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ABSTRACT

This study aimed to validate the prognostic value of Immunoscore (IS) in stage Il colorectal cancer (CRC),
and explore the roles of IS and circulating tumor DNA (ctDNA) in the adjuvant treatment for early-stage
CRC. Resected tumor samples from stage Il CRC patients were collected from the Sun Yat-sen University
Cancer Center. The densities of CD3+ and CD8+ lymphocytes were quantified and converted to IS and
classified into Low, Intermediate (Int), and High groups according to predefined cutoffs. A total of 113
patients were included in the study. Patients with IS-High, Int, and Low were 43 (38%), 62 (55%), and 8
(7%), respectively. Patients with IS-High had an excellent clinical outcome, with none recurring during a
median follow-up of 3 years, including 15 (35%) clinical high-risk patients. The 3-year disease-free survival
(DFS) was 100% for IS-High, 76% for IS-Int, and 47% for IS-Low (P < .001). In the multivariate Cox analysis, IS
was the only significant parameter associated with DFS. IS-Int and IS-Low patients with adjuvant che-
motherapy had improved DFS compared to those who did not receive adjuvant chemotherapy (HR = 0.3;
95% C10.1-0.92; P = .026). Among the 49 patients with postoperative ctDNA data, IS-High patients had the
lowest ctDNA positivity rate, suggesting that they were most eligible for chemotherapy-free treatment. IS
had a strong prognostic value in Chinese patients with stage Il CRC and demonstrates its clinical utility. IS
and ctDNA will jointly optimize the adjuvant treatment strategies for early-stage CRC.
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Introduction
by less than 5%,”'” resulting in many patients being exposed to

Colorectal cancer (CRC) is the third most common cancer the toxicity of unnecessary chemotherapy. Thus, there is an

worldwide, with over 1.9 million new cases and 935,000 deaths
in 2020". Stage II colon cancer (CC) is an early-stage tumor
that has not spread to lymph nodes or distant organs, with a
cure rate of about 80% by surgery alone.” Although the benefit
of adjuvant chemotherapy in stage III CC patients is well
established, it remains controversial in stage II patients.
Clinical practice guidelines recommend risk classification
based on microsatellite instability and clinical risk factors to
guide the adjuvant chemotherapy decisions.” ® Patients with
poor prognostic features (clinical high-risk patients) can be
considered for adjuvant chemotherapy. However, the defini-
tion of high-risk is inadequate, as many patients with high-risk
features do not have a recurrence.”® Also, there is a lack of data
on the predictive value of the features for the chemotherapy
benefit or the correlation between the features and the selection
of chemotherapy. More importantly, even in high-risk patients,
fluorouracil-based adjuvant chemotherapy improved survival

urgent need to find the optimal prognostic and predictive
markers to guide adjuvant treatment decisions for stage II CC
patients.

With the growing recognition of the importance of the
tumor immune microenvironment, multiple types of tumor-
infiltrating immune cells have been reported to correlate with
cancer prognosis, including CRC.!112 However, in addition to
Immunoscore (IS), a scoring system assessing the densities of
CD3 and CD8 positive lymphocytes at the invasive margin and
the tumor core, few immune cell-based prognostic markers
have comparable standardized methodologies and extensive
clinical data."” In an international study of IS in stage I-III
CC, IS showed a superior prognostic value to all the existing
tumor parameters, including the AJCC-TNM classification-
system.'* Among the 1434 patients with stage II CC in the
SITC study, IS could identify patients with different risks of
tumor recurrence. From the same cohort, among patients who
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were not treated with adjuvant therapy, those with high-risk
features and high IS had a similar recurrence risk to those with
low clinical risk, suggesting that IS may identify good prog-
nostic patients with high-risk features who may avoid adjuvant
therapy."”

However, the prognostic value of the consensus IS in stage
IT CC has only been demonstrated in the SITC cohort,'* and
external validation in independent cohorts is lacking. Also, the
evidence for the association between IS and the chemotherapy
benefit in stage II CC is insufficient. In addition, the IS scoring-
system was based on data from more than 2500 CC patients in
the international SITC study, of whom 15% were Asian and
only 1.3% (36 cases) were Chinese.' It is therefore unknown
whether the IS thresholds are equally applicable to an indepen-
dent population. It was previously reported that a high density
of CD3+, CD8+ and effector-memory T-cells were associated
with decreased venous emboli, lymphatic invasion or peri-
neural invasion (collectively VELIPI).'® Since patients with
VELIPI+ are more likely to have detectable ctDNA, we
hypothesized a possible relationship between Immunoscore a
ctDNA detection. Here, we validated the IS prognostic value in
a Chinese stage II CRC population and explored the correla-
tion between IS and the benefit of adjuvant chemotherapy.
Besides, in a subset of the cohort, we investigated the associa-
tion between IS and another potential prognostic marker cir-
culating tumor DNA (ctDNA) and envisaged the future
direction of adjuvant treatment-decisions for stage II CC
based on these two biomarkers.

Materials and methods
Study design and patients

We collected tumor samples in 137 stage II CRC patients at
Sun Yat-sen University Cancer Center (SYSUCC) from
January 2017 to September 2019 to verify the prognostic
performance of IS in the Chinese population. Patients
receiving neoadjuvant therapy were excluded and those
receiving adjuvant chemotherapy or not were included.
Adjuvant chemotherapy regimens in this study included
single-agent capecitabine or capecitabine plus oxaliplatin
(CAPOX). Clinical high-risk disease was defined as patho-
logical T4 (pT4) tumor or proficient mismatch-repair
(pPMMR) tumor with at least one of the following risk
factors: poorly differentiated/undifferentiated histology,
VELIPI (vascular, lymphatic, or perineural invasion),
bowel obstruction, <12 lymph nodes (LN) examined, loca-
lized perforation, or close, indeterminate, or positive mar-
gins. MMR status was determined by
immunohistochemistry for the four MMR proteins MLHI,
MSH2, MSHS6, and PMS2. If any MMR protein was nega-
tively stained, referred to as MMR deficiency (AMMR). The
primary endpoint was to evaluate the prognostic value of IS
for disease-free survival (DFS), defined as the time from
surgery to the first observed disease recurrence or death
due to any cause. This study was approved by the Ethics
Committee of SYSUCC. All patients provided written
informed consent, and the study was conducted in accor-
dance with the Declaration of Helsinki.

Immunoscore assay

The Immunoscore assay was conducted as previously
reported.'* Briefly, tumor blocks containing the core of the
tumor and invasive margin were selected for histological
review. Sections of 4 um were processed for standardized
CD3 and CD8 Immunohistochemical staining. The densities
of the two markers in both regions of the whole slide were
determined by dedicated Immunoscore software and then con-
verted into percentiles by comparison with the Immunoscore
database. Finally, the mean of the four percentiles was calcu-
lated and translated into an Immunoscore. According to pre-
defined cutoffs, Immunoscore was usually analyzed in three
groups (0%-25%, low; >25%-70%, intermediate; >70%-100%,
high) or in two groups (0%-25%, low; >25%-100%, high).
Immunohistochemical analysis and full scan of staining images
were performed in Genecast laboratory (Wuxi, China), and
digital pathological analysis of Immunoscore was carried out
in Veracyte laboratory.

Circulating tumor DNA analysis

In this cohort, 49 patients were enrolled in a prospective
observational study investigating the utility of ctDNA in pre-
dicting tumor recurrence risk.'” The peripheral blood leuko-
cytes, primary tumor tissue and plasma samples were collected
and sequenced by the Geneseeq Prime'™ 425-gene panel.
Tumor-specific somatic variants of each patient were used for
ctDNA tracking, and more than 5% of the total tracking var-
iants detected in plasma samples were considered ctDNA posi-
tive. The postoperative plasma samples were collected at day 3-
7, 6 months after surgery, and then every 3 months until month
24. For more details please refer to the previous study.'”
Patients with the detection of ctDNA at any postoperative
time-point were included in the positive ctDNA group.

Statistical analysis

Patient characteristics were summarized as frequencies and
percentages. Differences between groups were evaluated by
Fisher’s exact test. DFS was estimated using the Kaplan-Meier
method and compared by the log-rank test. Hazard ratios
(HRs) for factors associated with DFS were estimated by uni-
variate and multivariate COX regression analysis (survival, R
package). Between-group differences in DFS were analyzed
using the restricted mean survival time (RMST), a survival
analysis that calculates the area under the survival curve to a
specific time point and is independent of the proportional-
hazards assumption (survRM2, R package). Subgroup analysis
for the association between chemotherapy and DFS was carried
out and summarized with the forest plot. All statistical tests
were two-sided, and P < .05 was considered statistical
significance.

Results
Patient characteristics and Immunoscore distribution

A total of 113 patients with IS results were included in the
analysis (Table 1). The median age of the patients was 56 years



Table 1. Patient population characteristics according to Immunoscore (3 groups).
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Total IS Hi IS Int IS Lo
Characteristics n=113 n=43 n=62 n=8 P
Age (years) 0.015
<65 90 (80%) 37 (86%) 50 (81%) 3 (38%)
>65 23 (20%) 6 (14%) 12 (19%) 5 (63%)
Gender 0.913
Female 47 (42%) 17 (40%) 27 (44%) 3 (38%)
Male 66 (58%) 26 (60%) 35 (56%) 5 (63%)
Cancer type 0.822
Colon 106 (94%) 41 (95%) 57 (92%) 8 (100%)
Rectal 7 (6%) 2 (5%) 5 (8%) 0 (0%)
T stage 0.410
T3 103 (91%) 41 (95%) 55 (89%) 7 (88%)
T4 10 (9%) 2 (5%) 7 (11%) 1(13%)
Tumor site’ 0.146
Left 55 (49%) 16 (37%) 34 (55%) 5 (63%)
Right 58 (51%) 27 (63%) 28 (45%) 3 (38%)
Differentiation 0.755
Mod/Well 83 (73%) 32 (74%) 46 (74%) 5 (63%)
Poor 30 (27%) 11 (26%) 16 (26%) 3 (38%)
Mucinous 0.044
No 107 (95%) 42 (98%) 59 (95%) 6 (75%)
Yes 6 (5%) 1 (2%) 3 (5%) 2 (25%)
Examined LN 1.000
<12 11 (10%) 4 (9%) 6 (10%) 1 (13%)
>12 102 (90%) 39 (91%) 56 (90%) 7 (88%)
VELIPI 0.168
No 85 (75%) 35 (81%) 46 (74%) 4 (50%)
Yes 28 (25%) 8 (19%) 16 (26%) 4 (50%)
MMR status 0.456
dMMR 13 (12%) 7 (16%) 6 (10%) 0 (0%)
pMMR 100 (88%) 36 (84%) 56 (90%) 8 (100%)
Clinical risk 0.344
High risk 49 (43%) 15 (35%) 30 (48%) 4 (50%)
Low risk 64 (57%) 28 (65%) 32 (52%) 4 (50%)
Preoperative CEA
<5 ng/ml 77 (68%) 33 (77%) 39 (63%) 5 (63%) 0.434
>5 ng/ml 35 (31%) 10 (23%) 22 (35%) 3 (38%)
Missing 1 (1%) 0 (0%) 1 (2%) 0 (0%)
Adjuvant chemo 0.103
Yes 46 (41%) 15 (35%) 27 (44%) 4 (50%)
No 60 (53%) 27 (63%) 31 (50%) 2 (25%)
Missing 7 (6%) 1 (2%) 4 (6%) 2 (25%)

.
Left-sided cancer was defined as tumors arising from the splenic flexure, descending, sigmoid, rectosigmoid colon, or the rectum; right-sided cancer was defined as

tumors arising from the cecum, ascending, hepatic flexure, or transverse colon.

(Interquartile range [IQR] 48-64), 47 of them (42%) were
female. Among the patients, 106 (94%) had colon cancer, and
the remaining 7 (6%) had high rectal cancer eligible for IS
testing. 49 (43%) of them were clinical high-risk, with pMMR
tumors and at least one clinical risk factor. The median follow-
up was 37.3 months (IQR 32.1-40.7).

IS-High, Intermediate (Int), and Low were observed in 43
(38%), 62 (55%) and 8 (7%) patients, respectively. According to
the three IS groups, no significant differences in baseline fea-
tures were found, except for a higher percentage of patients
with mucinous adenocarcinoma or over 65 years of age in the
IS-Low group than in the IS-High or Int groups. Notably, the
IS distribution was quite different from that previously

reported in the SITC study (Figure S1). Among the 1434
stage II CC patients in the SITC cohort, IS-High, Int, and
Low accounted for 26%, 47%, and 27%, respectively.'* There
was a striking difference in the proportion of IS-Low which
accounted for 27% in the SITC cohort compared to 7% in our
SYSUCC cohort (P < .001). Then, we further examined IS data
from 151 patients with stage II CC who underwent IS diag-
nostic testing in the Genecast Medical Laboratory (Wuxi,
China). Results revealed that the proportions of IS-Low, Int,
and High were 9%, 64% and 27%, respectively, similar to those
of the SYSUCC cohort but significantly different from those of
the SITC cohort. The quality of the staining for CD3 and CD8
were excellent, with no background and a very good signal
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Figure 1. Representative images of CD3 and CD8 staining. Whole tumor slides of patients with stage Il CRC from SYSUCC cancer center were stained for CD3 (A) and
for CD8 (B). Whole slide images, 5X magnification and 40X magnification are illustrated.

intensity that could easily quantified by the Immunoscore soft-
ware. Representative images of the software are illustrated
(Figure 1). Therefore, we considered that the IS distribution
in the Chinese population might be distinct from that in
Western countries. IS was usually classified into 3-groups
(High, Int, Low) or 2-groups (High+Int, Low)."*'®!® In this
study, we also tested the modified IS 2-groups of High and Int
+Low owing to the small size of IS-Low in the SYSUCC cohort.
No significant differences in baseline features were observed
according to the modified IS 2-groups (IS-High and IS-Int
+Low) (Table S1).

Patients with IS-High have a superior clinical outcome for
DFs

We first validated the prognostic performance of IS in the
SYSUCC CRC cohort. Consistent with previous studies, higher
IS was associated with a lower risk of recurrence. The recur-
rence rates were 0%, 21% and 50% in patients with IS-High,
Int, and Low, respectively (P < .001) (Figure 2a). Most impor-
tantly, the clinical outcomes of DFS for patients identified in
the three IS groups were remarkably different, with a 3-year
DEFS of 47% (95% CI 0.22-1.0) for IS-Low, 76% (95% CI 0.65-
0.89) for IS-Int, and 100% for IS-High (Figure 2b). Thus,
patients with IS-High had a significantly better outcome than
patients with IS-Int or than patients with IS-Low Figure 2b).
The prognosis of the 43 IS-High patients were favorable and
none of them experienced recurrence during a median follow-
up of 3 years. Furthermore, of the patients with IS-High, 15

(35%) were clinically high-risk, 2 (5%) had pT4 tumors, and 36
(84%) were pMMR patients, indicating that IS can effectively
identify patients with a good prognosis from the predefined
high-risk population.

Significant and similar results were also found with the IS 2-
groups, both classical and modified. According to the modified
IS 2-groups, patients with IS-Int and IS-Low had a recurrence
rate of 25% (Figure 2¢) and a 3-year DEFS rate of 73% (95% CI
0.62-0.85) (Figure 2d). A significant survival difference was
also observed between the classical IS 2-groups (IS-High+Int vs
Low) (Figure S2). As clinical risk based on histopathological
features was used to stratify patients and guide adjuvant treat-
ment decisions, we compared it with the modified 2-group IS,
which showed a superior prognostic value in this cohort
(Figure 2e). Notably, patients with an excellent prognosis for
IS-High accounted for almost one-third of the clinical high-
risk patients. This was in line with the result for the subgroup
of 60 patients without adjuvant chemotherapy (figure 2f). In
this no-treatment group, 7 (41%) of clinical high-risk patients
were IS-High and had no recurrences, indicating that patients
with IS-High may be spared from chemotherapy.

Univariate Cox analysis showed that age and IS were asso-
ciated with DFS in all patients (Table 2). According to the
Kaplan-Meier analysis, IS (High and Int+Low) could stratify
the DFS of patients in different age groups (Figure S3). Also,
RMST analysis revealed a significant gain of 8.1 and
14.5 months for the IS-Int and IS-High groups, respectively,
compared to the IS-Low group. Moreover, the RMST analysis
showed a significant difference of 10.7 months between
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Figure 2. Immunoscore (IS) and clinical outcomes of patients with stage Il CRC. Overall recurrence rates according to the IS 3-groups (a) and the modified IS 2-
groups (c). Kaplan-Meier curves for disease-free survival (DFS) according to IS 3-groups (b) and the modified IS 2-groups (d). Kaplan-Meier curves for DFS in patients with
different clinical risk and IS levels (). Kaplan-Meier curves for DFS in untreated patients with different clinical risk and IS levels (f). Hi, high; Int, intermediate; Lo, low; (*)
indicates significant log-rank P-value, *P < .05, **P < .01, ***P < .001; ns, non-significant.

patients with IS-High+Int and IS-Low (classsical IS-2 groups)
and of 7.8 months between patients with IS-High and IS-Int
+Low (P < .0001) (Table S2). The 3-group IS as a continuous
varjable and the classical 2-group IS could be assessed in multi-
variate analysis. IS was demonstrated to be an independent
prognostic factor by the adjusted multivariate analysis of gen-
der, tumor site, T stage, examined LN, VELIPI, and MMR-
status in all patients or patients without adjuvant chemother-
apy (Table 3). A similar result was also shown for the classical
2-group IS (Table S3). Therefore, IS was the strongest and the
most significant parameter in the multivariate analysis of the
SYSUCC cohort.

Patients with IS-Int and IS-Low significantly benefit from
adjuvant chemotherapy

In previous studies, the predictive value of IS for adjuvant
chemotherapy benefit was only reported in patients with
stage I1T CC."®'® Here, we explored whether IS could predict
the benefit of adjuvant chemotherapy for stage II CRC. In the
present study, a total of 106 patients had data on adjuvant

therapy, where 60 (56.6%) did not receive chemotherapy. Of
the 46 patients who received chemotherapy, approximately
three-quarters were treated with capecitabine, and others
were treated with CAPOX. Adjuvant chemotherapy was pri-
marily used for clinical high-risk patients, including those with
PMMR and positive VELIPI, and all patients with pT4 tumors
(Table S4).

We comprehensively investigated the DFS in different sub-
groups with or without chemotherapy. Although chemother-
apy may be beneficial in almost all subgroups, a significant
benefit association was only observed in the IS-Int and IS-Low
groups (Figure 3a). In the IS-High group, no patient experi-
enced relapse or death regardless of whether they received
adjuvant chemotherapy. In the IS-Int and IS-Low group,
patients who received chemotherapy had a better DFS than
those who did not (HR = 0.3; 95% CI 0.1-0.92; P = .026), with
the 3-year DFS of 85% (95% CI 0.73-1.0) and 62% (95% CI
0.47-0.82), respectively (Figure 3b), indicating that IS could
predict chemotherapy benefit. In addition, in the IS-Int and IS-
Low group, we found that clinical high-risk patients were more
likely to benefit from adjuvant chemotherapy than clinical low-
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Table 2. Univariate Cox analysis for disease-free survival in all available patients.

Characteristics n Events HR (95%Cl) Wald P Log-rank P
Age (years) <65 90 10 reference
>65 23 7 2.99 (1.14-7.86) 0.026 0.02
Gender Male 66 1 reference
Female 47 6 0.78 (0.29-2.12) 0.632 0.631
Cancer type Colon 106 17 reference
Rectal 7 0 0.04 (0-211.67) 0.472 0.272
Tumor site’ Right 58 9 reference
Left 55 8 0.93 (0.36-2.41) 0.876 0.876
T Stage T3 103 15 reference
T4 10 2 1.5 (0.34-6.55) 0.592 0.589
Differentiation Mod/Well 83 14 reference
Poor 30 3 0.61 (0.18-2.13) 0.438 0.434
Mucinous No 107 16 reference
Yes 6 1 1(0.13-7.53) 0.999 0.999
Examined LN <12 1 2 reference
>12 102 15 0.76 (0.17-3.35) 0.72 0.719
VELIPI No 85 12 reference
Yes 28 5 1.4 (0.49-3.96) 0.532 0.53
Clinical risk Low 64 9 reference
High 49 8 1.16 (0.45-3.02) 0.755 0.755
MMR status pMMR 100 16 reference
dMMR 13 1 0.47 (0.06-3.58) 0.47 0.459
Preoperative CEA <5 ng/ml 77 10 reference
=5 ng/ml 35 6 1.44 (0.52-3.96) 0.481 0.479
Modified IS 2-groups Int+Lo 70 17 reference
Hi 43 0 0.02 (0-1.12) 0.057 0.001
Classical IS 2-groups Lo 8 4 reference
Hi+Int 105 13 0.21 (0.07-0.64) 0.002 0.006
IS 3-groups (numeric) - - 0.2 (0.09-0.44) <0.0001

.
Left-sided cancer was defined as tumors arising from the splenic flexure, descending, sigmoid, rectosigmoid colon, or the rectum; right-sided cancer was defined as

tumors arising from the cecum, ascending, hepatic flexure, or transverse colon.

risk patients. For patients with IS-Int and IS-Low and clinical
high-risk, chemotherapy could markedly improve the DFS
(HR = 0.16; 95% CI 0.03-0.81; P = .01), which it was not
statistically significant in clinical low-risk patients (Figure 3c).

These results suggest that IS has a predictive value for
chemotherapy benefit in stage II CRC. Patients with IS-Int
and IS-Low had improved DFS when receiving adjuvant che-
motherapy, especially those with clinical high-risk factors
simultaneously. Strikingly, all patients (100%) with IS-High
had no recurrence with or without chemotherapy.

A combination of IS and postoperative ctDNA might
optimize the adjuvant therapy strategy for stage Il CC

In addition to IS, postoperative ctDNA has been recently
reported as a strong prognostic marker for stage I-III CRC.
The relationship between postoperative ctDNA and IS will be a
very interesting topic since both are promising prognostic
markers. ctDNA represents minimal residual disease (MRD)
from cancerous cells and tumors, while IS reflects the local
immune status of the tumor.

Postoperative ctDNA results could be analyzed in 49
patients. Among these patients, 3 had recurrences and 2 died
of colon cancer within 3 years (Table S5). Nevertheless, the 5
patients with positive ctDNA had a higher recurrence rate than

those with negative ctDNA (40% vs 2%, P = .024) (Figure 4a),
confirming the poor prognosis of ctDNA-positive patients. We
explored the association between IS and ctDNA-status.
Numerically, the lower the IS, the higher the postoperative
ctDNA positivity rate (ctDNA positivity rates in the IS-High,
IS-Int, and IS-Low groups: 5%, 12%, 25%; P = .339) (Figure 4b).
The trend was not statistically significant, however, most likely
due to the small sample size. But it was reasonable as patients
with higher IS were demonstrated to have a lower risk of
recurrence. It should be noted that the only patient with IS-
High and positive ctDNA did not receive adjuvant chemother-
apy and did not relapse during nearly two years of follow-up.
We hypothesized that ctDNA and IS were promising bio-
markers that could potentially address the issue of over- or
under-treatment. According to previous studies, ctDNA had a
high positive predictive value in detecting recurrence in
patients with colorectal cancer, colon cancer, and rectal cancer
(Table S6).'”*°"** However, ctDNA assay at a single time point
before the adjuvant treatment-decision could identify only a
small number of patients with MRD (less than 10% of patients
with stage IT CC)** and had a sensitivity of less than 50% in
predicting disease recurrence.'”**~>* Therefore, it is not safe to
de-escalate or avoid adjuvant chemotherapy in patients with
stage II CC based on postoperative negative ctDNA alone. In
contrast, IS could play a better role in identifying patients with



Table 3. Multivariate DFS analysis in all patients and patients without ACT.
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All patients (n = 113)

Patients without ACT (n = 60)

Variables Adjusted HR (95% Cl) Wald P Adjusted HR (95% Cl) Wald P
IS 3-groups (numeric) 0.19 (0.08-0.43) <0.0001 0.09 (0.02-0.33) <0.0001
Gender (Female vs Male) 0.69 (0.24-1.93) 0.475 1.23 (0.25-6.1) 0.798
Tumor site” (Left vs Right) 0.5 (0.17-1.47) 0.209 1.32 (0.31-5.65) 0.705
T stage (T4 vs T3) 1.37 (0.28-6.72) 0.694 - -
Examined LN (=12 vs <12) 0.76 (0.15-3.85) 0.742 0.54 (0.08-3.74) 0.533
VELIPI (Yes vs No) 0.91 (0.28-2.96) 0.879 2.45 (0.35-17.43) 0.37
MMR status (AMMR vs pMMR) 0.58 (0.07-4.78) 0.613 0.74 (0.09-6.46) 0.789

.
Left-sided cancer was defined as tumors arising from the splenic flexure, descending, sigmoid, rectosigmoid colon, or the rectum; right-sided cancer was defined as

tumors arising from the cecum, ascending, hepatic flexure, or transverse colon.

a Forest Plot of Effect of Chemotherapy v No Chemotherapy on DFS

Subgrowp Events/  Chemotherapy

HR (95% CI) Log-rank P Wald P

Total, n Yes vs No, n
Overall 16/106 46/60 beoomg 0.41(0.13-1.27) 0.109 0.121
Age (years) <65 10/85 41/44 a1 0.45 (0.12-1.75) 0.236 0.249
>65 6/21 5/16 e 0.53(0.06-4.54) 0.555 0.562
Gender Female 6/43 16/27 10.02 (0-21.05) 0.053 0.277
Male 10/63 30/33 —— 0.69 (0.20-2.45) 0.565 0.567
T stage T3 15/98 38/60 —a—r 0.37(0.10-1.29) 0.103 0.118
T4 1/8 8/0 - -
Tumor site Left 8/50 26/24 a1 0.52(0.12-2.18) 0.362 0.371
Right 8/56 20/36 e ] 0.25(0.03-2.04) 0.162 0.196
Differentiation Mod/Well 13/78 34/44 [ 0.36 (0.1-1.32) 0.11 0.125
Poor 3/28 12/16 —— 0.66 (0.06-7.33) 0.736 0.738
Mucinous Yes 1/5 32 46.22 (0-inf) 0414 0.65
No 15/101 43/58 —— 0.31(0.09-1.11) 0.058 0.073
Examined LN >12 14/98 44/54 —— 0.46 (0.14-1.47) 0.178 0.189
<12 2/8 2/6 L] 0.03 (0-inf) 0414 0.619
VELIPI No 12/81 28/53 e 0.36 (0.08-1.65) 0.17 0.188
Yes 4/25 18/7 — 0.28 (0.04-2.05) 0.183 0.211
MMR status dMMR 1/13 1/12 . 0.04 (0-inf) 0.773 0.85
pMMR 15/93 45/48 —a— 0.36(0.12-1.14) 0.07 0.082
Clinical risk High risk  7/45 28/17 i 0.22 (0.04-1.15) 0.05 0.074
Low risk  9/61 18/43 —— 0.64 (0.13-3.09) 0.577 0.58
preoperative CEA <5ng/ml  9/72 3042 ——a—H 0.17(0.02-1.36) 0.058 0.095
>5ng/ml  6/33 15/18 e 0.54(0.10-2.94) 0.468 0.475
Immunoscore IS Low 4/6 4/2 0 (0, inf) 0.018 0.458
IS Int 12/58 27/31 —— 0.2 (0.04-0.91) 0.02 0.037
IS High 0/42 15/27 - - =
O.bl ():l 1 10 l(l)O
b c
& 100 & 100
S 80+ 3 80
s 3 1|,
n 60 o 60
8 Log-rank P < 0.001 ] Log-rank P = 0.07
": 40 s o chemo (n=27) ‘z 40 i g riskiNo chemo (0= 10)
] —i— IS HiChemo (n = 15) ] —i—  High riskiChemo (n = 20)
§ 20 = S int+LaMNochemo (n=33) § 20 i LowriskiNo chemo (n=23)
8 .| == rsmiocremo(n=3) 8 .| == LowrskChemo(n=11)
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Months from surgery

Months from surgery

Figure 3. Immunoscore (IS) and the benefit from adjuvant chemotherapy. Forest plot representing the predictive value of response to chemotherapy (disease-free survival
[DFS)) in different groups according to clinical parameters and IS levels (a). Kaplan-Meier curves for DFS in patients with or without chemotherapy in different IS groups (b).
Kaplan-Meier curves for DFS in patients with IS-Int+Low stratified by clinical risk and chemotherapy (c). (*) indicates significant log-rank P-value, *P < .05; ns, non-significant.

a good prognosis who might avoid chemotherapy. Unlike
ctDNA-negative patients, patients with IS-High typically
accounted for about 30% of stage II CC patients and were the
definite subset with the best prognosis. Importantly, this study

found no recurrence of 100% of IS-High, both in the ctDNA
positive and ctDNA negative populations. In short, the post-
operative ctDNA assay had an advantage in identifying
patients at a high risk of recurrence, whereas IS was the



8 (& F.WANGETAL

A 00% b 100%
2 2

£ 80% S s80%
2 =
= =

;' 60% 5 60%
=

S a0% = 40%
t -
S 2

& 20% g 20%
o [-»

0% 0%

! ! IS Hi ISInt  ISLo
(DNA (DNA
¢ ("_;’;” ¢ ("_4';')“ (n=20) (=25 (n=4)
M No recurrence M Recurrence MctDNA neg M ctDNA pos
¢ Resected stage II colon cancer with clinical risk factor
|
v v
IS-Hi IS-Int or IS-Lo
|
v v
ctDNA negative ctDNA positive
4 A4
Observation Interme.dlate risk Adjuvant chemotherapy
Could consider treatment

Figure 4. Postoperative ctDNA status and Immunoscore (IS) in the adjuvant setting. Overall recurrence rates according to postoperative ctDNA status (a). Positive
ctDNA rates in different IS groups (b). A scheme proposed to guide adjuvant treatment for patients with clinically high-risk stage Il colon cancer based on postoperative
ctDNA and IS (c). pos, positive; neg, negative; Hi, high; Int, intermediate; Lo, low.

opposite. Therefore, we proposed a decision algorithm for The IS distribution of stage II CC in the Asian subgroup
adjuvant treatment of stage II CC based on c¢tDNA and IS was markedly different from that of the overall SITC cohort
(Figure 4c): i) patients with IS-High had the lowest risk of and our cohort, with the percentage of IS-Low as high as
recurrence and could be spared from chemotherapy; ii) 41%. Moreover, according to the data tracked by the
patients with postoperative negative ctDNA and IS-Int or IS-  Genecast lab on Chinese stage II CC patients (less than
Low had an intermediate risk of recurrence and could be 200 patients as of June this year) commercially tested with
considered for treatment; iii) patients with postoperative posi- IS, the proportion of patients with IS-Low remained below
tive ctDNA and IS-Int or IS-Low had the highest risk of 15%. Thus, more data are needed to prove the differences
recurrence and were highly recommended to receive in the distribution of IS among various populations.
chemotherapy. The IS 3-groups including IS-High, IS-Int and IS-Low are
more applicable for risk classification of stage II CC in Chinese
population and decision-making for adjuvant treatment in IS-
Int and IS-Low. Compared with clinical parameters, IS can
The present study validated the prognostic value of IS for the first ~ identify patients with a good prognosis, and help them to be
time in a Chinese population and demonstrated the predictive ~spared from chemotherapy to solve the problem of overtreat-
value of IS for the chemotherapy benefit in patients with stage II ment in practice. However, owing to the absence of rando-
CRC. We also forecasted the future application pattern of IS and ~mized controlled studies of IS in the adjuvant setting,
ctDNA in guiding adjuvant therapy for early-stage CC. chemotherapy-free treatment can only be considered for a
The distribution of IS in our study is different from that —small number of patients who are safe enough, i.e., IS-High
in several studies abroad. Although the number of cases in  patients. A previous study suggested that 69.5% of clinical
this work was small, there may be differences in the IS high-risk patients could be classified as IS-High+Int and
distribution by ethnicity. Earlier research has reported the might avoid adjuvant treatment as their risk of recurrence is
prognostic performance of IS in CC within the Asian similar to that of the clinical low-risk patients.'> But the pro-
population (mostly Japanese patients) of the SITC cohort.?>  portion of IS-High-+Int is too high, and it could be 92% in our

Discussion



Chinese cohort, thus it would be unsafe to change treatment
for such a large proportion of patients.

Our study demonstrated that patients with IS-Int and IS-
Low could benefit from chemotherapy, which seems different
with the results of stage III CC where only patients with IS-
High+Int could benefit from adjuvant chemotherapy.'®'® But
we believe these results are non-conflicting and reasonable.
First, the tumor stage was different: patients with stage II CC
and IS-High had a favorable prognosis, hence little room for
survival improvement with adjuvant chemotherapy; patients
with stage III CC and IS-High did not have such good prog-
nosis to avoid chemotherapy, which further improved survival
in these patients, possibly due to the dependence of chemother-
apy efficacy on immune status.”> *” Second, in our cohort,
patients with IS-Int accounted for the most and greatly con-
tributed to the significant chemotherapy benefit observed in
the IS-Int and IS-Low groups. As for whether patients with IS-
Low could benefit from adjuvant chemotherapy, it might vary
at different tumor stages. Although there was no statistical
significance, a trend toward chemotherapy benefit was
observed in patients with stage IIT CC and IS-Low."®

Taken together, the association between the chemotherapy
benefit and IS deserves further mechanistic investigation.

In recent years, both ctDNA and IS are prognostic
markers that have been proven to be superior to all other
clinical factors in early-stage CRC and are expected to
guide adjuvant therapy for patients in the near future.””*®
However, the correlation between them and the application
direction has not been reported. It was previously reported
that higher Immunoscore correlate with a cytotoxic and
Thl type response (including increased IFNG, IRFI1,
TBX21 expression),” ! and that increased effector mem-
ory T-cells correlated with the absence of VELIPL'® In this
study, although the ctDNA cohort was small, we observed a
reasonable trend of the association, namely, patients with
higher IS would have lower positive rates of postoperative
ctDNA. More data are needed to illustrate whether patients
with IS-High have ctDNA-MRD detected before adjuvant
therapy after radical surgery. Nevertheless, it was suggested
that IS is more effective than ctDNA assay in selecting
patients who can safely avoid adjuvant chemotherapy.
Only when the sensitivity level of ctDNA-MRD testing
exceeds 95% can it be used for treatment de-escalation™.
According to published data, negative ctDNA still missed
some patients who would relapse, and clinical risk-features
were needed to increase the negative predictive value.*”
Based on the features of IS and ctDNA, we proposed a
simple decision algorithm for adjuvant therapy in Figure 4,
expecting to facilitate individualized treatment for patients
with stage II CC. We believe that with the advancement of
detection technology and the accumulation of research evi-
dence, these markers will be applied in a more precise way
to clinical decision-making.32 Thus, Immunoscore is an
important immunoprofiling biomarker and a predictive
tool for cancer treatment.”®***>7>

Our study adds to the evidence for the prognostic and pre-
dictive value of IS in Chinese patients with stage II CRC. Patients
with IS-High had the best prognosis, independent of chemother-
apy and ctDNA status, while patients with IS-Low had the worse
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prognosis. Furthermore, patients with IS-High did not need adju-
vant chemotherapy, whereas patients with IS-Int and especially
IS-Low with the poorest DFS could benefit from adjuvant che-
motherapy. IS will help identify patients with excellent prognostic,
for whom chemotherapy may be safely avoided. This study
demonstrates the clinical utility of IS in the adjuvant setting for
early-stage CRC.

Highlights

® Immunoscore (IS) is a strong prognostic biomarker for Chinese stage
II colorectal cancer patients.

® Patients with high IS had a 100% DFS rate during a median follow-up
of 3 years

® Patients with intermediate to low IS could significantly benefit from
adjuvant chemotherapy demonstrating IS clinical utility

® IS and postoperative ctDNA will jointly optimize the adjuvant treat-
ment strategy for stage II colon cancer.
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