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ABSTRACT

Background: Cervical cancer is a common gynaecological cancer, with high prevalence especially in advanced stages.
Radiotherapy is one of the main therapies, but the response to radiotherapy is influenced by several factors. Some studies
suggest that haemoglobin, leucocyte, platelet, and neutrophil lymphocyte ratio (NLR) levels may play a role as prognostic
indicators in the effectiveness of radiotherapy in cervical cancer. This study aims to analyse the relationship of haemoglobin,
leucocyte, platelet and NLR levels to radiotherapy response in stage IIB-IIIB cervical cancer patients.

Methods: Analytical observational study with a retrospective cohort approach involving 50 stage IIB-IIIB cervical cancer
patients undergoing radiation therapy. Blood profile measurements and radiotherapy response were taken from medical
records before and during radiotherapy. Statistical analysis was performed using Chi-square test and logistic regression to
determine the relationship between haematological parameters and radiotherapy response.

Results: The Friedman test showed a significant decrease in leukocyte levels during radiotherapy (X?>=81.54; p<0.001) and
platelet levels (X*=61.50; p<0.001), with a downward trend beginning after the 10th radiation session. However, there were
no significant differences between hematological parameters (hemoglobin, leukocytes, platelets, and NLR) and treatment
response groups (p>0.05). Log-rank analysis of progression-free survival (PFS) indicated that only leukocyte levels had a
significant association. Preradiation leukocyte counts >8.85 were associated with a higher risk of disease progression
(HR=2.96; 95% CI = 1.26-6.94; p=0.013).

Conclusion: Leukocytes serve as a prognostic factor in determining progressive response.

Keywords: cervical cancer, hemoglobin, neutrophil-to-lymphocyte ratio (NLR), platelet, radiotherapy, response evaluation
criteria in solid tumor (RECIST), white blood cells

1. INTRODUCTION

Cervical cancer is the most common gynecological malignancy worldwide and ranks 14th among all cancers and 4th among
women.[1] In 2018, approximately 570,000 women were diagnosed globally, with around 311,000 deaths. The American
Cancer Society (2022) estimated that in the United States, there would be 14,100 new invasive cervical cancer cases and
approximately 4,280 related deaths in 2022.[2] In Indonesia, cervical cancer ranks second among the top ten most common
cancers, with an incidence rate of 12.7% based on anatomical pathology data from 2010. The Indonesian Ministry of Health
(2017) estimated 90 to 100 new cases per 100,000 population annually, translating to roughly 40,000 new cases each year.[3]
The primary cause of cervical cancer is persistent infection with Human Papilloma Virus (HPV), particularly types 16 and
18, which are responsible for about 70% of global cervical cancer cases.[4]

Disease severity in cervical cancer, as in other cancers, is categorized by clinical stage, with more advanced stages indicating
worse clinical outcomes.[1,5] Common treatment approaches include surgery (hysterectomy), radiotherapy, chemotherapy,
or a combination of these modalities.[6] Increasing emphasis has been placed on identifying predictive markers for poor
prognosis. Several studies have indicated that inflammatory responses within the tumor microenvironment play a role in
cancer progression. Cytokine production by leukocytes, often triggered by HPV infection, has been shown to affect disease
development. HPV can downregulate interferon expression and upregulate IL-10 and TGF-B1, creating an
immunosuppressive local environment that contributes to tumor immune evasion.|[7,8]

Inflammatory markers such as the neutrophil-to-lymphocyte ratio (NLR) have gained attention as simple, cost-effective
prognostlc tools. Elevated NLR levels have been associated w1th poorer survwal outcomes in various solid tumors, 1nclud1ng
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factors strongly associated with worse prognosis and reduced long-term survival.[9—-12] These findings suggest that patients
with aggressive tumor characteristics could benefit from NLR evaluation to support clinical decision-making.[13]

Other hematologic parameters, such as hemoglobin concentration, platelet count, and coagulation status, also serve as
potential prognostic indicators. Anemia has been associated with poor local disease control and lower survival rates in
cervical cancer patients. A study comparing patients with hemoglobin levels below and above 12 g/dL found that those with
lower hemoglobin had more advanced disease, worse tumor differentiation, a higher incidence of lymph node metastasis,
and a significantly lower five-year survival rate.[14] Given that hematopoiesis is highly sensitive to radiation, routine blood
tests are commonly performed during radiotherapy to identify patients at risk of cytopenia. In some institutions, weekly
blood monitoring is standard practice.[12] This study aims to assess the association between hemoglobin, leukocyte count,
platelet levels, and NLR with radiotherapy response among patients with stage [IB—IIIB cervical cancer in Makassar.

2. MATERIAL AND METHODS

This study was approved by the Ethics Committee of Biomedical Research on Human Subjects, Faculty of Medicine,
Hasanuddin University, Makassar. The research was conducted over the period from July 1% 2023 to October 20 2024.

Study subjects

This analytical observational study used a retrospective cohort approach based on medical record data of cervical cancer
patients at stage IIB—IIIB who underwent radiotherapy at Dr. Wahidin Sudirohusodo General Hospital (RSUP Dr Wahidin
Sudirohusodo) and the Teaching Hospital of Hasanuddin University (RSP Universitas Hasanuddin).

Sample size

The sampling in this study was conducted using total sampling. The sample size was calculated using OpenEpi version 3
software, with a confidence interval of 95%, power of 80%, and a sample ratio of 1:1 between the two groups. Based on the
difference in means and standard deviations between the two groups (Group 1: 374.7 £ 118.2 and Group 2: 290.4 +73.2), a
required sample size of 44 subjects was obtained (22 per group). To anticipate potential data loss or dropouts, 10% of the
total sample (approximately 6 subjects) was added, resulting in a minimum required sample size of 50 subjects.

Inclusion and exclusion criteria

The inclusion criteria in this study were as follows: patients diagnosed with cervical cancer based on biopsy results, patients
in stage IIB-IIIB, patients who agreed to undergo radiotherapy, and patients who had complete laboratory tests including
hemoglobin, platelet count, leukocyte count, neutrophil, and lymphocyte levels. Meanwhile, the exclusion criteria included
pregnant women, patients with comorbidities or other malignancies such as HIV infection, autoimmune diseases, or systemic
infections, patients who did not complete the radiotherapy cycle, and those without radiological examinations before and/or
after radiotherapy.

Assesment

Data collection was conducted after obtaining approval from the Ethics Committee of the Faculty of Medicine, Hasanuddin
University, and permission from the directors of Dr. Wahidin Sudirohusodo General Hospital and the Teaching Hospital of
Hasanuddin University. The researcher collected data from medical records of patients diagnosed with stage 1IB-IIIB
cervical cancer who underwent radiotherapy only at the two hospitals, within the period from October 1%, 2022, to September
30% 2024. The medical records had to include complete information such as name, age, education, occupation, parity, marital
status, menopausal status, nutritional status histopathology, tumor extent, cancer stage, blood transfusion, duration of
treatment, radiotherapy response, and survival status, laboratory blood tests, and radiological examinations before and after
radiotherapy. The treatment response in this study was categorized according to Response Evaluation Criteria in Solid
Tumors (RECIST) criteria ver 1.1. into four groups: complete response (CR), partial response (PR), stable disease (SD), and
progressive disease (PD). This standardized method was used to objectively assess changes in tumor size and to categorize
the therapeutic outcomes. Subjects who did not meet the inclusion and exclusion criteria were excluded from the study. The
necessary data were recorded and subsequently analyzed using the IBM Statistical Package for Social Sciences (SPSS) ver
24,

Statistical analysis

Descriptive statistics were first used to summarize patient characteristics, including age, education, occupation, parity,
marital status, menopausal status, nutritional status histopathology, tumor extent, cancer stage, blood transfusion, duration
of treatment, radiotherapy response, and survival status. Bivariate analysis was then performed to assess the relationship
between clinical variables (hemoglobin, leukocytes, and NLR) and radiotherapy response. Wilcoxon and Friedman test was
used to evaluate changes in hematologic parameters throughout the radiotherapy sessions. One-Way ANOVA and Kruskal-
Wallis tests were used to compare hematological parameters among the different treatment response groups. Survival
analysis was performed. Overall survival (OS) and progression-free survival (PFS) were assessed to evaluate patient
outcomes across different treatment response groups. The log-rank test was used to compare survival distributions between
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different treatment response groups. A significance level of 0.05 was used for all statistical tests.

3. RESULT

A total of 50 cervical cancer patients were included in this study. Medical records from were reviewed at RSUP Dr. Wahidin
Sudirohusodo and RSP Universitas Hasanuddin. Out of 168 patients who underwent only radiation therapy, 65 met the stage
criteria (I, ITIA, IIIC, IVB), but 26 did not complete 35 cycles of radiation and 27 lacked pre- and post-radiation imaging.
Therefore, 50 patients with stage IIB—IIIB who completed radiotherapy and had complete radiological data were selected.

The study was conducted from November 2023 to October 2024 (Figure 1).

168 Subjects with cervical cancer
underwent radiotherapy

A 4

103 Subjects with stage IIB — I1IB
cervical cancer

65 Subjects with stage I, ITIA, IIIC,
and IVB cervical cancer

Y

50 Subjects with stage IIB — I1IB
cervical cancer
— Completed 35 cycles of
radiotherapy
— Radiological examination data
available both pre- and post-

A 4

26 Subjects did not complete 35

cycles of radiotherapy

— 2 Subjects died

— 24 Subjects did not return for
follow-up

27  Subjects lacked complete
radiological examination data pre- and
post-radiotherapy

radiotherapy
Figure 1. Subject Recruitment Flow
Table 1. Subjects Characteristics
Variable Category N %
Age >49 years 23 54
<49 years 27 46
Education Elementary school 4 8
Junior high school 5 10
Senior high school 29 58
University 12 24
Occupation Employed 13 26
Unemployed 37 74
Marital status <2 times married 47 94
>2 times married 3 6
Parity Nullipara 1 2
Primipara 2 4
Multipara 47 94
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Menopause Yes 20 40
No 30 60
Nutritional status Underweight 5 10
Normal 18 36
Overweight 11 22
Obesity 1 14 28
Obesity 11 2 4
Histopathology Squamous Cell Carcinoma (SCC) 40 80
Adenosquamous 2 4
Adenocarcinoma 8 16
Tumor size <4 cm 9 18
>4 cm 41 82
Lymph node spread Present 18 36
Absent 32 64
Lymphovascular space | Negative 48 90
fvasion Positive 2 4
Stage 1B 40 80
1A 3 6
111B 7 14
Blood transfusion Yes 26 52
No 24 48
Duration of treatment <68 days 25 50
>68 days 25 50
Radiotherapy response | Complete 4 8
Partial 9 18
Stable 12 24
Progressive 25 50
Final status Survived 46 92
Deceased 4 8

The study population was predominantly composed of >49 years old patients with a relatively low level of formal
employment. Most participants had been married once and had given birth more than once. The majority had not yet entered
menopause perioed and presented with varied nutritional statuses, although overweight and obesity were common.
Histopathological examination revealed that squamous cell carcinoma was the most frequent type. Most tumors were
relatively large, with a notable proportion showing lymph node involvement, while lymphovascular space invasion was rare.
The majority of cases were diagnosed at an advanced stage. Blood transfusions were frequently administered. In terms of
therapeutic response, progressive disease was the most frequent outcome, and complete responses were uncommon. Despite
this, the survival rate among participants was high.
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Table 2. Changes in Laboratory Parameters during Radiotherapy

Parameter Mean SD Median p-value? X2 p-value®
Hemoglobin (g/dL) 5.65 0.581
Preradiation 11.04 1.50 10.60
After 5" radiation 10.71 1.55 10.45 0.050
After 10* radiation 10.50 1.82 10.60 0.184
After 15" radiation 10.78 1.41 10.75 0.683
After 20" radiation 10.86 1.20 10.95 0.663
After 25th radiation 10.81 1.30 10.95 0.886
After 30™ radiation 10.75 1.34 10.80 0.479
After 35" radiation 10.71 1.31 11.15 0.853
Leukocyte (x103/pL) 81.54 <0.001*
Preradiation 9.21 4.09 8.85
After 5" radiation 8.26 4.06 7.07 0.003*
After 10* radiation 6.77 3.97 5.80 <0.001*
After 15% radiation 6.39 2.76 5.88 0.413
After 20™ radiation 6.04 2.30 5.61 0.212
After 25th radiation 5.82 2.05 5.25 0.465
After 30™ radiation 5.83 2.59 5.29 0.604
After 35% radiation 6.51 3.25 5.73 0.086
Platelet (x10%/uL) 61.50 <0.001*
Preradiation 337.52 95.60 333.00
After 5" radiation 327.02 95.19 334.00 0.367
After 10% radiation 273.52 85.12 252.00 <0.001*
After 15% radiation 265.62 69.51 255.50 0.299
After 20™ radiation 267.16 65.62 266.50 0.581
After 25th radiation 269.70 63.54 265.50 0.713
After 30™ radiation 264.98 63.36 270.50 0.472
After 35" radiation 278.16 82.23 283.00 0.142
NLR 104.81 <0.001*
Preradiation 4.04 3.19 2.78
After 5" radiation 5.65 3.89 4.82 0.002*
After 10% radiation 7.12 5.15 5.90 <0.001*
After 15% radiation 8.84 6.33 7.07 0.003*
After 20™ radiation 9.64 7.86 7.28 0.233
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After 25th radiation 9.45 7.64 7.32 0.540
After 30" radiation 7.93 6.80 5.58 0.039*
After 35™ radiation 7.31 9.00 4.74 0.222

2 Wilcoxon test; ® Friedmann test; * significant at 0.05 level

The mean hemoglobin level decreased slightly from 11.04 mg/dL before therapy to 10.71 mg/dL after the 35th session, but
this change was not statistically significant (Friedman test X2 = 5.65, p = 0.581). In contrast, leukocyte levels showed a
significant decrease primarily after the Sth and 10th radiation sessions, dropping from 9.21x10° to 8.26x10° and further to
6.77x10%, indicating an early and acute hematologic response to radiation. Platelet levels remained relatively stable after the
Sth session but experienced a more marked decline only after the 10th session, from 327.02x10° to 273.52x10%. The NLR
values showed a noticeable increase throughout the course of radiation therapy, peaking at session 20 before gradually
declining in later sessions. Although the overall change was statistically significant (X*> = 104.81, p < 0.001), only the
increases after sessions 5, 10, 15, and 30 were statistically significant in post-hoc analysis (Table 2 & Figure 2).
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Figure 2. Error Bar of Changes in a) Hemoglobin, b) Leukocytes, c) Platelets, and d) Neutrophil-to-Lymphocyte
Ratio

Hemoglobin levels remained relatively constant across all response groups, with no statistically significant differences
observed at any measurement point (p>0.05). Leukocyte counts exhibited a general decline up to the 30th radiation session,
followed by a slight increase at session 35, yet these changes were not statistically significant between the different response
groups (p>0.05). Similarly, platelet levels showed a declining trend after the initiation of radiotherapy, but no significant
intergroup differences were detected (p>0.05). NLR values increased after the fifth radiation, particularly in patients with
stable or progressive disease. However, statistical analysis revealed no significant differences between response groups at
most time points (p>0.05), except after the 15th session where a significant difference was noted (p=0.046) (Table 3).

Journal of Neonatal Surgery | Year: 2025 | Volume: 14 | Issue: 26s
pg. 254



Muthmainnah, Nugraha Utama Pelupessy, Nur Rakhmah, Andi Alfian Zainuddin

Table 3. Difference in Hematological Parameter based on Radiotherapy Response

Parameter Radiotherapy Response p-value
Complete Partial Stable Progressive

Hemoglobin (g/dL)?
Preradiation 10.60 + 1.78 11.19+ 191 11.07 £ 0.87 11.05 £ 1.62 0.937
After 5" rad. 10.73 £1.35 11.52+1.54 1024 £ 1.14 10.64 £ 1.71 0.310
After 10" rad. 10.30£1.98 10.83 £1.49 10.25 £ 1.60 10.54 £2.06 0.905
After 15" rad. 11.18£1.21 11.11£1.48 10.64 £ 1.24 10.67 £ 1.54 0.793
After 20" rad. 11.03£0.56 11.08£1.13 10.75 £ 1.52 10.81 £1.17 0.921
After 25" rad. 11.00 + 0.69 10.94£1.20 10.73 £ 1.40 10.78 £ 1.41 0.971
After 30" rad. 11.05£0.66 10.62+1.34 10.78 £ 1.53 10.74 £ 1.38 0.964
After 35" rad. 10.38£0.76 10.52+1.14 10.82 £ 1.45 10.78 £ 1.40 0.902

Leukocyte (x10%/ pL)®
Preradiation 9.58 (3.34) 7.30 (3.66) 6.75 (3.41) 9.76 (4.72) 0.084
After 5 rad. 7.45(5.37) 6.80 (4.28) 6.16 (1.74) 7.61 (5.44) 0.718
After 10™ rad. 5.55(0.95) 5.48 (1.99) 5.92 (5.62) 6.48 (3.85) 0.504
After 15" rad. 5.30(0.97) 5.70 (2.44) 5.75(2.93) 6.12 (4.09) 0.362
After 20" rad. 5.26 (0.57) 5.30(2.93) 5.85(5.03) 5.70 (2.60) 0.785
After 25" rad. 5.38(1.04) 4.39 (1.37) 6.20 (4.80) 5.29(2.81) 0.297
After 30" rad. 5.11(1.03) 5.00 (1.74) 5.42 (2.58) 5.40 (2.31) 0.439
After 35" rad. 6.57 (6.07) 6.26 (5.406) 4.83 (1.55) 6.00 (3.12) 0.466

Plaetelet (x10%/ pL)?
Preradiation 324.0£458 344.1 £ 1357 321.1£103.9 3452 £ 84.1 0.894
After 5" rad. 269.8 £ 36.7 307.8+£ 755 324.0 £ 117.1 344.6 £95.6 0.455
After 10" rad. 24.5+5.6 227.7+43.0 2953 £132.7 284.0 £ 69.5 0.243
After 15" rad. 230.3+£29.2 247.7+£834 283.1+824 269.4£61.9 0.494
After 20" rad. 229.8+37.6 270.8 614 263.7+76.6 273.5+66.2 0.673
After 25" rad. 256.0 £ 50.6 269.9 £ 80.9 252.5£75.0 280.1 £53.6 0.643
After 30" rad. 25554257 257.6 £ 85.1 257.6 £73.6 272.7+55.6 0.869
After 35" rad. 257.0+36.9 301.3+£ 1455 237.9+57.8 292.5+61.4 0.204

NLR"
Preradiation 1.86 (1.24) 2.95(3.55) 3.35(3.99) 2.71 (4.82) 0.264
After 5" rad. 5.94 (12.91) 5.20 (3.60) 5.05(4.70) 4.46 (5.16) 0.916
After 10™ rad. 3.10(2.19) 6.03 (2.29) 6.29 (3.05) 5.72(7.74) 0.088
After 15" rad. 3.96 (2.03) 6.92 (3.37) 6.94 (6.57) 8.07 (9.51) 0.046*
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After 20% rad. | 4.98 (2.46) 7.30 (3.98) 7.69 (10.20) 7.99 (7.29) 0.082
After 25t rad. | 7.36 (4.94) 6.17 (3.89) 8.61(6.71) 7.54 (7.52) 0.764
After 30% rad. | 3.99 (4.77) 4.68 (6.22) 6.59 (3.01) 6.56 (6.91) 0471
After 35%rad. | 5.41 (12.88) 6.47 (20.70) 4.92 (4.93) 4.44 (4.11) 0.569

3 mean * standard deviation & tested using the One-Way ANOVA test; ® median (interquartile range) & tested using the
Kruskal-Wallis test; * significant at 0.05 level

Based on the log-rank test results for overall survival (OS), no statistically significant differences were found for any of the
parameters analyzed. In contrast, the log-rank test for progression-free survival (PFS) revealed several parameters with
statistically significant results, including lymph node spread (p<0.001), blood transfusion (p=0.002), leukocyte count
(p=0.007), and age (p=0.032) (Table 4).

Based on the analysis of factors affecting OS, no statistically significant associations were found for any of the parameters
tested. In contrast, the analysis of PFS revealed several variables with significant associations. Age >47.5 years showed a
protective effect on PFS (HR 0.43; p=0.044). Additionally, the presence of lymph node spread (HR 3.93; p=0.001), blood
transfusion (HR 3.75; p=0.005), and leukocyte levels >8.85 (HR 2.96; p=0.013) significantly increased the risk of disease
progression. Other variables such as histopathology, tumor size, stage, duration of therapy, hemoglobin, platelet count, and
NLR did not show a significant influence on PES (p>0.05) (Table 5).

Table 4. Log-Rank Test of the Association Between Factors and OS and PFS

Parameter Log Rank

oS PFS
Age 0.284 0.032*
Histopathology 0.699 0.462
Tumor size 0.277 0.122
Lymph node spread 0.069 <0.001*
Lymphovascular invasion 0.671 0.461
Stage 0.825 0.102
Blood transfusion 0.313 0.002*
Duration of treatment 0.451 0.654
Hemoglobin 0.928 0.702
Leukocyte 0.183 0.007*
Platelet 0.996 0.800
NLR 0.996 0.618

* Significant at 0.05 level

4. DISCUSSION
Subject Characteristics

This study involved 50 patients with stage IIB—IIIB cervical cancer undergoing radiotherapy. Most patients were over 49
years old and had high school or college education, factors linked to early detection and diagnosis of cervical cancer.[15,16]
The majority were employed and multiparous, contributing to increased risk due to hormonal changes and cervical
trauma.[17,18] Squamous cell carcinoma was the most common histopathological type (78%), with 78% of patients at stage
IIB and 60% premenopausal, consistent with previous studies [19,20]. Obesity was prevalent, and most tumors were >4 cm
with 64% showing lymph node spread, indicating advanced disease.[21-23] Blood transfusions were required in 52% of
cases to maintain hemoglobin levels during therapy.[24]

The response to radiotherapy in cervical cancer patients was evaluated using RECIST version 1.1, which assesses changes
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in tumor size through imaging techniques such as MRI or CT scan. Target lesions are limited to a maximum of five in total
and two per organ, selected based on size and measurability, with measurements taken as the longest diameter or short axis
for lymph nodes. Non-target lesions are assessed qualitatively as CR, Non-CR/Non-PD, or PD, Evaluations are typically
done using consistent imaging methods. Although this method provides standardized evaluation, it may have limitations in
distinguishing necrotic tissue from residual active tumor, especially in gradually regressing cervical cancer.[25] Only 8%
showed a complete response, while 50% experienced disease progression, contrasting with higher complete response rates
reported in studies involving chemoradiotherapy.[22] Despite this, 92% of patients survived High progression rate may come
from the use of radiotherapy alone, whereas current guidelines by ESMO and NCCN recommend combined chemoradiation
and/or surgery for locally advanced cases.[26] Previous meta-analyses confirm that chemoradiation and/or surgery
significantly improves complete response, regional control, and overall survival, despite increased acute toxicity risks.[27]

Table 5. Hazard Ratio Analysis of OS and PFS of Various Factors

Parameter (O] PFS
HR p- HR p-value
(95% CT) value | 950, 1)

Age <47.5 (Ref)) 0.31 0.311 0.43 0.044*
>47.5 (0.03 —-3.00) (0.19-0.98)

Histopathology SCC (Ref)) 1.56 0.701 0.65 0.481
Non-SCC (0.16 — 15.04) (0.19-2.17)

Tumor size <4 cm (Ref)) 30.40 0.505 2.27 0.148
>4 cm (0.00-68...) (0.75 - 6.88)

Lymph node spread Absent (Ref.) 6.43 0.111 393 0.001*
Present (0.65-63.21) (1.69-9.16)

Lymphovascular Negative (Ref.) 0.05 0.779 0.05 0.633

fvaston Positve (0.00—994...) (0.00-13...)

Stage IIB (Ref) 1.29 0.826 1.96 0.121
MIA-ITIB (0.13-124..) (0.84 -4.61)

Blood transfusion No (Ref)) 3.06 0.337 3.75 0.005%*
Yes (0.31-29.87) (1.49 -9.44)

Duration of treatment | <68 days (Ref.) 2.34 0.464 1.19 0.667
>68 days (0.24 —22.78) (0.54 -2.62)

Hemoglobin <10.6 (Ref)) 0.91 0.928 0.86 0.713
>10.6 (0.13-6.49) (0.39-1.89)

Leukocyte <8.85 (Ref)) 4.18 0.219 2.96 0.013*
>8.85 (0.43 - 40.78) (1.26 — 6.94)

Platelet <333.0 (Ref)) 0.99 0.996 1.11 0.807
>333.0 (0.14-7.07) (0.50 —2.406)

NLR <2.78 (Ref)) 1.01 0.996 1.22 0.630
>0.78 (0.14-7.13) (0.55-2.70)

* Significant at 0.05 level
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Analysis of Changes in Hematological Parameters

The mean hemoglobin level before radiotherapy was 11.04 £ 1.50 mg/dL, which decreased to 10.71 £ 1.55 mg/dL after the
fifth radiation session. Although statistically insignificant (p=0,050), this result indicating an early hematological impact of
radiotherapy.[28] This decline is attributed to radiation-induced cytotoxic effects on bone marrow and increased red blood
cell destruction from oxidative stress.[29,30] Radiation, particularly in the pelvic area, impairs hematopoietic progenitor
cells, leading to decreased erythropoiesis and persistent anemia.[31] Although hemoglobin levels remained below pre-
radiation levels during therapy, they stabilized after the first cycle, consistent with findings that showed no significant change
in hemoglobin across radiation cycles.[32] Blood transfusions, commonly administered after the first cycle to prevent
anemia-related complications, played a role in maintaining hemoglobin stability.[33—36] The effectiveness of transfusions
in maintaining stable hemoglobin was also supported by Mitsuhashi et al., who observed no significant changes in levels up
to four weeks post-therapy.[37] Additionally, radiotherapy impairs hematopoietic stem cell function and bone marrow
homeostasis, contributing to prolonged hematological changes.[38]

This study revealed a statistically significant decline in leukocyte counts after the 5th and 10th radiotherapy sessions, with
mean levels dropping from 9.21 x10%/uL pre-radiation to 8.26 x10°/uL post-5th session (p=0.003) and further to 6.77
x103/uL post-10th session (p<0.001), indicating an early impact of radiation on leukopenia.[39,40] These findings align with
previous studies reporting acute leukopenia in cervical cancer patients during the early phase of treatment, influenced by
factors such as radiation dose and baseline leukocyte levels.[41,42] Radiation damages hematopoietic cells in the bone
marrow, where lymphocytes, the most radiosensitive white cells, may decline by up to 65% after a single low-dose
exposure.[43] Granulocytes like neutrophils also decrease, with delayed recovery post-treatment, and neutrophil counts may
drop by 11.2%, persisting even three months after therapy.[44] Moreover, radiation reduces monocyte viability by up to
30%, contributing to overall leukopenia.[45] These leukocyte reductions during early radiotherapy are attributed to high
radiation exposure to active bone marrow, delayed cellular recovery, and the high radiosensitivity of white blood cells.[44]

This study observed a significant decline in platelet count after the 10th radiotherapy session, with mean levels decreasing
from 327.02 x 10%/uL post-5th session to 273.52 x 103/uL (p<0.001), indicating a cumulative radiation effect on thrombocyte
production or destruction. Although platelet levels remained lower than baseline following this drop, no further statistically
significant changes were observed in later sessions, suggesting that the most notable hematologic impact occurs during the
early-mid phase of therapy. Radiation inhibits platelet production by suppressing bone marrow activity and damaging
megakaryocytes through oxidative stress-induced DNA damage and apoptosis via mitochondrial and p53 pathways.[46,47]
Moreover, radiation may reduce thrombopoictin levels, further impairing platelet production. Despite their relative
radioresistance, megakaryocytes begin to show dysfunction as cumulative radiation doses increase, particularly beyond 50
Gy.[45,48] While early doses (e.g., after 5 sessions) may be insufficient to cause significant thrombocytopenia, the data
suggest that reaching a certain threshold (around the 10th session) begins to impact bone marrow hematopoiesis.[45] Thus,
careful monitoring of cumulative dose and its distribution across active bone marrow regions is essential to prevent
hematologic complications such as thrombocytopenia.[49,50]

The neutrophil-to-lymphocyte ratio (NLR) showed a significant increase during the early to mid-phase of radiotherapy, rising
from a mean of 4.04 pre-radiation to 5.65 after the Sth session (p=0.002) and peaking at 8.84 after the 15th session (p=0.003),
reflecting an inflammatory response and lymphocyte depletion due to radiation exposure. Although NLR values remained
elevated at the 20th and 25th sessions, changes were not statistically significant, with a decline beginning at the 30th session
(p=0.039). Overall, changes in NLR throughout therapy were statistically significant (p<0.001). Radiotherapy induces
damage to hematopoietic cells in the bone marrow, particularly affecting lymphocytes more than neutrophils due to their
higher radiosensitivity, leading to early lymphocyte decline and increased NLR. As treatment progresses, neutrophil levels
begin to decline as well, slowing the NLR rise and contributing to its eventual plateau and decrease.[45,51]

Hematological Factors on OS and PFS

Low hemoglobin levels prior to therapy are often associated with poor prognosis in cervical carcinoma due to tumor hypoxia,
which reduces radiotherapy effectiveness by inducing pro-angiogenic factors like HIF-la, leading to therapy
resistance.[52,53] Adequate hemoglobin is crucial for optimal radiotherapy response as oxygenation enhances cancer cell
sensitivity to radiation by facilitating DNA damage, whereas hypoxia impairs treatment outcomes.[54] However, in this
study, hemoglobin levels (>10.6 g/dL) were not significantly associated with OS or PFS, as indicated by hazard ratios of
0.91 and 0.86 (p=0.928 and p=0.713), consistent with Gennigens et al. (2020).[32] Several studies suggest that low
hemoglobin levels do not always significantly impact tumor hypoxia or treatment response, as reoxygenation during therapy
and partial effectiveness of anemia correction with EPO or transfusions may mitigate these effects.[55] Additionally, factors
such as uniform patient distribution, uncontrolled confounders like transfusion therapy and nutritional status, as well as
comorbidities and individual variations in treatment response may influence outcomes, warranting further research with
better-controlled variables.[51,56]

Leukocyte count is often used as a marker of systemic inflammation and has been associated with poor prognosis in cervical
cancer patients, with elevated levels linked to increased inflammatory response, metastasis, and aggressive disease
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progression.[57,58] In this study, leukocyte levels >8.85 x10° were significantly associated with worse progression-free
survival (PFS), with a hazard ratio of 2.96 (95% CI: 1.26—6.94; p = 0.013), indicating leukocytosis as a negative predictor
possibly due to enhanced tumor aggressiveness and therapy resistance.[32,59,60] However, some studies found no significant
association, potentially due to sample size limitations, differences in measurement methods, or patient characteristics such
as age, cancer stage, and therapeutic response.[61,62]

Platelets play a critical role in cancer progression by promoting tumor proliferation, angiogenesis, and metastasis, with
several studies linking elevated pre-treatment platelet counts to poorer prognosis in cervical cancer patients undergoing
radiotherapy.[63,64] However, this study found no significant association between platelet count and either OS or PFS
(p=0.996 for OS and p=0.807 for PFS), indicating that higher platelet levels (>333,000/uL) were not independent predictors
of outcomes. These findings align with other research showing that platelet count is not always a reliable prognostic marker,
potentially due to variability in cutoff values, patient heterogeneity, limited sample size, and confounding factors like
coagulation markers and systemic inflammatory indices.[65,66]

The neutrophil-to-lymphocyte ratio (NLR) is recognized as an inflammatory biomarker reflecting systemic immune response
to malignancy, with elevated pre-treatment NLR associated with poor prognosis in cervical cancer patients undergoing
radiotherapy.[66] Pathophysiologically, a high NLR indicates neutrophil predominance promoting a tumor-supportive
microenvironment through proinflammatory cytokines, while reduced lymphocyte counts reflect weakened antitumor
immunity.[67] However, in this study, NLR showed no significant association with OS or PFS, as evidenced by high p-
values (p=0.996 for OS and p=0.630 for PFS). Although previous studies have supported NLR's prognostic value, others
found no statistical significance, possibly due to small sample sizes or high clinical heterogeneity affecting analytical power
[68]. Additionally, variations in NLR cut-off values and multivariate analysis approaches may obscure its independent
predictive value.[66]

Other Factors on OS and PFS

This study identified lymph node spread (HR: 3.93; p=0.001), blood transfusion (HR: 3.75; p=0.005), and age >47.5 years
(HR: 0.43; p=0.044) as significant factors affecting progression-free survival (PFS), with older age associated with a lower
risk of progression. Bogani et al. (2017) also found lymph node spread to be significantly associated with reduced PFS (HR:
2.4; 95% CI: 1.00-6.06; p=0.05), but blood transfusion did not show a statistically significant effect (HR: 2.71; 95% CI:
0.91-8.03; p=0.07).[69]

This study has limitations, including its retrospective design, which may introduce selection and information bias. The
relatively small sample size and single-center setting also limit the generalizability of the findings. Additionally, potential
confounding variables such as nutritional status, comorbidities, and concurrent treatments were not fully controlled. Despite
these limitations, the findings highlight leukocyte count as a potential prognostic factor for progression-free survival in
patients with stage IIB-IIIB cervical cancer undergoing radiotherapy. These results suggest the need for larger, prospective,
and multicenter studies to validate the prognostic value of hematological markers and to explore their integration into clinical
decision-making, possibly in combination with inflammatory indices and imaging parameters.

5. CONCLUSION

Based on this study, among the four hematological parameters analyzed—hemoglobin, leukocyte, platelet, and neutrophil-
to-lymphocyte ratio (NLR)—only leukocyte count showed a significant association with radiotherapy response in patients
with stage IIB-IIIB cervical cancer. This highlights the potential of leukocyte levels as a hematological indicator for
evaluating treatment effectiveness in this patient group.
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