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Editorial

Surrogate study endpoints in the era of cancer immunotherapy
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The choice of a primary endpoint is a matter of ongoing 
debate in the design of clinical oncology trials testing 
new treatment regimens. Overall survival (OS) time of 
patients serves as a gold-standard endpoint in phase III 
clinical trials testing first-line chemotherapy for cancers, 
because this outcome variable ultimately represents 
survival benefits from chemotherapy regimens and has 
minimal measurement errors. Using validated surrogate 
endpoints that can be determined prior to a patient’s 
death would facilitate early completion of clinical trials, 
thereby accelerating regulatory approval of effective 
chemotherapeutic agents and reducing costs associated 
with the drug approval. In the setting of phase II clinical 
trials, surrogate end points for OS have been used to detect 
the potential effectiveness of new treatment strategies and 
to make a decision to proceed to phase III trials. Among 
potential surrogate endpoints (1), progression-free survival 
(PFS) and objective response rate (ORR) have been well 
validated as surrogate endpoints for OS in various tumor 
types including colorectal cancer (2-5): i.e., PFS and ORR 
are positively correlated with OS at the treatment-arm level, 
and a reduction in the hazard of PFS or an increase in the 
ORR is associated with a reduced hazard of OS at the trial 
level. In particular, PFS has been successfully utilized as a 
study endpoint in several phase III trials testing first-line 
chemotherapy (6), leading to accelerated drug approval. In 

contrast to OS as a study endpoint, intermediate endpoints 
are not affected by variations in chemotherapy strategies 
following the initial treatment failure (6). This advantage is 
of particular importance for tumor types for which multiple 
effective second-line or subsequent chemotherapy regimens 
are available and cross-over study designs are commonly 
adopted (7).

Immune checkpoint inhibitors have become an 
attractive treatment modality for chemorefractory solid 
neoplasms. These agents can reactivate T lymphocyte-
mediated immune response against the tumor in the 
microenvironment through blocking the immune 
checkpoint molecules, including PDCD1 (programmed 
cell death 1, PD-1), CD274 (PDCD1 ligand 1, PD-L1), 
and CTLA4 (cytotoxic T-lymphocyte associated protein 4) 
(8-10). Remarkable clinical response associated with those 
monoclonal antibodies has been documented in various 
cancer types; however, in the current clinical practice, 
survival benefits from the immune checkpoint blockade 
therapy have been confined to a subset of patients. High-
level microsatellite instability (MSI) or mismatch repair 
deficiency has been the most validated tumor biomarker for 
survival benefits from the immune checkpoint inhibitors 
(9-11). Indeed, the anti-PDCD1 (PD-1) monoclonal 
antibodies, pembrolizumab and nivolumab, have been 
approved by the U.S. Food and Drug Administration (FDA) 
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for solid tumors with high-level MSI or mismatch repair 
deficiency (pembrolizumab approved for all MSI-high 
tumors and nivolumab for MSI-high colorectal cancer). 
Host and tumor factors predictive for clinical response 
to the immune checkpoint blockade beyond high-level 
MSI status have been extensively investigated [e.g., tumor 
mutational burden, tumor neoantigen loads, tumor CD274 
(PD-L1) expression status] (11-15). With unprecedented 
survival benefits reported in a selected group of patients, 
the immune checkpoint blockade therapy is now indicated 
not only for refractory tumors but also for treatment-
naïve tumors. Therefore, it is of considerable importance 

to approve promising immune checkpoint inhibitors in a 
timely manner, potentially through the use of surrogate 
study endpoints. When validating surrogate endpoints 
in trials testing the immune checkpoint inhibitors, we 
should encounter several specific challenges. Clinical 
response observed in sensitive patients receiving an immune 
checkpoint inhibitor is characterized by considerably 
durable tumor suppression. In addition, patterns of tumor 
response and progression associated with the immune 
checkpoint blockade therapy have been reported to be 
different from those observed in patients receiving a 
conventional chemotherapeutic agent and/or a molecular-
targeted agent (14,16). Therefore, from the perspective 
of clinical trials and subsequent drug approval, surrogate 
endpoints for OS should be evaluated specifically for trials 
testing the immune checkpoint inhibitors (Figure 1).

In a recent issue of JAMA Oncology, Ritchie and 
colleagues reported a literature-based meta-analysis 
of published clinical trials that had investigated the 
effectiveness of the immune checkpoint inhibitors, and 
provided evidence on possible surrogate endpoints for 
OS among patients treated with this promising treatment 
modality (17). Among 87 phase II trials identified through 
the systematic electrical review of the articles published 
between 2000 and 2017, ORR was most commonly used 
as the primary endpoint (in 60% of the studies), followed 
by PFS (13%). Notably, the Response Evaluation Criteria 
In Solid Tumors (RECIST) criteria (18) rather than the 
immune-related response criteria were used to assess tumor 
response and progression in a vast majority (94%) of the 
trials identified. Subsequently, the researchers identified 
20 phase II and III randomized controlled trials of the 
immune checkpoint inhibitors involving a total of 10,828 
patients, and primarily examined the surrogacy of ORR 
for PFS and OS. The most predominant primary disease 
was non-small cell lung cancer (in 45% of the trials), 
followed by melanoma (20%). Experimental treatment 
regimens included PDCD1 (PD-1) inhibitor monotherapy, 
CD274 (PD-L1) inhibitor monotherapy, CTLA4 inhibitor 
monotherapy, and combination of an immune checkpoint 
inhibitor and chemotherapy. In their primary analysis of 24 
randomized treatment comparisons (Figure 2), a between-
arm difference in ORR was only moderately correlated 
with that in PFS or OS. The correlation coefficients were 
0.63 [95% confidence interval (CI), 0.35–0.89)] between 
the odds ratio (OR) for ORR and the hazard ratio (HR) 
for PFS, and 0.57 (95% CI, 0.23–0.89) between the OR 
for ORR and the HR for OS. In the secondary analysis, 
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Figure 1 Surrogate study endpoints for overall survival in clinical 
trials testing immune checkpoint inhibitors.

Figure 2 Results of correlation tests between study endpoints (17). 
(A) Correlations of differences in endpoints between treatment 
arms (analyses at the trial level); (B) correlations of endpoints 
within treatment arms (analyses at the treatment-arm level). HR, 
hazard ratio; OR, odds ratio; ORR, objective response rate; OS, 
overall survival; PFS, progression-free survival; r, correlation 
coefficient.
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a difference in PFS was also moderately correlated with 
that in OS with a correlation coefficient of 0.42 (95% CI, 
0.04–0.81). In exploratory analyses limited to 24 treatment 
arms including the immune checkpoint inhibitors (Figure 2),  
the correlation between ORR and 6-month PFS or 
12-month OS was shown to be weak with correlation 
coefficients of 0.37 (95% CI, −0.06 to 0.95) and 0.08 (95% 
CI, −0.17 to 0.70), respectively. Of note, the 6-month PFS 
rate was strongly correlated with the 12-month OS rate 
with a correlation coefficient of 0.74 (95% CI, 0.57–0.92). 
Based on these findings, the authors generated a linear 
regression model for prediction of the 12-month OS rate 
using the 6-month PFS rate. When the prediction model 
was validated using 19 single-arm or multi-arm phase II 
trials with an immune checkpoint inhibitor arm, a good 
calibration between the actual and predicted 12-month OS 
rates was noted. In contract, when ORR was used to predict 
the 6-month PFS or 12-month OS rate, the calibration 
between the actual and predicted rates was not satisfactory. 
The authors concluded that ORR might not be a robust 
surrogate endpoint for OS when examining the immune 
checkpoint inhibitors and that the 6-month PFS rate might 
be a more suitable surrogate for patient survival.

Given the great promise of the immune checkpoint 
inhibitors for advanced cancers, the findings of the current 
study would have substantial impact on future studies 
in clinical oncology. The main finding of this study was 
a moderate correlation between the 6-month PFS and 
12-month OS rates. In contrast, the correlation between 
the HR of PFS and that of OS was weak. As the authors 
described, a major limitation of this study was unavailability 
of individual patient data from the studies included. For 
time-to-event outcome variables (i.e., PFS and OS), 
some investigators advocate that the HR comparing an 
experimental arm to a control arm can represent the 
between-arm difference in the pattern of event occurrence 
along the entire follow-up time (19). In the current study, 
survival rates at specific time-points rather than the HRs of 
the corresponding clinical event during the entire period 
of follow-up were analyzed based on the premise that these 
statistics might surrogate clinical benefits from the immune 
checkpoint inhibitors (“milestone analyses”) (20). It would 
be interesting to examine how the surrogacy of PFS for OS 
differed by the time-points analyzed; however, individual 
patient data would be required to fully address this point. 
Individual patient data would also allow us to assess other 
potential surrogate endpoints (e.g., disease control rate, 
time to progression, time to treatment failure; Figure 1), 

to define outcome variables consistently across the studies, 
thereby increasing the number of studies analyzed, and 
to adjust for potential confounding factors consistently. 
In this regard, the recent trend for data sharing may 
increase opportunities of individual patient data analyses 
and help examine alternative outcome variables to OS 
in a more comprehensive fashion, potentially improving 
generalizability of findings of meta-analyses.

In analyses of surrogate endpoints in clinical oncology 
trials, both definitions of outcome variables and evaluation 
criteria for treatment response require discussions (1,21). 
Inconsistency in definitions of outcome variables may 
result in exclusion of a part of identified studies due to 
unavailability of the data in published articles and thereby 
hinder a robust meta-analysis. Tumor response and 
progression in patients receiving an immune checkpoint 
inhibitor may need to be evaluated by a different algorithm 
from the conventional guidelines for patients receiving 
chemotherapy and/or a molecular-targeted agent. The 
RECIST criteria (18) and the World Health Organization 
criteria (WHO) (22) have been traditionally utilized 
to evaluate radiological findings of tumor status after 
non-surgical anti-tumor treatment. In particular, the 
RECIST criteria have been widely utilized as a simple and 
pragmatic scheme for evaluation of the activity of new 
cancer therapeutics in solid tumors based on validated 
and consistent criteria to assess temporal changes in 
tumor burden. However, a fraction of patients receiving 
an immune checkpoint inhibitor represent specific 
patterns of treatment responses. Those tumor behaviors 
that are atypical in patients receiving a conventional 
chemotherapeutic agent include pseudoprogression and 
hyperprogression, which are defined as a delayed response 
following a temporal apparent progression and a rapid 
progression after treatment administration, respectively 
(14,16). Pseudoprogression, which is thought to manifest 
due to T cell infiltrates enhanced by the therapy, poses a 
particular challenge for evaluation of tumor response after 
the treatment initiation. Namely, the effectiveness of the 
immune checkpoint inhibitors may be underestimated 
by the conventional WHO and RECIST criteria, which 
define tumor progression immediately at the time of 
documenting a new lesion or a predefined amount of 
increase in calculated tumor burden. Patients whose tumors 
are considered progressive based on those criteria might 
undergo delayed treatment response. To take into account 
distinctive patterns of tumor response after administration 
of the immune checkpoint inhibitors, the modified 
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WHO criteria have been proposed as the immune-related 
response criteria (irRC) for evaluation of the efficacy of 
immunomodulatory anti-tumor agents (23). In contrast to 
the conventional WHO criteria, the irRC criteria require 
confirmation of progressive disease on two consecutive 
scans at least four weeks apart and define the overall tumor 
burden including measurements of new lesions. Similarly, 
iRECIST, which has been derived from the conventional 
RECIST criteria as an immunotherapy-specific evaluation 
scheme (24), requires confirmation of progressive disease 
on a subsequent imaging. Therefore, the findings of the 
current meta-analysis should be validated by including 
a larger number of trials that were conducted based on 
specific criteria for cancer immunotherapy or applying the 
criteria for individual patient data.

Considering other limitations of the current study may 
help us to obtain important implications for future research 
on the topic. The surrogacy of intermediate endpoints 
for OS might differ by the primary tumor location due 
to considerable variations in OS times across cancer  
types (25). The survival benefit from first-line treatment 
may be confounded and apparently eliminated by effective 
chemotherapy regimens administered subsequently. Indeed, 
in a subgroup analysis limited to the trials including non-
small cell lung cancer, ORR appeared to be more strongly 
correlated with PFS or OS both at the trial and treatment-
arm levels than in the current meta-analysis overall. Further 
subgroup analyses were not available due to a limited 
number of the trials included and the lack of relevant 
data. Analyses stratified by tumor MSI status would be 
intriguing because levels of this tumor phenotype have been 
a strong determinant of response to the immune checkpoint 
blockade. Since the immune checkpoint inhibitors are 
relatively new treatment modalities, the sample size in each 
arm of the reported studies might be small to obtain robust 
risk estimates for the endpoint variables. A correlation 
analysis at the trial level, which examines correlations of 
between-arm differences in surrogate endpoints and that in 
OS, may inform future trials through providing an estimated 
reduction in OS that could be achieved by a certain level 
of reduction in the surrogate endpoint (2-4). We should 
also acknowledge that the HRs for PFS and OS were not 
reported in all the trials and that the detailed definitions of 
tumor progression and censoring rules for each endpoint 
were unavailable in several trials. Again, individual patient 
data are required to address these limitations.

In summary, the current literature-based analysis by 
Ritchie et al. does not support the potential of ORR as a 

surrogate endpoint for OS in trials testing the immune 
checkpoint inhibitors. The data suggest the potential 
surrogacy of the 6-month PFS rate for the 12-month OS 
rate in this setting. The current study also provided us with 
important insights for future directions. Accumulating 
data and analyzing individual patient data would help us to 
validate surrogate endpoints more rigorously, to sophisticate 
designs of trials testing the immune checkpoint inhibitors, 
and to obtain early approval of promising anti-cancer 
treatment strategies to further improve clinical outcomes of 
cancer patients.
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