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Abstract

Introduction: Chemotherapy is one of the modalities of systemic therapy. It is not tumor-specific and is linked to the occurrence of
toxicities in healthy tissues. Chemotherapy also impairs the immune system, reducing the number of immune cells and weakening its
function.

Aim: This study evaluated immune system parameters among solid tumor patients that underwent chemotherapy before and after three
cycles. Parameters that were evaluated here were neutrophil count, lymphocyte count, and CD4 and CD8 pre- and post-three cycles of
chemotherapy.

Materials and methods: This was a pre- and post-study that took place in the Hematology Medical Oncology Clinic between June 2023
and May 2024. A total of 36 subjects were recruited for this study.

Results: Most subjects were female (58.3%) with a mean age of 46.69+16.30 years. Body mass index (BMI) fell primarily into the
normal weight range (38.9%), with underweight and overweight coming in second and third, respectively, at 33.3% and 27.8%. Most
subjects had stage IV disease (61.1%) and head and neck cancer (30.6%). We evaluated four immune parameters after three rounds of
chemotherapy and found that the neutrophil count (p=0.035), lymphocyte count (0.032), CD4 (0.027), and CD8 (0.020) had decreased.
A correlation between neutrophils and ECOG score (p=0.021) and a decreased lymphocyte count with weight loss greater than 3 kg
(p=0.038) was found in the analysis of clinical characteristics and immune parameters following chemotherapy. CD8 levels were lower
in people over 40 (p=0.027).

Conclusions: Immune markers such as neutrophils, lymphocytes, and CD4 cells have been shown to decrease as a result of chemo-
therapy. Following chemotherapy, patients with solid tumors who are older than 40, have an ECOG score of 1 or higher, and have lost
at least 3 kg of weight typically exhibit lower immune parameters.
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Introduction

Conventional chemotherapy using cytostatic agents is one
of the modalities of systemic cancer therapy, which is the
first therapy used to kill cancer cells.l!] Some classes of
cytostatic drugs, including antimetabolites, anti-microtu-
bules, and alkylating agents, have been developed in re-
cent decades.!!! Cytostatic chemotherapy is generally not
tumor-specific, and its administration is associated with
toxicity to healthy tissues.!!!

Solid tumors are abnormal tissue masses that typically
lack cysts or fluid-filled areas.l?! They are categorized ac-
cording to the cell types that give rise to them; sarcomas,
carcinomas, and lymphomas are typical examples.?) Un-
like leukemias, which are blood cancers and usually do not
form solid masses, solid tumors can influence immune sys-
tem parameters and are often associated with changes in
immune function.?)

One of the defenses against cancer cells is the immune
system. Both tumor growth and antitumor responses are
impacted by the immune system. As is widely acknowl-
edged, immune system dysfunction in cancer fosters the
proliferation and metastasis of cancer cells!*) CD4 and CD8
T cells are impaired in producing IL6 and IFN-y. In addi-
tion, the response of CD4 cells to IL6 has decreased. The
number of polymorphonuclear cells (PMN) will increase
due to the presence of a tumor mass."!

Cytostatic agents will attack cells that have a high pro-
liferation rate, both cancer cells and healthy cells, includ-
ing the immune system cells. Administration of cytostatic
agents will cause lymphocyte and CD8 cell depletion, which
will recover within one year after chemotherapy. CD4 cells
will change their nature to become inflammatory effectors
due to chemotherapy.® The mechanism of immune system
suppression due to chemotherapy is like the cytotoxic effect
of chemotherapy agents on immune cells such as T lym-
phocytes and neutrophils that will decrease in number. 4!
Chemotherapy will also alter the proliferation, differentia-
tion, and evolution of the immune system, resulting in dys-
function of the immune response.l*! Recent studies have
also reported chemotherapy can increase immunogenic
cell death (ICD) of cancer cells. Chemotherapy-induced
cancer cell damage causes some cancer cell proteins to be
exposed to the immune system, so they can be recognized
and increase cancer cell death due to immune system acti-
vation.l!

Chemotherapy can disrupt and weaken the immune
system. This will almost certainly be associated with treat-
ment-related side effects. Chemotherapy-induced neutro-
penia can result in potentially fatal infections. Meanwhile,
decreased expression of Toll-like receptors impairs the abil-
ity to recognize pathogens.!*! Better understanding about
changes in the immune system during chemotherapy is im-
portant to obtain maximum therapeutic results and mini-
mal toxicity.

Aim

This study will evaluate changes in the immune system, in-
cluding neutrophils, lymphocytes, CD4, and CDS8, in solid
cancer patients undergoing chemotherapy.

Materials and methods

There was a pre- and post-research study that enrolled solid
tumor patients who have undergone three cycles of chemo-
therapy at the Hematology and Medical Oncology Clinic,
Cipto Mangunkusumo Hospital, Indonesia. This research
was conducted between June 2023 and May 2024. Patients
over the age of 18, male and female, of Asian descent, diag-
nosed with a solid tumor, who had completed three cycles
of chemotherapy and had not received radiotherapy in the
previous six months, were eligible for inclusion. Exclusion
criteria included patients with hematologic malignancies
and those with a history of radiotherapy within six months
or injection of G-CSF within three days before blood col-
lection. Patients will undergo blood tests to measure CD4,
neutrophil, lymphocyte, and CD8 before starting the first
cycle and after completing three cycles of chemothera-
py. Blood samples are collected between days 14 and 21,
after the third chemotherapy cycle but before the next cy-
cle. Blood was drawn from the brachial vein using a 3-cc
syringe and immediately sent to the laboratory.

Data from this study were processed using SPSS version
28.0. Bivariate analysis was performed on the data from the
actual sample to examine the relationships between vari-
ables. This study took into account subject characteristics
such as sex, age, body mass index (BMI), stadium, East-
ern Cooperative Oncology Group Performance Status, and
cancer type. The Faculty of Medicine Ethical Commission
granted ethical approval for this study (KET-1391/UN2.F1/
ETIK/PPM.00.02/2022). All patients provided informed
consent.

Results

This study included 36 subjects in total. Prior to chemother-
apy, there were 58 patients, with 17 dying during three cycles
of chemotherapy and 5 lost to follow-up. The majority of sub-
jects were female (58.3%), with a mean age of 46.69+16.30
years. Nutritional status was determined by pre-treatment
BMI, with the majority falling into the normoweight catego-
ry (38.9%), followed by underweight and overweight (33.3%
and 27.8%, respectively). The majority of subjects had stage
IV cancer, accounting for up to 61.1% of the total sample.
Table 1 presents subject characteristics.

Table 2 shows the immune profiles prior to and after
chemotherapy. Bivariate statistics were then used to com-
pare pre- and post-chemotherapy results. This study found
that four parameters, lymphocyte and CDS8, differed sig-
nificantly between pre- and post-chemotherapy levels.
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Table 1. Subject characteristics

Characteristics Results
Age, years 46.69+16.30
Sex

Female, n (%) 21 (58.3)

Male, n (%) 15 (41.6)

BMI

Underweight, n (%) 12 (33.3)

Normoweight, n (%) 14 (38.9)

Overweight, n (%) 10 (27.8)
Cancer stage

Non-stage IV, n (%) 14 (38.93)

Stage IV, n (%) 22 (61.1)
Performance status

ECOG 0, n (%) 26 (72.2)

ECOG >1, n (%) 10 (27.8)
Cancer type

Head and neck cancer, n (%) 11 (30.6)

Colorectal cancer, n (%) 7 (19.4)

Gynecological cancer, n (%) 7 (19.4)

Others, n (%) 11 (30.5)
Chemotherapy regimen

Single agent, n (%) 3(8.31)

Combination, n (%) 33 (91.7)
Cytostatic agent

Alkylating agent*, n (%)* 33 (91.7)

Antimetabolite**, n (%)** 15 (41.7)

Taxane***, n (%) 16 (43.2)

Anthracycline based****, n (%) 12 (33.3)

* cisplatin, carboplatin, dacarbazine, cyclophosphamide;

** capecitabine, fluorouracil, pemetrexed, doxorubicin; *** pacli-
taxel or docetaxel; **** doxorubicin

Table 2. Pre- and post-chemotherapy immune parameters

Immune System in Solid Tumor Patients

A subgroup analysis was conducted based on age (<40
vs. 240), post-chemotherapy ECOG score (0 vs. 21),
post-treatment BMI (normal weight vs. malnourished), re-
duced body weight after chemotherapy (<3 kg vs. 23 kg),
and chemotherapy regimen. Table 3 displayed the results
of the analysis.

The analysis showed that post-chemotherapy neutro-
phils decreased in ECOG 21 (p=0.029), and lymphocyte
count decreased in subjects with weight loss >3 kg after
chemotherapy (p=0.039). CD8 levels are lower among peo-
ple over the age of 40 (p=0.032). Meanwhile, there was no
correlation between the type of cytostatic agent used and
the frequency of immune parameters.

Discussion

The immune system was evaluated before and after three
cycles of chemotherapy, and it was discovered that there
was a significant decrease in neutrophil count, lymphocytes
count, CD4 and CD8 cells. This is consistent with previous
research suggesting that chemotherapy can cause lympho-
depletion. Cytostatic agents have direct cytotoxic effects on
immune cells, including all types of T lymphocytes. Verma
et al.l’ found that breast cancer patients who received che-
motherapy had fewer NK cells and B and T lymphocytes.
Aldarouish et al.l’l also found a decrease in post-chemo-
therapy CD8 levels compared to pre-chemotherapy levels
among lung cancer patients receiving platinum-peme-
trexed, which is consistent with the findings of this study.
The decrease in lymphocyte cells was observed as early as
two weeks after the initial chemotherapy. Lymphodeple-
tion can last up to 3-6 months.[®) This study found a sig-
nificant decrease in neutrophils. Neutropenia is a common
chemotherapy side effect that occurs on days 10-14 after
treatment.[°] Neutropenia can occur after the first cycle of
chemotherapy.[®! Routine G-CSF prophylaxis has also been
demonstrated to reduce the incidence of neutropenia fol-
lowing chemotherapy.!®/ However, in this center, G-CSF is
only administered in cases where the absolute neutrophil
count (ANC) is less than 500/pL. We do not routinely pro-
vide secondary prophylaxis because it is not covered by na-
tional health insurance.['%! Previous studies have found that
chemotherapy lowers CD4 levels in both solid and blood
cancers.[®!!] Meanwhile, CD4 cell recovery can take more
than 9 months.!®!

Parameter Pretreatment Post three cycles p*

Neutrophils, x10° 6.244 (3.202-29.13) 3.7778 (0.62-31.26) 0.035
Lymphocytes, x103 1.6566 (0.76-3.97) 1.4741 (0.6253-8.10) 0.032
CD4 544.85 (122.0-2056.96) 470.00476 (75.707-1874.00) 0.027
CD8 508.99492.93 (184.00-1944.00) 367.57356.14 (149.000-1339.000) 0.020

* Wilcoxon signed rank test
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In this study, an analysis was conducted based on clin-
ical characteristics of post-chemotherapy immune param-
eters. In the group of patients with ECOG 21, there was
a significant relationship with post-chemotherapy neu-
trophil levels. This is in line with other studies reporting
that ECOG 2-4 is associated with neutropenia and mortal-
ity.[#12] Neutrophils are important in host defense against
infection, particularly bacterial and fungal infections. The
risk of infection increases with the depth and length of neu-
tropenia, with the highest risk in patients that experience
prolonged neutropenia.[3] Neutropenia is also related to
delay in treatment delivery and dose reduction.[!3)

In this study, an analysis was conducted based on clin-
ical characteristics of post-chemotherapy immune param-
eters. In the group of patients with ECOG 21, there was
a significant relationship with post-chemotherapy neu-
trophil levels. This is in line with other studies reporting
that ECOG 2-4 is associated with neutropenia and mortal-
ity. [#12] Neutrophils are important in host defense against
infection, particularly bacterial and fungal infections. The
risk of infection rises with the depth and duration of neu-
tropenia, with the highest risk in patients with prolonged
neutropenia.l'3] Neutropenia is also related to delay in
treatment delivery and dose reduction.

A subgroup analysis was also performed by assessing
post-chemotherapy immune parameters after the cytostatic
agent was administered. The analysis in this study revealed
that there was no correlation between the chemotherapy
agents used and post-chemotherapy immune parameters.
There have been studies that show that each class has a dif-
ferent effect on immune parameters.[®2!) The discrepancy
in the results of this study could be attributed to the small
sample size when analyzing each chemotherapy drug.

The advantage of this study is that it compares im-
mune parameters to simple clinical parameters like weight
change, BMI, and ECOG. This can be done at a variety of
cancer centers throughout Indonesia. The study’s limita-
tion is that there were insufficient samples for each class
of cancer drugs. Future studies on specific chemotherapy
regimens will provide a more complete picture of how each
cytostatic agent affects immune parameters.

Conclusion

Chemotherapy reduces immune markers like neutrophils,
lymphocytes, and CD4 cells. Patients with solid tumors
over the age of 40, with an ECOG score of 1 or higher, and
a weight loss of 3 kg or more tend to have lower immune
parameters following chemotherapy.
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