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 ABSTRACT 

 

Background: In oncology, progression-free survival (PFS) is a surrogate outcome 

measure and trial end point, which is increasingly being used to determine the efficacy 

and implementation in patient care of new drugs. The goal of patient-centred cancer care 

is to extend overall survival (OS) or improve health-related quality of life (HRQoL), 

however, drugs with PFS benefit are more commonly being approved for use in the 

absence of OS, when patient benefit would have to arise from improved HRQoL. The 

association between PFS and HRQoL in oncology has been poorly studied, and this 

association remains unknown. The objective of this thesis was to thoroughly evaluate the 

PFS-HRQoL association in oncology. 

 

Methods: We published a protocol outlining the design of a highly comprehensive 

systematic review, and a new analytical approach to optimally explore the PFS-HRQoL 

association from published oncology randomized controlled trials (RCTs). We recruited 

an international team of reviewers to conduct the systematic review across three HRQoL 

domains, and performed a quantitative analysis to find the PFS-HRQoL association in 

oncology. We examined our database of eligible RCTs for methodological issues through 

a descriptive exploration of risk of bias, to further inform on the design and conduct of 

future RCTs. 

 

Results: We failed to find an association between PFS and HRQoL in the absence of OS 

in oncology. Very few published oncology RCTs measure and report HRQoL 
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information, and among those that do, design and conduct issues related to blinding, and 

especially attrition are common.  

 

Conclusion: Oncology RCTs must either be adequately powered for OS, or designed to 

properly measure HRQoL, so patients can receive treatments offering benefit in one of 

these two patient-centered outcomes, and not solely based on PFS. There is a lack of high 

quality RCTs informing on the PFS-HRQoL association, and more of these types of trials 

are needed in the future for further analysis to confirm our findings. 
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 CHAPTER 1:  

 

INTRODUCTION 

 

Progression-free survival (PFS) in oncology is defined as the time from random 

assignment in a clinical trial to objective tumour progression or death.1 2 PFS was 

originally developed as a measurement tool describing change in tumour burden to 

identify signals of activity in early drug development.3 However, in recent years it has 

been increasingly used as a primary endpoint in randomized controlled trials (RCTs) to 

evaluate the efficacy, and denote the clinical benefit of new drugs. This increase is 

evident in both RCT publications as well as drug regulatory approvals, with the 

proportion of oncology RCT publications using PFS going from 0% during 1975–1984 to 

26% during 2005–2009, and 29% of RCTs used to approve drugs between 2000-2010 

having PFS as a primary end point.3 This increased use of PFS is due to advantages such 

as smaller sample size and shorter follow-up when compared with studies using overall 

survival (OS).1 4  

 

The goal of patient-centred cancer care is to extend survival (i.e. increase OS) or improve 

health-related quality of life (HRQoL).3 5 6 OS is widely considered to be the gold 

standard for demonstrating clinical benefit in cancer RCTs.6 7 However, regardless of its 

clinical importance there has been a decrease in its use as the primary endpoint in 

oncology RCTs in recent years,8 due to its associated disadvantages including increased 

trial length, patient requirements, and expense.4 9 HRQoL, another important outcome 
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measure in oncology, reflects patients’ subjective feeling about their own health,5 6 

although study data related to this outcome is rarely provided.10 

 

As well as being used as a primary endpoint in cancer RCTs to approve treatments, PFS 

is considered a surrogate measure in oncology. A surrogate end point, which is a measure 

validated as an adequate substitute for an outcome of intrinsic value to patients (i.e. how a 

patient feels, functions or survives),11 12 should reliably and precisely predict treatment 

effect on the outcome being replaced - these outcomes being OS or HRQoL in cancer.13 14 

Unfortunately, in the case of PFS there is uncertainty of its validity as a surrogate 

measure in oncology, and of its importance to patients, which raises major concerns 

regarding its use in oncology RCTs.3-5  

 

The relationship between PFS and OS is both variable and unpredictable, with PFS only 

being a valid surrogate for OS in limited scenarios.3 13 15 Furthermore, many drugs have 

been approved based on PFS benefit in the absence of OS benefit, with at least a dozen 

regulatory approvals between 2005 and 2010.13 The lack of OS benefit would not be a 

problem given the presence of HRQoL benefit, however, this is by no means certain since 

there is a lack of data examining the PFS-HRQoL association.10  Only one study, a 

qualitative review by the Agency for Healthcare Research and Quality (AHRQ), has thus 

far attempted to gather the evidence on the PFS-HRQoL association, but its results were 

inconclusive.13  
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The question which is therefore raised is what benefits these approved drugs can bring to 

patients if PFS does not represent a good surrogate for HRQoL? Considering the possible 

absence of OS benefit, it is critically important to evaluate the PFS-HRQoL association in 

order to know the expected benefits in HRQoL when evidence of PFS benefits are found, 

and whether these treatments provide important benefit to patients.16  

 

This thesis is composed of a series of studies, all the first of their kind sharing the same 

overarching objective of setting out to evaluate the association between PFS and HRQoL 

in oncology. We designed chapters 2 to 4 as independent stand-alone manuscripts that 

examined different information from the same data set. Therefore, there is some overlap 

in their introductory sections, eligibility criteria, search strategy, and study selection. 

 

Chapter 2 is the proposal for our evaluation, and thus lays the groundwork for future 

analyses by detailing the results of all scoping work that occurred, including all details on 

the methodology used. Our protocol, which outlines the methods of our systematic 

review, also allowed us to explain the statistical methodology and overall analytical 

approach we developed to analyze the PFS-HRQoL association, since no methodology 

existed for this. Our new approach that combined area under the curve (AUC) with other 

statistical properties including expectation of variance, allowed us to quantitatively 

analyze this association, for the first time in the literature. 
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Chapter 3, progresses on the methodology built in the previous chapter by performing the 

systematic review to gather the latest evidence from the literature, and quantitatively 

analyzes the PFS-HRQoL association, in the absence of OS benefit, using the abstracted 

data from this evidence. In this chapter we are able to report, for the first time in the 

literature, on the PFS-HRQoL association. 

 

Chapter 4 aims to expand on the PFS-HRQoL association found by examining the 

methodological issues and limitations that exist in studies reporting HRQoL in oncology. 

This study specifically focuses on risk of bias, outlines the impact of methodological 

issues on the PFS-HRQoL association, and informs the field on future RCT design and 

conduct.  

 

Chapter 5 ends my thesis by summarizing the main findings and limitations of Chapters 2 

to 4. The implications and future direction on the issue of PFS-HRQOL association in 

oncology are also discussed in Chapter 5. 
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2.1 Abstract 

 

Introduction  

There is an increasing number of new oncology drugs being studied, approved and put 

into clinical practice based on improvement in progression-free survival, when no overall 

survival benefits exist. In oncology, the association between progression-free survival and 

health-related quality of life is currently unknown, despite its importance for patients with 

cancer, and the unverified assumption that longer progression-free survival indicates 

improved health-related quality of life. Thus far, only 1 study has investigated this 

association, providing insufficient evidence and inconclusive results. The objective of this 

study protocol is to provide increased transparency in supporting a systematic summary 

of the evidence bearing on this association in oncology. 

 

Methods and analysis  

Using the OVID platform in MEDLINE, Embase and Cochrane databases, we will 

conduct a systematic review of randomised controlled human trials addressing oncology 

issues published starting in 2000. A team of reviewers will, in pairs, independently screen 

and abstract data using standardised, pilot-tested forms. We will employ numerical 

integration to calculate mean incremental area under the curve between treatment groups 

in studies for health-related quality of life, along with total related error estimates, and a 

95% CI around incremental area. To describe the progression-free survival to health-

related quality of life association, we will construct a scatterplot for incremental health-

related quality of life versus incremental progression-free survival. To estimate the 
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association, we will use a weighted simple regression approach, comparing mean 

incremental health-related quality of life with either median incremental progression-free 

survival time or the progression-free survival HR, in the absence of overall survival 

benefit. 

 

 

Discussion  

Identifying direction and magnitude of association between progression-free survival and 

health-related quality of life is critically important in interpreting results of oncology 

trials. Systematic evidence produced from our study will contribute to improvement of 

patient care and practice of evidence-based medicine in oncology. 
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2.2 Introduction 

 

Cancer is a devastating disease, causing high morbidity and mortality. Over time, a 

variety of anticancer treatments have emerged to deal with the many different forms of 

cancer, all having the same guiding principle – they should only be considered for use 

when they provide important benefit (i.e. improved quantity and/or quality of patient 

survival).1 2 Unfortunately, it is not currently always known whether treatment does 

provide important benefit to patients, which is critical to clinical decision making.3 

 

In oncology, overall survival (OS) is an objective end point since it represents survival 

time, a direct and unambiguous patient benefit. OS has long been regarded by the 

oncology community at large, as well as drug regulatory bodies such as the U.S. Food and 

Drug Administration (FDA), as the gold standard for demonstrating clinical benefit.4 

Using OS as an endpoint has its limitations, in particular the need for larger sample sizes 

and longer follow-up.2 4  The other well-recognized primary consideration in cancer 

therapy is the improvement of health-related quality of life (HRQoL),1 4 which in 

oncology generally refers to symptomatic improvement. HRQoL is a patient-reported 

outcome that reflects the subjective feeling of patients about their own health. HRQoL 

has been recognized as an important outcome measure to patients, since basing decisions 

on only survival ignores other vital dimensions of great concern to patients. Its 

importance is highlighted by the American Society of Clinical Oncology 
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recommendations for patients, which identifies research into the maximization of HRQoL 

as a research priority in oncology.1  

 

Although important clinical benefit should ultimately be defined in oncology by 

prolonged survival / improved HRQoL, treatments are also accepted by regulatory 

authorities on the basis of established surrogates.4 One currently accepted surrogate 

endpoint being used is progression-free survival (PFS), defined as the time from 

randomization in a clinical trial to objective tumor progression or death. Sometimes time 

to progression (TTP) is used interchangeably with PFS.5 

 

Cancer disease progression is typically assessed via medical imaging at scheduled 

intervals, and determined based on one of the four changes: appearance of one or more 

new lesions, increase in size of target measurable lesions, clear increase in non-target 

disease, and worsening of symptoms of disease.5 Progression is an outcome that was 

originally developed as a measurement tool to describe change in tumor burden during 

therapy, thus it was intended for use in phase II screening trials of new drugs, and not 

used to denote clinical benefit. Essentially this use was focused on identifying signals of 

activity in early drug development, and not rooted in benefit for patients.2  

 

In spite of the first use of PFS as an indicator of treatment effect on tumours, PFS use as 

an important end point in phase III randomized controlled trials (RCTs) has increased 

over time, with this being reflected in RCT publications and drug regulatory approvals. 
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For example the proportion of breast, colorectal, and lung cancer RCT publications using 

PFS/TTP as the primary endpoint in the Journal of Clinical Oncology went from 0% 

during 1975-1984 to 26% during 2005-2009, and the approval rates of drug indications 

based on PFS/TTP end points, as reported in different studies, was found to be 23% 

during 2005-2007 versus 29% during 2000-2010.2  

 

Increasing the use of PFS as the outcome measure of choice in oncology trials stems from 

various sources. First, in contrast to the limitations of the gold standard OS, PFS studies 

can be shorter and have fewer patients, providing results faster and at less expense.5 

Second, new drugs are now being targeted towards cytostatic rather than cytotoxic 

molecular mechanisms of action, which makes using PFS to measure cytostatic effects on 

tumours a logical choice.6 

 

There are also major disadvantages to using PFS as a primary outcome, reflecting the 

uncertainty of the importance of the outcome to patients.  If prolonged PFS was 

associated with prolonged OS, it would clearly be important. However, since prolonged 

PFS is not necessarily associated with prolonged OS, the only reason it would be of 

importance to patients is if it were associated with improved HRQoL, which is by no 

means certain. For instance, any HRQoL benefit of PFS may be eliminated or even 

reversed by HRQoL impairment as a result of adverse events (AEs) of the treatment 

required to achieve prolonged PFS.5   
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This fundamental problem with PFS is reflected by the various recent publications from 

oncological experts who are concerned with the validity of using PFS as a primary 

outcome for the evaluation of new treatments.1 2 5 As Booth highlights, the growing use of 

PFS as a primary end point is not based on its surrogacy for either OS/HRQoL, but on the 

conveniences of shorter and faster trials and evaluations, offering little benefit to patients 

when this is the basis for drug approvals, since there should be good evidence for PFS as 

a surrogate for OS/HRQoL.2  

 

A surrogate endpoint is defined as a measure validated as an adequate substitute for an 

outcome of intrinsic value to patients: how a patient feels, functions, or survives. 

Treatment effect observed on a valid surrogate endpoint should reliably and precisely 

predict treatment effect on the outcome being replaced.6 In terms of PFS being a proper 

surrogate for how a patient survives (i.e. OS), data suggests that PFS is only a valid 

surrogate for OS in colorectal cancer, and certain types of ovarian cancer, with data for 

other types of cancer such as breast, prostate, and lung cancer not supporting the 

surrogate relationship.2 6 Indeed, although there is some evidence for the surrogacy of 

PFS for OS, correlation between these is variable and unpredictable. PFS failing 

surrogacy for OS, however, may not be a problem if it is a valid surrogate for HRQoL 

(i.e. how a patient feels/functions). 

 

Unfortunately, there is a paucity of data examining the surrogacy of PFS for HRQoL, 

however, many drugs are approved based on PFS benefit in the absence of OS benefit. 
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The question which is therefore raised is what benefits these approved drugs can bring to 

patients if PFS does not represent a good surrogate for HRQoL? There are insufficient 

studies directly measuring the value and benefits of PFS for patients. Many novel cancer 

treatment RCTs report outcomes in PFS and few trials collect good HRQoL data, even 

though HRQoL is important to patient care, since outcomes may not provide benefits to 

patients experiencing AEs.5 An example of this scenario occurred with bevacizumab, 

which was initially approved for breast cancer by the FDA based on 5.9 months of PFS 

gain, with no accompanying OS or HRQoL gain and many associated AEs. Further trials 

of this treatment revealed smaller PFS gains and more associated AEs than originally 

found, and ultimately lead the FDA to revoke their approval for this indication.5  

 

Advocates for PFS claim that delaying progression delivers patient-important benefit 

since being progression-free results in stability of disease and symptoms that leads to a 

reduction in physical and psychological morbidity, and thus improves HRQoL.  However, 

as Fallowfield noted, the HRQoL benefits of increased PFS must be balanced against the 

toxicity of drug therapy.5 The limitations in measurement of HRQoL outcomes often 

leave the matter of net benefits of increased PFS versus increased treatment toxicity 

uncertain.5 

 

Until now there has only been one study, a report published by the Agency for Healthcare 

Research and Quality (AHRQ),6 that has attempted to gather the evidence and perform a 

systematic analysis of the association between PFS and HRQoL. The AHRQ report 
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examined the association of PFS with HRQoL and related outcomes, such as disease 

symptoms, for agents where PFS was the primary outcome used to assess treatment 

benefit. Unfortunately, only four studies proved eligible for the AHRQ analysis, and the 

quality of the evidence was deemed insufficient to make any conclusion about the PFS-

HRQoL association.  

In evaluating the PFS-HRQoL association, the AHRQ report had some important 

limitations. The search strategy used in the AHRQ report was not sufficiently 

comprehensive. First, their search was limited to only the specific set of oncology drugs 

that were approved based on PFS, ignoring all other studies containing PFS and HRQoL 

data. Second, they limited their search to the 2004-2012 timeframe, a timeframe 

consistent with drugs receiving approval for a primary outcome of PFS, but again 

ignoring a few years of data where PFS was reported in RCTs. Finally, and most 

importantly, they only chose studies that included a direct quantitative statistical 

comparison of PFS to HRQoL, limiting their available data given that it is very rare that a 

direct comparison between PFS and HRQoL is made in published studies.  

 

If a broader search with fewer limits to capture more of the available PFS and HRQoL 

data was performed, more studies would be found. Greater available studies would allow 

for a quantitative analysis, including sensitivity and subgroup analyses, which would lead 

to more robust conclusions on the PFS-HRQoL association.  
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Given the increased use of PFS as the primary outcome of importance in oncology trials 

of new drugs, the importance of HRQoL to patients in oncology treatments and trials, and 

the lack of a consistent surrogate relationship between PFS and OS, it is important to all 

stakeholders including patients, clinicians, payers, and all decision makers to identify the 

currently unknown PFS-HRQoL association. Without this evidence it remains possible 

that patients are receiving toxic and expensive treatments on the basis of PFS 

prolongation, but are not experiencing any benefit of value to them in the form of 

prolonged survival or HRQoL.  

 

In order to address this important gap in the current oncology literature, we will perform a 

systematic review and quantitative analyses to determine the PFS-HRQoL association in 

studies of oral or intravenous or intraperitoneal or intrapleural chemotherapy and 

biological therapy designed to improve disease related outcomes among patients with 

cancer in a RCT setting. 
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2.3 Methods and Analysis 

 

Study Overview 

We will conduct a systematic review of RCTs using the standard methodology as 

described by the Cochrane Collaboration.7  Our protocol adheres to the Preferred 

Reporting Items for Systematic reviews and Meta-Analyses for Protocols 2015 

(PRISMA-P 2015)8 9 guidelines. Additionally, in order to increase the availability and 

accessibility of the a-priori methods of our systematic review, prior to the initiation of 

data abstraction we plan on registering our study protocol on the PROSPERO 

(International Prospective Register of Ongoing Systematic Reviews)10 11 international 

register. 

 

Literature Search 

With the help of an experienced research librarian, using the OVID platform, we will 

design and run searches in Medline, Embase, and Wiley’s Cochrane Library (i.e. 

Cochrane Central Register of Controlled Trials - CENTRAL) databases using medical 

subject headings (MeSH) and text words. The Medline search will allow for the capture 

of RCTs published in the core clinical journals, or Abridged Index Medicus, as defined by 

the National Library of Medicine.12 References of retrieved publications will be scanned 

to identify any other relevant publications. In order to increase the comprehensiveness of 

our review, our search will have no language limitations. 
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Search strategies will be built that combine terms from the three key areas of the disease, 

HRQoL, and cancer treatment, with “AND” modifiers. For the terms in the disease key 

area, the five major categories of cancer will be used, as identified by major cancer 

organizations such as the National Cancer Institute (NCI) and others.13 14 The treatment 

key area terms will be constructed around chemotherapy and biological type cancer 

therapies acting as primary agents in cancer treatment. Chemotherapy and biological 

therapies identified in the search will be defined as stated by the NCI.15 16 To be even 

more comprehensive, in our treatment key area terms, we will include the list of specific 

drugs that have been approved by the FDA based only on PFS outcome for cancer as 

identified in the AHRQ report,6 since we know these drugs are of interest to our research 

question. Additionally, to be able to form conclusions using higher quality studies that are 

the standard of approval for new interventions and therefore our context of interest, the 

focus will be only on RCTs. Therefore, a fourth key area with an AND modifier will be 

used in the form of an RCT filter in order to focus the search results further. The Medline 

search has been constructed first, and will be used as the baseline search strategy on 

which to construct the Embase and Cochrane searches. The Medline strategy can be 

found in online supplementary Appendix 1. 

 

The outcome of PFS was not included in the search strategy, and instead will be screened 

on in order to adequately capture HRQoL post-hoc analysis publications corresponding to 

RCTs reporting PFS outcomes. HRQoL post-hoc analysis publications might not mention 

PFS, and HRQoL data are frequently reported in these later types of publications, instead 
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of at the time of publication on primary outcomes of efficacy and safety. Various key 

articles known to be eligible for data abstraction were identified a-priori, with some of 

these being the final four from the AHRQ report, and these were used to perform a 

quality check on the Medline search, to check for inclusion of these key articles in the 

search strategy. 

 

Eligibility Criteria 

The following are our eligibility criteria: 

Inclusion criteria: 

1. The study is a RCT 

2. Only human participants 

3. The study is examining only cancer disease (i.e. malignant neoplasm), with a 

focus on cancer treatment 

4. The study was published during 2000-2016 (deemed by expert opinion to include 

most RCTs using PFS as a primary outcome) 

5. The study reported PFS outcome estimates for either all trial arms or the 

difference between arms, in terms of median PFS times or HR difference 

6. Report of HRQoL measures (generic, specific, or utility)  

7. Oral or intravenous or intraperitoneal or intrapleural chemotherapy/biologicals 

used as the primary agent in treating cancer including: immunotherapy (cytokines 

& antibodies), gene therapy, and targeted therapies (Tyrosine kinase inhibitors, 

Apoptosis-inducing drugs, treatment vaccines, anti-angiogenesis inhibitors) 
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Exclusion criteria: 

1. The presence of statistically significant OS benefits 

2. Median or HR PFS outcome measures not provided for all arms 

3. Fewer than 2 discrete HRQoL assessments/measurements provided in study 

(baseline and at least one follow-up assessment must be provided) 

4. Error estimates, in the form of variances or SD not reported for all HRQoL 

measurements 

5. All time durations between successive HRQoL measurements not reported 

6. All sample sizes at each HRQoL measurement point not reported 

7. All non-oral or non-intravenous or non-intraperitoneal or non-intrapleural 

chemotherapy/biologicals such as surgical therapy or radiotherapy 

8. Any agents used against cancer that are used as supportive, secondary, or 

preventive agents such as hormone therapy or preventive vaccines 

Review Process 

A team of screeners and abstractors will be recruited to assist with the review process. 

Teams of two trained reviewers will perform citation and full text screening and data 

abstraction, in duplicate and independently, for citations distributed to each team at 

random. Each team will attempt to resolve all discrepancies by consensus through 

discussion with their respective team member, but if unsuccessful, adjudication to resolve 

the discrepancy will be performed by one of two arbitrators (BK, FX). The arbitrator will 

independently review the study and respective discrepancy, before discussing their final 

decision with the team members. 
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We will use electronic forms developed with DistillerSR® (Evidence Partners Inc., 

Ottawa, Canada) and Microsoft Excel software for study screening and data abstraction, 

respectively. Level 1 title and abstract screening and level 2 full text screening forms will 

be constructed using eligibility criteria. All forms will be pilot-tested before distribution 

and implementation in the review process. Before the review formally starts, we will 

conduct calibration exercises to ensure consistency across reviewers. These exercises will 

consist of project and role review meetings, as well as sample data review exercises. For 

the purposes of evaluating reproducibility, K will be calculated and reported for level 2 

screening. 

 

Since PFS is not being included in the search strategy, the presence of PFS outcome 

measures being reported for all arms in each study will be screened on during level 1 

screening, if possible, in order to reduce the large amount of studies expected to not 

contain this required data. 

 

Since the relationship between PFS and HRQoL is important in the absence of OS benefit, 

and HRQoL reporting would be expected to be less thorough when OS benefit is present, 

the focus will be on studies reporting no statistically significant OS benefit. 

 

Data Abstraction 
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We will extract information on our primary outcomes of PFS and HRQoL, regardless of 

statistically significant differences reported in studies. Median PFS times and/or PFS 

HRs, will be extracted for every intervention and control group. Mean HRQoL point 

values for the overall physical domain base case will be extracted for every group at 

every time point in the study. Error estimates around all mean HRQoL point values, and 

if available, around PFS values will also be extracted. For the HRQoL measurements, 

time durations between each successive measurement in each group, and the sample size 

at each measurement point will also be recorded. 

 

To perform sensitivity and subgroup analyses the following additional data from each 

study will also be recorded:  

 HRQoL measurements for the overall global and overall emotional HRQoL 

domains. 

 potential bias as per the Cochrane risk of bias instrument,17 with a focus on critical 

sources (i.e. presence of loss to follow-up (LTFU) issues defined as >20% attrition 

or problem self-identified by study, failure to follow patients after progression, 

and the absence of blinding) 

 cancer types and/or stages 

 the presence or absence of industry funding 
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Data Analysis 

Primary Analysis: 

Our data analysis will be informed by observation of the independent point values of 

median incremental PFS or PFS HR, and the incremental HRQoL values for one 

intervention versus another (control) provided by each study. All individual HRQoL and 

PFS point value and error estimate measurements will be standardized across studies to 

ensure that comparisons for incremental areas and progression-free times are 

commensurate with each other. 

 

To calculate incremental PFS, we will use either one of two measurements, depending on 

available data. The first method consists of taking the difference in median PFS time 

duration between arms as reported in the study, or the second consists of using the PFS 

HR as reported in the study. 

 

In order to determine the overall PFS-HRQoL association for the base case, a HRQoL 

domain must be selected that can summarize HRQoL effects across different cancer types 

and maintain the same types of comparisons across different instruments (since 

instruments can vary in the domains they capture). Therefore, for the base case scenario 

analysis of the association of PFS with HRQoL, we will use the overall physical HRQoL 

domain from each study. 
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Data analyses for incremental HRQoL will be performed by using an area under the curve 

(AUC) approach, following the trapezoidal rule, to calculate the treatment effect on 

HRQoL which requires at least two measures of HRQoL. Incremental AUC differences 

between intervention and control arm group curves for consecutive HRQoL 

measurements per group in each RCT, regardless of statistical significance, will be 

calculated for the entire timeframe duration of HRQoL measurements, up to the shortest 

HRQoL arm group duration measurement provided (no imputation assumptions will be 

made). The whole curve with the lower HRQoL baseline score will be adjusted upwards 

to correct for the imbalance at baseline HRQoL. Refer online supplementary appendix 2 

for a more detailed description of the formulas and calculations that were developed for 

the data analysis. 

 

To describe the PFS-HRQoL association (i.e. whether or not an improvement in PFS 

corresponds with an improvement in HRQoL), we will construct a scatterplot, with the 

axes consisting of incremental HRQoL versus incremental PFS, and with each point on 

the plot representing the data extracted from each individual study. Through the visual 

observation of this plot we may be able to notice/describe an overall trend of how one 

variable changes versus another. Figure 1 shows two possible scatterplot example 

scenarios.  

 

To estimate the PFS-HRQoL association (i.e. how much the dependent variable HRQoL 

varies with a corresponding increase in the independent variable PFS), we will use a 
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weighted simple regression approach with an assumption of no error for the independent 

incremental PFS variable. This assumption aligns with the potential unavailability of error 

estimates for PFS, since to our knowledge it is not usually reported in studies. The 

regression will be performed by using the dependent incremental HRQoL area point 

estimate, versus the independent incremental median PFS time estimate or PFS HR for 

each study. We will run this simple regression using a regression formula (i.e. y =  + 

(x), where x is measured without error). Finally, each study point in the regression 

analysis will be weighted by the inverse of the total variance (incremental area variance), 

to account for the influence of each study estimate on the regression line, originating from 

the uncertainty due to different sample sizes across studies. 
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Sensitivity/subgroup analyses and a-priori hypotheses: 

Sensitivity and subgroup analyses will be performed on the base case scenario of the 

association of PFS with HRQoL. First, we will perform subgroup analyses for overall 

global and emotional HRQoL domains, and hypothesize a-priori that the overall global 

HRQoL domain will have the same direction of association as the overall physical 

HRQoL domain, although the magnitude of the associations may vary due to other 

domains having lesser or greater impact on overall global HRQoL.  

 

The AHRQ report identified the three most critical sources of potential bias, which are 

especially related to the association between PFS and HRQoL, these being: LTFU issues 

defined as >20% attrition, failure to follow patients after progression, and failure to blind. 

Studies will be evaluated for potential bias with the Cochrane risk of bias instrument,17 

with a focus on the three critical sources, and sensitivity analyses will be performed by 

excluding studies deemed to have high risk of bias on any of these critical variables. Our 

a-priori hypothesis regarding study quality is that the inclusion of studies not measuring 

past median progression, or with significant LTFU/attrition problems (>20% attrition), 

will decrease the positive PFS-HRQoL association, since incremental HRQoL benefits 

derived from increased PFS between arms are expected to be seen more the longer the 

follow-up, due to more time to get over adverse treatment effects and for the positive 

impact of staying free of recurrence to manifest itself.   
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Finally, to explore some other potential predictors for their potential effect on the PFS-

HRQoL association, oncology type subgroup analysis and a sensitivity analysis excluding 

industry funded RCTs may be performed, depending on available data. Table 1 presents a 

summary of the main methodological aspects of this study.  
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2.4 Discussion 

 

Strengths and Limitations 

Our study has several strengths. First, we will employ rigorous systematic review 

methodology including well designed and comprehensive search strategies, screening that 

is guided by explicit eligibility criteria, and the use of standardized and pilot-tested 

screening and abstraction forms. Second, we will maximize reproducibility of our review 

methods by conducting calibration exercises throughout the review process to ensure 

consistency across reviewers, and we will report on the K statistic for level 2 screening to 

identify any potential problems with regards to reproducibility. Our comprehensive 

search will provide an informative estimate on the PFS-HRQoL association. Our 

sophisticated analytic strategy will optimally explore the association, and we will conduct 

sensitivity analyses to address the robustness of the results, and a subgroup analysis to 

determine whether the association varies across specific domains of HRQoL. 

 

We anticipate several limitations to our analysis. First, reported median PFS will not 

always match for time duration with HRQoL measurements provided, resulting in a time 

mismatch between these outcomes. The greater the difference in the proportion of 

patients in intervention and control groups without a recurrence, and the longer time in 

which patients with and without a recurrence live with their conditions, the greater the net 

HRQoL difference between the two groups is likely to be. The difference in the 

proportion of recurrence, as well as the time lived with or without a recurrence, and thus 
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the net difference in HRQoL in intervention and control groups will increase with the 

duration of follow-up.  Thus studies with briefer or truncated follow-up with respect to 

HRQoL, but longer follow-up with respect to PFS – and we have prior knowledge that 

such differences in follow-up will occur – are liable to underestimate the PFS-HRQoL 

association. Since, to the extent that this problem occurs, we will be underestimating the 

PFS-HRQoL association, and this association can only increase in positive magnitude 

with longer HRQoL follow-up. Finding a strong positive HRQoL-PFS association will be 

definitive. However, if in many studies we find a large difference in duration of follow-up 

in HRQoL and PFS, a finding of a weak or absent association will not be definitive.  

 

Second, association does not necessarily imply causality, and with a plethora of unknown 

potential confounding factors linking PFS to HRQoL, there could be unknown underlying 

mechanisms having an effect on PFS and HRQoL. Additionally, we may not be able to 

distinguish between two explanations of an association between PFS and HRQoL: one in 

which the difference in tumor burden in those with and without recurrence directly results 

in difference in HRQoL, versus knowledge of having progression compared to being 

progression-free possibly reduces anxiety and increases HRQoL by that mechanism.  It is 

possible that domain by domain analyses (for instance, if emotional function but not 

physical function improves, it might suggest the latter mechanism of effect) may help 

elucidate this issue. Also, we plan on including all HRQoL assessments, most of which 

will be prior to disease progression, in order to minimize the bias inherent in HRQoL 

collected on the day of documentation of progression. 
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Finally, although ideally we would stratify our HRQoL data by all known confounding 

factors, such as by type of progression (i.e. radiographic vs clinical) or censoring due to 

death, we cannot perform these stratifications because of the nature of published HRQoL 

data. However, since many of these confounders are expected to be relatively well 

balanced between trial arms, we do not anticipate this being a major concern. 

 

Study Implications 

Thus far, only one study has attempted to evaluate and provide systematic evidence on 

the PFS-HRQoL association. The AHRQ report conducted a qualitative analysis of a very 

limited amount of data, resulting in inconclusive results. Our more comprehensive search 

will result in a greater amount of retrieved data, which will allow for quantitative analyses 

providing stronger and more robust conclusions regarding the PFS-HRQoL association.  

 

The PFS-HRQoL association is of primary concern to all stakeholders and decision 

makers including patients, clinicians, and payers. This is especially true given the ever 

increasing number of regulatory approved oncology drugs based on PFS benefit, even 

when no OS advantages are evident. This study will provide systematic research on a 

current evidence gap that exists in the oncology world. In order for PFS based oncology 

treatments to conform to evidence based medicine, systematic research on the PFS-

HRQoL association needs to be produced so it can be integrated with individual clinical 

expertise in making decisions about the care of individual patients. 
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One area that this study will most likely challenge will be the conduct of oncology RCTs. 

Given the nature of our data, it is likely that one of the conclusions of this study will be 

that RCT authors need to design and run studies in a way as to minimize attrition and 

LTFU problems, as well as follow patients well past median progression, in order to, for 

the time being, measure what is most important to patients, HRQoL, and then only 

substitute PFS when its validity as a surrogate is definitively established. 

 

The findings of this study may produce evidence that challenges conventional thinking 

regarding the surrogacy of PFS for HRQoL, or it may produce evidence that validates 

PFS as a surrogate for HRQoL. Regardless, it will contribute evidence that will support 

improved patient care, either through potentially changing research/clinical practices, 

guidelines, and policies grounded in PFS, or through providing knowledge that supports 

the current practices being employed. 
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2.5 Figures and Tables 
Chapter  2 

Figure 1: Scatterplots for incremental HRQoL (y-axis) versus 
 incremental PFS (x-axis) 

 

 

Table 1: Summary of Objective, Sensitivity Analyses, A-Priori Hypotheses,  
and Analysis Method 

Objective/Question Outcomes 

Sensitivity 
Analyses for 
Potential 
Predictors 

A-Priori 
Hypotheses 

Analysis Method 

To determine the 
association between the 
effect on PFS and effect 
on HRQoL of oral or 
intravenous or 
intraperitoneal or 
intrapleural 
chemotherapy and 
biologicals designed to 
improve disease related 
outcomes among 
patients with cancer in a 
RCT setting for which 
these therapies are 
being compared with 
another control therapy 

Incremental 
HRQoL units 
measured by 
AUC 
difference for 
intervention 
versus control 
(continuous) 
Incremental 
PFS measured 
by difference in 
median time or 
HR for 
intervention 
versus control 
(continuous) 

Subgroup analyses 
for overall global 
and emotional 
domains 
Sensitivity analysis 
for where 
LTFU/attrition, lack 
of measurement past 
progression, and 
lack of blinding is a 
concern 
Oncology type 
subgroup analyses 
Sensitivity analysis 
excluding industry 
funded RCTs 

Overall global 
HRQoL evidence 
has same 
directional 
association as 
overall physical 
HRQoL domain 
analysis 
The inclusion of 
studies not 
measuring past 
median 
progression and 
with LTFU 
problems decrease 
the positive 
association 

Incremental AUC HRQoL units 
between treatment groups, 
adjusted at baseline for HRQoL, 
calculated using trapezoidal rule 
Error estimates of variance and 
SE will be calculated for 
incremental AUC point estimate 
To describe the PFS-HRQoL 
association a scatter plot will be 
constructed 
To estimate the PFS-HRQoL 
association simple weighted 
regression will be performed by 
using incremental HRQoL area 
versus incremental PFS estimate 

PFS = progression-free survival, HRQoL = health-related quality of life, RCT = randomized controlled trial, AUC = area under the curve,  
HR = hazard ratio, LTFU = loss to follow-up, SE = standard error 
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2.7 Appendix 1 

 

Database: Ovid MEDLINE(R) In-Process & Other Non-Indexed Citations, Ovid 

MEDLINE(R) Daily and Ovid MEDLINE(R) <1946 to Present> 

Search Strategy: 

-------------------------------------------------------------------------------- 

1     cancer*.mp. 

2     exp Neoplasms/ 

3     neoplasm*.mp. 

4     exp Carcinoma/ 

5     carcinoma*.mp. 

6     exp Sarcoma/ 

7     sarcoma*.mp. 

8     exp Lymphoma/ 

9     lymphoma*.mp. 

10     exp Leukemia/ 

11     leukemia*.mp. 

12     myeloma.mp. 

13     tumor*.mp. 

14     tumour*.mp. 

15     1 or 2 or 3 or 4 or 5 or 6 or 7 or 8 or 9 or 10 or 11 or 12 or 13 or 14 

16     exp "Quality of Life"/ 

17     quality of life.mp. 

18     QOL.mp. 

19     Health Related Quality of Life.mp. 
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20     HRQOL.mp. 

21     HRQL.mp. 

22     patient reported outcome*.mp. or exp "Outcome Assessment (Health Care)"/ 

23     ((pro or pros) and outcome*).ti,ab. 

24     Patient Preference.mp. or exp Patient Preference/ 

25     16 or 17 or 18 or 19 or 20 or 21 or 22 or 23 or 24 

26     drug*.ti,ab. 

27     pharmaceutical preparations/ or controlled substances/ or exp dosage forms/ or exp 

drug combinations/ or exp drugs, essential/ or exp drugs, generic/ or exp drugs, 

investigational/ or exp materia medica/ or exp nonprescription drugs/ or exp pharmaceutic 

aids/ or exp placebos/ or exp prescription drugs/ or exp prodrugs/ or exp solutions/ or exp 

"vaginal creams, foams, and jellies"/ or exp xenobiotics/ 

28     drug therapy/ or antineoplastic protocols/ or exp chemoradiotherapy/ or 

chemotherapy, adjuvant/ or consolidation chemotherapy/ or exp administration, 

intravenous/ or exp administration, oral/ or exp chemotherapy, cancer, regional perfusion/ 

or exp infusions, parenteral/ or exp injections/ or exp drug carriers/ or exp drug 

prescriptions/ or drug therapy, combination/ or antineoplastic combined chemotherapy 

protocols/ or exp fluid therapy/ or home infusion therapy/ or induction chemotherapy/ or 

maintenance chemotherapy/ or molecular targeted therapy/ 

29     chemotherapy.mp. 

30     growth substances/ or exp angiogenesis modulating agents/ or exp growth 

inhibitors/ or exp immunologic factors/ or exp adjuvants, immunologic/ or exp interferon 

inducers/ 

31     exp Tumor Necrosis Factor-alpha/ or biologic*.ti,ab. or exp Antibodies, 

Monoclonal/ 

32     Immunotherapy/ 

33     Immunotherapy.mp. or Immunotherapy/ 
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34     Cytokines.mp. or exp Cytokines/ 

35     26 or 27 or 28 or 29 or 30 or 31 or 32 or 33 or 34 

36     (Bevacizumab or avastin).mp. 

37     (ixabepilone or ixempra).mp. 

38     (lapatinib or Tykerb).mp. 

39     (panitumumab or vectibix).mp. 

40     (doxorubicin or doxil).mp. 

41     (gemcitabine or gemzar).mp. 

42     (trabectedin or yondelis).mp. 

43     (sorafenib or nexavar).mp. 

44     (pazopanib or votrient).mp. 

45     (sunitinib or sutent).mp. 

46     (erlotinib or tarceva).mp. 

47     (docetaxel or doxetaxel or taxotere).mp. 

48     36 or 37 or 38 or 39 or 40 or 41 or 42 or 43 or 44 or 45 or 46 or 47 

49     35 or 48 

50     15 and 25 and 49 

51     randomized controlled trial$.mp. 

52     randomized controlled trial.pt. 

53     double-blind method/ 

54     single-blind method/ 

55     controlled clinical trial.pt. 

56     ((double$ or trebl$ or tripl$) adj25 (blind$ or mask$)).mp. 

57     random$.mp. 

58     51 or 52 or 53 or 54 or 55 or 56 or 57 
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59     50 and 58 

60     animals/ not humans/ 

61     59 not 60 

62     limit 61 to yr="2000 -Current" 
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2.8 Appendix 2 

 

AUC for each group / arm, and the incremental AUC between groups for each study will 

be calculated using the trapezoidal rule. This rule from the family of formulas for 

numerical integration, or quadrature, is used for approximating the definite integral, and 

works by approximating the region under the graph of the function f(x) as a trapezoid and 

calculating its area. The trapezoid rule instructs to divide the curve into a series of 

trapezoids, each with area equaling average height (i.e. determined by the two adjacent 

HRQoL measures) multiplied by width, and to sum the areas of the strips.1 Because area 

is a function of differences between means at different time points between curves, or 

intervention groups, incremental AUC (AUC) is denoted by:  

 

1) ∆𝐴𝑈𝐶 =  𝐴𝑟𝑒𝑎 −  𝐴𝑟𝑒𝑎  = (𝐴1 + 𝐴2 + ⋯ ) − (𝐴1 + 𝐴2 + ⋯ ) , 

 

where the brackets containing the “I” subscript represent the total area of the treatment 

intervention group, and the brackets containing the “C” subscript represent the total area 

of the control group. 

 

For the purposes of our analysis, this formula is expanded as follows:  

 

2) ∆𝐴𝑈𝐶 =
(  )

 × (𝑇𝐷2 −  𝑇𝐷1 ) +  
(  )

 × (𝑇𝐷3 −  𝑇𝐷2 ) + ⋯ −
(  )

 × (𝑇𝐷2 −  𝑇𝐷1 ) +  
(  )

 ×

(𝑇𝐷3 −  𝑇𝐷2 ) + ⋯   , 
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where Q represents the mean HRQoL measurements provided for each treatment group, 

and half the sum between the Q’s is the average height of the trapezoid, and where TD 

represents Time Duration as reported for each HRQoL measurement, and the difference 

between the TDs is the width of the trapezoid. Formula (2) can be used to find the 

incremental AUC point estimate difference between intervention and control groups, 

where we are given consecutive mean HRQoL measurements across time.  

In order to perform our data analyses, we not only need the total incremental area point 

estimates, but also the total error estimates around these point values. We therefore need 

to calculate two separate variances to get the totals; one for within each treatment group, 

and the other for between the groups. We will start by calculating within group variances 

by taking each half of incremental area formula (2), first for the intervention group and 

then for control group, and once we simplify and rearrange for each group, our formula is 

as follows:  

 

3) 𝑉(𝐴𝑟𝑒𝑎   ) =  𝑑 × 𝑣(𝑄 + 𝑄 ) + 𝑑 × 𝑣(𝑄 + 𝑄 ) + ⋯  , 

 

where d represents the constant of half the time duration difference, and where v(𝑄 +

 𝑄 ) represents the pooled variance within a group.  
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Because variance within a group has repeated measures, we will account for covariance 

between measurements by applying the pooled standard deviation for dependent samples 

equation to formula (3) as follows: 

 

4) 𝑉(𝐴𝑟𝑒𝑎   ) =  𝑑 × (𝜎 + 𝜎 + 2 ×  𝜎  × 𝜎  × 𝑝) + 𝑑 × (𝜎 + 𝜎 + 2 ×  𝜎  ×  𝜎  × 𝑝) + ⋯  , 

 

where  represents the standard deviation for each HRQoL measurement as extracted 

from the study, and where p will equal 0.5, an assumption of a positive midpoint 

correlation of +0.5. The rationale for this assumption originates from an expectation of 

increasing HRQoL over time for each particular group with subsequent HRQoL readings, 

due to treatment being provided in the RCT leading to increased HRQoL over time 

compared to baseline. Formula (4) will be used to find the within group area variances for 

the intervention and control group.  

 

In order to find total variance, which is the combination of within group plus between 

group variances, or variance of the incremental area, we will combine all within group 

variances calculated. For this we return to formula (1), but as opposed to mean 

incremental area being a function of differences between curves or groups, total variance 

is instead a function of the addition of all within group variances as follows: 

 

5) V(Area) = V(𝐴𝑟𝑒𝑎 ) + 𝑉(𝐴𝑟𝑒𝑎 ) 
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Once total variance for incremental HRQoL area is calculated, we will use this in 

combination with the total sample size of all measurements to calculate the standard error 

(SE), since SE reflects the variability between means,2 and we are calculating a difference 

between means for the incremental area. The SE will be used to derive the 95% 

confidence interval around the HRQoL incremental area for each study, and get a sense of 

the inherent uncertainty present in the dependent HRQoL variable. 
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3.1 Abstract 

 

Background 

The goal of cancer care is to improve survival duration or health-related quality of life 

(HRQoL). Progression-free survival (PFS) has become an important surrogate outcome in 

assessing efficacy of new drugs, especially in absence of overall survival (OS) benefit. 

However, the relationship between improved PFS and HRQoL is unclear. The objective 

of this study was to examine the relationship between PFS and HRQoL through a 

systematic review and analysis of published evidence.  

 

Design  

We searched MEDLINE, Embase, and Cochrane databases for randomized controlled 

trials (RCTs) published since 2000 addressing chemotherapy or biological treatments 

reporting PFS or HRQoL with no OS benefits. We utilized difference in median PFS time 

duration between treatment groups, and compared HRQoL between groups using 

difference in standardized mean incremental area under the curve adjusted to per month 

values. We used weighted simple regressions to examine the PFS-HRQoL association for 

physical, global, and emotional HRQoL domains.  

 

Results 

Of 35,960 records identified, 42 articles reporting on 30 RCTs involving 10,731 patients 

across 12 cancer types using 5 different HRQoL instruments proved eligible.  Of these 30 

RCTs, 67% demonstrated improved PFS, and 56%, 54%, and 62% demonstrated 
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improved physical, global, and emotional HRQoL, respectively.  The associations proved 

weak and easily explained by chance: PFS and physical HRQoL domain (n=18, 

regression coefficient β=-0.21, 95% CI; -0.65 to 0.24), global domain (n=24, β=0.09, 

95% CI; -0.27 to 0.46), or emotional domain (n=13, β=0.78, 95% CI; -0.05 to 1.60).  

 

Conclusions 

In clinical trials reporting PFS outcomes with no benefit in OS, longer PFS is not 

significantly associated with better HRQoL. These findings raise questions regarding the 

assumption that interventions prolonging PFS also improve quality of life in patients with 

cancer. 

 

  



Ph.D. Thesis – B. Kovic; McMaster University – Health Research Methods, Evidence and Impact 

 50 

3.2 Introduction 

 

The goal of patient-centred cancer care is to extend survival or improve health-related 

quality of life (HRQoL).1-3 Overall Survival (OS), an objective end point representing 

survival duration, is widely regarded as the gold standard for demonstrating clinical 

benefit.3 4 HRQoL reflects patients’ subjective feeling about their own health, and has 

also been recognized as an important outcome measure,1 3 as well as a research priority by 

organizations including the American Society of Clinical Oncology.1 Although important 

benefit should ultimately be established by improved OS/HRQoL, regulatory authorities 

have also approved cancer treatments on the basis of surrogates such as progression-free 

survival (PFS),3 or time to progression (TTP).5  

 

Originally developed as a measurement tool to identify signals of activity in early drug 

development,2 PFS has become a widely used surrogate outcome to assess efficacy of 

new cancer drugs. The appeal of PFS use in randomized controlled trials (RCTs),2 reflects 

limitations associated with using OS,2 3 5 including higher cost, longer follow-up, and 

larger sample sizes. The increasing use of PFS is also reflected in drug regulatory 

approvals,2 with at least a dozen drugs being approved by the US Food and Drug 

Administration (FDA) since 2005 using PFS as the primary endpoint.6  

 

Although the use of PFS is increasing, the uncertainty of its importance to patients, and 

its validity as a surrogate measure, have raised major concerns regarding the use of PFS 

as a primary outcome. A valid surrogate end point should reliably and precisely predict 
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treatment effect on the outcome being replaced, either survival or how a patient feels or 

functions.6 This definition is currently implemented by regulatory agencies (i.e. FDA) 

that grant oncology drugs either accelerated or traditional marketing approvals.7   

 

Thus far, evidence suggests that PFS serves as a valid surrogate for OS only in limited 

scenarios, being both variable and unpredictable.2 6 The relationship between improved 

PFS and HRQoL is also not clear, particularly in the absence of OS benefit. The 

association of prolonged PFS with improved HRQoL is far from self-evident since 

HRQoL is likely to be impaired by adverse events (AEs) patients experience as a result of 

treatments delivering prolonged PFS.5 In response to the uncertainty regarding the 

relation between PFS and HRQoL, oncological experts have raised concerns regarding 

the validity of using PFS as a primary outcome for evaluating new treatments,1 2 5 noting 

that the growing use of PFS as a primary end point is not based on its surrogacy for either 

OS or HRQoL, but on the conveniences of shorter and faster trials and evaluations.2 

 

Resolving the question of whether PFS is a satisfactory surrogate for HRQoL is 

challenging given that few studies measure the value and benefits of PFS for patients, and 

few trials collect and report HRQoL data.5 8 To date, only one study6 has performed a 

systematic analysis of the PFS-HRQoL association. Unfortunately, that report has 

important limitations relating to lack of a comprehensive search for relevant evidence, 

and has thus left the question of the association unresolved. 
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Given the increased use of PFS as the primary outcome in oncology trials of new drugs, 

and uncertainty whether PFS is an adequate surrogate for either OS or HRQol, it remains 

possible that patients are receiving toxic and expensive treatments without experiencing 

any benefit of value. We have therefore examined the relationship between PFS and 

HRQoL through a systematic review and quantitative analysis of published studies of oral 

or intravenous or intraperitoneal or intrapleural chemotherapy or biological therapy 

designed to improve disease-related outcomes among patients with cancer in RCT 

settings. 
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3.3 Methods 

 

Our study protocol, detailing the design and analysis, was previously published,9 and 

registered on PROSPERO (International Prospective Register of Ongoing Systematic 

Reviews)10 11 with registration number CRD42016047162. We conducted a review of 

human cancer RCTs published from 2000 to May 04, 2016, utilizing standard 

methodology as described by the Cochrane Collaboration.12 Our systematic review 

adheres to the PRISMA Statement13 14 guidelines to ensure transparent and complete 

reporting. We included trials examining chemotherapy or biological type cancer therapies 

as the primary agent in treating cancer (i.e. primary investigational treatment), and that 

reported on PFS outcome estimates and HRQoL measures, but excluded the trials with 

statistically significant OS benefits. 

 

Literature Search 

We utilized comprehensive search strategies developed with the help of an experienced 

research librarian (see protocol online supplementary appendix 1 for MEDLINE 

strategy).9 We used the OVID platform to search in MEDLINE, Embase, and Wiley’s 

Cochrane databases, and used both MeSH terms as well as free text words to capture 

RCTs published in the Abridged Index Medicus.15 Our search strategies were built by 

combining terms from disease key areas (cancer categories), HRQoL, cancer therapies, 

and an RCT filter. To increase comprehensiveness, we included a list of drugs approved 

by the FDA based only on PFS benefit,6 and set no language limitations. We utilized a 

previous report6 to pre-identify key articles eligible for the review, and performed a 
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search strategy validation check by verifying the inclusion of these key articles in the 

search results. All references were managed using EndNoteX v.7.0.2 (Thomson Reuters, 

Philadelphia, USA).  

 

Study Screening and Data Abstraction 

Ten pairs of reviewers, working independently, conducted eligibility screening and data 

abstraction. The international team allowed for screening and abstraction of articles in a 

variety of languages, thus reducing language limitations. Reviewers resolved 

disagreement by either discussion or adjudication by an arbitrator (BK). 

 

Screening was performed using pilot-tested electronic forms in DistillerSR (Evidence 

Partners, Ottawa, Canada), constructed as per eligibility criteria in the protocol.9 Through 

team meetings and email communications, reviewers received training and detailed 

written instructions to perform title and abstract and full-text screening.  Meetings 

included calibration exercises with sample data review exercises. We measured reviewer 

agreement on full text screening using Kappa (κ) as per guidelines proposed by Landis 

and Koch,16 by utilizing the VassarStats Kappa online calculator.17 

 

Oncology trials often report PFS results first, and subsequently and separately publish 

HRQoL results. Therefore, we classified trial publications into three categories of 

outcome reporting: only PFS outcome data (i.e. typical oncology trial publication), only 

HRQoL data, or a publication reporting both PFS and HRQoL. All categories of 
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publications are potentially relevant for our review, we therefore performed trial level 

publication matching and searching prior to data abstraction for publications reporting 

only PFS or HRQoL. We first cross referenced categorized publication types against each 

other (i.e. trial level matching) for articles passing full-text screening, to identify and 

capture trials reporting required data across multiple publications. Furthermore, we 

performed an additional supplemental search through OVID for any additional unmatched 

publications using author, intervention, and cancer type keywords in MEDLINE and 

Embase databases.  

 

Data abstraction was performed using pilot-tested electronic forms in Microsoft Excel 

software, by reviewers undergoing similar training and calibration as in the screening 

stage. Reviewers extracted all data relevant to primary outcomes of PFS and HRQoL 

including median PFS time and/or PFS hazard ratios (HRs) for every intervention and 

control group, HRQoL scores and corresponding error estimates for the physical domain, 

time durations between each successive HRQoL measurement in each group, and sample 

size at each HRQoL measurement point. In order to perform pre-specified sensitivity 

analyses,9 global and emotional HRQoL domain scores were also abstracted if available. 

Additional data originally intended for further sensitivity and subgroup analyses (i.e. risk 

of bias, cancer types and stages, industry funding) within each HRQoL domain were 

abstracted;9  however, insufficient quantity of trials within each HRQoL domain 

precluded these analyses. 
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Data Analyses 

We performed our analysis using Microsoft Excel and SPSS software (Version 22). We 

utilized the reported difference in independent point values of median incremental PFS, 

and the calculated incremental HRQoL values for one intervention versus a control for 

each trial. Supplementary appendix 2 of our protocol provides a detailed description of 

our analyses.9    

 

All included trials reported median progression times for intervention and control groups, 

and we calculated incremental PFS for each study by taking the difference in median PFS 

time duration between the two arms. Approximately 25% of trials (8 of 30) used TTP, so 

we assumed TTP to be equal to PFS since the majority of trials report PFS, and the two 

terms are sometimes used interchangeably.4 5 

 

HRQoL for the duration of provided measures in each arm was calculated by using an 

area under the curve (AUC) approach. The difference in AUC between intervention and 

control arm groups was calculated by adjusting for HRQoL baseline imbalance and for 

different durations in measuring/reporting HRQoL between arms. Although per trial 

instrument selection had no effect on calculation of HRQoL scores due to score 

standardization, we established a hierarchy of measures, using the highest in the hierarchy 

for our analyses as follows: FACT-G,18 19  then the EORTC-QLQ-C30,20 21 and finally 

any other instrument available. All HRQoL scores across instruments were standardized 

on a scale of 0 to 100, with higher scores representing better HRQoL. Similarly, all 
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corresponding error estimates were standardized accordingly by using properties of 

expectation and variance of a random variable (refer to Appendix 1). Finally, we adjusted 

incremental HRQoL benefit for all studies to per month values by utilizing the same 

properties of expectation and variance approach as in the instrument scale error estimate 

standardization (Appendix 1). This served to both reduce overall heterogeneity of the y-

axis by reducing variability due to differences in HRQoL time durations measured across 

trials, and allowed for a facilitated visual comparison of relative HRQoL benefits across 

trials in constructed PFS-HRQoL scatterplots.  

 

The physical HRQoL domain scores from each trial were used for the base case analysis 

of the PFS-HRQoL association. This domain was selected as the base case in order to 

maximize the comparability across cancer types by utilizing this commonly measured 

specific domain of perceived importance. The global and emotional HRQoL domain 

scores were used in the sensitivity analyses. These domains were analyzed similarly to the 

base case, and against the a-priori hypothesis of sharing similar directional association as 

the physical HRQoL domain. 

 

We constructed a scatterplot of incremental HRQoL (y-axis) versus incremental PFS (x-

axis), with each study point representing an individual trial. To estimate the PFS-HRQoL 

association, we used weighted simple (i.e. weighted least squares - WLS) regression; to 

account for different sample sizes across studies, each study point in the regression was 

weighted by the inverse of the total variance.   
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3.4 Results 

 

We initially identified 35,960 citations in MEDLINE, Embase, and Cochrane databases, 

with a total of 30,296 articles after duplicate removal. We removed 27,944 articles after 

title and abstract screening, leaving 2352 full-text articles assessed for eligibility, with 

2317 being excluded. In addition to the 35 articles finally identified in the primary search, 

we included 7 more articles identified through a supplemental search. Our review 

included a final total of 30 trials reported in 42 articles.22-63 Figure 1 presents the article 

selection process.64 We calculated κ = 0.75, 95% confidence interval (CI) (0.73 to 0.78), 

indicating substantial agreement16 between reviewers in assessments of study inclusion 

during full text screening. 

 

Of the 42 articles representing 30 trials, 18 reported both PFS and HRQoL data in a single 

article. Trial level matching identified another 24 articles representing 12 eligible RCTs.  

 

The 30,296 potentially eligible articles included 1607 non-English language publications 

in Chinese, French, German, Japanese, Korean, Polish, and Spanish. Two Chinese 

articles,35 60 the largest non-English language group, were finally included in our 

quantitative synthesis. 

 

Table 1 presents trial characteristics organized alphabetically by cancer type and 

publication year, with Trial ID format corresponding to number of the trial out of 30, 

followed by cancer type and trial number for the specific cancer type. 
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The 30 eligible trials, published between 2000 and 2014, involved 10,731 patients across 

12 cancer types. Seven cancer types were studied in multiple trials. Trials enrolled from 

42 to 1248 adult patients aged 18 to 91. Intervention treatments varied widely, both across 

and within cancer types. The variability of comparators was lower, with some repetition 

within cancer type. Reported median follow-up ranged from 10.5 to 66 months across 

trials. Median PFS of trial interventions ranged from 1.8 to 33.7 months, and the duration 

of reported or measured HRQoL ranged from 1.5 to 34 months. Out of 30 trials, 19 had 

shorter HRQoL follow-up than median PFS for the intervention. The studies included in 

our analysis utilized five different HRQoL instruments: EORTC-QLQ-C30 (17 of 30 

trials), FACT (9), Lung Cancer Symptom Scale (2), the eight-item linear analog self-

assessment (LASA) questionnaire (1), and clinician-reported Karnofsky score (1). Of the 

30 trials, 26 (87%) had high risk of bias in at least one of four domains (i.e. loss to 

follow-up, failure to follow patients after progression, and absence of blinding in 

participants, personnel, or outcome assessment),9 with 11 of 30 trials failing to follow 

patients after progression. 

 

Table 2 presents a summary of study data results used in our regression analyses. Of 30 

trials, 20 (67%) had improved PFS for intervention versus comparator. Physical HRQoL 

was reported in 18 of 30 trials (60%), while global HRQoL was the most common 

domain, reported in 24 of 30 trials (80%); emotional HRQoL was reported in 13 of 30 

RCTs (43%). Of the RCTs reporting HRQoL across different domains, 10 of 18 (56%), 
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13 of 24 (54%), and 8 of 13 (62%) trials demonstrated improved physical, global, and 

emotional HRQoL for the intervention versus the comparator. 

 

Figures 2, 3, and 4 present scatterplots of the relationship between PFS and each of the 

HRQoL domains. For the association between physical HRQoL and PFS (n=18), the 

regression coefficient (β=slope) was -0.21 (95% CI -0.65 to 0.24). For the analysis of 

global HRQoL and PFS (n=24), the regression coefficient (β) was 0.09 (95% CI -0.27 to 

0.46). For the analysis of emotional HRQoL and PFS (n=13) the regression coefficient (β) 

was estimated 0.78 (95% CI -0.05 to 1.60).  
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3.5 Discussion 

 

Our review and analysis found all three HRQoL domains to have weak and non-

significant associations with PFS in the absence of OS benefit, demonstrating no 

consistent PFS-HRQoL directional association, and supporting our a-priori hypothesis of 

similar results across different HRQoL domains.  

 

Our study, the first of its kind to quantitatively evaluate the PFS-HRQoL association in 

oncology, has several strengths. First, we conducted an exhaustive search with no 

language limitations. Second, we developed explicit eligibility criteria and conducted 

duplicate assessment of eligibility and data abstraction that included use of standardized 

and pilot-tested screening and data abstraction forms, review team meetings and 

communications to ensure resolution of reviewer concerns, and thus achieved excellent 

agreement.  Third, we developed a quantitative analysis methodology that allowed to 

include the widest possible range of relevant publications. Finally, our trial dataset had 

widely distributed patient and trial characteristics, ensuring optimally generalizable 

results.  

 

Our study also has limitations. First, since over 60% of trials have shorter HRQoL follow-

up than median PFS for the interventions, and 11 of 30 trials fail to follow patients after 

progression, we may have failed to capture some HRQoL benefit attributable to PFS that 

could have occurred later in trials, and thus may have underestimated the association 

between PFS and HRQol. Second, with only 30 eligible RCTs we could not perform 
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some planned sensitivity and subgroup analyses. Third, the results do not show significant 

PFS-HRQoL, and this could be in part from a lack of statistical power arising from the 

limited number of trials included in the analysis. 

 

Thus far, the question of PFS-HRQoL association in oncology has only been examined in 

one previous study by the Agency for Healthcare Research and Quality (AHRQ).6 

Unfortunately, only four studies proved eligible for the AHRQ qualitative review, with 

the quality of the evidence being deemed insufficient to make any conclusion about the 

PFS–HRQoL association. The most important limitations in the AHRQ report were 

related to the limited comprehensiveness of their search, which included choosing only 

studies with a direct quantitative statistical comparison of PFS to HRQoL, resulting in a 

limited eligible study pool. 

 

The increasing use of PFS in oncology RCTs and drug regulatory approvals over recent 

years has been based on several advantages of using PFS over OS to evaluate drugs, in 

particular lower requirements for both sample size and extended follow-up and thus 

greater speed of trial completion. Aside from these practical advantages, PFS advocates 

believe that being progression-free indicates disease control and stabilization, leading to 

reduction in disease symptoms, thus implying clinical benefit through improvement in 

HRQoL.6 8 Our results cast serious doubts on such assertions.  
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These results have important implication for the design and conduct of oncology RCTs. 

One possible conclusion is that trials with a primary PFS endpoint also need to be 

designed to provide high-quality findings regarding whether the interventions impacts on 

HRQoL, including adequate power and data quality (duration of follow-up and high 

patient compliance). This approach will avoid assumptions65 and would make the 

relationship between PFS outcomes and HRQoL outcomes clear, allowing clinical 

judgement to assess benefits versus risks should the HRQoL outcomes be compromised 

by treatments that increase PFS. In contrast to the solution for the apparent inadequacy of 

PFS as a surrogate by ensuring trials are powered to definitively establish impact on OS, 

ensuring results demonstrate the impact on HRQoL will not require larger studies.  

Oncology-specific instruments are responsive to small but important changes in 

HRQoL,66 67 and require sample sizes of the same order as those powered to establish 

PFS. Our finding of approximately the same proportion of trials showing HRQoL benefit 

as those showing PFS benefit supports this observation. 

 

An increase in the measurement and reporting of HRQoL in RCTs would constitute a 

substantial change in practice: we found a small number of articles, as observed in Figure 

1, reporting only HRQoL (26) in comparison to those reporting only PFS (650). Our 

findings are consistent with previous research reporting that only 4-10% of oncology 

trials report the impact of interventions on HRQoL.68 69  
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The necessary measurement of HRQoL in RCTs will come with logistical challenges. 

Investigators will have to implement strategies to minimize the missing HRQoL data, a 

frequent problem in current RCTs that do address HRQoL. Such strategies would include 

requiring baseline measurement of HRQoL prior to randomization into trials,68 69 careful 

monitoring to ensure measurement takes place at each patient visit, obtaining contact 

information for a number of individuals with whom patients are not living but who are 

likely to be aware of the their whereabouts, ensuring resources are available for tracking 

patients who prove hard to follow, and use of electronic administration of HRQoL 

instruments completed by patients themselves. Further, investigators will have to ensure 

adequate logistical planning and institutional staff training that will further minimize 

missing data and ensure optimal administration of HRQoL instruments.6 68 70 71 
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3.6 Conclusion 

 

The findings of our systematic review and quantitative analysis seriously challenge 

claims of increased PFS being clearly associated with improved HRQoL. The 

implications are profound: trials must either be adequately powered for OS, or designed 

to ensure rigorous and trustworthy measurement of HRQoL. 
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3.8 Figures and Tables 
Chapter  3 

Figure 1: PRISMA Flow Diagram 
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Full-text articles assessed 
for eligibility  

(n = 2352) 

Full-text articles excluded, with reasons  
(n = 2317) 

 Full text not available (78) 
 Other study design: comment, editorial, 

letter, note (432) 
 No error estimates (35) 
 No sample sizes (38) 
 No time durations (33) 
 PFS/TTP and HRQoL data missing (142) 
 Insufficient HRQoL measurements (416) 
 Statistically significant OS (299) 
 Disease not relevant (7) 
 Disease treatment not relevant (19) 
 Intervention not relevant (133) 
 Participants not relevant (9) 
 Only PFS data available (650) 
 Only HRQoL data available (26) 

Articles included in quantitative synthesis  
(n = 42 for 30 trials) 

 18 articles (18 trials) reporting 
both PFS and HRQoL data 

 10 articles (5 trials) initially 
matched (PFS + HRQoL) 

 7 articles (7 trials) matched with 
7 additional articles identified 
through supplemental search 

7 additional articles 
identified through 
supplemental search 
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Figure 2: Physical HRQoL Regression Analysis (n=18) 

 
B = Breast, C = Colorectal, L = Lung, M = Melanoma, MM = Multiple Myeloma, NE = Neuroendocrine, O = Ovarian, P = Pancreas, 
PR = Prostate, RC = Renal Cell, S = Stomach, UC = Uterine Cervical, AUC = area under the curve, WLS = weighted least squares 
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Figure 3: Global HRQoL Regression Analysis (n=24) 

 
B = Breast, C = Colorectal, L = Lung, M = Melanoma, MM = Multiple Myeloma, NE = Neuroendocrine, O = Ovarian, P = Pancreas, 
PR = Prostate, RC = Renal Cell, S = Stomach, UC = Uterine Cervical, AUC = area under the curve, WLS = weighted least squares 
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Figure 4: Emotional HRQoL Regression Analysis (n=13) 

 
B = Breast, C = Colorectal, L = Lung, M = Melanoma, MM = Multiple Myeloma, NE = Neuroendocrine, O = Ovarian, P = Pancreas, 

PR = Prostate, RC = Renal Cell, S = Stomach, UC = Uterine Cervical, AUC = area under the curve, WLS = weighted least squares 
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Table 1: Summary of included studies 

Trial ID First Author, Publication Year 
Age 
Range 

Number 
of  
Patients 

Cancer Type Intervention (number of patients) Comparator (number of patients) 
Follow-up (months) 

median 
PFSA 

HRQoL 

1-B1 
Biganzoli L et al., 200222 
Bottomley A et al., 200423 

28-70 273 Breast cancer (AT) doxorubicin + paclitaxel (138) (AC) doxorubicin + cyclophosphamide (135) 6 4.5 

2-B2 Bottomley A et al., 200524 26.1-79.8 448 Breast cancer cyclophosphamide + epirubicin + filgrastim (224) 
cyclophosphamide + epirubicin + fluorouracil 
(224) 

33.7 34 

3-B3 
Cameron D et al., 200825 
Zhou X et al., 200926 

26-83 528 Breast cancer lapatinib + capecitabine (264) Capecitabine (264) 6.2 6 

4-B4 
Di Leo A et al., 200827 
Sherrill B et al., 201028 

23-87 579 Breast cancer Lapatinib + paclitaxel (291) placebo + Paclitaxel (288) 7.25 11.25 

5-B5 Nuzzo F et al., 201129 30-69 139 Breast cancer (DOC) docetaxel (weekly) (70)  (DOC) docetaxel (3-weekly) (69)  15.2 1.5 

6-C1 Comella P et al., 200830 37-84 322 Colorectal cancer (OXXEL) Oxaliplatin + capecitabine (158) 
(OXAFAFU) Oxaliplatin + Xuorouracil or 
leucovorin (164) 

6.6 6 

7-L1 Wachters FM et al., 200331 29-80 240 
non-small-cell lung cancer 
(NSCLC) 

Epirubicin + gemcitabine (121) Cisplatin + gemcitabine (119) 5.75 5.25 

8-L2 Lilenbaum RC et al., 200532 42-86 165 
non-small-cell lung cancer 
(NSCLC) 

vinorelbine + gemcitabine (82) carboplatin + paclitaxel (83) 3.9 3 

9-L3 
Maruyama R et al., 200833 
Sekine I et al., 200934 

>=20 489 
non-small-cell lung cancer 
(NSCLC) 

Gefitinib (245) Docetaxel (244) 11.5 3 

10-L4 Han BH et al., 201135 N/A 126 
non-small-cell lung cancer 
(NSCLC) 

Paclitaxel + Carbopolatin + Recombinant Human 
Endostatin (63) 

(TC) Paclitaxel + Carboplatin (63) 7.1 2.25 

11-L5 Sun JM et al., 201236 30-78 135 
non-small-cell lung cancer 
(NSCLC) 

Gefitinib (68) Pemetrexed (67) 9 1.5 

12-M1 
Middleton MR et al., 200037 
Kiebert GM et al., 200338 

21-88 305 Melanoma Temozolomide (156) (DTIC) Dacarbazine (149) 1.9 6 

13-M2 Avril MF et al., 200439 18-79 229 Melanoma Fotemustine (112) (DTIC) Dacarbazine (117) 1.8 2 

14-M3 Grob JJ et al., 201440 >=18 250 Melanoma Dabrafenib (187) (DTIC) Dacarbazine (63) 6.9 3 

15-MM1 
Palumbo A et al., 201241 
Dimopoulos MA et al., 201342 

65-91 306 Multiple Myeloma 
(MPR-R) lenalidomide + melphalan + prednisone 
+ maintenance lenalidomide (152) 

(MP) melphalan + prednisone + maintenance 
placebo (154) 

31 16 

16-NE1 Arnold R et al., 200543 18-77 109 
Neuroendocrine foregut and 
midgut tumors 

Octreotide + IFN-alpha (54) Octreotide (55) 6 3 

17-O1 du Bois A et al., 200344 20.8-83.6 783 Ovarian cancer (TC) Paclitaxel + Carboplatin (397) (PT) Paclitaxel + Cisplatin (386) 17.2 2.25 

18-O2 
Pujade-Lauraine E et al., 201045 
Brundage M et al., 201246 

24-82 976 Ovarian cancer 
carboplatin + pegylated liposomal doxorubicin 
(PLD) (467) 

carboplatin + paclitaxel (509) 11.3 6 

19-O3 
Monk BJ et al., 201047 
Krasner CN et al., 201248 

>=18 672 
Epithelial Ovarian, Fallopian 
Tube, or Primary Peritoneal 
carcinoma 

Trabectedin + Pegylated liposomal doxorubicin 
(PLD) (337) 

Pegylated liposomal doxorubicin (PLD) (335) 7.3 5 

20-O4 Pokrzywinski R et al., 201149 >=18 148 Ovarian cancer Docetaxel + Carboplatin (74) Docetaxel followed by Carboplatin (74) 13.7 5.25 

21-O5 
Burger RA et al., 201150 
Monk BJ et al., 201351 

22-89 1248 
Epithelial Ovarian, Primary 
Peritoneal, or Fallopian-tube 
cancer 

chemotherapy + bevacizumab (623) chemotherapy + placebo (625) 14.1 23 
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Trial ID First Author, Publication Year 
Age 
Range 

Number 
of  
Patients 

Cancer Type Intervention (number of patients) Comparator (number of patients) 
Follow-up (months) 

median 
PFSA 

HRQoL 

22-P1 
Philip PA et al., 201052 
Moinpour CM et al., 201053 

30-87 743 Pancreas adenocarcinoma Gemcitabine + Cetuximab (372) Gemcitabine (371) 3.4 4.25 

23-PR1 
Small EJ et al., 200254 
Ahles TA et al., 200455 

40-85 256 Prostate cancer suramin (high dose) (127) suramin (low dose) (129) 3 5.5 

24-PR2 Dawson N et al., 201056 49-91 214 Prostate cancer Zibotentan 10mg (107) Placebo (107) 4 6 

25-RC1 Cella D et al., 201257 >=18 435 Renal Cell carcinoma pazopanib (290) placebo (145) 9.2 12 

26-S1 Al-Batran SE et al., 201358 >=65 143 
Stomach or Oesophagogastric 
Junction adenocarcinoma 

(FLOT) leucovorin + oxaliplatin + docetaxel (72) (FLO) leucovorin + oxaliplatin (71) 9 6 

27-S2 Bonnetain F et al., 200559 37-76 90 Gastric adenocarcinoma LV5FU2 + Irinotecan (45) LV5FU2 (45) 6.9 6 

28-S3 Jiang FS et al., 200960 35-69 42 Stomach carcinoma 
Recombinant human endostatin + XELOX 
(capecitabine + oxaliplatin) (20) 

 XELOX (capecitabine + oxaliplatin) (22) 6.9 1.5 

29-UC1 Long III HJ et al., 200661 N/A 123 Uterine cervix carcinoma 
(MVAC) methotrexate + vinblastine + 
doxorubicin + cisplatin (63) 

cisplatin (60) 4.4 9 

30-UC2 
Monk BJ et al., 200962 
Cella D et al., 201063 

20-81 215 Cervical cancer cisplatin + gemcitabine (112) cisplatin + paclitaxel (103) 4.7 9.75 

 

B = Breast, C = Colorectal, L = Lung, M = Melanoma, MM = Multiple Myeloma, NE = Neuroendocrine, O = Ovarian, P = Pancreas, PR = Prostate, RC = Renal Cell, S = Stomach, UC = Uterine Cervical, N/A = Not Available 
Amedian PFS times provided for trial intervention arms used in quantitative analyses 
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Table 2: Regression Analyses Study Data 

B = Breast, C = Colorectal, L = Lung, M = Melanoma, MM = Multiple Myeloma, NE = Neuroendocrine, O = Ovarian,  

P = Pancreas, PR = Prostate, RC = Renal Cell, S = Stomach, UC = Uterine Cervical, N/A = Not Available, n = sample size 
 

Trial ID 
Incremental 
median PFS  
time in months 

Incremental monthly HRQoL AUC units (monthly variance) 

Physical HRQoL 
Domain (n=18) 

Global HRQoL 
Domain (n=24) 

Emotional HRQoL 
Domain (n=13) 

1-B1 0.000 N/A 0.150 (0.046) N/A 

2-B2 -0.300 N/A -2.599 (0.023) N/A 

3-B3 1.900 -1.071 (1.395) N/A -0.260 (1.141) 

4-B4 1.525 0.627 (0.732) -0.074 (0.560) N/A 

5-B5 2.100 -4.350 (10.827) -3.350 (13.339) -2.750 (17.052) 

6-C1 0.100 5.000 (2.803) N/A 0.500 (3.188) 

7-L1 -0.750 -3.621 (10.091) 1.036 (6.212) -0.943 (6.833) 

8-L2 -0.900 N/A -5.700 (3.131) N/A 

9-L3 -2.500 2.804 (1.989) 2.397 (1.206) N/A 

10-L4 0.800 N/A 0.297 (1.689) N/A 

11-L5 6.000 1.950 (10.168) 3.050 (12.022) 3.600 (11.190) 

12-M1 0.400 11.275 (12.044) 8.175 (11.386) 2.875 (8.929) 

13-M2 -0.100 6.160 (12.144) -0.950 (11.174) N/A 

14-M3 4.200 0.370 (3.375) 0.320 (4.061) 6.638 (4.513) 

15-MM1 18.000 -3.375 (1.394) -0.075 (1.164) N/A 

16-NE1 0.000 N/A -3.950 (29.415) N/A 

17-O1 -1.900 N/A 2.787 (1.198) N/A 

18-O2 1.900 1.725 (0.902) 1.000 (1.493) 1.475 (1.367) 

19-O3 1.500 N/A 1.720 (3.341) N/A 

20-O4 5.300 -7.755 (2.579) -4.276 (1.499) 0.714 (2.218) 

21-O5 3.800 -0.718 (0.265) N/A N/A 

22-P1 0.400 N/A N/A -0.588 (1.012) 

23-PR1 0.000 -14.026 (2.498) -9.083 (1.358) -5.682 (2.314) 

24-PR2 0.400 5.357 (4.442) N/A 1.354 (4.902) 

25-RC1 5.000 N/A -1.513 (3.135) N/A 

26-S1 1.900 N/A 0.517 (7.951) N/A 

27-S2 3.700 6.000 (18.220) 1.200 (47.245) 7.100 (37.884) 

28-S3 3.000 N/A 3.190 (2.612) N/A 

29-UC1 1.500 N/A -6.155 (6.979) N/A 

30-UC2 -1.120 -2.289 (2.115) N/A N/A 
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3.10 Appendix 1 

 

Properties of expectation and variance is represented by the formula v(ax) = a2v(x), where 

“a” equals the number used to standardize the scale out of 100, and “v(x)” equals the 

variance of the original unstandardized HRQoL measurement. This formula was used in 

the development of variance formulae as described in our published protocol.  

 

Properties of expectation and variance of a random variable were also used to calculate 

within group area variance error estimates for each HRQoL treatment arm group, as per 

formula (4) [V (Area I or C) = d1
2 X (σ1

2 + σ2
2 + 2 X σ1 X σ2 X p) + d2

2 X (σ2
2 + σ3

2 + 2 X 

σ2 X σ3 X p) + …] in Appendix 2 of our protocol, by utilizing population variance for 

HRQoL measurements. Because all abstracted studies provided sample error estimates for 

each HRQoL measurement, rather than population error estimates, we corrected formula 

(4) by scaling sample variances (σ2) by their respective sample sizes (i.e. dividing sample 

variance for each HRQoL measurement by the sample size of that measurement) so as to 

convert these to population variances for use in our formula.  

 

We also adjusted incremental HRQoL benefit for all studies to per month values by 

utilizing the same properties of expectation and variance approach as in the instrument 

scale error estimate standardization, but in this case “a” equalled the adjustment factor 

used to adjust HRQoL benefit to per month values. 
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For a further description of the statistical methodology used in our analyses, please refer 

to Appendix 2 of our published protocol.  
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4.1 Abstract 

 

Background 

We performed a systematic review of randomized controlled trials (RCTs) to examine the 

association between progression-free survival (PFS) and health-related quality of life 

(HRQoL) in oncology.  In this article, we report on the observed variation in risk of bias 

across trials with the goal of guiding the future design and conduct of similar trials.  

 

Methods  

We searched MEDLINE, Embase, and Cochrane databases for randomized controlled 

trials (RCTs) published since 2000 addressing chemotherapy or biological treatments 

reporting PFS or HRQoL with no OS benefits. We extracted study characteristics and risk 

of bias data across 8 risk of bias domains. We documented study characteristics, 

including the type of progression assessment and type of HRQoL instrument used and 

risk of bias assessments for eligible trials considering source of funding, cancer types and 

stages, and ECOG status.  

 

Results 

Of 35,960 records identified, 42 articles reporting on 30 RCTs involving 10,731 patients 

across 12 cancer types proved eligible. Of the 30 trials, 26 (87%) had high risk of bias in 

at least one of four domains: loss to follow-up, failure to follow patients after progression, 

blinding of participants and personnel, and blinding of outcome assessment. Attrition bias 

proved the most common type of risk of bias across studies: 24 of 30 (80%) trials having 
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high risk of bias in at least one of two attrition domains. Blinding domains proved the 

second most frequent type of risk of bias: 10 of 30 (33%) trials had high risk of bias in at 

least one of two blinding domains. Trials that were not industry funded and addressed 

lung cancer were more likely to fail to blind interventions.  Trials addressing breast and 

ovarian cancer, and trials with lower ECOG (i.e. less severe) patients had higher risk of 

attrition related risk of bias.  

 

Conclusions 

When designing and conducting oncology RCTs designed to measure HRQoL, 

investigators must if possible blind their studies, and should certainly institute strategies 

to minimize attrition and reduce missing data for patient reported questionnaires after 

disease progression in clinical trials. In deciding on the credibility of results, clinicians 

need to consider these risk of bias issues.   
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4.2 Introduction 

 

The goal of patient-centred cancer care is to extend survival or improve health-related 

quality of life (HRQoL),1-3 although regulatory authorities have also approved cancer 

treatments on the basis of surrogates such as progression-free survival (PFS).3 We 

previously performed a systematic review of randomized controlled trials (RCTs) to 

examine the association between PFS and HRQoL in oncology.  Results failed to find an 

association between PFS and HRQoL. 

 

Limited evidence suggests that oncology RCTs often fail to measure HRQoL and, when 

they do, manifest limitations regarding methodology and reporting.4 5 6 Problems in study 

design and implementation can bias estimates of effect on outcomes of PFS and HRQoL, 

and on cancer-specific and all-cause mortality. Detailed evaluation of the performance of 

trials that address both HRQoL and PFS may help to guide the design and development of 

the next generation of oncology trials, in particular trials examining the question of 

association between HRQoL and PFS.  

 

The database of completed abstractions from our systematic review provides an 

opportunity to further explore study characteristics, and in particular the extent of bias in 

these RCTs. In this article, we characterize the oncology RCTs that proved eligible for 

our study, focusing on risk of bias issues, including exploration of variation in risk of bias 

for blinding and attrition domains by location of cancer, industry funding, Eastern 

Cooperative Oncology Group (ECOG) status, and cancer stage.  
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4.3 Methods 

 

We have previously published our study protocol, detailing our systematic review design 

and analysis,7 and also registered our protocol on PROSPERO (International Prospective 

Register of Ongoing Systematic Reviews)8 9 with registration number CRD42016047162. 

Our systematic review adhered to the PRISMA Statement10 11 guidelines to ensure 

transparent and complete reporting. 

 

Briefly, we conducted a review of human cancer RCTs published from 2000 to May 04, 

2016, utilizing standard methodology as described by the Cochrane Collaboration.12 We 

included trials examining chemotherapy or biological type cancer therapies as the primary 

agent in treating cancer (i.e. primary investigational treatment), and that reported on PFS 

and HRQoL, but excluded the trials with statistically significant OS benefits. 

 

Objectives 

This exploration of the trials included in our systematic review, has two objectives, and is 

accordingly structured in two parts: 

 

1. To report a full summary of study characteristics collected but undisclosed in our 

previous paper, including risk of bias assessments (as per chapter 8 of the Cochrane 

handbook for Systematic Reviews of Interventions). 
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2. To describe and explore the distribution of four critical domains6 of risk of bias (i.e. 

blinding of participants and personnel, blinding of outcome assessment, loss to follow-up 

issues defined as >20% attrition, and failure to follow patients after progression), across 

different trial characteristics.  

 

Objective 2 includes examining possible associations between the critical risk of bias 

domains across four trial characteristics: oncology type (differing body location), industry 

funding (yes, no), ECOG status (0, 1) and cancer stage (increasing severity). 

 

Search and data collection 

We used the OVID platform to search in MEDLINE, Embase, and Wiley’s Cochrane 

databases, and used both MeSH terms as well as free text words to capture RCTs 

published in the Abridged Index Medicus.13  Ten pairs of reviewers, trained through team 

meetings and email communications, used standardized and pilot tested forms constructed 

as per eligibility criteria in our protocol, as well as detailed written instructions to 

independently screen titles, abstracts, and full texts and to extract data. To ensure 

consistency, meetings included calibration exercises with sample data review exercises. 

Reviewer disagreement was resolved by either discussion or adjudication by an arbitrator 

(BK).  

 

Reviewers extracted all data relevant to primary outcomes of PFS and HRQoL including 

median PFS time and/or PFS hazard ratios (HRs) for every intervention and control 
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group. Abstracted data included industry funding, cancer types and stages, ECOG status, 

and risk of bias. The main, or largest, group of patients enrolled in each trial were 

extracted for the characteristics of cancer stage and ECOG status.    

 

Risk of bias appraisal 

The Cochrane Risk of Bias tool was used to appraise the likelihood that the RCT results 

were affected by bias,14 and assessments were made for individual risk of bias domains 

using our final 42 eligible articles representing 30 RCTs. Following training and 

calibration carried out as recommended in the handbook12 with a pilot sample of three 

articles from our database of RCTs, pairs of reviewers assessed, independently and in 

duplicate, risk of bias.  

The seven item tool was expanded to include an additional source of potential bias 

particularly relevant to studies examining HRQoL, that of following patients after 

progression.14 Outcome specific evaluations focused on HRQoL and PFS outcomes.  

 

Data analysis 

We documented the performance of all eligible trials in each risk of bias domain, and 

whether there were any apparent differences in risk of bias in studies funded by industry, 

and those addressing patients with particular disease severity (i.e. through increased 

ECOG status & cancer stage). 
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Bar charts were constructed for the different subgroups within these characteristics at the 

trial level, and included any subgroup containing n>1 trials so proportions of low versus 

high risk of bias could be reported per characteristic.  We assessed individual risk of bias 

domains by the frequency of trials in the low versus high risk of bias categories, 

excluding trials with unclear assessments.  

 

We reported extracted information using both Microsoft Excel (version 15.0.4937.1000, 

Microsoft Corporation, Redmond, Washington, USA) and Review Manager (RevMan) 

[Computer program]. Version 5.3.5 Copenhagen: The Nordic Cochrane Centre, The 

Cochrane Collaboration, 2014. 

 

  



Ph.D. Thesis – B. Kovic; McMaster University – Health Research Methods, Evidence and Impact 

 99 

4.4 Results 

 

Our search and review identified 42 eligible articles representing 30 RCTs (for article 

selection process see appendix 1 - PRISMA Flow Diagram15), with substantial inter-rater 

agreement (κ=0.75).16 

 

Table 1 presents a summary of previously unreported study characteristics for all trials 

organized alphabetically by cancer type and publication year, with Trial ID format 

corresponding to number of the trial out of 30, followed by cancer type and trial number 

for the specific cancer type. The 30 eligible trials enrolled from 42 to 1248 adult patients, 

were published between 2000 and 2014, and involved 10,731 patients aged 18 to 91 

across 12 cancer types. Cancer type trial distribution consisted of: 5 breast trials, 1 

colorectal, 5 lung, 3 melanoma, 1 multiple myeloma, 1 neuroendocrine, 5 ovarian, 1 

pancreas, 2 prostate, 1 renal cell, 3 stomach, and 2 uterine cervical type RCTs. Cancer 

progression was assessed by radiographic methods in 7 (23%) trials, by clinical methods 

in 2 (7%) trials, and by mixed methods in 10 (33%) trials. EORTC QLQ-C30 was the 

most common HRQoL instrument, used in 17 (57%) trials; FACT was used in 9 (30%) 

trials, and the remaining 4 (13%) trials used the Lung Cancer Symptom Scale, the eight-

item linear analog self-assessment (LASA) questionnaire, and the clinician-reported 

Karnofsky score. Among the 30 eligible trials, 17 (57%) were industry funded, while 5 

(17%) were not, and 8 (27%) did not report funding source. Five (17%) trials enrolled the 

largest group of patients in stage III, 18 (57%) in stage IV, and the other seven (23%) did 
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not report the largest patient stage group. Ten (33%) trials enrolled the largest group of 

patients with ECOG status 0, 8 (27%) trials with ECOG status 1, and 12 trials did not 

report the largest ECOG status patient group. 

 

Appendix 2 presents risk of bias summary table assessments, showing review authors 

judgements about each risk of bias item for each included study. Figure 1 presents review 

authors’ judgements about each risk of bias item as percentages. Of the 30 trials, 26 

(87%) had high risk of bias in at least one of four critical domains (i.e. loss to follow-up, 

failure to follow patients after progression, blinding of participants and personnel, and 

blinding of outcome assessment). Attrition bias was the highest type of risk of bias across 

studies, with 24 of 30 (80%) trials having high risk of bias in one or both of the two 

attrition domains. The incomplete outcome data domain, defined as loss to follow-up 

(LTFU) greater than 20% or LTFU issues identified by study, had the greatest frequency 

of high risk of bias (19, 63% of trials), while failure to follow patients after progression 

occurred in 11 (37%) trials. 10 of these 11 trials (>90%) had high risk of bias due to low 

HRQoL measurement compliance rates, with 7 of these designed not to measure HRQoL 

past progression, and the remaining 3 either not performing or excluding HRQoL 

measurements past progression due to poor compliance rates of 27%-66%.  

 

Blinding domains were the second most frequent type of risk of bias across studies, with 

10 of 30 (33%) trials having high risk of bias in at least one of two blinding domains. The 

blinding of participants and personnel domain had high risk of bias in 10 (33%) trials, 
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while the blinding of outcome assessment had high risk of bias in 8 (27%) trials. The 

selective reporting domain also had 8 (27%) trials with high risk of bias, and was the only 

other domain with a large proportion of trials having high risk of bias. All other domains 

had 10% or less of trials with high risk of bias. 

 

Figures 2-5 present risk of bias proportions, for trials reporting low or high risk of bias, 

for four trial characteristics of industry funding, cancer type, ECOG status, and disease 

stage across the four critical domains of: blinding of participants and personnel, blinding 

of outcome assessment, loss to follow-up issues defined as >20% attrition, and failure to 

follow patients after progression. Industry funded trials had lower proportions of high risk 

of bias for blinding domains, although attrition domains were not consistent with blinding 

domains or each other. The cancer type graph, organized by highest risk of bias per 

cancer type shows breast and ovarian cancer trials have the highest proportions of high 

risk of bias for attrition related domains, but the lowest proportions for blinding domains. 

Lung cancer trials are the opposite, having the highest proportions of high risk of bias for 

blinding domains, but the lowest proportions for attrition related domains. ECOG status 

had consistently greater proportions of high risk of bias for more functional (i.e. less 

severe) patients represented by ECOG status equals 0 as compared to ECOG status equals 

1. Finally, there were no noticeable trends in blinding or attrition for disease stage. 
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4.5 Discussion 

 

Our exploration of oncology RCTs that have reported results for both PFS and HRQoL 

found very frequent high risk of bias related to attrition, with considerably fewer, but still 

concerning, limitations in blinding. Non-industry funded trials showed a lower frequency 

of effective blinding practices compared to industry funded trials. Breast and ovarian 

cancer trials had the most attrition issues, and lung cancer trials had the worse blinding 

practices. Finally, trials with more functional patients generally had higher risk of bias.  

 

Our study has several strengths. First, we conducted an exhaustive search with no 

language limitations. Second, we developed explicit eligibility criteria and conducted 

duplicate assessment of eligibility and data abstraction that included use of standardized 

and pilot-tested screening and data abstraction forms, review team meetings and 

communications, as well as calibration exercises to enhance the consistency between 

reviewers.  The eligible trials proved to have a wide range of patients and trial 

characteristics, contributing to the generalizability of results.  Finally, we used the widely 

accepted Cochrane criteria to assess risk of bias, including a domain (follow-up after 

recurrence) specific for cancer oncology trials, most particularly those measuring 

HRQoL. 

 

Our study also has limitations. First, with only 30 total eligible RCTs, we could not 

address whether chance explained difference in findings across study characteristics 
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statistical analyses, and therefore were limited to only a descriptive review.  Thus, there is 

the possibility that any differences or trends we observed could be explained by chance. 

Second, bar charts compared proportions of low versus high risk of bias per domain, and 

excluded trials with unclear assessments. Since unclear risk of bias assessments varied for 

each domain across trials, this led to a varying number of trials per domain, depending on 

the number of trials missing due to unclear assessments.  Previous work has shown that, 

with respect to blinding, reviewers can make accurate inferences when trial reporting is 

not altogether explicit (obviating the need for “unclear” risk of bias ratings).17 Inferences 

regarding the likely extent of blinding and other risk of bias issues on the basis of what 

was reported, or through contact with authors, may have been informative. 

 

Thus far, only one previous study by the Agency for Healthcare Research and Quality 

(AHRQ) has addressed the question of PFS-HRQoL association in oncology.6 Providing 

the comprehensive description of primary studies included in our review of this 

association could facilitate further exploration of relationships of relevance should 

additional relevant data become available in the future. The AHRQ study reported high 

risk of bias in all of their eligible trials. Our results provide a more nuanced examination 

of risk of bias issues and are consistent with other studies examining the design and 

conduct of oncology trials that that have reported frequent methodological limitations.4 5 

 

There are two main implications of this study and its findings. The first is that Oncology 

RCTs measuring HRQoL, especially ones with the particular characteristics showing 



Ph.D. Thesis – B. Kovic; McMaster University – Health Research Methods, Evidence and Impact 

 104 

higher proportions of high risk of bias, must be designed and conducted carefully to avoid 

the common attrition and blinding related methodological issues typically found in these 

types of trials. This is especially true with respect to better design to minimize attrition, 

and in particular making sure to follow patients after progression, given its relevance to 

RCTs examining HRQoL. Such steps could include, among others, obtaining information 

of several individuals not living with patients who are likely to know their whereabouts, 

checking contact information at the time initially obtained, careful monitoring to ensure 

measurement takes place at each patient visit, ensuring resources are available for 

tracking patients who prove hard to follow, and ensuring adequate logistical planning and 

institutional staff training.18 These types of steps need to be taken into consideration from 

the design stage since it is quite common to have missing data for patient reported 

questionnaires, arising from patients skipping the entire assessment or specific questions 

within it, and given the typical practice of not assessing HRQoL after disease progression 

in oncology RCTs,19 as confirmed by the large proportion of trials we found to be 

designed in this manner. The second implication is that future confirmatory research is 

required regarding whether non-industry funded trials, breast / ovarian / lung cancer trials, 

and trials with functionally better patients actually are associated to particular risk of bias 

concerns.  Finally, we cannot consider the issue of the PFS-HRQoL association 

definitively closed; higher quality studies are necessary to provide that definitive answer. 
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4.6 Conclusion 

 

The reported complete descriptive data from our review, and the findings of high 

proportions of high risk of bias in attrition and blinding domains of oncology RCTs must 

be addressed when designing, conducting, and reviewing oncology RCTs designed to 

measure HRQoL. 
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4.7 Figures and Tables 
Chapter  4 

 

Figure 1: Overall risk of bias graph 

 

 

 

Figure 2: Industry funding risk of bias graph 

 
Note: follow-up post progression bar represented by only one trial was included in this figure to show the complete domain 

assessment. 
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Figure 3: Cancer type risk of bias graph 

 

 
B = Breast, L = Lung, M = Melanoma, O = Ovarian, PR = Prostate, S = Stomach.  

Note: cancer types represented by only one trial were not included in this figure. 
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Figure 4: ECOG status risk of bias graph 

 

 

 

 

Figure 5: Disease stage risk of bias graph 
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Table 1: Summary of study characteristics 

Trial ID First Author 
Industry 
Funded 

Cancer Type 
Cancer Stage 
(Main*) 

ECOG 
(Main*) 

Progression 
Assessment 

HRQoL Instruments used 

1-B1 
Biganzoli L et al., 200220 
Bottomley A et al., 200421 

Yes breast cancer Stage IV 1 N/A EORTC QLQ-C30 

2-B2 Bottomley A et al., 200522 No Locally advanced breast cancer Stage III N/A mix EORTC QLQ-C30 

3-B3 
Cameron D et al., 200823 
Zhou X et al., 200924 

Yes breast cancer Stage IV 0 mix FACT-General (FACT-G) 

4-B4 
Di Leo A et al., 200825 
Sherrill B et al., 201019 

Yes metastatic Breast Cancer Stage IV 0 radiographic FACT-B, FACT-B TOI 

5-B5 Nuzzo F et al., 201126 N/A breast cancer Stage IV 0 clinical EORTC QLQ-C30 

6-C1 Comella P et al., 200827 N/A Colorectal Cancer N/A 0 radiographic EORTC QLQ-C30 

7-L1 Wachters FM et al., 200328 Yes Non-small cell lung cancer (NSCLC) Stage IV 1 mix EORTC QLQ-C30 + EORTC QLQ-LC13 

8-L2 Lilenbaum RC et al., 200529 N/A 
advanced non-small-cell lung cancer 
(NSCLC) 

Stage IV 1 N/A 
Patient reported Lung Cancer Symptom 
Scale (LCSS)  

9-L3 
Maruyama R et al., 200830 
Sekine I et al., 200931 

Yes 
Metastatic/advanced Non-small cell 
lung cancer (NSCLC) 

Stage IV N/A N/A FACT-L, FACT-L TOI 

10-L4 Han BH et al., 201132 N/A lung cancer N/A N/A mix 
Patient reported Lung Cancer Symptom 
Scale (LCSS)  

11-L5 Sun JM et al., 201233 No Non-small cell lung cancer (NSCLC) Stage IV 1 radiographic EORTC QLQ-C30 

12-M1 
Middleton MR et al., 200034 
Kiebert GM et al., 200335 

N/A Metastatic malignant melanoma Stage III 0 N/A EORTC QLQ-C30 

13-M2 Avril MF et al., 200436 No Melanoma Stage IV N/A radiographic EORTC QLQ-C30 

14-M3 Grob JJ et al., 201437 Yes 
BRAF V600E mutation-positive 
advanced and metastatic melanoma 

N/A N/A N/A EORTC QLQ-C30 

15-MM1 
Palumbo A et al., 201238 
Dimopoulos MA et al., 
201339 

Yes Multiple myeloma Stage III N/A N/A EORTC QLQ-C30 

16-NE1 Arnold R et al., 200540 Yes 
Progressive Metastatic Neuroendocrine 
foregut and midgut tumors 

N/A N/A radiographic EORTC QLQ-C30 

17-O1 du Bois A et al., 200341 Yes Ovarian cancer Stage IIIC 0 mix EORTC QLQ-C30 

18-O2 
Pujade-Lauraine E et al., 
201042 
Brundage M et al., 201243 

Yes 
Recurrent platinum-sensitive ovarian 
cancer 

N/A 0 mix EORTC QLQ-C30 

19-O3 
Monk BJ et al., 201044 
Krasner CN et al., 201245 

Yes 
epithelial ovarian, fallopian tube, or 
primary peritoneal carcinoma 

Stage IV 0 mix EORTC QLQ-C30 

20-O4 Pokrzywinski R et al., 201146 N/A ovarian cancer N/A 0 N/A FACT-G, FACT-O 

21-O5 
Burger RA et al., 201147 
Monk BJ et al., 201348 

Yes 
epithelial ovarian, primary peritoneal, or 
fallopian-tube cancer 

Stage III N/A mix FACT-G 
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Trial ID First Author 
Industry 
Funded 

Cancer Type 
Cancer Stage 
(Main*) 

ECOG 
(Main*) 

Progression 
Assessment 

HRQoL Instruments used 

22-P1 
Philip PA et al., 201049 
Moinpour CM et al., 201050 

Yes adenocarcinoma of the pancreas  Stage IVb 1 N/A 
eight-item linear analog self-assessment 
(LASA) questionnaire  

23-PR1 
Small EJ et al., 200251 
Ahles TA et al., 200452 

N/A prostate cancer N/A 1 N/A FACT-G 

24-PR2 Dawson N et al., 201053 Yes Hormone-resistant prostate cancer Stage IV N/A mix FACT-G 

25-RC1 Cella D et al., 201254 Yes Renal cell carcinoma (RCC) Stage IV 1 radiographic EORTC QLQ-C30 

26-S1 Al-Batran SE et al., 201355 Yes 
adenocarcinoma of the stomach or 
oesophagogastric junction 

Stage IV 1 radiographic EORTC QLQ-C30 

27-S2 Bonnetain F et al., 200556 Yes Gastric adenocarcinoma Stage IV N/A N/A EORTC QLQ-C30 

28-S3 Jiang FS et al., 200957 No stomach carcinoma Stage IVb N/A mix Karnofsky score 

29-UC1 Long III HJ et al., 200658 N/A carcinoma of the uterine cervix Stage IVb N/A clinical FACT-Cervix (FACT-Cx) 

30-UC2 
Monk BJ et al., 200959 
Cella D et al., 201060 

No Cervical cancer Stage IVb 0 N/A FACT-Cx, FACT-B TOI 

N/A = Not Available, B = Breast, C = Colorectal, L = Lung, M = Melanoma, MM = Multiple Myeloma, NE = Neuroendocrine, O = Ovarian, P = Pancreas, PR = Prostate, RC = Renal Cell,  

S = Stomach, UC = Uterine Cervical, EORTC QLQ-C30 = European Organization for Research and Treatment of Cancer quality of life questionnaire, FACT = Functional Assessment of 

Cancer Therapy, TOI = Trial Outcome Index  

*Main defined as largest group of patients in each trial 
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4.9 Appendix 1 

 

PRISMA Flow Diagram 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

Records excluded  
(n = 27,944) 

Records screened  
(n = 30,296) 

Records after duplicates removed  
(n = 30,296) 

Records identified through 
database searching  

(n = 35,960) 

Sc
re

en
in

g 
In

cl
u

de
d 

E
li

gi
bi

lit
y 

Id
en

ti
fi

ca
ti

on
 

Full-text articles assessed 
for eligibility  

(n = 2352) 

Full-text articles excluded, with reasons  
(n = 2317) 

 Full text not available (78) 
 Other study design: comment, editorial, 

letter, note (432) 
 No error estimates (35) 
 No sample sizes (38) 
 No time durations (33) 
 PFS/TTP and HRQoL data missing (142) 
 Insufficient HRQoL measurements (416) 
 Statistically significant OS (299) 
 Disease not relevant (7) 
 Disease treatment not relevant (19) 
 Intervention not relevant (133) 
 Participants not relevant (9) 
 Only PFS data available (650) 
 Only HRQoL data available (26) 

Articles included in quantitative synthesis  
(n = 42 for 30 trials) 

 18 articles (18 trials) reporting 
both PFS and HRQoL data 

 10 articles (5 trials) initially 
matched (PFS + HRQoL) 

 7 articles (7 trials) matched with 
7 additional articles identified 
through supplemental search 

7 additional articles 
identified through 
supplemental search 
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4.10 Appendix 2 

Overall risk of bias summary table 
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 CHAPTER 5:  

 

CONCLUSION 

 

 

Overview 

This thesis focused on issues related to the association between PFS and HRQoL in 

oncology. This chapter summarizes the key findings, limitations, and future directions 

arising from the work that contributed to this thesis.  

 

Methodological Development 

This thesis begins in Chapter 2, with a protocol to support the conduct of a systematic 

review and quantitative analysis. In developing this protocol we worked with an 

experienced research librarian to develop a highly comprehensive search strategy 

designed to capture all relevant literature in our review. This preparatory work to 

maximize the captured relevant evidence was crucially important, since the only other 

similar previous work had been limited by a lack of evidence from the literature. The 

protocol also outlined the design and conduct of our systematic review. 

 

Since no previous quantitative analysis between HRQoL and PFS had ever been 

attempted, we also outlined the development of a new analytical approach to optimally 

explore the PFS-HRQoL association from published RCTs. Given that HRQoL is 

measured differently across trials, we used an AUC approach to measure the difference in 

HRQoL units across treatments for each study. Using regression, these incremental 
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HRQoL units could then be compared across trials with the incremental PFS from these 

same trials in order to find an overall association of HRQoL with PFS (i.e. incremental 

HRQoL versus incremental PFS). Furthermore, we also designed our statistical approach 

to account for variance in each trial, for both within and between treatment groups, using 

the properties of expectation and variance. Lastly, in order to more precisely account for 

the relative contribution of each trial to the overall association by taking trial size into 

account, we further expanded the statistical methodology by performing a weighted 

regression. Our new sophisticated analytic approach allowed us to optimally explore the 

PFS-HRQoL association by allowing for the use of the maximum amount of available 

published information. 

 

PFS-HRQoL Association 

Our main analysis of the PFS-HRQoL association takes place in Chapter 3, where we 

conducted a systematic review of RCTs that reported on both outcomes of PFS and 

HRQoL. In this study we convened an international team of 20 reviewers to tackle the 

nearly 40,000 citations from our comprehensive review, and provide reviewer language 

capabilities to reduce language bias in our review. 30 eligible trials enrolling 10,731 

patients across 12 cancer types were used in the quantitative analysis that examined the 

PFS-HRQoL association across the three physical, global, and emotional HRQoL 

domains.  
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Our results failed to find an association between PFS and HRQoL in the absence of OS in 

oncology across all HRQoL domains. These results, showing that longer PFS was not 

significantly associated with better HRQoL, raises questions regarding the assumption 

that interventions prolonging PFS also improve quality of life in patients with cancer. 

These results are cause for concern in cases where oncology drugs and biologicals are 

being used by patients based solely on PFS benefit, which is an increasingly common 

reality. The implications of our review are profound in that trials must either be 

adequately powered for OS, or designed to ensure rigorous and trustworthy measurement 

of HRQoL. Another interesting finding of our review was the proportionally low number 

of RCTs measuring and reporting HRQoL information, as compared to PFS. Given the 

importance that HRQoL holds for patients and patient-centred cancer care, it is important 

for oncology RCTs to measure and report HRQoL with more frequency so as to be able to 

properly evaluate the full impact that a new treatment has on patients.  

 

Though we used rigorous systematic review and statistical analyses methodologies, 

attempted to control for potential biases, and had a large sample of patients with 

optimally generalizable results, several limitations exist in this study. First, with only 30 

eligible RCTs, we could not perform some planned sensitivity and subgroup analyses and 

had a lack of statistical power that could have contributed to not finding a PFS-HRQoL 

association. Second, a large proportion of eligible trials were found to have relatively 

short follow-up times, which could have contributed to an underestimation of the 

association results. Nevertheless, our study provides a critically important answer to a 
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previously unstudied and unresolved question of great importance to cancer patients and 

cancer care. 

 

Methodological issues in HRQoL oncology RCTs 

Using the same database of eligible studies from our review, we further examined 

relevant methodological issues in Chapter 4, such as risk of bias, for oncology RCTs that 

measure and report on HRQoL. For our descriptive survey we extracted study 

characteristics and risk of bias data across 8 risk of bias domains, using the Cochrane tool 

to explore the overall distribution of risk of bias domains. Critical domains of particular 

concern to the PFS-HRQoL association in oncology, such as those related to attrition and 

blinding, were further explored for their possible association to four different trial 

characteristics, through the construction of bar graphs showing frequency of high versus 

low risk of bias across these characteristics. This study was conducted to evaluate the 

design and conduct of oncology trials containing data relevant to the PFS-HRQoL 

association, in order to provide methodological guidance to the future design and conduct 

of these types of RCTs. 

 

The critical domains related to attrition and blinding had the highest overall proportions 

of high risk of bias. Attrition bias, however, proved the most common type of high risk of 

bias across studies, and was of most concern. Among the explored characteristics, trials 

that were not industry funded and addressed lung cancer were more likely to fail to blind 

interventions, and trials addressing breast and ovarian cancer, as well as trials with lower 
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ECOG (i.e. less severe) patients had higher risk of attrition related risk of bias. These 

results highlight areas for improvement in the design and conduct of oncology RCTs 

designed to measure HRQoL. This is especially important for attrition related risk of bias, 

including following patients after progression, and clinicians need to consider these risk 

of bias issues when deciding on the credibility of these particular types of RCTs. Given 

the high risk of bias found in our database of eligible studies used to examine the PFS-

HRQoL association, higher quality studies are needed to provide a definitive answer on 

the issue of the PFS-HRQoL association. 

 

Although our study utilized data from a rigorously conducted systematic review, there 

were a couple of limitations in the study. First, it is possible that any differences or trends 

observed could be explained by chance, since we could not address this possibility 

through further statistical analyses due to the low number of eligible trials in our review. 

Second, trials with unclear assessments were excluded from descriptive review and these 

may have been informative had inferences on these been made. 
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Concluding Remarks 

 

This thesis failed to find an association between PFS and HRQoL in the absence of OS in 

oncology. These results are cause for concern in the oncology field, especially when 

patients are receiving treatments based solely on PFS benefit. Trials must therefore 

always either be adequately powered for OS, or designed to ensure rigorous and 

trustworthy measurement of HRQoL. However, given the lack of oncology RCTs 

measuring and reporting HRQoL that inform on the association, and the lack of proper 

design and conduct of available evidence, we cannot consider the issue of the PFS-

HRQoL association definitively closed. Additional higher quality future RCTs are needed 

to confirm our findings. 

  

 

 
  

 




