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Abstract Aim: Stratification of colon cancer (CC) of patients with stage II and III for risk of

relapse is still needed especially to drive adjuvant therapy administration. Our study evaluates

the prognostic performance of two known biomarkers, CDX2 and CD3, standalone or their

combined information in stage II and III CC.

Patients and methods: CDX2 and CD3 expression was evaluated in Prodige-13 study gathering

443 stage II and 398 stage III primary CC on whole slide colectomy. We developed for this

study an H-score to quantify CDX2 expression and used our artificial intelligence (AI)-guided

tissue analysis ColoClass to detect CD3 in tumour core and invasive margin. Association be-

tween biomarkers and relapse-free survival was investigated.

Results: Univariate analysis showed that the combined variable CD3-TC and CD3-IM was

associated with prognosis in both stage II and stage III. CDX2, on the contrary, was associ-

ated with prognosis only in stage III. We subsequently associated CDX2 and combined im-

mune parameters only in stage III. This multivariate analysis allowed us to distinguish a

proportion of stage III CC harbouring a high CDX2 expression and a high immune infiltra-

tion with a particularly good prognosis compared to their counterpart.

Conclusion: This study validated the prognostic role of CDX2 and CD3 evaluated with immu-

nohistochemistry procedures in stage III but not in stage II. This association would be

conceivable in a routine pathology laboratory and could help oncologist to consider chemo-

therapy de-escalation for a part of stage III patients.

ª 2022 The Authors. Published by Elsevier Ltd. This is an open access article under the CC

BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

The last data from 2020 on colorectal cancer in Europe
show that it is the second most frequently occurring

cancer after breast cancer and the second cause of can-

cer death after lung cancer [1]. The current clinical

dogma encourages clinicians to treat with an adjuvant

chemotherapy every patients suffering from stage III CC

and patients suffering from stage II CC harbouring poor

histological/clinical prognosis features such as T4,

VELIPI, or occlusion/perforation [2]. Despite these
approved recommendations, it is also known that on the

one hand, the correct selection of stage II CC who could

benefit from adjuvant chemotherapy is still to be

improved using new markers such as circulating tumour

DNA [3], panel gene expression [4], or immunohisto-

chemistry (IHC) procedures [5]. On the other hand, the

dogmatic chemotherapy administration for stage III

could also be dubious as some patients with an espe-
cially good prognosis could benefit from surgery alone

or from surgery followed by a lighter chemotherapy [6],

which could subsequently relieve patients from side ef-

fects. Results published from IDEA study also under-

lined this potential chemotherapy administration de-

escalation [7]. This it is consequently a need to develop

new biomarkers to help patients’ stratification in both

stage and improve CC care. Obviously, these bio-
markers should be developed as far as possible in order

to be easily applied in a routine process.

Among strategies which can be conceivable in a

routine assessment, IHC procedures are developed to

help pathologists to make a diagnosis. Besides its
diagnostic impact, IHC procedure can also be used for its

prognostic value [8]. Thus, CDX2 (caudal-related

homoeobox transcription factor 2) and CD3 are two

well-known prognosis markers in CC which are easily

feasible with IHC procedures as they belong to pathol-
ogists’ routine portfolio [9,10]. CDX2 is a transcription

factor expressed in the nuclei of gastrointestinal epithelial

cells [11]. It belongs to Wnt-signalling pathway, and once

activated, CDX2 leads to gastrointestinal differentiation

and maintenance of epithelial lining [12]. Along with

cytokeratin staining, CDX2 is mainly used to help pa-

thologists to pinpoint a gastrointestinal origin of an un-

determined origin tumour [13]. CDX2 has also been
proposed to have a prognostic role since 2016 by Dalerba

et al. where the loss of CDX2 was associated with a poor

prognosis [10]. While the prognostic value for stage II CC

is still discussed [14,15], loss of CDX2 was afterwards

confirmed to be associated with a poor prognosis in

several analysis especially in stage III or metastatic CC

[16e19]. CD3 is a pan T-cell lymphocyte marker widely

studied for a decade in CC by several groups [20e22] but
also especially by Galon’s group in CC [5,23]. The great

prognostic value of CD3 on stage II and stage III led to

its association with CD8, a cytotoxic T-cell marker, to a

prognostic commercial test coined Immunoscore� [24]

available for stage II and stage III CC in several coun-

tries. Our group also recently showed that CD3 detected

with our free artificial intelligence (AI) software Colo-

class could be prognostic when the counting was focussed
on tumour core (TC) [25].

In the present study, we tested the rational to

combine CDX2 and CD3 on two successive formalin-

http://creativecommons.org/licenses/by-nc-nd/4.0/
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fixed paraffin-embedded (FFPE) slides from the

Prodige-13 cohort [26] gathering 443 stage II and 398

stage III CC to predict their relapse-free survival (RFS)

over a 5-year follow-up.

2. Patients and methods

2.1. I e study design and population

The study population gathered 443 stage II and 398 stage

III CC patients from the Prodige-13 study (NCT00995202)

[26]. This randomised prospective multicentre study was

initially designed to investigate the impact of intensive

radiological monitoring vs. standard monitoring and car-

cinoembryonic antigen (CEA) monitoring vs. no moni-

toring. All use of clinical data and tissue specimen were
performed with the Federation Francophone de Cancér-

ologie Digestive (FFCD) compliance. Study approval and

consent were obtained from FFCD with the following

number: EudraCT 2009-A00536-51, CPP 2009/34.
Table 1
Clinical characteristics of the Prodige13 cohort patients included in the an

Label N (total) Stage II (443)

Sex 841

Male 255 (57.6)

Female 188 (42.4)

Age, years 841 67.9 (14.2)

Location of tumour 834

Right colon 210 (47.4)

Left colon 232 (52.4)

Rectum 0 (0)

NA 1 (0.2)

Number of lymph nodes 841

N0 443 (100)

N1 0 (0)

N2 0 (0)

MSI 657

MSS 303 (68.4)

MSI 75 (16.9)

NA 65 (14.5)

Tumour size 831

T1 0 (0)

T2 15 (3.4)

T3 355 (80.1)

T4 69 (15.6)

NA 4 (0.9)

Grade 834

Well 400 (90.3)

Moderately 16 (3.6)

Poorly 23 (5.2)

NA 4 (0.9)

Treatment 841

Chemotherapy 128 (28.9)

No chemotherapy 315 (71.1)

Relapse 841

No 345 (77.9)

Yes 98 (22.1)

Death 841

No 375 (84.7)

Yes 68 (15.3)

MSS: microsatellite stable; MSI: microsatellite instable; NA: not available
Patients’ clinical characteristics are available in Table 1

and flow chart for biological analysis is available in sup-

plementary methods, SM1. Endpoint for survival was

RFS defined as the time between primary surgery and

objective relapse of disease. For mismatch repair (MMR)

proteins, relying on hMLH1, PMS2, MSH2, and MSH6

antibodies, the controls were represented by normal

epithelial cells of the mucosae, lymphocytes, and stromal
cells such as fibroblasts and endothelial cells. Because

MMR-IHC assessment was performed on tissue-

microarray, an external control was systematically added.

2.2. II e CDX2 staining and analysis

Slide staining was carried out using Autostainer 48

(Agilent) and anti-CDX2 primary antibody (clone
DAK-CDX2, Agilent). Once counterstained and

permanently mounted, slides were digitalised with a

Nanozoomer HT2.0 (Hamamatsu) at � 20 magnifica-

tion to generate a whole slide imaging (WSI) file in ndpi
alysis.

Stage III (398) P-value Adjusted p-value

230 (57.8) 1 1

168 (42.2)

67.5 (15.2) 0.77 0.86

159 (39.9) <1.10�3 <1.10�3

183 (46)

50 (12.6)

6 (1.5)

0 (0) <1.10�3 <1.10�3

289 (72.6)

109 (27.4)

265 (66.6) <1.10�3 <1.10�3

21 (5.3)

112 (28.1)

8 (2) <1.10�3 <1.10�3

34 (8.6)

275 (69.1)

75 (18.8)

6 (1.5)

357 (89.7) 0.21 0.27

23 (5.8)

15 (3.8)

3 (0.7)

391 (98.2) <1.10�3 <1.10�3

7 (1.8)

274 (68.8) 0.004 0.005

124 (31.1)

300 (75.4) 0.001 0.002

98 (24.6)

.
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format. Using QuPath software (v2) [27], CDX2 anal-

ysis was restricted to tumour cells annotated by a

pathologist. A mean of nine different areas of tumour

cells, representing 1 mm2 for each slide, was analysed for

CDX2 staining. A cut-off for each subset was deter-

mined on diaminobenzidine intensity (brown staining)

and automatically applied on every cell detected in an-

notated areas (i.e., negative, 1þ, 2þ, and 3þ). The
CDX2 H-score was then calculated with the following

formula: H-score Z [1*(% cells 1þ) þ 2)(% cells

2þ) þ 3)(% cells 3þ)] [28]. Positive controls are shown

in Supplementary Fig. 1.

2.3. III e CD3 staining and analysis using AI

Slide staining was carried out using Autostainer 48

(Agilent) and anti-CD3 primary antibody (clone

F7.2.38, Agilent) post processed the same way we did
for CDX2. Once digitalised, we applied our ColoClass

software previously published in 2020 [25]. Briefly, the

WSI was tiled with QuPath software (v1), and 127 dig-

ital parameters within each tile were extracted. A

random forest model through R software was estimated

to classify any tile detected on the WSI. Coloclass was

finally able to automatically detect TC by collating

tumour tiles when the surface was big enough and
automatically determined its invasive margin (IM) by a

300 mm surrounding border of TC. The number of CD3-

positive cells/mm2 was then calculated in these specific

areas, respectively, called CD3-TC and CD3-IM. Posi-

tive controls are shown in Supplementary Fig. 1.

2.4. IV e Statistical analysis

Quantitative variables are described as mean � standard

deviation (SD) or median and interquartile range
(quartile 1, quartile 3, IQR), and qualitative variables as

number and percentage. Clinical characteristics of pa-

tients were compared using the Chi square or Fisher’s

exact test for qualitative variables and the

ManneWhitney test for quantitative variables. Boxplots

were drawn with median, quartiles, and Tukey’s whis-

kers. P-values were adjusted using Benjamini-Hochberg

FDR correction and adjusted p-values<0.05 were
considered significant.

Univariate and multivariate Cox proportional haz-

ards models were estimated to compute hazard ratios

(HRs) with 95% confidence intervals (CIs). Survival

curves were estimated using the KaplaneMeier method

and compared using log-rank tests. RFS was used for

survival analysis and was calculated from the time be-

tween primary surgery and objective relapse of disease.
Survivors were censored after a 5-year follow-up. All

results of Cox model of main figures are summarised in

supplementary methods, SM2.

For stage II and stage III patients, CDX2 H-score

was dichotomised at the third quartile, while CD3IM
and TC were both dichotomised at quantile 2/3. Com-

bined immune parameters were obtained by adding TC

and IM information for each patient (i.e., low Z 0 and

high Z 1), so that CD3 combined information spanned

from 0 to 2 staggered in three groups (low, intermediate,

and high). For stage III patients, the final composite

marker gathering CDX2 H-score and combined CD3

was obtained by adding CDX2 H-score (0e1) and
combined CD3 information (0e2), thus spanned from

0 to 3 staggered in four groups. A multivariate clinical

model was performed with clinical factors significantly

associated with RFS in stage III (p-value less than 0.1 in

univariate Cox model). A bootstrap strategy was per-

formed to validate the predictive power of final com-

posite marker. One thousand random samplings with

replacement were drawn from the initial cohort. HRs
were estimated on each sampling, and median and 95%

CI of corresponding HRs were estimated and considered

as final result.

All STROBE, REMARK, and TRI-POD recom-

mendations were considered.
3. Results

3.1. I e Validation of CDX2 H-score quantification

strategy

We used an H-score strategy to quantify CDX2 within

tumour to limit a potential bias due to tissue staining

heterogeneity (Fig.1A). We first observed that CDX2 H-

score was not different regarding stage (median CDX2

H-score was 72.2 [IQR Z 135.5] for stage II vs. 76.8

[IQR Z 152.3] for stage III, p Z 0.34) but was signifi-

cantly higher in left-sided tumours (92.9 [IQR Z 152.5]

vs. 46.6 [IQR Z 124.1], p < 1.10�3), in MSS tumours
(89.4 [IQR Z 146.7] vs. 11.1 [IQR Z 77.3], p < 1.10�3)

and in well differentiated tumours (78.4 [IQR Z 145.1]

vs. 25.8 [IQR Z 113], p < 1.10�3) (Fig. 1BeE). Med-

ullary tumours, although in very small amounts (seven

tumours), had a drastically lower CDX2 H-score (me-

dian CDX2 H-score was 0 [IQR Z 3.96]). On the con-

trary, CDX2 H-score was not different toward T and N

status (Supplementary Fig. 2A and B).
3.2. II e CDX2 expression impacts differentially stage II

and stage III CC prognosis

We then studied the prognostic value of CDX2 H-score

in stage II and stage III CC. Dichotomised CDX2 H-

score was used for further analyses. All clinical charac-

teristics describing CDX2 H-score low and CDX2 H-

score high patients are reported in Table 2. In stage II,
CDX2 H-score was not significantly associated with

RFS (HR Z 1.48 [95% CI: 0.9e2.4]; log-rank p Z 0.11)

(Fig. 2A) even if a slight trend was observed for a better

RFS in patients harbouring a low CDX2 H-score. When



Fig. 1. Validation of CDX2 H-score quantification strategy. Representative potential CDX2 heterogeneity staining on a whole slide image

(A); boxplot displaying CDX2 H-score evaluation depending on stage (B), sidedness (C), MSS/MSI status (D), and histology grade (E).
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our analysis was focussed on MSS tumours, this trend

was partially concealed (Supplementary Fig. 3A). On

the contrary, high CDX2 H-score was associated with a

good RFS (HR Z 0.62 [95% CI: 0.37e0.99]; log-rank

p Z 0.05) in stage III CC (Fig. 2B). The MSS
subgroup analysis confirmed this result (HR Z 0.49

[95% CI: 0.3e0.9]; log-rank p Z 0.02) (Fig. 2C). As for

MSI-subgroup analysis, CDX2 H-score was not asso-

ciated with RFS in both stage II and stage III CC

(Supplementary Fig. 3B and C).



Table 2
Clinical characteristics of the Prodige13 cohort patients dichotomised by CDX2 H-score and stage.

Label Stage II Stage III

CDX2Low

332 (75)

CDX2High

111 (25)

P-value Adjusted p-value CDX2Low

298 (75)

CDX2High

100 (25)

P-value Adjusted p-value

Sex

Male 188 (56.6) 67 (60.4) 0.56 0.72 168 (56.4) 62 (62) 0.38 0.69

Female 144 (43.4) 44 (39.6) 130 (43.6) 38 (38)

Age, years 67.9 (14.1) 67.5 (15) 0.91 0.91 67.6 (15.6) 67.3 (15.6) 0.49 0.71

Location of tumour

Right colon 168 (50.6) 42 (37.8) 0.02 0.08 130 (43.6) 29 (29) 0.006 0.05

Left colon 163 (49.1) 69 (62.2) 124 (41.6) 59 (59)

Rectum 0 (0) 0 (0) 41 (13.8) 9 (9)

NA 1 (0.3) 0 (0) 3 (1) 3 (3)

MSI

MSS 214 (64.4) 89 (80.2) <1.10�3 0.006 195 (65.4) 70 (70) 0.63 0.71

MSI 68 (20.5) 7 (6.3) 17 (5.7) 4 (4)

NA 50 (15.1) 15 (13.5) 86 (28.8) 16 (16)

Tumour size

T1 0 (0) 0 (0) 0.03 0.08 6 (2) 2 (2) 0.57 0.71

T2 14 (4.2) 1 (0.9) 22 (7.4) 12 (12)

T3 256 (77.1) 99 (89.2) 208 (69.8) 67 (67)

T4 58 (17.5) 11 (9.9) 57 (19.1) 18 (18)

NA 4 (1.2) 0 (0) 5 (1.7) 1 (1)

Grade

Well 293 (88.3) 107 (96.4) 0.07 0.15 266 (89.3) 91 (91) 0.08 0.23

Moderately 15 (4.5) 1 (0.9) 21 (7) 2 (2)

Poorly 20 (6) 3 (2.7) 9 (3) 6 (6)

NA 4 (1.2) 0 (0) 2 (0.7) 1 (1)

Treatment

Chemotherapy 101 (30.4) 27 (24.3) 0.27 0.4 293 (98.3) 98 (98) 1 1

No chemotherapy 231 (69.6) 83 (75.7) 5 (1.7) 2 (2)

Relapse

No 264 (79.5) 81 (73) 0.19 0.34 199 (66.8) 75 (75) 0.16 0.35

Yes 68 (20.5) 30 (27) 99 (33.2) 25 (25)

Death

No 282 (85) 93 (83.8) 0.89 0.91 217 (72.8) 83 (83) 0.06 0.23

Yes 50 (15) 18 (16.2) 81 (27.2) 17 (17)

MSS: microsatellite stable; MSI: microsatellite instable; NA: not available.

Fig. 2. CDX2 expression impacts differentially stage II and stage III CC prognosis. KaplaneMeier stratification for CDX2 H-score high

and low in stage II CC (A), in stage III CC (B) and in MSS stage III CC (C). Log-rank test; HR Z hazard ratio, 95% CI between square

brackets.
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3.3. III e AI-automated CD3 quantification is prognostic

in stage II and in stage III CC

To evaluate the pan-lymphocyte marker CD3 on whole

slide, we used the AI software ColoClass previously

generated as mentioned in the Methods part. Thanks to

the use of ColoClass, we were able to automatically
detect accurately TC and its IM the same way as a

pathologist (Supplementary Fig. 4A and B). We dicho-

tomised the CD3 variable in TC (CD3-TC) and in IM

(CD3-IM) (Supplementary Fig. 4CeF). For stage II

CC, CD3-TC and CD3-IM were both significantly

associated with a good RFS (respectively HR Z 0.56

[95% CI: 0.3e0.9]; log-rank p Z 0.03; HR Z 0.56 [95%



Fig. 3. AI-automated CD3 quantification is prognostic in stage II and stage III CC. Kaplan-Meier stratification for CD3 high and low for

IM (A), TC (B) and combined information (C) in stage II CC; for IM (D), TC (E) and combined information (F) in stage III CC. Log-

rank test; HR Z Hazard Ratio, 95% CI between square brackets.
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CI: 0.3e0.9]; log-rank p Z 0.03) (Fig. 3A and B). When

using both CD3-IM and CD3-TC information to esti-
mate prognosis, patients with high infiltration had a

significant better RFS compared to their low counter-

parts (HR Z 0.5 [95% CI: 0.3e0.9]; log-rank p Z 0.03)

(Fig. 3C). While the combination of immune markers

was still significantly associated with RFS in MSS tu-

mours, no association was observed in MSI tumours

(Supplementary Fig. 5A and B).

For stage III CC, a high immune infiltrate within the
TC was clearly associated with a good RFS (HR Z 0.53

[95% CI: 0.3e0.8]; log-rank p Z 0.004), while a high

CD3-IM had a trend for being correlated with a good

RFS (HR Z 0.72 [95% CI: 0.5e1.1]; log-rank p Z 0.11

(Fig. 3D and E). Combination of IM-CD3 and TC-CD3

showed that patients with high infiltration had a sig-

nificant better RFS compared to intermediate and low

counterparts (respectively HR Z 0.38 [95% CI:
0,2e0,7]; log-rank p Z 0.004; HR Z 0,4 [95% CI:

0,2e0,7]; log-rank p Z 0.003) (Fig. 3F). MSS subgroup

analysis in stage III CC for combined immune markers

showed that RFS was still significantly associated with

RFS (Supplementary Fig. 5C). Despite the trend, this

observation was not confirmed in MSI subgroup

(Supplementary Fig. 5D).

3.4. IV e Combination of CDX2 and CD3 improves

prognosis stratification in stage III CC

As CDX2 and CD3 combined marker were prognostic

only in stage III, we then focussed our intention on this
group of patients. We observed no correlation between

CDX2 H-score and immune variables for stage III pa-
tients (Supplementary Fig. 6A). We therefore generated

a composite variable using both dichotomised CDX2-H

score and combined CD3 TC and IM (Supplementary

Fig. 6B). Results of our composite variable on stage

III CC stratified continuously patients with especially

patients with a good prognosis with a 5-year RFS of

90% (HR Z 0.3 [95% CI: 0.1e0.9]; log-rank p Z 0.04)

(Fig. 4A). Using Cox univariate model, our composite
variable was the most relevant to identify patients with a

good RFS in Prodige-13 cohort and was robust through

the whole cohort using a bootstrap strategy (HR Z 0.25

[95% CI: 0.08e0.8]; p Z 0.02) (Fig. 4B). Interestingly

upon a multivariate model associating clinical features

and the composite variable (Supplementary Method 2),

our composite variable was the strongest prognostic

marker associated with a good RFS along an internal
validation using a bootstrap strategy (HR Z 0.22 [95%

CI: 0.05e0.9]; p Z 0.04) (Fig. 4C).

4. Discussion

In the present study, we evaluated the prognosis value of

two variables CDX2 and CD3 in a large and well-

described cohort gathering both stage II and stage III

CC called Prodige-13. When focussing on CDX2 anal-
ysis, our quantification strategy using an H-score was

first validated as the quantified variable behaved as ex-

pected towards histological and clinical variables [29].

Using this kind of alternative strategies to quantify



Fig. 4. Combination of CDX2 and CD3 improves prognosis stratification in stage III CC. KaplaneMeier stratification for composite

variable using CDX2 and CD3 combined information from the lowest to the highest (0e3) for stage III patients (A); barplots of validation

through Prodige-13 using bootstrap strategy of the different univariate models (B) and multivariate model (C). Log-rank test; HR Z
hazard ratio, 95% CI between square brackets.
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CDX2 has recently been proposed by other authors,

either with immunofluorescence techniques [18] or with

tandem mass spectrometry-based proteomics [19]. These

quantitative strategies compared to visual estimation

might be more considered as they might bring sharper

information and take into account potential expression

heterogeneity through tumour specimen. We confirmed
here some previous works showing that high CDX2 H-

score was associated with a good RFS for stage III.

However, we did not observe a significant association

despite a slight trend for CDX2 H-score being associ-

ated with a poor prognosis for stage II CC. As den Uil

also reported [19], this result for stage II could be in part

explained by MSI tumours which were over represented

in low CDX2 H-score subgroup in our dataset and
which are known to have a better prognosis [30e32]. It

is moreover still unclear whether CDX2 has a major

impact on stage II prognosis and literature.

The immune parameters especially evaluated with T-

cell lymphocytes are well known to be prognostic in

stage II and stage III CC. Galon with Immunoscore� [5]

but also other works clearly described the importance of

T lymphocytes within TC and IM of CC [20e22]. We
recently made our contribution to this topic by adding

an automated AI-based software called ColoClass to

detect CD3þ lymphocytes within TC and IM [25]. This

automated quantified evaluation on a WSI is important

to alleviate pathologists’ ROI selection bias and also

save time in IHC analysis. In the present study, we

obviously confirmed the major impact of CD3 in both

TC and IM location using our AI software ColoClass.
We confirmed here our previous data that especially

CD3-TC has a prevailing prognostic value for stage III

CC. For stage II CC, CD3-IM evaluation and CD3-TC

standalone were both associated with a good prognosis.

By combining information from TC and IM, CD3

staining clearly showed a great value to stratify stage II

but also in stage III tumours.

As CDX H-score and immune parameters were not
correlated, we finally combined those two variables to

test whether this strategy could help patients’ prognosis

stratification. We restricted our analysis on stage III as
both CDX2 and combined IM and TC-CD3 had a

prognostic value only in stage III. Almost 8% of patients

harbouring a high CDX2 H-score and a high combined

immune parameters emerged from other with a clear

better prognosis. Recently published data [29] also tried

to combine several IHC parameters, including immune

parameters like CD3 but also CD8, PD-L1, and HLA-G,
with CDX2 especially on bad prognosis CC tumours (i.e

T3 and T4) staggered from stage II to stage IV. By

combining these information, the authors published a

model which selected 6% from 188 patients with a better

prognosis regardless of stage. This model, like our study,

supported the rational to combine immune markers with

CDX2 to determine CC patients’ prognosis.

It is to remind that it is an unmet need for oncologists
to accurately select patients who could benefit from

adjuvant therapy for stage II CC. In our dataset, unfor-

tunately our strategy to combine CDX2 H-score and

immune information for these patients failed to have an

interest as the prognostic value was only supported by

immune parameters. For stage III CC, the current clinical

dogma is to treat all patients with adjuvant chemo-

therapy and patients share the same follow-up. As a
consequence, the purpose would be to find patients with

biomarkers related to prognosis of whom a lighter

adjuvant chemotherapy or a lighter follow-up could be

considered. The present combination presented here with

CDX2 H-score, and CD3 AI-guided analyses could in

part find these patients of interest for stage III. Obvi-

ously, our work had limitation as it was a retrospective

work and the results observed here, despite an internal
validation with a bootstrap strategy, were not externally

validated yet. It should consequently be interpreted with

caution and would need further investigations on other

larger cohorts before being clinically considered.

5. Conclusion

Despite improvement of colon cancer care, the discovery

of new biomarkers or combination of known bio-

markers related to patients’ prognosis is a crucial need

for oncologist to improve decision of chemotherapy
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administration and follow-up. Our study, with two

simple IHC procedures, that is, CDX2 and CD3, make

emerge almost 10% of stage III CC with a very good

prognosis. If confirmed, these results could be of a major

interest to select stage III patients who could benefit

from a potential therapy de-escalation in future clinical

trials.
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