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Purpose: This study aims to compare hematological and biochemical profile changes in pre- 
and post-chemotherapy among cancer patients admitted at the Oncology Unit of Ayder 
Comprehensive Specialized Hospital (ACSH), Mekelle, Northern Ethiopia.
Patients and Methods: A retrospective cohort study was conducted in 376 cancer patients 
admitted in the Oncology Unit at ACSH. Demographic data, hematological and biochemical 
profiles were collected from smart care and patient cards. The data were analyzed using 
SPSS version 20 statistical package. Descriptive statistics and paired sample students T-test 
statistical methods were used.
Results: From 376 study subjects, 228 (60.6%) were females. All the hematological profiles, 
except lymphocyte (LYM) (P > 0.05), showed significant decrement in post-chemotherapy 
compared to pre-chemotherapy; white blood cell (WBC) (P < 0.01), red blood cell (RBC) 
(P < 0.01), hemoglobin (Hb) (P<0.001), hematocrit (HCT) (P < 0.05), platelet (PLT) (P < 
0.001) and neutrophil (NUT) (P < 0.05). The biochemical profiles showed that blood urea 
nitrogen and creatinine levels were non-significantly decreased, urea (P > 0.05) and creati
nine (CR) (P > 0.05), in post-chemotherapy compared to pre-chemotherapy whereas alanine 
aminotransferase (ALT) and aspartate aminotransferase (AST) levels were non significantly 
increased, ALT (P > 0.05) and AST (P> 0. 05), in post-chemotherapy compared to pre- 
chemotherapy.
Conclusion: Hematological profiles, except lymphocytes, were found significantly 
decreased whereas biochemical profiles, urea, and creatinine were decreased non- 
significantly, while AST and ALT showed non-significant increments in post-chemotherapy 
compared to pre-chemotherapy.
Keywords: cancer, chemotherapy, hematological profiles, biochemical profiles, Ethiopia

Introduction
Cancer is a disease involving abnormal cell growth with the potential to invade and 
spread to other parts of the body with many possible causes such as genetic, 
environmental, or constitutional characteristics of the individual.1
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Cancer is the 21st century most dangerous and severe 
disease in the world and it is the second leading cause of 
death globally.2 The cancer treatment that a patient 
receives is determined by the stage of cancer at diagnosis, 
the type, and location of cancer, the standard medical 
practices and treatment guidelines in the patient’s country. 
Several options are available for cancer treatment such as 
surgery, chemotherapy, and radiation therapy.4 However, 
these treatments are not usually curative and put the 
patients at the risk of several side effects. Consequently, 
several side effects occur with any cancer drug treatment 
like anemia, infection, bleeding problem, nausea, and 
vomiting, allergic reactions, pain or tenderness, constipa
tion or diarrhea, hair loss, sore mouth, increased energy, 
and difficulty of sleeping. If this situation is not monitored 
properly, this may lead to treatment failure.6

Chemotherapies have various effects on hematological 
and biochemical profiles. Chemotherapies act as alkalizing 
agents and lead to progressive depletion of hematopoietic 
stem cells in the bone marrow.7 Chemotherapy causes cell 
death or prevents cell growth, generally through inhibiting 
microtubule function, protein function, and deoxyribonu
cleic acid (DNA) synthesis.5 Chemotherapeutic agents bind 
covalently with bone marrow cells’ DNA to form intra- and 
inter-strand cross-links of DNA that cause DNA damage 
during replication. This situation results in a decrease of 
hemoglobin, platelets, and leukocytes levels.9

Immune alteration and anemia have been reported in 
cancer patients, who receive chemotherapy. It has been 
reported that frequent intensive chemotherapy suppresses 
immune cell that causes opportunistic infections.4 Side- 
effects from chemotherapy are evident on bone-marrow 
which is a major site for major pluripotent hematopoietic 
stem cells.8

Furthermore, in the complex world of cancer therapy, 
the administration of medications intentionally designed to 
be cytotoxic inevitably causes negative consequences on 
biochemical profiles. The liver is the primary site of meta
bolism for many of these drugs, and these liver-drug 
interactions must be accounted for while dosing 
chemotherapy.11 The administration of chemotherapy is 
a challenge for the tight regulation and balance of liver 
function. Most chemotherapy drugs are readily taken up 
by the liver and up to 85% of patients develop liver 
steatosis.12 Repeated chemotherapy induces irreversible 
hepatocellular damage through the recruitment of inflam
matory cells and leads to alteration of biochemical profiles 
like; ALT, AST, alkaline phosphatase (ALP), and lactate 

dehydrogenase (LDH).13 Similarly, it has been shown that 
chemotherapy can induce apoptosis and necrosis of kidney 
cells. This damage is clinically manifested as an increase 
in urea and creatinine levels.14

Despite several studies showed that enormous pro
blems related to chemotherapy especially on hematologi
cal and biochemical profile; there are limited reports 
regarding hematological and biochemical profile changes 
in pre- and post-chemotherapy of cancer patients in the 
study area.

Patients and Methods
Study Area
The study was conducted at Ayder Comprehensive 
Specialized Hospital, Mekelle, Tigray region, Northern 
part of Ethiopia. It is located around 780 kilometers from 
Addis Ababa, the capital city of Ethiopia. The oncology 
units in Ayder Comprehensive Specialized Hospital have 
two sub-units, adult and infant oncology.

Study Design and Period
A retrospective cohort study was conducted from 
March 2019 to July 2019 to compare hematological and 
biochemical profile changes in pre- and post- 
chemotherapy treatments of cancer patients admitted at 
the Oncology unit of ACSH.

Source Population
All cancer patients attended at the Oncology unit of Ayder 
Comprehensive Specialized Hospital; Mekelle, Northern 
Ethiopia.

Study Population
Cancer patients started chemotherapy at the Oncology 
Unit of ACSH from January 2014 to December 2018.

Inclusion Criteria
All cancer patients with complete demographic records 
such as age, sex, diagnosis, stage, treatment and medical 
records such as type and stage of cancer, hematological 
and biochemical profiles in pre- and post-chemotherapy 
treatments.

Exclusion Criteria
● Cancer patients who had incomplete medical records.
● A cancer patient who stopped their follow-up before 

completing the treatment for a cycle- IV.
● Patients who had other diseases and conditions that 

affect hematological and biochemical profiles.
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Sampling Method and Sample Size 
Determination
A non-probability convenient sampling technique was 
implemented. Required data were collected from 376 can
cer patients admitted in the Oncology unit of ACSH 
between January 2014 and December 2018.

Measurements
Data Collection Tools/Techniques
The case files of the cancer patients were reviewed by 
using the data collection form. Data were extracted 
from the case files including demographic, clinical 
characteristics, hematologic, and biochemical profiles. 
To get the data we used the following steps: Firstly, we 
reviewed the registration book of the patients and took 
their medical record number (MRN). Secondly, we 
filtered the patient’s MRN on excel and removed repe
tition. Finally, after getting access to smart care, the 
patients’ data were collected from both smart care and 
cards.

Data Processing and Analysis
Data were cleaned, entered, and analyzed using SPSS 
version 20 statistical package. Descriptive statistics were 
used to analyze and present the demographic and clin
ical characteristics of the cancer patient’s data. The 
hematological and biochemical profile changes in pre- 
and post-chemotherapy were compared by using the 
paired t-test.

Study Variables
Dependent Variable

● White blood cells, red blood cells, hemoglobin, 
hematocrit, platelet, neutrophil, lymphocyte, urea, 
creatinine, alanine aminotransferase, and aspartate 
aminotransferase.

Independent Variable
● Chemotherapy.

Data Management and Quality Control
● The data collection form was prepared and all vari

ables were carefully filled daily on it.
● To improve the data collection form (if any) and to 

check the availability of enough sample size, an 
inspection was carried out on 50 cancer patients.

● Two data collectors were engaged; one from the smart 
care administration and one from the card room. Both 

of them were trained about how to count the cycle-IV 
and how to fill the format by checking MRN with smart 
care and the patient’s card.

Operational Terms
● Hematological profiles of pre-chemotherapy: labora

tory results of hematological profiles at the time of 
cancer diagnosis.

● Hematological profiles of post-chemotherapy: labora
tory result of hematological profiles after finishing 
the Phase four of chemotherapy treatments.

Results
Demographic Characteristics of the 
Patients
The general study subjects’ characteristics are summarized 
in Table 1. Among the total number of cancer patients 
treated with chemotherapy from January 2014 to 
December 2018 in the oncology unit, 376 subjects were 
included in this study. There were 148 (39.4%) males and 
228 (60.6%) females (Table 1). The average age of respon
dents is 41.34 (Figure 1).

Clinical Characteristics of the Patient
Common types of cancer in this study were breast 
cancer, lymphoma and sarcoma which account 37.5%, 
24.73% and 10.37%, respectively (Table 2). In the first 
diagnosis, 8.25% study subjects were stage II, 61.44% 
were stage III, and 30.32% were stage IV, but there was 
no stage I at all (Table 3).

Commonly encountered anti-cancer drugs in 
Northern Ethiopia include: - Methotrexate, Cisplatin, 
Doxorubicin, Paclitaxel, Gemcitabine, Levoleucovorin, 
Vincristine, 5-FU/5- fluorouracil/, Oxaliplatin and 
Cyclophosphamide. It is given to cancer patients with 
a combination of two or more drugs once a time. If the 
patient took two drugs in the first phase, in the second 
phase the drug regimen combination was changed, and 
the same as phase three and forth. Through the course of 
chemotherapy, the patient took more than four che
motherapy drugs in the last phase four. It is not specific 
to the types of cancer. Because of this, it’s difficult to 
know the effect of each chemotropic regimen on hema
tological and biochemical parameters (Table 4).
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Comparison of Hematological Profiles in 
Pre- and Post-Chemotherapy of Study 
Subjects
As shown in Table 5, the hematological profile parameters 
were white blood cells, red blood cells, hemoglobin, hemato
crit, platelets, neutrophils, and lymphocytes. The mean of all 
hematological profiles was lower in post-chemotherapy than 
pre-chemotherapy. The mean differences of hematological 
profiles between pre-chemotherapy and post-chemotherapy 
were noted to be WBC (2.44×103 cell/ml3), RBC (0.6×106 

cell/ml3), Hb (0.63 g/dl), HCT (2.12%), PLT (22.2×105 cell/ 
mm3), NUT (2.19%) and LYM (2.88%). Except lymphocytes 
(P > 0.05), all hematological profiles showed statistically 
significant decrements in post-chemotherapy compared to pre- 
chemotherapy, WBC (P < 0.01), RBC (P < 0.01), Hb 
(P <0.001), HCT (P < 0.05), PLT (P < 0.001), and NUT 
(P < 0.05) (Table 5).

Comparison of Biochemical Profiles in 
Pre- and Post-Chemotherapy of Cancer 
Patients
As can be seen in Table 6, the biochemical parameters 
were urea, creatinine, alanine transaminase, and aspartate 
transaminase. The mean differences of biochemical pro
files between pre- and post- chemotherapies were noted to 
be, urea (0.59 mg/dl), CRT (0.04 mg/dl), ALT (−7.04 U/ 
L), and AST (−3.23 U/L). Non-significant alterations were 
observed in all biochemical profiles. Urea and creatinine 
showed a non-significant decrement in post-chemotherapy 
compared to pre-chemotherapy, whereas alanine transami
nase and aspartate transaminase showed a non-significant 
increment in post-chemotherapy compared to pre- 
chemotherapy (P > 0.05) (Table 6).

Discussion
Chemotherapy is a cytotoxic drug that mainly works on 
the active cell. Active cells are cells that are growing and 
replicating into the same type of cell. Cancer cells are 
active, but so are some healthy cells, including cells in 
the blood, and other organs. Side effects happen when 
chemotherapy damages these healthy cells.3

Cancer patients who receive chemotherapy commonly 
suffer from hematological and biochemical profile altera
tion, as a result, it leads to the potentially life-threatening 
condition due to severe anemia and infections.16 The study 
has reported that different biochemical and hematological 

profiles may get alteration due to toxicities induced by 
chemotherapy.15

The current study showed that statistically significant 
decrement of WBC count in post-chemotherapy compared 
to pre-chemotherapy (P < 0.01). The WBCs count decre
ment in post-treatment might be due to the suppressed 
hematopoietic stem-cells by chemotherapy which are 
important for WBC proliferation. This result is consistent 
with a recent study reported that the WBC count signifi
cantly decreased post-chemotherapy compared to pre- 
chemotherapy (P < 0.001) due to the side effect of che
motherapy on WBC production.10 In contrast with our 
findings, a previous study reported that a non-significant 
decrement of WBC in post-chemotherapy compared to 
pre-chemotherapy (P > 0.05).8 Consequently, cancer 
patients develop an infection after taking chemotherapy, 
because of the reduction of white blood cells that are 
important for fighting against infection.17

Similarly, RBC count revealed significant decrement in 
post-chemotherapy compared to pre-chemotherapy (P < 
0.01). The reduction of RBC count in post-chemotherapy 
might be due to ineffective erythropoiesis. In line with this 
finding, a previous study also stated that RBC count 
decreased significantly in post-chemotherapy compared to 
pre-chemotherapy (P < 0.001) because of decreased new 
RBC production.11 After taking chemotherapy, the reduc
tion of RBCs was also reported in cancer patients.12

Moreover, hemoglobin and hematocrit levels showed 
a statistically significant decrement in post-chemotherapy 
compared to pre-chemotherapy (P < 0.001 and P<0.05) 

Table 1 Age versus Sex of Respondents, Ayder Comprehensive 
Specialized Hospital, Oncology Unit, Northern Ethiopia, 2019

Sex of Respondents Total 
N (%)

Male 
N (%)

Female 
N (%)

Age 

category

0–15 15 (4.0%) 9 (2.4%) 24 (6.4%)

16–19 11 (2.9%) 1 (0.3%) 12 (3.2%)

20–29 26 (6.9%) 31 (8.2%) 57 (15.2%)
30–39 23 (6.1%) 53 (14.1%) 76 (20.2%)

40–49 10 (2.7%) 67 (17.8%) 77 (20.5%)

50–59 26 (6.9%) 34 (9.0%) 60 (16.0%)
60–69 23 (6.1%) 25 (6.6%) 48 (12.8%)

69+ 14 (3.7%) 8 (2.1%) 22 (5.9%)

Total N (%) 148 (39.4%) 228 (60.6%) 376(100%)

Note: Age category based on WHO classification, n = 376. 
Abbreviation: N, Number.
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respectively. Chemotherapy induces nephrotoxicity that 
led to anemia through decreased renal production of ery
thropoietin. Erythropoietin is a cytokine produced in the 
kidneys that stimulate erythropoiesis in patients. Impaired 
erythropoiesis will decrease the production of hemoglobin 
levels and hematocrit levels.13 In our case, the remarkable 
decrement of hemoglobin and hematocrit levels might be 
possible because chemotherapy can lead to the reduction 
of the production of new RBCs, or/and the increased 
elimination of RBCs or/and suppression of functional 
RBCs. These findings are in accord with the results from 
a previous study which reported that hemoglobin and 
hematocrit levels decrease significantly in post- 

chemotherapy compared to pre-chemotherapy (p < 0.001) 
because of impaired hematopoiesis in the bone marrow.12 

As noted by another similar study, the lower levels of Hb 
and HCT are the manifestations of anemia, where its 
incidence increases with chemotherapy.11 Moreover, 
a finding suggested that more than 82% of cancer patients 
developed anemia in post-chemotherapy.17

In this study, platelet count showed a significant decre
ment in post-chemotherapy compared to pre- 
chemotherapy treatment (P < 0.001). The decrement of 
platelet count in post-treatment might be due to destroyed 
megakaryocytic progenitors at the early stages of differ
entiation by chemotherapy. Inconsistent to our study, it is 
stated that thrombocytopenia is a common problem in 

Figure 1 Age of respondents, Ayder Comprehensive Specialized Hospital, Oncology Unit, Northern Ethiopia, 2019.

Table 2 Type of Cancer versus Sex of Respondents, Ayder 
Comprehensive Specialized Hospital, Oncology Unit, Northern 
Ethiopia, 2019

Sex of Respondents Total 
(Number 
and %)

Male 
(Number 
and %)

Female 
(Number 
and %)

Types 

of 

cancer

Breast cancer 5 (1.3%) 136 (36.2%) 141 (37.5%)

Lymphoma 47 (12.5%) 46 (12.2%) 93 (24.7%)

Sarcoma 31(8.2%) 8 (2.1%) 39 (10.4%)

Colo-rectal cancer 26 (6.9%) 15 (4.0%) 41 (10.9%)

Others 39 (10.4%) 23 (6.1%) 62 (16.5%)

Total (number and %) 148 (39.4%) 228 (60.6%) 376 (100.0%)

Table 3 Stage of Cancer versus Sex of Respondents, Ayder 
Comprehensive Specialized Hospital, Oncology Unit, Northern 
Ethiopia, 2019

Sex of Respondents Total 
(Number 
and %)

Male 
(Number 
and %)

Female 
(Number and 
%)

Stage of 

cancer

Stage II 15 (4.0%) 16 (4.3%) 31 (8.2%)

Stage III 88 (23.4%) 143 (38.0%) 231 (61.4%)

Stage IV 45 (12.0%) 69 (18.4%) 114 (30.3%)

Total (number and %) 148 (39.4%) 228 (60.6%) 376 (100.0%)
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cancer patients who received chemotherapy treatment. 40 

That is, chemotherapy causes deterioration of the bone 
marrow’s function to regenerate; as a result, new platelets 
are not produced any longer. Chemotherapy treatment 
cause impaired hepatic functioning and inhibits the 

production of clotting factors in the liver that contributes 
to easy bleeding.14 Moreover, our finding is in agreement 
with a study carried out on buccal mucosa carcinoma in 
India reported that platelet count was significantly 
decreased in post-chemotherapy compared to pre- 
chemotherapy (P < 0.001).18

Our study also showed that neutrophil levels were sig
nificantly declined after chemotherapy (P< 0.05). This 
result might be possibly due to the fact that the myelosup
pressive effect of chemotherapy. Drug-induced neutropenia 

Table 4 Types of Cancer versus Chemotherapy Regimen, Ayder 
Comprehensive Specialized Hospital, Oncology Unit, Northern 
Ethiopia, 2019

Types of 
Cancer

Types of Chemotherapy Regimen

Breast cancer Doxorubicin, Cyclophosphamide, 5-FU

Lymphoma Vincristine, Doxorubicin, Cyclophosphamide, 

Allopurinol, Vincristine, Gemcitabine, 5-FU

Sarcoma Vincristine, Doxorubicin, Cyclophosphamide, 
Paclitaxel, Cisplatin, Methotrexate

Colo-rectal 
cancer

Oxaliplatin, Levoleucovorin, 5-FU

Others Methotrexate, Cisplatin, Doxorubicin, Paclitaxel, 
Gemcitabine, Levoleucovorin, Vincristine, 5-FU/5- 

fluorouracil/, Oxaliplatin, Cyclophosphamide

Table 5 Comparison of Hematological Profiles in Pre- and Post- 
Chemotherapy, Ayder Comprehensive Specialized Hospital, 
Oncology Unit, Northern Ethiopia, 2019

Hematological 
Profiles’ Parameters

Mean ± 
SEM

Mean 
Difference 
±SEM

t-value

White blood 

cell

Pre- 

treatment

10.84 

±1.58

2.436±0.933β 2.610

Post- 
treatment

8.41 
±0.89

Red blood 
cell

Pre- 
treatment

4.88 
±0.23

0.605±0.224β 2.704

Post- 
treatment

4.28 
±0.04

Hemoglobin Pre- 
treatment

12.93 
±0.12

0.624±0.106α 5.874

Post- 

treatment

12.31 

±0.12

Hematocrit Pre- 

treatment

38.00 

±0.89

2.163±0.864γ 2.504

Post- 

treatment

35.84 

±0.34

Platelet Pre- 

treatment

318.42 

±7.24

22.195±6.922α 3.206

Post- 
treatment

296.23 
±5.81

Neutrophils Pre- 
treatment

53.15 
±0.95

2.195±1.089γ 2.015

Post- 

treatment

50.96 

±0.96

Lymphocytes Pre- 

treatment

36.98 

±1.91

2.880±1.954δ 1.474

Post- 

treatment

34.10 

±0.87

Notes: Degree of freedom = 375. Data are expressed as mean ± SEM, Mean 
difference ±SEM. α = P < 0.001, β = P < 0.01, γ = P < 0.05 and δ= P > 0.05 with 95% 
confidence interval. 
Abbreviation: SEM, standard error of the mean.

Table 6 Comparison of Biochemical Profiles in Pre- and Post- 
Chemotherapies, Ayder Comprehensive Specialized Hospital, 
Oncology Unit, Northern Ethiopia, 2019

Biochemical Profiles’ 
Parameters

Mean 
± SEM

Mean 
Difference ± 
SEM

t-value

Urea Pre- 
treatment

22.99 
±0.58

0.586±0.699δ 0.838

Post- 

treatment

22.4 

±0.61

Creatinine Pre- 

treatment

0.8 

±0.04

0.036±0.051δ 0.711

Post- 

treatment

0.76 

±0.03

Alanine 

transaminase

Pre- 

treatment

27±1.4 −7.045±5.581δ −1.262

Post- 
treatment

34±5.58

Aspartate 
transaminase

Pre- 
treatment

30.67 
±1.63

−3.231±4.298δ −0.752

Post- 

treatment

33.9 

±4.65

Notes: Degree of freedom = 375. Data are expressed as mean ± SEM, mean 
difference ± SEM. δ=P>0.05 with 95% confidence interval. 
Abbreviation: SEM, standard error of the mean.
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is a potentially serious and life-threatening adverse event 
that may occur secondary to chemotherapy. Cytotoxic che
motherapy can cause a predictable and dose-related 
decrease in neutrophil count. Neutropenia secondary to 
chemotherapy medications tends to be a particular reaction 
either as an immune-mediated reaction or because of direct 
myeloid cell line damage.15 Additionally, in agreement with 
our result, a previous study reported that the neutrophil level 
significantly declined in post-chemotherapy compared to 
pre-chemotherapy (P < 0.001).9 It was also reported that 
neutropenia can happen after the use of chemotherapeutic 
drugs.16

The current study showed a non-significant decrement 
of lymphocyte levels in post-chemotherapy compared to 
pre-chemotherapy (P > 0.05). It is revealed that che
motherapy reduces circulating lymphocyte levels, where 
T and B cells significantly decreased after completion of 
chemotherapy. Results of the current study are in contrast 
with previous studies, which might be due to the full 
extent of lymphocyte depletion that may not have been 
visible until a substantial portion of the chemotherapy was 
completed. In contrast to this finding, a previous study 
reported that lymphocyte levels significantly decreased in 
post-chemotherapy compared to pre-chemotherapy.15

Urea levels showed a non-significant decrement in 
post-chemotherapy compared to pre-chemotherapy (P > 
0.05). The decrement in post-chemotherapy might be due 
to the low-protein diet intake of the patients since urea is 
a waste product of protein catabolism in the liver. In 
contrast with our findings, previous studies reported that 
urea levels significantly decreased in post-chemotherapy 
compared to pre-chemotherapy.8 On the other hand, 
a study reported those urea levels significantly increased 
in post-chemotherapy compared to pre-chemotherapy due 
to elevated cortisol and stress.15

Our study showed that a non-significant decrement of 
creatinine levels in post-chemotherapy than pre- 
chemotherapy (P > 0.05). The non-significant decrement of 
creatinine levels might be due to low muscle mass or mal
nutrition. It has been shown that chemotherapy can induce 
necrosis of kidney cells. This damage is clinically manifested 
as increased levels of creatinine.14 On the other hand, pre
vious studies showed that creatinine levels significantly 
increased in post-chemotherapy than pre-chemotherapy due 
to impaired formation or impaired excretion of urine.16

The current study showed that non-significant incre
ments of alanine aminotransferase levels in post- 
chemotherapy compared to pre-chemotherapy (P > 0.05). 

The non-significant increments of ALT levels might be 
possibly due to an inflamed condition of the liver, severe 
scarring of the liver, or death of liver tissue caused due to 
chemotherapy. Therefore, close liver function test monitor
ing is advised for patients starting a new chemotherapy 
regimen. On the contrary, previous studies reported that the 
serum levels of ALT significantly increased in post- 
chemotherapy than pre-chemotherapy.13 Moreover, results 
of the present study showed that non-significant increments 
of AST levels in post-chemotherapy compared to pre- 
chemotherapy (P > 0.05). This result can be due to the 
damage of the tissues and cells of the liver, skeletal muscle, 
heart, and brain, which resulted due to chemotherapy. On the 
other hand, a study reported that significant increment of 
AST levels in post-chemotherapy compared to pre- 
chemotherapy because of the toxic effect of chemotherapy 
on liver cells and other organs that leads to necrosis.17

Conclusion
Hematological profiles were found significantly decreased, 
except lymphocytes, in post-chemotherapy compared to 
pre-chemotherapy. Biochemical profiles such as urea and 
creatinine were decreased insignificantly, whereas AST 
and ALT levels showed non-significant increments in post- 
chemotherapy compared to pre-chemotherapy. Further stu
dies could be conducted with a wide range of sample sizes. 
In our study there are contrary results happen to the other 
studies such as lymphocyte; the further study should be 
done for a consistent result.
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