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Hematological changes is one of the most common complications occurred in cancer patients. 
Therefore, the current study aimed to assess the hematological toxicity of cervical cancer patients 
before and after the initiation of treatment. The retrospective cohort study was conducted from 
2015 to 2022 at the University of Gondar Comprehensive Specialized Hospital. The hematological 
profile and sociodemographic and clinical data of the cervical cancer patients were collected using 
data extraction sheets. The Epidata version 3.1 and SPSS version 25 were used for data entry and 
analysis, respectively. Descriptive statistics were employed to summarize the data. To compare the 
median differences in hematological parameters before and after treatment, the Wilcoxon rank test 
was used. In addition, to assess the presence of an independent association between hematological 
abnormalities and the independent variables, logistic regression models were used. A p value less 
than 0.05 was considered to indicate statistical significance for all tests. In current study, the median 
(Interquartile range) of hemoglobin levels, white blood cell counts, and platelet counts, before 
treatment were 13.2 (12.1, 15) g/dl, 7.5 (5.8, 11.8) *109/L, and 330 (252, 383) *109/L, respectively. 
However, after treatment the median (Interquartile range) value of hemoglobin levels, white blood 
cell counts, and platelet counts were significantly lowered. On the other hand, red cell distribution 
width was significantly greater after treatment. At baseline, the magnitude of leucocytosis, anemia, 
and thrombocytosis were 27.9%, 24.6%, and 18.7%, respectively. After the treatment, anemia 
increased to 44.3%, but leucocytosis and thrombocytosis were replaced by leucopenia 18.3% and 
thrombocytopenia 17.8%, respectively. Hematological abnormalities such as anemia, leucopenia and 
thrombocytopenia were high after chemo-radiotherapy, and surgery. As the stage of cancer advances, 
the risk of developing anemia, leucocytosis, and thrombocytosis increased in 7.6, 6.9 and 9 times, 
respectively. Furthermore, being HIV patients and rural resident increased the risk of developing 
anemia about twofold. In conclusion hematological abnormalities were observed before and after 
cervical cancer treatment, with significance increment after chemo-radiotherapy and surgery. As the 
stage of cancer advances, the risk of developing hematological abnormalities increases. Therefore, 
routine monitoring of hematological changes before and after treatment and screening for major risk 
factors are important for improved patients’ management.

Keywords   Hematological change,  Cervical cancer,  Treatment,  Gondar,  Ethiopia

1Department of Hematology and Immunohematology, School of Biomedical and Laboratory Sciences, College of 
Medicine and Health Sciences, University of Gondar, Gondar, Ethiopia. 2Department of Clinical Chemistry, School 
of Biomedical and Laboratory Sciences, College of Medicine and Health Sciences, University of Gondar, Gondar, 
Ethiopia. 3Department of Medical Parasitology, School of Biomedical and Laboratory Sciences, College of Medicine 
and Health Sciences, University of Gondar, Gondar, Ethiopia. 4Department of Quality Assurance and Laboratory 
Management, School of Biomedical and Laboratory Sciences, College of Medicine and Health Sciences, University 
of Gondar, Gondar, Ethiopia. email: mengeshad826@gmail.com

OPEN

Scientific Reports |        (2024) 14:27630 1| https://doi.org/10.1038/s41598-024-75937-6

www.nature.com/scientificreports

http://www.nature.com/scientificreports
http://crossmark.crossref.org/dialog/?doi=10.1038/s41598-024-75937-6&domain=pdf&date_stamp=2024-11-12


Cervical cancer is a prevalent gynecological cancer that originates from the abnormal multiplication and spread 
of cells around the female reproductive organ1. The complications of cervical cancer ranged from asymptomatic to 
pelvic pain, unexplained weight loss, unexpected vaginal discharge, bleeding and pain during sexual intercourse, 
organ failure, biochemical abnormalities, hematological abnormalities, and death1–4. These complications may 
be directly related to disease pathogenesis and/or treatment-associated adverse effects5. Hematological changes 
are among the most common complications that occur in cervical cancer patients. This is due to either direct 
consequences of disease or adverse effects of treatment2,6–8.

The cervical cancer pathogenesis directly affects almost all hematological parameters9–11. This is because of 
the malignant cell infiltration of different organs involved in hematopoiesis12–14. In addition, tumor-associated 
bleeding, tumor-associated malnutrition, tumor-associated activation of the coagulation system, and impaired 
iron and folate metabolism due to tumor competition for nutrients are also possible malignant-related causes 
for changes7,13–15. Furthermore, tumor-associated production and activation of different cytokines and growth 
factors also involved to the changes3,14,16,17.

Heavy bleeding during cryotherapy and surgical removal of tumors can lead blood cells to be suppressed3,18,19. 
In addition, chemoradiotherapy used for treatment can irradiate bone marrow cavities such as the lumbar 
sacrum, pubis, ischium, proximal femur, and ilium8,20. This can induce the suppression of almost all blood 
cells since those cavities are involved in approximately 50% of hematopoiesis3,9,21. Similarly, the myelotoxic 
effect of chemoradiotherapy on different organs, such as the liver, kidney, and gastrointestinal tract, induces the 
suppression of different cellular components and reduces hematopoiesis8,22. Furthermore, chemoradiotherapy 
can directly cause cell death, stimulate different inhibitory cytokines, and prevent cellular growth8,14,23. This can 
also decrease the hemoglobin concentration, platelet count, and leukocyte count after treatment24–26.

The chemotherapy reduces the production of RBC through damaging DNA of immature rapidly dividing 
hematopoietic stem cells which involved for production of RBC cells. Additionally, chemotherapy targeted for 
programmed cell death of cancerous cells but it can also lead normal erythroid progenitor cells to undergo 
programmed cell death27,28.

According to the available evidences, the presence of hematological abnormalities in cervical cancer patients 
worsen the outcomes and leads to treatment failure2,9,29. As a result, assessing the magnitude of hematological 
abnormalities is critical for reducing mortality and morbidity. Additionally, it ensuring poor treatment prognosis 
in cervical cancer patients; hence, the degree of magnitude of hematological abnormalities varies based on 
different situations30. Nevertheless, there are insufficient data on the impact of this disease and its treatment on 
hematological parameters in the study setting. Thus, this study aimed to determine hematological abnormalities 
before and after cervical cancer treatment.

Methods and materials
Study design, period and setting
The retrospective cohort study was conducted from January 1, 2015 to December 30, 2022 at University of 
Gondar, Comprehensive Specialized Hospital Cancer Treatment Center, Northwest Ethiopia.

Populations
All cervical cancer patients who visited a treatment center and confirmed as having cervical cancer were 
considered as the source population. Moreover, in the present study, cervical cancer patients who had visited the 
treatment center during the study period and had complete hematological data before and after treatment were 
considered as the study population.

Eligibility criteria
Patients who were newly diagnosed with cervical cancer and had follow-up data in medical records were included. 
Patients whose hematological profile data before and after treatment incomplete were excluded from the study. 
In addition, unreadable patient data from medical records and patients who started treatment elsewhere and 
who were followed up in the study setting were excluded from this study.

Sample size determination and sampling technique
As a result of the retrospective nature of the study, all cervical cancer patients (219) who attended the University 
of Gondar, Comprehensive Specialized Hospital Cancer Treatment Center from 2015 to 2022 and fulfilled the 
eligibility criteria were included in the present study. A convenient sampling technique were used to include 
study participants.

Data collection procedure and quality control
Data extraction checklists, which included sociodemographic variables, clinical characteristics, and 
hematological parameters, were prepared to extract information from the medical records of cervical cancer 
patients. The data extraction sheets were pretested to ensure its validity and accuracy. Before data collection, 
all medical charts (360) of cervical cancer patients which recorded within the study period were evaluated to 
determine the completeness of all necessary information. Nevertheless, only 219 medical records fulfilled the 
inclusion criteria, and eligible for data collection. From eligible medical charts, data such as sociodemographic, 
clinical, and hematological parameters were extracted by two data collectors through observation. To ensure 
data quality, training was given to all the data collectors before starting the data collection process. In addition, to 
assure the quality of the data such clarity, accuracy, completeness, and consistency, the supervisors and principal 
investigators inspected the data collection process on the spot.
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Data analysis and interpretations
First, the completeness of the collected data was checked manually. The data were subsequently coded and 
entered into Epidata version 3.1 and analyzed with SPSS version 25 software. Descriptive statistics such as 
frequencies, percentages, medians, and interquartile ranges (IQRs) were utilized to summarize the data. The data 
were presented in text, tables, and charts. The normality of the data was assessed by the Shapiro‒Wilk test. The 
Wilcoxon rank test was used to compare the median differences in hematological parameters before and after 
initiation of cervical cancer treatment. In addition, to assess the presence of an independent association between 
hematological abnormalities and independent variables, both bivariate and multivariate logistic regression 
models with 95% confidence intervals (CIs) were used. All logistic regression model assumptions were checked 
and fulfilled. A p value less than 0.05 was considered to indicate statistical significance for all tests.

Operational definitions
Based on the World Health Organization (WHO), anemia is defined as a hemoglobin level less than 12.0 g/dL 
in women after adjusting for altitude. The severity of anemia was classified as mild (11–11.9 g/dl), moderate 
(8–10.9 g/dl), and severe (< 8 g/dl) by considering hemoglobin level based on WHO definition31. However, other 
hematological abnormalities were defined based on the local reference range. In addition, cytopenia was defined 
as a decrease in total blood cell count and indicated by anemia, leucopenia, or thrombocytopenia based on the 
local reference range32.

Ethical consideration
An ethical clearance letter was obtained from the ethical review committee of the School of Biomedical and 
Laboratory Science, College of Medicine and Health Science, University of Gondar (Ref. No./SBLS/2897/2015) 
after the study protocol was reviewed. Furthermore, a permission letter was obtained from the hospital medical 
and cancer treatment center directors. Since the study was retrospective, informed consent was waived from 
ethical review committee. To keep confidentiality of the collected data the personal identifiers were removed and 
unauthorized persons limited in their access to the data.

Results
Sociodemographic and clinical characteristics of the study participants
Out of the 360 records retrieved from patient charts, only 219 had complete data and included in this study. 
The majority of patients admitted to the treatment center were urban residents 170(77.6%) and had cervical 
cancer 137(71.3%) at the early stage (stages one and two). The median (IQR) age of the study participants was 50 
(49.2–52) years. Fifty-six (25.6%) patients admitted in treatment center was with complication of metastasis to 
the local site. Concerning coinfections, 25 (11.4%) and 16 (7.3%) patients had human immunodeficiency virus 
(HIV) and intestinal parasite infections, respectively. Majority of patients included this study were who took 
chemo-radiotherapy and cryotherapy with frequency of 82(37.5%) and 71 (32.4%), respectively. Among patients 
who took radiotherapy regimen, majority 37 (39.4%) of patients were took 20 Gy in to 10 Gy fractions (Table 1).

Hematological changes in cervical cancer patients before and after treatment
The median (interquartile range (IQR)) of Hb before and after treatment were 13.2 (12.1, 15) g/dl and 12.2 (10.7, 
14.2) g/dl, respectively. Meanwhile, the median (IQR) of white blood cell (WBC) before and after treatment 
were 7.5 (5.8, 11.8) *109/L and 4.8 (3.8, 5.7) *109/L, respectively. Before and after treatment, the median (IQR) 
of neutrophil (Nue) were 4.5 (2.8, 8.0, 11.8) *109/L and 2.4 (2.1, 3.1) *109/L, whereas the median (IQR) of 
lymphocyte (Lym) before and after treatment were 1.9 (1.6, 2.5) *109/L and 1.7 (1.6, 1.8) *109/L, respectively. 
Regarding the platelet (PLT) count, the median (IQR) values detected before and after treatment were 330 (252, 
383) *109/L and 298 (170, 365) *109/L, respectively. In addition, the median hematological parameters, such as 
Hb levels, WBC, Nue, Lym, PLTs, and platelet mean volume (PMV), were significantly lower after treatment than 
before treatment. In contrast, the red cell distribution width (RDW) was significantly greater after treatment 
than before treatment (Table 2).

Hematological abnormalities of cervical cancer patients before and after treatment
In this study, before treatment, the magnitude of leucocytosis, anemia, and thrombocytosis were 27.9% (95% CI: 
21.9, 34.7), 24.6% (95% CI: 18.7, 30.6), and 18.7% (95% CI: 14.2, 23.7), respectively. The magnitude of anemia 
increased to 44.3% (95% CI: 37.9, 50.7) after treatment. The severity of anemia before 21 (38.9%) and after 45 
(46.4%) treatment was moderate (Fig. 1). On the other hand, leucocytosis and thrombocytosis were changed 
to leucopenia (18.3%; 95% CI: 13.2, 23.7) and thrombocytopenia (17.8%; 95% CI: 12.8, 23.3), respectively, after 
treatment. With regard to WBC abnormalities, 35.2% (95% CI: 28.3, 41.6) of the patients were diagnosed with 
neutrophilia at baseline, and 16% (95% CI: 11.4, 21.0) of the patients were diagnosed with lymphopenia after 
treatment (Table 3). In addition, the current study revealed 7.3% (95% CI: 4.1, 11) cytopenias among cervical 
cancer patients after treatment (Fig. 2).

Distribution of hematological abnormalities in cervical cancer patients based on treatment 
group
The magnitude of anemia in patients who took chemoradiotherapy and surgery were 59 (60.8%) and 21 (21.6%), 
respectively. Eighty-eight (93.6%) of patients taking the RT regimen had anemia. The magnitude of anemia 
in patients taking 40–50  Gy in 2-Gy fractions + brachytherapy, 40–50  Gy in 2-Gy fractions + 20–26  Gy in 
2-Gy fraction boost, and 20 Gy in 10-Gy fractions RT regimen were 14 (15.9%), 33 (37.5%), and 41 (46.6%), 
respectively. The majority of patients with leucopenia took chemoradiotherapy 23 (57.5%) and surgery 7 (17.5%) 
as treatment. Regarding differential WBC abnormalities, neutropenia and lymphopenia were the most prevalent 
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Variables Category Frequency Percentage

Age

27–40 44 20.1

41–60 144 658

> 60 31 14.2

Residence
Urban 170 77.6

Rural 49 22.4

Stage

I 71 32.4

II 66 30.1

III 32 14.6

IV 50 22.8

Coinfection with HIV
Yes 25 11.4

No 194 88.6

Coinfection with intestinal parasite
Yes 16 7.3

No 203 92.7

Metastasis
Yes 56 25.6

No 163 74.4

Treatment type

Cryotherapy 71 32.4

Surgery 54 24.71

Chemo-radiotherapy 82 37.4

Others 12 5.5

Radiotherapy regimen (n = 94)

40–50 Gy in 2 -Gy fractions + brachytherapy 36 38.3

40–50 Gy in 2 Gy fractions + 20–26 Gy in 2 Gy fraction boost 21 22.3

20 Gy in to 10 Gy fractions 37 39.4

Table 1.  Sociodemographic and clinical characteristics of cervical cancer patients at the University of Gondar 
Comprehensive Specialized Hospital, Northwest Ethiopia, 2022. Abbreviation: HIV: Human immune virus.

 

Hematological parameters

Before treatment After treatment

P -valueMedian (IQR) Median (IQR)

RBC (*1012 / L) 4.27(3.7, 4.6) 3.8(3.4, 4.5) 0.06

Hb (g/dl) 13.2(12.1 ,15) 12.2(10.7, 14.2) < 0.01*

HCT (%) 38.7(33.6, 42.3) 38 (33, 42) 1.00

MCV(fl) 86(81.1, 86) 82(80, 84) 0.96

MCH (pg) 28.2(25.9, 30.1) 27.2(24.9, 29.3) 1.00

MCHC (%) 32.7(31.8, 33.6) 32(31.1, 32.2) 0.926

RDW (%) 45.8(40, 48) 23.5(12.8, 44.2) < 0.01*

WBC (*109 / L) 7.5(5.8, 11.8) 4.8(3.8, 5.7) < 0.01*

Neu (*109 / L) 4.5(2.8, 8) 2.4(2.1, 3.1) < 0.01*

Lym (*109 / L) 1.9(1.6, 2.5) 1.7(1.6, 1.8) < 0.01*

PLT (*109 / L) 330(252, 383) 298(170, 365) < 0.01*

MPV (fl) 7.6(7.1, 8.1) 8.6(6.9, 9.1) < 0.01*

Table 2.  Comparison of hematological parameters in cervical cancer patients before and after treatment at 
the University of Gondar Comprehensive Specialized Hospital, 2022. Abbreviations: HCT: hematocrit, Hb: 
hemoglobin, Lym: lymphocyte, MCH: mean corpuscular hemoglobin, MCHC: mean corpuscular hemoglobin 
concentration, MCV: mean corpuscular volume, MPV: mean platelet volume, Neu: neutrophil, PLT: platelet, 
RBC: red blood cell, RDW: red cell distribution width, *: statistically significant, and WBC: white blood cell.

 

abnormalities observed following chemoradiotherapy, with a frequency of 6 (54.5%) and 42.6%, respectively. 
Furthermore, the magnitude of thrombocytopenia after surgery and chemoradiotherapy were 19 (48.7%) and 
11 (28.2%), respectively (Fig. 3).

Associations between hematological abnormalities and the sociodemographic and clinical characteristics of 
cervical cancer patients before treatment
Multivariable logistic regression revealed that patients admitted to the treatment center during the late stage of 
cervical cancer were at a greater risk of developing anemia (adjusted odds ratio (AOR) = 7.6, 95% CI (3.7, 15.5), 
leucocytosis (AOR = 6.9, 95% CI (3.6, 13.6)), and thrombocytosis (AOR = 9, 95% CI4,20) than admitted during 
the early stage. In addition, cervical cancer patients with HIV coinfection were about two times (AOR = 2.3, 
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95% CI (1.1, 6.2)) more likely develop anemia than were non-HIV-coinfected patients. Moreover, being a rural 
resident increased the risk of developing anemia (AOR = 2.5, 95% CI (1.14, 5.5)) compared with urban resident 
before treatment (Table 4).

Discussion
Globally, cervical cancer is one of the most common causes of death for women33. Cervical cancer patients 
suffer not only from disease but also from adverse effects from treatment. Hematological abnormalities are 
complications resulting from both disease and adverse effects of treatment and can lead to life-threatening 
conditions. As a result, assessing the magnitude of hematological abnormalities is essential for improving patient 

Fig. 1.  Severity of anemia before and after cervical cancer treatment at the University of Gondar 
Comprehensive Specialized Hospital, Northwest Ethiopia, 2022.

 

Hematological parameters Categories

Before treatment After treatment

N(%) 95%CI N(%) 95%CI

RBC (*1012 / L)
Low 45(20.5) 28.3, 41.1 87(39.7) 49.3, 62.6

Normal 174(79.5) 58.9, 71.7 132(60.3) 36.5, 50.7

Hb (g/dl)
Low 54(24.6) 18.7, 30.6 97(44.3) 37.9, 50.7

Normal 165(75.4) 69.4, 81.3 122(55.7) 49.3, 62.1

MCV(fl.)

Low 54(24.7) 14.6, 24.2 50(22.8) 14.4, 24.3

Normal 154(70.3) 75.8, 85.4 161(73.5) 75, 85

High 11(5) 4.1, 6.1 8(3.7) 2.8, 4.2

RDW (%)
Normal 16(7.3) 3.8, 10.8 84(38.4) 26, 40.2

High 203(92.7) 89.2, 96.2 135(61.6) 57.1, 62.5

WBC
(*109 / L)

Low 0(0) - 40(18.3) 13.2, 23.7

Normal 158(72.1) 65.3, 78.1 179(81.7) 76.3, 86.8

High 61(27.9) 21.9, 34.7 0(0) -

Neu count (*109 / L)

Low 0(0) - 11(5) 2.3, 8.2

Normal 142(64.8) 58.7, 71.7 208(95) 91.8, 97.7

High 77(35.2) 28.3, 41.6 0(0) -

Lym count (*109 / L)

Low 3(1.4) 0.0, 3.2 35(16) 11.4, 21

Normal 214(97.7) 95.4, 99.5 183(83.6) 78.5, 88.6

High 2(0.9) 0.0, 2.3 1(0.5) 0.0, 1.4

Mix count
(*109 / L)

Low 8(3.7) 1.4, 6.4 57(26) 20.1, 32.4

Normal 187(85.4) 80.4, 90 162(74) 67.6, 79.9

High 24(11) 6.8, 15.1 0(0) -

PLT (*109 / L)

Low 0(0) - 39(17.8) 12.8, 23.3

Normal 178(81.3) 76.3, 85.8 180(82.2) 76.7, 87.2

High 41(18.7) 14.2, 23.7 0(0) -

Table 3.  Hematological abnormalities of cervical cancer patients before and after treatment at the University 
of Gondar, Comprehensive Specialized Hospital, 2022. Abbreviations: CI: confidence interval, Fl: femtolitre, 
hematocrit, Hgb: hemoglobin, g/dl: gram per deciliter, Lym: lymphocyte, MCV: mean corpuscular volume, 
MPV: mean platelet volume, Neu: neutrophil, N: frequency, Pg: pictogram, %: percentage, PLT: platelet, RBC: 
red blood cell, RDW: red cell distribution width, and WBC: white blood cell.
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outcomes. The current study also aimed to assess the magnitude of hematological abnormalities before and after 
treatment among cervical cancer patients34.

The present study revealed that the Hb concentration of cervical cancer patients was significantly lower after 
treatment than before treatment. These findings are comparable to those of studies conducted in Korea28,35, 
Poland36, Canada37, Belgium28, and Germany38,39. The possible reason for the decrease in Hb after treatment 
could be related to the low RBC count due to the side effects of treatment. In addition, iron loss due to bleeding 
during surgery may cause a decrease in hemoglobin after treatment40,41. However, a study conducted in Turkey 
reported that there was no significant difference in Hb level after treatment23. The variability of the findings may 
be due to differences in sample size and the inclusion of more frequently blood transfused patients in the Turkish 
study. On the other hand, the finding of this study showed that RDW was significantly greater after treatment 
than before treatment. This finding is supported by studies conducted in Canada37 and Belgium28. It could be 
a side effect of cancer therapy, as cell hemolysis due to side effects of therapy results in a low RBC count and 
increased RDW after treatment42.

With regard to WBC, the current study showed that the total WBC count, Nue count, and Lym count 
significantly decreased after treatment. These findings concur with studies conducted in Korea35,43, Belgium28, 
Turkey23, and Germany39. Similarly, in the present study, the PLT and PMV were significantly lower after 
treatment. Previous studies conducted in India44, China45, Korea35, and Germany39 reported similar finding. 
The possible reasons for the low WBC and PLT could be the adverse effects of the treatments. Bleeding during 
cryotherapy, surgery, and tissue damage caused by drugs may lower the total blood count after treatment. The 
findings of the MPV study conducted in China support this finding45. The presence of large PLTs due to the 
inflammatory response of irritated tissue to treatment may lead to a decrease in the MPV after treatment45.

The baseline magnitude of anemia detected in this study was 24.6% (95% CI: 18.7, 30.6). This finding is in 
agreement with studies conducted in Kenya20, Belgium28, and Canada22,37. This could be attributed to impaired 
hematopoiesis, tumor-associated loss of blood by bleeding, tumor-associated malnutrition, and impaired iron 
and folate metabolism due to tumor competition for nutrients13,15. However, the figure is lower than those of 
studies carried out in Ethiopia (51%)13, Korea (36.5%)11, Poland (33%)36, and Canada (40%)46. The discrepancy 
between the findings could be attributed to differences in study time, sample size, health care delivery policy, 
and clinical characteristics.

Fig. 2.  Magnitude of cytopenia after treatment for cervical cancer at the University of Gondar, Comprehensive 
Specialized Hospital, 2022.

 

Fig. 3.  Distribution of hematological abnormalities based on treatment subgroup of cervical cancer patients at 
the University of Gondar, Comprehensive Specialized Hospital, 2022.
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The magnitude of anemia increased to 44.3% (95% CI: 37.9, 50.7) after treatment. this finding is also in lined 
with studies conducted in Korea (36.4%)11, Poland (43%)36, and Belgium (38%)28. The possible reason for the 
increase in the magnitude of anemia after treatment is the impaired production of red blood cells (RBCs) due 
to the toxicity of the hematopoietic organs. In contrast, studies conducted in China (50% and 79.7%)3,47 and 
Thailand (57.3%)48 reported a much greater magnitude of anemia after treatment. A possible explanation for the 
discrepancy could be related to the variability in sample size, treatment modalities, and stages of cancer; hence, 
those studies included a very small sample size and exclusively included late-stage patients who were treated 
with chemo-radiotherapy.

On the other hand, magnitude of anemia in patients who took chemoradiotherapy and surgery were 59 
(60.8%) and 21 (21.6%), respectively. The studies conducted in Australia49 and Mexico46 supports the finding. 
The possible reason for high magnitude of anemia after chemoradiotherapy and surgery might be suppression 
of RBC production by toxic effect of chemo-radiotherapy and loss of blood cell during surgery, respectively50. 
The production of RBC suppressed following chemotherapy by various mechanisms. One of the mechanisms 
is suppression of bone marrow by damaging the DNA of erythroid precursor cells due to chemoradiotherapy. 
Furthermore, the production of RBC suppressed following chemotherapy as a result of apoptosis of RBC cells, 
induction of interleukin 6 and tumor necrosis factor alpha secretion which reduce the activity of erythropoietin, 
induction of iron sequestration, induction of oxidative stress and hemolysis of RBCs, nutritional deficiencies 
and kidney disease51–53.

The magnitude anemia in patients who took 20 Gy in 10-Gy fractions and 40–50 Gy in 2-Gy fractions + 20–
26 Gy in 2-Gy fraction RT regimen were high. This could be related to high dose of RT, since it well known high 
RT dose leads to more tissue damage46.

In this study, the magnitude of leucocytosis was 27.9% (95% CI: 21.9, 34.7), with a predominance of neutrophilia 
35.2% (95% CI: 28.3, 41.6) at baseline. These findings are in agreement with studies conducted in Canada22 and 
France16. As pervious evidence shows, the occurrence of leucocytosis is expected because of the upregulation 
of leucocyte growth factors, such as interleukins, colony-stimulating factors of granulocytes-macrophages, and 

Logistic regression for anemia

Variables  Category
Anemia

COR(95%CI) P value AOR(95%CI) P- value
Yes No

Stages Early 15 122 1* 1* 1* 1*

Late 39 43 7.4(3.7, 14.7) <0.01 7.6(3.7, 15.5) <0.01

Residence Rural 19 30 2.44(1.2, 4.8) 0.011 2.5(1.14, 5.5) 0.022

Urban 35 135 1* 1* 1* 1*

Metastasis Yes 12 43 1.24(0.6, 2.6) 0.58 1.13(0.5, 2.6) 0.78

No 42 122 1* 1* 1* 1*

HIV-CI Yes 11 14 2.8(1.2, 6.5) 0.021 2.3(1.1, 6.2) 0.012

No 43 151 1* 1* 1* 1*

Logistic regression for leucocytosis

Variables  Category
Leucocytosis

COR(95%CI) P value AOR(95%CI) P value
Yes No

Stages Early 19 118 1* 1* 1* 1*

Late 42 40 6.5(3.4, 12.5) <0.01 6.9(3.6, 13.6) <0.01

Residence Rural 13 36 1.1(0.5, 2.2) 0.82 1.3(0.5, 2.5) 0.22

Urban 122 48 1* 1* 1* 1*

Metastasis Yes 22 33 2.1(1.1, 4) 0.22 2.4(1.2, 5) 0.16

No 39 125 1* 1* 1* 1*

Logistic regression for thrombocytosis

Variables  Category
Thrombocytosis

COR(95%CI) P value AOR(95%CI) P value
Yes No

Stages of cancer Early 9 128 1* 1* 1* 1*

Late 32 50 9.1(4, 20) <0.01 9(4, 20) <0.01

Residence Rural 29 141 1.6(0.7, 3.4) 0.24 1.6(0.7, 3.7) 0.23

Urban 12 37 1* 1* 1* 1*

Metastasis Yes 11 30 1.1(0.5, 2.4) 0.8 1.15(0.5, 2.7) 0.74

No 30 134 1* 1* 1* 1*

Table 4.  Logistic regression of hematological abnormalities with sociodemographic and clinical characteristics 
of cervical cancer patients before treatment at the University of Gondar, Comprehensive Specialized Hospital, 
2022. Abbreviations: AOR: adjusted odds ratio, COR: crude odds ratio, CI: confidence interval, 1*: reference 
group.
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tumor necrosis factor-alpha, due to tumors17. On the other hand, this study revealed 18.3% (95% CI: 13.2, 23.7) 
leucopenia after treatment. Out of leucopenia patient’s, majority were who took chemoradiotherapy 23 (57.5%) 
as a treatment. This figure is in consistent with studies recently conducted in Kenya20 and Canada22. A possible 
explanation for the occurrence of leucopenia after treatment is related to the side effects of treatment, specifically 
chemoradiotherapy. However, this number is much lower than that reported in studies conducted in China3 and 
Thailand48. A possible explanation for this variability might be differences in sample size, treatment modalities, 
operational definitions of leucocytosis, and cancer stages.

In the present study, 18.7% (95% CI: 14.2, 23.7) of patients had thrombocytosis at baseline, but this 
figure changed to 17.8% (95% CI: 12.8, 23.3) after treatment with high magnitude in patients who took 
surgery 19 (48.7%) and chemoradiotherapy 11 (28.2%). These findings are supported by studies conducted 
in Korea43, China3, and Canada22. This may be because of the induction of various tumor-secreted growth 
factors and proinflammatory cytokines, which promote an increase in blood thrombopoietin levels, causing 
thrombocytosis54. The occurrence of thrombocytopenia after chemoradiotherapy treatment is explained by a 
decrease in the production of blood cells due to the negative effect of treatment on stem cells in the bone marrow, 
whereas occurrence of thrombocytopenia following surgery might explained high platelet loss and consumption 
during surgery50,55.

The findings of this study showed that as the cervical cancer stage advanced, the odds of developing anemia, 
leucocytosis, and thrombocytosis increased by 7.6 times, 6.9 times, and 9 times, respectively. These findings 
are in consistent with those of studies conducted in Canada22,37, Romania56, Turkey57, Belgium28, China21, 
Korea11,35, India9, Kenya20 and Ethiopia13. The increased likelihood of anemia in the late stage may be due to 
heavy bleeding, multiple medications, or the presence of high malignant cell competition for nutrients in the late 
stage of cancer compared with the early stage. On the other hand, the production of additional growth factors 
and cytokines in the advanced stage might increase the risk of leucocytosis and thrombocytosis. Similarly, 
cancer-HIV coinfection and being a rural resident increase the risk of developing anemia approximately twofold. 
These findings are supported by previous studies conducted in Nigeria and Ethiopia20,58 in the case of cervical 
cancer-HIV coinfection; however, in the case of rural residents, we did not find published supporting findings. 
The association between cancer and HIV coinfection could be due to the suppression of blood cell production 
caused by the side effects of HIV drugs. On the other hand, the differences in socioeconomic status, dietary 
characteristics, and admission stage between rural and urban residents might cause variability.

Limitations of the study
The retrospective nature of the study might cause errors; there might be errors in recording since the data were 
not collected for the specific aim of the study. In addition, the loss of follow-up and the transfer of patients to 
another center led to a reduced sample size. This may have affected the representativeness of our study. Another 
limitation of this study was being single center study, this may also minimize representativeness of findings.

Conclusion
In conclusion, after treatment hematological parameters such as Hgb concentration, WBC count, Nue, Lym, PLT, 
and MPV were significant decreased after treatment. In addition, the magnitude of anemia is relatively greater 
after treatment than before treatment. Moreover, this study revealed moderate leucocytosis and thrombocytosis, 
but these conditions were replaced by leucopenia and thrombocytopenia after treatment. Furthermore, the 
study revealed that patients with advanced-stage cancer were at high risk for developing anemia, leucocytosis, 
and thrombocytosis. The magnitude of anemia, leucopenia and thrombocytopenia were high following chemo-
radiotherapy and surgery. Therefore, strict follow-up and early detection of hematological abnormalities 
before and after treatment giving more emphasis to patients who took chemo-radiotherapy and surgery are 
necessary for better patient management and improved quality of life. Additionally, physicians should consider 
hematological complications during cervical cancer treatment. It is also important to conduct more conclusive, 
prospective and multicenter studies that can confirm the findings of this study.

Data availability
All the data supporting these findings are contained within the manuscript.
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