the number of patients 

deterred from the trial due to the pre-treatment biopsy. Studies suggest this is less of a problem than the 

oncologist anticipates, with patients often willing to have a biopsy (328, 331). In patients treated in phase I 

clinical trials, between 11 and 16% of patients have refused a biopsy (326, 341). A survey of 160 patients with 

metastatic cancer demonstrated 51% would agree to a biopsy for research purposes (328). In our series at 

Princess Margaret, only two patients reported a biopsy would deter them from participating in a trial (4%) (312). 

However this population may have a biased perspective, with 90% of them actively involved in a clinical trial.   

The clinical and scientific benefit with a mandatory biopsy is the higher rates of uptake. In this series rates of 

mandatory and optional biopsies were 95% and 6% respectively (p<0.0001). This supports the results 

demonstrated in chapter 6, with significant discrepancies in the number of biopsies performed in studies with an 

optional versus mandatory biopsy. Similarly, a series from the MD Anderson found 87% of patients consented 

for a mandatory biopsy had a biopsy performed, compared to 4% of patients consented for an optional biopsy 

(p<0.0001) (326). Factors limiting both mandatory and optional biopsies include lack of funding, medical 

reasons and no lesions amenable to biopsy (326). A weakness of the results in this chapter is that we were 

unable to explore the reasons why the optional biopsy was not performed. 

It remains uncertain as to whether we need biopsies from all patients to answer specific questions or if testing a 

percentage of the population is sufficient (as is often the scenario in phase I trials). A mandatory biopsy may 

subtly impact the patient population selected for trial, as they need disease that firstly can be biopsied and 

secondly that is stable enough to allow time for the biopsy to occur. In one series, biopsies were associated with 

a median delay of 15 days to commencing treatment (range 2-56 days) (330). In non-small cell lung cancer, 

mandatory biopsies were shown to be associated with a 7 day delay to starting treatment (9 days vs. 16 days 

p=0.002) (354). However, equally in trials not necessitating a biopsy, patients with smaller volume disease not 

amenable to biopsy may be included. Only ten registered patients in our study did not undergo a biopsy, either 

due to safety or feasibility. We are unable to determine the number of patients considered for the study by local 

investigators but not enrolled due to insufficient tissue for a biopsy. This is an important consideration.  
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In a trial population where a biopsy was not an inclusion criteria, only 20% of patients (7 of 37 cases) had 

disease amenable to biopsy (355). This is something that needs to be explored. There are a number of potential 

confounding factors that may affect the ability to secure a biopsy. In a series of 130 patients consented for 

biopsy, 41 patients did not have a biopsy (32%) (341). Reasons for this included: safety (five patients; 4%); 

logistical issues such as competing pharmacokinetic studies or imaging (18 patients; 14%); and technical issues 

(eight patients; 6%) (341). As biopsies were mandatory for inclusion in this study, clinicians would have 

preselected patients with disease amenable to biopsy, resulting artificially high success rates in this patient 

cohort. 

A concern with optional biopsies is ensuring sufficient samples are performed to test a specific hypothesis and 

make meaningful discoveries. With the uptake of optional biopsies often less than 10%, the power to make 

scientific discoveries is hindered and potentially impacts the value and cost of the biopsy to the patients who do 

agree to an optional biopsy.   

7.4 Conclusion 

Biopsies are central to current and evolving management strategies for patients with cancer (346). This study 

confirms biopsies are safe and feasible and indicates we need to move beyond simply sampling the easiest 

location, to sampling the area most likely to provide answers. Nodal biopsies had higher success rates in our 

series but this has not been seen in all series and may be dependent on the tumour type. The microenvironment 

and tumour cellularity are likely to be important factors in success. Further evaluation of how we integrate 

radiological findings other than size to improve results will be valuable.  

The increasing demand for fresh tumour biopsies prior to trial enrolment, on study and at progression adds to 

the complexity of novel early phase studies and adds additional challenges ranging from logistical support to 

ethical concerns (329, 331). This study reinforces the higher rates of procurement of tissue for analysis with 

mandatory biopsies in trials. Optimising the process for biopsies is critical, as their role in research and day-to-

day therapeutic decision-making evolves. In this ovarian cancer patient population, traditionally considered to be 

challenging to biopsy, this multicentre, international study has effectively demonstrated that biopsies are safe 

and feasible. 

This series demonstrates a success rates for next generation sequencing-based comprehensive genomic 

profiling of 78%. It also indicated that 10 patients (5%) had tissue not accessible or safe for a biopsy. These two 

details are important for us to consider in the statistical design of future trials, as these figures may help us 

refine the cohort size required to address the correlative hypotheses. It is by investigating these components of 

trial design in larger series, that we will be able to develop better algorithms to design correlative research. 

Furthermore, this series is likely to underestimate the number of patients where a biopsy was not possible. It is 

likely some investigators would have considered these patients not eligible and hence not referred them to the 

study. The results of this chapter serve as a platform for us to build upon.  

These last two chapters have concentrated on the inclusion of correlative research in oncology trials. This is 

now often used to define the patient population of interest. While correlative research aims to better match 

patients to treatment, many challenges hinder success in achieving this across cancer sub-types. As more 

correlative research is integrated in the trial design and used to define patient populations, it is important to 

recognise the impact of the patient and the disease itself on response. Additionally, the molecular makeup 
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rather than individual mutations determines the likelihood of response. Currently, while there has been 

tremendous knowledge growth, we are still hindered by our limited understanding of the complicated 

relationship of many of these facets and their effect on patient outcomes. 

In the next chapter, the heterogeneity of a patient population with respect to the genomic alterations and patient 

characteristics and the impact of this on the trial design and dose modifications will be presented. Additionally, 

the need for us to explore smaller patient cohorts within the large phase II or III trial will be explored. There are 

cohorts of patients that are often ignored but which offer the unique opportunity for us to learn more. The next 

chapter will present the benefit of considering individual cohorts within a single trial and also the studies within 

studies that add value to clinical decision making. This chapter will integrate correlative research with clinical 

outcomes and will introduce how we can learn more from the resources spent.  
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CHAPTER 8: GENOMIC SIGNATURE ALONE IS INADEQUATE TO DEFINE THE TRIAL 

POPULATION IN ENDOMETRIAL CANCER 

Over the past decade, treatment options for patients with cancer have improved as a result of a better 

understanding of the underlying molecular basis of disease, improved surgical approaches, optimisation of 

chemotherapeutic regimens, and introduction of novel targeted agents. While the philosophy of phase III trials is 

evolving from “does the group benefit” to “who (if anyone) in the group benefits”, trial design still starts with 

defining the patient group of interest to investigate (119). Defining a patient population has evolved from using 

histology alone, to incorporating more specific biomarkers/features that characterise the group in more detail. 

The chapters to this point have discussed how we design clinical trials more efficiently, this chapter will focus on 

how we define a patient population and how we can learn more from the resources invested in a clinical trial.  

In the era of personalised medicine, dramatic responses have been achieved with targeted therapy in a number 

of cancers including breast cancer, melanoma and type I ovarian cancer (33, 133, 356). Endometrial cancer is 

one disease where this same success has not been seen. Prognosis in advanced and recurrent endometrial 

cancer is poor with to date no targeted therapies approved. In this chapter, the use of correlatives to guide 

therapy and also some of the factors complicating therapy in this patient population will be presented. For this, a 

retrospective review of 77 patients with endometrial cancer undergoing genomic sequencing with Sequenom 

MassArray (23 genes, 279 mutation hotspots) or Illumina MiSeq TruSeq Amplicon Cancer Panel (48 genes; 212 

amplicons) at Princess Margaret Cancer Centre in Toronto was performed. All patients had to have a 

performance status of 0 or 1 to be eligible. Patient characteristics and response to therapy were recorded.  

Thirty-one patients had 35 courses of targeted therapy, with six receiving genotype-matched therapy. An 

objective response rate of 29% was seen with targeted therapy but the duration of response was short. In 

contrast to other diseases there was no improvement in time to progression with targeted therapy in comparison 

to prior standard cytotoxic therapy (HR 1.5 p=0.09).  

Two key issues identified in this series are: (i) patient comorbidities and tolerability of therapy; and (ii) the 

presence of multiple mutations. Similar to the literature, patients with endometrial cancer in this cohort 

represented an older population (median age of 61 years), with a high rate of obesity (36% had a body mass 

index over 30).  

Over 80% of patients had at least one mutation detected, with a significant proportion of patients demonstrating 

at least 2 mutations (52%). High rates of adverse events were seen leading to cessation of therapy (26%). This 

was particularly high in patients receiving agents targeting the AKT/Pi3KCA/mTOR pathways (38%).  

As part of this work, one exceptional responder was identified. This patient had recurrent serous endometrial 

cancer and demonstrated a partial response to sunitinib which was maintained for at least 7.2 years. The results 

of the exome sequencing performed on this patient will be presented in this chapter and the impact of this on 

future research will be discussed.  

While this study is limited by its size and heterogeneous patient population, it builds upon the current literature 

by emphasising two crucial factors that impact the success of a trial – the patient cohort and the influence of 

multiple mutations. Herein, a detailed summary of this project will be presented and the challenges with treating 
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this patient population as part of a clinical trial and the ramifications of this on future trial design will be 

demonstrated. This chapter will emphasise that while correlative research is important, the patient 

characteristics remain a key determinant of tolerance and outcomes.  

This work was presented at the American Society of Clinical Oncology meeting in 2015 as a poster presentation 

and represents collaborative work undertaken as part of a larger institutional molecular profiling program 

(IMPACT; NCT01505400). Expertise was provided by Dr Kamel-Reid, Dr Pugh and Dr Bruce from the Advanced 

Molecular Diagnostics Laboratory (AMDL) at the Princess Margaret Cancer Centre for the genomic sequencing 

and exome analysis. Statistical support was provided by Lisa Wang.  

8.1 Endometrial cancer 

Endometrial cancer is the leading gynaecological malignancy in the United States, accounting for more than 

50,000 new cases and 8,000 deaths annually (357). More than 90% of patients with endometrial cancer are 

over 50, with a median age of 63 (136). Endometrial cancer is also associated with type two diabetes and 

obesity (body mass index > 30) (136, 137). With an aging population and growing obesity epidemic, the 

incidence of endometrial cancer is likely to continue to increase (136). Furthermore, advancing age and 

coexistent comorbidities potentially complicate treatment tolerability.  

Classification of endometrial cancer has advanced from the historic type I (oestrogen dependent) endometrioid 

and type II (oestrogen independent) non-endometrioid carcinoma to recognise four potential sub-types based on 

mutation spectra, copy-number aberrations, and microsatellite instability (MSI) status (358). Alongside this, 

surgery and upfront therapy have progressed over the last decade for early stage disease. Despite these 

improvements, advanced endometrial cancer has a poor prognosis with a 5-year survival rate for stage IV 

disease of 20-26% with few effective systemic options (359).  

In contrast to ovarian cancer, there are very few effective therapeutic options at relapse with response rates to 

hormonal agents between 18-34% and to single agent chemotherapy of 20-30% (360-362). Doublet therapy has 

produced higher response rates but at the expense of toxicity (360, 362). Whilst a number of potential molecular 

targets have been identified in this disease, effective targeting of these pathways has proved more difficult. To 

date no targeted therapies have been approved, with this disease lagging behind most other tumour sites.   

In the era of targeted medicine, determining why precision medicine is not meeting expectations is as important 

as understanding situations where it does. Understanding the patient population is critical for this. Accurate 

assessment of toxicity and tolerability within an individual patient population is essential to guide treatment 

decisions and future trial design. In this chapter, the clinicopathological features, mutational spectra, and clinical 

outcomes including toxicity in patients enrolled in an ongoing institutional molecular profiling program (IMPACT; 

NCT01505400) will be presented. As part of this, challenges in integrating results of correlative research with 

clinical practice will be considered. 

8.2 Methods 

Following local ethics approval, a search for patients with endometrial cancer enrolled in IMPACT at Princess 

Margaret Cancer Centre in Toronto, Canada between March 2011 and August 2014 was performed. Ninety-one 

patients were identified, with 14 of these later excluded based on histology (two with endometrial stromal 

http://clinicaltrials.gov/show/NCT01505400
http://clinicaltrials.gov/show/NCT01505400
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sarcoma and 12 with leiomyosarcoma). DNA from blood and tumour (archival formalin-fixed paraffin-embedded 

tissue) was genotyped with a recurrent mutation assay (Sequenom MassArray, 23 genes, 279 mutations) or a 

next generation sequencing assay (Illumina MiSeq Amplicon Cancer Panel, 48 genes) in a CAP/CLIA certified 

laboratory. The genes tested for are shown in Figure 27. Use of the panel was defined by enrolment date with 

the study changing from Sequenom to MiSeq in December 2012/January 2013 for patients enrolled in IMPACT 

and January 2014 for patients enrolled in the parallel study - Community Oncology Molecular Profiling in 

Advanced Cancers Trial (COMPACT). The analysis was performed with the help of Dr Kamel-Reid and Dr Pugh 

from the Advanced Molecular Diagnostics Laboratory (AMDL) at the Princess Margaret Cancer Centre. Dr 

Bruce assisted with the bioinformatics and analysis of the exceptional responder.  

Figure 27: Genes investigated in Sequenom and MiSeq panels 

ABL1 CDH1 FGFR1 IDH1 MPL RET 

AKT1 CDKN2A FGFR2 JAK2 NOTCH1 SMAD4 

AKT2 CDK4 FGFR3 JAK3 NPM1 SMARCB1 

AKT3 CFS1R FLT3 KDR NRAS SMO 

ALK CTNNB1 GNA11 KIT PDGFRA SRC 

APC EGFR GNAQ KRAS PIK3CA SKT11 

ATM ERBB2 GNAS MEK1 PTEN TP53 

BRAF ERBB4 HNF1A MET PTPN11 VHL 

  FBXW7 HRAS MLH1 RB1  

 

Genes in both Sequenom and MiSeq panels 

Genes only in Sequenom panel 

Genes only in MiSeq panel 

To be eligible, patients had to have an Eastern Cooperative Oncology Group performance status (ECOG) of 

less than or equal to one. Patients could have advanced or recurrent disease. A retrospective chart review was 

performed to assess clinical and pathological information and evaluate patient outcomes. Exceptional 

responders were identified and assessed with whole exome DNA sequencing on blood and archival tissue. One 

such patient was identified in this cohort.  

Statistical analysis 

The objectives of this study were to: (i) explore clinical characteristics of patients with advanced endometrial 

cancer enrolled in IMPACT; (ii) evaluate the mutational spectra of these patients; (iii) review enrolment and 

outcomes of patients with endometrial cancer enrolled in clinical trials particularly those receiving genotype-

matched therapy; and (iv) recognise potential super-responders in this cohort. Response was assessed based 

on the radiological findings and clinical interpretation. Clinical benefit rate was defined as a complete response, 

partial response or stable disease for 12 weeks. Objective response rate (RR) included complete response or 

partial response. Confirmatory scans were not necessarily performed given the retrospective nature of this 

study.  
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Descriptive statistics were used to characterise the patient population. Overall survival (OS) was defined as the 

time from the date of initial diagnosis to the date of death of any cause. Time-to-recurrence (TTR) was defined 

as the time period from the date of initial diagnosis to the first observation of recurrence. Overall survival and 

time to relapse curves were estimated using the Kaplan–Meier method and were compared with the log-rank 

test. Patients were censored when lost to follow up. Statistical analysis was performed using the PRISM 6.01 

programme (California, USA) and SAS 9.2 software. A two-sided p value <0.05 was considered statistically 

significant. 

8.3 Results  

Between 1st March 2011 and 1st August 2014, 91 patients were enrolled. Of these, 77 patients were eligible 

based on histology. Thirty three patients had type I endometrioid and 44 had type II non-endometrioid 

endometrial cancer. The predominant histology seen in type II was serous (Table 21). The median age was 61 

years (range 34 to 87 years). The median body mass index was 29.1, but 28 patients had a body mass index 

over 30 (36%). Eleven patients had documented diabetes (14%).  

Table 21: Characteristics of patient population 

Patient characteristics 
n = 77 

(%) 

Histology 

Endometrioid 

Serous 

Clear cell 

Carcinosarcoma 

Other 

 

33 (43) 

21 (27) 

6 (8) 

12 (16) 

5 (6) 

Stage at presentation 

I-II 

III 

IV 

 

25 (32) 

32 (42) 

15 (19) 

Body mass index 

<20 

20-25 

25-30 

>30 

 

4 (5) 

11 (14) 

26 (34) 

28 (36) 

Diabetes 11 (14) 

The majority of patients had had surgery at initial diagnosis (69 patients; 90%). Adjuvant radiation and 

chemotherapy was used in 39 (51%) and 42 (55%) patients respectively. Eleven patients (14%) were profiled at 

initial diagnosis, with an additional 36 (47%) and 16 (21%) patients profiled at first and second recurrence 

respectively. Twenty-one cases were profiled used Sequenom and 56 with MiSeq. Tissue profiled was from the 

primary site in 61 cases (79%) and a metastatic site in 16 cases (21%). Paired samples were available in only 

two cases.   

Thirty-five patients died during the course of follow up (45%). Median overall survival was 4.6 years (range 0.5-

13.8 years) from initial diagnosis and 1.2 years (range 0.1-1.5 years) from enrolment in this study. Median 

overall survival (OS) from diagnosis for patients with type I and type II endometrial cancer was 7.9 and 3.0 years 

respectively (Figure 28).  
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Figure 28: Overall survival of patients from initial diagnosis and date of sequencing 

Legend: Figure 28a demonstrates median overall survival (OS) from initial diagnosis. Patients with type II 

endometrial cancer have a more aggressive natural history. Figure 28b shows overall survival from enrolment in 

this study. Most patients were consented at relapse. No difference was seen in prognosis at this stage, but this 

is limited by the small sample size. 

Mutational spectra 

Somatic mutations were found in 64 patients (83%), with 40 patients having at least 2 mutations (52%).  

Mutations were more common in type I than type II endometrial cancer (94% vs. 75%; p=0.04) (Table 22). 

PIK3CA mutations were seen in patient with both type I and II disease. Mutations in PTEN were more common 

in type I (p=0.02) and TP53 mutations more common in type II disease (p=0.001). Similar results were seen 

when limited to samples analysed by MiSeq (PTEN p=0.02; TP53 p=0.0004). 

Table 22: Molecular aberrations seen in type I and type II patient populations 

 All 

n = 77 

(%) 

Type I 

n = 33 

(%) 

Type II 

n = 44 

(%) 

p 

All 64 (83) 31 (94) 33 (75) 0.04 

TP53 25 (32) 4 (12) 21 (48) 0.0012* 

KRAS 15 (19) 7 (21) 8 (18) 0.74 

PIK3CA 32 (42) 13 (39) 19 (43) 0.74 

CTNNB1 12 (16) 10 (30) 2 (5) 0.003* 

PTEN 12 (16) 9 (27) 3 (7) 0.02* 

FBWX7 5 (6) 0 (0) 5 (11) 0.07 

Legend: Comparison of mutational frequency by type I and II disease. Separate analysis of the MiSeq panel 

results alone showed similar results TP53 p=0.0004; CTNNB1 p=0.12; PTEN p=0.02; FBWX7 p=0.06. 

Therapeutic response 

Thirty-one patients had 35 courses of targeted therapy. Of these, eight patients were involved in phase I trials 

and 27 in phase II trials. Only six received genotype-matched therapy, of which three had intolerable toxicities 

a b 
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early in their clinical course. In the remaining three patients receiving genotype-matched therapy, two patients 

had a partial response, and one had progressive disease as their best response. 

Figure 29: Response rates to targeted-therapy 

 

Legend: No statistically significant differences were seen with the response rate or disease control rate 

(objective response plus stable disease for 12 weeks) with anti-angiogenic agents (26 patients; 67%), 

PI3K/AKT/mTOR agents (8; 63%) or genotype-matched therapy (6; 83% p=0.64). Targeted treatments were 

defined as therapies targeting a gene pathway or angiogenesis. They may or may not have been decided upon 

based on the results of the genomic testing.  

The majority of patients who had targeted therapy received agents targeting angiogenesis (26 patients; 74%). 

Drugs used reflected clinical trials available at the time to patients. The objective response rate was 29%, with a 

trend to higher response rates in those receiving an agent targeting the PI3K/AKT/mTOR pathway (RR 50% 

p=0.18). No statistically significant differences were seen with the disease control rate (objective response plus 

stable disease for 12 weeks) with anti-angiogenic agents (26 patients; 67%), PI3K/AKT/mTOR agents (8 

patients; 63%) or genotype-matched therapy (6 patients; 83%) (Figure 29). One patient received 

immunotherapy with progressive disease as her best response.  

Time to progression on targeted therapy was not improved, compared to prior systemic therapy (HR 1.5 

p=0.09). Nine patients (26%) stopped due to an adverse event rather than progressive disease. In patients 

receiving an agent targeting the PIK3CA/AKT/mTOR pathway, 38% (3 patients) stopped due to adverse events. 

No difference was seen in overall survival based on use of targeted therapy. 

Twenty-one patients were referred to the phase I unit, 15 of which were offered a phase I trial. Only eight 

patients were treated as part of a phase I clinical trial. Reasons patient did not proceed to a phase I trial 

included: decline in performance status; patient choice and lack of requisite biomarker.  

Paired sample pre and post radiation 

One patient had tumour samples analysed pre and post-radiation (Table 23). Pre-treatment biopsy showed nine 

mutations (FGFR3; KIT; 2 mutations in PTEN; 2 mutations in VHL; ATM; CDH1; PDGFRA) with the post-

radiation surgical sample demonstrating 12 mutations (FGFR3; KIT; 2 mutations in PTEN; 2 mutations in VHL; 
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ATM; CDH1; FLT3; PI3KCA; TP53; STK11). Eight mutations were concordant with one mutation seen in only 

the pre-treatment sample (PDGFRA) and four additional mutations detected in the post-treatment sample 

(FLT3; PI3KCA; TP53; STK11). 

Table 23: Example of change in mutational load in paired sample pre- and post-radiation 

Diagnostic biopsy (Pre-radiation) Surgical sample (Post-radiation) 

FGFR3 (NM_000142.4). Heterozygous, c.811G>A 

(p.V271M), Exon 6  

KIT (NM_000222.2). Heterozygous, c.2093C>T 

(p.A698V), Exon 14  

PTEN (NM_000314.4). Heterozygous, 

c.761_765delAAGTA (p.K254fs), Exon 7  

PTEN (NM_000314.4). Heterozygous, c.625G>T 

(p.G209X), Exon 6  

VHL (NM_000551.3). Heterozygous, c.455C>T 

(p.T152I), Exon 2  

VHL (NM_000551.3). Heterozygous, c.515C>A 

(p.P172H), Exon 3  

ATM (NM_000051.3). Heterozygous, c.9025G>A 

(p.V3009I), Exon 62  

CDH1 (NM_004360.3). Heterozygous, c.1133C>T 

(p.T378I), Exon 8  

PDGFRA (NM_006206.4). Heterozygous, 

c.2562+5G>A 

 

 

FGFR3 (NM_000142.4). Heterozygous, c.811G>A 

(p.V271M), Exon 6   

KIT (NM_000222.2). Heterozygous, c.2093C>T 

(p.A698V), Exon 14   

PTEN (NM_000314.4). Heterozygous, 

c.761_765delAAGTA (p.K254fs), Exon 7   

PTEN (NM_000314.4). Heterozygous, c.625G>T 

(p.G209X), Exon 6  

VHL (NM_000551.3). Heterozygous, c.455C>T 

(p.T152I), Exon 2  

VHL (NM_000551.3). Heterozygous, c.515C>A 

(p.P172H), Exon 3 

ATM (NM_000051.3). Heterozygous, c.9025G>A 

(p.V3009I), Exon 62  

CDH1 (NM_004360.3). Heterozygous, c.113C>T 

(p.T378I), Exon 8  

FLT3 (NM_004119.2). Heterozygous, c.2464G>A 

(p.G822R), Exon 20  

PIK3CA (NM_006218.2). Heterozygous, 

c.3005T>C (p.F1002S) Exon, 20 

TP53 (NM_000546.5). Heterozygous, c.817C>T 

(p.R273C), Exon 7  

STK11 (NM_000455.4). Heterozygous, c.217T>C 

(p.C73R), Exon 1 
 

Legend: This table demonstrates discrepancies in the pre-treatment and post-treatment sample. One mutation 

was lost (PDGFRA) and 4 mutations gained (FLT3, PIK3CA, TP53, STK11). It is unclear if this is related to 

sampling error or treatment-induced. More research to delineate this is needed.  

Exceptional responder 

An exceptional responder with recurrent serous endometrial cancer and a partial response on sunitinib for 7.2 

years was identified (Figure 30a). The median progression free and overall survival for patients treated with 

sunitinib on this study was 3.0 months and 19.4 months respectively (Figure 30b) (166). Analysis on MiSeq 

revealed three mutations in three different genes: PIK3CA, KRAS, and APC. Exome sequencing detected more 

than 2400 somatic coding mutations (43 point mutations/coding Mb) and few copy-number alterations (Figure 

30c). This was in keeping with the microsatellite instability-hypermutated subtype (358).  

Two mutations in FLT4 were identified of interest: R1145C and E951del. Both of these mutations are in close 

proximity to splice sites but they do not appear to impact splicing (based on bioinformatic methods). It is thought 

they may have a possible functional impact through amino acid substitution or deletion. A further mutation in 

PDGFRB (T592M) has been found to have conflicting functional predictions but is also of interest. 
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Figure 30: Super-responder to sunitinib 

 

Figure 30a: Patient with recurrent serous endometrial cancer within 6 months of completing adjuvant 

chemotherapy and radiation. She achieved a partial response to sunitinib for over 7.2 years. The CT scan 

demonstrates the relapse followed by response to sunitinib.  

This represents our patient’s response to sunitinib in contrast to other patients on the phase II trial. The 

median PFS and OS for other patients treated on this study was 3.0 months and 19.4 months respectively (30b) 

(166).   

Figure 30c: Previous illumina MiSeq Amplicon Cancer Panel testing revealed mutations in three genes: 

PIK3CA, KRAS, and APC. Full exome sequencing found than 2400 somatic coding mutations (43 point 

mut/coding Mb) and few copy-number alterations. Three mutations of potential interest in known targets to 

sunitinib were identified – two in FLT4 and one in PDGFRB.  

Further studies are now being planned to investigate the other patients involved in this clinical trial who were 

treated for more than 12 months (166). 

a b 

c 
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8.4 Discussion 

Despite improved targeted therapies and a better molecular understanding of endometrial cancer, attempts to 

match therapies to the genetic aberrations have proved more difficult than expected. Whilst small, our series 

highlights some of the issues facing precision medicine and translating correlative research into improved 

patient outcomes. We identified two key considerations for patients with endometrial cancer in the design of 

clinical trials. First, characteristics of the patient population require consideration. For endometrial cancer, 

comorbidities and the interplay between these and treatment are important. Second, it is the molecular makeup 

and not individual mutations that determine response. Unlike other disease sites that exhibit oncogenic 

addiction to one signaling cascade, endometrial cancer appears to be a disease marked by numerous gene and 

protein aberrations that potentially infer inherent resistance to targeted therapy (356, 363). To make progress 

we need to recognise these aspects and intelligently design trials incorporating these early in drug development 

so we can learn more about these facets in this disease.  

Patient population 

Patients with endometrial cancer typically represent an older population as shown in this series with a median 

age of 61. Obesity is a recognised risk factor for endometrial cancer, with more that 35% of patients in this 

series with a body mass index >30 and over 10% with a body mass index >35 (137). High body mass index has 

been shown to be associated with increased incidence and mortality in a number of malignancies, including 

breast, colorectal, pancreatic and esophageal (364-367). However, this is not the case in all diseases with 

patients with a high body mass index with head and neck cancer and renal cancer having better outcomes (368-

370).    

Obesity is associated with metabolic abnormalities resulting in increased circulation of insulin, IGF-1, 

adipokines, cytokines and pro-angiogenic agents—all of which play a critical role in cell growth, neo-vascularity, 

and inflammation resulting in cancer development and progression (371). Furthermore, they impact the 

microenvironment with potential therapeutic implications. Predicting drug clearance can be more complex in 

obese patients, where end organ damage from comorbidities such as diabetes and hypertension has the 

potential to compromise renal and hepatic clearance. As well as the innate biological aspects of obesity that 

impact outcomes, clinician factors such as chemotherapy dosage may contribute (371). Under-dosing due to the 

practice of dose capping has been proposed to contribute to poorer outcomes, but with the majority of targeted 

therapies a fixed-dose is used (372-375). Determining dosing requires a balance between efficacy and toxicity 

which can be a quandary in clinical practice.  

Patients treated as part of a phase I patient trial may not be representative of patients treated in day-to-day 

practice or even the patients included in subsequent clinical trials. Body mass index has not been commonly 

reported in studies looking at phase I patient population selection (376-378). Less than 40% of patients referred 

to the phase I unit in our series, went on to participate in a phase I trial. At the MD Anderson, patients with 

endometrial cancer represented 4% of all patients referred for a phase I clinical trial (49 of 1144) (126). In their 

study, only nine patients received a phase I therapy (3% of total patients; 18% of patients with endometrial 

cancer referred) (126).  
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Table 24: Response rates and toxicity data in published trials of agents targeting the PI3K/AKT/mTOR/PTEN pathway 

Study Treatment 
Patient 

numbers 

Hyperglycaemia 
Patients 

stopping 

treatment due 

to adverse 

events (%) 

Response (%) 

PFS 

(months) 
All grades 

(%) 

Grade 3/4 

(%) 
CR PR SD 

Median 

Duration of 

SD (months) 

Slomovitz  (379) 

(2010)+ 

Everolimus 

10mg orally daily 
35 8 (23%) 3 (9%) 11 (31%) - -- 

12 (43%) 

 
4.5 

Not 

reported 

Ray-Coquard (380) 

(2013) 

Everolimus 

10mg orally daily 
44 25 (61%) 4 (10%) 15 (34%)  4 (9%) 

12 (27%) 

6 months 
- 2.8 

Oza (381) 

(2011)* 

Temsirolimus 

25mg intravenous 

weekly 

33 (CN) 
Not 

reported 
<5% 

16 (27%) 

- 7 (24%) 20 (69%) 9.7 
7.33 

 

27 (CT) 
Not 

reported 
<5% - 1 (4%) 

12 (46%) 

 
3.8 3.25 

Alvarez (382) 

(2013) 

Temsirolimus 

25mg weekly 

Bevacizumab 

10mg/kg 2 weekly 

49 
Not 

reported 

Not 

reported 
19 (39%) 1 (2%) 11 (22%) 27 (55%) - 5.6 

Fleming (383) 

(2014) 

Temsirolimus 

25 mg weekly 
50 9 (18%) 5 (10%) 11 (22%) 3 (6%) 8 (16%) 26 (52%) - 5.6 

Temsirolimus 

plus Megestrol 

Acetate 80 mg bid 

alternating with 

Tamoxifen 20 mg bid 

(3 weekly) 

21 3 (14%) 1 (5%) 6 (29%) - 3 (14%) 11 (52%) - 4.2 

Colombo (134) 

(2013) 

Ridaforolimus 

12.5mg intravenous 

daily for 5 days every 

2 weeks 

45 5 (11%) 4 (9%) 4 (8%) -- 5 (11)% 

8 (18%) 

SD for 16 

weeks 

- 
6 mth PFS 

18% 

Tsoref (384) 

(2014) 

Ridaforolimus 

40mg orally 

5days/week 

34 25 (74%) 4 (12%) 13 (38%) - 3 (9%) 
18 (53%) 

 
6.6 

Not 

reported 
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Study Treatment 
Patient 

numbers 

Hyperglycaemia Patients 

stopping 

treatment due 

to adverse 

events (%) 

Response (%) 

PFS 

(months) All grades 

(%) 

Grade 3/4 

(%) 
CR PR SD 

Median 

Duration of 

SD (months) 

Oza (235) 

(2015)^ 

Ridaforolimus 

40mg orally 

5days/week 

64 18 (29%) 12 (19%) 14 (22%) - - 17 (35%) - 3.6 

Progestin or 

chemotherapy 
66 2 (3%) 0 (0%) 1 (2%) 1 (2%) 1 (2%) 8 (17%) - 1.9 

Slomovitz (385) 

(2015)++ 

Everolimus 

10mg and letrozole 

2.5mg orally daily 

38 19 (55%) 
Not 

reported 
0 (0%) 9 (26%) 2 (6%) 3 (9%) - 3.0 

Makker (386) 

(2016) 

Apitolisib^^ 40mg 

orally daily 
56 32 (57%) 23 (41%) 13 (23%) 2 (4%) 1 (2%) 27 (49%) - 3.5 

*29 evaluable in CN and 25 in CT for response 

+28 evaluable for response 

^48 evaluable in ridaforolimus arm and 47 in the comparator arm 

++ 35 evaluable for response 

^^ Apitolisib is a dual phosphoinositide 3-kinase/mammalian target of rapamycin (PI3K/mTOR) inhibitor 

CN – chemotherapy naïve 

CT – Patients had received previous chemotherapy 
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We found that overall 26% of patients discontinued treatment due to adverse events rather than progressive 

disease. This rate is in agreement with other reports (Table 24). The Cancer Genome Atlas (TCGA) has 

demonstrated that endometrial cancer has more frequent mutations in the PI3K/AKT pathway than any other 

tumour type studied (358, 387). This series demonstrated results in accordance with this in both type I and II 

disease. Targeting this pathway seems to be a rational approach in endometrial cancer with studies to date 

demonstrating modest but reproducible results across histology sub-types (235, 379-381, 384, 388, 389). 

However, these agents have not translated to durable benefit due the acquisition of resistance via different 

feedback loop and crosstalk mechanisms (390). Whilst toxicity with these agents has been described as 

acceptable, rates seen in endometrial cancer studies are a concern  and has limited efficacy (Table 24) (390). 

Discontinuation rates for adverse events with agents targeting this pathways appear higher in patients with 

endometrial cancer (range 8-39%), in contrast to patients with other malignancies (range 13-19%) (37, 391, 

392). Thirty-eight percent of patients in our series receiving an agent targeting the PI3KCA/AKT/mTOR pathway 

discontinued therapy for an adverse event, but the absolute number was small.  

These agents are often associated with metabolic abnormalities including hyperglycaemia and hyperlipidaemia 

– these are comorbidities often seen in patients with endometrial cancer. Diabetes was documented in 14% of 

patients in our series but was not routinely screened for. Illustrating the reality of these concerns, in a recent 

phase II study of ridaforolimus (an mTOR inhibitor) in advanced endometrial cancer 33% of patients 

discontinued therapy due to an adverse event in contrast to 6% on the comparator arm (235). Overall, 29% of 

patients on ridaforolimus had hyperglycaemia (18 patients), with 19% of patients experiencing grade 3 of higher 

hyperglycaemia (12 patients). More than 20% had hypercholesterolemia, but the majority were grade 1 or 2 

events (235). 

This study of single agent ridaforolimus demonstrated an improvement in PFS from 1.9 to 3.6 months (235). 

Given the high rate of discontinuation, one could argue that a better tolerated dose and schedule could show a 

larger difference in outcome. Ideally, clinical trials need the ability to adapt dosing schedules in these scenarios 

to avoid missing a benefit due to tolerability. Outcomes of patients treated in phase I trials with lower doses in 

comparison to the maximum tolerated dose have shown similar response rates, progression free survival, and 

overall survival with no clear detriment seen (393). This warrants consideration and highlights the importance of 

including pharmacokinetic and pharmacodynamics studies beyond phase I trials, at least in specific sub-

populations (371, 393). If a drug is too toxic then benefit may be missed due to this, rather than lack of activity. 

In our series, three of six patients stopped genotype-matched therapy due to toxicity.  

Mutational spectra 

Endometrial cancer is recognised for having a high frequency of molecular abnormalities and also commonly 

overlapping mutations making it both a suitable but complicated area for targeted therapeutics (394). In this 

series we found mutations in 83% of patients, with more than 50% of patients having at least two mutations. In 

the setting of multiple mutations, determination of driver versus passenger mutations can be difficult (363). With 

the use of more extensive panels this is likely to become increasing complex. Additionally, the effect of therapy 

can further complicate the scenario. Relatively little is understood about the effects of treatment on mutational 

profiles in endometrial cancer. In the example provided in this series, four additional mutations were detected 

but the interplay between these and the original mutations is unclear. It is also difficult to know definitively 
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whether these were truly induced by therapy or simply reflect sampling variation. It is recognised recurrences in 

the radiation field are relatively insensitive to systemic therapy but whether this is purely a reflection of altered 

vascularity or whether induced mutations further complicate the situation is unknown. The degree of intra-

tumoural genetic heterogeneity is not well documented in endometrial cancer. A series of 13 cases with paired 

sequencing of tissue from primary and metastatic sites, found discordant results in 38% (395). 

While we did not discuss the individual mutations within a gene, these alone can have distinct impact on 

response and resistance (363). Furthermore, the occurrence of the same mutation across cancer types may 

have a different role in pathogenesis. This has been hypothesised to be one reason for the lack of response to 

vemurafenib in BRAF mutated colorectal cancer (363). Our platforms did not test for HER2 but this biomarker is 

an example of the challenges faced in precision medicine in endometrial cancer. Similar to breast cancer, HER2 

amplification is seen in 17-30% of high grade endometrial cancer, with up to 80% of tumours exhibiting HER2 

overexpression (396-400). In contrast to the benefit seen in breast and gastric cancer, in a preselected 

population of endometrial cancer no activity was seen (134). Extrapolating from the extensive breast cancer 

experience, a number of potential pathways of resistance could be of importance (394). One such example is 

the upregulation of downstream activators such as via a PIK3CA mutation, loss of PTEN function or increased 

AKT and S6K phosphorylation (401-405). While combination therapy may help overcome resistance, toxicity is 

again likely to be an issue. 

Even with the traditional use of hormonal therapy, response rates have been lower than expected. Hormone 

receptor positivity (ER and/or PR) is seen in 70-73% and 19-24% of type I and II disease, respectively (387). 

Response rates have ranged from 9 to 55% with an average progression free survival of 4 months and overall 

survival of 10 months (406). Newer agents such as fulvestrant have demonstrated response rates between 11% 

and 20% (407, 408). Extrapolating again from breast cancer, it remains unclear what the optimal dose is in this 

patient population. In breast cancer, a loading dose for fulvestrant was recommended to achieve optimal effect 

but the studies in endometrial cancer have used the original recommended dose (409). Additionally, it is 

recognised in breast cancer that aromatase inhibitors are inferior to tamoxifen in obese patients but it remains 

uncertain whether this is an issue in patients with endometrial cancer where obesity is a significant concern 

(136, 410, 411). Studies of combination therapy with hormonal agents and mTOR inhibitors continue but toxicity 

is an issue. The combination of temsirolimus with megesterol acetate/tamoxifen closed early due to an 

unacceptable rate of venous thrombosis (383). 

Moving forward, partnering integrated genomic data with the existing endometrial cancer four-group sub-

classification will be relevant to the design of future therapeutic strategies for this patient population. 

Endometrioid endometrial carcinomas share many similar characteristics with colorectal carcinoma, including a 

high frequency of microsatellite instability (358). The microsatellite instability phenotype has been reported in up 

to 20-30% of sporadic endometrial cancer cases (358, 412). This is a marker of an underlying mismatch repair 

defect in one of the mismatch repair genes (principally MLH1 or MSH2) or aberrant methylation of the MLH1 

promoter (412). Immunotherapy has been shown to be beneficial in colorectal cancer, raising the possibility for 

a similar role in endometrial cancer (413, 414). The Cancer Genome Atlas identified a mutation rate 

approximately 10-fold greater in endometrioid tumours with microsatellite instability compared to microsatellite-

stable endometrioid tumours – as was evident in our exceptional responder example (358). Only one patient in 

our series was treated with immunotherapy. This remains an area of interest in this patient cohort, with studies 

ongoing (NCT02630823).   
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8.5 Conclusion 

Endometrial cancer is a disease that reflects the complexities of personalised medicine and punctuates the 

concept that genomic aberrations are only one component of therapeutic decision-making and trial design. 

Endometrial cancer is one example where dissecting out patient populations from within a trial may prove 

beneficial. Investigating exceptional responders as was done in this series, has the potential to identify 

biomarkers that may better guide therapy (Figure 30). The value of this and other n=1 studies may prove more 

beneficial in the genomic era than some large clinical studies (415). The results from our exceptional responder 

are now being compared to other patients with endometrial cancer who benefitted from treatment with sunitinib 

as part of the same phase II clinical trial (166). Eliciting biomarkers for those with significant toxicity may also 

improve outcomes by allowing more tolerable dosing or avoidance of unnecessary toxicity. Ensuring the benefit 

of an effective drug is not missed due to the wrong dose being used is a concern facing modern clinical trial 

design.  

Better algorithms for therapy are warranted for patients with endometrial cancer. Basket trials may be one 

approach with incorporation of pharmacodynamic and pharmacokinetic assessments. Endpoints need to 

consider the effect on quality of life and survival in a disease like endometrial cancer where recurrence can 

convey significant morbidity as well as mortality. Importantly, response rates in our series were relatively low 

with disease control seeming more common. Duration of control is an important consideration but needs to 

reflect the underlying histology and inherent characteristics of the disease. Overall in this series, disease control 

was not durable. The behaviour and natural history of recurrent grade I endometrioid endometrial cancer may 

be very different to recurrent clear cell endometrial cancer. Due to the numbers in this study, all histological 

subtypes have been investigated together. This is a limitation of this series and it is important to recognise the 

different implications of the underlying histology in this disease. Studies are now investigating the response to 

therapy by histology in endometrial cancer (416). 

The era of precision medicine is an exciting time for clinicians, scientists and patients alike. Individualised 

cancer therapy is affected by the mutational landscape, intratumoural heterogeneity and the lineage of each 

tumour, with inherent patient characteristics adding additional complexity (415). Endometrial cancer is just one 

cancer sub-type in which to date, the implementation of a personalised approach has been challenging and 

where defining a patient population by histology or genomic mutation alone is inadequate. This chapter has 

highlighted a number of aspects that affect our ability to successfully prove benefit in a distinct patient 

population and underscores the impact of comorbidities and toxicities in this. Moving forward we need to 

continue to exploit what we learn from individual patients within a study. In this series, the knowledge gain from 

investigating an exceptional responder has been demonstrated. Equally by understanding non-responders, it 

may be possible to identify earlier in the clinical course which patients the treatment will be ineffective in and 

consequently avoid unnecessary toxicity.  

As correlatives become an increasing part of clinical trials and are used to define the patient population of 

interest, this chapter highlights some of the challenges faced. As demonstrated in this chapter, the 

heterogeneity of a patient population needs to be considered in the trial design and dose modifications. 

Additionally, there are patient populations within trials that are often ignored but offer the unique opportunity for 

us to learn more. With limited resources and increasing costs, it is important to maximise what is learnt from the 

resources employed. In the next chapter the cost of clinical trials will be explored in more detail,  
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The components of trial design presented in the previous chapters all have the potential to impact the end result 

of the study. The challenges choosing the right endpoint, measuring this endpoint and integrating it with 

correlative studies have been considered. Trial design is becoming increasingly complicated in order to 

incorporate these key aspects into one trial. An important consideration is how to achieve this in a world with 

limited resources. To date, quality of life data related to the treatment and impact of the correlative studies has 

been presented. The monetary and non-monetary costs to the patients have not been considered. As was 

shown in chapter 5, financial costs of trials are often underreported. In the next chapter, the resource 

implications and the true costs of conducting research in the molecular era will be explored.  
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CHAPTER 9: THE MONETARY AND NON-MONETARY COSTS OF CLINICAL TRIALS – 

OPTIMISING RESEARCH IN A RESOURCE-POOR ENVIRONMENT 

The research presented in the earlier chapters has described how the components of trial design impact the 

ultimate success of a trial. While each of these factors needs careful consideration when designing a trial, they 

also need to be justified as they determine the resource requirements for the trial. Cancer research relies on 

patients and relies upon the integration of relevant outcomes and meaningful investigations. Finite resources 

with respect to time, funding opportunities and patient volunteers are of paramount importance and are a reality 

in practice.  

Even prior to therapy, the monetary and non-monetary investment can be significant. The additional demands 

with respect to extra procedures, time pressures and travel are common reasons for a patient to decline 

participation in a clinical trial (417-420). The total investment by patients—in addition to undergoing physical 

testing—can often be overlooked or underreported. As such, investments of all types must be thoughtfully 

considered so that the future of cancer trial design addresses not only improvements in patient outcomes but 

how we facilitate patient access and acceptability. This chapter will reflect upon the costs of clinical trials from a 

patient and investigator’s perspective. To do this, protocols and screening investigations of a cohort of 66 

clinical trials conducted at the Princess Margaret Cancer Centre in Toronto were reviewed.  

Treatment delay has been described as a contributing reason for declining trial participation in over 20% of 

patients (421). The inclusion of biopsies as part of the screening period has been shown to delay the start date 

of treatment (354). This time is a critical time for the patient where the knowledge that they have progressive 

disease is balanced against the hope of a new treatment. To address this, the time to treatment for a small 

cohort of patients participating in a phase II ovarian cancer trial was investigated. This considered the 

percentage of patients that needed to consent again and the number that became too unwell to participate in 

the study. These costs are higher for patients involved in trials as once the drug is registered, patients in general 

do not have this delay to treatment. Patient investment in trials is more than simply monetary in nature.  

Finally in this chapter, three studies will be presented to illustrate ways we can improve upon the current 

process with novel trial design – The MUSIC trial (A randomised phase II trial MUlti-arm Study comparing 

targeted therapy with chemotherapy at recurrence in Carcinosarcoma of the uterus), the NEO trial (A Phase II, 

Open-Label, Randomised, Multi-Centre Study, of Neoadjuvant Olaparib in Patients with Platinum Sensitive 

Recurrent High Grade Serous Ovarian/Primary Peritoneal or Fallopian tube Cancer (NCT02489006)) and the 

kinome trial (Kinome – paired biopsies to develop a cellular signature) (Table 25). These studies integrate 

different approaches to: (i) define the patient population; (ii) choose a relevant endpoint of interest; and (iii) 

incorporate correlative tests to determine benefit and advance knowledge. In this chapter, these three trials will 

be used to stress the financial reality and resource implications of designing clinical trials in a resource-scarce 

environment. 
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Table 25: Novel trial design 

Trial Design Key points of interest 

MUSIC trial 

Randomised multi-arm 

multi stage trial in a rare 

disease 

 Primary endpoint is response rate 

 Aim to allow patients to cross between arms to 

maximise the potential patient population and 

improve time to treatment for patients 

 The feasibility of this design in a rare cohort is 

uncertain 

NEO trial 

Phase II randomised 

window of opportunity 

study in a select cohort of 

ovarian cancer 

 Primary endpoint is degree of PARP inhibition   

 Has the potential to develop a genomic signature 

to better direct patients to treatment 

 Costly due to the number of correlative studies 

Kinome 

Paired biopsies to 

develop a cellular 

signature 

 Utilises patients being treated as part of other 

studies or standard of care 

 Requires paired tissue samples 

 Builds upon infrastructure already in place 

 Has the potential to develop a cellular signature to 

better direct patients to treatment 

 Costly to do the analysis 

9.1 The true cost of a clinical trial 

The fiscal implications of developing a promising agent remains high, with the ultimate cost of a successfully 

developed agent estimated at over one billion dollars (124). This does not include the time and financial input 

from the patient for the additional hospital visits required as part of a trial. Financial toxicity, the burden of “out-

of-pocket” expenses, has been recently described as a side effect of therapy (422). The indirect costs of cancer 

care such as transportation, child care and lost wages may seem trivial in contrast to the disease itself but are 

an important reality to the patient (309). The cost of participation is hypothesised to be one factor contributing to 

the under-representation of lower socioeconomic groups on clinical trials (419, 423, 424). Financial costs are an 

important consideration, but as we demonstrated in chapter 5 have been poorly reported in trials in ovarian 

cancer. 

Typically, the resource intensity and number of investigations required is higher in earlier phase clinical trials 

(425). In the first 28 days of phase I trials, there is a mean of 3.2 physical examinations, 4.3 electrocardiographs 

and 18.1 non-pharmacology blood draws (425). Additional non-standard of care interventions such as biopsies, 

and tumour measurements perpetuate this (124). To assess this, we reviewed 66 phase I and II trials (≈80% 

phase II) evaluating early phase oncology agents available via the National Cancer Institute Cancer 

Therapeutics Evaluation Program at the Princess Margaret Cancer Centre (Table 26). In this series, patients 

were on average expected to attend at least once per week for the first four weeks. Nearly 10% of trials 

expected patients to attend 10 visits during this 28 day period (426). Patients averaged four simple blood tests 

over this time which did not include the additional pharmacokinetic or correlative study requirements (426).  

The number of visits estimated in this series is likely to underestimate the true number of clinical visits required 

in reality. The additional demands with respect to extra procedures, time pressures and travel are common 

reasons for patients declining clinical trials (417-420).  
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Table 26: Number of requested visits and investigations during the first 28 days of phase I/II 
trials conducted at Princess Margaret Cancer Centre 

Study characteristics n = 66 (%) 

Phase 
I 
II 
I/II 

 
9 (14) 
51 (77) 
5 (8) 

Median number of visits (range) 
<5 visits 
5-10 visits 
>10 visits 

5 (2-16 visits) 
25 (38) 
38 (58) 
3 (5) 

Median cycle length (range) 28 days (7 to 30 days) 

Number of physical examinations 
1 
2 
3 
4+ 

 
1 (2) 

23 (35) 
33 (50) 
3 (5) 

Number of blood tests* 
1 
2 
3 
4 
5+ 

 
1 (2) 
6 (9) 

20 (30) 
5 (8) 

28 (42) 

Imaging 
CT scan 
Other (includes MRI, PET, bone scan) 

 
60 (91) 
13 (20) 

Correlative studies 
Archival tissue 
Biopsy 
Other 

 
19 (29) 
23 (35) 
14 (21) 

Pharmacokinetic blood tests 
1-4 
5-8 
9-12 
13+ 

20 (30) 
7 (11) 
5 (8) 
4 (6) 
4 (6) 

* excludes pharmacokinetic studies 

The financial burden of cancer care persists beyond the actual treatment period. In a population-based study of 

colorectal cancer survivors, 38% reported financial hardship related to treatment, with younger patients and 

lower annual household incomes appearing most at risk (427). In breast cancer, 20% reported out-of-pocket 

spending greater than $5000 (428). Furthermore, 12% reported ongoing medical debt 4 years post-diagnosis 

and 15% reported a decline in employment status since diagnosis (428). These studies do not discriminate the 

costs of standard therapy versus clinical trial involvement, but one would expect the cost of being in a clinical 

trial would be higher. The direct costs in phase III trials appear modestly higher than standard of care, with a 

6.5% difference reported (429). Whilst a 6.5% cost may sound modest, the absolute difference ($33,248-

$35,418 over 2.5 years) may be clinically significant to the patient. Larger differences were evident in phase I 

and II trials (429). This does not include ancillary costs which are also higher in trials, nor do these estimates 
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account for the indirect costs (430). Furthermore, the studies these costs were calculated from were conducted 

over 10 years ago. With the increasing inclusion of correlative investigations and supportive medications, these 

expenses may now be greater.  

Treatment delay was described as a contributing reason for declining trial participation in over 20% of patients 

(421). To investigate this, we reviewed 29 patients with platinum-sensitive ovarian cancer screened for a phase 

II trial. This study included a mandatory biopsy. The average time from registration to starting treatment was 32 

days (screening period 28 days); 15 patients (51%) needed to be consented again; and six patients (21%) 

became symptomatic and had to start an off-study therapy. More than 30% waited at least six weeks to start 

treatment. It seems likely that the rate of symptomatic deterioration is likely to be higher in patients with 

platinum-resistant ovarian cancer or other diseases with a poorer prognosis. It has been shown that patients 

with non-small lung cancer enrolled in trials without a mandatory biopsy, are more likely to start study therapy 

(83% vs. 55%; p<0.0001) and also more likely to start it earlier (9 days vs. 16 days; p=0.002) than patients in 

trials including a mandatory biopsy (354). 

Furthermore, this may impact which patients are enrolled onto clinical trials. To allow completion of screening 

procedures, patients need to be well enough to wait to complete the investigations. In a survey of patients with 

lung or colorectal cancer, 15% reported “being too sick” to go on trial as a reason for nonparticipation (431). To 

initially be offered treatment on a trial, implies a patient must be considered fit enough for therapy. Therefore 

these patients who fail screening due to progression are an important population to investigate. Ideally, the 

patients on trial should reflect the true population treated in daily practice and represent the patients who will be 

treated once the agent is approved. If not, outcomes may be biased before the trial even begins.  

As we try to maximise what we learn from a clinical trial, it is also important for us to continue to question each 

additional test expected of a patient above standard of care. Cancer research relies on patients and demands 

not only the integration of meaningful outcomes but also meaningful investigations. These tests convey 

additional costs not only to the patient but also the overall cost of bringing a new agent to the market. As 

discussed in chapter 6, there may be some scenarios where it is sufficient for only a subset of patients to 

complete the correlative tests. It is crucial to consider this in the statistical planning of the trial to optimise 

resource use and minimise cost.   

9.2 Maximising patient resource 

Patient participants in clinical trials are a scarce and extremely valuable resource. As trials become increasingly 

stratified, slow patient enrolment is problematic and is exacerbated by a highly competitive trials environment. 

Approximately 20-25% of trials close for reasons other than toxicity or lack of effect with poor accrual a key 

issue (162, 432). A review of Cancer Therapy Evaluation Program (CTEP) sponsored trials identified that 

despite accrual of 8,723 patients, 40% of trials failed to meet their target (433, 434). Trials that close early are 

less likely to be published or contribute scientific knowledge despite the investment by the patient (163). This is 

even more problematic in rare cancers. The trial of trastuzumab in endometrial cancer closed early due to poor 

accrual, with only 33 patients recruited over a 7 year period (134). Slow accrual increases the overall financial 

cost of the trial and leaves unanswered questions over the potential role of an agent. 
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Novel trial design 

In oncology, multi-arm, umbrella and basket trials are being increasingly developed to address resource 

constraints with respect to time, financial investment and patient numbers. An example of this is the 

STAMPEDE trial in locally-advanced or metastatic prostate cancer which employs a multi-arm multi-stage 

design (Figure 31) (8, 9, 435-438). This trial simultaneously addresses several agents in a randomised fashion 

against a single common control arm. It is the first trial in the phase II/III setting to demonstrate the ability to (i) 

add further interventions as they become available, and (ii) remove inactive treatments whilst simultaneously 

continuing arms of promising therapies until the endpoints in these arms are met (9, 435, 438). Similar multi-arm 

multi-stage studies are ongoing in colorectal cancer (FOCUS4), breast cancer (I-SPY2, NCT01042379) and 

lung cancer (BATTLE2, NCT01248247) (314, 439, 440).  

Figure 31: Multi-arm multi stage studies – the STAMPEDE trial 

 

Figure 31a demonstrates a hypothetical multi-arm trial design (5, 8) with figure 31b showing how has been 

implemented in STAMPEDE with ineffective arms stopped (arm D – celecoxib and arm F – zoledronic acid and 

celecoxib) and new arms added (arm G – abiraterone; arm H – radiation to the prostate) (5, 9).  

This trial design works in populations with large patient numbers, but has not been tested in rarer tumours 

where patient numbers may present an issue. Conversely, this may prove more favourable as with more 

potential therapeutic options, this may be more appealing and augment the potential patient resource. To 

investigate this, we have designed a multi-arm multi-stage trial in uterine carcinosarcomas (MUSIC - A 

randomised phase II trial MUlti-arm Study comparing targeted therapy with chemotherapy at recurrence in 

Carcinosarcoma of the uterus).  

Uterine carcinosarcomas account for less than 5% of uterine malignancies and behave aggressively with a poor 

prognosis and limited therapeutic options at relapse. In uterine carcinosarcomas, treatment recommendations 

are extrapolated from evidence in the more common endometrial cancer histological sub-types. Furthermore, 

significantly less is known about the underlying genomic abnormalities with only small cohorts reported in the 

literature (441). 

a b 
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Figure 32: MUSIC - A randomised phase II trial MUlti-arm Study comparing targeted therapy 
with chemotherapy at recurrence in Carcinosarcoma of the uterus  

Legend: The first stage will involve three different targeted approaches. If there are ≥2 responses seen in an 

arm it will enter the second stage randomised phase II trial. This will be randomised in a 1:1 fashion with 

chemotherapy (clinician choice). Chemotherapy options include carboplatin/paclitaxel, weekly paclitaxel and 

doxorubicin. If a patient progresses on chemotherapy they will be able to cross-over to the targeted agent. Other 

arms e.g. an AKT inhibitor can be added if research suggests potential benefit in this patient population. To 

maximise the patient population, patients will have the opportunity if they progress on targeted treatment to re-

enter one of the other cohorts as long as they have a potential chemotherapy option. 

The primary objective is to evaluate the role of different targeted therapies in a multi-arm trial in 

advanced/recurrent carcinosarcoma of the uterus. Response rate by RECIST will be compared between 

chemotherapy and individual targeted treatments. Important exploratory endpoints include the use of next 

generation sequencing to explore mutation profiles in patients with uterine carcinosarcoma to identify predictive 

markers and potential future treatment options. Programmed death-ligand 1 (PD-L1) expression will also be 

explored in this patient population.  

Due to these factors, determining the best control arm and appropriate experimental arms presents its own 

challenges. A practical approach has been chosen in MUSIC with the first stage involving three different 

targeted agents and a range of chemotherapy agents (carboplatin/paclitaxel, weekly paclitaxel and doxorubicin) 

(Table 25; Figure 32). To maximise the potential patient population eligible for this study, patients will have the 

opportunity to cross-over and re-enter a different cohort if they progress on the experimental arm, as long as 

they have a potential chemotherapy option to be randomised to.  

Two simultaneous priorities of MUSIC are to: (i) improve treatment options; and (ii) increase our understanding 

of the disease itself. As more is discovered from the integrated translational studies of MUSIC and more 

therapeutic agents are developed, other arms can be added to MUSIC. Given the rarity of these tumours a 

prospective multi-arm study will need collaboration through a large collaborative group such as the 

Gynaecologic Cancer InterGroup (GCIG). While each correlative test adds a cost to the study, they also will 
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allow the creation of a valuable depository for future research. The cost of a study like MUSIC is an issue and 

may be the ultimate deciding factor as to whether this study becomes a reality. 

Figure 33: New HIV trial design for treatment-experienced patients 

 
Legend: A new approach to HIV trial design to evaluate the safety and efficacy of novel agents without 

increasing the risk of resistance in already treatment-resistant patients (7) This includes a 10-14 day study 

where the new agent was used alongside the failing agent followed by initiation of an optimised background 

regimen that is to be used in conjunction with the new drug (5, 7). 

The human immunodeficiency virus (HIV) population is facing a similar conundrum with respect to patient 

resources. Given the success with available agents to treat HIV, registration trials have noted a substantial 

decline in recruitment rates. In response, stakeholders from industry, clinical sciences, community advocacy 

and regulatory agencies met to devise a mutually agreeable roadmap for future trial design (7). Stakeholders 

proposed a new approach to HIV trial design to evaluate the safety and efficacy of novel agents without 

increasing the risk of resistance in already treatment-resistant patients (Figure 33) (7). This includes a 10-14 

day study where the new agent is used alongside the failing agent, followed by initiation of an optimised 

background regimen in conjunction with the new drug (7). A similar approach may be of value in oncology trials. 

Eligibility criteria 

Eligibility criteria also limit the potential patient population available for investigation by often excluding patients 

with renal impairment and other comorbidities. In a review of 52 study protocols, the mean number of eligibility 

criteria was 25 (range 7-43) (442). Elderly patients are also often underrepresented in trials, yet with the aging 

population these create a larger proportion of the patients managed on a daily basis. Ideally the criteria needs to 

be sufficiently narrow to establish a homogeneous population, but sufficiently broad that the results are 

generalisable (443). The relationship between clinical trial patients from Southwest Oncology Group (SWOG) 

phase III trials and “real world” patients from the Surveillance, Epidemiology and End Results cancer registry 

were recently compared and demonstrated that whilst trial participants had a better survival in the first year after 

diagnosis, beyond this outcomes were similar (443). Recognising any comparative study has limitations, these 

results are encouraging and reassuring for the applicability of trial results to the general population. It does pose 

the question, as to whether current eligibility criteria should be broadened (443). Research has provided 

evidence which both supports and refutes this (444-446).  
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9.3 Improving the timeliness of drug-development 

Recently pembrolizumab (a monoclonal antibody that blocks the interaction between the programmed cell death 

1 receptor and its ligands), gained accelerated approval by the FDA only 3 years after its first clinical trial started 

(NCT01295827) (447, 448). This trial recruited 135 patients in just over 10 months (447). While the 

development of pembrolizumab shows what is possible, it is important to recognise that only one in 10 drugs 

entering development will successfully achieve FDA approval and for most agents the process takes 

significantly longer (449). Olaparib (a PARP inhibitor), illustrates the more classical timeframes for drug 

development, with the initial phase I clinical trial opening in June 2005 and FDA approval achieved in December 

2014 (450). All stakeholders are keen to bring effective therapies to the market in a timely fashion and improve 

upon the current drug development timelines. 

Figure 34: Trial schema integrating alternative earlier measures of response 

 

Legend: Figure 34 demonstrates an adaptive trial design including early assessment of response to allow 

ineffective therapies to be stopped early. Circulating tumour DNA (ctDNA), circulating tumour cells (CTCs), 

kinome assessment and PET imaging are being investigated in specific situations as potential tools to assess 

benefit earlier (5). Immune markers and identification of pharmacodynamics changes may be viable 

alternatives. All these measures require validation before they replace RECIST or biomarker assessment.  

As discussed in chapter 6, developing reliable endpoints/correlative tests which allow for earlier recognition of 

clinical benefit will ultimately improve timeframes for the patient (Figure 34). Classical measures of response 

(such as RECIST) necessitate time for accurate evaluation and assessment. Just as an experimental treatment 

needs to prove benefit over a control, novel measures of response need to show benefit over the classical tools. 

This adds additional costs to the trial and potentiates the divide between the rich and the poor further. The 

incorporation of PET scan imaging or the assessment of circulating tumour cells in a trial can preclude a trial 

being conducted in a country where these technologies are not available.  

As discussed in chapter 7, serial biopsies (Figure 34) to determine molecular markers of response and 

resistance may be feasible, but they also add treatment delays and risks for the patient. Window of opportunity 

trials offer an alternative means to gain access to tissue and investigate molecular markers in diseases like 

http://clinicaltrials.gov/show/NCT01295827
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locally advanced breast cancer and ovarian cancer (451). While traditionally they have been used to assess if a 

drug is worth pursuing, window of opportunity trials now offer a safe and effective method to determine the 

pharmacodynamic effects of novel agents and to identify valid predictive and prognostic markers to guide 

therapeutic decisions (325, 452). As an example of this, we designed the NEO trial (A Phase II, Open-Label, 

Randomised, Multi-Centre Study, of Neoadjuvant Olaparib in Patients with Platinum Sensitive Recurrent High 

Grade Serous Ovarian/Primary Peritoneal or Fallopian tube Cancer (NCT02489006)) to allow identification of a 

molecular signature that will allow early prediction of response or resistance to olaparib (a PARP inhibitor - 

Figure 35, Table 25 and 27). Translational endpoints are integral to the success of this study (Table 27), with 

the primary endpoint based on PARP inhibition. 

Figure 35: The NEO Trial - A Phase II, Open-Label, Randomised, Multi-Centre Study, of 
Neoadjuvant Olaparib in Patients with Platinum Sensitive Recurrent High Grade Serous 
Ovarian/Primary Peritoneal or Fallopian tube Cancer 

 

Legend: This window of opportunity study will assess pharmacodynamic properties of olaparib in platinum-

sensitive relapsed ovarian cancer to identify markers of response and resistance to guide treatment and be 

integrated in future trials. Patients will receive 6 weeks of olaparib. A pre-operative biopsy will be paired with the 

surgical specimen to assess early proliferation and adaptive responses to olaparib in an effort to identify 

markers of response and/or resistance to potentially guide treatment earlier in the clinical course. Post-

operatively patients will be randomised to platinum-based chemotherapy or olaparib. Both arms will continue 

with maintenance olaparib. At the time of the design of this study, no QOL measures were incorporated which is 

a missed opportunity with this study. 

Table 27: Translational endpoints of the NEO trial 

Translational endpoints of the NEO trial 

1. Assess the pharmacodynamic effects of PARP inhibition on tumour tissue. 

2. Correlate molecular and cellular heterogeneity in response to treatment. 

3. Evaluate homologous recombination deficiency status and identify predictors 

beyond BRCA for response. 

4. Compare efficacy of olaparib alone versus chemotherapy and maintenance 

olaparib to determine if chemotherapy can potentially be avoided or delayed. 

5. Correlate circulating tumour DNA (ctDNA) as a non-invasive alternative to 

biopsies. 

6. Compare ctDNA as a marker of response in contrast to biochemical and 

radiological tools. 

7. Perform molecular assessment of mechanisms of resistance to identify 

earlier markers of resistance. 
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The disadvantage with conducting a translational study like NEO is the cost. Each tissue and/or blood sample is 

associated with an additional fee and the cost for each test can vary significantly internationally. Illustrating this, 

to conduct the NEO trial in Toronto, Canada it costs approximately $10,000 New Zealand dollars per patient, in 

contrast to $28,000 New Zealand dollars per patient in Auckland, New Zealand. This difference reflects 

variations in what is defined as standard of care between centres. This determines which tests require additional 

funding as part of the study and which tests are funded as part of routine practice. The cost of the infrastructure 

to conduct the study is another factor. In some centres this is funded centrally by the hospital and recognised as 

part of patient care (for example, the research nurse and trial coordinator salaries), whereas in other centres this 

needs to be funded by the trial itself. The cost of a test, for example a biopsy, can vary between institutions. 

While the translational components add valuable information long-term, in the short-term it can make such 

studies impossible to open without additional grant support and perpetuates global inequity in trial access. 

Figure 36: Kinome – paired biopsies to develop a cellular signature 

 

Legend: This trial has two separate cohorts: (i) patients receiving platinum therapy (either as standard of care or 

as part of a clinical trial) and (ii) patients receiving a tyrosine kinase targeted therapy (as part of a clinical trial). 

Each cohort will aim for 30 patients to be assessed separately to develop and assess the role of a kinome 

signature. The primary objective is to elucidate the resistance mechanisms in patients with ovarian cancer 

treated with platinum-based therapy. A biopsy will be collected at progression where feasible. To date this has 

been validated in xenograft models. This study is now open at Princess Margaret Cancer Centre, Toronto 

Canada. This figure was modified with permission from Dr A Oza (unpublished). 

Other alternative approaches to standard endpoints continue to be explored, including the development of a 

cellular signalling signature which evaluates early response to kinase inhibitors (Figure 34 and 36; Table 25). 

The human kinome is a highly dynamic network of signalling enzymes capable of rapidly responding and 

remodelling to selective pressures and leading to drug resistance (453). Changes in kinome expression have 

been postulated to be measurable and to provide a timely assessment of response which eventually will allow 

changes to therapy earlier than current practices allow. This has been successfully illustrated in triple negative 

breast cancer, where kinome activity in response to MEK inhibition was assessed in genetically engineered 

mice. These results were used to develop a signature that has subsequently been confirmed to predict the 

T = time    D = day 
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efficacy of the combination of sorafenib and selumetinib (454). At Princess Margaret Cancer Centre, we have 

developed a protocol to investigate this in patients with ovarian cancer (Kinome – paired biopsies to develop a 

cellular signature - Figure 36). By developing early assessment tools and learning more about resistance 

mechanisms, patients may be able to have therapy adapted to overcome resistance in real-time (as disease 

becomes resistant), thus avoiding prolonged exposure to an ineffective therapy.  

9.4 Looking ahead – bridging the divide 

This chapter has presented the resource implications of clinical trials in oncology. Through review of clinical trial 

protocols, we have illustrated the high expectations placed on patients with respect to visits and investigations. 

Additionally, through review of patients awaiting a mandatory biopsy as part of a clinical trial, it has been 

confirmed that these tests have the potential to delay the time to treatment which in a percentage of patients 

may render them too “unwell” to participate. In the short-term, we need to determine how we ensure our 

scientific “wants” are justifiable and balanced against the patient’s “needs”. Despite clear documentation to the 

contrary, over half the patients having research-related biopsies believe this will directly impact their health and 

care (312, 331). It is important we continue to address the dichotomy between the expectations and realities of 

trial procedures, given the high individual patient investment required.  

The use of correlative tests appears fundamental to progress but they must also be justifiable to the patient. As 

discussed in this chapter, patient investment in trials is more than simply monetary in nature. The true patient 

cost of trials needs to be addressed prospectively, with the fiscal impact included as part of patient reported 

outcomes consistently. The investment of the patient needs to be recognised including patients who undergo 

screening but who do not start treatment as part of a trial.   

Furthermore, patients who decline trial participation represent an important untapped resource but again are 

classically not reported. Studies to address some of these issues are underway but more are needed. 

Recognising reasons why patients do not participate in trials, alongside a more accurate assessment and 

acknowledgement of the non-monetary and monetary investment by patients will allow us to develop strategies 

to address these barriers and shift the classic 5% recruitment goal-post (423, 424, 455). These problems are 

not unique to oncology trial patients and are definitely not unique to oncology, but it is time to lead the way 

forward with the first step being recognition (456-458). 

The trials presented in this chapter push the classic paradigm of clinical trial design to different degrees (Table 

25). In two of the examples presented - the NEO and Kinome studies - novel markers of response are 

investigated. Neither of these studies will be cost-effective in the short-term, but they offer the potential to define 

a signature to direct therapy earlier in a patient’s clinical course. This has the potential to cause seismic change 

in the long-term. The MUSIC trial in contrast, concentrates on a novel design to optimise the timeliness of 

access and maximise the patient cohort available for accrual. The collaborative nature of these projects has 

been pivotal in their development but even with this approach these trials have their own limitations and barriers 

to success. Illustrating this, quality of life tools were not included in the original design of the NEO trial. This 

would have added valuable information around the post-operative use of chemotherapy versus olaparib alone. 

This is an important consideration if the trial enters an expansion phase, as currently it represents a missed 

opportunity.  
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It is essential to consider the future of trial design in oncology not only in terms of how we improve patient 

outcomes, but more importantly how we improve patient access. Trial design is more than the technology and 

treatment – it is the patient central to the trial. This research has identified just some of the many barriers to trial 

design in oncology that need consideration. The aim is to improve the global burden of cancer – if we are to 

achieve this we need to consider how we design trials that consider this.  
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CHAPTER 10: BRIDGING THE DIVIDE 

In the preceding chapters, some of the challenges we face in designing and consequently interpreting clinical 

trials in oncology have been presented. Despite these challenges, tremendous progress has been achieved 

over the past two decades improving the prognosis and therapeutic options for many cancers. However, it is 

also likely that some promising agents have been overlooked and development stopped due to endpoint 

selection and/or poor trial design. Gefitinib was first approved for use as a third line treatment in advanced non-

small cell lung cancer but nearly lost its funding when a subsequent phase III trial in ~1700 unselected 

advanced non-small cell lung cancer patients found no statistically significant benefit in overall survival despite 

an improvement in progression free survival (459, 460). On review, 26 of these patients had the biomarker of 

interest (epidermal growth factor receptor - EGFR mutation) (461). These patients demonstrated a superior 

response rate of 37.5%, compared to 2.6% in biomarker negative patients (461). A well-designed negative trial 

is as useful as a positive trial, but a poorly designed trial regardless of outcome leaves unaddressed questions.  

Figure 37: Considerations and challenges in clinical trial design 
 

 
 

Legend: This chart summarises the issues presented in this thesis and highlights that resource implications 

need consideration at teach stage in trial design. The aim with all these aspects is to increase access to 

effective drugs in a timely manner for patients.  

This problem is not unique to oncology. Optimal trial design will continue to evolve in a dynamic fashion as our 

understanding of the biology of cancer grows and we determine better ways to assess benefit. The aspects of 

trial design investigated in each chapter reflect only one small part of the puzzle, and each chapter creates a 

multitude of new research questions (Figure 37). Each component considered in the design of a trial, has the 

potential to undermine the end result. To improve our chances of success, recognising these issues is critical. 

The knowledge gained in this thesis, helps us to better understand the challenges and determine how we 

interpret and address these in the era of precision medicine. 
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Given the enormity of this area of research, it is important to acknowledge the preliminary nature of the work 

presented in this thesis. A limitation of the work presented in this thesis, is the use of publications rather than 

the protocols. This adds bias to the results. Additionally, there is variability in the depth of research between the 

chapters. It is important to recognise that each chapter has led to the development of further projects that 

complement the work presented here (Variability in RECIST, COVERT - correlative tests in ovarian cancer, 

BIOPSY). The scientific gain and contribution to cancer research from this work is likely to continue from these 

studies over the next 5 years. As these ongoing initiatives continue to explore and validate alternative and better 

measures to assess benefit, larger gains are likely to be achieved.   

Throughout this work, an underlying hypothesis is that more can be achieved from the resources invested. By 

concentrating our efforts on the elements of trial design, it will be possible to maximise what we can achieve 

from current resource. A key aspect to this is the statistical design which extends from simply choosing the right 

endpoint, to defining the statistical plan for correlative studies and quality of life measures. These critical 

components need careful consideration when designing a trial. Ensuring patient investment is justified and the 

study is adequately powered underpins the success of a trial. While the topics investigated in this thesis 

focussed on gynaecological cancers, the research presented highlights quandaries faced in all areas of cancer 

and medical research.  

The scientific knowledge gained through the individual projects of this thesis, has helped shape the design of 

the MUSIC, NEO, and kinome trials presented in chapter 9. The collaborative nature of research is highlighted 

in each project presented. Successful research depends on successful integration of the expertise of multiple 

stakeholders. As we move forward, it is critical to consider how to integrate the challenges raised to continue to 

shift the bar in oncology research. This final chapter will summarise how each project presented and facet of 

trial design considered in the previous chapters impacts future trial design and reporting and how recognising 

this will allow us to maximise what we learn from the resources already invested in trials.  

10.1 Defining the endpoint 

A key consideration throughout this thesis is how best to ensure trials help patients to live longer and/or better – 

our ultimate goal. The evidence provided demonstrates that defining the benefit is one of the most challenging 

and poorly done aspects of clinical trial design. A limitation of the research presented is that it is based on 

publications, rather than the clinical trial protocol itself. However, it is important that we recognise that 

publications are what guide clinicians with decision-making as access to the protocol can be more difficult. As 

suggested by Sobrero, it is time to aim for bigger differences and aim for the targeted benefit to be paradigm 

shifting (123). In our current resource-limited environment, it is hard to justify larger trials for smaller benefits. 

The systematic review presented in chapter 2, illustrated that the survival gains achieved in ovarian cancer have 

become smaller over time with a disappointing net survival benefit of only 1.1 months since 2010. In contrast the 

average sample size has increased over 6.5 fold from 123 patients in the 1980s to 815. This results in 

increasing financial investment for smaller net benefits – this is not sustainable or affordable.  

As proving a survival benefit becomes more difficult, the inclusion of QOL tools as a direct measure of patient 

benefit is critical. Quality of life measures are being increasing included in clinical trials but as shown, they are 

often inadequately defined in the statistical design of the trial. With assessing survival benefits, specific criteria 

are incorporated into the trial design to determine efficacy. This should also be compulsory for the integration 

and assessment of QOL tools. Patients should be involved in the process to ensure what we define as important 
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is in fact clinically meaningful to the patient. As clinicians, we should not assume we know what is meaningful to 

a patient. While most of the investigators who completed our surveys on RECIST were well aware of the 

implications of RECIST, it is likely that some clinicians may be less familiar with QOL scores. A mean change of 

1-2 points in a QOL score is not necessarily indicative of patient benefit but this could be statistically significant 

in a large clinical study simply due to the population size. Just as with survival endpoints, clinical and statistical 

significance needs consideration. In collaboration with other research groups such as the Aide et Recherche en 

Cancérologie Digestive group, it is time to define objective criteria to assess benefit in this area with more 

precision.  

10.2 Statistical design of the trial 

The statistical section of a trial defines the end result is interpreted and consequently requires a significant 

degree of detail (Table 28). Once the target benefit has been defined, this needs to be clearly identified in this 

section and should be a prerequisite for a trial to be published. As shown in chapter 3, there is a risk a study 

could be interpreted as negative, simply because it was not powered correctly. Equally, a study could be falsely 

reported as positive due to the control group doing worse than historic controls. This degree of detail is 

necessary to correctly interpret and understand the study.  

Until we have established criteria for QOL endpoints analogous to that used for RECIST, stricter definitions in 

the statistical design are essential. Trials should document at a minimum: (i) the minimal important clinical 

difference for the QOL tool employed; (ii) the reasons behind the timing of assessments; and (iii) the censoring 

of missing data in the statistical design. Without these aspects explicitly documented, the trial should be 

interpreted cautiously. It is not acceptable for missing forms to not be accounted for as this adds bias to the end 

results. Investigators do not allow for scans to be missed but less attention is applied to a QOL form - this is 

imperative for determining benefit. As more decisions become based upon quality measures, it is important we 

are more vigilant with their assessment. 

Table 28: Components of the statistical plan and methodology 

Key considerations in the statistical plan 

Survival-based endpoint 

The expected outcome of the control group 

The target improvement with the intervention arm 

The target accrual to ensure adequate power 

Quality of life measure 

The minimal clinically important difference  

The timing and justification of questionnaires 

The approach to missing data 

Correlative studies 

A predefined scientific rationale 

The expected number of samples to address the 

rationale 

The statistical section should also acknowledge the rationale for the correlative studies. This is particularly 

important in the justification of a mandatory versus optional biopsy (Table 28). When choosing to include an 

optional biopsy, the investigator must be happy that a smaller cohort is sufficient to address the question of 

interest. Based on the literature review presented in chapter 6, the median percentage of patients undergoing 

an optional biopsy is only 16%. Similarly in the results presented from the sub-study of ARIEL2, only 6% of 
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patients underwent an optional biopsy at progression. If the scientific question requires 50% of the patients to 

have a biopsy, including an optional biopsy is not justified, as based on the data presented the likelihood of 

reaching the required target is small. This results in potential futility for the resource invested by those patients 

who do undergo an optional biopsy. This is insufficiently reported in the statistical design of publications. In the 

research presented in this thesis, it was not explored as to whether this reflected investigator or journal-driven 

restrictions but this is an area that needs more robust consideration in trial design.  

10.3 Measuring the benefit in a trial 

In chapter 4, it was shown that clinicians recognise RECIST remains integral to current clinical trial design. It is 

important moving forward that this is exploited further, in order to learn how this can be better correlated with 

clinical practice. In the scenario presented to clinicians of a small new lesion (Figure 13), 54% reported they 

would not take the patient off trial despite this representing progression by RECIST. The opportunity to continue 

beyond progression has increased with the advent of targeted agents and is now included in many clinical trials. 

This is a patient population that a lot can be learnt from, but information on this cohort of patients is often not 

reported. Learning from this group would be of clinical importance, particularly the impact of continuing beyond 

progression on response to future therapies. With the increasing cost of drug development, it is important to 

maximise what is learnt from the resources invested. These sub-studies could help guide clinicians as therapies 

move from the more rigid trial setting, to routine day-to-day practice.  

A further patient cohort where additional scrutiny is required, is the group of patients stopping due to clinical 

rather than radiological progression. This is poorly reported in publications but represents a cohort where there 

is significant disconnect between the uniformity provided by RECIST and the clinical relevance for the patient. 

Understanding where RECIST fails to assess disease status may create the opportunity for us to shape and 

improve our current assessment tools. It is likely in the future, the tool used to measure benefit will match the 

therapy and the disease being investigated, as is already done with the Choi criteria in gastrointestinal stromal 

tumours (82, 251) and both the MacDonald criteria and the more recently updated Response Assessment in 

Neuro-Oncology (RANO) criteria in high grade gliomas (252, 253). In the interim this is a patient group that 

should be collectively analysed. 

10.4 Reporting of correlative tests 

While the research included in chapters 6 and 7 demonstrated that biopsies are safe and feasible in ovarian 

cancer, it also showed that these two key factors are insufficiently reported. A trial would not be accepted for 

publication without including documentation of the toxicity and adverse events of the therapy, yet as our 

literature suggests the consequences of the correlative studies, particularly the biopsy, are rarely reported. The 

data from our ARIEL2 sub-study represents the largest series of biopsies in ovarian cancer to date, but even 

this may underreport the complications of a biopsy. Pain from the biopsy was documented in only 2% of patients 

in this cohort, significantly less than the rates of pain documented in our prospective study of patients at 

Princess Margaret Cancer Centre (BIOPSY). In the series of 51 patients from Princess Margaret, 60% reported 

pain one week post-biopsy, with 19% reporting this to be severe. BIOPSY had the advantage of documenting 

pain in real-time and is likely to provide a more accurate reflection of the true incidence of pain. At a minimum, 

trials should document the percentage of patients with biopsy-related complications. 
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Additionally, less than a quarter of the published studies in the literature review presented in chapter 6 

acknowledged the success rates and usability of the biopsy samples. Access to this information will help us 

design future trials and help us justify the interventions requested. If a biopsy only has a 50% chance of 

providing the detail required, more patients may need to undergo a biopsy to address a study hypothesis. This 

information defines whether the biopsy should be optional or mandatory. The research presented in chapter 6, 

provides a snapshot on the use of correlative studies and may help guide investigators as to when to include a 

mandatory rather than an optional biopsy. It is recognised this work is limited by the literature strategy employed 

and it is essential for confirmatory studies to be conducted to test the hypotheses generated. Each test 

requested as part of a trial impacts the patient, but also adds to the total cost of the development of the therapy 

of interest. With limited resources, these need careful consideration in the design of a trial. Access to this 

degree of detail around correlative studies may help investigators fine-tune future trial design.  

The sub-study of ARIEL2 presented in this thesis, highlights the potential for important material to be found 

within a study and how examining aspects of a trial, such as the success and feasibility of biopsies, can help us 

as investigators plan subsequent trials. This is not the first study to include a mandatory biopsy but this is one of 

the first studies where the characteristics and usability of the biopsy, independent of the genomic results, has 

been evaluated to this degree. Maximising the utility and knowledge growth from resources we have already 

employed in a trial is critical to make progress and continue to advance trial design. There is the opportunity for 

substantial gain from the individual components of a trial that we often neglect. 

10.5 Choosing the patient population and integrating correlative research 

In chapter 8, a cohort of 77 patients with endometrial cancer demonstrated that personalised medicine relies on 

more than just the identification of a mutation. In contrast to previous success seen in breast cancer, melanoma 

and type I ovarian cancer, targeted therapy in this patient cohort did not provide superior results to prior 

systemic therapy (33, 133, 356). Two key issues were identified: (i) patient comorbidities and tolerability of 

therapy; and (ii) the presence of multiple mutations. Patients with endometrial cancer represent an older 

population, with a median age of 61 years in our series. The median body mass index was 29.1 with 36% 

having a body mass index over 30. Diabetes was documented in 14% of patients. In phase I studies, patients 

with endometrial cancer account for only a small proportion of the studied patients – 4% in a series from MD 

Anderson (126). When extrapolating a dose in the design of a phase II study from a phase I study, the 

characteristics of the patient population in the phase II study need consideration as they may differ significantly 

from the cohort the drug was originally investigated in.  

Comorbidities impact metabolism and potentially toxicity. In our series, overall 26% of patient stopped targeted 

therapy due to toxicity. This was higher in patients receiving an agent targeting the PI3KCA/AKT/mTOR 

pathway (38%). Similar issues have been raised in the literature with patients with endometrial cancer 

demonstrating twice the rate of toxicity with agents targeting the PI3K/AKT pathway in comparison to other 

patient groups (8-39% vs. 13-19%) (37, 235, 379-381, 383, 384, 391, 392).  

Protocols are designed rigidly with respect to dose modifications for patient safety. Moving forward, there may 

be a role for protocols to include an element of flexibility to accommodate further dose adjustments in select 

patient groups. There is the potential a benefit may be lost simply because the wrong dose has been 

investigated. This is particularly important if a drug is stopped due to tolerability, rather than a life-threatening 

toxicity. Exploring patients who stop due to toxicity is important, as it may allow us to identify a group who 
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should never be treated with this agent and also a group who requires an alternative dosing schedule (Figure 

38).  

Figure 38: Exploring patient populations within a single trial 

 

Legend: Within a trial, there are multiple patient populations that can help guide future trial design and practice. 

A key population ignored are those where the drug is toxic but beneficial (shown in blue). Sub-studies should be 

considered to explore alternative doses in this group so as to not overlook an effective drug simply through 

inclusion of the wrong dose. This figure has been modified with permission from Dr A Oza (unpublished). 

Studies could include an exploratory cohort for those patients who stop due to tolerability, where alternate 

dosing schedules can be assessed emulating real world practice more closely. While this sub-study would not 

change the survival endpoints of the study, it would allow better assessment as to whether the lack of benefit 

was due to a true lack of effect rather than tolerability. Adding flexibility to trial design seems contrary to the 

classic stringent model of clinical trials, but has the potential to maximise the knowledge gained from a single 

trial.  

The other issue identified in this patient cohort was the impact of multiple mutations. The genomic panel utilised 

included only 48 genes, yet 52% had 2 or more mutations. The number of genes included in next generation 

sequencing panels is increasing exponentially. The challenge in practice is identifying the driver mutation to 

target and understanding how the presence of multiple mutations influences response and resistance. In the 

setting of multiple potential targetable mutations, the ability for patients to move from one agent to another in a 

timely fashion is enticing. This model has been proposed in the MUSIC trial for uterine carcinosarcomas. The 

feasibility of this trial design needs to be evaluated in practice but illustrates one potential way to further push 

the boundaries of classical trial design. This design recognises the genomic variability that can exist in one 

patient population and attempts to allow timely access to patients to alternative treatments while augmenting the 

patient population for accrual. 

10.6 Conclusion 

In this thesis, the controversy underpinning the design of clinical trials from the choice of the optimal endpoint to 

assess benefit, the statistical plan for analysis, to the integration of correlative studies and finally, how this 
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translates to practice has been presented. This has focussed on gynaecological cancers but the theory behind 

this is relevant to many tumour types. Each decision made during the initial trial design impacts the ultimate 

success of a trial. This thesis provides valuable information on how we better understand the reported literature, 

and more importantly how we can learn more from the resources already invested in current trials. By dissecting 

out more information from clinical trials, the information gained could shape the design of research in the future.  

Tremendous progress has been seen in oncology trial design but more is needed to optimise resource 

utilisation and improve patient outcomes. As investigators, we need to remain accountable for each test 

requested and ensure it is optimally integrated to ensure the study hypotheses are achievable. Additionally, 

each of the hypotheses tested needs to reflect benefit for the patient – either in the short or long-term through 

knowledge growth. The time has come for the oncology community to challenge traditional trial design and 

develop novel, validated endpoints that reflect clinical benefit rather than deviations in tumour size. The 

heterogeneity of cancer necessitates the individualisation of trial design and the endpoint of interest. The 

appropriate endpoint and design needs to match the disease in question—one size no longer fits all. An 

exception to this is quality of life measures, which should not be viewed as a surrogate endpoint but regarded as 

an integral direct measure of patient benefit in all clinical trials. Endpoints must keep pace with evolving trial 

design. 

This thesis presents the reasons why this is important and presents the need for increased vigilance with 

reporting correlative studies and quality of life measures if we are to be accountable to our patients. The 

statistical analysis plan for these components needs to be recognised, as these elements underpin the success 

of a trial. Mirroring the HIV research community, it is time to bring stakeholders together to determine the best 

approach for future oncology trials. This will not only help ensure accountability but prioritise intelligent resource 

utilisation moving forward. Most importantly, this will help ensure our primary endpoint is not forgotten with the 

advancement of novel technologies—for patients to live better, or longer and ideally both (10).  
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APPENDICES 

Appendix A: Search Strategy for systematic review of randomised phase III clinical trials in 

ovarian cancer 

Database: Ovid MEDLINE(R) <1946 to May Week 4 2014> 
Search Strategy: 

Ovarian cancer terms  
1     exp Ovarian Neoplasms/ (63411) 
2     (ovar* adj5 cancer*).mp. (37600) 
3     (ovar* adj5 neoplas*).mp. (62184) 
4     (ovar* adj5 tumo?r*).mp. (19581) 
5     (ovar* adj5 malignan*).mp. (6178) 
6     (ovar* adj5 metasta*).mp. (4907) 
7     (ovar* adj5 carcin*).mp. (16470) 
8     (granulosa adj5 cancer*).mp. (37) 
9     (granulosa adj5 tumo?r*).mp. (2433) 
10     (granulosa adj5 neoplas*).mp. (107) 
11     (granulosa adj5 malignan*).mp. (115) 
12     (granulosa adj5 metasta*).mp. (96) 
13     (granulosa adj5 carcin*).mp. (88) 
14     luteoma?.mp. (187) 
15     meig?? syndrome.mp. (783) 
16     arrhenoblastoma?.mp. (312) 
17     (leydig adj3 cell adj3 tumo?r*).mp. (2742) 
18     THECOMA?.mp. (940) 
19     (theca cell adj3 tumo?r*).mp. (328) 
20     (ovar* adj5 dysgerminoma?).mp. (446) 
21     (ovar* adj5 adenocarcinoma?).mp. (2410) 
22     or/1-21 (81207) 
 
Phase 3 terms  
23     clinical trial, phase iii/ (8998) 
24     Clinical Trials, Phase III as Topic/ (6338) 
25     phase 3.mp. (5359) 
26     phase three.mp. (419) 
27     phaseiii.mp. (4) 
28     phase iii.mp. (28369) 
29     exp clinical trial/ (767995) 
30     exp clinical trial as topic/ (281071) 
31     29 or 30 (967336) 
32     limit 31 to yr="1974 - 1992" (137392) 
33     23 or 24 or 25 or 26 or 27 or 28 or 32 (169228) 
 
Combined results 
34     22 and 33 (1465) 
35     remove duplicates from 34 (1446) 
 

A similar search was performed in “Embase; In process medline; and Cochranne”. An updated search was 

performed to include all studies published before the 31st December 2014. 
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Appendix C: RECIST questionnaire: General 

RECIST 1.1 is commonly employed in clinical trials to standardise results. This questionnaire is designed to 

evaluate opinions on the clinical use of RECIST 1.1 and relevance to patient care and decision making. We 

appreciate you taking time to complete this survey. Completion of the survey is seen as consent to use this 

information for presentation.  

GENERAL INFORMATION: 

1. CLINICAL POSITION 

- Staff 

- Fellow 

- Resident 

- Research nurse 

- Other  (please specify)  

 

2. TUMOR SITES TREATING (CAN SELECT MORE THAN ONE) 

- Breast 

- CNS 

- Gastrointestinal  

- Genitourinary  

- Gynecologic  

- Head and neck 

- Lung 

- Melanoma/skin 

- Neuroendocrine 

- Sarcoma 

Phase I 

- Unknown/other (please specify) 

 

3. DOES YOUR CLINICAL PRACTICE INCLUDE INVOLVEMENT IN CLINICAL TRIALS? 

- YES 

- NO 

 

4. WHAT PROPORTION OF PATIENTS IN YOUR PRACTICE/CLINIC DO YOU ESTIMATE ARE 

INVOLVED WITH CLINICAL TRIALS? 

- <10% 

- 10-25% 

- 25-50% 

- 50-75% 

- >75% 

 

5. ARE YOU FAMILIAR WITH RECIST 1.1? 

- Yes in great detail 

- Yes in general terms 

- Yes – but not in great detail  

- No 

 

 

6. WHO ASSESSES RESPONSE BY RECIST IN TRIALS AT YOUR CENTRE? 

- Oncologist 

- Radiologist  

- Both 

- other 
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USE OF RECIST IN CLINICAL TRIALS 

In 1979 the World Health Organization established the first internationally recognized criteria for radiological 

response employing a bi-dimensional model to provide a summation of tumour burden. These criteria were 

updated with establishment of the response evaluation criteria in solid tumours (RECIST 1.0) in 2000 with an 

update published in 2009 to reflect modern imaging and use uni-dimensional measures to try and improve 

uniformity. In comparison to the historical WHO criteria where a partial response was described as a 50% 

reduction of the sum of the products of all measurable lesions, RECIST utilises a 30% reduction in the sum of 

maximum diameters of a specified number of measurable lesions. These measures were designed to provide 

an objective, uniform and reliable method to reflect changes in tumour burden in clinical trials between 

international institutions.   

7. WHEN DO YOU USE RECIST 1.1 TO ASSESS RESPONSE? 

- Only in trials 

- To guide everyday treatment decisions 

- In both clinical and trial setting 

- Never 

- Not sure 

 

8. DO YOU THINK RECIST 1.1 INCREASES THE OBJECTIVITY OF ASSESSMENT OF RESPONSE IN 

TRIALS? 

- Yes always 

- Most of the time  

- Some of the time  

- None of the time 

- Not sure 

Comment 

9. DO YOU THINK RECIST 1.1 IS A GOOD MEASURE OF CLINICAL RESPONSE? 

- Always 

- Most of the time 

- Some of the time 

- None of the time  

- Not sure 

Comment 

 

10. IS THERE EVER A TIME TO CONTINUE TREATMENT BEYOND PROGRESSION BY RECIST 1.1 IF 

THE TRIAL ALLOWS? 

- Never 

- Yes if clinically benefiting 

- Not sure 

Comment 

 

11. DO YOU AGREE WITH THE MODEL OF CONTINUING BEYOND PROGRESSION? 

- Yes 

- No  

- Not sure 

Comments 
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12. WHO SHOULD MAKE THE DECISION OF UNEQUIVICOL PROGRESSION OF NON-TARGET 

DISEASE BY RECIST? 

- The radiologist 

- The clinician 

- The clinician and radiologist together 

- Neither 

- Not sure 

- Other 

 

13. INDEPENDENT OF RECIST DO YOU BELIEVE THE APPEARANCE OF A NEW LESION SHOULD 

ALWAYS BE CONSIDERED PROGRESSIVE DISEASE 

- Yes 

- No 

- Not sure 

Comments  

 

14. IN TRIALS DO YOU THINK RADIOLOGICAL PROGRESSION IS AS RELEVANT TO TREATMENT 

DECISIONS AS CLINICAL PROGRESSION? 

- More important 

- As important 

- Less important 

- Uncertain 

Comments 

 

 

15. IN YOUR EXPERIENCE WHAT PROPORTION OF PATIENTS DO YOU ESTIMATE COME OFF 

TRIAL FOR CLINICAL PROGRESSION RATHER THAN RADIOLOGICAL PROGRESSION? 

- <10% 

- 10-25% 

- 25-50% 

- 50-75% 

- >75% 

- Not sure 

 

16. DO YOU THINK TARGET OR NON-TARGET PROGRESSION IS MORE RELEVANT TO CLINICAL 

DECISION MAKING? 

- Target 

- Non-target 

- Both equally important 

- Uncertain 

Comments 

 

17. HOW OFTEN DO YOU FEEL YOU DISAGREE OR CHALLENGE RECIST EVALUATION? 

- Never 

- Infrequent 

- Commonly 

Comments 

 

18. Comments and other thoughts 

THANK YOU FOR CONTRUBUTING TO THE SURVEY. YOUR CONTRIBUTION IS APPRECIATED. 
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Appendix D: RECIST questionnaire: Gynaecological cancer 

RECIST 1.1 is commonly employed in clinical trials to standardise results. This questionnaire is designed to 

evaluate opinions on the clinical use of RECIST and relevance to patient care and decision making for patients 

with ovarian cancer. We appreciate you taking time to complete this survey. Completion of the survey is seen as 

consent to use this information for analysis and presentation. All information is anonymous.  

GENERAL INFORMATION: 

1. CLINICAL POSITION 

- Staff 

- Fellow 

- Other   

 

2. INSTITUTION 

- Tertiary institution 

- Specialist cancer centre 

- Peripheral hospital 

 

3. COUNTRY 

- Please specify  

 

4. DOES YOUR CLINICAL PRACTICE INCLUDE INVOLVEMENT IN CLINICAL TRIALS? 

- Yes 

- No 

 

5. WHAT PROPORTION OF YOUR PATIENTS IN YOUR PRACTICE/CLINIC DO YOU ESTIMATE ARE 

INVOLVED WITH CLINICAL TRIALS? 

- <10% 

- 10-25% 

- 25-50% 

- 50-75% 

- >75% 

 

6. ARE YOU FAMILIAR WITH RECIST 1.1? 

- Yes in great detail 

- Yes in general terms 

- Yes – but not in great detail  

- No 

 

7. WHO ASSESSES RESPONSE BY RECIST IN TRIALS AT YOUR CENTRE? 

- Oncologist 

- Radiologist  

- Both 

- Other 
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USE OF RECIST IN CLINICAL TRIALS 

In 1979 the World Health Organization established the first internationally recognized criteria for radiological 

response employing a bi-dimensional model to provide a summation of tumour burden. These criteria were 

updated with establishment of the response evaluation criteria in solid tumours (RECIST 1.0) in 2000 with an 

update published in 2009 to reflect modern imaging and use uni-dimensional measures to try and improve 

uniformity. These measures were designed to provide an objective, uniform and reliable method to reflect 

changes in tumour burden in clinical trials between international institutions.   

8. WHEN DO YOU USE RECIST TO ASSESS RESPONSE? 

- Only in trials 

- To guide everyday treatment decisions 

- In both clinical and trial setting 

- Never 

- Not sure 

 

9. DO YOU THINK RECIST INCREASES THE OBJECTIVITY OF ASSESSMENT OF RESPONSE IN 

TRIALS? 

- Yes always 

- Most of the time  

- Some of the time  

- None of the time 

- Not sure 

- Comment  

 

10. DO YOU THINK RECIST IS A GOOD MEASURE OF CLINICAL RESPONSE? 

- Always 

- Most of the time 

- Some of the time 

- None of the time  

- Not sure 

- Comment  

 

11. IS THERE EVER A TIME TO CONTINUE TREATMENT BEYOND PROGRESSION BY RECIST IF 

THE TRIAL ALLOWS? 

- Never 

- Yes if clinically benefiting 

- Not sure 

- Comment  

 

12. DO YOU AGREE WITH THE MODEL OF CONTINUING BEYOND PROGRESSION? 

- Yes 

- No  

- Not sure 

- Comment  

 

13. WHO SHOULD MAKE THE DECISION OF UNEQUIVICOL PROGRESSION OF NON-TARGET 

DISEASE BY RECIST? 

- The radiologist 

- The clinician 

- The clinician and radiologist together 

- Neither 

- Not sure 

- Comment 
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14. INDEPENDENT OF RECIST DO YOU BELIEVE THE APPEARANCE OF A NEW LESION SHOULD 

ALWAYS BE CONSIDERED PROGRESSIVE DISEASE 

- Yes 

- No 

- Not sure 

- Comment  

 

15. IN TRIALS DO YOU THINK RADIOLOGICAL PROGRESSION IS AS RELEVANT TO TREATMENT 

DECISIONS AS CLINICAL PROGRESSION? 

- More important 

- As important 

- Less important 

- Uncertain 

- Comment  

 

16. IN YOUR EXPERIENCE WHAT PROPORTION OF PATIENTS DO YOU ESTIMATE COME OFF 

TRIAL FOR CLINICAL PROGRESSION RATHER THAN RADIOLOGICAL PROGRESSION? 

- <10% 

- 10-25% 

- 25-50% 

- 50-75% 

- >75% 

- Not sure 

 

17. DO YOU THINK TARGET OR NON-TARGET PROGRESSION IS MORE RELEVANT TO CLINICAL 

DECISION MAKING? 

- Target 

- Non-target 

- Both equally important 

- Uncertain 

- Comment 

 

18. HOW OFTEN DO YOU FEEL YOU DISAGREE OR CHALLENGE RECIST EVALUATION? 

- Never 

- Infrequent 

- Commonly 

- Comment 
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CLINICAL EXAMPLES 

19 & 20 - PLEASE READ THE FOLLOWING RADIOLOGY REPORTS/SCENARIO 

Patient with history of high grade serous ovarian cancer 5 months post completion of platinum-based 

therapy as part of a clinical trial. Patient is asymptomatic with a normal CA125 (11 from 4). 

Radiology Report: A soft tissue nodule in the left paracolic gutter is suspicious for a peritoneal deposit. It is 

slightly more conspicuous than the prior study and was only faintly present on the study 4 months ago. 

Otherwise findings are stable. 

Tumour measurements: 

Target lesions – ongoing partial response 

Non-target lesions – new lesion - progression  

Overall – disease progression by RECIST 1.1 

19. WOULD YOU TAKE THIS PATIENT OFF OBSERVATION IN A CLINICAL TRIAL? 

- Definitely 

- Most likely 

- Unlikely 

- No 

- Uncertain 

- Discuss with sponsor 

 

20. WOULD YOU START A NEW TREATMENT IN THIS SCENARIO? 

- Definitely 

- Most likely 

- Unlikely 

- No 

- Uncertain 

 

21. Any other comments 
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Appendix E: BIOPSY – Questionnaire 1 week prior to biopsy 

BIOPSy 
Biopsies in Oncology – Prospective Study of Impact on Patient’s Quality of life. 

 
QUESTIONNAIRE 1: PRIOR TO BIOPSY 
 
 
Please complete today’s date:  _________________________________ 

DAY  MONTH  YEAR 
 
You have due to have biopsy. We are collecting information around biopsies in medical oncology and would 
appreciate your assistance. Some of the question relate to your underlying diagnosis and reason for biopsy. 
 
 
Although some of the questions may seem to be repeated, please try to answer all of the questions asked. Full 
instructions are given at the beginning of each section. All the answers you give will be treated confidentially. 
This questionnaire should take between 15 and 30 minutes to complete. 
 
 
 
We are very grateful for your help with this questionnaire. Once you have completed the questionnaire, 

please post it back to us in the envelope provided. 
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GENERAL INFORMATION: 

 

Please read each item and place a tick ( X or √ ) in the box by the appropriate reply. 

 

1. Age:   years 

 

2. Gender 

 Male 

 Female 

 

3. What is your race/ethnicity? 

 White 

 Asian 

 Hispanic 

 Native Canadian 

 Black 

 Other(specify) 

 

4. Is English your first language 

 Yes 

 No     if no specify 

 

5. What is your highest grade of school? 

 Grade 8 or less 

 Some high school 

 High school graduate 

 Some college/university 

 College/university graduate 

 Professional degree/post graduate 

 

6. What type of cancer do you have? 

 Breast 

 Gastrointestinal (examples: stomach/liver/gallbladder/pancreas/ colon/rectum) 

 Genitourinary (examples: kidney/bladder/testicular/prostate) 

 Gynecologic (examples: ovarian/cervical/uterine) 

 Head and neck 

 Sarcoma 

 Melanoma/skin 

 Unknown/other (please specify) 

 

7. Have you had any of the following treatments? (select all that apply) 

 Surgery 

 Radiation 

 Chemotherapy 

 

8. Are you involved in a clinical trial? 

 Yes 

 No 

 

9. What was the reason for your biopsy? 

 Research 

 Diagnosis 

 Not sure 
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10. Do you have metastatic cancer (i.e. cancer that has spread to other areas of the body?? 

 Yes 

 No 

 

11. What site of the body did you have your tumour biopsy? 

 Head and neck region 

 Lung 

 Abdomen 

 Liver 

 Other (please specify)  

 Can’t remember 

 

12. Did you feel that the side effects and risks were adequately explained to you before it was done? 

 Yes 

 No  

 Can’t remember 
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13. Biopsies are generally safe; however there is a small amount of risk associated with them. Please 

answer the following questions as you feel best fits you 

a. I would only accept to have a tumour biopsy if the risk of a major complication (including lung 

collapse, a complication requiring surgery to repair) was: 

 <1% risk  (less than 1 in 100 chance of having the complication) 

 <2% risk (less than 1 in 50 chance of having the complication) 

 <5% risk (less than 1 in 20 chance of having the complication) 

 <10% risk (less than 1 in 10 chance of having the complication) 

 

b. I would only accept to have a tumour biopsy if the risk of me having pain afterwards that makes 

me need pain medication is: 

 <1% risk  (less than 1 in 100 chance of having the complication) 

 <2% risk (less than 1 in 50 chance of having the complication) 

 <5% risk (less than 1 in 20 chance of having the complication) 

 <10% risk (less than 1 in 10 chance of having the complication) 

 

c. I would only accept to have a tumour biopsy if the risk of me getting an infection from the 

tumour biopsy that requires me to take antibiotics was: 

 <1% risk  (less than 1 in 100 chance of having the complication) 

 <2% risk (less than 1 in 50 chance of having the complication) 

 <5% risk (less than 1 in 20 chance of having the complication) 

 <10% risk (less than 1 in 10 chance of having the complication) 

 

d. I would only accept to have a tumour biopsy if the risk of bleeding requiring a procedure to stop 

the bleeding was: 

 <1% risk  (less than 1 in 100 chance of having the complication) 

 <2% risk (less than 1 in 50 chance of having the complication) 

 <5% risk (less than 1 in 20 chance of having the complication) 

 <10% risk (less than 1 in 10 chance of having the complication) 

 

14. Most clinical trials request two tumour biopsies, would this put you off participation? 

 Yes  

 No 

 

15. Would you consider not being involved in a clinical trial because you did not want to have a biopsy? 

 Yes 

 No – a biopsy would not put me off 

16. As part of the study, the tumour biopsy is taken and the tissue is reviewed. What is your understanding 

of the reason why you will have the tumour biopsy? 

 The biopsy results have an impact on my care and health 

 The biopsy results may or may not impact on my care and health 

 The biopsy results only help the research and have no impact on my care and health 

 

17. The tissue that is collected from the tumour biopsy is used in your study to check if the drug is working 

on tumour cells. Once the study is over what should be done with the tissue that was collected? 

 I would want it destroyed 

 I would allow it to be used for research on ONLY my type of cancer 

 I would allow it to be used for research on ANY type of cancer 

 I don’t care what is done with my biopsy sample 
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18. Genetic tests (also called DNA-based tests) are the most sophisticated techniques used to test for 

genetic disorders. It involves direct examination of the DNA molecule itself. This can be done on biopsy 

tissue for research purposes alone. It will not impact your care or current health.  

Concerning the situation of genetic testing: 

Would you allow for genetic testing on your biopsy specimen? 

 Yes 

 No 

 Uncertain 

If genetic testing revealed information that may affect your health or the health of your relatives would 
you want to be informed of this? 

 Yes 

 No 

 Uncertain 
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FEELINGS 
 
Please read each item and place a tick ( X or √ ) in the box by the reply which comes closest to how you have 
been feeling in the past week. Don’t take too long over your replies: your immediate reaction to each item will 
probably be more accurate than a long thought-out response.Tick only one box in each section. 
 
1. I feel tense or ‘wound up’ before the biopsy: 
   

Most of the time  3 

A lot of the time  2 

Time to time/occasionally  1 

Not at all  0 

 
2. I have a sort of frightened feeling as if 
something awful is about to happen before the 
biopsy:      

Very definitely and quite 
badly 

 3 

Yes but not too badly  2 

A little but it doesn’t worry me  1 

Not at all  0 

 
3. I get a sort of frightened feeling like 
‘butterflies’ in the stomach before the biopsy: 

Not at all  0 

Occasionally  1 

Quite often  2 

Very often  3 

 

4. I feel restless as if I have to be on the move 
before the biopsy:     

Very much indeed  3 

Quite a lot  2 

Not very much  1 

Not at all  0 

 
5. Worrying thoughts go through my mind 
before the biopsy:     

A great deal of the time  3 

A lot of the time   2 

From time to time but not too 
often 

 1 

Only occasionally  0 

 
6. I was able to sit at ease and feel relaxed 
before the biopsy: 

Definitely  0 

Usually  1 

Not often  2 

Not at all  3 

 
7. I got sudden feelings of panic before the 
biopsy: 

Very often indeed  3 

Quite often  2 

Not very often  1 

Not at all  0 

 
Modified Hospital Anxiety and Depression Scale, 
Zigmond and Snaith, Acta Pschiatrica 
Scandinavica, 1983
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Appendix F: BIOPSY – Questionnaire 1 week post biopsy 

BIOPSy 
Biopsies in Oncology – Prospective Study of Impact on Patient’s Quality of life. 

 
QUESTIONNAIRE 2: 1 WEEK AFTER BIOPSY 
 
Please complete today’s date:  ______________________________ 

DAY  MONTH  YEAR 
 
You have recently had a biopsy. We would like to get an idea as to how this may have affected you in the week 
or so since your biopsy. 
 
We would like you to answer a few questions about 
(a) How you are feeling at the moment 
(b) How your health has been generally over the past week 
 
Although some of the questions may seem to be repeated, please try to answer all of the questions asked. Full 
instructions are given at the beginning of each section. All the answers you give will be treated confidentially. 
This questionnaire should take between 15 and 30 minutes to complete. 
 
We shall telephone you 8 to 12 days after your biopsy, so you will have the opportunity to discuss any concerns 
you may have. 
 
We are very grateful for your help with this questionnaire. Once you have completed the questionnaire, 

please post it back to us in the envelope provided. 
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FEELINGS 
Please read each item and place a tick ( X or √ ) in the box by the reply which comes closest to how you have 
been feeling in the past week. Don’t take too long over your replies: your immediate reaction to each item will 
probably be more accurate than a long thought-out response. 
 
 
Tick only one box in each section.  
 
1. I felt tense or ‘wound up’ after the biopsy:    

Most of the time  3 

A lot of the time  2 

Time to time/occasionally  1 

Not at all  0 

 
2. I got a sort of frightened feeling as if 
something awful is about to happen after the 
biopsy:      

Very definitely and quite 
badly 

 3 

Yes but not too badly  2 

A little but it doesn’t worry me  1 

Not at all  0 

 
3. I get a sort of frightened feeling like 
‘butterflies’ in the stomach after the biopsy: 

Not at all  0 

Occasionally  1 

Quite often  2 

Very often  3 

 
 
 
 
 
 
 
 
 
 

4. I feel restless as if I have to be on the move 
after the biopsy:     

Very much indeed  3 

Quite a lot  2 

Not very much  1 

Not at all  0 

 
5. Worrying thoughts go through my mind after 
the biopsy:     

A great deal of the time  3 

A lot of the time   2 

From time to time but not too 
often 

 1 

Only occasionally  0 

 
6. I was able to sit at ease and feel relaxed after 
the biopsy: 

Definitely  0 

Usually  1 

Not often  2 

Not at all  3 

 
7. I got sudden feelings of panic after the 
biopsy: 

Very often indeed  3 

Quite often  2 

Not very often  1 

Not at all  0 

 
Modified Hospital Anxiety and Depression Scale, 
Zigmond and Snaith, Acta Pschiatrica 
Scandinavica, 1983 

 
 
 
 
 
 



  

183 
 

GENERAL SYMPTOMS 
This questionnaire asks about some symptoms you may have experienced in the past week. Please answer 

each question by placing a tick  in the appropriate box. 
 
If you are unsure about how to answer a question, please give the best answer you can. 
 

1. Over the past week, have you felt feverish?    
Yes     0 
No    1 

How much of a problem was this for you?  
Not a problem at all   0 
Minor problem    1 
Moderate problem   2 
Major problem    3 

 
 

 
2. Over the past week, have you felt nauseated (sickly) or vomited?  

Yes     0 
No     1 

How much of a problem was this for you?  
Not a problem at all   0 
Minor problem    1 
Moderate problem   2 
Major problem    3 

 
 
 

3. Over the past week, have you had pain in the area of your biopsy?  
Yes     0 
No     1 

How much of a problem was this for you?  
Not a problem at all   0 
Minor problem    1 
Moderate problem   2 
Major problem    3 

 
 

 
4. Over the past week, have you felt ‘shivery’ as if you had ‘flu?  

Yes     0 
No     1 

How much of a problem was this for you?  
Not a problem at all   0 
Minor problem    1 
Moderate problem  2 
Major problem    3 

 
 
 

  

 √
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5. Over the past week, have you had to contact a doctor or nurse?  
Yes     0  
No     1 

(Please include any contact with NHS direct/ walk-in centre etc.)  
 
If yes, could you please provide details? 
 
 
 

 
 
 
 

6. Over the past week, have you been prescribed any pain-killers?  
Yes     0  
No     1 

 
If yes, could you please provide details? 
 
 
 

 
 
 

 
7. Over the past week, have you been prescribed any antibiotics?  

(Please exclude any tablets that were given to you to take home after the  
biopsy)  

Yes     0  
No     1 

 
If yes, could you please provide details? 
 
 
 

 
 
 
 

8. Over the past week, have you felt unwell in any way we have not asked? 
Yes     0 
No     1 

How much of a problem was this for you?  
Not a problem at all   0 
Minor problem    1 
Moderate problem  2 
Major problem    3 

 
If yes, could you please provide details? 
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PERCEPTION QUESTIONNAIRE 
This questionnaire asks about your perceptions of the biopsy you had a week ago. Please answer each 

question by placing a tick    in the appropriate box. Please tick only one box for each question.  
 

1. Overall, how painful did you find the biopsy procedure a week ago? 
 

not at all    0 
a little     1 
somewhat    2 
a lot     3 

 
 

 
2. Overall, how physically uncomfortable did you find the biopsy procedure a week ago? 

 
not at all    0 
a little     1 
somewhat    2 
a lot     3 

 
 
 

3. Overall, how embarrassing did you find the procedure a week ago? 
 

not at all    0 
a little     1 
somewhat    2 
a lot     3 

 
 
 

4. Overall, how much loss of dignity did you feel during your biopsy a week ago? 
 
not at all    0 
a little     1 
somewhat    2 
a lot     3 

 
 
 
5. Overall, how much of a problem would you find having another biopsy in the future? 

 
not a problem   0 
a minor problem  1 
a moderate problem  2 
a major problem  3 
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6. Overall, if you were discussing the procedure with a friend who requires a biopsy in the 
future, how would you describe it? 
 

a minor procedure  0 
a moderate procedure tolerable under local anaesthetic   1 
quite a major procedure but tolerable under local anaesthetic  2   
a major procedure that requires a general anaesthetic   3 

 (being put to sleep) 
 
 

7. If you were asked to have another biopsy for research purposes would you consent? 
 

Yes - definitely   0 
Likely    1 
Unlikely    2 
No     3 

 
If no, what is the major reason for this? 
 
 
 

 
 

 
 

8. Overall, how what complication rate do you think is acceptable for such a procedure? 
 

<1%     0 
<2%    1 
<5%    2 
<10%     3 

 
 

 
9. What was the benefit for you with this procedure 

 
The results have an impact on my care and health 
The results may or may not impact on my care and  
health 
The results have no impact on my care and health 
Uncertain 
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Appendix G: BIOPSY – Questionnaire 1 month post biopsy 

BIOPSy 
Biopsies in Oncology – Prospective Study of Impact on Patient’s Quality of life. 

 
QUESTIONNAIRE 3: 1 MONTH  AFTER BIOPSY 
 
Please complete today’s date:  ________________________ 

DAY  MONTH  YEAR 
 
You have recently had a biopsy.  
We would like you to answer a few questions about this. 
 
Although some of the questions may seem to be repeated, please try to answer all of the questions asked. Full 
instructions are given at the beginning of each section. All the answers you give will be treated confidentially. 
This questionnaire should take between 10 and 15 minutes to complete. 
 
 
We are very grateful for your help with this questionnaire. Once you have completed the questionnaire, 

please post it back to us in the envelope provided. 
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FEELINGS 
Please read each item and place a tick ( X or √ )  in the box by the reply which comes closest to how you have 
been feeling in the past week. Don’t take too long over your replies: your immediate reaction to each item will 
probably be more accurate than a long thought-out response. 
 
 
Tick only ONE box in each section.  
 
 
1. I felt tense or ‘wound up’ after the biopsy:    

Most of the time  3 

A lot of the time  2 

Time to time/occasionally  1 

Not at all  0 

 
2. I got a sort of frightened feeling as if 
something awful is about to happen after the 
biopsy:      

Very definitely and quite 
badly 

 3 

Yes but not too badly  2 

A little but it doesn’t worry me  1 

Not at all  0 

 
3. I get a sort of frightened feeling like 
‘butterflies’ in the stomach after the biopsy: 

Not at all  0 

Occasionally  1 

Quite often  2 

Very often  3 

 
 
 
 
 
 
 
 
 
 
 

4. I feel restless as if I have to be on the move 
after the biopsy:     

Very much indeed  3 

Quite a lot  2 

Not very much  1 

Not at all  0 

 
5. Worrying thoughts go through my mind after 
the biopsy:     

A great deal of the time  3 

A lot of the time   2 

From time to time but not too 
often 

 1 

Only occasionally  0 

 
6. I was able to sit at ease and feel relaxed after 
the biopsy: 

Definitely  0 

Usually  1 

Not often  2 

Not at all  3 

 
7. I got sudden feelings of panic after the 
biopsy: 

Very often indeed  3 

Quite often  2 

Not very often  1 

Not at all  0 

 
Modified Hospital Anxiety and Depression Scale, 
Zigmond and Snaith, Acta Pschiatrica 
Scandinavica, 1983 
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PERCEPTION QUESTIONNAIRE 
This questionnaire asks about your perceptions of the biopsy you had a week ago. Please answer each 

question by placing a tick    in the appropriate box. Please tick only one box for each question.  
 

1. Overall, how painful did you find the biopsy procedure a month ago? 
 

not at all     
a little      
somewhat     
a lot      

 
 

 
2. Overall, how physically uncomfortable did you find the biopsy procedure a month ago? 

 
not at all     
a little      
somewhat     
a lot      

 
 
 

3. Overall, how embarrassing did you find the procedure a month ago? 
 

not at all     
a little      
somewhat    
a lot      

 
 
 

4. Overall, how much loss of dignity did you feel during your biopsy a month ago? 
 
not at all     
a little      
somewhat     
a lot      

 
 
 
5. Overall, how much of a problem would you find having another biopsy in the future? 

 
not a problem   0 
a minor problem  1 
a moderate problem  2 
a major problem  3 
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6. Overall, if you were discussing the procedure with a friend who requires a biopsy in the 
future, how would you describe it? 
 

a minor procedure   
a moderate procedure tolerable under local anaesthetic   
quite a major procedure but tolerable under local anaesthetic    
a major procedure that requires a general anaesthetic   

 (being put to sleep) 
 
 

7. If you were asked to have another biopsy for research purposes would you consent? 
 

Yes - definitely   
Likely     
Unlikely    
No      

 
If no, what is the major reason for this? 
 
 
 

 
 

 
 

8. Overall, how what complication rate do you think is acceptable for such a procedure? 
 

<1%      
<2%     
<5%     
<10%      

 
 

 
9. What was the benefit for you with this procedure 

 
The results have an impact on my care and health 
The results may or may not impact on my care and  
health 
The results have no impact on my care and health 
Uncertain 

 
 
 
 
 
 
 
 
 
 
 

  

 

 
  

 
 

 

 

 

  

 

 

 
 
 

 

 

 

 

 

 



 

196 
 

 

 



 

198 
 

 

 

 

 



 

199 
 

 

 

 


	coversheet.pdf
	General copyright and disclaimer




