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ABSTRACT

PURPOSE Immunoscore (IS) is prognostic in stage III colorectal cancer (CRC) and may
predict benefit of duration (6 v 3 months) of adjuvant infusional fluorouracil,
leucovorin, and oxaliplatin (FOLFOX) chemotherapy. We sought to determine
IS prognostic and predictive value in stage-III CRC treated with adjuvant
FOLFOX or oral capecitabine and infusional oxaliplatin (CAPOX) in the SCOT and
IDEA-HORG trials.

METHODS Three thousand sixty-one cases had tumor samples, of which 2,643 (1,792
CAPOX)were eligible for IS testing. Predefined cutoffs (IS-Lowand IS-High)were
used to classify cases into two groups for analysis of disease-free survival (3-year
DFS) and multivariable-adjusted hazard ratios (mvHRs) by Cox regression.

RESULTS IS was determined in 2,608 (99.5%) eligible cases, with 877 (33.7%) samples
classified as IS-Low. IS-Low tumors were more commonly high-risk (T4 and/or
N2; 52.9% IS-Low v 42.2% IS-High; P < .001) and in younger patients (P 5 .024).
Patients with IS-Low tumors had significantly shorter DFS in the CAPOX,
FOLFOX, and combined cohorts (mvHR, 1.52 [95% CI, 1.28 to 1.82]; mvHR, 1.58
[95%CI, 1.22 to 2.04]; andmvHR, 1.55 [95%CI, 1.34 to 1.79], respectively; P < .001
all comparisons), regardless of sex, BMI, clinical risk group, tumor location,
treatment duration, or chemotherapy regimen. IS prognostic valuewas greater in
younger (≤65 years) than older (>65 years) patients in the CAPOX cohort (mvHR,
1.92 [95%CI, 1.50 to 2.46] v 1.28 [95%CI, 1.01 to 1.63], PINTERACTION 5 .026), and in
DNA mismatch repair proficient than deficient mismatch repair disease (mvHR,
1.68 [95% CI, 1.41 to 2.00] v 0.67 [95% CI, 0.30 to 1.49], PINTERACTION 5 .03),
although these exploratory analyses were uncorrected for multiple testing.
Adding IS to a model containing all clinical variables significantly improved
prediction of DFS (likelihood ratio test, P < .001) regardless of MMR status.

CONCLUSION IS is prognostic in stage III CRC treatedwith FOLFOXor CAPOX, includingwithin
clinically relevant tumor subgroups. Possible variation in IS prognostic value by
age and MMR status, and prediction of benefit from extended adjuvant therapy
merit validation.

INTRODUCTION

Colorectal cancer (CRC) is the third most common malig-
nancy globally, accounting for nearly 10% of all cancer
diagnoses in 2020.1 For the three quarters of cases that are
localized (stage I-III) at diagnosis,2 the standard of care is
curative-intent surgical resection, with adjuvant chemotherapy
recommended in stage III and high-risk stage II tumors.3

Adjuvant chemotherapy has evolved during the past
25 years. Addition of oxaliplatin to fluoropyrimidines has
improved outcomes in stage III disease.4 Tolerability of
treatment has improved after the demonstration that
3 months of oxaliplatin-based therapy is as effective as
6 months for most of these patients.5,6 However, the fact
remains that existing risk stratification on the basis of
patient and tumor factors is unable to reliably identify
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which patients require adjuvant chemotherapy, or what the
optimum duration of treatment is for these individuals.
Thus, there is a pressing unmet need for biomarkers to
address these shortcomings.

Immunoscore (IS) predicts recurrence risk in early-stage
CRC by quantifying the host CD31 and CD81 T-cell re-
sponse in the tumor core and invasive margin (IM).7 The
prognostic value of IS has been shown in multiple studies,
including an international validation cohort of 3,539 patients
with stage I-III CRC,8 prompting the European Society for
Medical Oncology guideline committee to recommend that IS
shouldbe considered aspart of riskassessment for early-stage
CRC.3 A recent analysis of the IDEA France trial, in which
patients with stage III CRC received either 3 or 6 months of
oxaliplatin-based (modified infusional fluorouracil, leuco-
vorin, and oxaliplatin [mFOLFOX6]) adjuvant chemotherapy,
confirmed IS prognostic value; exploratory analysis suggested
that benefit of 6-month chemotherapy was restricted to
patients with IS-Intermediate or IS-High tumors.9 We sought
to confirm thisfinding and to define the prognostic value of IS
in oral capecitabine and infusional oxaliplatin (CAPOX)–
treated patients in the SCOT10 and IDEA HORG11 trials.

METHODS

Patient Selection for Biomarker Study

Details of the SCOT and HORG trials have been reported
previously.10,11 Both compared the efficacy of 12 versus
24weeks of oxaliplatin-based adjuvant chemotherapy (either
mFOLFOX4/6 or CAPOX) after curative-intent resection of
stage III or high-risk stage II (any of: pT4 primary, tumor
obstruction, <10 lymph nodes harvested, grade 3 histology,
perineural/extramural venous/lymphatic invasion) CRC. The
SCOT trial randomly assigned 6,088 patients between March

2008 and November 2013. It met its primary end point, with
the shorter course of chemotherapy confirmed to be non-
inferior (hazard ratio [HR], 1.01 [95% CI, 0.91 to 1.11], test for
noninferiority P5 .012)10 and associatedwith improved quality
of life. The HORG study randomly assigned 1,121 patients
between April 2009 and October 2015. It was designed to
be analyzed as part of the pooled IDEA collaboration rather
than alone, nevertheless standalone analysis revealed near-
identical disease-free survival (DFS) between 3-month and
6-month groups (HR, 1.05 [95% CI, 0.61 to 1.55]; P 5 .647).11

After informedconsent, a subsetof participants inboth studies
donated tumor samples for research, of whom 3,031 had stage
III disease (2,474 SCOT and 557 HORG) and were eligible for
inclusion in this biomarker study. Demographic and clinico-
pathologic characteristics of these cases were similar to those
of stage III cases in the study populations as a whole.

Tumor Sampling, IS, and Mismatch Repair Testing

Formalin-fixed, paraffin-embedded (FFPE) slides from
tumor blocks were sectioned at 3 mm and sent in batches to
accredited Veracyte laboratories in Marseille, France, and
Richmond, VA, where IS testing was done blinded to clinical
data. Testing was performed as previously reported9: after
antigen retrieval, FFPE slides were stained with rabbit
monoclonal antihuman CD31 (clone HDx2; Veracyte SAS,
Marseille, France) and mouse monoclonal antihuman CD81

(clone HDx1; Veracyte SAS, Marseille, France), counterstained,
and digitalized at 310 magnification and 0.45 mm/pixel reso-
lution by NanoZoomer-XR scanner (Hamamatsu, Japan).
CD31 and CD81 cells in the tumor center IM were then quan-
tified by image analysis software (Immunoscore Analyzer;
Veracyte) and converted into IS using predefined cutoffs.
Identification of deficient mismatch repair (dMMR) in SCOT
cases was by AI-based image analysis of tumor slides
immunohistochemically stained for MMR proteins (MLH1,

CONTEXT

Key Objective
What is the prognostic and predictive value of the Immunoscore (IS) in stage III colorectal cancer (CRC) treated with adjuvant
infusional fluorouracil, leucovorin, and oxaliplatin (FOLFOX) or oral capecitabine and infusional oxaliplatin (CAPOX)?

Knowledge Generated
IS is independently prognostic in stage III CRC treated with adjuvant FOLFOX or CAPOX, with prognostic value greater in
younger (<65 years) patients treated with CAPOX, and in DNA mismatch repair proficient disease. IS did not predict benefit
from extended duration of adjuvant chemotherapy, although our study was underpowered to detect this in the FOLFOX
cohort.

Relevance (E.M. O’Reilly)
Combined analysis from these adjuvant studies endorses the prognostic value of IS in stage III colon cancer agnostic of
specific cytotoxic therapy and further strengthens the value of this biomarker.*

*Relevance section written by JCO Associate Editor Eileen Mary O’Reilly, MD.
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PMS2, MSH2, and MSH6) and expert pathologist review
(Data Supplement, Appendix A, online only, further details
in preprint,12 manuscript under revision) and in the HORG
cohort by expert pathologist review.

Statistical Analysis

Statistical analysis of this biomarker study was performed in
accordance with a predefined statistical analysis plan (SAP),
provided in the Data Supplement (Appendix B). The study
primary objective was to assess the predictive value of IS,
analyzed as two groups, for the duration of chemotherapy in
patients treated with infusional fluorouracil, leucovorin, and
oxaliplatin (FOLFOX) chemotherapy after curative-intent
resection of stage III CRC. Secondary objectives included
the evaluation of the prognostic value of IS in CAPOX-treated
patients, within predefined subgroups, and against other
known prognostic factors such as pT and N stage (Data
Supplement, Appendix B). The study primary end point was
DFS, defined as the time from random assignment to CRC
recurrence or death from any cause, with patients who
remained alive and disease-free during follow-up censored
at the date of last contact. Survival curves were plotted using
the Kaplan-Meier method and compared by the log-rank
test. The relationship between IS andDFSwas analyzed byCox
proportional hazards models by univariable analysis and
multivariable analysis including prespecified covariables to
derive univariable HRs (uvHRs) and multivariable-adjusted
HRs (mvHRs); variable selection was not performed. Com-
parison between nested models was made by the likelihood
ratio test, and variable contribution to model goodness of fit
was determined by the chi-square statistic. Proportionality of
hazards was confirmed by scaled Schoenfeld residuals. All
statistical tests were two-sided, and statistical significance
was accepted in event of P < .05, or P < .1 in case of interaction
testing. A power calculation performed for the study primary
end point revealed that 958 stage III patients were required to
give power of ≥80% to detect a significant interaction (P < .1)
between IS (High/Low) and duration of FOLFOX treatment
(6months v 3months). All statistical analyseswereperformed
in R version 4.2.2 (2022-10-31) using packages tidyverse,
gtsummary, survival, survminer, rms, and webshot.

Ethical Approval and Consent to Participate

Ethical approval for patient recruitment and sample collection
in the SCOT trial was approved centrally and at all recruiting
centers. SCOT samples are stored at theNHSGGCBiorepository
under ethics 22/WS/0020. Ethical approval for anonymized
tumor molecular analysis was granted by Oxfordshire Re-
search Ethics Committee B (Approval No. 05\Q1605\66).

RESULTS

Patient Characteristics and Determination of IS

The study flow diagram is provided in the Data Supplement
(Fig S1). Two thousand four hundred eighty-eight of 4,922

patientswith stage III CRC from the SCOT trial and 573 of 702
patients with stage III CRC from the IDEA-HORG trial had
tumor samples available for analysis. Characteristics of stage
III patients included in this biomarker study were similar to
those not included, withmaximumabsolute difference of 7%
in the frequency of any single variable (Data Supplement,
Table S1). Of the total 3,061 cases, IS testingwas successful in
2,608 (99.5%). Eight hundred thirty-four (32%) of these had
been treated with mFOLFOX6 and 1,774 (68%) with CAPOX.
Across the combined biomarker study population, 877
(33.6%) samples were classified as IS-Low, 1,387 (53.2%)
IS-Intermediate (IS-Int), and 344 (13.2%) as IS-High.
IS-Int and IS-High cases (1,731 cases; 66.4%) were com-
bined for subsequent two-group comparisons (IS-Int/High),
in accordance with the predefined SAP (Data Supplement,
Appendix A); analyses of IS as three groups are explicitly
reported as such. IS-Low tumors were more commonly
high-risk (T4 and/or N2; 52.9% IS-Lo v 42.2% IS-Int/IS-Hi;
P < .001) and in younger patients (P 5 .024), and to a lesser
extent in higher BMI patients (P 5 .054); however, no sig-
nificant associationwith sex or performance statuswas found
(Data Supplement, Table S2). Patients with IS-Low tumors
were also more commonly treated with CAPOX (74.2%)
than patients with IS-High tumors (64.9%), P < .001,
although the proportion treated with 6-month versus
3-month chemotherapy was similar between groups (Data
Supplement, Table S2). Associations for IS as three groups
were similar (Data Supplement, Table S3).

Prognostic Value of IS in Pooled SCOT and
HORG-IDEA Studies

Univariable analysis of the combined study population after
categorization of IS into two groups (IS2: IS-Low v IS-Int
and IS-High) revealed significantly worse DFS of IS-Low
tumors in the FOLFOX, CAPOX, and combined cohorts
(uvHR, 1.83 [95% CI, 1.43 to 2.35]; uvHR, 1.55 [95% CI, 1.31 to
1.85]; and uvHR, 1.62 [95% CI, 1.41 to 1.86], respectively;
P < .001 all comparisons; Figs 1A-1C, Table 1). Three-year
DFS rates for IS-Low and IS-Int and IS-High tumors were
65.1% (95% CI, 58.5 to 71.0) versus 79.4% (95% CI, 76.0 to
82.5) in the FOLFOX group, 69.8% (95% CI, 66.1 to 73.2) and
79.4% (95% CI, 76.9 to 81.7) in the CAPOX group, and 68.6%
(95%CI, 65.4 to 71.6) and 79.4% (95%CI, 77.4 to 81.3) in the
combined groups, respectively. Multivariable analysis ad-
justed for prespecified prognostic factors demonstrated that
IS2 was independently associated with DFS in themFOLFOX,
CAPOX, and combined groups (mvHR, 1.58 [95% CI, 1.22 to
2.04]; mvHR, 1.52 [95% CI, 1.28 to 1.82]; and mvHR, 1.55
[95% CI, 1.34 to 1.79], respectively; P < .001 all comparisons;
Table 1). Other significantly prognostic factors in multi-
variable analyses included primary tumor and nodal stage
and tumor sidedness (Data Supplement, Table S4-S6). Ad-
dition of IS to multivariable models significantly improved
model discrimination and Akaike information criterion
(Table 1, Figs 1D-1F); model x2 statistics revealed that IS was
amore important predictor than all factors with exception of
pT andN stage in the combinedmodels (Figs 1G-1I). Analysis
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FIG 1. Prognostic value of IS as two groups by univariable and multivariable analyses in the SCOT-HORG
trials. Kaplan-Meier plots showing DFS according to IS as two groups for (A) patients treated with FOLFOX,
(B) patients treated with CAPOX, and (C) patients treated with either (continued on following page)
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of IS categorized into three groups in the combined cohort
revealed comparable results (Data Supplement, Fig S2, Table
S7). Further analysis of the 1,762 patients for whom MMR
status was available (Data Supplement, Table S8) confirmed
IS prognostic value, which was independent of, and stronger
than, dMMR, which did not predict improved DFS in our
cohort (Figs 1J and 1K, Data Supplement, Table S9).

Predictive Value of IS for Adjuvant
Chemotherapy Duration

We sought to validate the association between IS and benefit
from duration of mFOLFOX6 chemotherapy found in the
IDEA France study.9 Of 834 mFOLFOX6-treated patients
informative for analysis, 423 received 3 months therapy and
411 received 6 months therapy, with clinicopathologic
characteristics similar between groups (Data Supplement,
Table S10). Three-year DFS rates for patients with IS-High
tumors were 79.4% (95% CI, 77.8 to 82.1) in the 3-month
group and 79.4% (95% CI, 76.7 to 82.2) in the 6-month
group (uvHR, 0.89 [95% CI, 0.66 to 1.21]; Fig 2A, Data
Supplement, Fig S3). Corresponding 3-year DFS rates for
patients with IS-Low tumors were 68.8% (95% CI, 64.5 to
73.4) and 68.4% (95% CI, 64.2 to 72.8), respectively (uvHR,
0.80 [95% CI, 0.54 to 1.20]; Fig 2B, Data Supplement, Fig S3).
Formal testing for a IS 3 duration interaction was not sig-
nificant (P 5 .71), although our sample size was less than the
958 patients required to detect this according to our power
calculation (Methods). Corresponding analyses of IS predic-
tive value for chemotherapy duration in 1,774 CAPOX-treated
patients (Data Supplement, Table S11, Fig S4) and in the
combined FOLFOX and CAPOX cohort (Data Supplement,
Table S12, Fig S5) revealed similar lack of variation both in the
total populationandwithin clinical risk groups (Figs2Band2C
and Data Supplement, Figs S4 and S5).

Analysis by Clinical Risk Strata and Within Subgroups

Prespecified analysis of IS2within stage III clinical risk groups
(pT1-3, N1 v pT4 or N2 disease stage) revealed similar
prognostic value in patients treated with FOLFOX, CAPOX, or
the combined cohort (Figs 3A-3C, Figs 4A and 4B, Fig S6). The
combination of clinical risk group and IS stratified patients
with markedly different prognoses: pT1-3, N1, IS-Int/IS-Hi

patients had 3-year DFS of 86.7 (95% CI, 84.6 to 88.8), while
pT4 and/or N2, IS-Lowpatients had 3-year DFS of 58.2 (95%
CI, 53.9 to 62.9; Figs 3A-3C). Exploratory analysis of che-
motherapy duration by clinical risk group and IS2 revealed a
statistically significant interaction in favor of 6 months
FOLFOX in patients with IS-High/IS-Int, low-risk tumors
compared with those with high-risk tumors (PINT 5 .072;
Data Supplement, Fig S3). Similar variation by risk groupwas
not detected in FOLFOX patients with IS-low tumors, or in
patients treated with CAPOX irrespective of IS group.

We analyzed IS prognostic value in other subgroups in the
whole cohort and in cases with MMR status. Analysis of
FOLFOX-treated patients showed no obvious variation by
age, BMI, sex, tumor location (right colon, left colon, or
rectum), or study arm (Fig 4A). Corresponding analysis of
CAPOX-treated patients revealed similar results, with the
exception of age where IS held greater prognostic value in
those age 65 years and younger (HR, 1.92 [95% CI, 1.50 to
2.46], P < .001) than in those older than 65 years (HR, 1.28
[95% CI, 1.01 to 1.63], P 5 .043; PINTERACTION 5 .026; Fig 4B).
This discordance was reflected in differences in DFS: while
younger (≤65 years) patients with IS-high tumors had the
best outcome in both cohorts, among FOLFOX-treated pa-
tients, older patients (>65 years age)with IS-low tumors had
the worst outcome (HR, 2.31 [95% CI, 1.59 to 3.34], P < .001);
while in CAPOX-treated patients, younger patients (≤65
years) with IS-low tumors did worst (HR, 1.87 [95% CI, 1.45
to 2.41], P < .001; Figs 4C and 4D). This variation was not
obviously due to imbalance in prognostic factors between
groups in either cohort (Data Supplement, Tables S13 and
S14). Subgroup analysis in the combined total cohort re-
flected the result observed in the individual treatment
groups (Data Supplement, Fig S6). Analysis of the 1,762 cases
with MMR status revealed a statistically significant inter-
action between IS and MMR status in both univariable and
multivariable analyses (P 5 .025 and P 5 .062, respectively;
Fig 5A). IS was strongly prognostic in mismatch repair
proficient (pMMR) cases (mvHR, 1.68 [95% CI, 1.41 to 2.00],
P< .001) but not in dMMRcases (mvHR, 0.67 [95%CI, 0.30 to
1.49], P 5 .57; Figs 5B and 5C, Data Supplement, Tables S15
and S16). Initial exploratory analysis by regimen suggested
3-year DFS for CAPOX-treated and FOLFOX-treated patients
was similar for IS-High tumors but discordant for IS-low

FIG 1. (Continued). regimen in the pooled SCOT and IDEA-HORGpopulation. (D-F) Harrell C indices obtained
from multivariable Cox proportional hazards models of the patient groups shown in A-C including pre-
specified baseline and prognostic factors* before and after the addition of IS as two groups. Estimates were
obtained by internal bootstrap (n 5 1,000 samples). (G-I) Pie charts showing contribution of individual
variables to goodness of model fit before and after the addition of IS as two groups. Statistical comparison
between groups in A-C wasmade by using the log-rank test. Comparison of bootstrapped C-indices for base
model and base model plus IS2 in D-F was by unpaired Wilcoxon test. *Variables included in Cox models
include age, sex, PS, pT stage (pT1-3 v pT4), N stage (1 v 2), treatment regimen (in the case of combined
population only), and chemotherapy duration. DFS, disease-free survival; dMMR, deficient mismatch repair;
FOLFOX, infusional fluorouracil, leucovorin, and oxaliplatin; IS, Immunoscore; MMR, mismatch repair; PS,
performance status.
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TABLE 1. Prognostic Value of IS as Two Groups by Univariable and Multivariable Analyses in FOLFOX-Treated, CAPOX-Treated, and the Combined Cohort From the SCOT-HORG Trials

Subgroup

Univariable Multivariablea

Cases, No. Events, No 3-Year DFS (95% CI) HR (95% CI) P Cases, No. Events, No. HR (95% CI) P

FOLFOX

IS-High/IS-Int 608 166 79.4 (76 to 82.5) Ref 599 164 Ref

IS-Low 226 99 65.1 (58.5 to 71) 1.83 (1.43 to 2.35) <.001 222 97 1.58 (1.22 to 2.04) <.001

CAPOX

IS-High/IS-Int 1,123 289 79.4 (76.9 to 81.7) Ref 1,093 276 Ref

IS-Low 651 239 69.8 (66.1 to 73.2) 1.55 (1.31 to 1.85) <.001 635 231 1.52 (1.28 to 1.82) <.001

Combined

IS-High/IS-Int 1,731 455 79.4 (77.4 to 81.3) Ref 1,692 440 Ref

IS-Low 877 338 68.6 (65.4 to 71.6) 1.62 (1.41 to 1.86) <.001 857 328 1.55 (1.34 to 1.79) <.001

Abbreviations: AIC, Akaike information criterion; CAPOX, oral capecitabine and infusional oxaliplatin; DFS, disease-free survival; FOLFOX, infusional fluorouracil, leucovorin, and oxaliplatin; HR, hazard
ratio; IS, Immunoscore; PS, performance status; Ref, reference.
aMultivariable analyses are adjusted for age, sex, BMI, PS, tumor sidedness, primary tumor stage, and nodal stage (base model). Model discrimination: FOLFOX base model—C index 5 0.637,
AIC 5 4,608.745; FOLFOX base model plus IS2—C index 5 0.644, AIC 5 3,312.377; CAPOX base model—C index 5 0.633, AIC 5 9,990.743; CAPOX base model plus IS2—C index 5 0.649,
AIC5 7,182.132; combined base model—C index5 0.635, AIC5 15,900.76; combined base model plus IS2—C index5 0.65, AIC5 11,471.33. Likelihood ratio test for comparison of nested models:
FOLFOX base model versus base model plus IS P < .0001; CAPOX base model versus base model plus IS P < .0001; combined base model versus base model plus IS P < .0001.
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tumors; however, this did not persist after adjustment for
confounders (Data Supplement, Fig S7).

DISCUSSION

This study confirms the IS prognostic value in patients with
stage III CRC treated with FOLFOX and, to our knowledge,
provides the first demonstration of IS prognostic value in
patients treated with CAPOX. This value contrasted with
MMR status, which was not prognostic in our cohort, pos-
sibly owing to its lack of prognostic value in N2 disease.13 IS
was similarly prognostic across subgroups with the excep-
tion of dMMR cases, where it did not predict DFS, and age in
CAPOX-treated patients, where its value appeared greater in

patients younger than 65 years. Interestingly, we did notfind
any difference in IS value by tumor location, in contrast to a
recent study that reported that low density of tumor-
infiltrating lymphocytes was associated with worse out-
come in right-sided but not left-sided colon cancers.14

Although interesting, the absence of IS prognostic value in
dMMR tumors should be set in the context of previous studies
that have found similar differences between IS-High and IS-
Low cases regardless of MMR status.8,15 Thus, we suggest
validation is required before conclusions on this can be drawn.

Similarly, apparent differences in IS prognostic value by age
in CAPOX-treated patients should be interpreted very
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FIG 2. Predictive value of IS for chemotherapy duration in the SCOT-HORG trials. Kaplan-Meier plots showing DFS according to
chemotherapy duration (3 v 6months) for (A) FOLFOX in IS-High group; (B) FOLFOX in IS-Low group; (C) CAPOX in IS-High group;
and (D) CAPOX in IS-Low group. Statistical comparison between groups in A-C wasmade by using the log-rank test. DFS, disease-
free survival; FOLFOX, infusional fluorouracil, leucovorin, and oxaliplatin; IS, Immunoscore.
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cautiously. Choice of chemotherapy regimen in the SCOT
and HORG-IDEA studies was not randomized, but rather
made by the treating clinician, and although we did not find
obvious differences in risk factors between older and
younger patients with IS-Low tumors to explain this result,
it is plausible that this could reflect variation in unmea-
sured prognostic variables between groups. Furthermore,
the international consensus IS study in stage III patients
revealed no differences by age, with IS showing significant
prognostic value regardless of age group.16 Again, valida-
tion is required. Despite including 834 informative cases,
our study was underpowered to validate the predictive
utility of IS for duration of FOLFOX, although improved DFS
with extended therapy for low-risk, IS-high tumors was

consistent with previous results.9 A definitive answer to
this question also awaits the results of future analyses,
which could also explore IS predictive value for oxaliplatin
benefit.

Our study adds to the data supporting the value of clinical
application of IS7-9,17 and underscores the importance of the
antitumor immune response in CRC.18 Given that the use-
fulness of IS in prognostication in localized CRC is well
established,19 there are several priorities for current and
future research, of which we highlight three. First is the
combination of IS with other promising methods for risk
stratification, such as measurement of circulating free
tumor DNA (ctDNA).20 Plasma samples were collected by
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FIG 3. Prognostic value of IS according to clinical risk group in the SCOT-HORG trials. Kaplan-Meier plots showing DFS according to clinical risk
score and two-group IS for (A) patients treated with FOLFOX, (B) patients treated with CAPOX, and (C) patients treated with either regimen.
Statistical comparison between groups was made by using the log-rank test. DFS, disease-free survival; FOLFOX, infusional fluorouracil,
leucovorin, and oxaliplatin; IS, Immunoscore.
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several trials within the IDEA collaboration. Although it is
currently unknown whether IS and ctDNA will provide
nonredundant information, it is tempting to speculate that
IS-High, ctDNA-negative patients and IS-Low, ctDNA-
positive patients will have markedly different prognoses and
be candidates for alternative management strategies. In-
deed, a recent study in stage II CRC suggested such an

association, and that IS prognostic value is retained in
combination with ctDNA.21 Second is the evolution of IS to
include other immune biomarkers. The Immunoscore
Immune Checkpoint assay incorporates the density and
spatial relationship of CD8 and PD-L1–positive cells in
tumors. IS IC showed promise as a predictor of benefit from
immune checkpoint blockade (ICB) in metastatic pMMR
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FIG 4. Prognostic value of IS within subgroups in the SCOT-HORG trials. Forest plots showing HR for DFS across patient and tumor subgroups
according to two-group IS for (A) patients treated with FOLFOX and(B) patients treated with CAPOX. (C and D) Corresponding Kaplan-Meier
plots of DFS according to patient age and two-group IS for respective cohorts. Interaction testing in A and B was obtained from the IS 3

subgroup cross-product term from univariable analysis. Statistical comparison between groups in C and D was made by using the log-rank
test. DFS, disease-free survival; FOLFOX, infusional fluorouracil, leucovorin, and oxaliplatin; HR, hazard ratio; IS, Immunoscore.
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CRC22; it will be of interest to investigate similar predictive
value in studies of ICB in early-stage disease. Third is the
translation of IS to the preoperative setting, given recent
evidence demonstrating feasibility and promising activity
of neoadjuvant therapy in patients with localized CRC,23 and
the utility of IS in predicting response to such treatment in
rectal cancer.24

Our study has several strengths. These include the rigorous
used for the IS, the large number of clinical trial cases with

carefully curated clinical outcome data available for analysis,
and our predefined SAP. It also has some limitations. Owing to
lack of available samples, we only studied samples from two
trials within the IDEA collaboration.10,11 Although our study is
one of the largest biomarker analyses ever performed in CRC,
pooled analysis including additional studies including
TOSCA,25 CALGB 80702,26 and the previously published IDEA
France analysis9 would increase power to identify and validate
IS prognostic and predictive associations. Another limitation
is the lack of molecular markers of known prognostic value

0.00

0.25

0.50

0.75

1.00

0 1 2 3 4 5 6

Time (years)

Pr
ob

ab
ili

ty
 D

is
ea

se
-F

re
e

1041 955 861 784 743 677 473

549 468 386 353 319 285 193IS-Low

IS-High

No. at risk:

B

0.00

0.25

0.50

0.75

1.00

0 1 2 3 4 5 6

Time (years)

Pr
ob

ab
ili

ty
 D

is
ea

se
-F

re
e

138 115 108 104 94 86 59

33 31 28 27 24 22 14IS-Low

IS-High

No. at risk:

C

A

MMR

Subgroup No. Events

Age, years

HR (95% CI)

Sex

BMI

Risk stratum

Location

Arm

IS2

pMMR
dMMR

≤65
>65

Male
Female

≤25
>25

T1-3 and N1
T4 or N2

Right colon
Left colon
Rectum

3 months
6 months

1591
171

888
874

1044
718

720
1020

933
829

728
823
208

880
882

1762

513
48

260
301

343
218

237
313

204
357

265
239
56

284
277

561

1.68 (1.41 to 2.00)
0.67 (0.30 to 1.49)

1.71 (1.34 to 2.18)
1.53 (1.21 to 1.93)

1.55 (1.25 to 1.92)
1.67 (1.28 to 2.18)

1.77 (1.37 to 2.29)
1.51 (1.21 to 1.89)

1.52 (1.14 to 2.01)
1.54 (1.25 to 1.90)

1.55 (1.21 to 1.99)
1.80 (1.39 to 2.32)
1.33 (0.78 to 2.28)

1.67 (1.32 to 2.12)
1.52 (1.20 to 1.93)

1.59 (1.35 to 1.89)

.03

.44

.57

.4

.87

1

.57

0 1 2 3 4

In Favor
of IS-Low

In Favor
of IS-High

P
INT

FIG 5. Prognostic value of IS within subgroups in patients with DNA MMR status in SCOT-HORG studies. (A) Forest plot showing HR for
DFS across patient and tumor subgroups according to two-group IS for patients treated with FOLFOX or CAPOXwith available tumor DNA
MMR status. (B and C) Corresponding Kaplan-Meier plots of DFS according to two-group IS for cases with (B) pMMR and (C) dMMR. DFS,
disease-free survival; dMMR, deficient mismatch repair; FOLFOX, infusional fluorouracil, leucovorin, and oxaliplatin; HR, hazard ratio; IS,
Immunoscore; MMR, mismatch repair; pMMR, mismatch repair proficient.
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beyond MMR such as KRAS and BRAF mutation,27 which were
not available at the time of our report. Addition of these may
further refine risk stratification and identify tumor subgroups
for experimental intervention.

In summary, we show IS (1) is strongly prognostic in patients
with stage III CRC treated with CAPOX or with FOLFOX; (2)
holds similar prognostic value in both high- and low-risk,

and in right- and left-sided tumors; and (3) with possible
exception of low-risk tumors treated with FOLFOX does not
appear to predict differential benefit of 3- versus 6-month
chemotherapy in this patient group, although the study was
underpowered for this objective. Clinical application of the IS
could help stratify patients who do not require postoperative
chemotherapy and others who are candidates for trials of
more intensive therapy.
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