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PURPOSE The purpose of this study was to evaluate the prognostic value of Immunoscore in patients with stage Il
colon cancer (CC) and to analyze its association with the effect of chemotherapy on time to recurrence (TTR).

METHODS An international study led by the Society for Immunotherapy of Cancer evaluated the predefined
consensus Immunoscore in 763 patients with American Joint Committee on Cancer/Union for International
Cancer Control TNM stage Ill CC from cohort 1 (Canada/United States) and cohort 2 (Europe/Asia). CD3+ and
cytotoxic CD8+ T lymphocyte densities were quantified in the tumor and invasive margin by digital pathology.
The primary end point was TTR. Secondary end points were overall survival (OS), disease-free survival (DFS),
prognosis in microsatellite stable (MSS) status, and predictive value of efficacy of chemotherapy.
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RESULTS Patients with a high Immunoscore presented with the lowest risk of recurrence, in both cohorts.
Recurrence-free rates at 3 years were 56.9% (95% Cl, 50.3% to0 64.4%), 65.9% (95% Cl, 60.8% to 71.4%), and
76.4% (95% Cl, 69.3% to 84.3%) in patients with low, intermediate, and high immunoscores, respectively
(hazard ratio [HR; high vlow], 0.48; 95% Cl, 0.32t0 0.71; P = .0003). Patients with high Immunoscore showed
significant association with prolonged TTR, OS, and DFS (all P<.001). In Cox multivariable analysis stratified by
participating center, Immunoscore association with TTR was independent (HR [high viow], 0.41; 95% CI, 0.25

o to 0.67; P = .0003) of patient’s sex, T stage, N stage, sidedness, and microsatellite instability status. Significant
/a'\;l;hi;;zgat'ons association of a high Immunoscore with prolonged TTR was also found among MSS patients (HR [high v low],
information (if 0.36; 95% Cl, 0.21 to 0.62; P = .0003). Immunoscore had the strongest contribution x2 proportion for
applicable) appear influencing survival (TTR and OS). Chemotherapy was significantly associated with survival in the high-
at the end of this Immunoscore group for both low-risk (HR [chemotherapy v no chemotherapy], 0.42; 95% CI, 0.25 to 0.71;
article. P = .0011) and high-risk (HR [chemotherapy v no chemotherapy], 0.5; 95% ClI, 0.33 to 0.77; P = .0015)

Accepted on June 26, natients, in contrast to the low-Immunoscore group (P > .12).
2020 and published at

ascopubs.org/journal/ CONCLUSION This study shows that a high Immunoscore significantly associated with prolonged survival in stage
jeo on september 8, ||| CC. Our findings suggest that patients with a high Immunoscore will benefit the most from chemotherapy in
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Immunoscore Predicts Treatment Response in Colon Cancer

CONTEXT

Key Objective

To test the prognostic value of Immunoscore in Stage Il patients and its predictive value in response to chemotherapy.

Knowledge Generated

Independently of age, Immunoscore significantly predicted time to recurrence and overall survival. Immunoscore had the
highest contribution to survival, was significant in Cox multivariable analysis, and predicted the likelihood of response to
chemotherapy.

Relevance

The benefit of chemotherapy may be dependent upon a proper pre-existing immunity, and Immunoscore may help to
predict and stratify patients who will benefit from treatment.

INTRODUCTION

The anatomically based American Joint Committee on
Cancer/Union for International Cancer Control (AJCC/
UICC) TNM classification system provides useful yet in-
complete prognostic information.! New ways to classify
cancer focusing on tumor cells!? have only shown mod-
erate prediction accuracy and limited clinical usefulness.
Chemotherapy is recommended for all stage Ill colon
cancer (CC); however, real-life data on > 200,000 patients
show that only 62%-64% of patients with stage Il disease
are receiving chemotherapy.>* Only 20% of patients with
stage Il CC really benefit from adjuvant chemotherapy,
exposing 80% of patients to unnecessary hazards and
toxicity of multi-agent chemotherapy.®>* A recent in-
ternational study (IDEA; ClinicalTrials.gov identifier:
NCT00958737)%° evaluated adjuvant chemotherapy reg-
imens in > 12,000 patients with stage Il CC. Overall, the
study did not meet the primary end point of noninferiority
of 3 versus 6 months chemotherapy. It was concluded
that age, risk assessment, and more precise risk cate-
gories could be used to inform the duration of adjuvant
chemotherapy.

Extensive literature demonstrated a favorable prognostic
impact of the in situ immune-cell infiltrate in tumors.2”*° In
CC we have shown that time to recurrence (TTR) and overall
survival (OS) strongly correlated with the strength of in situ
adaptive immune reaction®!#182921 gt the center of tumor
(CT) and invasive margin (IM).?> We characterized immune
subtypes infiltrating tumors?® and proposed that intratumoral
immune contexture of tumors could be a dominant de-
terminant of clinical outcome.®° We showed the usefulness
of a derived immune score—Immunoscore—to predict
clinical outcome in patients with early?! and advanced?+%®
stage CC. Recently, an international consortium validated the
prognostic value of the consensus Immunoscore in patients
with TNM stage I-111?° and stage Il CC.?° However, the
prognostic value of Immunoscore to predict risk of re-
currence and death in stage Ill CC and the predictive value of
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Immunoscore regarding response to chemotherapy remain
unclear. Herein, the international Society for Immunotherapy
of Cancer Immunoscore consortium aimed at validating the
predefined consensus Immunoscore for patients with stage
[l CC. We report the final results of Immunoscore to stratify
patients with stage Il CC and examined its potential to further
refine T and N risk categories, with implications for adjuvant
therapy.

METHODS
Patients

An international consortium composed of 14 pathology
expert centers from 13 countries evaluated the consensus
Immunoscore in primary tumors from 763 patients with
stage Il CC.?° Clinical data from North America and Europe
plus Asia data sets are presented in the Data Supplement
(online only). These retrospective cohorts include untreated
patients and also patients treated with fluorouracil (FU),
folinic acid, and oxaliplatin (FOLFOX) and other combina-
tions of chemotherapy drugs such as oxaliplatin and
capecitabine (XELOX) and folinic acid, fluorouracil, and
irinotecan (FOLFIRI). These patients did not receive any
immune checkpoint therapy. The primary end point was
TTR, defined as time from surgery to disease recurrence.
Secondary end points were OS, disease-free survival (DFS),
and prognosis in microsatellite-stable (MSS) status. All end
points were prespecified. The study was approved by the
ethics committees from each center.

Immunohistochemistry

Within each center, a pathologist selected for each patient
a tumor block containing CT and IM. Two tissue paraffin
sections of 4 wm were processed for standardized im-
munohistochemistry as previously described.?®

Image Analysis

CD3 and CD8 cell densities were determined in CT and IM
regions using dedicated Immunoscore software.?® The mean
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and the distribution of the staining intensities were monitored,
providing an internal quality control of each slide.

Immunoscore Determination

CD3 and CD8 densities in CT and IM regions were con-
verted into percentiles as previously described.?® The mean
of the four percentiles obtained was calculated and
translated into Immunoscore scoring system (HalioDx,
Marseille, France). Immunoscore categories were previously
defined independently of clinical data.?® These predefined
categories were used herein, with three Immunoscore cat-
egories (0%-25%, low [Lol; > 25%-70%, intermediate [Int],
> 70%-100% high [Hil). Additional categories are de-
scribed in the Data Supplement.

Monitoring of the Study

The biomarker reference center (Hopital-Européen-
Georges-Pompidou AP-HP, INSERM, Paris) optimized
immunostaining protocols, provided Immunoscore soft-
ware user's manual, and validated data from each cohort
analyzed.?® Exclusion criteria included missing counts at
either tumor region or low staining intensity (= 152 Arbi-
trary Unit [AUD).

Microsatellite Instability and Mutation Status

For patients with enough sample material available (n =
476), genomic DNA was extracted from paired tumor
and normal colonic tissue from formalin-fixed paraffin-
embedded slides. Microsatellite-instability (MSI) status was
assessed with the molecular new Bethesda panel as pre-
viously described.?® Patients with deficient mismatch repair
and proficient mismatch repair were denoted MSI and
MSS, respectively. Mutations were tested in patients with
available material (BRAF, APC, TP53, n = 109; KRAS, n =
119 patients).

Statistics

Demographics and disease characteristics were compared
across the North America and Europe plus Asia cohorts by
t test, Fisher's exact test, and x? test when applicable.
Bivariable association between Immunoscore and time-to-
event outcomes was evaluated by the log-rank test and by
participating center—stratified Cox proportional hazards
model. Multivariable Cox models stratified by center were
used to assess the associations between Immunoscore and
outcomes adjusting for potential confounders. The com-
parison of the performance of risk prediction models was
performed using the likelihood-ratio test P value. Survival
time distribution was done using the restricted mean
survival time (RMST).*° See Data Supplement for details.

RESULTS

Immune Densities and Immunoscore in Relation to the
Age of the Patients

Biomarker data from 763 patients with CC with AJCC/UICC
TNM stage Illl who were part of the Immunoscore

3640 © 2020 by American Society of Clinical Oncology

international validation study®® were investigated. Patients
were divided into two data sets: cohort 1 (North America),
cohort 2 (Europe and Asia; Fig 1A), with balanced de-
mographic and clinical characteristics (Data Supplement).
Overall, patients were 48.8% male, with a median age of
66.9 = 13 years. The mean number of lymph nodes (LN)
examined was 189 * 14.3. Across all patients, 251
(32.9%) relapses, and 342 (44.8%) deaths were observed.
The median follow-up time for censored patients was
69.6 months (95% Cl, 63.5 to 73.9 months), and median
survival time from surgery to death due to any cause was
102.9 months (95% Cl, 92.6 to 109 months).

Immunoscore predefined cut points®® were applied to
cohorts 1 and 2. The intratumoral densities and densities
quantified at the IM were not influenced by the age of the
patients (Fig 1B). Immunoscore was not associated with
clinical parameters except T stage (Data Supplement).
Similarly, the proportion of patients with high, intermediate,
and low Immunoscore was independent of the age interval
(Fig 1C). The mean number of total LN found was slightly
higher in younger patients, with 21.4 (95% CI, 18.9 to
23.9),20(95% Cl, 17.9t022), 16.9 (95% Cl, 15.71t0 18.2),
and 17.6 (95% Cl, 14.7 to 20.6) LN found in < 60, = 60-
70, = 70-85, and = 85-year-old categories. No age-related
difference was observed in the T-cell receptor (TCR) di-
versity, intensity, inhomogeneity, and rearrangement in-
tensity (Fig 1D). Analyses of the clonal configuration of
intratumoral TCR transcripts showed that the diversity of
the top 100 most frequent clones does not differ in young
and elderly patients (Fig 1E).

Immunoscore and the Outcome of Patients With Stage
11 CC

The prognostic value of Immunoscore for TTR, OS, and
DFS of patients with stage Il CC was further evaluated in
cohorts 1 and 2 (Fig 2; Table 1). The 2-category Immu-
noscore identified patients with distinct clinical outcome for
TTR and OS (Figs 2A-2D). Patients with a high Immuno-
score from cohort 1 (83.6% [n = 67]; Figs 2A and 2B; Data
Supplement) had a significantly longer survival for TTR
(5-year recurrence rate, Int + Hi: 27.7%, Lo: 63.6%;
unadjusted hazard ratio [HR; Int + Hi v Lol, 0.34; 95% Cl,
0.1410 0.83; P=.0176) and OS (unadjusted HR [Int + Hi
v Lo], 0.32; 95% CI, 0.15 to 0.7; P = .0045). The
2-category Immunoscores were also analyzed in cohort
2 (n = 696; Figs 2C and 2D; Data Supplement) and
among patients from both cohorts (Table 1; Data Supple-
ment). DFS rates at 3 years were 48.7% and 60.0% for
Immunoscore-Lo and Immunoscore—Int + Hi, respectively
(unadjusted HR [Int + Hi vLo], 0.68; 95% Cl, 0.55 to 0.84;
P = .0004; Table 1; Data Supplement). In cohort 2,
66.7% of the patients had Int + Hi Immunoscore (Figs 2C
and 2D; Data Supplement) and had a significantly lower
risk to relapse (5-year recurrence rate, Int + Hi: 36.1%, Lo:
49.6%; unadjusted HR [Int + Hi vLol, 0.67;95% Cl, 0.5to

Volume 38, Issue 31

Downloaded from ascopubs.org by Uni Catholique De Louvain on October 30, 2020 from 130.104.192.154
Copyright © 2020 American Society of Clinical Oncology. All rights reserved.



Immunoscore Predicts Treatment Response in Colon Cancer

Age groups (years)
—= 100 <60
X
TE' 80 10,000 >60-70
n . . >70-85
2 o
5 3 60 EE i m>85
S o= 40 : .
a3 i :
= 20 4 .
E Cohort 1 1.000
= o

012345678
Time to Recurrence (years)

aes o0 o o

6 g ﬂﬂ”*«%é&i PR

[ETT—N ““WFW""""

et ol

100

100
80
60 10 4
40
20
Cohort 2
1

Cells/mm?
o ey b

Patients
Without Event (%)

0 -
012345678 CD3, CT CD3, IM CD8, CT CD8, IM
Time to Recurrence (years)

C D Age groups (years) Age groups (years)
Age groups <60 >60-70 >70-85 >85 150 4 <70 150 <70
(years) >70 : 570

Immunoscore, % d 4 Q
B Hi
M Int
M Lo
=
)
[
=
°
i
jU
[«b]
[
=)
(3]

TCRP

Journal of Clinical Oncology 3641

Downloaded from ascopubs.org by Uni Catholique De Louvain on October 30, 2020 from 130.104.192.154
Copyright © 2020 American Society of Clinical Oncology. All rights reserved.



Mlecnik et al

0.88; P = .0041) and death (unadjusted HR [(Int + Hi v
Lol, 0.72; 95% Cl, 0.57 to 0.91; P = .0061).

Overall for patients with stage Il disease (n = 763), re-
currence rates at 5 years were 30.6%, 36.8%, and
50.4% for Immunoscore Hi, Int, and Lo, respectively
(unadjusted HR [Hi v Lo], 0.48; 95% Cl, 0.32t0 0.71; P =
.003, Table 1; Data Supplement). This positive association
with survival of a high Immunoscore was also confirmed for
OS and for cohort 2 (5-year survival rate, Hi: 69.1%, Int:
63.5%, Lo: 54.2%; unadjusted HR [Hi v Lo], 0.63; 95% ClI,
0.4510 0.9; P = .0099; Fig 2F; Data Supplement). Similar
significant results were found for DFS (Table 1; Data
Supplement). Expanding Immunoscore into five categories
(10, 11, 12, 13, 14) further discriminated patients into higher
risk (10), and lower risk (14), with significant differences in
clinical outcome for TTR (5-year recurrence rate, 14: 0%,
[0: 56.7%), OS and DFS (Figs 2E-2H, Table 1; Data
Supplement). High-immune densities quantified within the
tumor nest and stromal tissue had a similar, positive as-
sociation with the TTR of the patients (Data Supplement).
Such positive association of Hi- and Int + Hi—Immunoscore
with TTR can be observed within multiple age-defined
categories (Data Supplement), including elderly patients
(= 68 years; P = .0258; Data Supplement).

Immunoscore, MSI Status, and Mutations

Although only 65% of the patients had MSI status in-
formation available, this yielded sufficient power given the
low rate of MSI-high status. When stratified into two-
category Immunoscore, MSI tumors were associated with
Immunoscore-high in 73% (56/76) of cases, and an
Immunoscore-high was observed in 66.25% (265/400) of
MSS tumors. MSS patients with Int + Hi—Immunoscore had
significantly longer TTR (Fig 3A; Data Supplement; b5-year
recurrence rate, Int + Hi: 36.4%, Lo: 58.2%; unadjusted
HR [Int + Hi vLo], 0.48; 95% Cl, 0.34 t0 0.67; P < .0001)
as well as OS (Fig 3B; Data Supplement; unadjusted HR
[Int + Hi v Lo], 0.52; 95% Cl, 0.37 to 0.72; P = .0001).
Patients with highly infiltrated MSS tumors had a survival
advantage in both TTR (Fig 3C; Data Supplement; 5-year
recurrence rate, Hi: 32.5%, Int: 37.8%, Lo: 58.2%; un-
adjusted HR [Hi v Lo], 0.36; 95% CI, 0.21 t0 0.62; P =
.0003) and OS (Fig 3D; Data Supplement; unadjusted HR
[HivLol, 0.39;95% Cl, 0.23t0 0.67; P =.0006) compared
with patients with weakly infiltrated tumors. A similar pro-
file was observed when five-category Immunoscore was

applied (Figs 3E and 3F). This analysis identified patients
with high-risk MSS (l0) with a significantly shorter TTR
(Fig 3E) and OS (Fig 3F) compared with patients with
Immunoscore-l4 MSS. In a multivariable Cox model
stratified by center, MSI did not remain significant for TTR
or OS and depended on Immunoscore (Figs 3A-3D; Data
Supplement). Mutations of BRAF, APC, TP53 and KRAS
were not associated with TTR (Data Supplement) and did
not remain significant for TTR and OS in a multivariable Cox
model including Immunoscore, T stage, N stage, and sex
(Data Supplement). The power of Immunoscore to predict
TTR and OS was superior to that of tumor risk parameters,
including mutations (Data Supplement).

Immunoscore and Time-to-Event Analysis Among
Patients With High-Risk and Low-Risk Stage Ill Disease

In both pathology-based low-risk and high-risk stage |l
subgroups, high Immunoscore was associated with a longer
survival for most of the patients (Data Supplement). Low-risk
patients with Int + Hi Immunoscore presented significantly
better outcomes for TTR (5-year recurrence rate, Int + Hi:
25.6%, Lo: 41.2%; unadjusted HR [Int + Hi v Lo], 0.49;
95% Cl, 0.32 to 0.74; P = .0007) and OS (unadjusted HR
[Int + Hi v Lo], 0.63; 95% ClI, 0.43 to 0.88; P = .014)
compared with patients with low Immunoscore (Figs 4A and
4B). Similar results were obtained with Immunoscore-high,
including patients with the highest intratumoral infiltration
(Figs 4C and 4D). In high-risk patients, high Immunoscore
significantly predicted lower risk for OS (5-year survival rate,
Hi: 66.3%, Int: 54.9%, Lo: 46.5%; unadjusted HR [Hi v Lo],
0.55; 95% Cl, 0.33 t0 0.91; P = .019; Data Supplement).
Similar significant results were also found for TTR (Data
Supplement). Within the Immunoscore-Int subgroup, tumor
risk parameters were significantly associated with TTR, OS,
and DFS (Data Supplement). Thus, Immunoscore signifi-
cantly predicted survival in subgroups of stage Ill CC.

Performance of Immunoscore in Multivariable Analyses

Cox multivariable analyses adjusted for Immunoscore, sex,
T stage, N stage, MSI, sidedness, and stratified by city
center revealed a significant prognostic value of Immu-
noscore 2 categories (Data Supplement) and three cate-
gories (Figs A and 5B). Among tumor-related parameters,
only N stage was significant for OS (all P<.01; Fig 5A). The
power of Immunoscore to predict TTR and OS was superior
to that of tumor-risk parameters, including venous emboli,
lymphatic invasion, perineural invasion (VELIPI), mucinous-

FIG 1. The immune infiltrate and Immunoscore in patients with different ages. (A) Kaplan-Meier curves for patients with colon cancer from cohorts 1
(upper panel) and 2 (lower panel). (B) Patient groups based on age: < 60 years (light blue), = 60-70 (light orange), = 70-85 (green) and = 85
(orange)and CD3 and CD8 immune densities quantified in the tumor core (CT) and invasive margin (IM). Each dot represents a mean whole-slide
quantification in 1 patient. (C) The Society for Immunotherapy of Cancer study cutoff of the Immunoscore scoring system applied to convertimmune
densities into percentiles. The Immunoscore classified patients (grouped by age) into three categories: low (Lo, mean percentile 0%-25%, purple),
intermediate (Int, > 25%-70%, blue), and high (Hi, > 70%-100%, green). (D) T-cell receptor diversity, intensity, inhomogeneity, and rearrangement
intensity in patient groups based on age (< 70, gray; = 70, green). (E) Clonal configuration of T-cell receptor (TCR) transcripts (quantitative
polymerase chain reaction) in patients with different ages. The top 100 most frequent clones are shown in descending order (mean percentage over
all patients). Each bar represents an individual clonotype.
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FIG 2. The impact of Immunoscore on
patient outcome. Kaplan-Meier curves of
Immunoscore are shown for (A, C, E, G) time
to recurrence and (B, D, F, H) overall sur-
vival (OS) for patients from cohort 1 (A, B)
and cohort 2 (C-H). (A-D) Immunoscore 2
categories: Lo (0%-25%, purple), Int + Hi
(> 25%-100%, blue). (E-F) Immunoscore
three categories: Lo (0%-25%, purple), Int
(> 25%-70%, orange), and Hi (> 70%-
100%, blue). (G-H) Immunoscore 5 cate-
gories: 10 (0%-10%, purple), 11 (> 10%-
25%, orange), 12 (> 25%-70%, green), 13
(> 70%-95%, red), and 14 (> 95%-100%,
blue). (*) Significant log-rank P value .01
= P < .05.
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TABLE 1. Univariate Analysis (cohort 1 plus cohort 2)

No. of Patients Rate at 3 Years (%) Rate at 5 Years (%) Hazard Ratio

Immunoscore Category (%) (95% CI) (95% CI) (95% CI) P?
TTR
IS 2 levels, %
Lo (0-25) 243 (31.8) 56.9 (50.3 to 64.4) 49.6 (42.8 to 57.5) 1.0 (reference)
Int + Hi (25-100) 520 (68.2) 68.7 (64.5 to 73.3) 65 (60.6 to 69.8) 0.63 (0.48 to 0.83) .0008
IS 3 levels, %
Lo (0-25) 243 (31.8) 56.9 (50.3 to 64.4) 49.6 (42.8 to 57.5) 1.0 (reference)
Int (25-70) 368 (48.2) 65.9 (60.8 to 71.4) 63.2 (58.1 to 68.9) 0.69 (0.52 to 0.91) .0096
Hi (70-100) 152 (19.9) 76.4 (69.3 to 84.3) 69.4 (61.3 to 78.6) 0.48 (0.32 t0 0.71) .0003
IS 5 levels, %
0-10 88 (11.5) 48.3 (38 to 61.5) 43.3 (33 to 56.8) 1.0 (reference)
10-25 155 (20.3) 61.9 (53.8t0 71.2) 53.3 (44.8 to 63.5) 0.69 (0.45 to 1.05) .0802
25-70 368 (48.2) 65.9 (60.8 to 71.4) 63.2 (58.1 to 68.9) 0.54 (0.37 to 0.79) .0016
70-95 142 (18.6) 74.9 (67.4 10 83.2) 67.7 (59.2 to 77.3) 0.41 (0.25 to 0.66) .0003
95-100 10 (1.3) 100 (100 to 100) 100 (100 to 100) 0 (0 to Infinite) NA
oS
IS 2 levels, %
Lo (0-25) 243 (31.8) 65.2 (69.3 to 71.7) 53.3 (47.1 t0 60.3) 1.0 (reference)
Int + Hi (25-100) 520 (68.2) 74.3 (70.6 to 78.3) 66.4 (62.3 to 70.7) 0.68 (0.54 to 0.85) .0009
IS 3 levels, %
Lo (0-25) 243 (31.8) 65.2 (69.3 to 71.7) 53.3 (47.1 t0 60.3) 1.0 (reference)
Int (25-70) 368 (48.2) 73.9 (69.5 to 78.7) 64.9 (60.1 to 70.2) 0.71 (0.56 to 0.9) .0049
Hi (70-100) 152 (19.9) 75.2 (68.4 t0 82.6) 70 (62.7 to 78.1) 0.6 (0.43 10 0.83) .0022
IS 5 levels, %
0-10 88 (11.5) 56.9 (47.2 to 68.6) 44.4 (34.8 to 56.6) 1.0 (reference)
10-25 155 (20.3) 70 (62.9 to 77.8) 58.5 (50.9 to 67.3) 0.74 (0.51 to 1.07) .1053
25-70 368 (48.2) 73.9 (69.5 to 78.7) 64.9 (60.1 to 70.2) 0.58 (0.42 to 0.81) .0014
70-95 142 (18.6) 74.3 (67.3 10 82) 69.8 (62.3 to 78.2) 0.49 (0.33 10 0.74) .0007
95-100 10 (1.3) 90 (73.2 to 100) 67.5 (37 to 100) 0.48 (0.15 to 1.54) 2147
DFS
IS 2 levels, %
Lo (0-25) 243 (31.8) 48.7 (42.6 to 55.7) 40.1 (34 to 47.2) 1.0 (reference)
Int + Hi (25-100) 520 (68.2) 60 (55.8 to 64.6) 53.8 (49.5 to 58.5) 0.68 (0.55 to 0.84) .0004
IS 3 levels, %
Lo (0-25) 243 (31.8) 48.7 (42.6 to 55.7) 40.1 (34 to 47.2) 1.0 (reference)
Int (25-70) 368 (48.2) 58.5 (53.5 to 64) 52.7 (47.6 to 58.3) 0.71 (0.57 to 0.89) .0025
Hi (70-100) 152 (19.9) 63.8 (56.3 to 72.4) 56.4 (48.4 to 65.6) 0.62 (0.46 to 0.83) .0014
IS 5 levels, %
0-10 88 (11.5) 39.3 (30 to 51.5) 32.6 (23.7 to 44.7) 1.0 (reference)
10-25 155 (20.3) 54.1 (46.5 to 63) 44.4 (36.7 to 53.6) 0.71 (0.5t0 1) .0517
25-70 368 (48.2) 58.5 (53.5 to 64) 52.7 (47.6 to 58.3) 0.57 (0.42 to 0.77) .0003
70-95 142 (18.6) 62.3 (54.5t0 71.2) 55.5 (47.4 to 65.1) 0.51 (0.35 t0 0.74) .0004
95-100 10 (1.3) 90 (73.2 to 100) 67.5 (37 to 100) 0.29 (0.09 to 0.93) .0377

Abbreviations: DFS, disease-free survival; IS, Immunoscore; NA, not applicable; OS, overall survival; TTR, time to recurrence.

®Wald P value unadjusted stratified by participating center.
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colloid type, and differentiation (Fig 5B; Data Supplement).
Variables with the most important relative contribution to the
risk (x? proportion) were: Immunoscore, T stage, N stage,
and sexin TTR (Data Supplement), and in OS: Immunoscore
and N stage (Fig 5B; Data Supplement). Other parameters
had a small relative contribution (< 10%; Fig 5B). Immu-
noscore remained significant in multivariable analysis for
TTR (P < .05) without discretization (continuous variable).
Furthermore, adding Immunoscore to a model combining all
clinical variables significantly improved the prediction for
recurrence (likelihood-ratio test, P = .0026) and death
(likelihood-ratio test, P = .0124).

Journal of Clinical Oncology

A model combining Immunoscore and the histopatholog-
ical risk factor stratification showed the importance of these
2 classifications for the survival of the patients (OS: HR,
0.61; 95% ClI, 0.44 to 0.85; P = .0031; Fig 5A). Immu-
noscore remains the most important parameter for OS
(Fig 5D). Similar results were observed for DFS (Data
Supplement).

Immunoscore and Benefit From Adjuvant Chemotherapy

To evaluate whether patients might benefit from adjuvant
chemotherapy depending on their Immunoscore, we in-
vestigated the association between Immunoscore and TTR
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among patients who did or did not receive adjuvant che-
motherapy. Untreated patients were significantly older
(without chemotherapy: 73.0 + 11.8 vwith chemotherapy:
62.4 = 12.0 years old; Data Supplement). Elderly patients
were more frequently treated with FU in contrast to younger
patients, who received a higher proportion of combination
therapies. Treatment with adjuvant chemotherapy was
associated with better TTR in stage Il (5-year recurrence
rate of 32.3% with chemotherapy v 50.6% with no che-
motherapy; unadjusted HR, 0.54; 95% Cl, 0.41 to 0.72;
P < .0001; Data Supplement), low-risk (P .0007;
Fig 5D), and high risk (P = .0008; Fig 5E) stage Il sub-
groups. Forest plot analysis of TTR (Figs 5D and 5E)
revealed that Immunoscore predicted chemotherapy ben-
efit, and RMST TTR analysis illustrated major significant
differences in the survival months gained by chemo-
therapy treatment (Data Supplement). Analysis of the
predictive value of Immunoscore for response to chemo-
therapy revealed that the association of chemotherapy with
the survival increased within Immunoscore subgroups,

3646 © 2020 by American Society of Clinical Oncology

from 10 to 14 (Fig 5C). In 10 and 10-1 groups, chemotherapy
was not significantly associated with TTR. In contrast, in 12,
12-3, 13, 13-4, and 12-3-4 groups there was a significant
association of chemotherapy with TTR (13-4 group; HR,
0.41; 95% ClI, 0.20 to 0.82; P < .009; Fig 5C; Data
Supplement). When adding interaction terms in a Cox
model, only Immunoscore was significant for TTR (P =
.0062), whereas interactions of chemotherapy with age and
with Immunoscore were not significant (Data Supplement).
In OS, the interaction between Immunoscore and che-
motherapy was significant (P = .0092), as well as age (P <
.0001; Data Supplement), showing the predictive value of
Immunoscore. In low-Immunoscore, chemotherapy was
not significantly associated with prolonged TTR, either in
high-risk (P = .12) or in low-risk (P = .17) stage Ill disease
(Figs 5D and 5E). Patients with Immunoscore 10 had similar
outcome regardless of chemotherapy treatment, in high-
risk (P = .12) and low-risk (P = .83) stage Il disease (Data
Supplement). In contrast, patients with Int + Hi Immu-
noscore and low-risk stage Il disease benefited the most
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A Multivariate overall survival analysis stratified by center B
Events/Total: 341/760; C-index (95%Cl): 0.59 (0.51 to 0.67)
HR (95% Cl) CoxPH  Wald P
Sex Female v Male 0.89 (0.72to 1.11)  .2167 .2964
T stage T3 v T1-2 1.11(0.73to 1.69)  .5842 .6304 R ESEETE
T stage T4 vT1-2 1.28 (0.80 to 2.04) .9914 .3010 (Hi, Int, Lo) Sidedness
N stage N2 v N1 1.40 (1.12to 1.76)  .0009 .0032 T stage
Sidedness distal v proximal 0.85 (0.68 to 1.07) .4068 .1705 Sex
MSI status MSI v MSS MSI 1.15(0.78 to 1.70)  .0602 .4750 Msl
Status unknown v MSS 0.92 (0.58 to 1.46) .6441 7240
Immunoscore Int (25%-70%) v Lo (0%-25%) 0.72 (0.56 t0 0.91)  .5020 .0071
Immunoscore Hi (70%-100%) v Lo (0%-25%)  0.58 (0.41to 0.80) .9781 .0012
Events/Total: 342/763; C-index (95%Cl): 0.57 (0.53-0.6)
HR (95% Cl) CoxPH Wald P Immunoscore
Histopathological classification (Hi, |n*t' Lo)
Risk high (T4 or N2) v Low (T1-T3,N1) 1.4 (1.12 to 1.74) .0178 .0025
Immunoscore classification Risk
Immunoscore Int (25%-70%) v Lo (0%-25%) 0.71(0.56t0 0.91) .5263  .0062 (e W ik )
Immunoscore Hi (70%-100%) v Lo (0%-25%) 0.61 (0.44 to 0.85) .7204 .0031
C Forest Plot of Effect of Chemotherapy v No Chemotherapy on TTR
Chemotherapy Multivariable Wald  Logrank
Subgroup Events/Total No/Yes HR (95% CI)* p P
Immunoscore 10 38/82 37/45 —e—4H 0.66 (0.35 to 1.26) 2111 .2080
Immunoscore 10-1 93/231 95/136 —e—] 0.66 (0.44 to 1.01) .0529 .0513
Immunoscore 11 55/149 58/91 —e—-H 0.68 (0.40 to 1.17) .1634 .1609
Immunoscore 11-2 167/502 207/295 e 0.56 (0.42 to 0.76) .0002 .0002
Immunoscore 12 112/353 149/204 [ — 0.51(0.35 to 0.73) .0003 .0002
Immunoscore 12-3 144/491 210/281 | 0.48 (0.34 to 0.67) <.0001 <.0001
Immunoscore I3 32/138 61/77 —e— 0.42 (0.21 to 0.84) .0146 .0118
Immunoscore 13-4 32/148 65/83 —-e— 0.41(0.20 to 0.82) .0124 .0098
T T T T T T T T LI T
0.10 0.20 0.50 1.0 1.5 3.0 5.0 10.0
Forest Plot of Effect of Chemotherapy v No Chemotherapy on TTR Among Low-Risk Patients
Chemotherapy Multivariable Wald Logrank
Subgroup Events/Total No/Yes HR (95% CI)* p P
Overall 95/389 167/222 —e— 0.50 (0.33 to 0.74) .0007 .0005
Immunoscore Lo (0%-25%) 37/116 50/66 —e—x 0.64 (0.33 t0 1.22) 1770 .1735
Immunoscore Int + Hi (25%-100%) 58/273 117/156 —e— 0.42 (0.25 to 0.71) .0011 .0008
T LI LI LI L T
0.10 0.20 0.50 1.0 1.5 3.0 5.0 10.0
Forest Plot of Effect of Chemotherapy v No Chemotherapy on TTR Among High-Risk Patients
Chemotherapy Multivariable Wald Logrank
Subgroup Events/Total No/Yes HR (95% CI)* p P
Overall 142/343 142/201 - 0.57 (0.41 to 0.79) .0008 .0007
Immunoscore Lo (0%-25%) 56/115 45/70 —e—H 0.65 (0.38 to 1.12) 1228 1201
Immunoscore Int + Hi (25%-100%) 86/228 97/131 —eo— 0.50 (0.33 to 0.77) .0015 .0012
T TT1 T T T T T LI T
0.10 0.20 0.50 1.01.5 3.0 5.0 10.0
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(HR, 0.42; 95% Cl, 0.251t0 0.71; P = .0011; Fig 5D; Data
Supplement), as well as patients with Int + Hi Immuno-
score and high-risk disease (HR, 0.5; 95% Cl, 0.3310 0.37;
P = .0015; Fig 5E; Data Supplement). The association
between Immunoscore and adjuvant chemotherapy was
not significantly confounded by risk factors that are known
to affect survival rates among patients with stage Il disease
(age, sex, differentiation, sidedness, T stage, N stage; Data
Supplement). Without interaction terms, Immunoscore and
chemotherapy were significant in multivariable analyses for
TTR and OS. However, with interaction terms included in
the model, Immunoscore was significant with and without
interaction with chemotherapy in OS and TTR, respectively
(Data Supplement).

DISCUSSION

The recent demonstration of the major prognostic impact of
the immune contexture,®2831-33 together with new capa-
bilities of image assessment software to enumerate cells in
the tumor, led the recent international validation of
Immunoscore in stage I/11/11l CC.2° The prognostic impact of
the tumor microenvironment and Immunoscore has been
clearly established for precancerous lesions,> primary
tumor,89:13141821,2329 9nd metastasis.?*2%° Beyond these
results,® 1421242935 the relevance of Immunoscore in pa-
tients with stage Il disease remained to be established.
Herein, we demonstrate the ability of the consensus
Immunoscore to accurately stratify high- and low-risk pa-
tients with significant differences in clinical outcome. In
contrast to the peripheral immunity known to decline in
time,* we found that the local intratumoral adaptive im-
mune reaction is not influenced by patients’ age. The MSI
status, commonly used for clinical decisions, depended on
Immunoscore, as demonstrated by multivariable stratified
Cox model. Similarly, the mutational pattern was not as-
sociated with survival.

Apart from its prognostic ability, the Immunoscore acts as
a predictive factor of response to chemotherapy. Chemo-
therapy is recommended for all stage Ill CC. However, the
proportion of patients with stage Ill CC actually receiving
adjuvant chemotherapy is only 62%-64% in France and
the United States.>* The decision to give chemotherapy or
not is based on neither scientific-, nor biomarker-, nor
knowledge-based medical assessments, even though re-
cent data support the use of predictive immune bio-
markers.>” The risk of death decreases by 10%-15% when

fluorouracil monotherapy follows surgical resection, and by
20% when fluoropyrimidine-oxaliplatin combination ther-
apy is used.®49 |n stage Il CC, only 20% of patients ac-
tually benefit from adjuvant chemotherapy, exposing
80% of patients to unnecessary toxicity. Indeed, 50% of
patients with stage Ill CC would be cured by surgery alone,
and even with chemotherapy 30% experience recurrence,
which is generally fatal within 2-3 years.® It has been
demonstrated that chemotherapy affects the immune
system negatively and positively and that the anticancer
activity of chemotherapy was also mediated by the immune
response.*** The predefined consensus Immunoscore
analysis revealed that patients with low-Immunoscore stage
[Il disease do not benefit from chemotherapy, whereas
patients with a better preexisting immunity (Int + Hi
Immunoscore) do benefit the most from chemotherapy,
even in low-risk patients. This would suggest that effective
chemotherapy at least partly relies on the presence of high
densities of tumor-infiltrating T cells.

None of the few patients with the highest Immunoscore (14)
relapsed, even when untreated with chemotherapy, sup-
porting the hypothesis that they may be spared from
chemotherapy. Conversely, patients with low Immunoscore
not benefiting from chemotherapy should be proposed to
enter into novel clinical trials, or at least to be spared from
such long and toxic treatments.

Limitations of the study might be due to the heterogeneity of
the patient population in real-life clinical practice with
standard-of-care treatments from 13 different countries,
with 65% and 16% of the patients having MSI and mu-
tational status, respectively; this nonrandomized approach
was aimed at demonstrating the robustness of the con-
sensus Immunoscore across multiple ethnicities and
patient-care practices. Both Immunoscore and genetic
biomarkers should be investigated in larger prospective
studies to determine whether mutations occurring at dif-
ferent disease stages have a differential effect on the
intratumoral immune infiltrates and on patients’ prognosis.
[t will now be important to further validate the Immunoscore
in randomized clinical trials (such as NO147, IDEA) for
prognostic purpose and prediction of chemotherapy
response.*>% We argue for the importance of revising
stratification systems to include the consensus Immuno-
score in cancer guidelines (such as National Compre-
hensive Cancer Network, College of American Pathologists,
AJCC/UICC-TNM), as it has been recently done in the fifth

FIG 5. Clinical performance of tumor- and immune-related risk parameters and predictive value. (A) Cox multivariable regression analysis of overall
survival combining the three-category Immunoscore: low (Lo, 0%-25%), Intermediate (Int, > 25%-70%), and high (Hi, > 70%-100%) with clinical
parameters: sex, T stage, N stage, sidedness, and microsatellite instability (MSI) status. (B) Relative importance of each risk parameter to survival risk for
overall survival using the x? proportion test for clinical parameters and Immunoscore. Significant prediction of survival using likelihood ratio test. Forest
plots representing the predictive value of response to chemotherapy (time to recurrence [TTR]) in (C) Immunoscore groups: 10 (0%-10%), 10-1,
I1(>10%-25%), 11-2, 12 (> 25%-70%), 12-3, 13, (> 70%-95%), and 13-4( > 95%-100%), (D) Immunoscore Lo and Int + Hi, and (D) among high-risk
(T4 or N2) and (E) low-risk (T1-T3 and N1) patient subgroups. (*) Subgroup analysis for postoperative chemotherapy with No Chemotherapy as
reference. (**): Significant multivariable Wald Pvalue < .01. CoxPH, Cox proportional hazards test Pvalue; HR, hazard ratio, MSS, microsatellite stable.
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edition of the WHO classification of colorectal cancer. In
addition, a combination of several biomarkers, including
parameters of cytotoxic T-cell response, T-cell exhaustion,
tumor mutational burden, and immune suppression, could
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