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Abstract

BACKGROUND

Colorectal cancer (CRC) is a prevalent global malignancy with complex pro-
gnostic factors. Tumor-associated macrophages (TAMs) have shown paradoxical
associations with CRC survival, particularly concerning the M2 subset.

AIM
We aimed to establish a simplified protocol for quantifying M2-like TAMs and
explore their correlation with clinicopathological factors.

METHODS

A cross-sectional study included histopathological assessment of paraffin-
embedded tissue blocks obtained from 43 CRC patients. Using CD68 and CD163
immunohistochemistry, we quantified TAMs in tumor stroma and front, focusing
on M2 proportion. Demographic, histopathological, and clinical parameters were
collected.

RESULTS

TAM density was significantly higher at the tumor front, with the M2 proportion
three times greater in both zones. The tumor front had a higher M2 proportion,
which correlated significantly with advanced tumor stage (P = 0.04), pathological
nodal involvement (P = 0.04), and lymphovascular invasion (LVI, P = 0.01).
However, no significant association was found between the M2 proportion in the
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tumor stroma and clinicopathological factors.

CONCLUSION

Our study introduces a simplified protocol for quantifying M2-like TAMs in CRC tissue samples. We demonstrated
a significant correlation between an increased M2 proportion at the tumor front and advanced tumor stage, nodal
involvement, and LVI. This suggests that M2-like TAMs might serve as potential indicators of disease progression
in CRC, warranting further investigation and potential clinical application.

Key Words: Colorectal cancer; Macrophages; Tumor stroma; M2 subset; Tumor front; Tumor stage; Lymphovascular invasion;
Prognosis; Tumor-associated macrophages; Immunohistochemistry

©The Author(s) 2024. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Colorectal cancer is a highly prevalent type of cancer worldwide. Its prognosis depends on several factors
including pathological features. Novel prognostic factors with improved predictive and prognostic potential are being
sought. Tumor-associated macrophages have been investigated as a novel biomarker for improved prognosis and
theragnosis.
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INTRODUCTION

Colorectal cancer (CRC) is the third most common malignancy worldwide[1] and the second most common among men
in Pakistan[2]. The pathological staging of resected CRC specimens correlates with the prognosis[3]. With increasing
focus on precision medicine and related personalized chemotherapy, the focus has shifted to finding a fine print in
pathological assessment and reporting of cancers[4], that has a bearing on the treatment and prognosis of patients with
CRC as well[5]. During the last decade, significant research has been done to establish tumor-associated macrophages
(TAMSs) as an additional pathological marker to enable further therapeutic targets and improve cancer therapy for
different malignancies including CRC[6,7], as shown in Figure 1.

Decreased patient survival is associated with an increased density of TAMs, for instance, in breast, melanoma, and
kidney malignancy patients, based on several studies[8]. Paradoxically, in patients with CRC, studies demonstrate better
survival in cases with an increased infiltration of TAMs. This was especially true if the high TAM density was localized to
the tumor front as opposed to the tumor stroma[8]. A possible explanation of this paradox was theorized to be a higher
concentration of antitumoral M1 polarized macrophages compared with protumoral M2 macrophages in those tumors
[9]. Others have demonstrated that proportional distribution with a high M1:M2 ratio, correlated with better prognosis
[10]. Mechanistically, this may relate to the secretion of transforming growth factor beta (TGF-B) by TAMs, which has a
tumor suppressor role in the early stages of cancer[11-15]. This effect is lost and paradoxically turned to the tumor-
progressor function of TGF-f, with the loss or mutation of SMAD-4 in the nucleus of the tumor cells[12,16-20]. This stage
has also demonstrated a higher propensity for metastasis. In summary, in CRC, a high density of TAMs represents a good
prognostic factor, but when the proportion of M2-like TAMs predominates, likely under the influence of an altered tumor
microenvironment, the prognosis worsens[21-25].

Histologically, we can determine the M2 phenotype with immunohistochemistry (IHC) using antibodies directed
against CD68+ and CD163+ cells. CD68 is a pan-macrophage marker and CD163 is specific for M2-like macrophages[26-
30]. Hence, we propose a simplified protocol for assessment of the percentage of M2-like TAMs among all TAMs, as
opposed to the M1:M2 ratio, along with the assessment of TAM density in tumor stroma and tumor front as a practical
prognostic tool for CRC. The rationale of this assessment is that this differentiation to M2 may represent an early marker
for advanced disease, followed by decreased TAM density as an additional marker representing poor prognosis. A
simplified protocol would ensure easier adaptability for clinical application. This study aimed to establish a simplified
protocol for quantifying M2-like TAMs and explore their correlation with clinicopathological factors in patients with
CRC.

MATERIALS AND METHODS

This cross-sectional study received ethical approval from the Ethics Review Committee of Bahria University Medical and
Dental College, Karachi, Pakistan. Paraffin-embedded tissue blocks were obtained from patients who underwent
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Figure 1 Complex array of cellular receptors of tumor-associated macrophages engaged in tumor-associated macrophage modulation.
Created with BioRender.com.

resection of colorectal adenocarcinoma, and a specific histological evaluation was performed. Endoscopic biopsy
specimens, poorly fixed tissues, and samples from patients under 18 years of age or with metastatic disease were
excluded. A sample size of 43 was determined to be adequate based on the incidence of CRC in Pakistan, which is 6.9%,
with an alpha of 5% and a 95% confidence interval (OpenEpi, Version 3). The study was conducted without direct
interaction with patients, and all relevant clinical information was obtained from the histology reports. General
parameters noted included patient age and sex, tumor site, size, differentiation, presence of perineural and
lymphovascular invasion (LVI), and the pathological TNM stage. This approach allowed for a comprehensive evaluation
of the histological and clinical features of the cohort.

Study-specific IHC evaluation was then performed. Hematoxylin and eosin-stained slides of selected CRC specimens
were retrieved and reviewed by a senior histopathologist and the required tissue blocks were retrieved. Formalin-fixed
paraffin-embedded blocks were then cut into 4 pm thick sections using a microtome and placed on poly L-lysine coated
slides. Slides were fixed in an oven at 80 °C for 20-25 min. Deparaffinization and rehydration were performed with xylene
and ethanol. After deparaffinization, endogenous peroxidase activity was blocked by treating the sections with H,O, for 5
min. Antigen retrieval was then performed using a pressure cooker and boiling in pH 6.0 citrate buffer for 7 min at 98 °C.
Following that, sections were allowed to cool down for 25 min and then washed with pH 7.2 phosphate buffered saline
(PBS) solution. Next, sections were incubated with prediluted mouse monoclonal CD68 (KP1) and monospecific mouse
monoclonal CD163 (ZM29) antibodies for 1 h at room temperature. After thorough washed with PBS, the primary
antibody was visualized using Zeta max HRP polymer detection kits. Finally, the sections were counterstained with
hematoxylin and mounted. The positive control tissues were lymph nodes for CD68 was and liver for CD163. The
controls were run with the initial few slides and were treated similarly as the sample specimens. This was adopted from
an earlier protocol[9].

The TAM enumeration protocol was then followed. IHC slides were studied by light microscopy in low-power fields
(x 40 and x 100), using a Leica DM 1000 microscope. Tumor stroma and tumor front were defined. Cells immunoreactive
to CD68/ CD163 antibodies and exhibiting macrophage-like morphology were considered to be M1 and M2 macrophages
as shown in the photomicrographs in Figures 2-4. The total number of CD68+ and CD163+ macrophages were counted in
a continuous line, from left to right, in 5 x 400 high-power fields (HPFs). The counting was done along the tumor front
and in the tumor stroma for both the antibodies under supervision of a senior pathologist. The mean number of CD68+
and CD163+ macrophages, per HPF (5 hotspots), for each slide (tumor front and stroma) was defined as the TAM and M2
densities. TAM density was further divided into high and low after calculating the median value for both tumor front and
stroma. M2 proportion was calculated as described earlier and was further divided into high and low after calculating the
median value for both the tumor front and stroma. This is based on previously reported study protocols[13-15].

All collected data were entered into a purposely designed data sheet in SPSS version 23.0 (IBM Corp., Armonk, NY,
United States). Descriptive statistics were generated for the baseline characteristics including patient demographics,
tumor pathological characteristics, and differential counts of TAM density and M2 proportion. Measures of central
tendency and dispersion were reported as means and standard deviation for continuous variables. Categorical data were
reported as frequency and percentage. We also assessed medians in cases where the distribution plots demonstrated
significant outliers and skewed tails. Further analysis was performed in two steps. First, a cross-tabulation of main
variables was performed to determine significant differentiation of subgroups utilizing Pearson’s chi-square test across all
variables. Based on the data and distribution characteristics, other specified statistical tests (Wilcoxon signed-rank test for
median difference in a nonparametric distribution, McNemar test for difference between paired proportions, or
Friedman’s two-way analysis of variance by ranks to compare matched samples in multiple groups) were applied. Only
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Figure 4 Tumor stroma infiltrated by macrophages, exhibiting membranous and cytoplasmic staining. A: CD 163+; B: CD 68+.
Immunohistochemistry; x 200 magnification.
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statistically significant differences was reported in such cases. P-values of < 0.05 were considered statistically significant.
The determination of association with independent risk factors with the M2 proportion in tumor front and stroma was
made using odds ratios and Forrest plots. Risk factors were selected for known association with prognosis in CRCs based
on prior studies. In the next step, a logistic regression analysis was performed to determine a significant correlation of
TAM density and M2 proportion in the tumor stroma and the tumor front with the main outcome variable, viz,
pathological tumor stage.

RESULTS

Histopathology specimens from 43 patients were carefully selected based on the predefined criteria and sample size
calculation. Related clinical information was recorded in the study proforma, and subsequently entered into the electronic
database. Focusing on age, sex, tumor location, gross and histological characteristics, as well as pathological stage, the
data analysis outlined the baseline characteristics of the patients and tissue specimens detailed in the following section
and Table 1.

Baseline characteristics

Two-thirds of the enrolled patients were male (1 = 30, 69.8%) and the median age was 54 (range: 18-80) years. Most of the
samples were colonic resection specimens, while a quarter originated from rectal or rectosigmoid resection (n = 11,
25.5%). Tumors were predominantly located in the cecum, sigmoid colon, and rectum (combined n = 31, 72%), with an
overall tendency towards the left side of the colon (n = 24, 55%). The median size of the tumors was 4.5 cm in the greatest
dimension. Additional details are provided in Table 1.

The tumor characteristics revealed well differentiated adenocarcinoma (n = 36, 83.7%) as the predominant histology,
with most cases staged as pT3 (n = 26, 60.5%) and pN1 (1 = 23, 53.3%). No specimens showed histologically proven tumor
metastasis. A small proportion of tumors exhibited tumor perforation (n = 3, 7%) and perineural invasion (n =9, 20.9%)
and more than half of the specimens exhibited LVI (n = 24, 55.8%). TNM stage III was the most prevalent (1 = 26, 60.5%).
Further details are presented in Table 1.

TAM distribution

The study revealed noteworthy variation of TAM density between the tumor front and tumor stroma, as well as variation
in the distribution and proportion of M1 and M2 subsets within the two assessment zones, as detailed in Table 2.
Specifically, the median TAM density was significantly higher at the tumor front, and this trend was observed for each of
the M1 and M2 subsets as well. Notably, the proportion of M2 macrophages was approximately three times higher in
both zones, with a relatively higher proportion observed in the stromal area. This observation was consistent when
comparing the distribution of M1 to M2 macrophages.

Association with independent risk factors

Univariate analysis was performed for selected demographic and tumor characteristics of the M2 proportions in the
tumor front and the tumor stroma, as shown in Figure 5. A significant association was determined for tumor stage (P =
0.04), pathological nodal involvement (P = 0.04), and LVI (P = 0.01) with odds ratio of 3.84, 3.8, and 5.6 respectively, with
the M2 proportion in the tumor front. The Forrest plot also demonstrated this trend, as well as a similar trend for
perineural invasion with an odds ratio of 2.53, but it did not reach statistical significance (P = 0.23). Interestingly, none of
these factors was significantly associated with the M2 proportion in the tumor stroma.

Logistic regression analysis

Logistic regression analysis was conducted to ascertain the meaningful correlations of TAM density with the proportion
of M2 macrophages within both the tumor stroma and the tumor front. These correlations were then assessed in relation
to the primary outcome variable, namely, the pathological tumor stage. The results of the logistic regression are detailed
in Table 3.

This model was not statistically significant (P = 0.49). It only correctly classified 60.5% of the cases, similar to what
could be predicted without using this model. The sensitivity was 76.9% and the specificity was 35.3%. We then added the
factors determined to be significantly different among comparison groups from the prior discussion, viz, lymphovascular
infiltration and pathological nodal involvement. This is referred to as model 2 in subsequent discussion. Interestingly,
adding these factors remarkably improved the test’s predictive ability. Chi-square tests for all these factors showed that
the model was statistically significant (P = 0.024). It correctly classified 81.4% of the cases. The test sensitivity was
calculated to be 84.6% with a specificity of 76.5%.

DISCUSSION

TAMs, as already alluded to in the introduction, hold promise as a prognostic biomarker and a possible therapeutic target
for improving outcomes in the management of CRC[31-34]. Our study focused on the procedural aspects of simplifying
TAM enumeration while defining associated demographic and tumor traits from resected specimens with the statistical
relationship of these to the TAM subtypes, in our patient population. To simplify the enumeration protocol, we excluded
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Table 1 Baseline characteristics

Characteristic n (%)
Demographics
Age in yr, mean (+ SD) 51.02 (16.9)
Sex
Male 30 (69.8)
Female 13 (30.2)
F:M ratio 1:2.3
Specimen details
Procedure
Right hemicolectomy 18 (41.9)
Left hemicolectomy 7 (16.3)
Sigmoidectomy 7 (16.3)
Rectal resection (APR or LAR) 11 (25.5)
Tumor site
Cecum (including ileocecal valve) 11 (25.5)
Right colon (including hepatic flexure) 6(13.9)
Transverse colon 1(2.3)
Left colon (including splenic flexure) 3(7.0)
Sigmoid colon 10 (23.3)
Rectosigmoid 4(9.3)
Rectum 8 (18.6)
Tumor size, mean (+ SD)
Greatest dimension, cm 6.18 (4.8)
Additional dimension, cm 3.9 (2.1)
Pathology
Histologic type
Adenocarcinoma 36 (83.7)
Mucinous adenocarcinoma 6 (14.0)
Signet ring cell adenocarcinoma 1(2.3)
Histologic grade
G1: well differentiated 21 (48.8)
G2: moderately differentiated 14 (32.5)
G3: poorly differentiated 8 (18.6)
Perforation
Not identified 40 (90.3)
Present 3(7.0)
Lymphovascular invasion
Not identified 19 (44.2)
Present 24 (55.8)
Perineural invasion
Not identified 34 (79.1)
Present 9 (20.9)
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TNM

Primary tumor

pT1 3(7.0)
pT2 8 (18.6)
pT3 26 (60.5)
pT4 6 (14.0)
Regional lymph nodes

pNO 17 (39.5)
pN1 23 (53.3)
pN2 3 (7.0)

Distant metastasis
pMX 43 (100)

pM1 0(0)

APR: Abdominoperineal resection; LAR: Low anterior resection; SD: Standard deviation.

Table 2 Tumor-associated macrophage distribution

Population Tumor stroma Tumor front P value'

Densities, median (IQR)

TAM (anti-CD68+) 32 (22-32) 40 (24-53) 0.0003'
M2 (anti-CD163+) 21 (15-30) 29 (19-38) 0.0003"
M1 (calculated) 7 (4-10) 8 (4-13) 0.038!

Proportion, %

M1 25 29 0.0001*
M2 75 71

Ratio, median

M1 9.21 (+8.98) 10.91 ( 9.36) 0.00001°

M2 22,56 (+9.7) 30 (+ 14.86)

IWilcoxon signed-rank test of median difference in a nonparametric distribution;
2McNemar test of difference between paired proportions;
3Friedman’s two-way analysis of variance by rank.

TAMs: Tumor-associated macrophages.

M1 subtypes from formal IHC staining and counting. We instead stained and counted the entire TAM population with
the CD68+ IHC method and the M2 subtype with CD163+ IHC staining. We then deducted the number of M2 subtypes
from the total number of TAMs to determine the M1 subpopulation. The discussion will focus on these aspects, i.e.
highlighting the demographic distinctions of the study group to larger reported national and international data,
reviewing the distribution, with the statistically determined associations of TAMs and subtypes, and characterizing the
merits and demerits of our methodology.

Demographic and tumor characteristics

Our study sample was largely consistent with the reported national[2], regional[35], and international data. Most patients
were more than 50 years of age with a higher ratio of men compared with women. There was notably a significant
proportion of younger adults, as has been a worldwide pattern over the last decade, with an even higher propensity for
these in low- and middle-income countries. Our study sample had a higher proportion of colonic resection specimens
compared with rectal cancers (about 3:1). In large part, this represents a higher propensity for resectability rather than
relative population distribution as reported by national registries in Pakistan[2]. These likely relate to the fact that
endoscopic screening is not readily available and there are social patterns[36] that lead to delayed presentation of rectal
cancers, which are less amenable to operative resection.
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Table 3 Logistic regression analysis: Comparison of model 1 and model 2

Model Observed Predicted

Without independent predictors ~ Stage type percentage

Early Late correct

Model 1 (TAM density + M2 proportion) Step  Stage type: Early or Early 0 17 0
0 late
Late 0 26 100
Opverall percentage 60.5
Step  Stage type: Early or Early 6 11 35.3
1 late
Late 6 20 769
Opverall percentage 60.5°
Model 2 (TAM density + M2 proportion + tumor grade + lymphovascular Step  Stage type: Early or Early 0 17 0
invasion) 0 late
Late 0 26 100
Overall percentage 60.5
Step  Stage type: Earlyor ~ Early 13 4 76.5'
1 late
Late 4 2 846
Opverall percentage 81.4°

IRepresents specificity;

2Represents sensitivity;

3Represents overall predictability.

Constant is included in the model. The cutoff value is 500. TAMs: Tumor-associated macrophages.

TAMs and subtypes: Distribution and associations

Investigating the distribution of TAMs and their M1 and M2 subtypes within the tumor front and stroma, overall we
found a higher distribution of TAMs in the tumor front, with a three times higher proportion of M2 subtype in both the
tumor front and the tumor stroma. We also related significant odds of M2 macrophages with higher tumor pathological
stage. For drawing comparisons with prior research to identify consistent patterns, it is important to be mindful of the
fact that our data were based on pathological reports, so we did not relate any direct association to patient survival data
as in most other studies. We instead propose a comparison based on the pathological tumor stage in place of survival
data, for this analysis.

A seminal study by Forssell et al[37] (2007) demonstrated a correlation between TAM density assessed by CD-68 and
cancer-specific survival. Although focusing on correlating TAM density and M2 proportion with tumor stage as opposed
to survival, the similarity in clinicopathological correlations is notable. We speculate that the disparity of outcomes may
be attributed to our quantitative approach vs their semiquantitative grading method. Recent studies by Waniczek et al[7]
(2017), Yang et al[10] (2019), and Pinto et al[9] (2019) further explored the influence of TAMs on patient survival and
clinicopathological variables, revealing varying degrees of correlation. Waniczek et al[7] reported a positive correlation
between M2 TAMs and regulatory T cells (T-regs), leading to poorer survival. Yang et al[10] highlighted the significance
of the CD163/CD68 ratio at the tumor front for recurrence-free and overall survival, while Pinto et al[9] delved into CD80
(M1) and CD163 (M2) subtype distribution, linking them with tumor stage and survival. Our study found low M1 counts,
potentially limiting correlation analysis.

Additionally, our study uniquely emphasizes the association between M2 proportion in the tumor front and regional
lymph node involvement, LVI, tumor stage, and perineural invasion. While some prior studies touched upon aspects of
macrophage subtypes and their distribution, none of them directly addressed these specific correlations in the context of
M2 proportion within the tumor microenvironment. In our opinion, these specific pathological constructs are known
prognostic indicators that influence subsequent treatment decisions following tumor resection, and the association with
the M2 cellular subtype not only provides added prognostic information but potential target for therapeutic
interventions. Therefore, translating TAMs assessment for clinical application has merits.

Strengths and weaknesses of our methodology

Among the strengths of our study, we employed a quantitative approach for assessing M2 proportion in the tumor front
and stroma, allowing for a more precise evaluation compared with some prior studies that used semiquantitative or ratio-
based methods. Another distinction stems from the fact that while other studies explored the overall distribution of
TAMs or examined ratios of different macrophage subtypes, our study specifically investigated the correlation of the M2
proportion with clinicopathological factors, providing targeted insights into the role of M2 macrophages. Moreover, we
observed significant associations between M2 proportion in the tumor front and clinic-pathological factors such as tumor
stage, regional lymph node involvement, and LVI. This contributes to a better understanding of M2 macrophages'
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A Univariate analysis: M2 proportion tumor stroma
Age group (< 49:>50) l
_‘—
Gender (M:F)
V.
Grade (low:high) v
pT (low:high)
V.
pN (absent:present) h
LVI (absent:present)
PNI (absent:present) l
V.
Perforation (absent:present) v
V.
Stage (low:high) v
-9 -7 -5 -3 -1 1 3 5 7 9 11
hi Perforation PNI i pN e o § Age group
Stage (Iow'h'gq)(absent:present) (absent:present) (absent:present) (absent:present) PT (low:high) Grade (low:high) Gender (M:F) (< 49:>50)
Odds ratio 166 22 0.44 0.76 1.66 0.44 142 0.85 112
Pvalue 041 05 03 0.65 0.41 0.26 058 0.81 0.85
B Univariate analysis: M2 proportion tumor front
Age group (< 49:>50)
Gender (M:F)
Grade (low:high)
pT (low:high) -
pN (absent:present) e
LVI(absent:present) -
PNI (absent:present) e
Perforation (absent:present) M
Stage (low:high) e
-10 -8 -6 -4 -2 0 2 4 6 8 10
. Perforation PNI LI pN b L i Age group
Stage (1ow:high) (absent:present) (absent:present) (absent:present) (absent:present) PT (low:high)  Grade (low:high) Gender (M:F) (< 49:> 50)
Odds ratio 3.84 0.5 2.53 5.6 38 12 0.75 0.54 112
Pvalue 0.04 0.58 0.23 0.01 0.04 0.79 0.65 037 0.85
Figure 5 Univariate analysis of M2 proportion in the tumor stroma and front. A: Tumor stroma; B: Tumor front.
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potential role in disease progression. Finally, including LVI in our diagnostic model enhanced its sensitivity and
specificity. This adjustment aligns with existing evidence and recommendations for LVI assessment in CRC prognosis.

The major limitation of this study relates to the smaller sample size that might have restricted the statistical power,
making it challenging to detect subtle associations or correlations, particularly in subgroup analyses. Furthermore, the
limited M1 subtype representation in our samples hindered comprehensive analysis and comparison with the M2
proportion. This limitation may have impacted the ability to draw robust conclusions regarding the M1-M2 balance.

Each study employs varying methods of TAM assessment, subtype identification, and data analysis. For instance,
unlike some prior studies that directly correlated TAMs or subtype ratios with patient survival, our focus on clinicopatho-
logical factors, particularly tumor stage, limited the direct comparison of our results to survival outcomes seen in other
studies. Thus, a lack of follow-up data is also a major limitation of this study. We also did not look for TAMs or subtypes
in normal or paracancerous tissues, which would have yielded a control group for comparison.

In summary, the strengths of our study design lie in its quantitative assessment and focus on the M2 proportion's
correlation with clinicopathological factors. However, limitations in terms of sample size, M1 counts, lack of survival
analysis, and methodological variations among studies hinder direct comparison and comprehensive interpretation of
findings. Despite these limitations, our study provides valuable insights into the complex interplay of macrophage
subtypes and clinicopathological factors in CRC.

CONCLUSION

Our study introduces a simplified protocol for quantifying M2-like TAMs in CRC tissue samples. We demonstrated a
significant correlation between higher M2 proportion at the tumor front and advanced tumor stage, nodal involvement,
and lymphovascular invasion. This suggests that M2-like TAMs might serve as potential indicators of disease progression
in CRC, warranting further investigation and potential clinical application.
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