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Abstract. Tumor‑infiltrating immune cells, such as lympho‑
cytes and macrophages, have been associated with tumor 
aggressiveness, prognosis and treatment response in colorectal 
cancer (CRC). An immune scoring system, Immunoscore (IS), 
based on tumor‑infiltrating T cells in stage I‑III CRC, was used 
to predict prognosis. An alternative immune scoring signature 
of immune activation (SIA) reflects the balance between 
anti‑ and pro‑tumoral immune components. The present study 
aimed to evaluate the prognostic value of modified IS (mIS) 
and modified SIA (mSIA) in locally advanced pathological T4 
(pT4) CRC, including stage IV CRC. Immunohistochemical 
staining for immune cell markers, such as CD3 (pan‑T cell 
marker), CD8 (anti‑tumoral cytotoxic T cell marker) and 
CD163 (tumor‑supportive macrophage marker), in specimens 
from patients with radically resected pT4 CRC at stages II‑IV 
was performed. mIS levels in the T4 CRC cohort were not 
associated with prognosis. However, low mSIA levels were 
associated with low survival. Furthermore, low mSIA was an 
independent predictor of recurrence in patients with radically 
resected pT4 CRC. In patients with CRC who did not receive 
postoperative adjuvant chemotherapy, low mSIA was a major 
poor prognostic factor; however, this was not observed in 

patients receiving adjuvant chemotherapy. Evaluation of the 
tumor‑infiltrating immune cell population could serve as a 
valuable marker of recurrence and poor prognosis in patients 
with locally advanced CRC. mSIA assessment after radical 
CRC resection may be promising for identifying high‑risk 
patients with pT4 CRC who require aggressive adjuvant 
chemotherapy.

Introduction

Tumor‑infiltrating immune cells, such as lymphocytes and 
macrophages, are associated with tumor aggressiveness, prog‑
nosis, and treatment response in several cancers, including 
colorectal cancer (CRC) (1‑4). Several factors influence the 
infiltration of immune cells within the tumor, and shape both 
pro‑ and anti‑tumoral immune properties (5‑10). Aggressive 
cancer phenotypes, such as epithelial–mesenchymal transition 
(EMT), have been linked to the degree of immune cell infil‑
tration (11‑14). The significant correlation between vascular 
density and the deposition of tumor‑infiltrating lympho‑
cytes has been extensively discussed (15,16). In addition, 
tumor‑infiltrating lymphocytes are associated with good prog‑
nosis and sensitivity to anticancer drugs in lung and ovarian 
cancers (17,18), whereas tumor‑infiltrating macrophages are 
associated with treatment resistance in glioblastoma (19). 
However, the impact of tumor‑infiltrating immune cells on 
sensitivity to anticancer drugs in CRC, with the frequent use of 
anticancer therapy for the treatment and prevention of recur‑
rence, has not been thoroughly investigated. Therefore, it is 
essential to develop an immune scoring system for accurately 
predicting the treatment response of patients with CRC at a 
high risk of requiring adjuvant chemotherapy.

Several researchers have used diverse immune cell markers, 
such as CD3 (pan‑T cell marker), CD8 (cytotoxic T cell marker), 
CD68 (pan‑macrophage marker), and CD163 (anti‑inflamma‑
tory macrophage marker), to analyze the interaction between 
tumor cells and immune cells in tumor microenviron‑
ments (20‑24). Immunoscore (IS), an immune scoring system 
based on the tumor‑infiltrating levels of CD8+ and CD3+ T cells 
in stage I‑III CRC, has been established and has indicated a 
substantial prognostic value for overcoming existing clinical 
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parameters (25). Moreover, Mezheyeuski et al (26) proposed 
an alternative immune scoring system that reflects the balance 
between anti‑ and pro‑tumor immune components called 
the signature of immune activation (SIA). Using multicolor 
fluorescence staining, the SIA system combines infiltrating 
anti‑tumor CD8+ T cells with tumor‑supportive CD68+CD163+ 
macrophages in CRC samples. However, whether IS, based 
on stages I‑III CRC samples using dedicated image analysis 
software, can help predict survival in patients with locally 
advanced pathological T4 (pT4) CRC, including stage IV CRC, 
has not been thoroughly investigated. Furthermore, multicolor 
fluorescence staining was used to assess CD68+CD163+ 
tumor‑supportive macrophages with respect to SIA, which 
cannot be assessed by the generally available bright‑field 
observations.

Based on previous reports regarding IS and SIA as 
promising prognostic immune markers in CRC, we aimed to 
evaluate the prognostic value of modified IS (mIS) and modi‑
fied SIA (mSIA) in pT4 stage II‑IV CRC using bright‑field 
immunohistochemical immune cell observation, which is 
commonly used in clinical practice. Therefore, we performed 
immunohistochemical staining for immune cell markers such 
as CD3, CD8, and CD163 in surgically resected specimens 
from patients with pT4 CRC.

Materials and methods

Clinical samples. This study conformed to the Declaration 
of Helsinki and was approved by the Institutional Review 
Board for Clinical Research at the Gunma University Hospital 
(approval number: HS2023‑056). Informed consent was 
obtained for this retrospective study using the opt‑out method. 
This study included 78 patients with primary pT4 CRC who 
underwent radical surgery at the Gunma University Hospital 
from July 2013 to February 2020. Patients who received 
neoadjuvant chemotherapy or radiation therapy and those who 
did not undergo radical resection for distant metastases were 
excluded. Clinical data, including patient characteristics (age, 
sex, body mass index, tumor location, postoperative complica‑
tions, pathological T stage, tumor size, tumor differentiation, 
pathological lymph node metastasis, adjuvant chemotherapy, 
and radical resection margins), were retrieved from medical 
and surgical records. Histological sections derived from the 
surgical specimens were employed for immune cell quan‑
tification through immunohistochemical staining. For each 
patient, immune cells were assessed in both the central tumor 
and the invasive margin from the same section. Follow‑up 
was conducted until May 2023. The time from surgery to 
death from any cause was defined as overall survival (OS), 
and cancer‑related mortality was defined as cancer‑specific 
survival (CSS). Disease‑free survival was defined as the time 
from surgery to the first documented disease progression, 
including local recurrence, distant metastasis, or death due to 
any reason.

Immunohistochemical staining. Paraffin‑embedded CRC 
specimens were cut into 4‑µm‑thick sections. All sections 
were incubated at 60˚C for 60 min and deparaffinized using 
ClearPlus (FALMA, Tokyo, Japan). The sections were rehy‑
drated using a graded series of ethanol and subjected to antigen 

retrieval using Immunosaver (Nishin EM, Tokyo, Japan) 
at 98‑100˚C for 45 min. To block endogenous peroxidase 
activity, the sections were incubated with fresh 0.3% hydrogen 
peroxide in 100% methanol for 30 min at room temperature. 
After 30 min of blocking with Protein Block Serum‑Free 
Reagent (Agilent, Santa Clara, USA), the specimens were 
incubated with primary antibodies in REAL Antibody Diluent 
(Agilent) at 4˚C for 24 h. The following antibodies were used 
in this study: CD3 antibody (1:1; Ventana, Tucson, USA; 
790‑4341), CD8 antibody (1:400; Abcam, Cambridge, UK; 
ab‑4055), CD163 antibody (1:500; Cell Signaling Technology, 
Danvers, USA; CST‑93498S), E‑cadherin antibody (1:400; 
Cell Signaling Technology; CST‑3195S), and CD31 antibody 
(1:50; Agilent; M0823). Primary antibody staining was visual‑
ized using the Histofine Simple Stain MAX‑PO (Multi) Kit 
(Nichirei, Tokyo, Japan) according to the manufacturer's 
instructions. The chromogen 3,3‑diaminobenzidine tetrahy‑
drochloride (DAB) was applied as a 0.02% solution in 50 mM 
ammonium acetate‑citrate buffer (pH 6.0) containing 0.005% 
hydrogen peroxide. Finally, the sections were lightly coun‑
terstained with Mayer's hematoxylin. Negative controls were 
incubated without the primary antibody, and no detectable 
staining was evident.

Image acquisition and semi‑quantitative cell counting. For the 
quantification of tumor‑infiltrating CD3+, CD8+, and CD163+ 
immune cell density, 41 images covering 11.04 mm2 tissue 
area were obtained from each CRC slide using an All‑in‑One 
Microscope (BZ‑X700, KEYENCE; Fig. 1). Four representa‑
tive region images consisting of 36 views (4 regions x 9 views, 
total area 9.07 mm2) of the central tumor area were captured, 
and five representative region images (total area 1.97 mm2) of 
the invasive margin were captured (Fig. 1B). Tumor‑infiltrating 
CD3+, CD8+, and CD163+ immune cell densities in the central 
tumor and invasive margins were determined using the Hybrid 
Cell Count Module (KEYENCE) as a semi‑automatic image 
analysis software. The number of tumor‑infiltrating immune 
cells was divided by the total area (mm2) to calculate the cell 
density per mm2.

Analysis procedure of mIS and mSIA based on the tumor‑infil‑
trating immune cell density. The evaluation processes of the 
mIS and mSIA in this study are shown in Fig. S1. Briefly, 
tumor‑infiltrating CD3+ and CD8+ immune cell densities 
derived from the central tumor and invasive margins were 
converted into percentiles, followed by the average calculation 
of four percentiles: the CD8 CT percentile, CD8 IM percen‑
tile, CD3 CT percentile, and CD3 IM percentile (Fig. S1A). 
The cut‑off value of the average mIS was determined to be 
25%, according to the original IS report (25). An average mIS 
percentile of less than 25% was scored as low mIS and a density 
between 25 and 100% was scored as high mIS (Fig. S1A).

For mSIA evaluation, the formula for the mSIA ratio 
was as previously described (26); however, tumor‑infiltrating 
CD163+ immune cells were recognized as tumor‑supportive 
macrophages in this study (Fig. S1B). The density of CD8+ 
immune cells was divided by the sum of the densities of CD8+ 
and CD163+ immune cells in the central tumor region, which 
was further converted into percentiles. The cut‑off value of 
the average mIS was determined to be 51.9% according to 
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the receiver operating characteristic (ROC) curve for cancer 
recurrence. An average mIS percentile of less than 51.9% was 
scored as low mSIA, and a density between 51.9 and 100% was 
scored as high mSIA (Fig. S1B).

Evaluation of E‑cadherin expression and CD31‑positive 
microvessel density. To evaluate E‑cadherin expression and 
CD31‑positive microvessel density in the CRC tissues, we 
captured digital images at a magnification of x200 from 
five representative areas. The number of cells expressing 
membrane E‑cadherin was manually quantified by counting 
100 cancer cells in each field, resulting in a total count of 500 
cells per slide. The average positive cell count from five fields 

was used to represent the expression levels of E‑cadherin in 
individual tumors. For microvessel density, we counted the 
number of CD31‑positive vascular structures using five fields 
using ImageJ software (National Institutes of Health, USA) 
and calculated the average number of CD31‑positive vascular 
structures. E‑cadherin expression and microvessel density were 
categorized into low and high groups, respectively. The cut‑off 
values of E‑cadherin expression and microvessel density were 
determined according to the ROC curve for cancer recurrence. 
Among the 78 patients with CRC in this study, 32 (41.0%) 
were classified into the high E‑cadherin expression group 
and 46 (59.0%) into the low E‑cadherin expression group. 
Regarding the microvessel density, 44 CRC samples (56.4%) 

Figure 1. Immune marker staining and illustration of image acquisition and analysis. (A) Representative images of high and low immune cell infiltration 
of CD8+, CD3+ and CD163+ cells at the central tumor and invasive margin. All images were obtained at a magnification of x200; scale bar, 100 µm. (B) A 
methodological illustration of image acquisition of CD8+, CD3+ and CD163+ immune cells. The panoramic image was acquired by stitching multiple images 
captured at x4 magnification, images showing the hybrid cell counting process were obtained at a magnification of x200; scale bar, 100 µm.
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were classified into the high microvessel density group and 34 
(43.6%) into the low microvessel density group.

Statistical analysis. Chi‑square and Fisher's exact tests were 
used to determine the association between categorical vari‑
ables, and the Wilcoxon signed‑rank test was used to compare 
the means of continuous variables between the two groups. 
Survival rates were analyzed using the Kaplan‑Meier method 
with the log‑rank test. Univariate Cox regression analyses 
were performed to identify the hazard ratio (HR), confidence 
interval (CI), and P‑value for each predictor variable. Factors 
with P<0.05 in the univariate analyses were included in the 
multivariate Cox proportional hazards model. The ROC curve 
was used to determine the cut‑off values of mSIA, E‑cadherin, 
and microvessel density that optimally predict cancer recur‑
rence. Statistical analyses were performed using JMP Pro 
15 (SAS Institute, Cary, NC, USA). A P‑value of <0.05 was 
considered statistically significant.

Results

Evaluation of mIS and mSIA based on the immunohisto‑
chemical staining of tumor‑infiltrating CD3+, CD8+, and 
CD163+ immune cells in pT4 CRC tissues. Fig. 1A shows 
representative images of immune cell markers, such as CD3, 
CD8, and CD163, in the central tumor and invasive margin 
of the surgically resected specimens from patients with pT4 
CRC (Fig. 1A). Fig. 1B shows a methodological illustration 
of the image acquisition and semi‑automatic cell counting 
process from 41 fields of view (Fig. 1B). Based on the counted 
immune cell density, mIS and mSIA were evaluated according 
to the analytical procedures (Fig. S1). CD8+ T cell density was 
significantly higher in the central tumor than in the invasive 
margin, however no significant difference was observed for 
the CD3+ cells. In contrast, CD163+ cell densities were signifi‑
cantly higher in the invasive margin than in the central tumor 
(Fig. S2).

Association of mIS and mSIA with clinicopathological 
features of patients with pT4 CRC. According to the mIS 
cut‑off value (Fig. S1A), 64 CRC samples (82.1%) were clas‑
sified into the high mIS group and 14 (17.9%) into the low 
mIS group (Table I). Information about mIS concerning 
the clinicopathological characteristics of the patients are 
summarized in Table I. A low mIS in the total CRC cohort 
(n=78) was significantly associated with low E‑cadherin 
expression (P=0.0056), microvessel density (P=0.0061), and 
mSIA (P=0.0066; Table I). The low mIS group with adjuvant 
chemotherapy was associated with low E‑cadherin expression 
(P=0.0588) and mSIA (P=0.0622), whereas the low mIS group 
without adjuvant chemotherapy was associated with positive 
lymph node metastasis (P=0.0390), low E‑cadherin expression 
(P=0.0980), and low microvessel density (P=0.1032; Table I).

According to the cut‑off value of mSIA (Fig. S1), 38 CRC 
samples (48.7%) were classified into the high mSIA group and 
40 (51.3%) into the low mSIA group (Table II). Information 
on mSIA concerning the clinicopathological characteristics of 
patients is summarized in Table II. Low mSIA was not signifi‑
cantly associated with any existing clinicopathological factors 
other than mIS (Table II).

Prognostic impact of the mIS and mSIA in patients with pT4 
CRC. We evaluated the prognostic value of mIS using survival 
analysis. Unexpectedly, we did not find a statistically significant 
difference in overall, cancer‑specific, or disease‑free survival 
between patients with high and low mIS scores (Fig. 2, top 
panel). The significance of mIS as a prognostic factor was 
analyzed with a focus on the presence or absence of adjuvant 
chemotherapy. However, similar to the results of the overall 
case analysis, no significant association was detected between 
the mIS and survival (Fig. 2, middle and bottom panels).

The same prognostic analyses were performed for the 
mSIA and mIS. The low mSIA group had significantly 
poorer overall, cancer‑specific, and disease‑free survival rates 
compared to those of the high mSIA group (Fig. 3, top panel). 
In patients with pT4 CRC who received adjuvant chemo‑
therapy (n=50), low mSIA was not a significant prognostic 
factor (Fig. 3, middle panel). However, notably, among the 
patients who did not receive adjuvant chemotherapy (n=20), 
the low mSIA group had significantly shorter cancer‑specific 
and disease‑free survival compared to those of the high mSIA 
group, and the low mSIA group tended to have poorer OS than 
the high mSIA group (Fig. 3, bottom panel).

Table III shows the univariate and multivariate analyses of 
risk factors for different survival rates using the Cox regression 
model. Univariate analysis revealed that the mSIA was associ‑
ated with OS (HR=3.6195, 95% CI: 1.2787‑10.245; P=0.0154), 
CSS (HR=3.3266, 95% CI: 1.0118–10.936; P=0.0478), and 
disease‑free survival (HR=2.7883, 95% CI: 1.3938‑5.5783; 
P=0.0037). The multivariate analysis determined that 
the mSIA was an independent prognostic biomarker for 
disease‑free survival (HR=2.1633, 95% CI, 1.0313‑4.5376; 
P=0.0412; Table III). In contrast, the mIS was not identified 
as a significant prognostic factor in the same analyses (data 
not shown).

Discussion

In summary, we evaluated mIS and mSIA using bright‑field 
immunohistochemical staining for CD3, CD8, and CD163 in 
pathological T4 CRC samples. Contrary to previously reported 
IS data based on tumor‑infiltrating CD3 and CD8 lymphocytes 
in patients with stage I‑III CRC, mIS levels in our T4 CRC 
cohort were not associated with prognosis. In contrast, in 
this study, low mSIA levels based on tumor‑infiltrating CD8 
and CD163 were significantly associated with shorter overall, 
cancer‑specific, and disease‑free survival. Moreover, a low 
mSIA was an independent predictor of recurrence in patients 
with radically resected pT4 CRC. In patients with CRC who 
did not receive postoperative adjuvant chemotherapy, a low 
mSIA was a significantly poor prognostic factor; however, this 
was not observed in patients receiving adjuvant chemotherapy, 
suggesting a meaningful relationship between adjuvant 
chemosensitivity and tumor immune status in CRC.

In this study, we focused on IS (assessing tumor‑infil‑
trating lymphocytes) and SIA (assessing tumor‑infiltrating 
lymphocytes and macrophages), which have previously been 
reported as promising prognostic markers in stages I‑III 
CRC. In a previous study, a specially developed module was 
integrated into a commercial image analysis system for the 
analysis and quantitative evaluation of an IS (25). This study 
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Table I. Relationship between clinicopathological factors and mIS in patients with pT4 colorectal cancer with and without 
adjuvant chemotherapy.

  Adjuvant Non‑adjuvant
 Total patients (n=78) chemotherapy patients (n=50) chemotherapy patients (n=28)
 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑ ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑ ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
 mIS high, mIS low,  mIS high, mIS low,  mIS high, mIS low,
 n (%)  n (%)  n (%)  n (%)  n (%) n (%) 
Factors (n=64) (n=14) P‑value (n=45) (n=5) P‑value (n=19) (n=9) P‑value

Age, years         
  <65 20 (31.2) 5 (35.7) 0.7475a 17 (37.8) 3 (60.0) 0.3772b 3 (15.8) 2 (22.2) >0.9999b

  ≥65 44 (68.8) 9 (64.3)  28 (62.2) 2 (40.0)  16 (84.2) 7 (77.8) 
Sex         
  Female 29 (45.3) 6 (42.9) 0.8670a 22 (48.9) 2 (40.0) >0.9999b 7 (36.8) 3 (33.3) >0.9999b

  Male 35 (54.7) 8 (57.1)  23 (51.1) 3 (60.0)  12 (63.2) 6 (66.7) 
Body mass index,          
kg/m2

  ≥22 24 (37.5) 7 (50.0) 0.3905a 17 (37.8) 1 (20.0) 0.6418b 7 (36.8) 6 (66.7) 0.2275b

  <22 40 (62.5) 7 (50.0)  28 (62.2) 4 (80.0)  12 (63.2) 3 (33.3) 
Tumor location         
  Colon 46 (71.9) 8 (57.1) 0.2900a 33 (73.3) 3 (60.0) 0.6108b 13 (68.4) 5 (55.6) 0.6775b

  Rectum 18 (28.1) 6 (42.9)  12 (26.7) 2 (40.0)  6 (31.6) 4 (44.4) 
Post‑operative         
complications 
(Clavien‑Dindo; 
grade ≥III)
  Absence 57 (89.1) 12 (85.7) 0.6602b 41 (91.1) 4 (80.0) 0.4234b 16 (84.2) 8 (88.9) >0.9999b

  Presence 7 (10.9) 2 (14.3)  4 (8.9) 1 (20.0)  3 (15.8) 1 (11.1) 
Pathological T stage         
  pT4a 31 (48.4) 10 (71.4) 0.1471b 25 (55.6) 4 (80.0) 0.3830b 6 (31.6) 6 (66.7) 0.1139b

  pT4b 33 (51.6) 4 (28.6)  20 (44.4) 1 (20.0)  13 (68.4) 3 (33.3) 
Tumor size, mm         
  ≥50 41 (64.1) 6 (42.9) 0.1461a 31 (68.9) 3 (60.0) 0.6498b 10 (52.6) 3 (33.3) 0.4348b

  <50 23 (35.9) 8 (57.1)  14 (31.1) 2 (40.0)  9 (47.4) 6 (66.7) 
Tumor differentiation         
  Well or moderately 31 (48.4) 4 (28.6) 0.2394b 22 (48.9) 2 (40.0) >0.9999b 9 (47.4) 2 (22.2) 0.2495b

  differentiated
  Poorly differentiated 33 (51.6) 10 (71.4)  23 (51.1) 3 (60.0)  10 (52.6) 7 (77.8) 
Pathological lymph         
node metastasis
  Absence 19 (29.7) 3 (21.4) 0.7456b 8 (17.8) 2 (40.0) 0.2581b 11 (57.9) 1 (11.1) 0.0390b,c

  Presence 45 (70.3) 11 (78.6)  37 (82.2) 3 (60.0)  8 (42.1) 8 (88.9) 
Distant metastasis         
  Absence 54 (84.4) 10 (71.4) 0.2640b 37 (82.2) 4 (80.0) >0.9999b 17 (89.5) 6 (66.7) 0.290b

  Presence 10 (15.6) 4 (28.6)  8 (17.8) 1 (20.0)  2 (10.5) 3 (33.3) 
Radical resection         
margin
  Negative 55 (85.9) 10 (71.4) 0.2345b 37 (82.2) 4 (80.0) >0.9999b 18 (94.7) 6 (66.7) 0.0841b

  Positive 9 (14.1) 4 (28.6)  8 (17.8) 1 (20.0)  1 (5.3) 3 (33.3) 
E‑cadherin expression         
  High 31 (48.4) 1 (7.1) 0.0056b,c 22 (48.9) 0 (0.0) 0.0588b 9 (47.4) 1 (11.1) 0.0980b

  Low 33 (51.6) 13 (92.9)  23 (51.1) 5 (100.0)  10 (52.6) 8 (88.9) 
Micro‑vessel density         
  High 41 (64.1) 3 (21.4) 0.0061b,c 29 (64.4) 1 (20.0) 0.1432b 12 (63.2) 2 (22.2) 0.1032b

  Low 23 (35.9) 11 (78.6)  16 (35.6) 4 (80.0)  7 (36.8) 7 (77.8) 
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validated the prognostic value of the mIS assessed only using 
commercial‑based image analysis software without a specially 
developed module and a few technical differences regarding 
the staining procedure (antigen retrieval and incubation time). 
We believe that our mIS resembles the IS evaluation system; 
however, contrary to our expectations, mIS was not a signifi‑
cant prognostic biomarker in our radically resected pT4 CRC 
cohort. This might be because our cohort only consisted of 
patients with stage II‑IV CRC with pT4, which differs from 
those in previous research, which included patients with 
stage I‑III CRC.

In contrast, a previous study on SIA utilized fluorescence 
multiplex staining to identify and determine CD68+ CD163+ 
anti‑inflammatory M2‑like macrophages quantitatively 
and performed a predictive analysis of SIA in patients with 
stage I‑III CRC (26). This study assessed tumor‑infiltrating 
CD163+ cells as anti‑inflammatory macrophages using 
bright‑field immunohistochemical observation. Compared 
to the original SIA, our mSIA has some differences, such as 
the single‑color DAB staining detection of immune cells in 
a sequential section. We also did not stain the CD68 marker, 
as it is considered a global macrophage marker (27,28). We 
believe that single staining of CD163+ cells can potentially 
represent M2‑like phenotypic populations. Many investigators 
have already used CD163 as a marker of M2‑like macrophages, 
showing its prognostic significance in several cancers (29‑32). 
Thus, we believe that our mSIA, based on CD8+ and CD163+ 
immune cells, could have the same efficiency as the original 
SIA. Consistent with our understanding, we found that the 
mSIA remarkably predicted poor prognosis and recurrence 
in patients with pT4 CRC. Although we expect that mIS and 
mSIA may be promising biomarkers that sensitively reflect 
the local tumor immune status of advanced CRC, including 
stage IV CRC, this was a retrospective observational study 
with a limited number of patients. Future studies are needed to 
prospectively investigate the prognostic and predictive poten‑
tial of the mSIA and mIS in a larger number of advanced CRC 
specimens.

Our findings showed that the mSIA, a composite assessment 
of cytotoxic T cells and macrophages, was not significantly 
associated with existing clinical factors. In contrast, cases with 
low mIS, based on low T cell infiltration levels, showed low 
E‑cadherin expression. T cells are recognized as target cells 
activated by immune checkpoint inhibitors, and the inactivation 

(exhaustion) of T cells is reportedly triggered by transforming 
growth factor‑beta (TGF‑β) signaling (33,34). Moreover, 
TGF‑β signaling activation in tumor microenvironments can 
cause epithelial‑mesenchymal transition (EMT), characterized 
by the loss of epithelial marker expression, increased migra‑
tion and invasive ability, therapeutic resistance on the cancer 
cell side, and suppression of anti‑tumor T cell immunity on 
the immune cell side (35‑37). These findings suggest that 
EMT induction by activating TGF‑β signaling in the tumor 
microenvironment might be one of the reasons underlying low 
E‑cadherin expression in patients with low mIS.

Endothelial cells are crucial in controlling oxygen 
delivery to and circulating cell infiltration in the tissues (9,10). 
Furthermore, endothelial cells actively participate in immune 
responses by regulating immune cell trafficking and activa‑
tion (8,10,38,39). Microvessel density, evaluated using CD31 
staining, was lower in patients with low mIS than in those with 
high mIS. Our findings coincide with those of previous reports 
demonstrating that a high microvessel density is correlated 
with an increased number of tumor‑infiltrating lymphocytes in 
various types of solid cancers (15,16). These reports propose 
an explanation for the association between mIS levels and the 
abundance of tumor‑infiltrating lymphocytes.

Previous reports on melanoma have described that cases 
with low SIA, based on single‑cell RNA sequencing data, 
are more resistant to immune checkpoint inhibitors (26). The 
current mechanism of action of immune checkpoint inhibitors 
includes the activation of cytotoxic T lymphocytes by antibody 
drugs targeting immune checkpoint proteins. Many investiga‑
tors have reported low levels of tumor‑infiltrating cytotoxic 
T cells being associated with low sensitivity to immune 
checkpoint inhibitors such as anti‑PD‑1 and anti‑PD‑L1 
antibodies (40‑43). However, the impact of tumor‑infiltrating 
immune cells on the sensitivity to cytotoxic anticancer drugs 
has not been thoroughly investigated in patients with CRC. 
In the present study, we analyzed whether mIS and mSIA are 
associated with sensitivity to cytotoxic anticancer drugs in 
patients with radically resected pT4 CRC, with and without 
postoperative adjuvant chemotherapy. Our findings in the total 
pT4 CRC cohort, including stage IV cases (n=78), showed that 
patients with CRC and high mSIA had a better prognosis than 
those with low mSIA, consistent with the results of a previous 
report in a stage I‑III CRC cohort. Thus, high mSIA predicted 
better survival because high mSIA might reflect a tumor 

Table I. Continued.

  Adjuvant Non‑adjuvant
 Total patients (n=78) chemotherapy patients (n=50) chemotherapy patients (n=28)
 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑ ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑ ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
 mIS high, mIS low,  mIS high, mIS low,  mIS high, mIS low,
 n (%)  n (%)  n (%)  n (%)  n (%) n (%) 
Factors (n=64) (n=14) P‑value (n=45) (n=5) P‑value (n=19) (n=9) P‑value

mSIA         
  High 36 (56.3) 2 (14.3) 0.0066b,c 30 (66.7) 1 (20.0) 0.0622b 6 (31.6) 1 (11.1) 0.3715b

  Low 28 (43.7) 12 (85.7)  15 (33.3) 4 (80.0)  13 (68.4) 8 (88.9) 

aχ2 test; bFisher's exact test. cP<0.05. mIS, modified Immunoscore; mSIA, modified signature of immune activation.
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Table II. Relationship between clinicopathological factors and mSIA in patients with pT4 colorectal cancer with and without 
adjuvant chemotherapy.

  Adjuvant Non‑adjuvant
 Total patients (n=78) chemotherapy patients (n=50) chemotherapy patients (n=28)
 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑ ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑ ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
 mSIA high, mSIA low,  mSIA high, mSIA low,  mSIA high,  mSIA low,
 n (%)  n (%)   n (%)  n (%)   n (%)  n (%) 
Factors (n=38) (n=40) P‑value (n=31) (n=19) P‑value (n=7) (n=21) P‑value

Age, years         
  <65 13 (34.2) 12 (30.0) 0.6904a 12 (38.7) 8 (42.1) 0.8121a 1 (14.3) 4 (19.0) >0.9999b

   ≥65 25 (65.8) 28 (70.0)  19 (61.3) 11 (57.9)  6 (85.7) 17 (81.0) 
Sex         
  Female 15 (39.5) 20 (50.0) 0.3496a 13 (41.9) 12 (63.2) 0.1434a 2 (28.6) 8 (38.1) >0.9999b

  Male 23 (60.5) 20 (50.0)  18 (58.1) 7 (36.8)  5 (71.4) 13 (61.9) 
Body mass index,         
kg/m2

  ≥22 16 (42.1) 15 (37.5) 0.6778a 13 (41.9) 5 (26.3) 0.2586a 3 (42.9) 10 (47.6) >0.9999b

  <22 22 (57.9) 25 (62.5)  18 (58.1) 14 (73.7)  4 (57.1) 11 (52.4) 
Tumor location         
  Colon 28 (73.7) 26 (65.0) 0.4053a 24 (77.4) 12 (63.2) 0.2796a 4 (57.1) 14 (66.7) 0.6744b

  Rectum 10 (26.3) 14 (35.0)  7 (22.6) 7 (36.8)  3 (42.9) 7 (33.3) 
Post‑operative         
complications 
(Clavien‑Dindo; 
grade ≥III)
  Absence 34 (89.5) 35 (87.5) >0.9999b 29 (93.6) 16 (84.2) 0.3551b 5 (71.4) 19 (90.5) 0.2530b

  Presence 4 (10.5) 5 (12.5)  2 (6.4) 3 (15.8)  2 (28.6) 2 (9.5) 
Pathological T stage         
  pT4a 19 (50.0) 22 (55.0) 0.6584a 17 (54.8) 12 (63.2) 0.5618a 2 (28.6) 10 (47.6) 0.6618b

  pT4b 19 (50.0) 18 (45.0)  14 (45.2) 7 (36.8)  5 (71.4) 11 (52.4) 
Tumor size, mm         
  ≥50 25 (65.8) 22 (55.0) 0.3296a 21 (67.7) 13 (68.4) 0.9601a 4 (57.1) 9 (42.9) 0.6703b

  <50 13 (34.2) 18 (45.0)  10 (32.3) 6 (31.6)  3 (42.9) 12 (57.1) 
Tumor differentiation         
  Well or moderately 17 (44.7) 18 (45.0) 0.9814a 14 (45.2) 10 (52.6) 0.6078a 3 (42.9) 8 (38.1) >0.9999b

  differentiated
  Poorly differentiated 21 (55.3) 22 (55.0)  17 (54.8) 9 (47.4)  4 (57.1) 13 (61.9) 
Pathological lymph         
node metastasis
  Absence 10 (26.3) 12 (30.0) 0.7176a 6 (19.3) 4 (21.0) >0.9999b 4 (57.1) 8 (38.1) 0.4184b

  Presence 28 (73.7) 28 (70.0)  25 (80.7) 15 (79.0)  3 (42.9) 13 (61.9) 
Distant metastasis         
  Absence 33 (86.8) 31 (77.5) 0.2794a 26 (83.9) 15 (79.0) 0.7152b 7 (100.0) 16 (76.2) 0.2895b

  Presence 5 (13.2) 9 (22.5)  5 (16.1) 4 (21.0)  0 (0.0) 5 (23.8) 
Radical resection         
margin
  Negative 34 (89.5) 31 (77.5) 0.2259b 27 (87.1) 14 (73.7) 0.2729b 7 (100.0) 17 (81.0) 0.5453b

  Positive 4 (10.5) 9 (22.5)  4 (12.9) 5 (26.3)  0 (0.0) 4 (19.0) 
E‑cadherin expression         
  High 18 (47.4) 14 (35.0) 0.2665a 14 (45.2) 8 (42.1) 0.8325a 4 (57.1) 6 (28.6) 0.2075b

  Low 20 (52.6) 26 (65.0)  17 (54.8) 11 (57.9)  3 (42.9) 15 (71.4) 
Micro‑vessel density         
  High 22 (57.9) 22 (55.0) 0.7966a 18 (58.1) 12 (63.2) 0.7207a 4 (57.1) 10 (47.6) >0.9999b

  Low 16 (42.1) 18 (45.0)  13 (41.9) 7 (36.8)  3 (42.9) 11 (52.4) 
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Table II. Continued.

  Adjuvant Non‑adjuvant
 Total patients (n=78) chemotherapy patients (n=50) chemotherapy patients (n=28)
 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑ ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑ ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
 mSIA high, mSIA low,  mSIA high, mSIA low,  mSIA high,  mSIA low,
 n (%)  n (%)   n (%)  n (%)   n (%)  n (%) 
Factors (n=38) (n=40) P‑value (n=31) (n=19) P‑value (n=7) (n=21) P‑value

mIS         
  High 36 (94.7) 28 (70.0) 0.0066b,c 30 (96.8) 15 (79.0) 0.0622b 6 (85.7) 13 (61.9) 0.3715b

  Low 2 (5.3) 12 (30.0)  1 (3.2) 4 (21.0)  1 (14.3) 8 (38.1) 

aχ2 test; bFisher's exact test. cP<0.05. mIS, modified Immunoscore; mSIA, modified signature of immune activation.

Figure 2. Kaplan‑Meier survival curves stratified according to high and low mIS. The top panel shows the overall (left), cancer‑specific (middle) and disease‑free 
(right) survival of all patients with pT4 CRC (n=78), according to mIS. The middle panel shows the overall (left), cancer‑specific (middle) and disease‑free 
(right) survival of patients with pT4 CRC with postoperative adjuvant chemotherapy (n=50), according to mIS. Patients who underwent adjuvant treatment 
exhibited indistinguishable overall and cancer‑specific survival rates. Within this specific subgroup, all deceased patients succumbed to causes directly linked 
to cancer. The bottom panel shows the overall (left), cancer‑specific (middle) and disease‑free (right) survival of patients with pT4 CRC without postoperative 
adjuvant chemotherapy (n=28), according to mIS. mIS, modified Immunoscore; CRC, colorectal cancer.
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microenvironment with high anti‑tumor (CD8+ cells) compo‑
nents and low pro‑tumoral (CD163+ cells) components. The 
mSIA was not associated with prognosis in patients receiving 
adjuvant chemotherapy (n=50). Notably, among patients with 
pT4 CRC who received non‑adjuvant chemotherapy (n=28), 
the low mSIA group had significantly shorter survival than the 
high mSIA group. Among patients with low mSIA (n=40), the 
median disease‑free survival time in patients undergoing adju‑
vant chemotherapy (n=19, 24.17 months) was higher than that 
in patients who did not receive adjuvant chemotherapy (n=21, 
8.87 months; Fig. 3), suggesting that the tumor‑infiltrating 
immune cells might be sensitive to adjuvant chemotherapy 
with cytotoxic anticancer drugs. Therefore, based on our 
findings, we suggest that active consideration of postoperative 

adjuvant chemotherapy for low mSIA cases with a high recur‑
rence risk may improve the prognosis of advanced CRC.

This study has some limitations. First, this was a retrospec‑
tive, single‑institution study, and only patients with radically 
resected pT4 CRC were recruited. These subjects may have 
underestimated the significance of the mSIA and mIS in 
CRC. However, focusing only on stage II‑IV pT4 CRCs was 
a unique feature of this study because the importance of 
tumor‑infiltrating immune cells in stages I‑III has already been 
investigated and reported in many cases. Second, in the present 
study we did not evaluate the microsatellite instability (MSI) 
and mismatch repair (MMR) status. Several studies demon‑
strated that MSI and MMR status are known to be associated 
with the presence of tumor infiltrated immune cells, treatment 

Figure 3. Kaplan‑Meier survival curves stratified according to high and low mSIA. The top panel shows the overall (left), cancer‑specific (middle) and 
disease‑free (right) survival of all patients with pT4 CRC (n=78), according to mSIA. The middle panel shows the overall (left), cancer‑specific (middle) and 
disease‑free (right) survival of patients with pT4 CRC with postoperative adjuvant chemotherapy (n=50), according to mSIA. Patients who underwent adjuvant 
treatment exhibited indistinguishable overall and cancer‑specific survival rates. Within this specific subgroup, all deceased patients succumbed to causes 
directly linked to cancer. The bottom panel shows the overall (left), cancer‑specific (middle) and disease‑free (right) survival of patients with pT4 CRC without 
postoperative adjuvant chemotherapy (n=28), according to mSIA. mSIA, modified signature of immune activation; CRC, colorectal cancer.
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response, and overall prognosis in CRC (44,45). Third, this 
study focused on the prognostic significance of immune cells 
in advanced CRC; however, we only analyzed cases whose 
surgical specimens were available following radical resection, 
which might have caused a sampling bias. In the future, it is 
necessary to further investigate whether mSIA and mIS are 
associated with drug sensitivity and prognosis in stage I‑IV 
CRC using both pretreatment biopsy and resected tumor 
samples. Finally, the mSIA and mIS evaluations conducted in 
this study differed from those in previous reports.

In conclusion, we showed a remarkably good prognostic 
value of high mSIA based on high CD8+ T cell and low CD163+ 
macrophage infiltration in patients with radically resected pT4 
CRC. Evaluation of tumor‑infiltrating immune cells may be a 
useful predictive marker of recurrence and poor prognosis in 
patients with locally advanced CRC. Moreover, a low mSIA was 
associated with poor survival and recurrence in patients with pT4 
CRC who did not receive adjuvant therapy, unlike in those who 
received chemotherapy. Pretreatment mSIA assessment following 
radical CRC resection shows potential in identifying high‑risk 
patients with pT4 CRC who require adjuvant chemotherapy.
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