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Prognostic Significance of Immune and Stromal
Components in Colorectal Cancer

Practical Tools for Routine Pathologic Assessment

Mi Jang, MD, PhD; Yongki Hong, MD; Soojung Hong, MD; Eun Kyung Kim, MD, PhD

� Context.—In colorectal cancer (CRC), the tumor micro-
environment includes cancer-associated fibroblasts and a
variety of immune cells, which are increasingly recognized
for their prognostic significance.

Objective.—To evaluate the tumor microenvironment
in CRC using methodologies applicable in routine pathologic
practice.

Design.—A comprehensive evaluation of the local immune
response and tumor to stroma ratio (TSR) was performed in
930 CRC cases by thoroughly reviewing the whole hematoxy-
lin-eosin (H&E) slides. Local immune responses were assessed
using peritumoral inflammatory infiltration (Klintrup-Mäkinen
and modified Klintrup-Mäkinen methods), intratumoral
stromal tumor-infiltrating lymphocytes (TILs; International
TILs Working Group system and deep stromal TIL system),
and Crohn-like lymphoid reaction (CLR).

Results.—In the multivariate analysis, age (>68 years),
stage III–IV, microsatellite stability, signet ring cell/undiffer-
entiated carcinoma, extramural venous invasion, high TSR
(>50%), and CLR were independent prognostic factors for
disease-specific survival. Excluding microsatellite stability,
these factors also served as significant prognostic indicators
for progression-free survival. Among the 4 methods for mea-
suring local immune response, evaluating the proportion of
TILs within the deepest intratumoral stroma was an indepen-
dent predictor of progression-free survival.

Conclusions.—We suggest that evaluating CLR, TSR, and
stromal TILs on hematoxylin-eosin–stained slides represents
a practical and straightforward approach with significant
prognostic value.

(Arch Pathol Lab Med. 2025;149:982–990; doi: 10.5858/
arpa.2024-0350-OA)

Colorectal cancer (CRC) is a prevalent malignancy worldwide
and the second leading cause of cancer-related deaths after

lung cancer.1 Advancements in comprehending tumor biology
have revealed that tumor cells, rather than being isolated, inter-
act intricately within a complex microenvironment. This tumor
microenvironment (TME) comprises 2 pivotal cellular elements,
cancer-associated fibroblasts (CAFs) and diverse immune cells,
which engage in intricate signaling pathways, and exhibit
either protumorigenic or antitumorigenic effects through
close interactions with tumor cells or among themselves.2

Specifically, the local immune response within the TME,
driven by the complex interplay among tumor-infiltrating
lymphocytes (TILs), dendritic cells, macrophages, regulatory

T cells, myeloid-derived suppressor cells, and a multitude of
immune-modulating molecules, has emerged as a crucial
determinant of cancer outcomes and presents opportunities
for targeted immunotherapies.3,4

Local immune responses and microsatellite instability
(MSI) status are closely associated with cancer prognosis.
MSI-high (MSI-H) tumors have significant instability, leading
to a higher mutation burden and production of neoantigens
derived from mutated proteins.5,6 These neoantigens can be
recognized by the immune system, triggering an enhanced
immune response and resulting in a better prognosis than
microsatellite-stable (MSS) tumors.7,8 Immune checkpoint
inhibitors have shown promising results in MSI-H CRC, pro-
viding durable responses and improving survival.4,9

The mechanism of these immune checkpoint inhibitors
involves enhancing the preexisting antitumor T-cell responses,
establishing them as a key therapeutic option for various can-
cers today. Consequently, evaluation of immune cells in the
TME has recently received considerable attention and vari-
ous methods have been proposed. Morphologic evaluation
using hematoxylin-eosin (H&E) staining allows the determina-
tion of the overall extent, density, and distribution of immune
cells.10–13 In particular, the spatial distribution of immune cells
within the TME, also referred to as immune cell topography,
has been identified as an important predictor of prognosis and
therapeutic response in CRC.14 Immunohistochemistry can be
effectively used to evaluate TIL subpopulations, and defining
immune cell topography using specific antibodies such as
CD3, CD8, CD4, FOXP3, and CD45RO and the Immunoscore
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scoring system is well established.15–18 Multiplex immunofluo-
rescence simultaneously detects multiple immune cell markers
within tumor tissue, aiding in characterizing complex immune
cell populations and understanding their spatial relation-
ships.19,20 Additionally, gene expression profiling such as RNA
sequencing or microarray analysis can indirectly assess TILs
through immune-related gene analysis.21,22

However, the use of these methods in clinical practice faces
several barriers, such as a lack of global consensus regarding
standardized protocols and cutoff values, potential interob-
server variability, and the requirement for further clinical valida-
tion. A recent meta-analysis of the local inflammatory response
in CRC demonstrated similar fixed-effects summaries across
all evaluated immune cell types, with the exception of FoxP3
and macrophages. Moreover, the fixed effects were consistent
regardless of whether H&E evaluation methods or immunohis-
tochemistry was used to assess specific cell subtypes. The
authors recommended a standardized assessment of the
local inflammatory response and caution against exces-
sive emphasis on the importance of specific immune cell
subtypes.23

H&E staining may be a practical and cost-efficient approach
to assess local inflammatory responses. The Klintrup-Mäkinen
(KM) grade, International TILs Working Group (ITWG) system,
and Crohn-like lymphoid reaction (CLR) are representative
methods using H&E staining in CRC.10,13,24 The KM grade
assesses the density of all types of immune cells at the inva-
sive front of the tumor, and high–KM-grade CRC patients
show improved survival outcomes.25–27 The ITWG system
evaluates the density of mononuclear inflammatory cell infil-
trates within the tumor stromal area, with a high TIL density
indicating a better prognosis.13,28 CLR refers to nodular lym-
phoid aggregates (LAs) in the peritumoral area and is associ-
ated with favorable outcomes.11,29,30

The tumor stroma, which constitutes the TME, comprises
various nonneoplastic cells, including CAFs and the extracel-
lular matrix. The tumor to stroma ratio (TSR) or tumor to
stroma percentage refers to the relative proportions of tumor
and intratumoral stroma.31,32 This serves as a straightforward
and rapid evaluation using conventional H&E-stained tissue
sections, and stroma-high CRCs have demonstrated a worse
prognosis.27,33–35

This study aimed to investigate the prognostic importance
of the TME in CRC by evaluating the local inflammatory
response and tumor stroma using methodologies appli-
cable in routine practice. Additionally, we compared
approaches for assessing the overall immune cell infiltra-
tion or TILs to determine the most effective method for
clinical use and its integration into standard pathologic
assessments.

MATERIALS AND METHODS

Patient Population

This retrospective study included patients who underwent surgery
for primary CRC at the National Health Insurance Service Ilsan
Hospital (Goyang-si, Republic of Korea) between 2011 and
2019. Patients who had received preoperative chemotherapy or
radiation therapy and those who were found to have positive
resection margins after surgery were excluded. A consecutive
series of 930 patients was included in the analysis. Demographic
information and follow-up data were obtained from electronic
medical records. The study was conducted in accordance with
the ethical principles outlined in the Declaration of Helsinki. The
study protocol was approved by the Institutional Review Board

of the National Health Insurance Service Ilsan Hospital (NHIMC
2021-09-023).

Histologic Review of Morphologic Parameters

All CRC cases were comprehensively evaluated by thoroughly
reviewing H&E slides and pathology reports. This evaluation
included the assessment of several parameters, including the
TNM stage according to the 8th edition of the American Joint
Committee on Cancer staging manual,36 histologic subtypes
according to the 2019 World Health Organization classification37

and previous studies,38–40 differentiation,41 lymphovascular inva-
sion (LVI),42 extramural venous invasion (EMVI),43,44 and perineural
invasion. The definitions and criteria of the parameters used in this
study are summarized in Table 1. The average number of slides per
case was 5.4.

Tumor budding refers to the presence of individual tumor cells
or small clusters of fewer than 5 cells at the leading edge of the
tumor. It is a morphologic manifestation of epithelial-mesenchymal
transition and is associated with poor outcomes.45,46 Tumor budding
was assessed based on the criteria recommended by the International
Tumor Budding Consensus Conference (Table 1).47 Poorly differentiated
clusters (PDCs) are clusters of 5 or more tumor cells without gland for-
mation. They are one of the manifestations of epithelial-mesenchymal
transition and have been recognized as a potential prognostic indicator
in CRC.45,46,48 The Ueno grading system was used (Table 1).49

To assess the TSR, an area where both the tumor and stromal
tissue were present was selected using a310 objective. Stromal ratio
groups were categorized as stroma-high (.50% stromal area) and
stroma-low groups (�50% stromal area; Table 1; Figure 1, A and B).32,34

Assessment of Peritumoral Immune Response and
Intratumoral TILs Using Different Methods

We analyzed the local immune response through peritumoral
inflammatory infiltration and intratumoral TIL levels. CLR and KM
scores were used to represent the peritumoral inflammatory infiltra-
tion, and stromal TILs were considered to indicate intratumoral TILs
(Figures 1, C through F, and 2, A through D).

CLR is defined as nodular LAs surrounding a tumor. Using previ-
ously suggested objective criteria, the presence of CLR was considered
if the maximum size of at least 1 LA was 1 mm or more in diameter
and the number of LAs per section was 3 or more (Table 1; Figure 1,
C and D).23,30

For KM grading, we applied the conventional method11 and a mod-
ified method using whole H&E slides (Table 1; Figures 1, B, and 2, A
through C). The modified KM grade counts only lymphocytes and
plasma cells, and excludes other types of inflammatory cells.50,51

For intratumoral stromal TILs, we used the ITWG system13,24,28,52

and a modified approach by examining whole H&E-stained slides
(Table 1; Figures 1, E and F, and 2, D). In contrast to the ITWG
method, which evaluates the density within the entire intratumoral
stromal component, the modified TIL (deep) approach exclusively
assesses TIL density within the deepest invasive area at an objective
magnification of34 (Figure 1, B).

MSI Analysis

MSI testing was performed as a routine procedure in all resected
CRC cases, excluding those with inadequate tissue amounts or
poor tissue conditions; 866 cases were examined. Genomic DNA
was extracted from formalin-fixed, paraffin-embedded tumor
tissues and matched normal tissue sections. Five microsatellite
loci (BAT25, BAT-26, D2S123, D5S346, and D17S250) recom-
mended by the National Cancer Institute were amplified by fluo-
rescent multiplex polymerase chain reaction and analyzed by
capillary electrophoresis. MSI-H was defined as MSI at 2 or
more loci, MSI low as instability at a single locus, and MSS as no
instability at any of the 5 markers.53
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Table 1. Histomorphologic Parameters and Their Definitions

Morphologic Parameter Definition

Histologic subtype

Micropapillary ADC Small clusters of tumor cells within stromal spaces resembling vascular channels; cutoff �5%

Medullary carcinoma Sheets of tumor cells with vesicular nuclei, prominent nucleoli, and abundant eosinophilic cytoplasm. Marked
infiltration by lymphocytes and neutrophilic granulocytes

Mucinous ADC .50% of the tumor comprises pools of extracellular mucin containing evident malignant cells, including signet ring cells

Serrated ADC 1. Epithelial tufts comprise only epithelium or epithelium and basement membrane material, excluding papillary
projections with a fibrovascular core and serrated-like structures resulting from tumor cell necrosis. Clear or
eosinophilic cytoplasm and abundant cytoplasm, vesicular and discernible nuclei, mucin production, cell balls,
papillary rods, and lack of necrosis

2. There are no established quantitative criteria for serrated ADC, and we applied a threshold of �30% in the
present study

Signet ring cell
carcinoma

.50% of the tumor cells exhibit prominent intracytoplasmic mucin, typically leading to displacement and mold-
ing of the nucleus

Undifferentiated
carcinoma

There is no morphologic, immunohistochemical, or molecular evidence of differentiation beyond that of an epithelial
tumor. Lack of pushing borders, syncytial growth pattern, and prominent inflammatory cell infiltrates

Differentiation Based on the extent of gland formation, excluding considerations of tumor budding and PDCs: well (.95% with
gland formation), moderate (50%–95%), poor (0%–49%)

LVI

Present LVI refers to lymphatic invasion and intramural venous invasion, excluding extramural venous invasion

Substantial LVI Substantial LVI denotes widespread, multifocal, or massive LVI around the tumor that is easily identifiable at low
magnification

EMVI Tumor cell invasion into veins beyond the muscularis propria. Identifying features for EMVI recognition encom-
pass the orphan artery sign (a tumor nodule adjacent to an artery within a presumed vein) and the protruding
tongue sign (tumor extension beyond its border into a vein in the surrounding fat)

Perineural invasion Tumor cells surrounding a minimum of one-third of the nerve circumference; may exist within any of the 3 layers
of the nerves (epineurium, perineurium, and endoneurium)

Tumor budding Tumor budding refers to individual tumor cells or small clusters of fewer than 5 cells at the leading edge of the tumor

PDCs PDCs are clusters of 5 or more tumor cells without the formation of glands and located in the tumor center and invasive
front. Quantifying the number of tumor buds and PDCs within a hotspot area (0.950 mm2 ¼ a320 field in microscopes
with a 22-mm eyepiece FN diameter) and applying normalization factor: low (0–6), intermediate (7–12), and high (�13)

Not counted: tumor cells suspended in pools of mucin; separation of tumor cells secondary to inflammation

Tumor to stroma ratio Relative proportions of tumor and intratumoral stroma. The most abundant stroma is selected using the34 objective
lens. Following this, an area where both tumor and stromal tissue are present within this vision site is selected using
a310 objective. Tumor cells must be present at all borders of the selected image field. Inflammatory cells, small vessels,
and hyalinization should be included; stroma high (.50% stromal area), stroma low (�50% stromal area)

Not counted: mucin, necrosis, smooth muscle tissue, glandular lumen, large vessels with a muscular wall, and tumor
budding cells

CLR Nodular LAs surrounding the tumors. A maximum diameter of LA and number of LAs per section are counted, and
the presence of CLR is confirmed when there is at least 1 LA measuring 1 mm or more in diameter and the number
of LAs per section is 3 or more

Not counted: mucosa-associated lymphoid tissue and lymph nodes

KM grade Overall inflammatory cell reaction (lymphocytes, plasma cells, neutrophils, eosinophils, and macrophages) on
areas of deepest invasive margin

Low grade (score 0–1): score 0, no increase in inflammatory cells; score 1, mild and patchy increase without
destruction of invading cancer cell islets

High grade (score 2–3): score 2, bandlike infiltrates with some destruction of cancer cell islets; score 3, prominent
inflammatory reaction forming a cuplike zone with frequent and consistent destruction of cancer cell islets

Not counted: area of acute inflammation or necrosis

Modified KM grade Only mononuclear cell reaction including lymphocytes and plasma cells on areas of deepest invasive margin.
Remaining methodology is unchanged

Not counted: other types of inflammatory cells (eg, neutrophils and macrophages)

Stromal TIL (ITWG) Density of mononuclear cells (lymphocytes and plasma cells) within the stromal compartment of the tumor mass
on a single slide with the deepest invasion. Scored as a percentage of stromal area (rounded to the nearest 5%)
based on the average across the whole slide, not focusing on hotspots. Only TILs within the borders of invasive
tumors are included. The percentage is categorized into 3 groups as low (0%–10%), intermediate (15%–50%),
and high (55%–100%)

Not counted: dysplastic and in situ areas, inflammation outside the tumor borders, other inflammatory cells (neutrophils
and macrophages), TILs within nests of epithelial cells, zones of necrosis, fibrosis, and abscess

Stromal TIL (deep) Density of TILs exclusively within the deepest invasive area, not considering the entire stromal component. This
area corresponds to an objective magnification of 34, using an eyepiece FN diameter of 22 mm, resulting in a
field diameter of 5.5 mm and a field area of 23.76 mm2; low (0%–10%), intermediate (15%–50%), and high
(55%–100%). Remaining methodology is identical to the ITWG method

Abbreviations: ADC, adenocarcinoma; CLR, Crohn-like lymphoid reaction; EMVI, extramural venous invasion; FN, field number; ITWG, International
TILs Working Group; KM, Klintrup-Mäkinen; LA, lymphoid aggregate; LVI, lymphovascular invasion; PDC, poorly differentiated cluster; TILs,
tumor-infiltrating lymphocytes.
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Statistical Analysis

Descriptive statistics were used to summarize the demographic
and clinical characteristics of patients. Associations between variable
pathologic parameters and clinical outcomes were analyzed using

the v2 test or Fisher exact test. Disease-specific survival (DSS) and
progression-free survival (PFS) were calculated using Kaplan-Meier
curves and log-rank tests. A multivariate Cox proportional hazards
model was applied using forward stepwise methods with predictive
variables that were significant in the univariate analysis to identify

Figure 2. Cases of T3 colon cancer (A through D) with various inflammatory cells are heavily infiltrated, resulting in a high Klintrup-Mäkinen (KM) grade
(A) and a high modified KM grade because of the abundance of lymphocytes and plasma cells (B). Despite a high KM grade, most cells are neutro-
phils and histiocytes, leading to a low modified KM grade (C). Spatial heterogeneity of stromal TILs (International TILs Working Group) is shown, with
low on the left and intermediate on the right (D) (original magnifications 350 [A], 3200 [B], 3120 [C], and 360 [D]).

Figure 1. A case of T3 colon cancer (A and
B) with tumor to stroma ratio 50% or greater
(A). At the deepest invasive margin, both the
Klintrup-Mäkinen method and the modified
stromal tumor-infiltrating lymphocytes (TILs;
deep) method indicate a low grade (B). Cases
exhibiting Crohn-like lymphoid reaction have
more than 3 nodular lymphoid aggregates sur-
rounding the tumor, including some with a
diameter greater than 1 mm (C and D). The
submucosa (E) and subserosa (F) of the previ-
ously mentioned T3 colon cancer case show
intermediate stromal TILs (15%–50%) accord-
ing to the International TILs Working Group
method (original magnifications 36 [A], 340
[B], 315 [C and D], and 3120 [E and F]).
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the most informative variables and calculate hazard ratios (HRs) and
95% CIs. Statistical significance was set at a 2-sided P value less
than .05. The Cohen j was used to calculate the correlation between
the assessment methods for the immune response. The j scores were
defined as follows; less than 0.2, poor; 0.21 to 0.40, fair; 0.40 to 0.60,
moderate; 0.61 to 0.80, good; and greater than 0.80, very good.54 All
statistical analyses were conducted using IBM SPSS version 23.0 (IBM
Corp, Armonk, New York).

RESULTS

Clinicopathologic Characteristics

The clinicopathologic features of 930 patients with CRC are
shown in Supplemental Table 1 (see supplemental digital
content containing 3 tables and 2 figures at https://meridian.
allenpress.com/aplm in the November 2025 table of con-
tents). The mean age of the patients was 68 years, and 543
(58.4%) were men. The tumors were located in the left colon
(420; 45.1%), right colon (328; 35.3%), and rectum (182;
19.6%). Stage III was the most common (534; 57.4%), fol-
lowed by stages IV (201; 21.6%), II (139; 14.9%), and I (56;
6.1%). Eighty patients (9.2%) were MSI-H and 51 patients
(5.9%) were MSI low. Adenocarcinoma, not otherwise speci-
fied, was the most common histologic subtype (746; 80.2%),
followed by micropapillary adenocarcinoma (77; 8.3%), mucin-
ous adenocarcinoma (55; 5.9%), serrated adenocarcinoma
(25; 2.7%), medullary carcinoma (18; 1.9%), signet ring cell
carcinoma (8; 0.9%), and undifferentiated carcinoma (1;
0.1%). Well-differentiated adenocarcinoma (567; 61%)
was the most commonly observed, followed by moderate
(263; 28.2%) and poor (100; 10.8%) differentiation.

MSI-H tumors were associated with the right colon (P ,
.001), stage I to II (P ¼ .001), histologic type of mucinous
carcinoma, serrated adenocarcinoma, medullary carcinoma
(P , .001), poor differentiation (P , .001), low tumor bud-
ding (P ¼ .001), low TSR (P , .001), absence of EMVI (P ¼
.004), absence of perineural invasion (P , .001), CLR (P ,
.001), high KM grade (conventional and modified; P ¼ .005

and P ¼ .001), and high stromal TILs (ITWG and deep; P ¼
.001; Supplemental Table 2).

High-grade tumor budding and PDC were observed in 275
(29.6%) and 266 (28.6%) patients, respectively. Tumor budding
was significantly correlated with PDC (P, .001). In high-grade
tumor budding, 61.5% and 17.5% were high-grade and low-
grade PDC, respectively. PDC was significantly associated with
micropapillary adenocarcinoma (P , .001). PDCs were high
grade in 97.4% of the micropapillary adenocarcinomas, which
corresponded to 28.6% of the high-grade PDCs.

The number of tumors with EMVI was 210 (22.6%), and
15 patients (1.6%) showed substantial LVI without EMVI.
Perineural invasion was observed in 532 tumors (57.2%).

Peritumoral Immune Response and Intratumoral
(Stromal) TILs

The KM grades of the 930 CRC cases were low in 333 cases
(35.8%) and high in 597 (64.2%). Although the modified KM
grade was low in 384 patients (41.3%), it was high in 546
patients (58.7%), indicating fewer high grades than the original
KM grade (Supplemental Table 1; Supplemental Figure 1, A).
Agreement between KM grade and modified KM methods
was very good (j ¼ 0.889, P, .001; Table 2). The lower grades
obtained by both methods were consistent. A discrepancy was
observed in 49 cases (8.2%) in which a high KM grade was a
low modified KM grade (Table 2; Supplemental Figure 1, B).
These patients had abundant neutrophil or macrophage infil-
tration and their modified KM grade was low (Figure 2, C).

The TIL (ITWG) value was low in 272 patients (29.2%),
intermediate in 486 (52.3%), and high in 172 (18.5%). The
number of TILs (deep) was low in 434 patients (46.7%), inter-
mediate in 345 (37.1%), and high in 151 (16.2%). The TIL
(deep) method resulted in a decreased proportion of
intermediate and high grades compared with the TIL
(ITWG) method (Supplemental Table 1; Figure 1, B, E,
and F; Supplemental Figure 1, A). The concordance of
TIL (ITWG) and TIL (deep) methods was good (j ¼ 0.633,

Table 2. Agreement Between Assessing Methods of Peritumoral and Intratumoral Immune Response

KM Grade, No. (%)

j P ValueLow High

Modified KM grade, No. (%)

Low 332 (100) 49 (8.2) .889 ,.001

High 0 (0) 549 (91.8)

TIL (ITWG), No. (%)

Low Intermediate High

TIL (deep), No. (%)

Low 268 (98.9) 163 (33.6) 2 (1.1) .633 ,.001

Intermediate 3 (1.1) 308 (63.5) 36 (20.7)

High 0 (0) 14 (2.9) 136 (78.2)

TIL (ITWG), No. (%)

Low/intermediate High

TIL (deep), No. (%)

Low/intermediate 742 (98.1) 38 (21.8) .806 ,.001

High 14 (1.9) 136 (78.2)

Abbreviations: ITWG, International TILs Working Group; KM, Klintrup-Mäkinen; TIL, tumor-infiltrating lymphocyte.
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P , .001; Table 2). The concordance between the 2 methods
in the low and high groups was relatively high, whereas the
intermediate group showed inconsistencies (Table 2). When
stromal TIL values were divided into 2 groups, low/intermediate
and high, the agreement became very good (j ¼ 0.806, P ,
.001; Table 2). Among the high-TIL (ITWG) group, 38 cases
(21.8%) were in the low/intermediate-TIL (deep) group (Table 2;
Supplemental Figure 1, B). Most of these cases were because of
the heterogeneity in the distribution of stromal TILs within the
tumor (Figure 2, B and D).

Survival Impact of Various Clinicopathologic Parameters

In the univariate analysis, age (.68 years), stage (I–IV), MSS,
histologic subtype (micropapillary adenocarcinoma and signet
ring cell/undifferentiated carcinoma), differentiation, tumor
budding, PDC, TSR, LVI, perineural invasion, CLR, KM grade,
modified KM grade, TILs (ITWG), and TILs (deep) were

significantly associated with DSS and PFS (Supplemental
Table 3; Figure 3, A through F). The 5-year DSS rates for
stages were 98% (I), 93.2% (II), 78.9% (III), and 33.1% (IV).
The 5-year DSS rates for MSI-H, high TSR, and EMVI were
95.9%, 66.6%, and 55.9%, respectively. The 5-year DSS rates for
CLR, high-grade KM, and high-grade TILs (ITWG) were
91.6%, 85.5%, and 95.3%, respectively (Supplemental Table 3).

In multivariate analysis with forward step procedure, age
(.68 years; HR, 2.25), stage III (HR, 5.63), stage IV (HR, 23.1),
MSI-H (HR, 0.18), signet ring cell/undifferentiated carcinoma
(HR, 19.9), poor differentiation (HR, 2.41), TSR (HR, 1.82), EMVI
(HR, 2.43), and CLR (HR, 0.52) were independent prognostic
factors for DSS. Age (.68 years; HR, 1.64), stage III (HR, 3.13),
stage IV (HR, 14.2), signet ring cell/undifferentiated carcinoma
(HR, 6.87), TSR (HR, 1.46), substantial LVI (HR, 2.58), EMVI
(HR, 2.08), perineural invasion (HR, 1.87), CLR (HR, 0.6), and
high-grade TILs (deep, HR, 0.38) were identified as indepen-
dent prognostic factors for PFS (Supplemental Table 3).

Figure 3. Kaplan-Meier analyses for disease-
specific survival (DSS) and progression-free sur-
vival (PFS). High tumor to stroma ratio (TSR; A
and B), absence of Crohn-like lymphoid reac-
tion (CLR; C and D), and low stromal tumor-
infiltrating lymphocytes (TIL [deep]; E and F) are
associated with worse DSS and PFS.
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Kaplan-Meier analysis showed no significant differences in
DSS and PFS between stages IIB (T4aN0M0), IIC (T4bN0M0),
and III (P. .05, Supplemental Figure 2).

Association of TSR, CLR, and TILs With Other
Clinicopathologic Parameters

The TSR, CLR, and stromal TILs are morphologic indicators
of the TME. The TSR and CLR were independent prognostic
factors for DSS and PFS. Intratumoral stromal TIL (deep) level
was independently associated with PFS when other factors
were adjusted.

High TSR was associated with male sex (P ¼ .04), left colon
(P ¼ .002), advanced stage (III–IV and P , .001), MSS (P ¼
.001), micropapillary adenocarcinoma (P , .001), moderate to
poor differentiation (P, .001), high-grade tumor budding (P,
.001), high-grade PDC (P , .001), EMVI (P , .001), perineural
invasion (P, .001), low KM grade (conventional and modified;
P , .001), and low TILs (ITWG and deep; P , .001; Supple-
mental Table 1). A low TSR was significantly associated with
rectal location, MSI-H, mucinous carcinoma, and medullary
carcinoma (Supplemental Table 1).

CLR was correlated with stage II (P ¼ .002), MSI-H (P ,
.001), medullary carcinoma (P¼ .003), low-grade tumor budding
(P ¼ .01), absence of LVI and EMVI (P, .001), absence of peri-
neural invasion (P ¼ .001), high KM grade (both conventional
and modified; P ¼ .02 and P ¼ .001, respectively), and high
TILs (both ITWG and deep; P, .001; Supplemental Table 1).

High TIL (deep) level was associated with younger age
(�68 years; P ¼ .03), rectum (P ¼ .003), stage I (P , .001),
MSI-H (P ¼ .003), conventional adenocarcinoma and med-
ullary carcinoma (P, .001), being well differentiated (P, .001),
low-grade tumor budding (P , .001), low-grade PDC (P ,
.001), low TSR (P , .001), absence of LVI or EMVI (P , .001),
absence of perineural invasion (P , .001), CLR (P , .001), and
high KM grade (conventional and modified; P, .001; Supple-
mental Table 1).

DISCUSSION

In this study, we investigated the prognostic impact of the
TME in CRC using relatively simple methods to assess the local
inflammatory response and tumor stroma in routine practice.

In the multivariate analysis, age (.68 years), stage III to
IV, MSI-H, signet ring cell/undifferentiated carcinoma, poor
differentiation, TSR, EMVI, and CLR were independent prog-
nostic factors for DSS. Age, stage III to IV, signet ring cell/
undifferentiated carcinoma, TSR, substantial LVI, EMVI, peri-
neural invasion, CLR, and high-grade TILs (deep) were identi-
fied as independent prognostic factors for PFS. The CLR and
TSR associated with the TME were significant factors for both
DSS and PFS. All 4 TIL measures were associated with DSS
and PFS in univariate analysis, but only TIL (deep) level was
significantly associated with PFS in multivariate analysis.

CLR correlated with stage II, MSI-H, medullary carcinoma,
low-grade tumor budding, absence of EMVI, absence of peri-
neural invasion, high KM grade, and high stromal TILs. These
results are similar to previous studies, with slightly different
evaluation criteria.50,55 The criteria in this study included at
least 1 LA measuring 1 mm or more in diameter and a mini-
mum of 3 LAs per section. However, lowering this threshold
did not achieve statistical significance. CLR has been variably
defined across different studies; however, through spatial and
molecular characterization, it has now been recognized as a
spectrum of peritumoral LAs exhibiting varying levels of

organization and maturation. In the early stages of CLR,
CD4þ T cells predominantly cluster with mature antigen-
presenting dendritic cells. As CLR matures, an increasing
number of B cells, along with follicular dendritic cells, are
recruited to form lymphoid follicles. With further organization,
CLR resembles functional tertiary lymphoid structures (TLSs)
containing germinal centers, which facilitate the recruitment
of lymphocytes to the TME and promote a tumor-specific
adaptive immune response.56 There are no validated standard-
ized criteria to date, and it appears that previous studies have
occasionally used CLR and TLS interchangeably. In this study,
the criterion of lymphocyte aggregates larger than 1 mm was
consistently associated with germinal centers, suggesting that
these can be considered TLSs.57

High intratumoral stromal TILs (deep) were associated with
various favorable prognostic factors such as younger age, rectum,
stage I, MSI-H, conventional adenocarcinoma and medullary
carcinoma, being well differentiated, low-grade tumor budding,
low-grade PDC, low TSR, absence of LVI or EMVI, absence of
perineural invasion, CLR, and high KM grade.

A high TSR was associated with the left colon, advanced
stage, MSS, micropapillary adenocarcinoma, moderate to
poor differentiation, high-grade tumor budding, high-grade
PDC, EMVI, perineural invasion, low KM grade, and low
stromal TILs. A low TSR was associated with rectal location,
MSI-H, mucinous carcinoma, and medullary carcinoma. High
TSR is recognized as a significant negative prognostic factor
and is associated with several other high-risk factors.35 Therefore,
evaluating the TSR is crucial, and using a 50% threshold for this
evaluation is considered a practical and effective approach, even
though a range of artificial intelligence–based measurement
tools have been developed recently.32,58

The stronger prognostic value of TSR compared with the
degree of immune cell infiltration, such as KM grade or TIL
(deep), in multivariate analysis may be attributable to immune
exclusion. Immune exclusion is a complex phenomenon; it
refers to the inability of effector immune cells, which are
recruited to the tumor periphery by chemoattraction and
antigenic stimuli, to infiltrate tumor nests and eliminate can-
cer cells because of existing physical or biochemical barriers.
It is considered one of the key mechanisms underlying pri-
mary resistance to immunotherapy.59 The barriers, including
the extracellular matrix, tumor vasculature, and immunosup-
pressive cells such as CAFs, are abundant in tumors with a
high TSR, which may contribute to the development of an
immunosuppressive environment and demonstrate signifi-
cant clinical relevance.60

Among the methods for measuring immune cell infiltra-
tion, the agreement between the KM grade and the modi-
fied KM methods was very good. There was a discrepancy
in 8.2% of the cases, in which a high KM grade was a low
modified KM grade. These patients had abundant neutrophil
or macrophage infiltration and their modified KM grade was
low. When evaluating H&E-stained slides with the naked eye,
it is not practical to count lymphocytes alone, excluding neu-
trophils, macrophages, and other types of inflammatory cells,
when there is a mixture of different types of inflammatory
cells. Therefore, we suggest that it is simpler and more rea-
sonable to use the KM grades rather than the modified KM
grades in routine diagnostics.

The concordance between the TIL (ITWG) and TIL (deep)
methods was good. When the stromal TIL values were divided
into 2 groups, low/intermediate and high, the agreement was
very good. Heterogeneity in the distribution of stromal TILs
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within the tumor was observed, with deeper intratumoral
stroma generally tending to have a lower number of TILs,
resulting in 21.8% being in the high group by TIL (ITWG),
but in the low/intermediate group by TIL (deep). However,
in practice, we believe that the TIL (deep) method, which
evaluates only the stromal area of the deepest part of the
tumor, is simpler and less prone to error than the ITWG
method, which measures the average percentage of TILs
within the entire stromal area of a tumor. Additionally, the
gastrointestinal tract, which has a lumen, typically contains
abundant lymphocytes in the lamina propria and often exhibits
reactive inflammatory changes, such as in ulcers, in the superfi-
cial layers. Therefore, the methods for evaluating stromal TILs
in gastrointestinal cancers may need to differ from those used
for other solid tumors, such as breast cancer or melanoma. The
aforementioned meta-analysis of the local inflammatory
response in CRC revealed that, in terms of the location of
immune cells, similar results were observed regardless of
whether they were within the intratumoral area or at the inva-
sive margin.23 However, the implications of the spatial distri-
bution patterns or intratumoral heterogeneity of TILs in CRC
have not been extensively studied, highlighting the need for
further research in this area.

MSI-H tumors were associated with right colon, stage I to
II, mucinous carcinoma, serrated adenocarcinoma, medullary
carcinoma, poor differentiation, low tumor budding, low TSR,
and absence of EMVI, consistent with previous studies.61,62

Although they also frequently exhibited CLR, high KM grade,
and high stromal TILs, multivariate analysis indicated that
immune infiltration factors, such as CLR or TILs, better defined
the prognosis of CRC patients than MSI status.17

Tumor budding significantly correlated with PDC, and PDC
was associated with micropapillary adenocarcinomas. One
study suggested that the micropapillary pattern and PDC
are morphologic manifestations of the same biological
phenomenon and that changing evaluation of the micro-
papillary area to PDC may provide a more objective progno-
sis.63 In this study, 97.4% of micropapillary adenocarcinomas
were classified as high-grade PDC, and 28.6% of high-grade
PDCs corresponded to micropapillary adenocarcinomas. This
suggests that the micropapillary morphology may be encom-
passed within the concept of PDC.

Stages IIB (T4aN0M0) and IIC (T4bN0M0) were not sig-
nificantly different from stage III in the Kaplan-Meier
analysis. Stage II tumors at T4 without lymph node metasta-
sis have a prognosis similar to that of stage III tumors with
lymph node metastasis. Therefore, they are classified as high-
risk stage II tumors and are recommended to receive adjuvant
chemotherapy.64

In conclusion, our study highlights the critical role of
TME-associated factors in CRC, identifying CLR and TSR as
robust independent prognostic markers. Among the 4 methods
for measuring local immune response, evaluating the proportion
of TILs within the deepest intratumoral stroma emerged as a sig-
nificant predictor of PFS. We propose that evaluating CLR, TSR,
and stromal TILs in routine H&E-stained slides offers a practical
and straightforward approach.
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