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Introduction

Colorectal cancer (CRC) is the third most common cancer 
worldwide, with 1.9 million new cases in 2022.1 The TNM staging 
is the standard method to assess tumor burden and patient 
prognosis.2 However, additional parameters are required for 
more granular classification  of the disease course, and T-cell 
infiltration represents an independent favorable prognostic fac
tor in CRC.3,4 The Immunoscore is a validated method used to 
evaluate immune cell infiltration  in tumor tissue and based on 
the measurement of densities of CD3+ T cells and CD8+ cytotoxic 
T cells at both the tumor center and the invasive margin. A large 
international study indicated that the prognostic value of the 
Immunoscore is independent of the TNM classification.5

Recently, Frei et al6 used multiplex immunofluorescence  to 
analyze several immune cell populations in the intraepithelial 
(IE) and intrastromal (IS) compartments of stage II-III CRC. They 
identified epithelial CD8 and stromal FOXP3 cell densities as the 
most prognostically relevant of the studied cell populations and 
developed a composite marker combining them known as the 
CD8IE-FOXP3IS score.6 However, independent validation and an 
additional comparison with the Immunoscore would be required 
to more firmly  establish this score as a relevant prognostic 
parameter. Moreover, the multiplex immunofluorescence assay 
used in the study by Frei et al6 would require special equipment 
that is not widely available in pathology laboratories. Therefore, 
we developed a triple chromogenic immunohistochemistry assay 
to evaluate the CD8IE-FOXP3IS score. We applied this assay to 2 
large CRC cohorts (N = 1724) and assessed the prognostic value of 
the CD8IE-FOXP3IS score in relation to the CD3-CD8 T-cell density 
score (based on the principles of the Immunoscore), as well as 
conventional prognostic parameters.

Materials and Methods

Study Population

The study was based on 2 independent cohorts. Cohort 1 was 
prospectively collected of 1011 newly diagnosed CRC patients 
who underwent surgery at the Oulu University Hospital between 
2006 and 2020.7,8 Cohort 2 was retrospectively collected and 
comprised 1343 patients who underwent primary CRC surgery 
between 2000 and 2015 at the Central Finland Central Hospital in 
Jyv€askyl€a.9 Patients who had received preoperative treatment 
including radiotherapy, chemotherapy, or chemoradiotherapy 
(cohort 1: n = 235; cohort 2: n = 243) were excluded because of 
the potential impact on tumor characteristics.10,11 Deaths occur
ring within 30 days postoperatively were considered procedure 
related, and those patients were excluded from the survival an
alyses (cohort 1: n = 5; cohort 2: n = 37). Additionally, tumors 
with an inadequate sample or unsuccessful immunohistochem
istry for either the CD8-FOXP3 score or the CD3-CD8 T-cell den
sity score were excluded (cohort 1: n = 25; cohort 2: n = 85). 
Finally, cohort 1 included 746 patients, and cohort 2 included 978 
patients (Table 1, Supplementary Fig. S1).

Immunohistochemistry

All immunohistochemical analyses were performed blinded 
to the clinical data. Immunohistochemistry for mismatch repair 
(MMR) enzymes (MLH1, MSH2, MSH6, and PMS2) and BRAF 
V600E—mutated protein was conducted as described earlier.8,9 To 

evaluate the prognostic value of the CD8IE-FOXP3IS score in 
relation to the CD3-CD8 T-cell density score, immunohisto
chemistry for CD3 and CD8 was performed. The CD3-CD8 T 
density score was calculated following the principles of the 
Immunoscore5 using computer-assisted quantification of CD3+ T 
cells and CD8+ T-cell densities in both the tumor center and the 
invasive margin, as described earlier in detail.9

For this study, we used triple immunohistochemistry on tissue 
microarrays (TMAs) to identify cells expressing FOXP3 (regulatory 
T cells), CD8 (cytotoxic T cells), and keratin (KRT, epithelial cells). 
The TMAs were designed to include 4 cores of 1.0 mm diameter for 
each tumor (2 from the tumor center and 2 from the invasive 
margin). Arrays were prepared with either the Galileo TMA 
CK4500 (Integrated Systems Engineering) or the TMA Master II 
(3DHistech Ltd). Regions were selected to represent overall tumor 
morphology, while avoiding overtly necrotic areas. Sequential 
immunohistochemistry was conducted with the Leica Bond RX 
automated stainer. After deparaffinization and rehydration, anti
gen retrieval was performed (BOND Epitope Retrieval Solution 2, 
Leica AR9640; 30 minutes, 95 ◦C), and tissue slides were incu
bated with CD8 antibodies (Leica, 4B11; 1:100). Bound CD8 anti
bodies were visualized using the BOND Polymer Refine  Red 
Detection Kit (Leica DS9390). Next, antigen retrieval was repeated 
with the BOND Epitope Retrieval Solution 1 (Leica AR9961; 30 
minutes, 95 ◦C), and tissue slides were incubated with FOXP3 
antibodies (236A/E7, 1:20; Invitrogen), and bound FOXP3 anti
bodies were visualized using the BOND Polymer Refine Detection 
Kit (Leica DS9800). In the final  cycle, antigen retrieval was per
formed with the BOND Epitope Retrieval Solution 1 (30 minutes, 
95 ◦C), and tissue slides were incubated with cytokeratin anti
bodies (AE1/AE3, 1:100; Leica) that were visualized using the 
BOND Polymer Refine  Detection Kit (Leica DS9800) with green 
chromogen (Leica DC9913) instead of DAB as the chromogen.

The immunohistochemistry slides were scanned with the 
Leica Aperio AT2 using 20× objective magnification.  QuPath 
program (version 0.4.4) was used for the analysis of scanned 
images (Fig. 1).12 The TMA Dearrayer tool was applied to 
annotate TMA cores, and unrepresentative tumor cores were 
manually excluded. Examples of tumor epithelium, stroma, 
and other areas were annotated, and the Train Pixel Classifier 
function was used to train a random forest pixel classifier  to 
identify tumor epithelial and stromal areas, while excluding 
background, mucus, and necrosis. The Cell Detection function 
was used to detect cells, Add Intensity Features function was 
used to calculate Haralick texture features, and Add Smoothed 
Features function was used to calculate smoothed features 
(within 20 μm). Examples of CD8+ cells, FOXP3+ cells, tumor 
cells, and other cells were annotated, and the Train Object 
Classifier function was used to train a random forest classifier 
to identify these cell populations. These functions were finally 
combined into a script that was run across all images. The 
image analysis result images were reviewed to confirm accu
rate classification. Examples of a triple immunohistochemistry 
image and respective cell and area classification are presented 
in Figure 1 (low-grade CRC) and Supplementary Figure S2
(high-grade CRC).

The cell data were processed using RStudio and R statistical 
programming (version 4.3.1; R Core Team) to calculate cell den
sities per square millimeter for epithelial and stromal tumor re
gions. To compute the CD8IE-FOXP3IS score, CD8IE and FOXP3IS 

cell densities were first converted to percentile values. The mean 
of these 2 percentiles was then calculated, following the 
approach used in the 3-tiered CD8IE-FOXP3IS scoring system 
described by Frei et al6 To enable a direct comparison with the 
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CD3-CD8 T-cell density score (based on the principles of the 
Immunoscore), the resulting mean percentile value was catego
rized into 3 ordinal groups for statistical analysis: low (0%-25%), 
intermediate (25%-70%), and high (70%-100%). In additional an
alyses, we also used separate ordinal categories of CD8+ and 
FOXP3+ cell densities in the tumor epithelial and stromal regions 
to examine whether the prognostic significance  of these cell 
types would differ according to their localization in the tumor 
microenvironment.

Statistical Analysis

Statistical analyses were performed using IBM SPSS Statistics 
for Windows (version 29.0; IBM Corp) or R statistical program
ming (v.4.3.3). Findings with a 2-sided P < .01 were considered 
statistically significant. Associations between the CD8IE-FOXP3IS 

score and patient and tumor characteristics were studied using 
cross-tabulation, and the χ2 test was used to determine statistical 
significance. The Mann-Whitney or Kruskal-Wallis test was used 
to assess associations between categorial and continuous vari
ables. Survival rates were visualized using the Kaplan-Meier 
method, with statistical significance  assessed by the log-rank 
test. Cancer-specific  survival (time from operation to CRC- 
related death) was the primary endpoint. Hazard ratios (HRs) 

with 95% CI were calculated using Cox proportional hazard 
models. Multivariable Cox regression models included the 
following predetermined covariates: age (<65, 65-75, and >75 
years), sex (male and female), stage (I-II, III, and IV), MMR enzyme 
status (proficient  and deficient),  BRAF V600E mutation status 
(wild type and mutant), tumor location (proximal colon, distal 
colon, and rectum), year of operation (cohort 1: 2006-2010, 2011- 
2015, and 2016-2020; cohort 2: 2000-2005, 2006-2010, and 
2011-2015), lymphatic or venous invasion (no and yes), and 
World Health Organization 2019 grade (low and high grades).

Results

CD8IE-FOXP3IS Score In Relation To Clinicopathological Features

The CD8IE-FOXP3IS score in relation to patient and tumor 
characteristics in cohort 1 (N = 746) and cohort 2 (N = 978) is 
presented in Table 1. In cohort 1, 118 patients (16%) had a low 
CD8IE-FOXP3IS score, 391 patients (52%) had an intermediate 
score, and 237 patients (32%) had a high score. In cohort 2, 165 
patients (17%) had a low CD8IE-FOXP3IS score, 515 patients (53%) 
had an intermediate score, and 298 patients (30%) had a high 
score. A high CD8IE-FOXP3IS score was associated with lower 
disease stage and decreased lymphovascular invasion (P < .001 

Table 1 
Patient and tumor characteristics in relation to the CD8IE-FOXP3IS score in cohorts 1 and 2

Variable Cohort 1 P Cohort 2 P

n (%) CD8IE-FOXP3IS score n (%) CD8IE-FOXP3IS score

Low Intermediate High Low Intermediate High

All cases 746 (100) 118 (16) 391 (52) 237 (32) 978 (100) 165 (17) 515 (53) 298 (30)
Sex

Male 395 (53) 62 (53) 212 (54) 121 (51) .740 499 (51) 89 (54) 261 (51) 149 (50) .701
Female 351 (47) 56 (47) 179 (46) 116 (49) 479 (49) 76 (46) 254 (49) 149 (50)

Age (y)
<65 222 (30) 47 (40) 110 (28) 65 (27) .092 263 (27) 59 (36) 123 (24) 81 (27) .035
65-75 278 (37) 42 (36) 145 (37) 91 (38) 347 (36) 48 (30) 189 (37) 110 (37)
>75 246 (33) 29 (25) 136 (35) 81 (34) 368 (38) 58 (35) 203 (39) 107 (36)

Tumor location
Proximal colon 313 (42) 44 (37) 159 (41) 110 (46) .241 477 (49) 78 (47) 242 (47) 157 (53) .126
Distal colon 201 (27) 40 (34) 104 (27) 57 (24) 358 (37) 66 (40) 201 (39) 91 (31)
Rectum 232 (31) 34 (29) 128 (33) 70 (30) 143 (15) 21 (13) 72 (14) 50 (17)

AJCC disease stage
I 170 (23) 6 (5.1) 76 (19) 88 (37) 7.1E-23 157 (16) 6 (3.6) 74 (14) 77 (26) 1.6E-16
II 251 (34) 30 (25) 140 (36) 81 (34) 372 (38) 52 (32) 191 (37) 129 (43)
III 245 (33) 43 (36) 144 (37) 58 (24) 322 (33) 62 (38) 1182 (35) 78 (26)
IV 80 (11) 39 (33) 31 (7.9) 10 (4.2) 127 (13) 45 (27) 68 (13) 14 (4.7)

WHO grade
Low grade 639 (86) 102 (87) 335 (86) 202 (85) 0.954 808 (83) 130 (79) 432 (84) 246 (83) .323
High grade 107 (14) 16 (14) 56 (14) 35 (15) 170 (17) 35 (21) 83 (13) 52 (17)

Lymphovascular invasion
No 407 (55) 41 (35) 206 (53) 160 (68) 2.2E-8 767 (78) 107 (65) 404 (78) 256 (86) 9.0E-4
Yes 339 (45) 77 (65) 185 (47) 77 (32) 211 (22) 58 (35) 111 (22) 42 (14)

MMR status and BRAF 
status

8.6E-8 .047

MMR proficient and BRAF 
wild type

589 (79) 106 (90) 323 (83) 160 (68) 777 (79) 138 (84) 411 (80) 228 (77)

MMR deficient and BRAF 
wild type

52 (7.0) 4 (3.4) 23 (5.9) 25 (11) 43 (4.4) 6 (3.6) 20 (3.9) 17 (5.7)

MMR proficient and BRAF 
mutant

38 (5.1) 7 (5.9) 20 (5.1) 11 (4.6) 52 (5.3) 11 (6.7) 31 (6.0) 10 (3.4)

MMR deficient and BRAF 
mutant

67 (9.0) 1 (0.8) 25 (6.4) 41 (17) 106 (11) 10 (6.1) 53 (10) 43 (14)

AJCC, American Joint Committee on Cancer; MMR, mismatch repair; WHO, World Health Organization.
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for all in both cohorts). In addition, a high CD8IE-FOXP3IS score 
was associated with MMR deficiency (cohort 1, P < .001; cohort 2, 
P = .047), and patients with a high CD8IE-FOXP3IS score tended to 
be older in both cohorts (P = .092 and P = .035).

We also evaluated the relationships between CD8IE and FOX
P3IS cell densities and tumor characteristics to determine 
whether they are associated with similar clinicopathological 
features (Supplementary Tables S1 and S2). These analyses reflect 
unadjusted associations. In both cohorts, higher CD8IE density 
was associated with proximal tumor location, lower stage, less 
frequent lymphovascular invasion, and MMR deficiency, and in 
cohort 2, it was also associated with higher tumor grade. Higher 
FOXP3IS density was similarly associated with lower stage and 
less frequent lymphovascular invasion but was associated with 
lower tumor grade and showed no association with MMR status, 
indicating that CD8IE and FOXP3IS scores are associated with 
partially distinct tumor characteristics.

Contrary to the components of the CD8IE-FOXP3IS score, the 4 
components of CD3-CD8 T-cell density score―CD3ct (tumor 
center), CD3im (invasive margin), CD8ct, and CD8im―showed 
mostly similar unadjusted associations with tumor and patient 

characteristics, including proximal tumor location, low stage, less 
frequent lymphovascular invasion, and MMR deficiency 
(Supplementary Tables S3-S6).

CD8IE-FOXP3IS Score and Survival

The main aims of this study were to evaluate the prognostic 
significance of the CD8IE-FOXP3IS score and compare it with the 
CD3-CD8 T-cell density score. There were 144 cancer deaths in 
cohort 1 and 293 in cohort 2. The median follow-up time for 
censored cases was 5.7 years (IQR, 3.5-8.5 years) in cohort 1 and 
8.1 years (IQR, 5.4-10 years) in cohort 2. Kaplan-Meier plots 
showed that a high CD8IE-FOXP3IS score was associated with 
longer cancer-specific survival in both cohorts (P < .001 for all; 
Fig. 2). In univariable Cox regression analysis, using the high 
CD8IE-FOXP3IS score as the referent category (Table 2), a low 
CD8IE-FOXP3IS score was associated with higher cancer-specific 
mortality in both cohorts (cohort 1: HR, 6.63; 95% CI, 4.01- 
10.97; Ptrend = 4.5E-15; cohort 2: HR, 8.43; 95% CI, 5.55-12.81; 
Ptrend = 1.4E-27). As expected, a low CD3-CD8 T-cell density score 

A

D E

B C

Figure 1. 
Triple immunohistochemistry assay for spatially resolved detection of CD8+ and FOXP3+ T cells. Examples of (A) an immunohistochemistry image, (B) cell-type classification 
result image, (C) tissue category classification image, and (D, E) a closer view of immunohistochemistry and cell types detected.
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was also associated with higher mortality (cohort 1: HR for low vs 
high, 5.83; 95% CI, 3.44-9.86; Ptrend = 8.4E-13; cohort 2: HR, 2.96; 
95% CI, 1.95-4.49; Ptrend = 1.8E-7).

In bivariable Cox regression model that included both the 
CD8IE-FOXP3IS score and the CD3-CD8 T-cell density score, 
both a low CD8IE-FOXP3IS score and a low CD3-CD8 T-cell 
density score were associated with higher mortality in cohort 
1, although only the CD8IE-FOXP3IS score showed an inde
pendent association with mortality in cohort 2. In multivari
able Cox regression models additionally adjusted for other 
tumor and patient characteristics, a lower CD8IE-FOXP3IS score 

was associated with higher mortality in both cohorts. In cohort 
1, the HR for low vs high CD8IE-FOXP3IS score was 3.08 (95% CI, 
1.54-6.15), and the HR for intermediate vs high CD8IE-FOXP3IS 

score was 1.55 (95% CI, 0.86-2.80). In cohort 2, the HR for low vs 
high CD8IE-FOXP3IS score was 4.30 (95% CI, 2.58-7.17), and the 
HR for intermediate vs high CD8IE-FOXP3IS score was 2.49 (95% 
CI, 1.59-3.91). In contrast, in these models, the CD3-CD8 T-cell 
density score did not remain independently associated with 
mortality in either cohort. Multivariable Cox regression 
models for all variables are presented in Supplementary 
Table S7.

A B

Figure 2. 
CD8IE-FOXP3IS score and survival. Kaplan-Meier analysis and log-rank test for cancer-specific survival according to the CD8IE-FOXP3IS score in (A) cohort 1 and (B) cohort 2.

Table 2 
Univariable and multivariable Cox regression models for cancer-specific survival according to the CD8IE-FOXP3IS score and the CD3-CD8 T-cell density score in cohorts 1 
and 2

Variable No. of cases No. of events Univariable HR (95% CI) Model 2 (bivariable) HR (95% CI) Model 3 (multivariable) HR (95% CI)

Cohort 1, N = 746
CD8IE-FOXP3IS score

Low 118 55 6.63 (4.01-10.97) 3.86 (1.99-7.47) 3.08 (1.54-6.15)
Intermediate 391 66 1.89 (1.16-3.09) 1.56 (0.89-2.74) 1.55 (0.86-2.80)
High 237 21 1 (referent) 1 (referent) 1 (referent)

Ptrend 4.5E-15 1.0E-16 6.0E-4
CD3-CD8 T-cell density score

Low 113 52 5.83 (3.44-9.86) 2.39 (1.20-4.77) 1.06 (0.51-2.19)
Intermediate 430 71 1.75 (1.05-2.90) 1.20 (0.67-2.16) 1.00 (0.55-1.82)
High 203 19 1 (referent) 1 (referent) 1 (referent)

Ptrend 8.4E-13 0.003 0.568
Cohort 2, N = 978
CD8IE-FOXP3IS score

Low 165 92 8.43 (5.55-12.81) 9.11 (5.61-14.80) 4.30 (2.58-7.17)
Intermediate 515 148 3.43 (2.30- 5.11) 3.58 (2.31-5.53) 2.49 (1.59-3.91)
High 298 29 1 (referent) 1 (referent) 1 (referent)

Ptrend 1.4E-27 1.7E-22 3.2E-9
CD3-CD8 T-cell density score

Low 163 64 2.96 (1.95-4.49) 0.85 (0.52-1.38) 1.01 (0.61-1.65)
Intermediate 592 171 2.06 (1.42-2.97) 0.95 (0.63-1.43) 0.94 (0.62-1.44)
High 223 34 1 (referent) 1 (referent) 1 (referent)

Ptrend 1.8E-7 0.515 0.991

Model 2: bivariable Cox proportional hazard regression model including the CD8IE-FOXP3IS score and the CD3-CD8 T-cell density score. Model 3: multivariable Cox 
proportional hazard regression that was based on model 2 and further adjusted for sex (male and female), age (<65, 65-75, and >75 years), year of operation (cohort 1: 
2006-2010, 2011-2015, and 2016-2020; cohort 2: 2000-2005, 2006-2010, and 2011-2015), tumor location (proximal colon, distal colon, and rectum), disease stage (I-II, 
III, and IV), tumor grade (low and high grades), lymphovascular invasion (negative and positive), mismatch repair status (proficient and deficient), and BRAF status (wild 
type and mutant). Ptrend values are calculated using the 3 categories of immune cell scores as continuous variables in univariable and multivariable Cox proportional 
hazard regression models. 
HR, hazard ratio.
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Next, we performed subgroup analyses to assess whether the 
prognostic significance of the CD8IE-FOXP3IS score varied based 
on clinicopathological characteristics (Supplementary Fig. S3). 
However, no significant  differences were observed consistently 
across both cohorts.

Components of the CD8IE-FOXP3IS Score

Finally, we examined whether spatially resolved density 
analysis (epithelial vs stromal) enhances the prognostic signifi
cance of CD8+ and FOXP3+ T-cell infiltrates compared with 
analyzing their overall areal (OA) densities (Supplementary 
Table S8). In both cohorts, CD8IE density was a stronger predic
tor of survival than either CD8IS or CD8OA density. In cohort 2, 
FOXP3IS density was a better predictor of survival compared with 
FOXP3IE and FOXP3OA densities, whereas in cohort 1, FOXP3OA 

density had a stronger association with survival than FOXP3IS 

density. Taken together, these results support the value of 
spatially resolved analysis for CD8 but remain inconclusive for 
FOXP3.

Discussion

We developed a triple immunohistochemistry assay to mea
sure tumor epithelial CD8+ cell and stromal FOXP3+ cell densities 
in CRC to derive the CD8IE-FOXP3IS score. We applied this assay 
on 2 large CRC cohorts to demonstrate that this parameter shows 
an excellent prognostic value that seemed superior to the CD3- 
CD8 T-cell density score (based on the principles of the interna
tionally validated Immunoscore). These results highlight the 
potential of computer-assisted quantification of tumor epithelial 
CD8+ cell and stromal FOXP3+ cell densities as a promising 
tumor-immune biomarker in CRC.

Elevated inflammatory  cell densities, especially T-cell 
counts, have long been associated with favorable prognosis in 
CRC.3 The Immunoscore was developed to standardize the 
measurement of immune response.5,13 This scoring system is 
based on quantifying the densities of CD3+ T cells and CD8+

cytotoxic T cells at both the tumor center and the invasive 
margin.5,13 In a large, international validation study, the 
Immunoscore complemented the prognostic information 
provided by the TNM classification.5 Although the Immuno
score measures overall densities of T cells and cytotoxic T cells, 
the CD8IE-FOXP3IS score specifically measures the densities of 
cytotoxic T cells and regulatory T cells in distinct tumor com
partments. The results of our study support the value of this 
spatially resolved T-cell measurement because CD8+ T-cell 
densities in the tumor epithelial region and FOXP3+ T-cell 
densities in the tumor stromal region demonstrated stronger 
prognostic significance compared with overall T-cell densities.

This study builds on the work of Frei et al,6 who used 
multiplex immunofluorescence to develop the CD8IE-FOXP3IS 

prognostic score. Our aims were to establish a triple chromo
genic immunohistochemistry assay to evaluate the CD8IE- 
FOXP3IS score and validate its prognostic significance  in an 
independent setting. We confirmed  the strong prognostic 
value of the CD8IE-FOXP3IS score. Furthermore, we included 
the CD8IE-FOXP3IS score and the CD3-CD8 T-cell density score 
in the same multivariable Cox regression models for a direct 
comparison. These analyses indicated that the CD8IE-FOXP3IS 

score had greater prognostic significance than the CD3-CD8 T- 
cell density score. Although Frei et al6 also compared the 

CD8IE-FOXP3IS score with the Immunoscore, they did not 
include both in the same Cox regression models. Additional 
differences between our study and that of Frei et al6 include 
the study population: we analyzed patients with stage I to IV 
CRC, whereas Frei et al6 studied 2 adjuvant chemotherapy trial 
cohorts comprising only stage II to III patients. Moreover, our 
primary endpoint was CRC-specific survival, whereas Frei et al6

primarily analyzed recurrence-free interval.
The advantage of the CD8IE-FOXP3IS score might stem from 

the distinct tumor characteristics linked to FOXP3+ regulatory T 
cells and CD8+ cytotoxic T-cell infiltration. Hence, the prognostic 
value of the composite variable is additive, enhancing prognostic 
accuracy. Notably, tumor epithelial CD8+ cytotoxic T cells were 
more common in MMR deficient  tumors, a trend not seen for 
stromal FOXP3+ regulatory T cells. It is well established that MMR 
deficient  tumors are more antigenic, typically exhibiting 
increased immune cell infiltration,14,15 which aligns with our 
finding of higher densities of tumor epithelial cytotoxic T cells in 
these tumors. However, the factors driving regulatory T-cell 
infiltration in colorectal tumors remain more contentious 
because this population is likely functionally diverse.16 In our 
study, younger age was associated with lower stromal regulatory 
T-cell infiltration,  whereas tumor epithelial cytotoxic T-cell 
densities showed no association with age. Although regulatory T 
cells may suppress the cytotoxic T-cell response and have been 
associated with poor prognosis in several tumor types,17,18 most 
studies on CRC suggest a favorable disease outcome linked to 
their presence,4,18 consistent with our findings.

This study has certain limitations. First, the CD8IE-FOXP3IS 

score was analyzed from TMAs instead of whole tissue sections, 
and TMAs represent only a small portion of each tumor. However, 
TMAs have been widely and successfully used in numerous 
studies evaluating local immune responses in tumor tissue.3,19

Second, although we compared the prognostic significance of the 
CD8IE-FOXP3IS score with the CD3-CD8 T-cell density score 
(based on the principles of the Immunoscore), the latter was not 
performed using the Immunoscore assay, preventing a direct 
comparison between the CD8IE-FOXP3IS score and the Immuno
score. Nonetheless, we have previously shown strong prognostic 
significance for the CD3-CD8 T-cell density score using the same 
methods used in this study.9 Third, although our study developed 
a chromogenic multiplex immunohistochemistry assay to assess 
the CD8IE-FOXP3IS score, we did not evaluate other immune cell 
types, which may also play critical roles in shaping the tumor 
microenvironment.20-22

The strengths of this study include the analysis of 2 large 
CRC cohorts with extensive clinicopathological data, such as 
MMR status, BRAF mutation status, and lymphovascular inva
sion. Patients received adjuvant treatments according to the 
prevailing European guidelines at the time, provided they 
tolerated them.23 However, the current immunomodulatory 
therapies based on checkpoint inhibitors were not available for 
MMR deficient  tumors at that time. The assay we developed 
was automated using a widely available immunohistochem
istry staining machine (Leica Bond), making it accessible to 
pathology laboratories worldwide. Additionally, the immuno
histochemistry slides that used 3 chromogens plus a nuclear 
stain can be scanned using standard slide scanners, elimi
nating the need for specialized fluorescent scanners required 
in assays such as the multiplex immunofluorescence method 
used by Frei et al6 Furthermore, the supervised machine 
learning techniques applied in this study to precisely count 
immune cell used open-source software (QuPath), making this 
method easier to adopt compared with assays based on 
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proprietary software. However, further independent valida
tion would still be required to confirm the prognostic signifi
cance of the CD8IE-FOXP3IS score and assess its predictive 
value for specific treatments.

In conclusion, a triple chromogenic immunohistochemistry 
assay, combined with digital pathology, can be used to measure 
densities of tumor epihtelial CD8+ cells and stromal FOXP3+ cells, 
enabling the calculation of the CD8IE-FOXP3IS score. This score 
demonstrated superior prognostic significance  to overall T-cell 
density measurements, highlighting its potential as an enhanced 
tumor-immune biomarker in CRC.
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