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Abstract  

 

Meta-analysis based upon individual participant data (IPD) is a powerful methodology for 

synthesizing evidence by combining information drawn from multiple trials. Hitherto, its 

principal application has been in questions of clinical management, but an increasingly 

important use is in clarifying trials methodology, for instance in the selection of endpoints, as 

discussed in this review. In oncology, the Aide et Recherche en Cancérologie Digestive 

(ARCAD) Metastatic Colorectal Cancer Database is a leader in the use of IPD-based meta-

analysis in methodological research. The ARCAD database contains IPD from over 38,000 

patients enrolled in 46 studies and continues to collect Phase III trial data. Here, we review 

the principal findings of the ARCAD project in respect of endpoint selection and examine 

their implications for cancer trials. Analysis of the database has confirmed that progression-

free survival (PFS) is no longer a valid surrogate endpoint predictive of overall survival in the 

first-line treatment of colorectal cancer. Nonetheless, PFS remains an endpoint of choice for 

most first-line trials in metastatic colorectal cancer and other solid tumors. Only substantial 

PFS effects are likely to translate into clinically meaningful benefits, and accordingly we 

advocate an oncology research model designed to identify highly effective treatments in 

carefully defined patient groups. We also review the use of the ARCAD database in assessing 

clinical response including novel response metrics, and prognostic markers. These studies 

demonstrate the value of IPD as a tool for methodological studies and provide a reference 

point for the expansion of this approach within clinical cancer research. 
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Meta-analysis based upon deidentified individual participant data (IPD) is recognized 

as the gold standard approach for the synthesis of multiple studies conducted in a specific 

disease setting (1). One approach to IPD meta-analysis is to construct a database of trials as a 

standing resource supporting ongoing research projects, an approach pioneered within 

oncology by the Early Breast Cancer Trialists' Collaborative Group (2). This group has 

established the oldest, largest and most successful standing IPD resource in oncology, and 

uses it to address numerous clinical issues in patients with early breast cancer (2). Other 

similar initiatives in patients with early disease are the Adjuvant Colon Cancer End Points 

(ACCENT) collaboration (3) and the Intermediate Clinical Endpoints in Cancer of the 

Prostate (ICECaP) collaboration (4). In the advanced disease setting, a pioneering 

contribution has been made by the Aide et Recherche en Cancérologie Digestive (ARCAD) 

Metastatic Colorectal Cancer Database (5). The ARCAD database has been used to clarify 

methodological challenges that are pertinent not only to trials in unresectable locally 

advanced or metastatic colorectal cancer (designated hereafter as mCRC) but which have 

relevance to studies in virtually all advanced solid tumors. Our review provides a detailed 

illustration of the application of data sharing to issues of methodology, with the goal of 

informing similar initiatives. 

 

The changing oncology trials paradigm 

Clinical research in advanced solid tumors is in a period of transition, and studies in 

colorectal cancer exemplify these changes. Trials in which large, heterogeneous patient 

populations are treated with one or two uniform interventions are being replaced by studies 

tailoring treatments to smaller and more stratified groups defined by specific patient and 

tumor profiles. Clinical management is also evolving, with growing use of targeted therapy 

including immune checkpoint inhibitors, surgery and ablative techniques, and treatment 
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sequences with greater cumulative effectiveness. A large collection of randomized clinical 

trials spanning decades of new treatment development provides a reliable source of data to 

assess therapeutic progress not only within trials, but also over time. In contrast, real-world 

evidence is often conflicting, probably due to the many confounding factors that cannot be 

accounted for when analyzing data from various real-world sources. In mCRC, progression 

on first-line treatment generally manifests itself in less than one year, with patients who 

receive optimal management with additional lines of therapy surviving for 2-3 years or 

longer. Outside clinical trials, patients are often older and in poorer health or have poorer 

access to treatment, and their outcomes may therefore be worse. For instance, a recent study 

by the Dutch Cancer Registry found that across the Netherlands, in a real-life setting, median 

OS in mCRC remained approximately 12 months throughout the period 2008-2016 (6). In the 

United States, the 2‐year relative survival rate for patients diagnosed with metastatic disease 

increased from 21% during the mid‐1990s to 37% during 2009-2015 (7). 

One achievement of clinical trials conducted in the last 25 years has been a thorough 

investigation of clinical-trial endpoints, including response rate (RR), progression-free 

survival (PFS) and their relationship with overall survival (OS). Historically, OS has been the 

endpoint of choice in advanced cancer trials and remains so for trials of second and 

subsequent treatment lines, but in the first-line setting the availability of additional 

interventions after initial progression of disease is increasing overall survival and this has 

eroded the utility of OS as an informative endpoint. This is due to a number of factors 

including the confounding effects of crossover in randomized trials, the expanding range of 

interventions available after first-line progression, greatly varying use of salvage therapies, 

and the growing incursion of statistical noise as the gap between first progression and death 

increases (8, 9).  
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Investigators who are designing clinical trials in mCRC and other solid tumors 

therefore face a dilemma. On the one hand, the foremost goal of clinical intervention is 

usually increased survival, and regulatory authorities therefore continue to prefer OS as a 

primary endpoint; yet assessing treatments by their impact on OS in an unselected patient 

population requires larger, more complex, expensive, and lengthy trials, with the possibility 

that positive treatment effects might be missed or poorly characterized. On the other hand, 

while PFS is representative of the direct antitumor effects of an investigational treatment, its 

weakened association with OS raises the problem that medicines might gain market access on 

the basis of PFS data despite having no true impact on OS. This could hamper clinical 

decision-making and result in an accumulation of expensive novel therapeutics that lack 

clinically meaningful new benefits for patients. The ARCAD Advanced Colorectal Cancer 

Database has enabled in-depth analyses of the surrogacy of PFS for OS in mCRC patients 

treated with contemporary therapies, as discussed further below. 

Trialists and regulators have taken a pragmatic approach to this dilemma, assessing 

treatment effects according to a mixture of parameters, including both PFS and OS, as well as 

RR, disease control rate, duration of response and, increasingly, other factors such as 

symptom control, secondary curative-intent surgery, and quality of life. In addition, phase IV 

observational cohort studies and academic clinical trials conducted after regulatory approval 

continue to play a critical role in optimizing the use of new therapeutics. Given the modest 

efficacy of most emerging therapeutics in unselected patient populations, it typically takes 

several years after initial approval before the optimal deployment of new treatments in 

concert with other interventions is established.   

Against this background, our scientific understanding of cancer is now developing 

rapidly. The disease is being subtyped according to its molecular and genetic characteristics 

(10); new targeted and investigational treatments including immuno-oncologic agents are 

D
o
w

n
lo

a
d
e
d
 fro

m
 h

ttp
s
://a

c
a
d
e
m

ic
.o

u
p
.c

o
m

/jn
c
i/a

d
v
a
n
c
e
-a

rtic
le

/d
o
i/1

0
.1

0
9
3
/jn

c
i/d

ja
b
2
1
8
/6

4
4
9
4
4
9
 b

y
 C

a
rd

iff U
n
iv

e
rs

ity
 u

s
e
r o

n
 0

3
 F

e
b
ru

a
ry

 2
0
2
2



 

7 

 

being introduced; and a diversity of new markers of response and prognosis are becoming 

available, as discussed below. We are also now entering an era of increased data sharing, and 

IPD pooled from multiple trials is providing a more powerful approach than meta-analysis 

based on aggregate data (11).  

 

Applying IPD to the evaluation and selection of trials endpoints 

ARCAD is an international collaboration of leading experts and trialists in colorectal 

cancer, and currently has some 80 academic members in 16 countries. The collaborative 

engages directly in research through its database and holds consensus discussions drawing 

upon its members’ clinical and research expertise. At the time of writing, IPD from over 

38,000 patients in 46 trials published between 2002 and 2015 are included in ARCAD’s 

Metastatic Colorectal Cancer Database (Supplementary Table 1). We are currently in 

negotiations with the leading investigators of several other trials to provide data from their 

studies, and the database is now an enduring, shared resource for the CRC research 

community. The collaboration welcomes proposals and participation from trialists globally. 

Currently, ARCAD is also constructing a database of European trials in pancreatic cancer as 

a research resource modelled upon the mCRC database.    

Assembling the mCRC database has and continues to require considerable effort 

including contractual negotiations with trial sponsors and subsequent data processing for 

integration into the database. Due to intellectual property considerations important to many of 

the contributors, especially pharmaceutical companies, the database is by agreement not used 

to investigate the comparative efficacy and toxicity of different specific cancer drugs. Its 

primary focus is on trial methodology and clinical management of mCRC. In particular, the 

ARCAD database has helped expand our knowledge of trial endpoints, and prognostic and 

predictive markers in mCRC.   
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Progression-free survival 

PFS is a standard endpoint in cancer studies particularly in patients with advanced 

disease. It permits more rapid endpoint assessment than OS, supports smaller trials, and is 

unaffected by crossover or post-progression treatment and events. As discussed above, 

however, it is no longer clear that increases in PFS in clinical trials are predictive of 

corresponding increases in OS. Furthermore, PFS is vulnerable to error and bias because of 

its dependence on tumor measurements, the definition of progression, and censoring. Rules 

concerning assessment of PFS are heterogeneous, differ between trials and remain the subject 

of continued debate [see for example references (12-14)]. The use of PFS is also less 

reasonable in trials involving de-intensification of therapy and reintroduction at progression, 

as opposed to trials in which patients receive sustained treatment until that intervention fails. 

For mCRC trials conducted up to 1999, first-line PFS was shown to be a strong 

surrogate endpoint for OS for chemotherapy treatments alone on the basis of meta-analysis 

[reference (15); for an account of the difference between prognostic and predictive markers in 

individuals, and trial-level surrogate endpoints, see (16)]. However, these trials were 

conducted during a period in which there were limited treatment options, treatment was less 

effective than it is today, and survival after progression was typically short. During this time 

there were few second-line options, they had limited efficacy, and there was minimal 

biological stratification or use of targeted therapies. Investigations of trials conducted after 

2000 have generally failed to demonstrate valid surrogacy of later-line PFS for OS, either in 

mCRC or other metastatic cancers. For instance, PFS and response-based endpoints were not 

found to be acceptable surrogates for OS in patients with breast cancer (17). PFS was 

correlated with OS at both the individual and trial level in studies of Her2-amplified breast 

cancer, as well as in lung cancer, but the relationships were modest and PFS failed to qualify 
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as a reliable surrogate for OS (18, 19). Haslam et al (20) reviewed studies of surrogate 

endpoints predicated on meta-analysis across a range of oncology settings and reported that 

trial-level validation studies generally found at best low correlations with OS.  

The ARCAD database has been used in several studies to investigate PFS and OS in 

in the setting of advanced CRC (21, 22). In an analysis of all trials in the database involving 

first-line treatment, Shi et al (22) examined IPD for 16,762 patients from 22 first-line studies 

first published from 2003 to 2012. In total, 12 of these studies tested anti-angiogenic and/or 

anti-epidermal growth factor receptor (EGFR) agents. Overall, median first-line PFS was 8.3 

months, and median OS was 18.2 months, both of which are shorter than we have come to 

expect in contemporary trials. The correlation between treatment effects on PFS and OS was 

modest, with an R2 of 0.45 - 0.69 in different analyses, indicating a correspondingly modest 

surrogacy (Figure 1). Of note, there is no consensus on the strength of the trial level 

association required for claims of surrogacy, but a threshold for R2 of 0.75, which 

corresponds with a correlation coefficient above 0.865 and exceeds that obtained in this 

analysis, is often used (23). The degree of surrogacy was not improved in analyses limited to 

trials which investigated biologic agents, nor when limited to trials which treated patients 

continuously to progression as opposed to trials in which treatment was discontinued or 

reduced in intensity prior to progression, nor when limited to superiority trials. In most of the 

studies included in this analysis, more than 50% of patients received subsequent treatment, in 

many cases with targeted agents, which likely contributed to the long post-progression 

survival, reducing the strength of formal surrogacy. Median post-progression survival was 

longer than median first-line PFS irrespective of whether patients received biologic agents in 

first-line treatment.  

In the contemporary setting, both PFS and OS have become longer, and as additional 

new treatment options emerge, there are likely to result in further increases in OS. This trend 
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is also apparent in other solid tumors such as non-small cell lung cancer (24). Therefore, at 

least in first-line treatment, the modest surrogacy of PFS for OS documented in the 2015 

ARCAD study is likely to become weaker for trials with new effective targeted agents and in 

broad patient populations. Conversely, surrogacy of PFS for OS would likely be restored in 

the case of trials that test highly effective treatments, often in patients selected because their 

tumors harbor defined genomic vulnerabilities enabling substantial extensions in first-line 

PFS. This might be achieved through careful biomarker- and clinically- defined patient 

selection for likely responsive disease subtypes or through the emergence of highly effective 

new therapeutics in defined patient subgroups, such as immune checkpoint inhibitors, as 

discussed below.  

Regardless of whether surrogacy for OS is achieved, however, PFS remains the best 

available direct measure of the activity of most new treatments. Furthermore, improvement in 

PFS may constitute a valuable clinical and patient benefit in its own right: in clinical studies 

conducted in patients with mCRC and other solid tumors, a prolonged PFS has been found to 

correlate with enduring QOL and reduction of disease symptoms (e.g. 25-27). PFS therefore 

remains the preferred primary endpoint for most first-line superiority trials in mCRC. Agents 

that demonstrate a clinically meaningful PFS treatment effect, that have acceptable 

tolerability and do not appear to negatively impact OS, should be considered acceptable 

options for ongoing research and introduction of new therapeutics into clinical use. 

 

Response-based endpoints 

Response-based endpoints such as objective response rate (RR) were not validated as 

trial-level surrogate endpoints for OS even when tested in trials conducted prior to 2000 (28). 

However, response is a good predictor of outcome at the individual level for therapeutics 

designed to cause tumor shrinkage, and in recent years there has been interest in the utility of 
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both time to response and magnitude of response as endpoints in the mCRC and other 

settings (e.g. 29-30). The ARCAD database has therefore been used to conduct several 

investigations of response-based endpoints, both as predictive markers at the individual level, 

and as potential trial-level surrogates for OS and PFS.  

Considering first the time to tumor response, Sommeijer et al assessed early tumor 

response, defined as any confirmed complete or partial response by RECIST at 6, 8 or 12 

weeks according to the trial, for individual-level correlation with OS and PFS in first-line 

trials (32). IPD from 13,949 patients enrolled in 15 randomized first-line phase III trials were 

used, of which 8 trials used anti-angiogenic or anti-EGFR targeted agents. Early response 

was found to be a strong and independent predictor of both OS and PFS (P<0.0001). The 

individual-level predictive value remained statistically significant after adjusting for age, 

gender, performance status and location of metastatic disease in the liver or lung. Overall 

tumor response at 26 weeks proved to be superior to early response parameters in predicting 

OS. 

In a similar study, Sommeijer et al compared markers of early response at 6, 8/9, or 

12 weeks with the standard response endpoints of best overall response and confirmed 

response, in patients treated only with chemotherapy, as predictors of PFS and OS (33). All 

the patients in this analysis were treated with 5FU-LV or capecitabine alone or with the 

addition of oxaliplatin and/or irinotecan. In addition to early objective tumor response as 

above, the study assessed two further metrics of response, early tumor shrinkage (defined as a 

≥ 20% decrease from baseline) and non-progression status, defined as either a response or as 

stable disease. At the individual level, all these measures of early response were found to be 

statistically significantly predictive of both PFS and OS (Figure 2). The strength of 

association at all time points was equivalent to that seen in the standard RECIST response 

endpoints of best overall response and confirmed response. A further study examined early 
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response endpoints in trials of anti-angiogenic therapies and chemotherapy, and again found 

strong correlations between speed of response and outcomes at the individual level (34). 

The demonstration of an association between response and outcome for individual 

patients does not necessarily imply, however, that a corresponding association between 

response and outcome will be observed at the level of clinical trials, where treatment effects 

are compared between groups of patients (16, 35). It is in fact rare for individual level 

correlations between response and outcome to translate into trial level-surrogacy. In a study 

using the ARCAD database, Coart et al demonstrated that despite their prognostic importance 

at the individual level, the early response endpoints discussed above were not viable 

surrogates for PFS or OS at the trial level (36). The study also assessed the two conventional 

endpoints of best overall response and confirmed response. None of the endpoints 

investigated had consistently strong trial-level correlations with PFS or OS to qualify them as 

surrogates. There were different levels of association of response parameters with PFS and 

OS, ranging from 0.01 to 0.92, with the width of the confidence intervals for the R2 estimates 

indicating either a weak trial-level association between PFS and OS, or merely a high level of 

uncertainty (Table 1). The findings were consistent for early and conventional response 

parameters, and for chemotherapy alone and for chemotherapy that was administered with 

biologic agents.  

A further study of 20 first-line trials investigated both early response and depth of 

response as potential trial-level surrogates for OS (37). The study estimated time to nadir (i.e. 

maximum response) and depth of nadir, with the nadir estimated using a linear mixed-effects 

model rather than based upon direct tumor measurements.  

Using this approach, separate analyses were conducted for patients treated with 

chemotherapy alone, those who received additional anti-angiogenic agents, and those who 

received additional EGFR pathway-targeted agents. In no setting was time to nadir or depth 
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of nadir found to be an acceptable surrogate for OS. Figure 3 presents the results for patients 

treated with chemotherapy alone: time to nadir demonstrated only a moderate association, 

and depth of nadir a weak association with OS.  

Of note, the study also identified differences in tumor-growth kinetics between anti-

angiogenic and anti-EGFR agents. The addition of an anti-angiogenic agent to chemotherapy 

appeared to be associated with a later, although not typically deeper nadir, whereas the 

addition of an anti-EGFR agent often produced a deeper nadir but with a varying time to best 

response. These observations appeared to support the clinical impression that the addition of 

an anti-EGFR agent for patients with RAS wild type tumors may achieve a greater depth of 

response than the addition of an anti-angiogenic agent.  

In summary, analyses of response by ARCAD and others suggest that response-based 

endpoints are informative and have a continuing role in clinical trials in mCRC, though they 

also have important limitations. ARCAD studies were unable to establish surrogacy of either 

conventional or novel response endpoints for PFS or OS, but at the individual level, early 

response is a robust indicator of prognosis, and depth of response has direct clinical relevance 

in respect of symptom control and in some circumstances an increased likelihood of surgical 

resection. Response-based endpoints have long been considered useful in early-phase trials 

when selecting regimens for further testing in phase 3 trials and will continue to be useful in 

this setting. 

 

Endpoints and thresholds in contemporary research 

Currently, our understanding of metastatic cancer and its management is developing 

rapidly, and this has important implications for trial methodology and endpoints. Most 

importantly, cancers are being subclassified according to an expanding range of driving 

genetic aberrations, based upon the consensus molecular sub-classification of disease (9) and 
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burgeoning knowledge of signal transduction pathways and immune-system responses. In 

mCRC, the chief focus to date has been the EGFR and vascular endothelial growth factor 

(VEGF) signaling pathways, for which targeted therapies exist that have been in the clinic for 

over a decade. Numerous other agents are in development that target these pathways. For a 

contemporary review of biomarker-guided therapeutics targeting these and other pathways, 

see Xie et al (38). The most remarkable recent advances have been seen with immune 

checkpoint inhibitors. In mCRC, only about 5% of all patients have DNA mismatch repair-

deficient (dMMR)/high microsatellite instability (MSI-H) tumors in which highly durable 

responses may be achieved using these inhibitors (39). A major current research interest is to 

optimize their use and generate strategies that lead to comparable responses in a wider range 

of CRC and other cancers (40).  

The cardinal features of contemporary research in mCRC are the development of new 

targeted and immune therapies, and the coordinated identification of new biomarkers. Within 

this approach, clinical trialists design studies to identify and validate biomarkers and to 

achieve substantial efficacy in selected populations that often represent a small fraction of 

patients with mCRC. To this end, multi-arm, multi-strategy (MAMS) approaches have been 

pioneered in trials such as FOCUS4, a molecularly stratified trial (41). With this type of trial 

design the investigators anticipate more tumor responses and delayed progression, with a 

restoration of surrogacy between PFS and OS in some settings. Realistically, however, many 

new agents entering clinical research in mCRC are likely to remain modestly effective, and 

much research will continue to be concerned with optimizing their use through the integration 

of interventions that individually are relatively minor advances. Clinical research must 

therefore identify both highly effective new treatments in bespoke populations and more 

modest advances affording more cumulative incremental benefits, and trial endpoints must 

serve these objectives.  
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Accordingly, we recommend an investigational model in which highly effective 

treatments are identified according to strong responses and substantial absolute increases in 

PFS, that are of sufficient magnitude to be readily detectable in trials of modest sample size 

that can be rapidly completed. There is debate within the oncology community about the 

scientific and ethical suitability of conventional parallel-group trial designs for the validation 

of highly effective treatments, but further evaluation is required before a consensus can be 

reached on how alternatives such as single arm studies might be employed (42). Single-arm 

studies with response rate as an endpoint are useful in demonstrating the anti-tumor activity 

of new agents which induce substantial tumor shrinkage, but single-arm trials provide 

sufficient evidence for the adoption of a treatment only in exceptional circumstances unlikely 

to be achieved by most emerging oncology therapeutics. Even when the effect size justifies a 

small trial, a randomized comparison should therefore be required for regulatory approval. 

Other alternatives to standard parallel-group trials, such as intra-patient designs for trials of 

second and third-line therapies may have potential in some settings, but their utility remains 

to be demonstrated for the vast majority of therapeutic advances (43,44). Treatments that are 

introduced into clinical practice on the basis of small, rapid randomized trials should be 

subjected to further randomized trials with patient-relevant clinical endpoints. Such 

treatments should also undergo stringent scrutiny in real-life settings. More modestly 

effective treatments can be investigated using MAMS and larger parallel-group trials, with 

biomarker-directed patient selection and stratification whenever possible. Early stopping 

rules can be incorporated for futility, but these thresholds should be set cautiously to prevent 

minor but potentially useful benefits being overlooked.  

PFS should in general continue to be the primary endpoint of choice for randomized 

first-line trials, subject to the detailed qualifications set out in this paper. In order to 

encourage ambitious research goals, and building on the concept of defining a clinically 
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meaningful outcome (45-47), trialists should determine an upper PFS hazard ratio threshold 

as a research target. This will permit them to distinguish highly effective treatments from 

more modestly effective ones. In addition, determining a lower PFS hazard ratio (HR) or 

response odds ratio threshold will enable trialists to distinguish modestly effective treatments 

from likely futile ones. In the setting of mCRC, we suggest that if HR is used to quantify the 

treatment effect, then a hazard ratio threshold of approximately 0.5 or lower should be the 

target for considering a treatment to be classified as paradigm-changing and a candidate for 

rapid introduction into clinical use. This is an ambitious goal: for instance, the recent 

KEYNOTE-177 phase 3 trial of pembrolizumab versus chemotherapy in d-MMR/MSI-H 

mCRC reported an interim HR for PFS of 0.6 (39). Subsequently, an HR of 0.74 was reported 

for OS, with crossover to immune checkpoint inhibitors in almost 60% of patients in the 

control arm (48). Conversely, thresholds of 0.8 or higher in biomarker-defined populations 

are likely to indicate futility. These thresholds are intended to be approximate, and factors 

such as toxicity, quality of life benefits and cost should also impact on the evaluation of new 

treatments. 

 

Emerging markers, assessments and endpoints  

Alongside studies of standard trial endpoints and their variants, IPD meta-analysis can 

be used to assess a burgeoning variety of prognostic markers, response measures and 

candidate endpoints currently being investigated in mCRC and other settings. These include 

the following: 

Prognostic markers for trial stratification and treatment planning. Alongside the 

molecular reclassification of CRC, an increasing number of clinical prognostic markers are 

emerging from post hoc and meta-analyses of large trial data sets, and with respect to mCRC 

the ARCAD database is proving instrumental in helping to identify, validate, and characterize 
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their prognostic importance (49,50). Specific parameters investigated include: patient age 

(51), body-mass index (52), the presence or absence of peritoneal disease (53), whether the 

primary tumor has been resected (54), primary tumor location on the right versus those 

originating in the left colon and rectum (55), the presence or absence of lung metastases (56) 

and the presence or absence of heterogeneous lesion responses (57,58). This ongoing work 

will continue to inform treatment planning and trial stratification. In terms of patient 

demographics, we draw particular attention to elderly patients as a population with a high risk 

of mCRC who are often under-represented in trials, and for whom further research is needed 

to optimize treatment. Despite increasing incidence in younger patients mCRC remains 

predominantly a disease of the elderly (7), and age and comorbidities should be a standard 

consideration in trials design, both in mCRC and other cancers. 

Novel assessments of response. A variety of emerging markers of response are 

entering into trials and clinical practice, such as change in carcinoembryonic antigen (59), 

circulating tumor cells, mRNA, and circulating tumor DNA (60,61). The latter is rapidly 

becoming established in many fields of oncology as a useful longitudinal marker of dynamic 

subclone development and may provide an earlier and more sensitive means for assessing 

treatment response than measurement of tumor dimensions. However, comparison and 

standardization of methods for the evaluation of circulating tumor DNA from plasma samples 

is needed. Diagnostic imaging is also developing rapidly: for instance, the PERCIST response 

criteria based on positron emission tomography is finding wider use, and magnetic resonance 

imaging is emerging as a sensitive technique for evaluating response and guiding 

management, for instance in the early detection of liver metastases (62). Determining the 

optimal role of these new assessments in the clinic and within clinical trials will require 

extensive study, and the ARCAD database will provide a research tool as it assimilates 

relevant data from forthcoming trials. 
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Novel trial endpoints. The evolving oncology landscape will involve an increasingly 

diverse set of endpoints to characterize the effects of treatments in diverse patient groups and 

clinical settings. In terms of efficacy, strategy endpoints such as Duration of Disease Control 

or Time to Failure of Strategy will likely grow in importance as attempts to characterize 

specific multi-line treatment strategies continue and have been shown by ARCAD to 

correlate at the trial level with OS (21). For instance, QOL, patient-reported outcomes and 

related holistic endpoints have been investigated by ARCAD and others and are likely to 

grow in importance (63-65). The use of cost-benefit analysis will also expand.  Circulating 

tumor DNA kinetics have been demonstrated to be a useful early predictor of response to 

immunotherapy in non-small cell lung cancer (66) and will be investigated by ARCAD as 

relevant data are accrued. Novel endpoints may be required for certain classes of therapy 

such as immune therapies if their effects on response and progression by RECIST1.1  differ 

markedly from conventional chemotherapy and targeted therapies, and new radiologic criteria 

of evaluation such as iRECIST criteria are likely to grow in importance (67). There is likely 

also to be greater use of composite endpoints, for example response rate coupled with QOL 

or cost metrics. It will also be necessary to further clarify the meaning of clinical benefit in 

different patient contexts and design endpoints accordingly. For instance, in trials involving 

very elderly patients, OS can be a misleading measure of a treatment’s effectiveness since life 

expectancy is shorter than in younger patients and many patients die of non-cancer causes. 

Accordingly, factors such as the patient’s QOL, maintenance of function and independence 

need to be given appropriate weight (68).  

 

Conclusions 

Analyses by ARCAD and others that pool individual patient data from multiple large 

trials conducted during the past 25 years have led to a detailed understanding of the strengths 
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and limitations of study endpoints in advanced colorectal cancer, including PFS, tumor 

response, strategy endpoints such as duration of disease control, and OS. Substantial progress 

has been made in understanding the clinical meaning of these endpoints, the predictive value 

of early endpoints for OS at the individual level, and their trial-level surrogacy for OS. PFS 

remains the endpoint of choice for first-line trials in this setting despite lack of strong trial-

level association with OS. The ARCAD database is also actively used in identifying and 

characterizing novel prognostic markers, and has the potential to become a productive 

platform for validating and exploiting a burgeoning diversity of novel assessment techniques 

and candidate endpoints. The range of methodological issues and novel assessments 

investigated by ARCAD in colorectal cancer is typical of many advanced solid tumors, and 

fundamentally reflects a research environment in which most emerging treatments continue 

to have only modest efficacy individually, that when deployed in an optimal sequence and 

aggregated over multiple lines of therapy can lead to meaningful prolongation of OS. 

Meanwhile, advances in molecular medicine are raising the possibility of optimizing choices 

and making more substantial progress.      

On the basis of these studies, we favor a research paradigm for the introduction and 

optimization of new therapeutics in which highly promising new treatments are identified in 

small randomized trials, on the basis of relatively large effects on PFS supported by response 

data, while less effective treatments are qualified in specific patient groups using larger trials 

designed to confirm more modest benefits. In addition to clinical trials focused on efficacy, 

there is now increasing interest in real-life clinical effectiveness trials and monitoring by 

means of registries or electronic health records. Real-world data should ideally confirm 

conclusions from clinical trials and meta-analyses about clinical practice, assessment criteria 

and endpoints, and feed back into new hypotheses and trial designs (Figure 4). ARCAD will 
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explore the possibility of synergies between its IPD approach and real-life data in the 

investigation of prognostic markers, assessments of response and trial endpoints. 

The ARCAD Advanced Colorectal Cancer Database has pioneered wide data sharing 

within one type of cancer oncology. By applying this model across other disease types, 

ARCAD members believe that it can contribute to realizing the full promise of data sharing 

for patients. Ideally, data sharing within medicine should be prospective, with trials designed 

to facilitate the incorporation of the deidentified IPD into multi-trial databases (69). It should 

also ideally be used to assess questions of treatment efficacy, toxicity, quality of life, and 

cost-effectiveness in addition to those of methodology and biomarkers, although substantial 

institutional, commercial and intellectual property issues are likely to limit progress towards 

this ideal. In oncology, the EBCTCG remains preeminent in respect of its achievement of 

these goals and size, and consequently its power as a research tool. In recent years the 

pharmaceutical industry has collaborated across companies to introduce several initiatives to 

facilitate data sharing (11,69), but intellectual property concerns are likely to continue to limit 

the academic use of proprietary data. Of note, real-world patient data are also of high 

commercial value, and academic researchers may meet similar challenges to those that have 

been encountered in clinical trials in accessing and sharing this data for independent study. 

Notwithstanding the challenges of the data sharing era, the ARCAD Metastatic Colorectal 

Cancer Database demonstrates that highly informative standing databases can be successfully 

established if the objectives of all contributors are accommodated within a collegial 

framework which recognizes that the most important stakeholders are our patients. 
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Table  
 

Table 1. Trial-level association (coefficient of determination, R2) between response-based endpoints and progression-free survival 

(PFS/overall survival (OS) in first-line therapya 

Treatment 
Early tumor shrinkage Early objective tumor response Early non-progression rate Best overall 

response 

Confirmed 

Response At 6/8/9 weeks At 12 weeks At 6/8/9 weeks At 12 weeks At 6/8/9 weeks At 12 weeks 

Allb          

PFS 0.25 (0.00-0.72) 0.01 (0.00-0.16) 0.31 (0.00-0.93) 0.01 (0.00-0.14) ─ ─ 0.16 (0.00-0.57) 0.06 (0.00-0.34) 

OS 0.25 (0.00-0.95) 0.07 (0.00-0.49) 0.92 (0.00-1.00) 0.23 (0.00-0.80) 0.26 (0.00-0.78)e 0.65 (0.32-0.97)e 0.07 (0.00-0.56) 0.05 (0.00-0.54) 

Chemotherapy 

alonec  

        

PFS 0.42 (0.00-1.00) 0.17 (0.00-0.74) 0.56 (0.10-1.00)e 0.05 (0.00-0.44) ─ ─ 0.34 (0.00-1.00) 0.03 (0.00-1.00) 

OS 0.20 (0.00-0.97) 0.08 (0.00-0.58) 0.59 (0.16-1.00)e 0.18 (0.00-0.88) 0.26 (0.00-0.78)e 0.65 (0.32-0.97)e 0.07 (0.00-0.56) 0.05 (0.00-0.54) 

Chemotherapy + 

targeted agentsd 

        

PFS 0.13 (0.00-0.67) 0.08 (0.00-0.72) 0.13 (0.00-0.71) 0.01 (0.00-0.13)e ─ ─ 0.13 (0.00-0.66) 0.17 (0.00-0.74) 

OS 0.19 (0.00-1.00) 0.24 (0.00-1.00) 0.00 (0.00-0.06)e 0.00 (0.00-0.02)e 0.17 (0.00-1.00) 0.73 (0.00-1.00) 0.26 (0.00-0.66) 0.18 (0.00-0.60) 

 
a From Coart et al (36), with permission. 

b All patients; 19 trials, 37 treatment comparisons, 12167 patients  

c Chemotherapy only; 10 trials, 18 treatment comparisons, 5123 patients. 

d Chemotherapy plus at least one targeted therapy; 9 trials, 19 treatment comparisons, 7044 patients  

e Unadjusted R2. Unless indicated, R2 is adjusted for estimation errors. 
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Figure Titles and Legends 

 

Figure 1. Correlation of PFS and overall survival in 22 first-line advanced colorectal 

cancer trials published from 2003 to 2012. From Shi Q, de Gramont A, Grothey A, et al. 

Individual patient data analysis of progression-free survival versus overall survival as a first-

line end point for metastatic colorectal cancer in modern randomized trials: findings from the 

analysis and research in cancers of the digestive system database. J Clin Oncol. 

2015;33(1):22-28 (22), with permission. (A) Correlation between progression-free survival 

(PFS) at 6 months and overall survival (OS) at 12 months at the treatment arm level. (B) 

Correlation between treatment effects on PFS and OS. Circles indicate treatment arm with 

nonbiologic agents only; triangles indicate treatment arm with biologic agents; diagonal lines 

indicate 95% prediction limits. (B) Log scale was used for x- and y-axes. Horizontal line 

corresponds to the hazard ratio (HR) for OS of 1. The vertical line corresponds to the HR for 

PFS of 1. PFS = progression-free survival; OS = overall survival; HR = hazard ratio. 

 

Figure 2. Association between early responses and overall survival in 16 first-line trials. 

From Sommeijer DW, Shi Q, Saad ED, et al. ASCO Early predictors of prolonged overall survival 

(OS) in patients (pts) on first-line chemotherapy (CT) for metastatic colorectal cancer (mCRC): An 

ARCAD study with IPD (IPD) on 10,962 pts. Journal of Clinical Oncology 2014; 32, no. 15_suppl 

(May 20, 2014) 3538-3538., with permission. Best Overall Response, complete or partial response by 

RECIST within initial 26 weeks of treatment; C-index (C) used for comparing the prediction accuracy 

of candidate surrogate endpoints, with values closer to 1 indicating better prediction accuracy; 

Confirmed Response, complete or partial response by RECIST confirmed at least 4 weeks later during 

initial 26 weeks of treatment. The P values were calculated using 2-sided tests. The error bars 

represent the 95% confidence intervals (CIs) corresponding to the hazard ratios.  ETS = early tumor 
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shrinkage; EOTR = early objective tumor response; EnPD = no early progression; RECIST = 

Response Evaluation Criteria in Solid Tumours. 

 

Figure 3. Trial-level association between response-based endpoints (time to nadir and 

depth of nadir) and overall survival. Adapted from Burzykowski T, Coart E, Saad ED, et 

al. Evaluation of Continuous Tumor-Size-Based End Points as Surrogates for Overall 

Survival in Randomized Clinical Trials in Metastatic Colorectal Cancer. JAMA Netw Open. 

2019;2(9):e1911750. (37), with permission. Hazard ratios (HRs) of overall survival (OS) 

associated with time to nadir and depth of nadir in chemotherapy-only-treated patients. The 

difference in nadir is the difference between the model-estimated mean relative tumor-size 

change at nadir (relative to baseline) in each contrast. The line indicates weighted regression; 

the sizes of the circles are proportional to the total sample sizes of the corresponding 

contrasts. HR = hazard ratio; OS = overall survival.  

 

Figure 4. Hypothesis development, clinical trials, treatment qualification and research 

feedback in advanced colorectal cancer. Trial hypotheses (left box) are formed on the basis 

of basic biological knowledge, available treatments and phase 1 clinical trials results, and 

informed by the choice of evaluation criteria. Phase 2-3 trials (center box) may include multi-

arm multi strategy (MAMS) trials, small, rapid trials for potentially highly effective 

treatments, and larger and longer trials for more modestly effective treatments. In trials 

investigating first-line treatments, if hazard ratio (HR) is used to quantify the effect, a PFS 

HR of approximately <0.5 compared with standard of care should be considered a major 

advance likely leading to rapid qualification of a treatment in the specific patient group in 

which the effect was achieved. Candidate treatments with negligible response or HRs 

approximately >0.8 for PFS should in general be discarded. The clinical value of treatments 
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should be upgraded or downgraded according to toxicity, QOL and cost considerations (right 

box). Clinical trials data should be collated in multi-trial databases – in the advanced 

colorectal cancer setting, the ARCAD database. Real-life performance of treatments should 

be monitored through registries and electronic patient records. Analysis of this information 

should feed back into novel hypotheses and clinical trials, refine the use of evaluation criteria, 

and potentially directly inform the introduction of new therapeutics. PFS = progression-free 

survival; MAMS = multi-arm, multi-strategy; QOL = quality of life. 
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