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Key message 

Health-related quality of life (HRQoL) is increasingly used as an endpoint in cancer clinical 

trials of the new therapeutic strategies. It provides added and more accurate predictive and 

prognostic value to other clinical parameters. HRQoL should be also considered as 

primary/co-primary endpoint in the advanced disease setting to improve the decision-making 

process at the individual patient level. 
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Abstract 

Traditionally, the efficacy of cancer treatment in patients with advance or metastatic disease 

in clinical studies has been studied using overall survival (OS) and more recently tumor-based 

endpoints such as progression-free survival, measurements of response to treatment. 

However, these seem not to be the relevant clinical endpoints in current situation if such 

endpoints were no validated as surrogate of OS to demonstrate the clinical efficacy. 

Appropriate, meaningful, primary patient-oriented and patient-reported endpoints that 

adequately measure the effects of new therapeutic interventions are then crucial for the 

advancement of clinical research in metastatic colorectal cancer to complement the results of 

tumor-based endpoints. Health-related quality of life (HRQoL), is effectively an evaluation of 

quality of life and its relationship with health over time. HRQoL includes the patient report at 

least of the way a disease or its treatment affects its physical, emotional and social well-being. 

Over the past few years, several phase III trials in a variety of solid cancers have assessed the 

incremental value of HRQoL in addition to the traditional endpoints of tumor response and 

survival results. HRQoL could provide not only complementary clinical data to the primary 

outcomes, but also more precise predictive and prognostic value. This endpoint is useful for 

both clinicians and patients in order to achieve the dogma of precision medicine. 

The present article examines the use of HRQoL in phase III metastatic colorectal cancer 

clinical trials, outlines the importance of HRQoL assessment methods, analysis, and results 

presentation. Moreover, it discusses the relevance of including HRQoL as a primary/co-

primary endpoint to support the progression-free survival results and to assess efficacy of 

treatment in the advanced disease setting. 

   

 

Key words: Health-related quality of life, longitudinal, methodology, colorectal cancer, 

clinical trial, endpoint 
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Introduction 

The choice of a primary endpoint reflecting the true clinical benefit to the patient is 

paramount in clinical phase III trial design. Although, overall survival (OS) has been 

considered as the most relevant endpoint, it is now widely recognized as challenging when 

several therapeutic lines are available.[1] Other tumor-related outcomes such as progression-

free survival (PFS) and response rate (RR) in the metastatic setting and disease-free survival 

(DFS) or recurrence-free survival in the adjuvant setting have been used.[2] These tumor-

related endpoints, however, are not necessarily validated surrogates for OS nor do they 

translate into significant improvements in the duration and/or quality of survival. In this 

context, the value of several new therapeutic treatments has been called into question. Some 

interventions that provide only a marginal benefit as judged by extension of PFS, for example, 

might not be of sufficient value to patients, specifically those with advanced-stage cancer.  

Over the past four decades, health-related quality of life (HRQoL) has been integrated into 

phase III clinical trials, including metastatic colorectal cancer (mCRC) studies, as important 

clinically relevant patient-reported outcome (PRO). PROs, including HRQoL, symptoms, 

treatment preferences, and patient satisfaction reflect patient subjective disease evaluation and 

treatment effect on patient daily life. HRQoL has been found a key indicator of patient 

treatment efficacy and safety by meta-analysis.[3-7]
 
Better QoL physical function and global 

QoL score were independent predictors of longer OS, while better cognitive QoL was 

predictive of less adverse events in patients with pancreatic cancer.[8] 

Despite the above mentioned findings and the fact that the US Food and Drug Administration 

(FDA) recognized HRQoL as a component endpoint for cancer therapy approvals [9], 

HRQoL is frequently neither adequately captured in clinical trials of advanced CRC 

(inaccurately applied, used as secondary/tertiary endpoint, estimated in post-hoc analysis) nor 

translated (or rarely) into clinical decision-making.  
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We outline a potential added value of HRQoL in the advanced CRC setting and discuss 

selected examples of phase III CRC trials that highlight the relevance of including HRQoL as 

a primary/co-primary measure of new therapeutic interventions. The methodological quality 

of HRQoL assessment, analysis, and presentation are also discussed.  

 

Status of HRQoL  

In mCRC clinical phase III trials, OS has been considered the optimal measure of 

treatment benefit due to its objectivity and accuracy. However it requires a long-term follow-

up and a large number of patients to show statistically significant differences between 

treatments. Therefore, PFS is used as surrogate for OS, particularly in studies evaluating 

novel cancer therapies targeting a molecularly defined specific subpopulation of patients. 

Unlike OS, PFS is subjected to inherent biases and to measurement error. In addition, PFS 

may not reflect a true clinical benefit and it may not always be clinically relevant, especially 

when marginal treatment effects do not translate into OS increase. Large differences in PFS 

between the trials arms may then be required in order to consider it as relevant indicator of 

efficacy. Surrogacy of PFS for OS with fluoropyrimidines alone is weaker with currently 

available lines of treatment based on new drugs and targeted therapies.[1] Interestingly, the 

results of a survey conducted among clinicians and methodologists involved in the conduct of 

digestive cancer trials showed that in mCRC, PFS (75%), QoL together with PFS and R0 

metastatic resection rate (56% both) were considered the ‘optimal’ alternative endpoints of 

OS in the metastatic setting.[10] Association between PFS and HRQoL was found in CRC 

patients treated with panitumumab.[11] Siena et al.,[11] reported that a lack of disease 

progression at week 8 was associated with significantly and clinically meaningful lower CRC 

symptomatology (National Comprehensive Cancer Network [NCCN]/ Functional Assessment 

of Cancer Therapy [FACT] CRC symptom index [FCSI] and HRQoL (EuroQol-5D [EQ-5D]) 
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for panitumumab and best supportive care patients and higher HRQoL for panitumumab 

patients only. However, this study was performed in pre-treated patients who had failed on all 

available therapies at that time, a setting where symptoms are frequent and HRQoL is often 

already impaired at the time of study enrollment, which is usually not the case in mCRC when 

metastasis are first diagnosed. In earlier disease stages, showing that a new drug that improves 

PFS did not compromise HRQoL, reinforce the survival results and influence the assessment 

value of the intervention.[12] 

Given the above findings, any increase in survival, specifically in PFS only without an OS 

benefit, should be accompanied by a gain and/or an improved or maintained HRQoL if it is to 

be considered clinically relevant.[13, 14] Therefore, we propose the HRQoL assessment 

alongside with PFS and other potential endpoints in order to acquire a clinically reliable net 

value. HRQoL could also have a greater significance with intermittent therapy, in which PFS 

in its purest form is probably unhelpful and HRQoL is likely improved. In the palliative 

setting for mCRC, a goal of strategies with recent FDA approved agents that show small 

relative OS benefit, would be to maintain HRQoL instead of prolonging OS.   

 

Assessment of HRQoL 

HRQoL is commonly assessed using patient-reported questionnaires. A wide range of 

generic and cancer-specific modules to its measure have been developed and refined in the 

last years. The EORTC QOL Core Questionnaire (EORTC QOL-C30),[15] the Functional 

Assessment of Cancer Therapy-General (FACT-G),[16] the 36-item short-form health survey 

(SF-36)[17], and the EuroQoL-5D[18] are the most widely used.  

Colorectal cancer and its treatments may adversely affect different dimensions of HRQoL, 

especially physical (e.g. social limitations as a result of physical health, pain/discomfort, 

general health perception), social (e.g. distress management, inability to socialize), economic 
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(e.g. transportation/medical costs, missed employment), emotional (e.g. anxiety, depression, 

low self-esteem), family (e.g. inability to provide appropriate support) and medical aspects 

(e.g. diarrhea, fatigue, impaired body image, sexual problems). These factors may affect 

treatment decisions, keeping medical appointments, following the recommended regimen/ 

recommended medications/nutrition, or reporting adverse events or other factors to providers. 

Therefore, the choice of a tool to assess HRQoL is important in trials for advanced cancer to 

capture potential and relevant facts about the short and long-term impacts/effects of treatment 

and the cancer.  

The FACT-C (discriminates colon vs. rectal patients) consisting of the 28-item FACT-G and 

the 9-item colon subscale is the most commonly used CRC specific questionnaire, validated 

in many countries.[19-23]. Two specific modules, the EORTC QLQ-CR29[24] and the liver 

metastasis EORTC QLQ-LMC21[25], were designed for use with the EORTC QLQ-C30 in 

CRC. Few data are available in the literature on the responsiveness of these questionnaires to 

change (e.g. the spread of cancer, chemotherapy outcomes).[22, 26] The EORTC QLQ-CR29 

is psychometrically validated in colon and rectal cancer patients at various stages of their 

treatment that covers physical, psychosocial,, and CRC-specific symptom-oriented questions. 

This questionnaire has sufficient validity and reliability to supplement the EORTC QLQ-

C30.[24] The validated EORTC QLQ-LMC21, covers symptom and function items specific 

to patients with CRC liver metastases and measures activity problems, abdominal pain, 

nutritional problems, and emotional function.[25] The low anterior resection score (LARS) is 

a 5-item questionnaire for evaluation of HRQoL in patients following surgery for rectal 

cancer. Validation of the LARS score is in progress.[27]  

Some instruments such as the National Institute of Health’s (NIH) Patient-Reported Outcome 

Measurement Information System (PROMIS) were developed to be applicable across diseases 

and not to be used as cancer-specific tool.[28, 29] PROMIS, with standardized PRO measures 
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referenced to the US general population, covers both generic and more specific items (e.g. 

sexual function). It integrates the use of item response theory and computer adaptive testing to 

create individualized questionnaires.[28, 29] The PROMIS relative performance 

psychometrics and, its prognostic nature for OS, DFS, and time to progression as well as the 

PRO-Common Toxicity Criteria measures versus simple a single-item numerical analogue 

scale assessment in the context of clinical studies have been investigated in the US to 

facilitate adoption by clinical researchers.  

 

HRQoL analysis and interpretation 

Efficient, reliable, and clinically meaningful HRQoL assessment in the clinical and routine 

clinical practice setting is not without specific limitations and challenges. Several difficulties 

such as the utility and availability of HRQoL instruments, methodological concerns (e.g. 

validity/reliability of measures) and logistic/practical considerations (e.g. feasibility of tools, 

scoring, interpretation) are encountered. HRQoL questionnaires are often lengthy, not easily 

understandable, and with complex scoring algorithm making their administration for routine 

use overdue and difficult. Implementation of in-clinic information technology (e.g. computer 

tablets) for data collection could facilitate this process. Basch and colleagues showed that 

systematic web-based reporting of patient-reported symptoms with automated clinician e-mail 

alerts resulted in better HRQoL, fewer emergency room visits, fewer hospitalizations, a 

longer duration of palliative chemotherapy, OS, and quality-adjusted survival in patients 

treated with chemotherapy for metastatic breast, genitourinary, gynecologic, or lung 

cancers.[30] 

Given the longitudinal nature of HRQoL studies, identification of the appropriate time-points 

for clinically meaningful changes is also challenging. In addition, differences in the HRQoL 

definition perception, non-standardized and inconsistent use of multiple instruments, and 
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differences in reporting make a cross-study comparison difficult. Moreover, the HRQoL 

results interpretation can be problematic due to missing data and the patient dropout (health 

status deterioration, progression/relapse, death).[31] Patient response-shifts over time further 

complicate the HRQoL data interpretation.[32] 

Another challenging aspect is HRQoL longitudinal data analysis that remains largely 

unstandardized often due to a lack of uniform approaches. Moreover, this analysis frequently 

produces clinically insignificant results. Although several methods to analyze longitudinal 

HRQoL data are available, these are rarely used by the health professionals mainly due to 

their complexity. It was well highlighted by the AVAglio[33] and RTOG 0825[34] trials 

evaluating the addition of bevacizumab to radiotherapy in glioblastoma patients. While PFS 

was significantly different in favor of bevacizumab, no OS benefits were observed in either 

trial. However, HRQoL results were conflicting. In RTOG 0825, HRQoL was lower among 

bevacizumab-treated patients, while in AVAglio, the time to HRQoL score deterioration was 

longer in the bevacizumab group. 

Hamidou et al., used time until definitive deterioration (TUDD) statistical approach[35, 36] in 

the analysis of patients with mCRC and showed that time to deterioration in HRQoL did not 

differ significantly according to type of treatment. TUDD produces meaningful longitudinal 

HRQoL results easily interpreted by clinicians and thus improving clinical decision-making.  

 

 

 

 

HRQoL relationship to OS  

Prognostic value 
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HRQoL, besides being an important endpoint in clinical trials, is also an independent 

predictor of OS and, to some extent, of the patient response to treatment (marker of disease 

progression).[4, 37, 38] Gotay et al.,[4] reported that in 36 of the 39 analyzed studies PROs 

were significant predictors of survival, often a more accurate predictor than ECOG 

performance status. Several studies have demonstrated that baseline HRQoL is associated 

with OS duration in CRC. In a pooled analysis from four randomized trials by Maisey et al., 

[37], better baseline global HRQoL scores (up to few months after treatment) were 

independently associated with longer survival in mCRC patients (> 1 year). The authors 

recommended routine HRQoL measurements for stratification and comparison of outcomes in 

different cohorts of patients. In two other studies by Braun et al., [38] and Efficace et al.,[39], 

a 10-point increase on the social functioning scale or in baseline global HRQoL score was 

associated with a 7% and 6% decrease in the patient's hazard of death, respectively. Some 

authors showed that at least one HRQoL domain supplements prognostic information in 

addition to clinical and socio-demographic variables (WHO performance status, distant 

metastases, age, sex, and clinical factors).[40, 41] Baseline physical functioning score was 

independently associated with OS in study of mCRC patients treated with oxaliplatin-based 

first-line chemotherapy,[42] while self-reported HRQoL was not a significant prognostic 

factor for CRC recurrence in other study.[43] In addition, in a trial of CRC patients with liver 

metastases, HRQoL offered more accurate prognostic information for OS than the 

number/volume of metastases.[44] 

 

 

 

Effect of treatment on HRQoL  
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Introduction of biologic agents into mCRC first-line treatment has resulted in increased 

RRs, PFS, and OS.[45-51] Many of these therapies are combined with cytotoxic regimens 

(e.g. capecitabine, irinotecan, oxaliplatin) and thus may have a significant impact on the 

patients’ HRQoL.  

In patients with surgically unresectable metastatic disease, chemotherapy, given its modest 

influence on OS, is usually administered with palliative intent. Although the goal of palliative 

therapy is the quality of survival, the impact of anticancer treatment has been evaluated by the 

length of survival and toxicity. The main goal of chemotherapy, however, is to be delay 

HRQoL deterioration by reduction of the severity of disease-related symptoms.  

A treatment can be chosen if it significantly improves HRQoL and well-being of the patient 

without significant OS benefit versus comparable treatment. In the phase III COIN trial[51] 

intermittent chemotherapy was non-inferior to continuous treatment in terms of OS. However, 

subgroup analysis demonstrated that patients with normal baseline platelet counts could gain 

the benefits of intermittent chemotherapy without detriment in OS, are likely to experience 

fewer side effects, and have improved HRQoL; those with increased platelet levels seem to do 

significantly worse on intermittent treatment and should not receive treatment breaks.  

A treatment may not be optional if symptoms and HRQoL remain similar to that under the 

comparable treatment, without significant OS improvement. The NORDIC-VII phase III 

study of mCRC treated with cetuximab with continuous or intermittent fluorouracil, 

leucovorin, and oxaliplatin (Nordic FLOX) or FLOX alone in did not show any OS, PFS, and 

QoL benefit with the addition of the biologic, even in patients who were deemed KRAS wild-

type.[52]  

Clear treatment decisions seem challenging when treatment offers better chances of survival, 

but with impaired HRQoL compared to conservative therapy or lower changes of OS, but 

improved HRQoL. In such cases, if the primary endpoints are not met, HRQoL outcomes are 
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critical to decision whether combination therapy is beneficial from the patients perspective. 

These examples show how HRQoL could potentially guide therapy in the future if 

appropriately integrated into studies. 

Also it might be the right time to consider HRQoL for prognostic scores to optimize any 

therapeutic strategy efficacy and to consider the effects of a treatment strategy on HRQoL 

endpoint in order to be in line with a dogma of precision/personalized medicine.  

 

 

Minimal clinically important difference (MCID) 

With the expanded use of HRQoL endpoint and the increasing number of HRQoL 

instruments, it is necessary to interpret HRQoL in the context of MCID improvements. MCID 

defines the smallest change in HRQoL, going beyond statistical significance, beneficial from 

patients’ perspective, and leading to a change of the patient care.[53] Anchor-based (HRQoL 

scores are correlated with another independent measure) and distribution-based (measure of 

variability/distribution of results) methods are used to capture MCIDs.  

There is a body of the literature regarding the clinical significance of changes in different 

questionnaires. In the EORTC QLQ-C30, a 5-10 mean score difference is regarded as a small, 

but subjectively significant or clinically meaningful, a 10-20 point change is regarded as 

moderate, and a >20-point change as large.[54-56] Regarding CRC-specific questionnaires, 

Yost et al.,[57] identified MCID scores as: 1-2 points for the Colorectal Cancer Subscale 

(CCS) specific, 4-6 points for the Treatment Outcome Index colorectal, and 5-8 points for the 

FACT-C total. For the FCSI (sensitive to symptomatic progression in metastatic patients), the 

MCID was defined as a change in the range of 1.5-3.0 points.[58] 

 

 

Response Evaluation Criteria In Solid Tumors (RECIST) criteria and HRQoL 
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RECIST criteria for HRQoL can be helpful to characterize deterioration/improvement of 

and the magnitude of change in HRQoL parameters that have clinically meaningful effects. 

Moreover, these can help to reach standardized longitudinal HRQoL analysis using the 

TUDD method. With the objective of OS and HRQoL improvement, as for tumor response 

and progression, RECIST criteria for HRQoL should be defined and integrated into trial 

design. Development and validation of RECIST criteria for HRQoL in mCRC will be 

addressed by the international ARCAD (Aide et Recherche en Cancerologie Digestive) group 

in the near future.[59-61] An ongoing project granted by the EORTC QOL group would be 

also done for all cancer localizations.  

 

HRQoL in mCRC phase III clinical trials 

We have identified 31 pivotal first and second-line randomized phase III clinical trials on 

anticancer therapies for mCRC with HRQoL endpoint (Supplementary Table S1, available at 

Annals of Oncology online). To pinpoint those trials we conducted a literature review 

including a PubMed search using the search terms “QoL”, “endpoint”, “phase III”, 

“colorectal”, “first/second-line “ and “randomized”; and an abstracts search from conference 

(ASCO, ASCO GI, ESMO) proceedings. Studies included mostly first-line therapy trials (n = 

29; 93.5%). The majority of trials used HRQoL as pre-specified secondary endpoint (93.5%), 

except for two studies, in which HRQoL was adapted as a co-primary (alongside PFS) or 

tertiary objective. These observation points out that although the importance of HRQoL 

assessment in clinical trials is now generally accepted, many clinicians are still skeptical 

about its true additive value when testing different therapeutic strategies and are hesitant to 

accept HRQoL as a primary/co-primary endpoint. Furthermore, HRQoL data were presented 

separately for eight trials (25.8%). Although splitting up HRQoL data from survival results 

seems to be opportunity for a comprehensive way of reporting, such action has also certain 
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disadvantages. Separate reporting of survival and HRQoL results may reduce their value in 

clinical decision-making as clinicians are unlikely to read or are not aware of the successive 

paper published following the main results.[62, 63] It is therefore recommended that clinical 

and HRQoL sets of data are published in the same manuscript in order to provide more 

complete account of outcomes and in turns optimal therapeutic strategies in patients with 

advanced disease. Another alternative could be to publish a companion paper in the same 

journal at the same time, as reflected by the published results from the AURELIA phase III 

study of bevacizumab in ovarian cancer.[64, 65] 

Although different measures were used to assess HRQoL in the selected studies, consistent 

use of the generic questionnaires was observed: EORTC QLQ-C30 (22/31; 71.0%), EQ-5D 

(7/31; 22.6%), and SF-36 (2/31; 6.4%). However, only eight of 31 reviewed trials (25.8%) 

used CRC-specific questionnaires (of which four used FACT-C, two used FACT-FCSI, one 

used EORTC QLQ-CR29, two used CCS, and one used TOI-C; Supplementary Table S1, 

available at Annals of Oncology online). These were used either alone or in association with 

generic questionnaires. While the generic HRQoL questionnaires are well-validated and 

robust measures, they do not cover specific mCRC-related aspects and therefore may miss 

effects of new therapies on patients' HRQoL. It is hence vital to use CRC-

sensitive/discriminate questionnaires (and score them along with generic instruments) in 

mCRC patients.  

HRQoL data quality may be diminished by poor compliance in questionnaire completion as 

the study progress. Quinten et al. [40] showed that patients who did not complete the 

questionnaires may have poorer survival. A generation gap between patients (the average age 

of mCRC patients is 65 years) may also contribute to HRQoL data non-compliance given 

different approaches of capturing HRQoL (e.g. telephone, electronic, paper). Only 14 of 31 

reviewed trials (45.2%) reported patient compliance for HRQoL questionnaires completion 
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(Supplementary Table S2, available at Annals of Oncology online). Four trials (28.6%) 

provided the total number of patients who completed the questionnaire at baseline, while three 

of these did not specify compliance rates during the trial. In all trials, the baseline compliance 

rates ranged from 84% to 98%. As expected, the post-baseline decline in completing 

questionnaires was observed. Moreover, differences in reporting missing data (not 

sufficient/no data at all) and longitudinal analysis were observed across the retrieved studies. 

Missing data at later time points may be related to treatment-related toxicities, tumor 

progression, difficulties in completing questionnaires, or low stress on HRQoL measure. This 

aspect can introduce bias selection (towards worse or better HRQoL), reduction in statistical 

power to detect MCID (reduced number of observations), and finally lead to misleading 

results regarding HRQoL, which is particularly relevant in patients with advanced and 

progressive disease.  

We also investigated the relationships between survival, tolerance, and the HRQoL scores 

(Table 1) across the reviewed trials. A significant difference between arms with regard to 

HRQoL was found in 16 out of 31 trials (51.6%), eight and five of which had PFS and OS as 

the primary endpoint, respectively, one had OS and DFS as the co-primary endpoints, one had 

OS and PFS as the co-primary endpoints, and one had time to failure strategy as the primary 

endpoint. Six of 15 trials (40%) and eight of 14 trials (57.1%) that demonstrated or did not 

show OS or PFS benefit, respectively, and two trials (100%) with OS negative results found 

significant differences in QoL scores. These observations are of importance as demonstrate 

that 50% of trials that did now show survival differences demonstrated significant HRQoL 

changes. Moreover, in only one trial,[66]
 
the improved survival came at a cost of decreased 

HRQoL. Although greater tolerance was seen, generally it did not have any adverse impact on 

neither survival nor HRQoL.  
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Longitudinal HRQoL studies can reveal insight into changes in HRQoL scores as patients 

undergo treatment. Despite many sophisticated statistical approaches available, longitudinal 

analysis of HRQoL remains generally unstandardized and inconsistent, which can  

compromise the results between trials. Our assessment revealed remarkable across-trials 

longitudinal analysis heterogeneity. Although longitudinal designs were widely adopted, 

advanced statistical methods were commonly underutilized. The majority of studies were 

analyzed using traditional methods that account for repeated measures (20/30; 66.7%), such 

as pattern-mixture model, linear-mixed model, Wei-Lachin or Wilcoxon rank-sum tests. Only 

four of 30 studies (13.3%) implemented time-to-QoL deterioration (TTD), and only four used 

mixed-effect model for repeated measures approach. In six studies (20%) the statistical 

strategies were not at all reported (Supplementary Table S1, available at Annals of Oncology 

online). In addition, missing data was rarely discussed. 

 

Suggestions for future mCRC trials 

Considering the above, we propose the following for future mCRC clinical trials: 

1. HRQoL should be strongly considered as a co-primary endpoint alongside a 

tumor-based parameters such as PFS in the first-line and later settings.[60, 67] 

Appropriate investment and strategies to ensure completion of data collection and 

minimization of drop out is critical. 

2. HRQoL could be used as a composite endpoint with tumor parameters when: 

treatment effects on each component of endpoint is expected to be of similar efficacy, 

treatment is expected to have long-term negative effects on patients HRQoL, and 

treatment effects are estimated to be small, but clinically meaningful. This approach 

would ensure adequate sample size for meaningful HRQoL assessments. 
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3. Specific instruments such as the EORTC QLQ-C30 form associated with the 

EORTC QLQ-CR29 form should be used to increase the sensitivity for HRQoL 

changes detection and to compare between studies along with more general tools. 

4. The specific HRQOL dimensions should be targeted to prevent multiple testing 

and inflation of type one error with associated decisions rules regarding the conclusion 

of the trial. Mandatory dimensions should include: global health status (true overall 

impact assessment of disease and its treatment on the patient, assessment of at least 

one dimension comparable across trials,  impact measurement of other dimensions on 

global health), functional scales, symptoms scales (measurement of ongoing treatment 

and/or on treatment with late toxicity effects), and CRC-specific dimensions of the 

QLQ-CR 29 (capturing sensibility to change). Complementary dimensions could be 

targeted for exploratory purposes only. With HRQoL as a co-primary endpoint, 

complementary dimensions could be considered as secondary endpoints for 

confirmatory purposes.  

5. Timing driven design should be preferred for collection of HRQoL data. 

Assessment times of HRQoL should coincide with the clinical care schedule dictated 

by the trial regimens, but it is essential to measure it at baseline (before 

randomization), at least every month until death for trials with an expected median OS 

≤1 year, at least every month during treatment, and at least every 2-3 months until 

death for trials with an expected median OS >1 year. For strategy trials, follow-up 

should be measured until death or at least treatment failure of the last chemotherapy 

line evaluated. 

6. HRQoL should be an integrated component of prognostic scores (e.g. the 

GERCOR prognostic score)[68] and considered as a stratification factor in mCRC 

clinical trials. 
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Conclusion 

Based on an extensive literature review and the experts opinions, we propose guidelines 

for the development of parameters that will facilitate the conduct of future mCRC clinical 

trials with HRQoL as a co-primary/composite endpoint and will ensure their methodological 

and analytical quality and comparability.  
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Table 1 Relation between primary clinical endpoint, tolerance, and QoL outcomes 

results.  

Clinical efficacy results for study 

primary endpoint and tolerance profiles 

QoL results 

 

Same 

n 

Better 

n 

Worse 

n 

Different 

n 

Total 

n 

Better clinical efficacy but same tolerance  1  1  2 

Better clinical efficacy but worse tolerance  4 2   6 

Better clinical efficacy but different 

tolerance 

4 3   7 

Same clinical efficacy and same tolerance 2   1 3 

Same clinical efficacy but different 

tolerance 

2 1   3 

Same clinical efficacy but worse tolerance 2 2 3  7 

Same clinical efficacy but better tolerance  1   1 

Worse efficacy and worse tolerance  1  1 2 

Total 15 10 4 2 31 

“Better clinical efficacy” considered when a significant improvement was reported in primary endpoint  

“Same clinical efficacy” indicates not significant results 

Different indicates trials in which no global QoL differences were found, but the assessment of specific 

symptoms favored one or more of the arms 

 
 



Appendix Supplementary Table SA1 Major first and second-line phase III colorectal cancer trials with health-related quality of life as an endpoint.  
 
Study§ First 

author 

No. Study arms  Endpoints  QoL 

instrument

s 

Longitudinal 

statistical 

analysis 

Time frame 

QoL 

measuremen

t 

 Effect   

    Primar

y  

Secondary  Tertiar

y  

   Toxicity QoL  OS  PFS  

 de 

Gramont45 

422 

(351 

evaluated

) 

5FU2LV v 

FOLFOX 

PFS RR, OS, 

QoL, 

toxicity 

 EORTC 

QLQ-C30 

TTD At baseline 

and every 

fourth 

treatment 

cycle 

More grade 3/4 

neutropenia,  

grade 3/4 

diarrhea, and 

grade 3 

neurosensory 
toxicity on 

FOLFOX 

 

Not significantly 

different; At 

cycle 4&8, emotional 

functioning improved on 

both arms, nausea or 

vomiting worsened on 
FOLFOX; TTD in global 

health status 

prolonged in the 

FOLFOX arm 

 

Improved 

but not 

significantl

y; Survival 

without PD 

or 
deterioratio

n 

in global 

health 

status was 

longer in 
patients 

treated with 

FOLFOX 

Significantly 

improved in 

the FOLFOX 

arm 

AVF2107g  Hurwitz48 

Kabbinavar
69 

813 IFL v  

IFL + Bev  

OS PFS, ORR, 

DR, QoL 

 FACT-C 

total, CCS, 

TOI-C 

TTD At baseline, at 

6 wk for the 

first 24 wk 
and q 12 wk 

thereafter 

More grade 3-4 

AE (specifically 

hypertension) in 
the IFL + Bev 

arm  

Not significantly 

different  

Significantl

y improved 

in the IFL + 
Bev arm  

Significantly 

improved in 

the IFL + 
Bev arm  

AGITG MAX  Tebbutt70 

Stockler71 

265 Cap v 

Cap + Bev v  
Cap + Bev + 

MMC 

PFS OS, RR, 

toxicity, 
QoL 

 EQ-5D, 

EORTC 
QLQ-C30, 

CTAQ 

Regression 

methods that 
accounted for 

repeated 

measures 

(i.e., 

generalized 

estimating 
equations 

with a 
compound 

symmetric 

correlation 

structure) 

At baseline, at 

3, 6, 9, 12 wk 
and q 6 wk 

until 

progression 

Not significantly 

different; 
Significantly 

more HFS  in 

Cap +Bev 

Not significantly 

different  

Not 

significantl
y different 

Significantly 

improved in 
the Cap + 

Bev  ± MMC 

arms  

CAIRO3  Koopman72,

73 

Punta74 

Simkens75 

 

558 

(492 

evaluated

) 

Cap + Bev v 

observation  

PFS2 OS, QoL  EORTC 

QLQ-C30 

GLMM 

adjusted for 

baseline and 

stratification 

factors 

Before 

randomizatio

n and q 9 wk 

thereafter 

More grade 3-4 

AE (specifically 

grade 3 HFS) in 

the Cap + Bev 

arm 

Not significantly 

different 

Significantl

y extended 

(adjusted 

OS) with 

maintenanc

e Cap + 

Significantly 

extended 

with 

maintenance 

Cap + Bev  
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Bev  

CORRECT  Grothey76 

 

1052 Regorafenib v 

Placebo 

OS PFS, ORR, 

DCR, safety 

DR/SD, 

QoL 

and 

health 
utility 

values 

EORTC 

QLQ-C30, 

EQ-5D 

TTD  More grade 3-4 

AE in the 

regorafenib arm 

 

Not significantly 

different  

Significantl

y improved 

in the 

regorafenib 
arm 

Significantly 

improved in 

the 

regorafenib 
arm 

EPIC Sobrero77 1298 

 

Iri + Cetux v  

Iri 

OS PFS, RR, 

QoL 

 EORTC 

QLQ C30 

Wei-Lachin 

test of 
multiple 

components 

At 3 wk and q 

6 wk 
thereafter 

Toxicity profile 

similar but 
increased 

acneform rash 

and diarrhea in 

the Iri + Cetux 

arm 

Significantly improved in 

the Cetux + Iri arm,  

Not 

significantl
y different 

 

Significantly 

improved in 
the Cetux + 

Iri arm 

 

CALGB/SWO
G 80405 

Naughton78 
Venook79 

 

1137 FOLFOX or 
FOLFIRI + 

Bev or Cetux 

or Bev + Cetux  

OS PFS, QoL  EORTC 
QLQ-30, 

DSQL 

Scale 

 Not defined No new toxicities 
emerged in this 

study. With 

bevacizumab, 

common side 

effects were 

hypertension, 
headache, 

mucositis, 

nosebleed, 

diarrhea, rectal 

bleeding, loss of 

appetite, fatigue, 
and weakness, 

while cetuximab 

patients were 

more likely to 

have acneiform 

rash, pruritus, 
changes in 

fingernails and 

toenails, 

infections, 

fatigue, and low 

serum electrolyte 

levels. FOLFOX 

was associated 
with more 

neuropathy, 

whereas 

FOLFIRI caused 

more alopecia 

and diarrhea. 

Not significantly 
different in global health 

functioning or other 

items/subscales; 

Significant differences 

were found across arms 

in skin symptoms, 
limitations in social 

activities due to skin 

condition, and concerns 

about appearance;  

fewer social limitations 

and appearance concerns 
with Bev than with Cetux 

alone or Cetux + Bev 

Not 
significantl

y different 

 

Not 
significantly 

different 

 

CAIRO2 Tol80 755 Cap + Ox + PFS OS, RR,  EORTC Wilcoxon At baseline (2 More grade 3 or Overall and global not Not Significantly 
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 Bev (CB) v 

Cap + Ox + 

Bev + Cetux 

(CBC) 

QoL QLQ-30 rank-sum test wk before 

randomizatio

n) and q 9 wk 

thereafter 

until the end 
of study 

treatment 

4 AE (attributed 

to Cetux) in the 

CBC arm 

significantly different at 

baseline, after treatment 

significantly improved in 

the CB arm 

significantl

y different  

reduced PFS 

in the CBC 

arm 

NSAB Project 

Trial C-06 

Lembersky8

1 

Kopec82 

 

1608 oral UFT + LV 

v  

Intravenous 

FU/LV  
 

DFS, 

OS 

QoL  FACT-C, 

QLRS, SF-

36, SDS, 

SCL 

GLMM  At baseline 

and at 1 year 

Grade 3-4 AE 

similar between 

arms 

Not statistically different 

for FACT-C, within the 

subscales of 

colon-specific, physical, 
emotional, social, and 

functional health, or 

QLRS scores; 

Statistically significant 

but small differences for 

SF-36 favoring FU/LV, 
for SDS & SCL favoring 

UFT 

UFT_LV associated with 

improved convenience of 

care 

Not 

significantl

y different 

Not 

significantly 

different 

(and DFS) 

CALGB 9481 Kemeny83 135 HAI v systemic 

bolus FU/LV 

OS RR, 

recurrence, 

toxicity, 

QoL, cost, 

the influence 

of molecular 

markers 

 SF-36, 

MSAS; 

MOS, 

MOS-SFQ  

PMM Before 

treatment and 

q 3 mo during 

treatment 

until mo 18 

More grade 3 

neutropenia and 

stomatitis in the 

HAI arm and 

higher bilirubin 

level in the 

FU/LV arm 
More men than 

women in the 

HAI arm had 

biliary 

toxicity  

Significantly improved 

physical functioning in 

the HAI arm at 3  and 6 

mo; 

No differences  

in social functioning, role 

functioning-emotional, or 
general health 

perceptions; 

At 12 mo, a level of 

physical 

functioning much higher 

in the HAI arm 

Significantl

y longer in 

the HAI 

arm 

Significantly 

longer RR in 

the HAI arm  

AIO KRK 

0207  

Hegewisch-

Becker84 

Arnold85 

Quidde40 
 

837 FP +Bev v 

Bev v 

no further 

treatment 

TFS OS, PFS1, 

QoL, safety 

 EORTC 

QLQ-CR29, 

EORTC 

QLQ-C30, 
and other 

instruments 

Not defined At screening, 

and then q 6 

wk during 

induction and 
maintenance 

phase to a 

minimum of 

24 wk after 

randomizatio

n  

Grade 3 AE low 

and similar in all 

arms 

Not significantly 

different  

Not 

significantl

y different 

Significantly 

different in 

the PF + Bev 

and Bev 
arms  

No 

significant 

difference in 

TFS overall 

MRC CR06 Maughan
86

 905 Raltitrexed vs  

FU/LV vs 

FU 

OS QoL, 

toxicity, RR, 

cost, 

 HADS and  

EORTC 

QLQ-C30 

Compared by 

standardizatio

n of the 

At baseline, 

and q 6 wk 

thereafter 

More toxic effect 

in the raltitrexed 

arm 

Worse for emotional 

functioning in the 

raltitrexed arm, HADS 

Not 

significantl

y different  

Not 

significantly 

different  
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acceptability 

of treatment 

to patients 

and six 

trial-

specific 

questions 

subscale 

score: 0–24= 

nil, 25–

49=mild, 50–

74=moderate, 
75–

100=severe 

reduction in anxiety in 

FU and raltitrexed;  

CRYSTAL  Van 

Cutsem87,88 

Lang89 

 

1198  

(672 

evaluated

) 

FOLFIRI + 

Cetux v 

FOLFIRI alone 

PFS OS, RR, 

DCR, QoL, 

safety  

 EORTC 

QLQ-C30 

and social 

functioning 
scales 

PMM At 

randomizatio

n, q 8 wk 

before each 
cycle and at 

final tumor 

assessment 

 A minor 

increase in grade 

3 and 4 diarrhea 

was seen with 
the addition of 

Cetux 

Neither significantly 

improved nor negatively 

impacted  

Significantl

y improved 

in the 

FOLFIRI + 
Cetux arm 

in KRAS 

WT 

patients  

Significantly 

improved in 

the FOLFIRI 

+ Cetux arm 
in KRAS WT 

patients; 

Significantly 

higher RR in 

patients with 

or without 
symptoms at 

baseline, and 

with 

improved 

and earlier 

symptom 
relief in 

those whose 

tumors had 

responded 

NORDIC VII 

trial  

Tveit52 571  

(220 
evaluated

) 

Continuous 

FLOX v  
Continuous 

FLOX + Cetux 

v  

intermittent 

FLOX + Cetux   

PFS OS, ORR, 

R0 resection 
rate, safety, 

QoL 

  Not 

defined 

Not defined  Not defined Grade 3 to 4 

neutropenia  
similar in all 

arms;  

More grade 3 

skin toxicity/rash 

in patients 

treated with 
Cetux 

Not significantly 

different 
 

Not 

significantl
y different 

Not 

significantly 
different 

COIN  Adams51 

 

1630 Continuous 

and 

fluoropyrimidi
ne +/- Cetux or  

Intermittent 

chemotherapy 

OS FFS, RR, 

toxicity, 

QoL, cost-
effectivenes

s  

 EORTC 

QLQ C30 

and five 
other 

questions at 

baseline 

Ordinal 

logistic 

regression 
odds model 

At baseline, at 

6 and 12 wk, 

and q 12 wk 
thereafter 

More grade 3 or 

worse 

hematological 
toxic effects with 

continuous 

treatment, while 

nausea and 

vomiting more 

common on 
intermittent 

treatment; 

More grade 3 or 

worse peripheral 

Not different at baseline; 

at 24 wk, improvement in 

the intermittent arm 
(significant benefits in 

role and social 

functioning as well as for 

several symptom scales) 

Not 

significantl

y different 

Not 

significantly 

different 
()the same 

for  

FFS) 
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neuropathy 

and HFS in  

continuous 

treatment 

PRIME  Douillard49,5

0 

 

1183 Pan + 
FOLFOX4 v 

FOLFOX4  

PFS OS, ORR, 
QoL, safety 

 EQ-5D 
HIS/OHR 

MMRM  q 4 wk (± 1 
wk) on study 

treatment and 

at the safety 

follow-up 

visit, and q 8 

wk after the 
safety visit 

but before 

disease 

progression  

Adverse event 
rates were 

generally 

comparable 

across arms with 

the exception of 

toxicities known 
to be associated 

with anti-EGFR 

therapy. 

More skin 

toxicity in Pan-

FOLFOX4 

No significantly 
different; deterioration of 

performance status 

occurred later in the 

irinotecan combination 

than in those treated with 

5FU/LV alone 

Significantl
y improved 

in the Pan + 

FOLFOX4 

arm in WT 

KRAS 

patients 
and in 

patients 

who 

develop 

skin 

toxicity 
grade 2–4  

 

Significantly 
improved 

(and ORR) 

in the 

panitumuma

b + 

FOLFOX4 
arm in WT 

KRAS 

patients and 

in patients 

who develop 

skin toxicity 
grade 2–4 

GONO group 

trial 

Falcone90 244 FOLFOXIRI 

vs 
FOLFIRI 

RR OS, PFS, 

post-
chemotherap

y R0 

resection, 

QoL, safety 

 EORTC 

QLQ-C30 

Not defined q 2 wk during 

treatment and 
q 8 wk during 

follow-up (36 

mo) 

More grade 2 to 

3 peripheral 
neurotoxicity and 

grade 3 to 4 

neutropenia in 

the FOLFOXIRI 

arm; Febrile 

neutropenia and 

grade 3 to 

4 diarrhea not 
significantly 

different between 

arms 

Not significantly 

different; 
 

Significantl

y improved 
in the 

FOLFOXI

RI arm 

Significantly 

improved 
(and RR) in 

the 

FOLFOXIRI 

arm 

NCIC CTG & 
AGITG CO. 

17  

Au91 
Jonker92 

572 Cetux + BSC v 
BSC 

OS  PFS, RR, 
QoL, safety 

 EORTC 
QLQ-C30  

PMM + 
LMM 

At 4, 8, 16, 24 
wk 

Not significantly 
different 

in the incidence 

of grade 3 or 

higher 

AE, with the 

exception of 
more rash of any 

grade, 

hypomagnesemia 

of any grade, 

infusion 

reactions 
of any grade, 

infection without 

neutropenia, 

confusion, and 

Significantly improved in 
GHS and PF at 16 wk in 

the BSC arm in KRAS 

WT patients  

 

Significantl
y improved 

in the 

Cetux + 

BSC arm 

Significantly 
improved in 

the Cetux + 

BSC arm 
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pain in the Cetux 

arm;  

A rash of grade 2 

or higher was 

strongly 
associated with 

improved 

survival  

NCIC CTG & 

AGITG CO. 

20 

Righash66 

Siu93 

750 Cetux + Briv v  

Cetux + 

Placebo 

OS  PFS, ORR, 

DR, QoL, 

safety 

 EORTC 

QLQ-C30 

TTD At 2, 4, 6, 8, 

12, 16, 24 wk 

Statistically 

significantly 

higher incidence 
of grade 3 non-

hematologic AE: 

fatigue, 

hypertension, 

rash, and 

gastrointestinal 
toxicities 

including 

abdominal pain, 

diarrhea, 

dehydration, 

and anorexia in 
the Cetux + Briv 

arm;  

In general, much 

higher rates 

of certain AE 

(e.g., fatigue, 
diarrhea) were 

reported by 

patients than 

were captured by 

AE reporting 

Cetux + Briv worsened 

time to QoL deterioration 

for KRAS WT patients 

Not 

significantl

y improved  

Significantly 

improved 

(and ORR) 
in the Cetux 

+ Briv arm 

Study 181* Peeters94,95 1186 Pan + 
FOLFIRI v  

FOLFIRI alone 

PFS 
and OS 

(co-

primary 

end 

points 

by 
tumor 

KRAS 

status) 

ORR, QoL  EQ-5D 
HIS/OHR 

MMRM q 8 wk until 
PD 

AE rates 
generally 

comparable with 

the exception of 

known toxicities 

associated 

with anti-EGFR 
therapy (more 

grade 3 to 4 AE 

in the Pan + 

FOLFIRI arm) 

No significant difference 
for the EQ-5D HIS and 

EQ5-D OHR 

Significantl
y improved 

in the Pan-

FOLFIRI 

arm in 

KRAS WT 

patients 

Significantly 
improved 

(and ORR) 

in the 

panitumuma

b-FOLFIRI 

arm in KRAS 
WT patients  

PICCOLO* Seymour96 597 Iri + Pan v  

Iri 

OS  PFS, 

RECIST 

response, 

QoL, 

 EORTC 

QLQ-C30, 

EQ-5D, 

DLQI 

Not defined At baseline 

and at 12 and 

24 wk 

More grade 3 or 

higher, diarrhea, 

lethargy, skin 

toxicity, 

At 24 wk, EORTC QLQ-

C30 significantly better 

in the Iri + Pan arm, but 

QoL symptom scores 

No 

significantl

y different 

Significantly 

different 

(and 

RECIST 

50
51
52
53
54
55
56
57
58
59
60



toxicity  infection, and 

neutropenia in 

the Iri + Pan arm 

as were any 

hematological, 
any non-

hematological, or 

a grade 3 or 

higher toxicity of 

any type 

worsened with Ir + Pan; 

No data for DLQI 

reponse) in 

the Iri + Pan 

arm 

X-ACT Twelves97 1987 Oral Cap v  
bolus FU/LV 

DFS RFS, OS, 3-
year DFS, 

safety, QoL  

 EORTC 
QLQ-C30 

Not defined At baseline, 
and at 7, 16, 

25 wk in the 

Cap arm; and 

at 9, 17, 25 

wk in the 

FU/LV arm 

Significantly  
less grade 3 or 4 

toxic effects in 

the Cap arm 

At 25 wk, significant 
increase from baseline 

(<5% in raw scores)  

Equivalent 
in both 

arms 

DFS 
equivalent in 

both arms, 

RFS 

improved in 

the Cap arm 

EORTC study 

40952 

Kohne98 497 q.wk. 24h FU 

± LV v  

bolus FU/LV 

OS PFS, RR, 

safety, QoL 

 EORTC 

QLQ-C30 

Pearson’s 

correlation 

matrix 

At baseline More toxicity in 

the 24hFU + LV 

arm 

No significantly different  No 

significantl

y different  

Significantly 

longer for 

24hFU + LV 

vs two other 
arms, RR not 

significant 

Irinotecan 

Study Group 

Saltz99 1400 FOLFIRI v 

FU/LV v  

Iri alone 

PFS ORR, OS, 

safety, TTP 

 EORTC 

QLQ-C30 

Analysis of 

variance for 

repeated 

measures 

At start of 

each 

treatment 

cycle 

More grade 3 

(severe) diarrhea 

in the FOLFIRI 

arm; but  
incidence of 

grade 4 (life-

threatening) 

diarrhea was 

similar in  both 

arms; 
Less grade 3 or 4 

mucositis, grade 

4 neutropenia, 

and neutropenic 

fever in the 

FOLFIRI arms.  
Adding Iri to 

FU/LV did not 

compromise the 

QoL 

No significantly different  Significantl

y improved 

in the 

FOLFIRI 
arm  

Significantly 

improved 

(and RR) in 

the FOLFIRI 
arm 

 Conroy100 

Ducreux101 

306 XELOX v 

FOLFOX6 

ORR OS, PFS, 

TTR, RD, 
QoL 

 EORTC 

QLQ-C30, 
FACIT-

CCSQ 

MMRM At baseline, 

and at Cycle 3 
and 6 visits 

(XELOX) or 

Cycle 4 and 8 

Significantly 

more grade 3/4 
thrombocytopeni

a and diarrhea in 

the XELOX arm, 

No significantly different No 

significantl
y different  

Not 

significantly 
different; 

Significantly 

improved for 
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visits 

(FOLFOX-6) 

and final visit 

(Day 169) 

but significantly 

less grade 3/4 

ORR, in the 

FOLFOX6 

arm  

MRC 
FOCUS2 

Seymour102 459 FU + 
Levofolinate v 

Ox + FU v  

Cap v  

Ox + Cap 

PFS + 
QoL 

RR, OS, 
toxicity 

 EORTC 
QLQ-C30 

Mann-
Whitney test 

At baseline 
(117-item 

CHA) and at 

12 wk (OTU) 

Increased risk of 
having a grade 3 

or worse event 

during 

the first 12 wk in 

the 

Ox + Cap arm.  
The risk of 

having any grade 

3 or 

worse toxic eff 

ect was not 

significantly 
increased with 

Ox, but was 

higher 

with Cap 

(specifically 

nausea, 
vomiting, 

diarrhea, 

anorexia, and 

HFS) than with 

FU 

No significantly 
different; fewer baseline 

symptoms were 

predictive of better OTU 

No 
significantl

y different 

No 
significantly 

different 

 Haller103* 628 Iri + Ox v 
Iri alone 

OS ORR, DR, 
TTP, QoL 

(TTSW), 

toxicity 

 TRSQ 
(analgesic 

consumptio

n, pain 

intensity, 

weight, 

KPS) 
 

Two-sided 
unstratified 

log-rank test; 

Association 

of 

improvement 

in TRS and 
ORR by  

Spearman 

correlation 

coefficient 

At 
baseline 

(within 7 days 

before 

randomizatio

n and the first 

dose of study 
drug) and 

q 3 wk 

(before 

chemotherapy

), and q 4 wk 

for up 
to 3 mo after 

the last dose 

of study 

medication 

Grade 3 to 4 
toxicities were 

comparable 

between arms; 

more 

granulocytopenia

, diarrhea, and 
sensory 

disturbances in 

the Iri + Ox arm 

Significantly improved 
TTSW (TRS, specifically 

analgesic consumption, 

pain) 

in the Iri + Ox arm 

Significantl
y improved 

in the Iri + 

Ox arm 

Significantly 
improved 

ORR and 

TTP in the 

Iri + Ox arm 
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ASPECCT Price104 999 Pan v  

Cetux 

OS PFS, ORR, 

DR, TTR, 

TTF, QoL, 

toxicity 

 EQ-5D 

HIS/VAS, 

FACT FCSI 

MMRM From study 

day 1 to the 

last day of 

treatment or 

PD, up to wk 
85 

Any grade and 

grade 3–4 AE 

similar between 

arms; Grade 3–4 

infusion 
reactions lower 

and grade 3–4 

hypomagnesaemi

a higher with Pan 

No significantly different 

 

No 

significantl

y different 

No 

significantly 

different 

 Van 

Cutsem105 
Siena11 

463 

 
(391 

evaluated

) 

Pan + BSC v  

BSC alone 

PFS ORR, OS, 

PROs  

 FACT 

FCSI, 
EORTC 

QLQ-C30, 

EQ-5D 

HIS/VAS 

LVCF and a 

slope 
method 

At baseline 

and at q 2 wk 
or monthly 

during 

treatment, and 

at the 30-day 

safety follow-

up visit 

Skin toxicities, 

hypomagnesaemi
a, and 

diarrhea more 

common with 

Pan 

At wk 8, lack of PD was 

associated with 
significantly and 

clinically meaningful 

lower CRC 

symptomatology for both 

arms and higher HRQoL 

for Pan patients only. 
Lack of PD was 

associated with better 

symptom 

control, HRQoL, and OS 

No 

significantl
y different 

 

Significantly 

improved 
(and ORR) 

in the Pan + 

BSC arm  

 

HORIZON III Schmoll106 709 

 

713 

mFOLFOX6 + 

Cediranib v 

mFOLFOX6 + 

Bev 

PFS OS, ORR, 

DR, safety, 

tolerability, 

resection 

rate, 

HRQoL  

 FACT-C 

(FACT-G + 

CCS) 

Stratified log-

rank test 

At ≤ 4 wk 

before the 

start of study 

treatment; at 

8-wk intervals 

until wk 24, 

and every 12 

wk until 
disease 

progression or 

death 

Grade ≥ 3 

neutropenia and 

diarrhea, grade ≥ 

3 AE, serious 

AE, and AEs 

leading to 

permanent 

discontinuation 
of drug more 

common in the 

Cediranib arm.  

Time to worsening of 

symptoms significantly 

shorter in the Cediranib 

arm;  

Statistically significant 

intertreatment differences 

favoring Bev for TOI, 

total FACT Score, and 
CCS. No difference 

between 

progressive/nonprogressi

ve, patients and 

responders/ 

nonresponders 

No 

significantl

y different 

No 

significantly 

different 

*2nd line 

§ PubMed and abstracts of major conferences (ASCO, ASCO GI, and ESMO) proceedings were searched for articles on phase first and second-line phase III clinical trials including health-

related quality of life as an outcome measure using terms “quality of life”, “endpoint”, “phase III”, “colorectal”, “first-line “,“second-line “, and “randomized” and with no restrictions on 

publication date.  

 

Abbreviations: EORTC QLQ C30, European Organization for Research and Treatment of Cancer Quality of Life Questionnaire C-30; FACT-C, Functional Assessment of Cancer Therapy–

Colorectal; CCS, Colorectal Cancer Subscale; TOI, Trial Outcome Index, EQ-5D, EuroQoL-5 Dimension Questionnaire; SF-36, Short Form-36 questionnaire; QLRS, Quality of Life 

Rating Scale; HADS, Hospital Anxiety and Depression Scale; BSC, best supportive care; HAI, hepatic arterial infusion; THP, time to hepatic progression; MOS, Medical Outcomes Study; 

MOS-SS, Medical Outcomes Study Social Support Questionnaire; MOS-SFQ, Medical Outcomes Study Sexual Functioning Scale; MSAS, Memorial Symptom Assessment Scale; HIS, 

health state index; VAS, visual analogue scale; DLQI, Dermatology Life Quality Index; SDS, Symptom Distress Scale; SCL, Treatment-specific Symptom Checklist; CTAQ, 

Chemotherapy Acceptability Questionnaire; QLRS, Quality of Life Rating Scale; DSQL, Dermatology-Specific Quality of Life Scale; OHR, overall health rating; GHS, global health 
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status; OHS, overall health symptoms; FACIT-CCSQ, Functional Assessment of Chronic Illness Therapy Chemotherapy Convenience and Satisfaction Questionnaire; FCSI, FACT 

Colorectal Symptom Index; CHA, comprehensive health assessment; OUT, overall treatment utility (the viewpoint of both patient and clinician) FU/LV, fluorouracil; leucovorin; Cetux, 

Cetuximab; Cap, capecitabine; Iri, irinotecan; Ox, oxaliplatin, Bev Bevacizumab; FOLFOX, fluorouracil; leucovorin plus oxaliplatin; FOLFIRI, fluorouracil; leucovorin plus irinotecan; 

FOLFOXIRI, fluorouracil; leucovorin, oxaliplatin plus irinotecan; XELOX, capecitabine plus oxaliplatin; chronoFLO4, fluorouracil, leucovorin plus oxaliplatin for 4 days; FOLFOX, 

fluorouracil; leucovorin plus oxaliplatin; IFL, irinotecan, fluorouracil plus leucovorin; FP, fluoropyrimidine; MMC, mitomycin C; Pan, panitumumab; UFT, tegafur plus uracil; FLOX, 

fluorouracil, folinic acid plus oxaliplatin; FLIRI, fluorouracil, folinic acid plus irinotecan; BRIV, cetuximab plus brivanib alaninate; QoL, quality of life; OS, overall survival; PFS, 

progression-free survival; RR, response rate; ORR, overall response rate; TTP, time to tumor progression; GLMM, general linear mixed-effects model, MMRM, mixed-effect model for 

repeated measures; PMM, pattern mixture models; LMM, linear mixed model; LVCF, last value carried forward; TTD, time to deterioration; PFS1, time to first progression; TTR, time to 

response; DR, duration of response; DFS, disease-free survival; SD, stable disease; DCR, disease control rate; PD, disease progression; TFS, time to failure strategy; RFS relapse-free 

survival; FFS, failure-free survival; TTSW, time to tumor-related symptomatic worsening; TRSQ, tumor-related symptom questionnaire; KPS, Karnofsky performance status; HFS, hand-

foot syndrome; CT, chemotherapy; q, every; wk, week; q.wk., weekly; mo, month; WT, wild-type; AE, adverse events 
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Appendix Supplementary Table SA2. Compliance rate for HRQoL questionnaires in adjuvant and metastatic colorectal cancer studies  

 
Study  Author Compliance rate (completed/expected) at different time points  

  At baseline During chemotherapy After treatment Data in total  

NSAB C-06 Kopec82 93% FU  

94% UFT 

 73% FU 

79% UFT 

1-year  

62% FU 
67% UFT 

 

MRC CR06 Maughan86 84% in total 6 wk  

12 wk  

 

64%  in total  

62% in total  

(43% of those alive at 12 wk  
completed questionnaires at 

three assessment points) 

  

COIN Adams51 67% in total  

 

6/12 wk 60% continuous   

55% intermittent 

  

AGITG MAX Tebbutt70 91% Cap  

92% Cap + Bev  

91% Cap+ Bev + MC 

    

NCIC CTG & 

AGITG CO.17 

Au91 94% in total 

 

16 wk 67% Cetux + BSC  

47% BSC 

  

NCIC CTG & 

AGITG CO.20 

Ringash66 95% Cetux + Briv 

97% Cetux + Placebo 

2 wk 

 

80% Cetux + Briv  

87% Cetux + Placebo 

  

CRYSTAL Van Cutsem87,88 

Lang89 

 

75% in each arm  

 

4 wk 

 

80% Cetux + Briv 

85% Cetux + Placebo 

  

   6 wk 

 

71% Cetux + Briv 

78% Cetux + Placebo 

  

   8 wk 

 

69% Cetux + Briv  

77% Cetux + Placebo 

  

   12 wk 

 

72% Cetux + Briv  

69% Cetux + Placebo 

  

   16 wk 68% Cetux + Briv 
62% Cetux + Placebo 

  

   24 wk 59% Cetux + Briv 

47% Cetux + Placebo 

  

   8 wk 

 

74% FOLFIRI  

79% FOLFIRI + Cetux 

  

   16 wk 

 

69% FOLFIRI  

68% FOLFIRI + Cetux 

  

   24 wk 

 

66% FOLFIRI  

67% FOLFIRI + Cetux 
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   32 wk 

 

57% FOLFIRI  

51% FOLFIRI + Cetux 

  

   40 wk 
 

56% FOLFIRI  
61% FOLFIRI + Cetux 

  

   48 wk 

 

53% FOLFIRI   

60% FOLFIRI + Cetux 

  

   56 wk 

 

46% FOLFIRI  

57% FOLFIRI + Cetux 

  

   64 wk 

 

70% FOLFIRI  

63% FOLFIRI + Cetux 

  

   Final 

visit 

 

35% FOLFIRI  

30% FOLFIRI + Cetux 

  

EPIC Sobrero77  15 wk 56.3% Cetux + Iri 

56.1% Iri 

  

AIO KRK 0207 Hegewisch-

Becker84 

Arnold85 

Quidde40 

89% in total  

 

6 wk 

 

99%   

   12 wk  98%   

   18 wk 97%   

   24 wk  97%   

 Conroy100 

Ducreux101 

97.6% XELOX  

97.5% FOLFOX6 

Cycle 

3/4 

61.9%  

77.8% XELOX  

58.0% FOLFOX6 

  

   Cycle 

6/8 

61.9% XELOX 

61.3% FOLFOX6 

  

   Final 

visit 

50% XELOX  

54.6% FOLFOX6 

  

       

AVF2107g ‡ Hurwitz48 

Kabbinavar69‡ 

30.4% IFL + Placebo† 

30.2% IFL + Placebo†† 

30.9% IFL + Placebo††† 

30.3% IFL + Bev† 

30.1% IFL + Bev†† 

30.3% IFL + Bev††† 

    

PRIME Douillard49,50     57% in WT KRAS 

patients 

45% of patients had 
missing data (similar 

proportions for both 

treatment arms) 
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 Van Cutsem87 

Siena11 

 4 wk 

 

81.8% Pan + BSC* 

55.6% BSC 

82.2% Pan + BSC** 

56.0% BSC 

  

   8 wk 
 

48% Pan + BSC* 
20.2% BSC 

48.5% Pan + BSC** 

20.7% BSC 

  

   12 wk 39.4% Pan + BSC* 

6.1% BSC 

39.0% Pan + BSC** 

6.0 % BSC 

  

   16 wk 26.8% Pan + BSC* 

3.0 % BSC 

26.8% Pan + BSC** 

3.0% BSC 

  

HORIZON III Schmoll
106     84%  to 98% 

(Compliance with the 

FACT-C 

questionnaire at all 
time points) 

*EQ-5D questionnaire 
**FCSI questionnaire  
† TOI-C questionnaire 
††FACT-C questionnaire 
†††CCS questionnaire 

‡The baseline and at least one post-baseline assessment 

Abbreviations: FU, fluorouracil; UFT, tegafur plus uracil; Cap, capecitabine; Bev, bevacizumab; MMC, mitomycin C; Cetux, Cetuximab; BRIV, cetuximab plus brivanib alaninate; BSC, best supportive care; 

FOLFIRI, fluorouracil; leucovorin plus irinotecan; XELOX, capecitabine plus oxaliplatin; FOLFOX, fluorouracil; leucovorin plus oxaliplatin; IFL, irinotecan, fluorouracil plus leucovorin; Pan, panitumumab; 

GQoL, Global quality of life; EQ-5D, EuroQoL-5 Dimension Questionnaire; wk, week 
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