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ABSTRACT
Background Tumor immune cells influence the efficacy of 
immune- checkpoint inhibitors (ICIs) and many efforts aim 
at identifying features of tumor immune microenvironment 
able to predict benefit from ICIs in proficient mismatch 
repair (pMMR)/microsatellite stable (MSS) metastatic 
colorectal cancer (mCRC).
Methods We characterized tumor immune cell infiltrate, by 
assessing tumor- infiltrating lymphocytes (TILs), Immunoscore, 
Immunoscore- IC, and programmed death ligand- 1 (PD- L1) 
expression in tumor samples of patients with mCRC enrolled 
in the AtezoTRIBE study, a phase II randomized trial comparing 
FOLFOXIRI/bevacizumab/atezolizumab to FOLFOXIRI/
bevacizumab, with the aim of evaluating the prognostic and 
predictive value of these features.
Results Out of 218 patients enrolled, 181 (83%), 77 (35%), 
157 (72%) and 162 (74%) specimens were successfully tested 
for TILs, Immunoscore, Immunoscore- IC and PD- L1 expression, 
respectively, and 69 (38%), 45 (58%), 50 (32%) and 21 (13%) 
tumors were classified as TILs- high, Immunoscore- high, 
Immunoscore- IC- high and PD- L1- high, respectively. A poor 
agreement was observed between TILs and Immunoscore or 
Immunoscore- IC (K of Cohen <0.20). In the pMMR population, 
longer progression- free survival (PFS) was reported for 
Immunoscore- high and Immunoscore- IC- high groups compared 
with Immunoscore- low (16.4 vs 12.2 months; HR: 0.55, 95% CI: 
0.30 to 0.99; p=0.049) and Immunoscore- IC- low (14.8 vs 11.5 
months; HR: 0.55, 95% CI: 0.35 to 0.85; p=0.007), respectively, 
with a significant interaction effect between treatment arms 
and Immunoscore- IC (p for interaction: 0.006) and a trend for 
Immunoscore (p for interaction: 0.13). No PFS difference was 
shown according to TILs and PD- L1 expression. Consistent 
results were reported in the overall population.
Conclusions The digital evaluation of tumor immune cell 
infiltrate by means of Immunoscore- IC or Immunoscore 
identifies the subset of patients with pMMR mCRC achieving 
more benefit from the addition of the anti- PD- L1 to the upfront 
treatment. Immunoscore- IC stands as the most promising 
predictor of benefit from ICIs.

BACKGROUND
The host immune response in the tumor 
microenvironment has recently caught 
growing interest for its prognostic impact in 
several solid tumors.1 With the introduction 

WHAT IS ALREADY KNOWN ON THIS TOPIC
 ⇒ In proficient mismatch repair (pMMR) metastatic col-
orectal cancer (mCRC) Immunoscore- IC predicts the 
benefit from adding atezolizumab to FOLFOXIRI and 
bevacizumab, as recently showed in the subgroup 
analysis of the phase II randomized AtezoTRIBE trial. 
However, no data are available about how this informa-
tion overlaps with other potential biomarkers of micro-
environment immunogenicity including tumor infiltrating 
lymphocytes (TILs), Immunoscore and programmed 
death ligand- 1 (PD- L1), and the relative weight of these 
features.

WHAT THIS STUDY ADDS
 ⇒ We observed a poor agreement between TILs and 
Immunoscore or Immunoscore- IC on tumor samples of 
patients with mCRC enrolled in the AtezoTRIBE study. 
Both Immunoscore and Immunoscore- IC predict the ef-
ficacy of atezolizumab addition to FOLFOXIRI and beva-
cizumab in the pMMR population, while TILs and PD- L1 
expression do not.

HOW THIS STUDY MIGHT AFFECT RESEARCH, 
PRACTICE OR POLICY

 ⇒ Digital pathology- based markers show the highest level 
of accuracy in identifying patients with pMMR mCRC 
that might benefit by the treatment with immune check-
point inhibitors. Considering the lower performance of 
Immunoscore compared with Immunoscore- IC, and the 
technical issues mainly related to the need to evaluate 
also the invasive margin, the latter stands as the most 
promising predictor.
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of new immunotherapeutic agents in the therapeutic 
armamentarium, immune tumor microenvironment has 
been extensively investigated, with the aim of identifying 
features of tumor immunogenicity able to predict benefit 
from immune- checkpoint inhibitors (ICIs) in different 
clinical scenarios.2

In early- stage colon cancer, both tumor- infiltrating 
lymphocytes (TILs) assessed in H&E- stained sections and 
Immunoscore, a digital immunohistochemistry- based 
scoring system quantifying cytotoxic T cells in the tumor 
core and at the invasive margin, showed a strong prog-
nostic effect irrespective of stage, lymph node count and 
molecular features including mismatch repair system 
(MMR) status /microsatellite instability and RAS/BRAF 
mutational status.3–6

On the other hand, in metastatic colorectal cancer 
(mCRC), the prognostic value of the tumor immune infil-
trate has been investigated7–13 but the predictive impact 
for patients treated with cytotoxic and targeted agents 
with or without ICIs still needs to be elucidated.

To this regard, in a retrospective study, among 85 
patients with deficient mismatch repair (dMMR)/micro-
satellite instability- high (MSI- H) mCRC treated with ICIs, 
those with a higher number of TILs achieved higher 
response rates and longer survival, thus supporting the 
potential role of TILs count as a predictive biomarker of 
ICIs efficacy in the dMMR/MSI- H population.14 These 
results are in line with those obtained in the setting of 
advanced non- small cell lung cancer (NSCLC). Indeed, 
in a retrospective study of patients with NSCLC treated 
with nivolumab or chemotherapy, high TILs were associ-
ated with favorable outcomes in the cohort receiving the 
ICI, but not in patients treated with chemotherapy.15

Although the majority of proficient mismatch repair 
(pMMR)/microsatellite stable (MSS) tumors has an 
absent or inactive infiltrate of CD8+ T cell, recent 
evidence postulated a relevant heterogeneity also 
among these tumors.6 Indeed, according to the post hoc 
subgroup analysis of the AtezoTRIBE study, a phase II 
trial comparing upfront FOLFOXIRI (5- fluorouracil, 
leucovorin, oxaliplatin and irinotecan)/bevacizumab 
(bev) alone or in combination with the anti- programmed 
death ligand- 1 (PD- L1) atezolizumab, Immunoscore- IC, 
a novel assay measuring the densities of PD- L1+ and CD8+ 
cells as well as the proximity among these cells, stands 
as a potential predictor of benefit from the addition 
of the ICI. Notably, the predictive impact of Immuno-
score- IC, being Immunoscore- IC high tumors more 
likely to derive benefit from the use of atezolizumab in 
terms of progression- free survival (PFS), seems indepen-
dent of MMR status and tumor mutational burden, and 
clearly evident also among patients with pMMR tumors.16 
Consistently, an exploratory analysis of the CheckMate 
9×8 study, a phase II trial comparing upfront FOLFOX 
(5- fluorouracil, leucovorin, and oxaliplatin)/bev alone 
or in combination with the anti- programmed cell death 
protein- 1 (PD- 1) nivolumab, suggested that among 
patients with pMMR/MSS tumors, CD8+ T cell levels ≥2% 

in the tumor microenvironment could identify patients 
deriving benefit from the addition of the anti- PD- 1 to the 
standard upfront therapy.17

PD- L1 expression is regarded as a predictive marker of 
ICI efficacy18 19 and is adopted for selecting patients to 
be treated with ICIs in several solid tumors.20–22 However, 
the benefit from ICIs in dMMR/MSI- H mCRC is observed 
irrespectively of PD- L1 expression.23–25 At the same line, 
an exploratory subgroup analysis of the above mentioned 
CheckMate 9×8 study showed that the PD- L1 expres-
sion does not affect the efficacy of ICIs in combination 
with chemotherapy in mCRC population composed by 
pMMR/MSS tumors for the 95% of cases.17

Based on these considerations, we performed a compre-
hensive characterization of the tumor immune cell infil-
trate and PD- L1 expression on tumor samples of patients 
with mCRC enrolled in the AtezoTRIBE study,16 in order 
to assess the concordance among TILs, Immunoscore 
and Immunoscore- IC, and to explore their clinical rele-
vance as prognostic and predictive factors with regard to 
the use of ICIs.

METHODS
Study population
AtezoTRIBE16 (NCT03721653) was a phase II random-
ized, open- label, multicenter trial where 218 patients 
with initially unresectable mCRC (18–70 years old with 
Eastern Cooperative Oncology Group performance 
status (ECOG- PS) of 2 or less or 71–75 years old with 
an ECOG- PS of 0) were randomized in a 1:2 ratio to 
receive FOLFOXIRI/bev or the same regimen plus the 
anti- PD- L1 atezolizumab. All treatments were admin-
istered up to eight cycles, followed by 5- fluorouracil 
plus bev with or without atezolizumab, according to the 
randomization group, until disease progression, unac-
ceptable adverse events, or consent withdrawal in both 
arms.

Patients with availability of an archival tumor sample 
collected before starting the study treatment and 
adequate for tumor immune cell infiltrate assessment 
were included in the present analysis.

Immune- markers associated with clinical outcome 
in the control arm of the AtezoTRIBE study, would 
have been validated in sample from patients previously 
enrolled in the TRIBE2 trial26 (NCT02339116), a phase 
III randomized, open- label, multicenter trials where 679 
patients with initially unresectable mCRC (aged 18–70 
years old with ECOG- PS of 2 or less or 71–75 years old 
with an ECOG- PS of 0) were randomized in a 1:1 ratio 
to receive FOLFOX/bev followed by FOLFIRI/bev after 
disease progression or FOLFOXIRI/bev followed by the 
reintroduction of the same agents after disease progres-
sion. All treatments were administered up to eight cycles, 
followed by 5- fluorouracil plus bev until disease progres-
sion, unacceptable adverse events, or consent withdrawal 
in both arms.
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TILs, Immunoscore, Immunoscore-IC and PD-L1 and tumor 
mutational burden assessment
TILs assessment was performed by optical microscope 
and centralized at the Department of Surgical, Medical 
and Molecular Pathology and Critical Care Medicine, 
University of Pisa. Tissue samples were independently 
evaluated by two pathologists (CU and AP) blinded to 
clinical information, treatment regimen, and outcome. 
The density of TILs was defined as the mean value of 
five random observations and counts at high- power 
fields (40×) of tumor- enriched areas made of >60% of 
neoplastic cells on H&E- stained sections. In paucicellular 
tumors, such as mucinous adenocarcinomas, the analysis 
was performed within fields with the highest tumor cell 
density. Only tumor epithelium infiltrating lymphocytes 
were retained for scoring, while stromal lymphocytes were 
not scored. Tumors showing an average number of TILs 
<2.0 were defined as TILs- low, whereas those with ≥2.0 
TILs were defined as TILs- high.3 Immunoscore, Immu-
noscore- IC and PD- L1 were assessed at the laboratories 
of Veracyte (Marseille, France), blinded to patients’ clin-
ical data, treatment received, and outcome, as previously 
described.5 16

For Immunoscore evaluation, only surgically resected 
specimens from primary tumor or liver metastases were 
considered eligible, while biopsy samples were excluded. 
One formalin-fixed paraffin- embedded tumor sample 
containing the tumor core and invasive margin was inde-
pendently selected by two pathologists (CU and AP) at the 
Department of Surgical, Medical and Molecular Pathology 
and Critical Care Medicine, University of Pisa. Two tumor 
sections were processed by immunohistochemistry for 
CD3 and CD8 staining. Counterstained slides were digi-
talized at ×10 magnification and 0.45 µm/pixel resolution 
(NanoZoomer- XR, Hamamatsu, Japan) and CD3+ and 
cytotoxic CD8+T- stained cells in the tumor core and inva-
sive margin were quantified by digital pathology (Immu-
noscore Analyzer, Veracyte SAS). The Immunoscore test 
for each patient was calculated from the mean of four 
density percentiles (two markers and two regions) and 
then, according to predefined cut- offs, dichotomized as 
low or high if a 0–25% or 25–100% density was scored, 
respectively.

For Immunoscore- IC test, surgically resected speci-
mens or biopsies from either primary tumor or metastatic 
sites were deemed eligible. A single tumor tissue section 
was processed by immunohistochemistry for PD- L1 and 
CD8 staining. Stained slides were scanned with a high- 
resolution scanner (NanoZoomer XR, Hamamatsu 
Photonics, Hamamatsu, Japan) to obtain 20×digital 
images. The densities of PD- L1+ cells and cytotoxic 
CD8+T cells in the tumor core were quantified by digital 
pathology on the HALO platform (Indica Labs, Corrales, 
New Mexico, USA), as well as their proximity and clus-
tering. In particular, five parameters, measured as linear 
values, were selected for inclusion into the Immuno-
score- IC score (density of total CD8, density of CD8- free 
(without PD- L1+ cell in proximity), density of CD8- cluster 

(CD8 cells in proximity of less than 20 micrometers of 
another CD8), density of PD- L1 cells, and distance 
between CD8- positive and PD- L1- positive cells). The risk- 
score was computed incorporating the five parameters 
and dichotomized into two categories: the low- risk group, 
characterized by high values of Immunoscore- IC markers, 
was defined as Immunoscore- IC- high, whereas the high- 
risk group, with low markers density values, was defined 
as an Immunoscore- IC- low.

PD- L1 immunohistochemical expression was evalu-
ated on surgically resected specimens or biopsies from 
either primary tumor or metastatic sites. Stained slides 
were scanned with a high- resolution scanner (NanoZo-
omer XR, Hamamatsu Photonics, Hamamatsu, Japan) to 
obtain 20× digital images. The density of PD- L1+ tumor 
cells was quantified by digital pathology using the HALO 
platform (Indica Labs, Corrales, New Mexico, USA). A 
cut- off of 1% was adopted to differentiate tumors with 
high and low PD- L1 expression (online supplemental 
table 1).

Tumor mutational burden (TMB) was assessed by 
means of FoundationOne CDx assay (Foundation Medi-
cine, Cambridge, Massachusetts, USA). A cut- off of 10 
mutations/megabase was adopted to differentiate tumors 
with high and low TMB.27

Statistics
Χ2 test, Fisher’s exact test, or Mann- Whitney test were 
used when appropriate to compare clinical and molec-
ular baseline characteristics among subgroups defined 
according to TILs, Immunoscore, Immunoscore- IC and 
PD- L1 expression. Strength of concordance between 
TILs and Immunoscore or Immunoscore- IC was carried 
out by means of K of Cohen. PFS was defined as the 
time from randomization to the first evidence of disease 
progression or death, whichever occurred first, while 
and overall survival (OS) was defined as the time from 
randomization to death. Objective response rate (ORR) 
was defined as the percentage of patients who achieved 
partial or complete response according to RECIST 
(Response Evaluation Criteria in Solid Tumors) V.1.1 
criteria.28 Survival curves were estimated by the Kaplan- 
Meier method and compared with the log- rank test. 
HRs with 95% CIs were estimated with Cox proportional 
hazards model. ORs with 95% CIs were estimated with 
a logistic regression model. Subgroup analyses to assess 
the benefit of FOLFOXIRI/bev plus atezolizumab versus 
FOLFOXIRI/bev based on TILs, Immunoscore, Immu-
noscore- IC and PD- L1 expression subgroups in terms 
of PFS were carried out using interaction tests. The 
abovementioned analyses were separately performed 
in the pMMR subgroup. Statistical significance was set 
at a p value of 0.05 for a bilateral test. Considering the 
exploratory nature of the present study, no adjustment 
for multiple testing was performed. The data cut- off for 
the present analysis was August 1, 2021. All analyses were 
carried out with SAS V.9.4.
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RESULTS
Out of 218 patients enrolled in the AtezoTRIBE study, 
181 (83%), 77 (35%), 157 (72%) and 162 (74%) tumor 
specimens were successfully tested for TILs, Immuno-
score, Immunoscore- IC and PD- L1 expression, respec-
tively (online supplemental figure 1).

Patients’ characteristics are listed in table 1.
Overall, 69 (38%), 45 (58%), 50 (32%) and 21 (13%) 

tumors were classified as TILs- high, Immunoscore- high, 
Immunoscore- IC- high and PD- L1- high, respectively. 
TILs- high and PD- L1- high tumors were more frequently 
dMMR compared with TILs- low (12% vs 3%, p=0.021) and 
PD- L1- low (19% vs 5%, p=0.040), while Immunoscore- IC- 
high tumors had more often a high TMB compared with 
Immunoscore- IC- low (24% vs 8%, p=0.018). In addition, 
TILs- high had less frequent liver metastases with respect 
to TIL- low (64% vs 79%, p=0.020). No other significant 
differences were reported among TILs, Immunoscore, 
Immunoscore- IC and PD- L1 expression subgroups 
(table 1).

Similar results were observed in the pMMR population 
(online supplemental table 2).

Among TILs- high tumors (n=69) with paired data 
available for Immunoscore (n=21, 30%) and Immuno-
score- IC (n=54, 78%), 13 (62%) and 21 (39%) cases were 
Immunoscore- high and Immunoscore- IC- high, respec-
tively. Similarly, among TILs- low samples (n=112) with 
paired data available for Immunoscore (n=53, 47%) and 
Immunoscore- IC (n=97, 87%), 24 (45%) and 73 (75%) 
were Immunoscore- low and Immunoscore- IC- low, respec-
tively. Therefore, the strength of agreement between TILs 
and Immunoscore or Immunoscore- IC was poor (K of 
Cohen=0.055 and 0.15, respectively) (figure 1, panel A). 
Consistent results were reported in the pMMR population 
(figure 1, panel B). In pMMR population, no differences 
were observed between TILs- high and TILs- low tumors 
in terms of PFS (p=0.36) (online supplemental figure 2, 
panel A), as well as between PD- L1- high and PD- L1- low 
tumors (p=1.0) (online supplemental figure 2, panel 
D). On the other hand, patients with Immunoscore- 
high or Immunoscore- IC- high tumors achieved longer 
PFS than those with Immunoscore- low (–16.4 vs 12.2 
months; HR: 0.55, 95% CI: 0.30 to 0.99 p=0.049) (online 
supplemental figure 2, panel B) Immunoscore- IC- low 
(–14.8 vs 11.5 months; HR: 0.55, 95% CI: 0.35 to 0.85; 
p=0.007) (online supplemental figure 2, panel C). Inter-
action effects between TILs, Immunoscore and Immuno-
score- IC subgroups and treatment arm were observed in 
terms of PFS, while the benefit of the addition of ICIs 
to FOLFOXIRI/bev was independent of PD- L1 expres-
sion (figures 2 and 3). Unexpectedly, a higher benefit 
in favor of the addition of atezolizumab was reported in 
patients with TILs- low tumors (p for interaction=0.039). 
On the other hand, patients with Immunoscore- IC- high 
tumors showed a higher PFS advantage from the addi-
tion of atezolizumab (p for interaction=0.006). The 
same trend for higher benefit in favor of FOLFOXIRI/
bev plus atezolizumab was observed in patients with 

Immunoscore- high tumors (p for interaction=0.13). No 
interaction effect was shown between the four immune- 
biomarkers and treatment arm in terms of ORR (online 
supplemental figure 3).

The prognostic effect of TILs, Immunoscore, Immuno-
score- IC and PD- L1 expression was assessed in the group 
of patients with pMMR not treated with atezolizumab. 
In this cohort, patients with TILs- high tumors achieved 
longer PFS than those with TILs- low (15.0 vs 10.8 months; 
HR: 0.46, 95% CI: 0.22 to 0.96; p=0.034) (figure 4, panel 
A) populations, while no difference was observed based 
on Immunoscore, Immunoscore- IC and PD- L1 expres-
sion (figure 4, panels B–D).

Consistent results were observed in the overall popu-
lation (online supplemental figure 4; figure 3; online 
supplemental figure 5). In order to validate the prog-
nostic impact of TILs, we evaluated samples from patients 
enrolled in the previous TRIBE2 study of FOLFOXIRI/
bev versus FOLFOX/bev as upfront therapy in unresect-
able mCRC. However, among 434 pMMR/MSS tumors, 
no differences were observed between TILs- high (N=263, 
61%) and TILs- low (N=171, 39%) groups in terms of 
both PFS (p=0.39) (online supplemental figure 6, panel 
B) and OS (p=0.86) (online supplemental figure 6, panel 
D). Consistent results were shown in the overall popula-
tion (online supplemental figure 6, panels A and C).

DISCUSSION
The introduction of ICIs has deeply improved the prog-
nosis of several solid and hematological malignancies, 
including melanoma, lymphoma, lung, kidney, and 
urothelial cancers.29 However, ICIs remain largely inef-
fective in mCRC, where the benefit of immunotherapy is 
currently limited to a small subset of patients with tumors 
harboring dMMR/MSI- H (4–5%)23 30–32 or pathogenetic 
mutations of POLE gene (0.5–1%).33

Recently, the phase II randomized AtezoTRIBE study 
suggested that among pMMR/MSS tumors, a subgroup 
of tumors has an immunogenic tumor microenviron-
ment and, consequently, may benefit from the anti- PD- L1 
addition to upfront chemotherapy and bev.16 In partic-
ular, Immunoscore- IC test is able to identify about 30% 
of pMMR tumors with an ‘activated’ immune microen-
vironment, accountable for preliminary evidence of 
benefit from adding atezolizumab to FOLFOXIRI/bev 
in the AtezoTRIBE trial.16 Recently, the post hoc analysis 
of another phase II randomized trial, CheckMate 9×8, 
reported a higher benefit from the addition of nivolumab 
to FOLFOX/bev among patients with CD8+ T cells levels 
higher than 2%.17

In the present study, we compared the predictive impact 
of two other candidate biomarkers depicting the immune 
tumor microenvironment, TILs and Immunoscore, in 
patients enrolled in the AtezoTRIBE trial. Although TILs 
and Immunoscore showed a clear prognostic effect in 
early- stage colorectal cancer (CRC)3–5 and their predic-
tive value with regard to response to immunotherapy has 
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strongly been suggested,2 whether these two biomarkers 
might predict the efficacy of ICIs in pMMR/MSS mCRC 
is currently poorly investigated. In addition, we also 
assessed the role of PD- L1 expression on tumor cells for 
its predictive value of ICI efficacy observed in other solid 
tumors.18 19

Surprisingly, higher levels of TILs were associated 
with lower, instead of higher, benefit from the addi-
tion of atezolizumab to upfront therapy. Conversely, as 
expected, a larger PFS benefit from the ICI- based strategy 
was detected in patients with Immunoscore- high or 
Immunoscore- IC- high tumors. No interaction effect was 
observed between treatment arms and PD- L1 expression.

It is well- known that tumor immune infiltrate includes 
multiple cell types with possible opposite immune- 
stimulating or immune- suppressive effects.34 To this 
regard, a recent study reported that TILs composi-
tion in mCRC was rather heterogeneous with some 
tumors showing CD8+ prevalence, others having CD4+ 

preponderance, others being characterized by a predomi-
nance of regulatory T cells.35 Therefore, TILs assessment, 
providing a rough evaluation of lymphocytes in the tumor 
specimen, while not distinguishing T cells according to 
their functions, does not adequately depict the immuno-
genicity of tumor microenvironment, at least in pMMR/
MSS mCRC. Indeed, there is a poor agreement between 
TILs and Immunoscore or Immunoscore- IC (K of Cohen 
<0.20) in our study and similar results were showed by 
Pagès et al, where a 48% discordance was found between 
Immunoscore and TILs density.5 This result might be 
explained by the fact that while both Immunoscore and 
Immunoscore- IC are measures that objectively quan-
tify predefined T- cell subsets and describe their spatial 
distribution in specific tumor regions by means of digital 
pathology, TILs testing provides a semi- quantitative 
evaluation of undefined cell populations in randomly 
selected tumor areas, as determined by a visual operator- 
dependent assessment. Indeed, a weak concordance was 

Figure 1 Donut plot showing concordance among TILs, Immunoscore and Immunoscore- IC in overall population (panel A) and 
in proficient mismatch repair subgroup (panel B) of the AtezoTRIBE study. TILs, tumor- infiltrating lymphocytes.
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previously reported between pathologist visual scoring of 
the CD3+ and CD8+ T- cell densities at the tumor site and 
Immunoscore for early- stage colon cancer and minimal 
agreement among pathologists was observed.36 However, 
whether a digital assessment might better quantify TILs 
leading to a more suitable evaluation of their predictive 
value for ICIs efficacy in mCRC remains to be established. 
To this regard, a recent retrospective study showed that a 
machine learning- based analysis of H&E digital images of 
patients with metastatic NSCLC treated with single- agent 
ICIs found a higher response rates and longer PFS and OS 
in tumors with higher levels of TILs.37 Moreover, a digital 
quantification of a subset of TILs, like PD- 1+TILs and 
PD- 1+CD8+T cells, could even more accurately catch 
the subgroup of patients that benefit of ICIs, as recently 
showed in metastatic NSCLC38 and in early pMMR CRC.39

Although OS data are not yet available in our study for 
immature follow- up, Immunoscore and Immunoscore- IC 
showed no prognostic impact in terms of PFS in patients 
with mCRC treated without ICIs, consistently with a 
previous study reporting a less prognostic relevance of 

Immunoscore in the metastatic setting compared with 
early stages CRC.10 Similarly, although patients with TILs- 
high tumors had better PFS when treated with FOLF-
OXIRI/bev in the AtezoTRIBE study, the prognostic 
value of TILs was not confirmed in the larger cohort of 
the TRIBE2 study. Indeed, immunogenic cells density 
decreases across stages in CRC40 41 and therefore we can 
speculate that the whole lymphocyte assessment by means 
of TILs test appropriately catches the immunogenicity 
and prognosis of CRCs only in early stages when cytotoxic 
T cells are prevalent.

In our series both Immunoscore and Immunoscore- IC 
predict efficacy of ICIs addition to FOLFOXIRI/bev, but 
data about Immunoscore are less robust, due to the small 
number of evaluable cases. To this regard, a major limita-
tion for assessing the performance of the Immunoscore 
in the metastatic setting is that a representative invasive 
margin is required for this analysis, which is lacking in 
the case of metastatic patients with unresected primary 
tumors. Indeed, in the present study, Immunoscore data 
was available only for 77 patients, as compared with 157 

Figure 2 Kaplan- Meier curves of progression- free survival based on treatment and according to TILs (panel A), Immunoscore 
(panel B), Immunoscore- IC (panel C) and PD- L1 expression (panel D) in the proficient mismatch repair population of the 
AtezoTRIBE study. PD- L1, programmed death ligand- 1; TILs, tumor- infiltrating lymphocytes.
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cases in which Immunoscore- IC was successfully assessed. 
Moreover, the Immunoscore results could be potentially 
biased by the enrichment in the assessable population of 
patients with resected primary tumors that could have 

better prognosis than unresected patients42 and not be 
suitably representative of the overall study population. 
More recently, a biopsy- adapted Immunoscore, a digital 
immunohistochemistry quantification of CD3+ and CD8+ 

Figure 3 Forest- plot according to TILs, Immunoscore, Immunoscore- IC and PD- L1 expression of progression- free survival in 
the overall population and in the pMMR subgroup of the AtezoTRIBE study. PD- L1, programmed death ligand- 1; TILs, pMMR, 
proficient mismatch repair; TILs, tumor- infiltrating lymphocytes.

Figure 4 Kaplan- Meier curves of progression- free survival according to TILs (panel A), Immunoscore (panel B), Immunoscore- 
IC (panel C) and PD- L1 expression (panel D) in the proficient mismatch repair treated with FOLFOXIRI/bevacizumab of the 
AtezoTRIBE study. PD- L1, programmed death ligand- 1; TILs, tumor- infiltrating lymphocytes.
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T cells in the tumor region of biopsy samples, was devel-
oped for locally advanced rectal cancer. In this setting, 
biopsy- adapted Immunoscore positively correlates with 
histopathological response to neoadjuvant chemo- 
radiotherapy and disease relapse thus supporting this 
biomarker, in addition to post- neoadjuvant treatment 
images, as a promising tool for selecting patients candi-
date to watch- and- wait strategy.43 44 However, the prog-
nostic impact of biopsy- adapted Immunoscore is not 
validated in early- stage colon cancer and in mCRC.

Differently from other solid tumors,18 19 but in accor-
dance with other studies both in dMMR/MSI- H23–25 
and pMMR/MSS17 mCRC, PD- L1 expression showed no 
predictive role for ICIs efficacy in our analysis. However, 
whether PD- L1 expression assessed in both tumor and 
immune cells (CPS: Combined Positive Score) or in 
tumor infiltrating immune cells (IC score) might be 
a better predictor of benefit from the addition of ICIs 
to chemotherapy in mCRC, as reported for other solid 
tumors,45 is still to be established.

In conclusion, our study shows that a subset of patients 
with pMMR mCRC with immunogenic tumor microen-
vironment benefit from the addition of anti- PD- L1 to 
upfront treatment and that Immunoscore- IC stands as 
the most promising marker to identify this subgroup. 
Considering that the analysis of investigated immune- 
related biomarkers was not preplanned and no correc-
tion for multiple testing was applied, our data should 
be regarded as hypothesis- generating. Moreover, with 
specific regard to Immunoscore- IC, the reliability of this 
assessment should be validated in samples from other 
trials evaluating the use of ICIs in pMMR mCRC and in a 
prospectively conceived randomized trial.

Author affiliations
1Unit of Medical Oncology 2, Azienda Ospedaliero- Universitaria Pisana, Pisa, Italy
2Department of Translational Research and New Technology in Medicine and 
Surgery, University of Pisa, Pisa, Italy
3Veracyte, Marseille, France
4Department of Surgical, Medical and Molecular Pathology and Critical Care 
Medicine, University of Pisa, Pisa, Italy
5Unit of Pathological Anatomy 3, Azienda Ospedaliero- Universitaria Pisana, Pisa, 
Italy
6Department of Medical Oncology, Fondazione IRCCS Istituto Nazionale dei Tumori, 
Milan, Italy
7Oncologia Medica, Comprehensive Cancer Center, Fondazione Policlinico 
Universitario Agostino Gemelli IRCCS, Rome, Italy
8Oncologia Medica, Università Cattolica del Sacro Cuore, Rome, Italy
9Medical Oncology 3, Veneto Institute of Oncology IOV—IRCCS, Padua, Italy
10Oncology Unit, Ravenna Hospital, AUSL Romagna, Ravenna, Italy
11Department of Oncology and Palliative Care, Cardinale G Panico, Tricase City 
Hospital, Tricase, Italy
12INSERM, Laboratory of Integrative Cancer Immunology, Paris, F- 75006, France
13Sorbonne Université, Université de Paris, Centre de Recherche des Cordeliers, 
Paris, France
14Equipe Labellisée Ligue Contre le Cancer, Paris, France

Acknowledgements The authors are grateful to GONO and ARCO Foundations, to 
all participating patients and their families, and to the GONO investigators from the 
participating Italian centers.

Contributors Study concepts: RM, CU, JG, CC. Study design: RM, CU, JG, CC. 
Data acquisition: CU, AP, MG, CC, AB, AC, AK, JF. Quality control of the data and 

algorithms: RM, CU, AC, AK, JF. Data analysis and interpretation: RM, CU, MG, CC. 
Statistical analysis: RM, MG, DR, AMP, AK. Paper preparation: RM, CC. Paper editing: 
RM, CA, AC, JG, CC. Paper review: all authors. Guarantor: CC.

Funding The study was supported by GONO and ARCO Foundations (no grant 
number applicable) and by Regione Toscana—IN BILICO research grant.

Competing interests AC, AK, JF: are Veracyte employees. JG: has patents 
associated with the immune prognostic and predictive biomarkers, is co- founder of 
HalioDx, a Veracyte company. SL: has a consulting or an advisory role for Amgen, 
Merck Serono, Lilly, AstraZeneca, Incyte, Daiichi- Sankyo, BMS, Servier, and MSD; 
has received research funding from Amgen, Merck Serono, Bayer, Roche, Lilly, 
AstraZeneca, and BMS; and has received speakers’ fees from Roche, Lilly, BMS, 
Servier, Merck Serono, Pierre- Fabre, GlaxoSmithKline, and Amgen. FP: honoraria 
from Amgen, Bayer, Servier, Merck- Serono, Lilly, MSD, Organon, BMS, AstraZeneca, 
Pierre- Fabre; research grants from Bristol- Myers Squibb, AstraZeneca, Agenus and 
Incyte. LS: speakers’ and consultant’s fee from MSD, AstraZeneca, Servier, Bayer, 
Merck, Amgen, Pierre- Fabre. GM: received speakers’ fees—Merck, Amgen. CC: 
honoraria—Amgen, Bayer, Merck, Roche and Servier. Consulting or advisory role—
Amgen, Bayer, MSD, Roche. Speakers’ Bureau—Servier. Research funding—Bayer, 
Merck, Servier. Travel, accommodations and expenses—Roche and Servier. All 
other authors have declared no conflicts of interest.

Patient consent for publication Not applicable.

Ethics approval This study involves human participants and was approved by 
AtezoTRIBE 13582- CremoliniTRIBE2 414/2014. Participants gave informed consent 
to participate in the study before taking part.

Provenance and peer review Not commissioned; externally peer reviewed.

Data availability statement All data relevant to the study are included in the 
article or uploaded as supplementary information.

Supplemental material This content has been supplied by the author(s). It has 
not been vetted by BMJ Publishing Group Limited (BMJ) and may not have been 
peer- reviewed. Any opinions or recommendations discussed are solely those 
of the author(s) and are not endorsed by BMJ. BMJ disclaims all liability and 
responsibility arising from any reliance placed on the content. Where the content 
includes any translated material, BMJ does not warrant the accuracy and reliability 
of the translations (including but not limited to local regulations, clinical guidelines, 
terminology, drug names and drug dosages), and is not responsible for any error 
and/or omissions arising from translation and adaptation or otherwise.

Open access This is an open access article distributed in accordance with the 
Creative Commons Attribution Non Commercial (CC BY- NC 4.0) license, which 
permits others to distribute, remix, adapt, build upon this work non- commercially, 
and license their derivative works on different terms, provided the original work is 
properly cited, appropriate credit is given, any changes made indicated, and the use 
is non- commercial. See http://creativecommons.org/licenses/by-nc/4.0/.

ORCID iDs
Veronica Conca http://orcid.org/0000-0001-7713-4005
Sara Lonardi http://orcid.org/0000-0002-7593-8138

REFERENCES
 1 Galon J, Bruni D. The role of the immune infiltrate in distinct 

cancer types and its clinical implications. In: Lee PP, Marincola FM, 
eds. Tumor Microenviron [Internet]. Cham: Springer International 
Publishing, 2020: 197–211. 

 2 Chen DS, Mellman I. Elements of cancer immunity and the cancer- 
immune set point. Nature 2017;541:321–30. 

 3 Williams DS, Mouradov D, Jorissen RN, et al. Lymphocytic response 
to tumour and deficient DNA mismatch repair identify subtypes of 
stage II/III colorectal cancer associated with patient outcomes. Gut 
2019;68:465–74. 

 4 Lee H, Sha D, Foster NR, et al. Analysis of tumor microenvironmental 
features to refine prognosis by T, N risk group in patients with 
stage III colon cancer (NCCTG N0147) (alliance). Ann Oncol 
2020;31:487–94. 

 5 Pagès F, Mlecnik B, Marliot F, et al. International validation of the 
consensus immunoscore for the classification of colon cancer: a 
prognostic and accuracy study. The Lancet 2018;391:2128–39. 

 6 Mlecnik B, Bindea G, Angell HK, et al. Integrative analyses of 
colorectal cancer show immunoscore is a stronger predictor 
of patient survival than microsatellite instability. Immunity 
2016;44:698–711. 

 on A
pril 18, 2024 by guest. P

rotected by copyright.
http://jitc.bm

j.com
/

J Im
m

unother C
ancer: first published as 10.1136/jitc-2022-006633 on 21 A

pril 2023. D
ow

nloaded from
 

http://creativecommons.org/licenses/by-nc/4.0/
http://orcid.org/0000-0001-7713-4005
http://orcid.org/0000-0002-7593-8138
http://dx.doi.org/10.1007/978-3-030-38862-1
http://dx.doi.org/10.1038/nature21349
http://dx.doi.org/10.1136/gutjnl-2017-315664
http://dx.doi.org/10.1016/j.annonc.2020.01.011
http://dx.doi.org/10.1016/S0140-6736(18)30789-X
http://dx.doi.org/10.1016/j.immuni.2016.02.025
http://jitc.bmj.com/


11Moretto R, et al. J Immunother Cancer 2023;11:e006633. doi:10.1136/jitc-2022-006633

Open access

 7 Rozek LS, Schmit SL, Greenson JK, et al. Tumor- infiltrating 
lymphocytes, crohn’s- like lymphoid reaction, and survival from 
colorectal cancer. J Natl Cancer Inst 2016;108:djw027. 

 8 Mei Z, Liu Y, Liu C, et al. Response to comment on “tumour- 
infiltrating inflammation and prognosis in colorectal cancer: 
systematic review and meta- analysis.” Br J Cancer 2014;111:2372–3. 

 9 Kwak Y, Koh J, Kim D- W, et al. Immunoscore encompassing 
CD3+ and CD8+ T cell densities in distant metastasis is a robust 
prognostic marker for advanced colorectal cancer. Oncotarget 
2016;7:81778–90. 

 10 Galon J, Costes A, Sanchez- Cabo F, et al. Type, density, and location 
of immune cells within human colorectal tumors predict clinical 
outcome. Science 2006;313:1960–4. 

 11 Angelova M, Mlecnik B, Vasaturo A, et al. Evolution of metastases in 
space and time under immune selection. Cell 2018;175:751–65. 

 12 Van den Eynde M, Mlecnik B, Bindea G, et al. The link between the 
multiverse of immune microenvironments in metastases and the 
survival of colorectal cancer patients. Cancer Cell 2018;34:1012–26. 

 13 Mlecnik B, Van den Eynde M, Bindea G, et al. Comprehensive 
intrametastatic immune quantification and major impact of 
immunoscore on survival. J Natl Cancer Inst 2018;110:97–108. 

 14 Loupakis F, Depetris I, Biason P, et al. Prediction of benefit from 
checkpoint inhibitors in mismatch repair deficient metastatic 
colorectal cancer: role of tumor infiltrating lymphocytes. The 
Oncologist 2020;25:481–7. 

 15 Gataa I, Mezquita L, Rossoni C, et al. Tumour- infiltrating lymphocyte 
density is associated with favourable outcome in patients with 
advanced non- small cell lung cancer treated with immunotherapy. 
Eur J Cancer 2021;145:221–9. 

 16 Antoniotti C, Rossini D, Pietrantonio F, et al. Upfront folfoxiri plus 
bevacizumab with or without atezolizumab in the treatment of 
patients with metastatic colorectal cancer (atezotribe): a multicentre, 
open- label, randomised, controlled, phase 2 trial. Lancet Oncol 
2022;23:876–87. 

 17 Lenz H- J, Parikh AR, Spigel DR, et al. Nivolumab (NIVO) + 
5- fluorouracil/leucovorin/oxaliplatin (mfolfox6)/bevacizumab (BEV) 
versus mfolfox6/BEV for first- line (1L) treatment of metastatic 
colorectal cancer (mcrc): phase 2 results from checkmate 9X8. JCO 
2022;40:8. 

 18 Davis AA, Patel VG. The role of pd- l1 expression as a predictive 
biomarker: an analysis of all us food and drug administration (fda) 
approvals of immune checkpoint inhibitors. J Immunother Cancer 
2019;7:278. 

 19 Shen X, Zhao B. Efficacy of PD- 1 or PD- L1 inhibitors and PD- L1 
expression status in cancer: meta- analysis. BMJ 2018;362:k3529. 

 20 EMA. Keytruda [internet]. Eur Med Agency 2018. Available: https://
www.ema.europa.eu/en/medicines/human/EPAR/keytruda

 21 EMA. Tecentriq [Internet]. Eur Med Agency 2018. Available: https://
www.ema.europa.eu/en/medicines/human/EPAR/tecentriq

 22 EMA. Opdivo [Internet]. Eur Med Agency 2018. Available: https://
www.ema.europa.eu/en/medicines/human/EPAR/opdivo

 23 Diaz LA, Le DT. PD- 1 blockade in tumors with mismatch- repair 
deficiency. N Engl J Med 2015;373:1979. 

 24 Overman MJ, McDermott R, Leach JL, et al. Nivolumab in patients 
with metastatic DNA mismatch repair- deficient or microsatellite 
instability- high colorectal cancer (checkmate 142): an open- label, 
multicentre, phase 2 study. Lancet Oncol 2017;18:1182–91. 

 25 Overman MJ, Lonardi S, Wong KYM, et al. Durable clinical benefit 
with nivolumab plus ipilimumab in DNA mismatch repair- deficient/
microsatellite instability- high metastatic colorectal cancer. J Clin 
Oncol 2018;36:773–9. 

 26 Cremolini C, Antoniotti C, Rossini D, et al. Upfront folfoxiri plus 
bevacizumab and reintroduction after progression versus mfolfox6 
plus bevacizumab followed by folfiri plus bevacizumab in the 
treatment of patients with metastatic colorectal cancer (tribe2): a 
multicentre, open- label, phase 3, randomised, controlled trial. Lancet 
Oncol 2020;21:497–507. 

 27 Marabelle A, Fakih M, Lopez J, et al. Association of tumour 
mutational burden with outcomes in patients with advanced solid 
tumours treated with pembrolizumab: prospective biomarker analysis 
of the multicohort, open- label, phase 2 KEYNOTE- 158 study. Lancet 
Oncol 2020;21:1353–65. 

 28 Eisenhauer EA, Therasse P, Bogaerts J, et al. New response 
evaluation criteria in solid tumours: revised RECIST guideline (version 
1.1). Eur J Cancer 2009;45:228–47. 

 29 Robert C. A decade of immune- checkpoint inhibitors in cancer 
therapy. Nat Commun 2020;11:3801. 

 30 André T, Shiu K- K, Kim TW, et al. Pembrolizumab in microsatellite- 
instability- high advanced colorectal cancer. N Engl J Med 
2020;383:2207–18. 

 31 Diaz LA, Shiu K- K, Kim T- W, et al. Pembrolizumab versus 
chemotherapy for microsatellite instability- high or mismatch 
repair- deficient metastatic colorectal cancer (KEYNOTE- 177): final 
analysis of a randomised, open- label, phase 3 study. Lancet Oncol 
2022;23:659–70. 

 32 Lenz H- J, Van Cutsem E, Luisa Limon M, et al. First- Line nivolumab 
plus low- dose ipilimumab for microsatellite instability- high/mismatch 
repair- deficient metastatic colorectal cancer: the phase II checkmate 
142 study. JCO 2022;40:161–70. 

 33 Rousseau B, Bieche I, Pasmant E, et al. PD- 1 blockade in solid 
tumors with defects in polymerase epsilon. Cancer Discov 
2022;12:1435–48. 

 34 Junttila MR, de Sauvage FJ. Influence of tumour micro- environment 
heterogeneity on therapeutic response. Nature 2013;501:346–54. 

 35 Stein A, Simnica D, Schultheiß C, et al. PD- L1 targeting and 
subclonal immune escape mediated by PD- L1 mutations 
in metastatic colorectal cancer. J Immunother Cancer 
2021;9:e002844. 

 36 Boquet I, Kassambara A, Lui A, et al. Comparison of immune 
response assessment in colon cancer by immunoscore (automated 
digital pathology) and pathologist visual scoring. Cancers (Basel) 
2022;14:1170. 

 37 Rakaee M, Adib E, Ricciuti B, et al. Association of machine learning- 
based assessment of tumor- infiltrating lymphocytes on standard 
histologic images with outcomes of immunotherapy in patients with 
nsclc. JAMA Oncol 2023;9:51–60. 

 38 Hummelink K, van der Noort V, Muller M, et al. PD- 1T 
tils as a predictive biomarker for clinical benefit to PD- 1 
blockade in patients with advanced NSCLC. Clin Cancer Res 
2022;28:4893–906. 

 39 Chalabi M, Fanchi LF, Dijkstra KK, et al. Neoadjuvant immunotherapy 
leads to pathological responses in MMR- proficient and MMR- 
deficient early- stage colon cancers. Nat Med 2020;26:566–76. 

 40 Mlecnik B, Tosolini M, Kirilovsky A, et al. Histopathologic- based 
prognostic factors of colorectal cancers are associated with the state 
of the local immune reaction. J Clin Oncol 2011;29:610–8. 

 41 Bindea G, Mlecnik B, Angell HK, et al. The immune landscape of 
human tumors. OncoImmunology 2014;3:e27456. 

 42 Faron M, Pignon J- P, Malka D, et al. Is primary tumour resection 
associated with survival improvement in patients with colorectal 
cancer and unresectable synchronous metastases? A pooled 
analysis of individual data from four randomised trials. Eur J Cancer 
2015;51:166–76. 

 43 El Sissy C, Kirilovsky A, Van den Eynde M, et al. A diagnostic biopsy- 
adapted immunoscore predicts response to neoadjuvant treatment 
and selects patients with rectal cancer eligible for a watch- and- wait 
strategy. Clin Cancer Res 2020;26:5198–207. 

 44 Pages F, El Sissy C, Kirilovsky A, et al. International validation of 
the immunoscore- biopsy (is 

b) to guide selection and monitoring of 
patients treated with watch- and- wait (WW) strategy for rectal cancer. 
JCO 2022;40:3517. 

 45 Doroshow DB, Bhalla S, Beasley MB, et al. Pd- L1 as a biomarker 
of response to immune- checkpoint inhibitors. Nat Rev Clin Oncol 
2021;18:345–62. 

 on A
pril 18, 2024 by guest. P

rotected by copyright.
http://jitc.bm

j.com
/

J Im
m

unother C
ancer: first published as 10.1136/jitc-2022-006633 on 21 A

pril 2023. D
ow

nloaded from
 

http://dx.doi.org/10.1093/jnci/djw027
http://dx.doi.org/10.1038/bjc.2014.285
http://dx.doi.org/10.18632/oncotarget.13207
http://dx.doi.org/10.1126/science.1129139
http://dx.doi.org/10.1016/j.cell.2018.09.018
http://dx.doi.org/10.1016/j.ccell.2018.11.003
http://dx.doi.org/10.1093/jnci/djx123
http://dx.doi.org/10.1634/theoncologist.2019-0611
http://dx.doi.org/10.1634/theoncologist.2019-0611
http://dx.doi.org/10.1016/j.ejca.2020.10.017
http://dx.doi.org/10.1016/S1470-2045(22)00274-1
http://dx.doi.org/10.1200/JCO.2022.40.4_suppl.008
http://dx.doi.org/10.1186/s40425-019-0768-9
http://dx.doi.org/10.1136/bmj.k3529
https://www.ema.europa.eu/en/medicines/human/EPAR/keytruda
https://www.ema.europa.eu/en/medicines/human/EPAR/keytruda
https://www.ema.europa.eu/en/medicines/human/EPAR/tecentriq
https://www.ema.europa.eu/en/medicines/human/EPAR/tecentriq
https://www.ema.europa.eu/en/medicines/human/EPAR/opdivo
https://www.ema.europa.eu/en/medicines/human/EPAR/opdivo
http://dx.doi.org/10.1056/NEJMc1510353
http://dx.doi.org/10.1016/S1470-2045(17)30422-9
http://dx.doi.org/10.1200/JCO.2017.76.9901
http://dx.doi.org/10.1200/JCO.2017.76.9901
http://dx.doi.org/10.1016/S1470-2045(19)30862-9
http://dx.doi.org/10.1016/S1470-2045(19)30862-9
http://dx.doi.org/10.1016/S1470-2045(20)30445-9
http://dx.doi.org/10.1016/S1470-2045(20)30445-9
http://dx.doi.org/10.1016/j.ejca.2008.10.026
http://dx.doi.org/10.1038/s41467-020-17670-y
http://dx.doi.org/10.1056/NEJMoa2017699
http://dx.doi.org/10.1016/S1470-2045(22)00197-8
http://dx.doi.org/10.1200/JCO.21.01015
http://dx.doi.org/10.1158/2159-8290.CD-21-0521
http://dx.doi.org/10.1038/nature12626
http://dx.doi.org/10.1136/jitc-2021-002844
http://dx.doi.org/10.3390/cancers14051170
http://dx.doi.org/10.1001/jamaoncol.2022.4933
http://dx.doi.org/10.1158/1078-0432.CCR-22-0992
http://dx.doi.org/10.1038/s41591-020-0805-8
http://dx.doi.org/10.1200/JCO.2010.30.5425
http://dx.doi.org/10.4161/onci.27456
http://dx.doi.org/10.1016/j.ejca.2014.10.023
http://dx.doi.org/10.1158/1078-0432.CCR-20-0337
http://dx.doi.org/10.1200/JCO.2022.40.16_suppl.3517
http://dx.doi.org/10.1038/s41571-021-00473-5
http://jitc.bmj.com/


Patients randomized in AtezoTRIBE study

N=218

Tumour tissue assessed

for TILs analysis

N=181

No tumour

specimen 

available

N=37

TILs

high

N=69

TILs

low

N=112

Tumour tissue assessed for 

Immunoscore analysis

N=86

No tumour specimen 

available N=49

Tumour biopsies excluded

N=75

Tumour surgical resections* 

excluded N=8

Immunoscore

high

N=45

Immunoscore

low

N=32

Quality control failure

N=9

Tumour tissue assessed for 

Immunoscore IC analysis

N=169

No tumour

specimen available

N=49

Immunoscore IC 

high

N=50

Immunoscore IC 

low

N=107

Quality control failure

N=12

*Tumour surgical resection specimens from sites other than primary tumour or liver metastases were not eligible for Immunoscore analysis. 

Tumour tissue assessed for 

PDL1-TPS analysis

N=169

No tumour

specimen available

N=49

PDL1

high

N=21

PDL1 

low 

N=141

Quality control failure

N=7

BMJ Publishing Group Limited (BMJ) disclaims all liability and responsibility arising from any reliance
Supplemental material placed on this supplemental material which has been supplied by the author(s) J Immunother Cancer

 doi: 10.1136/jitc-2022-006633:e006633. 11 2023;J Immunother Cancer, et al. Moretto R



TILs low
TILs high

Pr
og

re
ss

io
n-

fre
e 

Su
rv

iv
al

 (%
)

                  
                 
������������

0 5 10 15 20 25

Months

0

10

20

30

40

50

60

70

80

90

100

0 5 10 15 20 25

Months

0

10

20

30

40

50

60

70

80

90

100

Logrank P-value: 0.358
Reference12.5 (10.7-13.8)85/108TILs low

0.84 (0.58-1.22)12.4 (10.8-15.0)40/59TILs high
HR (95% CI)Median (95% CI)Events/TotalTILs

59 49 38 22 12 5 0
108 95 65 35 11 4 0

No. at Risk
Immunoscore low

Immunoscore high

Pr
og

re
ss

io
n-

fre
e 

Su
rv

iv
al

 (%
)

                
                
������������

0 5 10 15 20 25

Months

0

10

20

30

40

50

60

70

80

90

100

0 5 10 15 20 25

Months

0

10

20

30

40

50

60

70

80

90

100

Logrank P-value: 0.049
Reference12.2 (8.6-19.8)21/29Immunoscore low

16.4 (13.3-NE) 0.55 (0.30-0.99)23/40Immunoscore high
HR (95% CI)Median (95% CI)Events/TotalImmunoscore

40 37 33 23 8 4 0
29 26 16 10 3 1 0

No. at Risk

Immunoscore-IC low
Immunoscore-IC high

Pr
og

re
ss

io
n-

fre
e 

Su
rv

iv
al

 (%
)

                 
                 
������������

0 5 10 15 20 25

Months

0

10

20

30

40

50

60

70

80

90

100

0 5 10 15 20 25

Months

0

10

20

30

40

50

60

70

80

90

100

Logrank P-value: 0.007
Reference11.5 (10.4-13.0)82/100Immunoscore-IC low

0.55 (0.35-0.85)14.8 (11.3-NE)27/47Immunoscore-IC high
HR (95% CI)Median (95% CI)Events/TotalImmunoscore-IC

47 39 30 23 11 2 0
100 86 59 26 8 6 0

No. at Risk
PD-L1 low

PD-L1 high

Pr
og

re
ss

io
n-

fre
e 

Su
rv

iv
al

 (%
)

                   
               

������������

0 5 10 15 20 25

Months

0

10

20

30

40

50

60

70

80

90

100

0 5 10 15 20 25

Months

0

10

20

30

40

50

60

70

80

90

100

Logrank P-value: 0.998
Reference12.1 (10.9-13.6)97/131PD-L1 low

1.00 (0.56-1.79)12.6 (9.6-NE)13/17PD-L1 high
HR (95% CI)Median (95% CI)Events/TotalPD-L1

17 14 10 6 2 1 0
131 112 80 43 17 7 0

No. at Risk

AA                    B

C                     D

BMJ Publishing Group Limited (BMJ) disclaims all liability and responsibility arising from any reliance
Supplemental material placed on this supplemental material which has been supplied by the author(s) J Immunother Cancer

 doi: 10.1136/jitc-2022-006633:e006633. 11 2023;J Immunother Cancer, et al. Moretto R
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Supplementary Table 1. Technical characteristics of TILs, Immunoscore®, Immunoscore-IC® and PDL1-TPS 

Characteristics TILs Immunoscore® Immunoscore-IC® PD-L1-TPS 

Pathological analysis Haematoxylin-and-eosin Immunohistochemistry Immunohistochemistry Immunohistochemistry 

Method Optical Digital Digital Digital 

Specimens 
Tumour biopsies and tumour 

surgical resections 
Tumour surgical resections 

Tumour biopsies and tumour 

surgical resections 

Tumour biopsies and tumour 

surgical resections 

Area Tumour-core 
Tumour-core and invasive 

margin 
Tumour-core Tumour-core 

Immune-markers 
Density of tumour 

lymphocyte 

Density of CD8+ and CD3+ T-

cells 

Density of CD8+ T-cells and 

PD-L1 cells and their 

proximity and clustering 

Percent of PD-L1 positive 

tumour cells 
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Supplementary Table 2. Patients’ characteristics according to TILs, Immunoscore®, Immunoscore-IC®  and PDL1-TPS in pMMR subgroup  

 Population assessed for 

 TILs 

N=167 

Population assessed for 

Immunoscore® 

N=69 

Population assessed for  

Immunoscore-IC® 

N=147 

Population assessed for  

PDL1 

N=148 

Characteristics 

TILs  

high 

N=59 

n (%) 

TILs 

 low 

N=108 

n (%) 

p 

Immunoscore 

high 

N=40 

n (%) 

Immunoscore 

low 

N=29 

n (%) 

p 

Immunoscore-IC 

high 

N=47 

n (%) 

Immunoscore-IC 

low 

N=100 

n (%) 

p 

PDL1 

 High 

N=17 

n (%) 

PDL1 

 Low 

N=131 

n (%) 

p 

Age (years)             

Median 58 62 0.11
1
 62 58 0.11

1
 60 62 0.94

1
 56 62 0.019

1
 

Range (20-75) (36-75)  (40-75) (38-74)  (41-75) (20-75)  (41-71) (20-75)  

Sex             

Male 37 (63) 62 (57) 
0.50

2
 

25 (63) 18 (62) 
0.97

2
 

25 (53) 65 (65) 
0.17

2
 

8 (47) 83 (63) 
0.20

2
 

Female 22 (37) 46 (43) 15 (37) 11 (38) 22 (47) 35 (35) 9 (53) 48 (37) 

ECOG-PS             

0 49 (83) 93 (86) 
0.60

2
 

38 (95) 24 (83) 
0.12

3
 

42 (89) 80 (80) 
0.16

2
 

15 (88) 108 (82) 
0.74

3
 

1-2 10 (17) 15 (14) 2 (5) 5 (17) 5 (11) 20 (20)  2 (12) 23 (18) 

Site of Primary Tumor             

Right 26 (44) 41 (38) 
0.44

2
 

22 (55) 12 (41) 
0.26

2
 

20 (43) 41 (41) 
0.86

2
 

5 (29) 56 (43) 
0.29

2
 

Left and rectum 33 (56) 67 (62) 18 (45) 17 (59) 27 (57) 59 (59) 12 (71) 75 (57) 

RAS/BRAF mutational 

status 

  
 

  
 

  
    

RAS/BRAF wt 7 (12) 18 (17) 

0.58
2
 

5 (12) 5 (17) 

0.84
2
 

8 (17) 13 (13) 

0.19
2
 

1 (6) 20 (15) 

0.32
2
 RAS mut 45 (76) 80 (75) 30 (75) 21 (72) 31 (67) 80 (80) 13 (76)  99 (76) 

BRAF mut 7 (12) 9 (8) 5 (12) 3 (10) 7 (15) 7 (7) 3 (18) 11 (9) 

NA - 1  - -  1 -  - 1  

Resected Primary 

Tumor 

  
 

  
 

  
    

Yes 20 (34) 55 (51) 
0.035

2
 

36 (90) 28 (97) 
0.39

3
 

17 (36)  53 (53) 
0.057

2
 

8 (47) 62 (47) 
0.98

2
 

No 39 (66) 53 (49) 4 (10) 1 (3) 30 (64) 47 (47) 9 (53) 69 (53) 

Prior adjuvant 

chemotherapy 

  
 

  
 

  
    

Yes 3 (5) 4 (4) 0.70
3
 2 (5) 2 (7) 1.0

3
 1 (2) 5 (5) 0.66

3
 2 (12) 4 (3) 0.14

3
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No 56 (95) 104 (96) 38 (95) 27 (93) 46 (98) 95 (95) 15 (88) 127 (97) 

Number of metastatic 

sites 

  
 

  
 

  
    

1 31 (53) 40 (37) 
0.053

2
 

17 (42) 12 (41) 
0.93

2
 

22 (47) 33 (33) 
0.11

2
 

8 (47) 47 (36) 
0.37

2
 

>1 28 (47) 68 (63) 23 (58) 17 (59) 25 (53) 67 (67) 9 (53) 84 (64) 

Liver Only Disease             

Yes 18 (30) 28 (26) 
0.53

2
 

9 (22) 10 (34) 
0.27

2
 

15 (32)  24 (24) 
0.31

2
 

6 (35) 33 (25) 
0.38

2
 

No 41 (70) 80 (74) 31 (78) 19 (66) 32 (68) 76 (76) 11 (65) 98 (75) 

Liver metastases             

Yes 38 (64) 88 (81) 
0.015

2
 

26 (65) 24 (83) 0.092
2
 

32 (68) 82 (82) 
0.060

2
 

15 (88) 99 (76) 
0.36

3
 

No 21 (36) 20 (19) 14 (35) 5 (17) 15 (32) 18 (18) 2 (12) 32 (24) 

Time to Metastases             

Synchronous 51 (86) 16 (15) 
0.83

2
 

26 (65) 24 (83) 
0.10

2
 

40 (85) 84 (84) 
0.86

2
 

14 (82) 111 (85) 
0.73

3
 

Metachronous  8 (14) 92 (85)  14 (35)  5 (17)  7 (15) 16 (16) 3 (18) 20 (15) 

Treatment arm             

FOLFOXIRI/bev  16 (27) 44 (41) 
0.080

2
 

10 (25)  10 (34) 
0.39

2
 

16 (34)  36 (36) 
0.82

2
 

5 (29) 47 (36) 
0.60

2
 

FOLFOXIRI/bev/atezo 43 (73) 64 (59) 30 (75) 19 (66) 31 (66) 64 (64) 12 (71) 84 (34) 

Tumour mutational 

burden 

  
 

  
 

  
 

   

High (≥10 mut/Mb) 2 (5) 4 (5) 
1.0

3
 

4 (12)  - 
0.13

3
 

5 (17)  2 (2) 
0.016

3
 

- 7 (7) 
1.0

3
 

Low (<10 mut/Mb) 36 (95) 77 (95) 30 (88) 25 (100) 25 (83) 78 (98) 11 (100) 92 (93) 

NA 21 27  6 4  17 20  6 32  

 

Legend: pMMR: proficient mismatch repair; N: number; TPS: Tumor Proportion Score; PDL1: Programmed death-ligand 1; ECOG-PS: Eastern Cooperative 

Oncology Group Performance Status; NA: not available; mut: mutated; wt: wild-type. 

 
1
Kruskal-Wallis p-value; 

2
Chi-Square p-value; 

3
Fisher p-value; 

BMJ Publishing Group Limited (BMJ) disclaims all liability and responsibility arising from any reliance
Supplemental material placed on this supplemental material which has been supplied by the author(s) J Immunother Cancer

 doi: 10.1136/jitc-2022-006633:e006633. 11 2023;J Immunother Cancer, et al. Moretto R



Supplementary Figure Legend 

Supplementary Figure 1: Consort diagram of the AtezoTRIBE population. 

Supplementary Figure 2: Kaplan–Meier curves of progression-free survival according to 

TILs (panel A), Immunoscore® (panel B), Immunoscore-IC® (panel C) and PD-L1 expression 

(panel D) in the pMMR population of the AtezoTRIBE study. 

Supplementary Figure 3: Forest-plot according to TILs, Immunoscore®, Immunoscore-IC® 

and PD-L1 expression of ORR in the overall population and in pMMR subgroup of the 

AtezoTRIBE study. 

Supplementary Figure 4: Kaplan–Meier curves of progression-free survival according to TILs 

(panel A), Immunoscore® (panel B), Immunoscore-IC® (panel C) and PD-L1 expression 

(panel D) in the overall population of the AtezoTRIBE study. 

Supplementary Figure 5: Kaplan–Meier curves of progression-free survival according to 

TILs (panel A), Immunoscore® (panel B), Immunoscore-IC® (panel C) and PD-L1 expression 

(panel D) in the overall population treated with FOLFOXIRI/bev of the AtezoTRIBE study. 

Supplementary Figure 6: Kaplan–Meier curves of progression-free survival and overall 

survival according to TILs in the overall population (panel A and C) and in the pMMR 

subgroup (panel B and D) of the TRIBE2 study. 
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