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Abstract

Background: Disease-free survival (DFS) with a 3-year median follow-up (3-year DFS) was validated as a surrogate for overall
survival (OS) with a 5-year median follow-up (5-year OS) in adjuvant chemotherapy colon cancer (CC) trials. Recent data show
further improvements in OS and survival after recurrence in patients who received adjuvant FOLFOX. Hence, reevaluation of
the association between DFS and OS and determination of the optimal follow-up duration of OS to aid its utility in future ad-
juvant trials are needed. Methods: Individual patient data from 9 randomized studies conducted between 1998 and 2009 were
included; 3 trials tested biologics. Trial-level surrogacy examining the correlation of treatment effect estimates of 3-year DFS
with 5 to 6.5-year OS was evaluated using both linear regression (R2

WLS) and Copula bivariate (R2
Copula) models and reported

with 95% confidence intervals (CIs). For R2, a value closer to 1 indicates a stronger correlation. Results: Data from a total of 18
396 patients were analyzed (median age ¼ 59 years; 54.0% male), with 54.1% having low-risk tumors (T1-3 and N1), 31.6%
KRAS mutated, 12.3% BRAF mutated, and 12.4% microsatellite instability high or deficient mismatch repair tumors. Trial-level
correlation between 3-year DFS and 5-year OS remained strong (R2

WLS ¼ 0.82, 95% CI ¼ 0.67 to 0.98; R2
Copula ¼ 0.92, 95% CI ¼ 0.83

to 1.00) and increased as the median follow-up of OS extended. Analyses limited to trials that tested biologics showed consis-
tent results. Conclusions: Three-year DFS remains a validated surrogate endpoint for 5-year OS in adjuvant CC trials. The
correlation was likely strengthened with 6 years of follow-up for OS.

Colon cancer (CC) is the third-most frequently diagnosed type
of cancer and the fourth leading cause of cancer-related death
worldwide (1). Three to 6 months of adjuvant chemotherapy
with fluoropyrimidines and oxaliplatin improves survival and
is the standard of care for stage III and some stage II CC

patients. Although overall survival (OS) is the gold-standard
endpoint in oncology trials to evaluate the efficacy of novel
therapies, it requires extended trial duration and is frequently
affected by nonprotocol treatments. Because the objective of
adjuvant therapy is to avoid disease recurrence, disease-free
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survival (DFS) has been developed as a surrogate endpoint for
OS. DFS reduces trial duration and cost with the potential to
accelerate the time from therapeutic innovation to patient
care .

DFS with a median of 3 years of follow-up (3-year DFS) was
validated as a surrogate endpoint of 5-year OS in trials with 5-
fluorouracil (5-FU)–based regimens (2–4). The current standard
of care that was established around 2004, the FOLFOX regimen
(folinic acid, 5-FU, and oxaliplatin), was approved based on the
treatment effect established from the 3-year DFS endpoint (5,6).
Nevertheless, the 3-year DFS surrogacy may be hampered by
the major therapeutic improvements that have been realized
for metastatic diseases, including improved supportive care, en-
hanced metastasectomies, and novel targeted therapies based
on the cancers’ molecular profiles (7). Notably, immunotherapy
is currently under investigation for localized CC with microsat-
ellite instability (MSI), a biomarker predictive of the efficacy of
immune checkpoint inhibitors with a controversial prognostic
impact in metastatic settings. BRAF-targeted treatment or in-
tensified adjuvant chemotherapy regimens for BRAFV600Eþ CC
patients are proposed and ongoing.

Recent research from the Adjuvant Colon Cancer Endpoints
(ACCENT) group showed improved survival after recurrence in
recent years compared with patients treated with an
oxaliplatin-based regimen over a previous 10-year period (1998-
2009), potentially due to changes in options for salvage treat-
ment at relapse (7). Based on these observations, the aim of this
study was to reevaluate 3-year DFS as a surrogate endpoint for
5-year OS based on studies testing chemotherapy with or with-
out biologics in stage III CCs, with a particular focus on RAS/RAF
mutations, and MSI. The second objective of this study was to
identify the optimal follow-up duration of OS for evaluating the
benefits of adjuvant therapy in the current treatment era.

Methods

Trial Selection and Comparison Definition

We selected randomized, multicenter trials that enrolled stage
III CC patients and had a median follow-up of over 5 years in the
ACCENT database. The studies with a median follow-up shorter
than 5 years were not suitable due to insufficient follow-up for
OS endpoints considered in this analysis. In addition, single-
agent 5-FU or capecitabine trials were excluded because they
are no longer part of the standard of care. In total, 9 studies
from the ACCENT database met the selection criteria as of July
2019. The meta-analytic unit for surrogacy estimation was pre-
defined as the comparison between 2 arms (experimental vs
control) nested within trials. When more than 1 experimental
regimen was evaluated within a trial, the control arm patients
were duplicated to form multiple 2-arm comparisons. In addi-
tion, 2 studies (PETACC8 and N0147) (8,9) evaluated antiepider-
mal growth factor receptor agents with KRAS status. KRAS wild-
type and mutant tumors were considered as separate cohorts
for testing the treatment effects of antiepidermal growth factor
receptor agents. As such, 14 comparison units were predefined
(Table 1). Most of the comparisons were not included in prior
ACCENT surrogacy analyses (2–4).

Individual trials were approved through countries’ mecha-
nisms at the time trials were conducted. All patients provided
written, informed consent at enrollment in the respective trials.
The ACCENT database collaboration research protocol was ap-
proved by the Mayo Clinic Institution Review Board. Individual

patient data of all trials were collected, and the analyses were
conducted at an independent statistical center at Mayo Clinic
(Rochester, MN, USA).

Endpoints

The 3-year DFS was evaluated as a potential surrogate candi-
date for OS. Although 5 years of OS follow-up has been consid-
ered in most of the recent adjuvant trials in CC, Salem et al. (7)
reported prolonged OS in modern-era trials. With the consider-
ation of data availability, various median follow-up durations
(5, 6, and 6.5 years) for OS were evaluated in order to identify op-
timal OS follow-up times. DFS was defined as the time from
random assignment to disease recurrence or death from any
cause, whichever occurred first. The primary clinical endpoint
was OS, defined as the time from random assignment to death
from any cause. Because different patients were enrolled at dif-
ferent calendar dates, efforts were made to reproduce the actual
clinical trial procedure and evaluate various OS follow-up times.
For each specific OS follow-up time, the patients were censored
within each trial at the point in time after full accrual, for which
the median follow-up was the specified OS follow-up time esti-
mated using the reverse Kaplan-Meier method.

Statistical Analysis

The effect of treatment and 95% confidence intervals (CI) for
DFS and OS were quantified using hazard ratios (HRs) estimated
by the Cox proportional hazard or Copula bivariate survival
models (15).

The standard 2-level surrogacy evaluation method, using indi-
vidual patient data from a large collection of randomized trials, was
applied to evaluate the surrogacy. The primary surrogacy evalua-
tion method was trial-level surrogacy, which measured how pre-
cisely treatment effect on the true endpoint may be predicted based
on observed treatment effects on the surrogate endpoint. At the
trial level, 2 commonly used surrogacy measures were considered:
R2

Copula and R2
WLS (which is based on the weighted least square [WLS]

regression method using the number of patients included per com-
parison as weights), where R2

Copula considers patient-level correla-
tion between the 2 endpoints and R2

WLS does not. Values of these 2
R2 measures approaching 1 indicate a strong correlation between
DFS and OS at the trial level. The predefined rule for declaring trial-
level surrogacy required R2

WLS or R2
Copula of 0.80 or greater with a

lower 95% confidence interval bound of at least 0.6 and neither esti-
mate less than 0.7. Supplemental trial-level surrogacy measures in-
cluded the surrogate threshold effect, the minimum treatment
effect on the DFS endpoint required to confidently predict a statisti-
cally significant treatment effect on OS in a future trial (16). For
patient-level surrogacy, the correlation between DFS and OS end-
points was quantified by the rank correlation coefficient (qCopula) via
a bivariate copula model. Patient-level correlation was considered a
supportive but not sufficient condition for surrogacy validation. The
rank correlation coefficient closer to 1.0 indicated a stronger correla-
tion at the patient level. Analyses were conducted with SAS (version
9.4; SAS Institute, Cary, NC, USA) and R (version 2).

To evaluate the performance of the predicting treatment ef-
fect on OS, based on the measured DFS, leave-one-out cross-val-
idation was applied. Each time, 1 of the 14 comparisons was
used as the testing dataset, and the other comparisons were
used as the training dataset. Predictive models were built based
on the training dataset to predict the hazard ratio of OS based
on the hazard ratio of DFS. Predicted values of the hazard ratio
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of OS were generated by the model in the testing dataset to
compare them with the actual values. To evaluate the effect of
outliers, each time, 1 of the 14 comparisons was removed, and
the remaining comparisons were used to estimate the surro-
gacy relationship.

Confirmatory surrogacy analyses were conducted using tri-
als involving biologic agents (bevacizumab or cetuximab) and
trials without irinotecan. Exploratory analyses were performed
within subpopulations defined by age, risk group classified by T
and N stage (low risk defined as T1-3 and N1; high risk defined
as T4 or N2), primary tumor location, and mutation status
(BRAF, KRAS, and MSI).

Results

Trial and Patient Characteristics

A total of 18 396 patients with a median age of 59 years were
included (32.6% older than 65 years); 54.0% were male, 54.1%
had low-risk stage III tumor (ie, T1-3 and N1), 45.9% had high-
risk stage III CC (ie, T4 or N2), 44.7% had only proximal

(cecum, ascending colon, hepatic flexure, and transverse co-
lon), 54.7% had only distal (splenic flexure, descending colon
and sigmoid colon, rectosigmoid segment, rectum), and 0.6%
had both proximal and distal primary tumors, and 31.6%,
12.3%, and 12.4% harbored KRAS mutations, BRAF mutations,
and high levels of MSI/deficient mismatch repair phenotypes,
respectively. Patients were included according to the
intention-to-treat principle whenever possible. Overall, patient
and disease characteristics were well balanced between the
experimental and control arms (Table 2), with the largest dif-
ferences being that patients on control arms were less likely
to have 12 and more examined lymph nodes (59.2% vs 61.1%),
more likely to be in the low-risk category (45.1% vs 46.7%; also
T4 stage, 13.2% vs 14.7%), and more likely to have distal only
disease (55.4% vs 53.9%) compared with patients on the exper-
imental arms.

The median follow-up, estimated using the reverse Kaplan-
Meier method, was 80.1 months among patients alive at the
time of data cutoff, with 5, 6, and 6.5 years follow-up estimates
of 90.4%, 68.0%, and 55.9% of patients, respectively. A total of
6641 patients (36.1%) received biologic agents in combination
with chemotherapy.

Table 1. Trials includeda

Study Citation Accrual year Median OS follow-up, y Comparison Sample size, No.

MOSAIC Andr�e et al., 2004 (5) 1998-2001 9.6 C: LV5FU2 672
E: LV5FU2þoxaliplatin 669

C07 Kuebler et al., 2007 (6) 2000-2002 8.0 C: 5FU/LV 860
E: FLOX 853

C89803 Saltz et al., 2007 (10) 1999-2001 7.7 C: 5FU/LV 606
E: 5FU/LV þ irinotecan 620

PETACC3 Van Cutsem et al., 2009 (11) 1999-2002 5.7 C: 5FU/FA 1139
E: 5FU/FA þ irinotecan 1120

XELOXA Schmoll et al., 2015 (12) 2003-2004 7.0 C: 5FU/LV 909
E: capecitabine þ oxaliplatin 907

C08 Allegra et al., 2011 (13) 2004-2006 6.4 C: mFOLFOX6 994
E: mFOLFOX6þþbevacizumab 985

PETACC8 Taieb et al., 2014 (8) 2005-2009 7.5 Comparison 1: KRAS WT
C: FOLFOX4 644
E: FOLFOX4þ cetuximab 652

Comparison 2: KRAS MT
C: FOLFOX4 322
E: FOLFOX4þ cetuximab 316

Comparison 3: KRAS Unknown
C: FOLFOX4 312
E: FOLFOX4þ cetuximab 312

N0147 Alberts et al., 2012 (9) 2004-2009 6.6 Comparison 1: KRAS WT
C: mFOLFOX6 951
E: mFOLFOX6þ cetuximab 944

Comparison 2: KRAS MT
C: mFOLFOX6 391
E: mFOLFOX6þ cetuximab 344

Comparison 3: KRAS WT
C: FOLFIRI 71
E: FOLFIRI þ cetuximab 27

AVANT de Gramont et al., 2012 (14) 2004-2007 6.2 Comparison 1:
C: FOLFOX4 901
E: FOLFOX4 þ bevacizumab 948

Comparison 2:
C: FOLFOX4 901
E: XELOX þ bevacizumab 927

aC ¼ control arm; E ¼ experimental arm; FA ¼ folinic acid; FLOX ¼ 5-flurouracil, leucovorin, oxaliplatin; FOLFIRI ¼ folinic acid, 5-flurouracil, irinotecan; FOLFOX ¼ folinic

acid, 5-flurouracil, oxaliplatin; KRAS MT ¼ KRAS mutation; KRAS WT ¼ KRAS wild type; LV5FU2¼ leucovorin and 5-flurouracil; XELOX ¼ capecitabine plus oxaliplatin.
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Table 2. Patient and disease characteristicsa

Control arm Experimental arm Total
Characteristic (n¼ 8722) (n¼ 9624) (n¼ 18 396)

Age, No. (%), y
<50 1775 (20.2) 1969 (20.5) 3744 (20.4)
50-64 4114 (46.9) 4548 (47.3) 8662 (47.1)
�65 2883 (32.9) 3107 (32.3) 5990 (32.6)

BMI, No. (%), kg/m2

<18.5 180 (2.1) 227 (2.4) 407 (2.2)
18.5-25 3394 (38.8) 3820 (39.9) 7214 (39.4)
>25 5172 (59.1) 5538 (57.8) 10710 (58.4)
Missing 26 39 65

Sex, No. (%)
Female 4026 (45.9) 4438 (46.1) 8464 (46.0)
Male 4746 (54.1) 5186 (53.9) 9932 (54.0)

Tumor grade, No. (%)
Low grade 6529 (78.9) 7288 (79.8) 13817 (79.4)
High grade 1745 (21.1) 1850 (20.2) 3595 (20.6)
Missing 498 486 984

Performance score, No. (%)
0 6645 (76.4) 7327 (76.8) 13972 (76.6)
1 1952 (22.4) 2084 (21.9) 4036 (22.1)
2 100 (1.1) 124 (1.3) 224 (1.2)
Missing 75 89 164

T-Stage, No. (%)
T1 or 2 1049 (12.4) 1094 (11.8) 2143 (12.1)
T3 6281 (74.4) 6833 (73.5) 13114 (73.9)
T4 1111 (13.2) 1368 (14.7) 2479 (14.0)
Missing 331 329 660

N-Stage, No. (%)
N1 5526 (63.0) 5964 (62.0) 11490 (62.5)
N2 3246 (37.0) 3660 (38.0) 6906 (37.5)

Tumor location, No. (%)
Distal only 3749 (55.4) 3618 (53.9) 7367 (54.7)
Proximal only 2975 (44.0) 3051 (45.5) 6026 (44.7)
Distal and proximal 38 (0.6) 42 (0.6) 80 (0.6)
Missing 2010 2913 4923

Risk group, No. (%)
High risk (T4 or N2) 3867 (45.1) 4397 (46.7) 8264 (45.9)
Low risk (T1-3 and N1) 4700 (54.9) 5022 (53.3) 9722 (54.1)
Missing 205 205 410

Examined nodes, No. (%)
0-7 1175 (15.7) 1252 (15.0) 2427 (15.4)
8-12 1877 (25.1) 1985 (23.9) 3862 (24.4)
>12 4428 (59.2) 5082 (61.1) 9510 (60.2)
Missing 1292 1305 2597

Age
No. 8772 9624 18 396
Mean (SD) 58.5 (10.89) 58.3 (10.94) 58.4 (10.92)
Median (range) 59 (19.0, 85.0) 59 (17.0, 86.0) 59 (17.0, 86.0)

MSI/MMR status, No. (%)
MSS/MSI-low/pMMR 3951 (87.5) 3922 (87.6) 7873 (87.6)
MSI-high/dMMR 563 (12.5) 556 (12.4) 1119 (12.4)
Missing 4258 5146 9404

KRAS status, No. (%)
WT 2715 (67.9) 2707 (68.9) 5422 (68.4)
MT 1282 (32.1) 1223 (31.1) 2505 (31.6)
Missing 4775 5694 10469

BRAF status, No. (%)
WT 4068 (87.9) 3988 (87.5) 8056 (87.7)
MT 562 (12.1) 570 (12.5) 1132 (12.3)
Missing 4142 5066 9208

aBMI ¼ body mass index; MMR ¼mismatch repair; MSI ¼microsatellite instability; MSS ¼microsatellite stable; MT ¼mutation; N ¼ node; pMMR ¼ proficient mismatch

repair; T ¼ tumor; WT ¼wild type.
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Trial- and Individual Patient–Level Surrogacy

As summarized in Table 3 and Figure 1, A, trial-level surrogacy
for the 3-year DFS vs 5-year OS remained strong in the overall
population (R2

WLS ¼ 0.82, 95% CI ¼ 0.67 to 0.98; R2
Copula ¼ 0.92, 95%

CI ¼ 0.83 to 1.00) and met the predefined criteria for surrogacy.
This indicates a strong prediction of the treatment effect (mea-
sured by HR) on the 5-year OS based on the observed treatment
effect on the 3-year DFS. In addition, the patient-level correla-
tion between the 3-year DFS and 5-year OS was strong, with a
rank correlation coefficient of 0.90 (95% CI ¼ 0.90 to 0.91;
Table 3). The surrogate threshold effect had a hazard ratio of
0.79, which indicates that an observed hazard ratio of 0.79 for
the 3-year DFS would predict a statistically significant treat-
ment effect on the 5-year OS in a future trial. Therefore, the
trial-level surrogacy for 3-year DFS vs 5-year OS remains
validated.

Furthermore, surrogacy improves as the median follow-up
increases. For the 6-year OS, the R2

WLS estimate was 0.88 (95% CI
¼ 0.70 to 1.00), and the R2

Copula estimate was 0.97 (95% CI ¼ 0.93
to 1.00) (Figure 1, B). For the 6.5-year OS, the R2

WLS estimate was
0.94 (95% CI ¼ 0.81 to 1.00), and the R2

Copula estimate was 0.99
(95% CI ¼ 0.97 to 1.00) (Figure 1, C). Table 3 shows the correlation
between 3-year DFS and OS with different follow-up lengths.

Leave-one-out cross-validation demonstrated consistency
between observed and predicted OS treatment effects for each
comparison unit based on DFS, with different follow-up lengths
(Supplementary Figure 1, available online). In most of the set-
tings, the observed hazard ratio of OS lies within the 95%

confidence interval of the predicted values. In addition, no com-
parisons were identified as outliers when evaluating the reesti-
mated R2 when 1 comparison at a time was excluded
(Supplementary Figure 2, available online). The surrogacy esti-
mates, when excluding 1 comparison at a time, remain strong
and meet the predefined criteria in all settings.

Subgroup Analyses

Table 4 includes the trial- and individual patient–level surro-
gacy estimates in exploratory analyses in the subgroups.
Patient-level surrogacy remained strong for all subgroup analy-
ses. Limiting to 6 comparisons of biologics, including bevacizu-
mab or cetuximab, the trial-level surrogacy remained adequate
and increased as the length of the follow-up of OS increased.
Similar findings were observed when irinotecan was excluded.
The number of comparisons and sample size were reduced in
exploratory subgroup analyses, which could have led to wider
confidence intervals of surrogacy estimates. However, the trial-
level surrogacy point estimates remained adequate (�0.7 for at
least 1 of the 2 R2 measures) for most subgroups, such as sub-
sets defined by age, tumor location, and KRAS and BRAF muta-
tion status. The trial-level surrogacy estimates in subsets
defined by risk groups were slightly below 0.7, but they in-
creased again as the length of OS follow-up increased.

We further conducted a sensitivity analysis by excluding
small comparisons having less than 100 total patients (Table 3).
Only 1 comparison from N0147 was removed due to small

Table 3. Trial- and individual patient–level surrogacy

True endpoint
No. of comparison

units (No. of patientsa) R2
WLS (95% CI) R2

Copula (95% CI) qCopula (95% CI) STE (HR)

All trials included
5-y OS 14 (19 279) 0.82 (0.67 to 0.98) 0.92 (0.83 to 1.00) 0.90 (0.90 to 0.91) 0.79
6-y OS 13 (17 020) 0.88 (0.70 to 1.00) 0.97 (0.93 to 1.00) 0.91 (0.90 to 0.91) 0.80
6.5-y OS 10 (11 382) 0.94 (0.81 to 1.00) 0.99 (0.97 to 1.00) 0.91 (0.90 to 0.91) 0.80

Excluding 1 small comparison (n<100)
5-y OS 13 (19 181) 0.79 (0.58 to 1.00) 0.74 (0.49 to 0.98) 0.90 (0.90 to 0.91) —
6-y OS 12 (16 922) 0.86 (0.60 to 1.00) 0.89 (0.78 to 1.00) 0.91 (0.90 to 0.91) —
6.5-y OS 9 (11 284) 0.93 (0.67 to 1.00) 0.97 (0.94 to 1.00) 0.91 (0.90 to 0.91) —

aAVANT (14) trial included 2 experimental arms. The control arm patients (n¼ 901) were duplicated for surrogacy analyses. HR ¼ hazard ratio; OS ¼ overall survival;

qCopula ¼ rank correlation coefficient; STE ¼ surrogate threshold effect; WLS ¼weighted least squares.
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Figure 1. Trial-level treatment effect correlation between disease-free survival (DFS) and overall survival (OS). A) Three-year DFS vs 5-year OS. B) Three-year DFS vs 6-

year OS. C) Three-year DFS vs 6.5-year OS. The circle or triangle size is proportional to the number of patients in each comparison. The solid line indicates fitted

weighted least squares (WLS) regression line; gray dashed lines indicate 95% prediction limits. Triangles indicate trial comparisons with irinotecan, circles indicate

comparisons with oxaliplatin, and black and gray colors indicate comparisons with and without biologics, respectively. HR ¼ hazard ratio.
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Table 4. Trial- and individual patient–level surrogacy for subgroups for 5, 6, and 6.5 years of median follow-up, respectivelya

Subgroup and true endpoint
No. of comparison

units (No. of patients) R2
WLS (95% CI) R2

Copula (95% CI) qCopula (95% CI)

Age <65 y
5-y OS 13 (12 943) 0.73 (0.52 to 0.94) 0.66 (0.37 to 0.96) 0.90 (0.90 to 0.91)
6-y OS 12 (11 382) 0.76 (0.51 to 1.00) 0.73 (0.46 to 0.99) 0.91 (0.90 to 0.91)
6.5-y OS 9 (7444) 0.83 (0.61 to 1.00) 0.81 (0.58 to 1.00) 0.91 (0.90 to 0.91)

Age �65 y
5-y OS 13 (6238) 0.71 (0.47 to 0.94) 0.56 (0.21 to 0.92) 0.91 (0.91 to 0.92)
6-y OS 12 (5540) 0.78 (0.60 to 0.95) 0.69 (0.41 to 0.98) 0.92 (0.91 to 0.92)
6.5-y OS 9 (3840) 0.75 (0.49 to 1.00) 0.69 (0.36 to 1.00) 0.91 (0.90 to 0.92)

KRAS WT
5-y OS 7 (5406) 0.86 (0.53 to 1.00) 0.95 (0.88 to 1.00) 0.91 (0.90 to 0.92)
6-y OS 6 (4856) 0.84 (0.39 to 1.00) 0.95 (0.87 to 1.00) 0.91 (0.90 to 0.92)
6.5-y OS 5 (4600) 0.85 (0.42 to 1.00) 0.96 (0.90 to 1.00) 0.91 (0.90 to 0.92)

KRAS MT
5-y OS 6 (2491) 0.90 (0.71 to 1.00) 0.93 (0.81 to 1.00) 0.90 (0.89 to 0.92)
6-y OS 5 (2133) 0.87 (0.46 to 1.00) 0.90 (0.74 to 1.00) 0.91 (0.89 to 0.92)
6.5-y OS 4 (2009) 0.90 (0.34 to 1.00) 0.97 (0.91 to 1.00) 0.91 (0.89 to 0.92)

BRAF WT
5-y OS 9 (7979) 0.70 (0.27 to 1.00) 0.71 (0.39 to 1.00) 0.89 (0.88 to 0.90)
6-y OS 8 (7142) 0.78 (0.38 to 1.00) 0.78 (0.51 to 1.00) 0.89 (0.88 to 0.90)
6.5-y OS 7 (5985) 0.83 (0.27 to 1.00) 0.80 (0.53 to 1.00) 0.89 (0.88 to 0.90)

BRAF MT
5-y OS 7 (1095) 0.92 (0.78 to 1.00) 0.94 (0.86 to 1.00) 0.96 (0.95 to 0.97)
6-y OS 6 (1018) 0.94 (0.80 to 1.00) 0.96 (0.89 to 1.00) 0.96 (0.95 to 0.97)
6.5-y OS 5 (856) 0.92 (0.78 to 1.00) 0.96 (0.88 to 1.00) 0.96 (0.95 to 0.97)

High risk
5-y OS 14 (8662) 0.60 (0.30 to 0.90) 0.56 (0.22 to 0.91) 0.89 (0.89 to 0.90)
6-y OS 13 (7661) 0.59 (0.28 to 0.90) 0.60 (0.27 to 0.94) 0.90 (0.89 to 0.90)
6.5-y OS 10 (5070) 0.68 (0.34 to 1.00) 0.65 (0.29 to 1.00) 0.89 (0.89 to 0.90)

Low risk
5-y OS 12 (10 153) 0.64 (0.35 to 0.93) 0.60 (0.25 to 0.95) 0.90 (0.90 to 0.91)
6-y OS 11 (8896) 0.69 (0.43 to 0.94) 0.65 (0.32 to 0.98) 0.91 (0.90 to 0.92)
6.5-y OS 8 (5863) 0.73 (0.47 to 0.99) 0.64 (0.24 to 1.00) 0.91 (0.90 to 0.92)

dMMR
5-y OS 6 (933) 0.86 (0.67 to 1.00) 0.96 (0.91 to 1.00) 0.93 (0.92 to 0.95)
6-y OS 5 (828) 0.87 (0.49 to 1.00) 0.94 (0.83 to 1.00) 0.93 (0.91 to 0.95)
6.5-y OS 4 (675) 0.90 (0.71 to 1.00) 0.97 (0.92 to 1.00) 0.93 (0.91 to 0.95)

pMMR
5-y OS 9 (7756) 0.64 (0.16 to 1.00) 0.78 (0.52 to 1.00) 0.90 (0.89 to 0.91)
6-y OS 8 (6995) 0.66 (0.19 to 1.00) 0.80 (0.54 to 1.00) 0.90 (0.89 to 0.91)
6.5-y OS 7 (6052) 0.80 (0.29 to 1.00) 0.79 (0.52 to 1.00) 0.90 (0.89 to 0.91)

Distal
5-y OS 11 (7277) 0.72 (0.51 to 0.93) 0.65 (0.32 to 0.98) 0.88 (0.87 to 0.89)
6-y OS 10 (5885) 0.75 (0.45 to 1.00) 0.62 (0.25 to 0.99) 0.88 (0.87 to 0.89)
6.5-y OS 8 (4896) 0.85 (0.60 to 1.00) 0.80 (0.56 to 1.00) 0.88 (0.87 to 0.89)

Proximal
5-y OS 10 (5968) 0.67 (0.37 to 0.97) 0.54 (0.11 to 0.96) 0.92 (0.92 to 0.93)
6-y OS 9 (5116) 0.86 (0.74 to 0.98) 0.77 (0.51 to 1.00) 0.92 (0.92 to 0.93)
6.5-y OS 8 (4158) 0.86 (0.72 to 0.99) 0.77 (0.48 to 1.00) 0.93 (0.92 to 0.93)

Excluding IRI
5-y OS 11 (15 696) 0.81 (0.57 to 1.00) 0.71 (0.41 to 1.00) 0.91 (0.90 to 0.91)
6-y OS 11 (15 696) 0.87 (0.65 to 1.00) 0.89 (0.78 to 1.00) 0.90 (0.90 to 0.91)
6.5-y OS 8 (10 058) 0.96 (0.77 to 1.00) 0.97 (0.94 to 1.00) 0.90 (0.90 to 0.91)

Biologics
5-y OS 6 (6623) 0.82 (0.37 to 1.00) 0.97 (0.93 to 1.00) 0.90 (0.89 to 0.91)
6-y OS 6 (6623) 0.87 (0.41 to 1.00) 0.98 (0.95 to 1.00) 0.90 (0.89 to 0.91)
6.5-y OS 5 (4662) 0.94 (0.34 to 1.00) 1.00 (0.99 to 1.00) 0.90 (0.89 to 0.91)

aCI ¼ confidence interval; dMMR ¼ deficient mismatch repair; IRI ¼ irinotecan; MT ¼ mutation; OS ¼ overall survival; pMMR ¼ proficient mismatch repair; WLS ¼
weighted least squares; WT¼wild-type; qCopula ¼ rank correlation coefficient.
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sample size. Sensitivity results showed that the R2
WLS was robust

due to weighting by sample size, whereas R2
Copula was substan-

tially reduced (from 0.92 to 0.74); however, trial-level surrogacy
remained adequate (�0.7 for at least 1 of the 2 R2 measures) and
increased as the length of OS follow-up increased.

Discussion

Here, we obtained and analyzed data from 9 major international
trials conducted from 1998 to 2009, which have relatively ma-
ture OS follow-up (all with a median follow-up of >5 years), and
the majority were not included in the previous ACCENT surro-
gacy analysis (2–4). These analyses demonstrate that, for trials
with stage III CC patients using oxaliplatin (or irinotecan)-based
therapy with and without biologics, the association between
DFS assessed after 3 years of median follow-up and OS was con-
firmed: 3-year DFS remains a valid surrogate endpoint for OS in
stage III adjuvant CC trials. Compared with previous validation
results based on testing 5-FU regimens published in 2005 (2) and
2007 (3), the correlation between 3-year DFS and 5-year OS in
the current treatment era was weaker. Longer follow-up of OS
was assessed in the current analyses, whereas only 5-year OS
was assessed in the previous analyses. Additional analyses
showed that the trial-level correlation increases numerically
with longer follow-up of OS (6 and 6.5 years). This is consistent
with previous findings from the MOSAIC study (17), which
showed that the OS benefit of oxaliplatin-based adjuvant treat-
ment increased over time and that at least 6 years of follow-up
for OS is required to detect its benefit. This further highlights
the need to consider 3-year DFS as the primary endpoint in fu-
ture stage III CC trials.

In addition to the surrogacy analyses based on all comers,
we conducted subgroup analyses to test the robustness of this
surrogacy regarding subpopulations defined by biomarkers, age,
tumor location, and risk groups. Overall, subpopulation analy-
ses showed that subset patients depended on the mutation sta-
tus of KRAS, BRAF, and MSI, and proximal or distal sites showed
consistently strong levels of surrogacy at both trial and patient
levels. However, the sample size of the BRAF-mutated and the
MSI-high groups were limited. More importantly, most of the
patients included in this analysis were less likely to receive tar-
geted therapy for known mutations after recurrences given the
time era when these trials were conducted. These newer tar-
geted agents treating recurrence disease could potentially alter
the correlation between DFS and OS. Thus, cautions should be
considered when applying the 3-year DFS surrogacy results to
trials with enriched enrollments according to these 2 popula-
tions, for example, the ongoing ATOMIC trial (NCT02912559)
testing the treatment effect of standard chemotherapy plus
Atezolizumab vs chemotherapy alone within stage III CCs with
deficient DNA mismatch repair tumors. It is worth noting that
the trial-level surrogacy is relatively weak in high-risk stage III
patients. These results are of major interest because the num-
ber of randomized phase III trials dedicated to specific sub-
groups of stage III CC patients is growing. Additional examples
include the ongoing IROCAS trial (NCT02967289) and ADAGE
trial (NCT02355379). These studies should therefore be inter-
preted along with the results we provide here.

Clinical trials in adjuvant therapy for CC now include the
possibility of both chemotherapeutic and biologic agents. We
further conducted sensitivity analyses to evaluate the surrogacy
of biologic agents that have different underlying mechanisms of
action than oxaliplatin-based chemotherapy alone. Strong trial-

and individual patient–level surrogacy were observed and met
the predefined criteria, although a wider confidence interval
was observed for 1 of the R2 measures. This was probably due to
the small number of comparison units available (n¼ 6) for the
meta-analysis. Analyses of surrogate endpoints with a limited
number of trials are known to suffer from large variability in es-
timation, which is likely manifested in our analysis where the
model-based R2 (R2

Copula) and simple R2 (R2
WLS) measures differed

greatly (18). The limited number of trials or comparison units
testing biologic agents is a major limitation of this study.

We also demonstrate the value of assembling meta-
databases with individual patient data, which not only evalu-
ates and identifies surrogate endpoints for efficient clinical tri-
als but also provides a rich repository to explore the biology and
treatment of CC. In this regard, the ACCENT collaboration con-
tinuously provides rich data for high-impact research, which
can potentially advance trial design and treatment develop-
ment for this disease.

In summary, in this analysis of 9 trials of 18 396 stage III CC
patients, we have validated that, for trials testing adjuvant che-
motherapies with or without biologics, that results based on 3-
year DFS are valid and appropriate primary endpoints. As stan-
dard care has shifted from 5-FU–based to oxaliplatin-based cy-
totoxic chemotherapy regimens, median survival following
recurrence continues to improve (7). Longer follow-up (at least
6 years) in stage III adjuvant trials may be necessary to opti-
mally evaluate the benefits of new adjuvant therapy and to al-
low a complete assessment of OS. The strong association
observed, based on previous and current surrogacy analyses as
well as the longer follow-up needed for OS in recent trials fur-
ther support 3-year DFS as the primary endpoint in future stage
III adjuvant CC trials.
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