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Introduction: The World Health Organization reports that colorectal cancer (CRC) is the second leading cause of cancer-related
mortality globally, with an estimated 1.9 million new cases annually. Tumor-infiltrating lymphocytes (TILs) are frequently associated
with colorectal cancer and are believed to play a significant role in the immune response to cancer cells. Regarding chemotherapy
responses in patients with colorectal cancer, this study aims to investigate the association between nutritional status and infiltrating
lymphocyte counts, specifically CD4+ and CD8+.

Materials and Methods: This prospective observational study analyzed the impact of nutritional status using body mass index
(BMI) and TILs levels (CD4+/CD8+) on chemotherapy outcomes in CRC patients treated at a tertiary hospital in West Java, Indonesia,
from July 2023 to June 2024.

Results: Thirty-six research subjects were included. Eighteen participants had high levels of TILs CD4+ and CD8+ expression.
Nutritional status, age, histological type, tumor site, stage, and metastasis showed no significant correlation with the expression of
either CD4+ or CD8+. Nutritional status, levels of CD4+ and CD8+ were significantly associated with chemotherapy responses in
CRC patients (p<0.001).

Conclusion: Nutritional status and elevated TIL levels (CD4+/CD8+) positively correlate with better chemotherapy response in CRC
patients.

Plain Language Summary: Colorectal cancer is the second leading cause of cancer-related deaths worldwide, with 1.9 million new
cases reported annually, according to the World Health Organization. This study focuses on understanding how nutrition and immune
system activity affect chemotherapy responses in patients with colorectal cancer in Indonesia. The immune system plays a vital role in
fighting cancer, and certain immune cells, called tumor-infiltrating lymphocytes (TILs), may help the body combat colorectal cancer.
Specifically, we looked at two types of these immune cells, CD4+ and CD8+, and their connection to patients’ nutritional health during
chemotherapy. We investigated 36 colorectal cancer patients receiving chemotherapy at a tertiary hospital in West Java, Indonesia,
between July 2023 to June 2024. The results showed a link between better nutritional status and higher levels of CD4+ and CD8+
immune cells with improved responses to chemotherapy. These findings highlight the importance of supporting patients’ nutritional
health during cancer treatment and suggest that monitoring immune cell activity could help predict treatment success. By tailoring care
to these factors, healthcare providers may be able to improve outcomes for people with colorectal cancer.
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Introduction
Colorectal cancer (CRC) is the second most common cause of cancer-related mortality worldwide, with 1.9 million cases
reported to the World Health Organization. 45,230 new cases of rectal cancer and almost 104,270 new cases of colon
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cancer were estimated by the American Cancer Society, with deaths reaching 52,980. Indonesia, the fourth most populous
country in the world and the largest in ASEAN, has a CRC incidence rate of 17.2 per 100,000 people, which is expected
to rise annually. In 2020, the GloboCAN Indonesia database reported a total of 21,764 CRC cases, making it the second
most prevalent cancer in the country, with a prevalence rate of 11.9%."

Epidemiological studies indicate that obesity accounts for 14-35% of cancer cases and is linked to a 1.2-2 fold
increased risk of colorectal cancer. Non-communicable diseases made worse by fat accounted for 73% of all deaths in
2018, which raised the prevalence of diseases like diabetes, hypertension, and cancer.>* The increase in Indonesia’s
obesity prevalence reached an 80% increase over the last three decades, from 7% in 1980 to 12.5% in 2015, which
further increased morbidity and mortality, making this a concerning phenomenon.” One of the consequences of obesity in
the pathogenesis and progression of CRC is metabolic dysfunction. This dysfunction promotes chronic inflammation,
impairs insulin signaling, increases tumor-promoting growth factors such as IGF-1, and creates a pro-tumorigenic
microenvironment by disrupting lipid metabolism and energy homeostasis. These changes collectively accelerate
tumor initiation, progression, and resistance to therapy.®”’ It starts with the buildup of pro-inflammatory markers, elevated
insulin levels, and resistance to hormones like insulin-like growth factor-1 (IGF-1). In people with obesity, there is
a notable rise in a specific biomarker linked to metabolic syndrome, fibroblast growth factor (FGF-21), along with a 1.7
to 2.4 times higher risk of colorectal cancer. The general population (odds ratio [OR] 1.71, 95% CI 1.19-2.47). The pro-
inflammatory environment created by obesity leads to regulatory imbalances. Proliferation, cell apoptosis, immune
response disturbances, and oxidative stress triggered by obesity lead to the progression of carcinoma.®® Weight loss
associated with malignancy is linked to anti-tumor response and disrupted immunity, resulting in decreased cancer-
specific survival. The inability to maintain good nutritional status is a common constraint encountered in oncology
patients, often leading to malnutrition.”

Research indicates that both obesity and being underweight, as measured by body mass index (BMI), are linked to
increased all-cause mortality, cancer-specific mortality, and recurrence rates in colorectal cancer patients. These patients
also experience poorer disease-free survival (DFS) when compared to those with a normal BMI. A study by Okada et al
highlights a strong correlation between these factors, nutritional status during chemotherapy and adverse events as well
as chemotherapy response. By the sixth month of chemotherapy, patients with good nutritional status are associated with
better responses to anti-cancer therapy, thereby also enhancing progression-free survival and overall survival (OS) in
FOLFOX/FIRI therapy.'®

Detection of CRC through colonoscopy in at-risk population groups and confirmation via biopsy are crucial for
screening in the early stages. In CRC, the prognosis can worsen if metastasis has occurred, potentially leading to
increased mortality, with approximately 60% of individuals experiencing metastasis within five years. Therefore, surgical
resection is the primary treatment modality for early-stage localized CRC."" Unfortunately, surgical resection is found to
be the most commonly performed modality compared to other modalities such as immunotherapy and chemotherapy.
One of the reasons for this is the lack of widely promoted screening programmes in at-risk population groups, resulting in
predominantly advanced-stage carcinoma cases being detected."'

Colorectal cancer is often associated with tumor-infiltrating lymphocytes (TILs), which are thought to be part of the
immune system’s defense against cancer cells. Obesity, which is one of the risk factor for CRC, influences TILs through
chronic inflammation, adipokine secretion, immune checkpoint dysregulation, and metabolic alterations in the tumor
microenvironment, which collectively impair their anti-tumor activity and promote immune suppression.>® This immune
response includes the activation and recruitment of cytotoxic CD8+ T lymphocytes and helper CD4+ T lymphocytes,
triggered by cancer cell antigens. Studies indicate that the cytotoxic mechanisms employed by CD8+ T cells—such as
perforin, granzyme, granulysin, Fas ligand, and tumor necrosis factor alpha (TNF-a)—contribute to inhibiting cancer cell
proliferation and micrometastasis. In contrast, CD4+ T cells differentiate into various subsets with distinct functions,
determined by the cytokines they secrete, which can aid in the destruction of tumor cells.'?

Adjuvant, neoadjuvant, or palliative chemotherapy is recommended for patients with stage III colorectal cancer and
stage II CRC who exhibit high-risk traits. These high-risk characteristics encompass having fewer than 12 lymph nodes
assessed, poorly differentiated tumors, evidence of vascular or lymphatic invasion, perineural invasion, tumor obstruction
or perforation, and a pT4 classification, along with those having a WHO performance status (PS) of 0 or 1.The
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chemotherapy regimen may include various agents such as 5-Fluorouracil (5-FU), followed by Capecitabine, Leucovorin/
Ca-folinat, Oxaliplatin, and Irinotecan. During treatment, it is essential to monitor complete blood counts, liver function,
kidney function (urea and creatinine), and blood electrolytes due to potential side effects. Patients may experience
various side effects, including stomatitis, esophagopharyngitis, diarrhea, liver enzyme abnormalities, insomnia, allergies,
anemia, leukopenia, neutropenia, thrombocytopenia, bradycardia, edema, hypotension, fever, anorexia, nausea, and
vomiting, among others.'*'*

A study by Cheng et al (2022) in China established a link between CD4+ and CD8+ T cells in the context of
immunotherapy for colorectal cancer patients. It revealed a significant correlation between the ratio of tumor-infiltrating
lymphocytes CD4+/CD8+ and the presence of CD4+ T cells (HR = 9.23, P = 0.004; HR = 4.83, P = 0.02). These findings
suggest that higher levels of CD4+ T cells may correlate with specific patterns of disease progression or therapeutic
outcomes, potentially reflecting their role in modulating the immune response within the tumor microenvironment.'>

Recent advancements in biomarkers like microsatellite instability (MSI) and therapies such as immune checkpoint
inhibitors have revolutionized CRC treatment, underscoring the need to investigate complementary factors like TILs and
nutritional status to optimize therapeutic strategies. Nutritional status and TILs play crucial roles in modulating the
immune system’s response to cancer, yet their combined impact on chemotherapy outcomes in CRC remains under-
explored, addressing an important gap in current research. This study aims to investigate the association between
nutritional status and infiltrating lymphocyte counts, specifically CD4+ and CD8+. By uncovering these relationships,
the findings could guide personalized treatment plans, improve chemotherapy responses, enhance quality of life, and
ultimately increase survival rates for CRC patients.

Materials and Methods

Study Design

This study is an observational study to evaluate the influence of nutritional status and levels of TILs CD4+ and CD8+ on
the outcome of chemotherapy response in patients with CRC undergoing treatment from July 2023 to June 2024. This
study was conducted and reported in accordance with the STROBE Guidelines.'®

Study Sample and Selection Criteria

The inclusion criteria for this study encompass patients diagnosed with CRC, aged 18 years and older, who underwent
chemotherapy procedures at the Department of Surgery. Excluded from the study are patients unwilling to participate,
those lacking complete pre-chemotherapy clinical data and post-chemotherapy follow-up information, as well as
deceased individuals. Additionally, patients with a prior history of malignancy or immunocompromising conditions,
such as HIV or long-term steroid usage, are also excluded.

Data Collection

Body mass index (BMI) data, calculated as the ratio of weight (kilograms) to height (meters) squared, were collected
from medical records prior to chemotherapy.'” The levels of tumor-infiltrating lymphocytes (TILs) CD4+ and CD8+
were measured using immunohistochemistry (IHC) from paraffin-embedded blocks of colorectal cancer patients. TIL
levels were categorized as either elevated or normal, with staining expression greater than 5% classified as elevated.'®
The chemotherapy response of solid tumors is typically assessed using The Response Evaluation Criteria in Solid
Tumours (RECIST), which focuses on unidimensional diameter measurements, unlike the WHO criteria that consider
perpendicular and bidimensional diameters. Imaging techniques such as CT scans and MRIs are commonly used to
facilitate these measurements. RECIST provides a standardized method for evaluating tumor response based on
progression-free survival (PFS) or overall survival (OS), categorizing outcomes into complete response (CR), partial
response (PR), progressive disease (PD), and stable disease (SD). A complete response occurred when all target lesions
had completely disappeared for at least one month. A partial response was defined as at least a 30% decrease in the
longest diameter of a target lesion compared to baseline. Stable disease was identified when there was insufficient
shrinkage to be categorized as a partial response, and insufficient growth to be labeled as progressive disease. Progressive

Cancer Management and Research 2025:17 heeps: 199



@ Lukman et al

disease was recognized by a 20% or greater increase in the longest diameter of a target lesion or the appearance of new
lesions, using the smallest diameter recorded since the start of treatment as the baseline.'

Statistical Analysis

The study’s sample size was determined using the minimum sample size formula for observational quantitative studies,

specifically calculated as n = ZZ‘DS[P), where Z represents the Z-score for the desired confidence level, P is the estimated

prevalence or proportion, and d is the acceptable margin of error. The initial calculation yielded n = 30.4, which was
adjusted by adding a 10% buffer to account for potential attrition or missing data, resulting in a final sample size of 34
participants. Missing data were handled through case-wise exclusion to maintain the integrity of the statistical analyses.
Data were processed using IBM® SPSS®™ version 26.0. For the bivariate analysis, categorical variables were compared
using the chi-square test. When the assumptions for the chi-square test were not met, Fisher’s exact test was applied.
Binary logistic regression was employed to calculate the odds ratio (OR). A p-value of less than 0.05 was considered
statistically significant.

Results

Study Demography

There were 36 research subjects included in the study; data from the 36 subjects can be seen in Table 1. Out of 36
research subjects, 12 individuals (33.3%) are under 50 years old, while the other 24 individuals (66.7%) are aged 50
years or Out of the total group, 19 individuals (52.8%) were female, while 17 individuals (47.2%) were male.
Histopathological findings revealed that most cases were Adenocarcinoma was the most common type, affecting 33
individuals (91.7%), while signet ring cell carcinoma was present in 2 individuals (5.6%) and mucinous adenocarcinoma
in 1 individual (2.8%). Most of the subjects were classified as well-differentiated in grade (28 subjects, 77.8%). In terms
of tumor location, 10 individuals (27.8%) had tumors in the colon, involving areas like the cecum, ascending colon,
transverse colon, descending colon, and sigmoid colon. The other 26 individuals (72.2%) had tumors in the rectum,

spanning both proximal and distal regions.

Table | Characteristics of Colorectal Cancer Patients

Variable N (Percentage)
Age

< 50 years 12 (33.3)

> 50 years 24 (66.7)
Sex

Male 17 (47.2)

Female 19 (52.8)

Histopathology type

Adenocarcinoma 33 (91.7)
Mucinous Adenocarcinoma 1 (2.8)
Signet Ring Cell 2 (5.6)
Grade
Well Differentiated 28 (77.8)
Moderately Differentiated 4 (11.1)
Poorly Differentiated 1 (2.8)
Specific (signet and mucinous) 3 (5.6)
(Continued)
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Table | (Continued).

Variable N (Percentage)

CRC Location

Colon 10 (27.8)

Rectum 26 (72.2)
Stage

| 0 (0)

I 6 (16.7)

1] 18 (50.0)

v 12 (33.3)
Metastasis

Yes 12 (33.3)

No 24 (66.7)
BMI

Underweight 18 (50)

Normal 18 (50)

Level of TILs CD4+

Increased 18 (50)
Normal 18 (50)

Level of TILs C8+

Increased 18 (50)
Normal 18 (50)

BMI and Clinical Features

The majority of research subjects suffer from stage III and IV CRC, with 18 subjects (50.0%) and 12 subjects (33.3%)
respectively, while 6 subjects (16.7%) have stage II CRC. Metastasis was found in 12 subjects (33.3%), with the most
common metastasis occurring in the liver, found in 11 out of 12 cases (91.7%). The research results of BMI in this study
show that 18 subjects (50.0%) are categorized as underweight, and 18 subjects (50.0%) are categorized as normal weight.
Based on statistical analysis, BMI in relation to age, histopathological type, location of CRC, stage, and metastasis
showed no significant association, while BMI has a significant association with gender as shown in Table 2.

Table 2 Analysis of Clinical Characteristics on BMI of Colorectal
Cancer Patients

Variable Body Mass Index P value*
Underweight | Normal
Age 0.480
< 50 years 7(194) 5(13.8)
2 50 years Il (30.5) 13 (36.1)
Sex 0.019
Male 12 (33.3) 5(13.8)
Female 6 (16.6) 13 (36.1)
(Continued)
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Table 2 (Continued).

Variable Body Mass Index P value*
Underweight | Normal

Histopathology type |
Adenocarcinoma 16 (44.4) 11 (30.5)

Mucinous Adenocarcinoma 1 (2.8) 0 (0)
Signet Ring Cell 1 (2.8) 1 (2.8)

Grade 0.8l1
Well Differentiated 16 (44.4) I'l (30.5)
Moderately Differentiated 2 (5.6) 2 (5.6)

Poorly Differentiated 1 (2.8) 0
Specific (signet and mucinous) 2 (5.6) 1 (2.8)

CRC location 0.264
Colon 7 (194) 3(83)

Rectum Il (30.5) 15 (41.6)

Stage 0.178
I 5(13.8) I (2.8)

1] 9 (25) 9 (25)
v 4 (11.1) 8 (22.2)

Metastasis 0.157
Yes 4 (11.1) 8 (222)

No 14 (38.8) 10 (27.7)

Notes: * Fisher's exact test was used for statistical analysis, with a 95% confidence interval
(Cl). Significant p-values (p < 0.05) are highlighted in bold.

Expression of CD4+ and CD8+ TILs and Clinical Features

Table 3 reveals no notable correlation between CD4+ and CD8+ expression and factors such as age, gender, histopatho-
logical type, grade, CRC location, stage, or metastasis (p>0.05). For age, 72.2% of patients with increased CD4+
expression were >50 years, compared to 61.1% in the normal group (p = 0.480), while 66.7% of patients with increased
CD8+ expression were >50 years, identical to the normal group (p = 1). Similarly, there was no significant association
between BMI and T-cell expression, with 66.7% of patients having normal BMI in the increased CD4+ group compared
to 33.3% in the normal group (p = 1.0).

Table 3 Analysis of Clinical Characteristics on CD4+ and CD8+ Expression in Colorectal Cancer

Patients
CD4+ Expression CD8+ Expression
Increased | Normal | P value* | Increased | Normal | P value*
Age
< 50 years 5(13.8) 7 (19.4) 0.480 6 (16.6) 6 (16.6) |
2 50 years 13 (36.1) 11 (30.5) 12 (33.3) 12 (33.3)
Sex
Male 8(222) 9 (25) 0.738 11 (30.5) 6 (16.6) 0.095
Female 10 (27.7) 9 (25) 7 (19.4) 12 (33.3)

(Continued)
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Table 3 (Continued).

CD4+ Expression CD8+ Expression

Increased | Normal | P value* | Increased | Normal | P value*

Histopathology type

Adenocarcinoma 16 (44.4) 17 (47.2) | 16 (44.4) 17 (47.2) |
Mucinous Adenocarcinoma I (2.8) 0 (0) 1 (2.8) 0 (0)

Signet Ring Cell | (2.8) I (2.8) I (2.8) 1 (2.8)

Grade

Well Differentiated 14 (38.8) 14 (38.8) 0.591 14 (38.8) 14 (38.8) 0.591
Moderately Differentiated | (2.8) 3(8.3) 1 (2.8) 3 (8.3)

Poorly Differentiated 0 1 (2.8) 0 1 (2.8)

Specific (signet and mucinous) | (2.8) 2 (5.6) 1 (2.8) 2 (5.6)

CRC Location

Colon 5(13.8) 5(13.8) | 6 (16.6) 4 (1.1) 0.457
Rectum 13 (36.1) 13 (36.1) 12 (33.3) 14 (38.8)
Stage

I 2(56) | 4(1L1) | 0404 40111 | 256 0.748

1] 8 (22.2) 10 (27.7) 8 (22.2) 10 (27.7)

v 8 (22.2) 4 (11.1) 6 (16.6) 6 (16.6)
Metastasis

Yes 8 (22.2) 4 (I11.1) 0.157 6 (16.6) 6 (16.6) |
No 10 (27.7) 14 (38.8) 12 (33.3) 12 (33.3)

Body Mass Index

Underweight 6 (16.6) 12 (33.3) 1.0 12 (33.3) 6 (16.6) 1.0
Normal 12 (33.3) 6 (16.6) 6 (16.6) 12 (33.3)
Overweight 0 0 0 0

Notes: * Chi-Square test was used for statistical analysis, with a 95% confidence interval (CI).

BMI, Expression of TlLs, and Chemotherapy Response

The findings in Table 4 demonstrate a significant association between BMI, CD4+ expression, CD8+ expression, and the
chemotherapy response in CRC patients (p < 0.05). Among patients with a normal BMI, 6 patients (16.6%) achieved
a complete response, whereas those with an underweight BMI exhibited higher rates of progressive disease (6 patients,
16.6%) and stable disease (12 patients, 33.3%).

Elevated CD4+ expression was associated with either a complete response in 6 patients (16.6%) or progressive
disease in 12 patients (33.3%), while normal CD4+ expression was exclusively linked to stable disease in 18 patients
(50%). Similarly, elevated CD8+ expression was linked to a complete response in 6 patients (16.6%), progressive disease
in 6 patients (16.6%), and stable disease in 6 patients (16.6%). In contrast, normal CD8+ expression was associated with
progressive disease in 6 patients (16.6%) and stable disease in 12 patients (66.7%). The odds ratio for patients with
a normal BMI achieving a better chemotherapy response was 7.336 compared to those with an underweight BMI. The
odds ratio for patients with a normal level of TILs CD4+ achieving a better chemotherapy response was 0.136, while for
a normal level of TILs CD8+, it was 0.193. However, the p-values indicated that these odds ratios were not statistically

significant as shown in Table 5.
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Table 4 Analysis of Independent Variables on Chemotherapy Response in
Colorectal Cancer Patients

Variable Chemotherapy Response P value*
] (95% CI)
Complete Progressive Stable
response di di
BMI
Underweight 0 (0) 6 (16.6) 12 (33.3) 0.016
Normal 6 (16.6) 6 (16.6) 6 (16.6)
CD4+ Expression
Elevated 6 (l6.6) 12 (33.3) 0 (0) 0.001
Normal 0 (0) 0(0) 18 (50)
CD8+ Expression
Elevated 6 (16.6) 6 (16.6) 6 (16.6) 0.001
Normal 0 (0) 6 (16.6) 12 (33.3)

Notes: * Chi-Square test was used for statistical analysis, with a 95% confidence interval (ClI).
Significant p-values (p < 0.05) are highlighted in bold.

Table 5 Analysis of BMI and TILs on Chemotherapy Response in Colorectal Cancer

Patients
Variable Chemotherapy Response OR P value*
Complete Non-Complete
Response Response
BMI
Underweight I (16.7) 17 (56.7) 7.336 0.177
Normal 5(83.3) 13 (43.3) (0.633-85.020)
CD4+ Expression
Elevated 5(83.3) 13 (43.3) 0.136 0.177
Normal I (16.7) 17 (56.7) (0.012-1.580)
CD8+ Expression
Elevated 5(83.3) 19 (36.7) 0.193 0.64
Normal I (16.7) 11 (63.3) (0.015-2.490)

Notes: * Binary logistic regression test was used for statistical analysis, with a 95% confidence interval (Cl).

Discussion

Characteristics of Research Subjects

In this study, most patients diagnosed with CRC are aged 50 or older, aligning with epidemiological research indicating
that the majority of CRC cases occur in this age group.?’ 2> While recent studies have noted a rise in CRC cases among
individuals under 50, the bulk of cases still involves those 50 and older.”*** The risk of CRC escalates significantly with
age, reaching 20-30% in people aged 55-59 and above.

The number of research subjects is slightly higher for females than males, but not significantly different. When related
to CRC epidemiological data, previous research data showed a higher incidence of CRC in males compared to females.
Recent research findings indicate that the incidence rate is comparable between genders. In 2016, among individuals aged
45 to 49, the incidence per 100,000 people was 33.52 for men and 28.21 for women. For those aged 70 to 74, the rates
were 154.50 for men and 111.41 for women.>*?® The narrowing gender gap in CRC incidence is influenced by lifestyle
changes, including increased obesity, sedentary behavior, and smoking among women, which have raised their CRC risk.
Improved access to screening procedures, such as colonoscopy and fecal testing, has also contributed to earlier detection
and prevention in both genders, reducing disparities. "’
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Histopathology findings in this research is also in accordance with the current evidence, where the majority of CRC
cases histopathologically manifest as adenocarcinoma, found in 90% of all cases.>*’ Moreover, the number of tumor
located in the rectum is consistent with current research data of an increased incidence of CRC in the rectum, so in most

cases of CRC, the tumor is found in the rectum.?>2°

Nutritional Status in CRC Patients and Its Relations With Chemotherapy Responses
Based on statistical analysis, BMI in relation to age, histopathological type, location of CRC, stage, and metastasis
showed no significant association, while BMI has a significant association with gender. Based on the literature, both
obesity and underweight BMI in CRC patients are associated with higher all-cause mortality, cancer-specific mortality,
and recurrence rates, as well as worse DFS compared to CRC patients with normal BMI.?® Moreover, both obesity and
underweight BMI in CRC patients are associated with higher all-cause mortality, cancer-specific mortality, and recur-
rence rates, as well as worse DFS compared to CRC patients with normal BMI.**2°

Obesity leads to inflammatory conditions and alters the microenvironment, such as in liver steatosis, which can
increase the risk of distant metastasis. Conversely, in underweight patients, the early infiltration of blood and lymphatic
systems may heighten the risk of distant metastasis as well. These observations are consistent with research by Simkens
et al and Campbell et al, which identified a significant link between BMI and gender.***' Additionally, this study
reinforces Campbell et al findings that indicated no significant correlation between BMI and the location or stage of
colorectal cancer.®' Similarly, Kalb et al 2019 study found no statistically significant differences in distant metastasis
among various BMI groups.’®> Molecular mechanisms, including inflammatory cytokines such as insulin-like growth
factor-receptor (IGF-R) and leptin, could play a role in influencing distant metastasis in CRC patients.*

Pre-operative malnutrition is linked to complications after surgery, tumor advancement, and unfavorable clinical
results. In individuals with gastrointestinal cancers, there is often a decline in nutritional status during the disease’s
progression, which greatly affects patients’ quality of life, illness severity, and survival rates. The influence of BMI on
the survival of colorectal cancer patients is still debated. Nonetheless, studies utilizing various nutritional measures have
shown differing outcomes., scores indicate more conclusive findings that nutritional status before and after the diagnosis
of CRC affects prognosis.*>

The current findings suggest that immune markers like CD4+ and CD8+ expression, along with nutritional status, are
associated with chemotherapy response in colorectal cancer patients. This highlights the potential for nutritional interventions
as a complementary approach to enhance treatment outcomes. Clinically, tailored nutritional strategies before and after
chemotherapy could help optimize immune function, reduce treatment-related toxicity, and improve overall response. For
example, patients with suboptimal nutritional status might benefit from nutritional supplementation or modifications to
support immune function, potentially improving their response to chemotherapy.®” Integrating such interventions into clinical
practice could help personalize treatment plans and enhance patient outcomes in colorectal cancer care.

CD4+ and CD8+ Expression in CRC Patients and Its Relations With Chemotherapy

Responses
This study did not find any significant correlation between CD4+ and CD8+ T cell expression and factors such as age,
gender, histopathology type, location, stage, or metastasis of CRC. These results are in line with the findings of
Aggeletopoulou et. Al and Kuwahara et al, who also reported that increased CD8+ expression was not associated with
age, gender, tumor type, or location. In addition, Trianto et al (2023) showed no relationship between the number of
tumor-infiltrating lymphocytes and tumor size, metastasis status, or location. The lack of correlation between CD4+ and
CD8+ TILs and clinicopathological features can be attributed to several factors, such as the complex immune response,
tumor heterogeneity, and potential variations in individual patient conditions that may obscure clear associations.?'*?
Many studies have highlighted the important role of TILs, which include T cells, B cells, natural killer (NK) cells,
macrophages, dendritic cells, and neutrophils. Microsatellite instability is recognized as a strong prognostic indicator in
colorectal cancer patients and is closely associated with the presence of TILs, especially T cells. CD4+ helper
T lymphocytes are essential for cellular immunity, assisting the activation of other immune cells such as B cells and
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cytotoxic T cells, thus playing a critical role in immune regulation. CD4+ T cells are further categorized into subtypes
based on their functions, such as cytokine secretion and effector roles, including T helper 1 (Thl), T helper 2 (Th2),
T helper 17 (Th17), follicular T helper cells, and regulatory T cells (Treg)."?

Thl cells play a key role in inflammation and cell-mediated immunity by activating macrophages, B cells, and CD8+
T cells to help destroy tumor cells. The presence of Thl cells and their cytokines, such as IFN-y and TNF-a, is closely
associated with positive clinical outcomes across nearly all types of cancer. CD8+ cytotoxic T cells are vital for the
adaptive immune system’s defense against internal threats, including viruses, bacteria, and cancerous cells. Their ability
to kill targets depends on molecules like perforin, granzyme, granulysin, Fas ligand, and tumor necrosis factor o (TNF-a).
Therefore, the presence of both CD4+ and CD8+ T cells is essential for an effective anti-tumor immune response.'*

Association of CD4+ And CD8+ Expression and Prognosis in CRC Patients

Yasuda et al (2011) found a strong correlation between the density of CD4+ and CD8+ T cells in rectal cancer biopsy
samples and the tumors’ response to chemoradiotherapy. Furthermore, several prior studies have indicated a significant
relationship between tumor-infiltrating lymphocytes in colorectal cancer and favorable treatment results.** Research by
Nakagami et al shows a significant correlation between high CD4+ density and relapse-free survival (RFS).*> In contrast,
patients with low combined densities of CD4+ and FOXP3+ tumor-infiltrating lymphocytes tend to have poor 5-year
RFS outcomes. Additionally, a study by Canna et al in 2005 found that low levels of CD4+ T lymphocyte infiltration are
predictive of reduced cancer-specific survival.*® Furthermore, Betts et al (2012) demonstrated that the suppression of
CD4+ T cells is linked to the progression of colorectal cancer.’’

Cytotoxic CD8+ T lymphocytes are essential in attacking cancer cells and are crucial for anti-cancer immunity.
Previous studies have shown that increased CD8+ expression is associated with better outcomes for patients with
colorectal cancer. A systematic review and meta-analysis conducted by Orhan et al in 2022 highlighted that the presence
of CD8+ tumor-infiltrating lymphocytes (TILs) serves as a favorable prognostic indicator for both disease-free survival

(DFS) and overall survival (OS) in rectal cancer patients.*®

Association of CD4+ and CD8+ Expression and Chemotherapy Response in CRC

Patients

Malnutrition has a negative impact on immune response in cancer cases, thus improving nutrition is crucial for enhancing
immune response. Previously, nutritional supplementation aimed solely at preventing muscle damage and weakness
through protein and essential micronutrient intake. However, nowadays adequate nutritional status plays a vital role in
immune function. Colorectal cancer patients are more likely to experience immunosuppression due to several factors,
including advanced age, nutritional status, and direct effects of CRC.*

L-arginine is a crucial micronutrient that plays a significant role in activating T lymphocytes and enhancing the
secretion of insulin and growth hormone (GH). Additionally, L-arginine serves as a nitrogen donor for the synthesis of
nitric oxide (NO) in various cell types, including macrophages, polymorphonuclear leukocytes, lymphocytes, hepato-
cytes, vascular endothelial cells, and neurons through the action of NO synthase.***

The activation of T cells, particularly T lymphocytes, is essential for the body’s defense against tumors, as they target
and eliminate cancer cells. Tumor-infiltrating lymphocytes (TILs) are closely associated with the prognosis of colorectal
cancer (CRC), affecting factors such as tumor growth patterns, the invasion of blood and lymphatic vessels, and
metastasis. A lower expression of CD8+ and a reduced CD4+/CD8+ ratio are linked to a more favorable CRC
prognosis.*!

Caglayan et al conducted the first study examining the effects of immunonutrition on TILs in patients with Colorectal
Cancer. The results showed that nutritional interventions increased TILs (both CD4+ and CD8+), which is significantly
correlated with prognosis, particularly with a notable rise in CD8+ lymphocytes related to CRC outcomes.*

206 htps: Cancer Management and Research 2025:17



Lukman et al @

Limitations and Future Improvements

Variability in research findings, including differences in the results of this study, can be attributed to limitations in the
number of research subjects and differences in the characteristics of research subjects. In this study, there were no
research subjects with overweight or obesity. While investigating the expression of TILs CD8+, CD4 with PD-L1 and
FOXP3+ in patients with Colorectal Cancer holds promise for understanding immune responses in this population,
several limitations must be acknowledged. Firstly, the potential constraint of a small sample size could hinder the
generalizability of findings and limit statistical power, potentially affecting the robustness of conclusions drawn.
Additionally, inherent biases, such as selection bias or measurement bias, may impact the validity of results, potentially
skewing interpretations. Another limitation of this study is the reliance on BMI as the sole measure of nutritional status,
which fails to account for factors like muscle mass, fat distribution, and metabolic health. The absence of extended
follow-up to assess long-term outcomes, such as OS and DFS, reduces the ability to evaluate the true prognostic value of
CD4+/CD8+ expressions and nutritional interventions. Future studies should incorporate more comprehensive nutritional
markers and long-term follow-up to provide a deeper understanding of these relationships in colorectal cancer outcomes.
The study is also limited by its six-month timeframe, which restricts the assessment of long-term chemotherapy
outcomes, such as survival rates and recurrence, focusing solely on short-term responses. Furthermore, the small sample
size reduces the statistical power and generalizability of the findings. Lastly, the lack of overweight and obese
participants limits the comprehensiveness of the conclusions regarding the relationship between BMI, nutritional status,
and chemotherapy response.

Despite these limitations, conducting research in this area offers valuable insights into the immune landscape of
Colorectal Cancer patients and provides a foundation for future studies aimed at elucidating mechanisms underlying
immune dysregulation in this population. Future improvements may involve addressing these limitations through larger,
more diverse sample sizes and implementing rigorous study designs to mitigate biases, thereby enhancing the reliability
and applicability of findings in clinical practice. Future research should explore the molecular pathways that mediate the
relationship between immune markers like CD4+ and CD8+ and chemotherapy response, with a focus on cytokine
profiles. Investigating cytokines such as interleukins, tumor necrosis factor-alpha (TNF-a), and interferon-gamma (IFN-
v) could provide valuable insights into their role in shaping the tumor microenvironment and influencing treatment
outcomes. Integrating cytokine profiling could enhance the understanding of the immunological and molecular mechan-

isms underlying the interplay between immune markers, nutritional status, and colorectal cancer prognosis.

Conclusion

The conclusion drawn from this research is that there is a correlation between chemotherapy response and the expression
of TILs CD8+ and CD4, as well as nutritional status in CRC patients. However, the study does not assess long-term
outcomes such as survival rates or recurrence, reducing its clinical relevance. The study’s limitations, including the small
sample size and lack of population diversity, highlight the need for future research with larger and more diverse cohorts
to improve the generalizability and applicability of the findings.
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