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Abstract
Introduction: Chemotherapy is a nonspecific drug that kills or damages
fast growing cells; cancer cells and noncancerous body cells including
white blood cells (WBCs). Changes to the WBCs can begin as early as
few days to a week after starting chemotherapy treatment. This study
was conducted to assess the effect of three cycles of chemotherapy on
white blood cells compared to that at diagnosis of solid cancers.
Methods: This is a prospective study included 100 patients diagnosed
with solid cancers and subjected to chemotherapy in the National Cancer
Centers in Aden and Taiz governorates, during 2020. Complete blood
count was done for all patients prior to the first cycle and after the third
cycle of chemotherapy.
Results: The mean total WBCs count, absolute neutrophil count (ANC),
absolute eosinophile count (AEC) and absolute monocyte count (AMC)
were statistically significantly lower after third cycle when compared to
that before first cycle. Meanwhile, the mean Absolute Lymphocyte
count (ALC) and absolute basophile count (ABC) did not show any
significant difference. Only 9.0% of solid cancer patients had
leucocytosis at diagnosis. The percentage of patients with low WBCs
count significantly increased after the third cycle, while the percentage
of patients with normal WBCs count significantly decreased after the
third cycle. The ANC showed a significant statistical difference between
the counts prior to the first cycle of chemotherapy and after the third
cycle of chemotherapy. Normal ANC was observed among 74.0% of
patients before the first cycle of chemotherapy and it decreased to 53.0%
after the third cycle. Neutropenia with all grades of severity was
statistically significantly higher after the third cycle. The mean total
WBCs count decreased after the third cycle in all types of cancers, and
this decrease was statistically significant in patients with breast cancers
and lymphomas, while other cancers did not show such significance
Conclusion: This study concluded that in patients with solid cancer,
WBCs and mainly the ANC significantly decreased after the third cycle
of chemotherapy to a level that may be severe to affect patients’ overall
health.
Keywords: Solid cancers, WBCs, Chemotherapy, First cycle, Third
cycle.
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[ Introduction ]

ancer is a major public health

problem worldwide and the

second leading cause of death
worldwide. In 2020, an estimated
18.1 million cancer cases around the
world, of these, 9.3 million cases
were in men and 8.8 million in
women. The most common cancers
globally are breast, lung and
colorectal cancers [1].

The burden of cancer is substantial in
countries of all income levels. The
rates of many cancers are being
brought under control in Western
countries through decreasing
prevalence of known risk factors,
early detection, and improved
treatment. In contrast, rates for
cancers commonly found in high-
income countries are now rising in
many low-income countries due to
increase in risk factors typical of
western countries, such as smoking,
excess body weight, physical
inactivity, and changing reproductive
patterns. Moreover, these countries
continue to bear a disproportionate
burden of infection-related cancers

[2].

In Yemen, accurate cancer incidence
is unknown due to limited diagnostic
and clinical resources and poor
quality of medical records. In
addition to the ongoing civil conflicts
that add a mystery to the current
situation. According to the Global
Cancer  Observatory  of  the
International Agency for Research on
Cancer, the total number of cases

reported in Yemen in the year 2020
was 16,476 new cases [3].

Chemotherapy treatments for cancer
are drugs that kill or damage fast-
growing cells. Cancer cells grow and
divide quickly, so these drugs can
Kill cancer, potentially slowing tumor
growth or even shrinking it.
Chemotherapy is nonspecific and is
often administered to the entire body,
so that noncancerous fast-growing
body cells may also be damaged and
killed. Some rapidly dividing normal
cells in the body, like those in the
bone marrow that produce WBCs are
affected [4].

These changes to the white blood
cells can begin as early as a few days
to a week after starting
chemotherapy treatment. After that,
it keeps dropping until a week or two
after the chemotherapy treatment
cycle finishes, then it begins to
recover [5].

In the current study, white blood
cells were estimated in solid cancers
prior to the start of the first
chemotherapy course and compared
to that after the third cycle of
chemotherapy, to assess the effects
of chemotherapy on white blood
cells, total and differential counts,
after three cycles of chemotherapy.

Yemeni Journal of Medical and Health Research

Vol.12 No (1&2) 2023



37 Waiel M. Alkahiry, Sawsan M. Bakhubaira, Mariam T. Anam

[ Methods ]

Study design and setting

This is prospective descriptive study
included 100 patients diagnosed with
solid cancers and subjected to
chemotherapy in the National Cancer
Centers in Aden and Taiz
governorates, during 2020. About
(70.0%) were taken from Taiz
Oncology Center and (30.0%) were
taken from Aden Oncology Center.

Study population

The study included patients with any
type of solid cancers, of any age, who
started first line chemotherapy and
continued till third cycle in the study
area, during the study period. Patients
presented  with  infection  were
managed prior to inclusion in the
study. We excluded patients who were
managed for relapsed or refractory
solid cancers or those who
discontinued treatment after first or
second cycle.

Data collection

Data were collected by direct
interview with patients and relatives
in addition to collection of some data
from patients’ medical records. The
included solid tumors were breast,
gastrointestinal tract, head and neck,
gynecological, pulmonary,
hepatobiliary, pancreatic, lymphomas,
sarcomas, retinoblastoma and
neuroblastoma. The following
variables were studied: sex of patient,
age, type of solid tumor, the presence
of metastasis. In addition, complete
blood count was done for all patients
prior to the first cycle and after the
third cycle of chemotherapy.

Normal total WBCs count was
considered (4.0-10.0x10°%/L),
below (4.0x10°%L) was considered

low count, and above (10.0
x10°%/L) was considered high count

[6].

The interval between the first and
the third cycle was differing
according to the type of protocol
used for treatment. Some cycles
were given every 2 weeks as in
Hodgkin’s lymphoma (HL) and
gastrointestinal  cancers, others
every 3 weeks as in breast cancers
and Non-Hodgkin’s lymphoma
(NHL) or every 4 weeks as in
sarcomas.

Statistical analysis

Data collected were analyzed by
the SPSS program version 24.
Quantitative data were tested for
normality using the Kolmogorov-
Smirnov test, which revealed
parametric distribution except for
the age of patients. Operative
parameters were presented as mean
values with standard deviation and
tests by the student t-test with a
95% level of significance. The age
of patients was a non-parametric
variable, presented as a median
value with range and tested by the
Mann-Whitney test. Qualitative
variables were tested by the Chi-
square and Fisher exact tests as
appropriate. A p-value of < 0.05
was considered statistically
significant.

Ethical considerations: This study
was approved by the Research
Ethics Committee of the Faculty of
Medicine and Health Sciences,
Aden University. All accessed
patients were included after
obtaining an informed verbal
consent.
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[ Results

During the study period, 100 patients
with solid cancers were investigated
prior to chemotherapy and after the
third cycle of chemotherapy. The
percentage of female patients
(58.0%) was higher than that of male
patients (42.0%) with solid cancers.
The age of the studied cancer
patients was ranging from 2 to 80
years and the median age was 50.0
years. For the age group, a higher
percentage aged 50 years and more
(63.0%) and the remainder (37.0%)
were younger than 50 years of age.
The common types of the studied
solid cancers were breast cancers
(23.0%), gastrointestinal tract

cancers (18.0%) including colonic
and anorectal cancers, head and neck
cancers (12.0%), lymphomas
(12.0%) including HL (7.0%) and
NHL (5.0%), sarcomas (11.0%)
including soft tissue sarcoma and
Ewing’s sarcoma, gynecological
cancers (10.0%), and lung cancer
(8.0%). Other solid cancers studied
were hepatobiliary and
retinoblastoma (2.0% for each), and
pancreatic and neuroblastoma (1.0%
for each). The studied patients with
solid cancers were 51.0% with
metastasis and 49.0%  without
metastasis as seen in Table 1.

Table 1: Sex, Age and Types of the Studied Solid Cancers (n=100)

Item No. %
Sex
Female 58 58.0
Male 42 42.0
Age group (years)
< 50 years 37 37.0
> 50 years 63 63.0
Median age (years) 50.0
(Min. — Max.) (2.0-80.0)
Type of cancer:
Breast cancer 23 23.0
Gastrointestinal tract cancers 18 18.0
Head and neck cancers 12 12.0
Lymphomas 12 12.0
Sarcomas 11 11.0
Gynecological cancers 10 10.0
Lung cancers 8 8.0
Other cancers* 6 6.0
Metastasis
Yes 51 51.0
No 49 49.0

* Include: 2 hepatobiliary, 2 retinoblastoma, 1 pancreatic and 1 with neuroblastoma
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When comparing WBCs counts (total
and differential), it was found that
the mean total WBCs count, the
mean ANC, AEC and AMC were
statistically significantly lower after
the third cycle when compared to

Meanwhile, the mean ALC and
ABC, although were lower after the
third cycle in comparison to that
before the first cycle, did not show
any significant difference (p>0.05),
[Table 2]

that before the first cycle (p<0.05).
Table 2: White Blood Cells Parameters before First Cycle and after the Third

Cycle of Chemotherapy
Before 1% cycle  After 3™ cycle -
_ = Statistics
White blood cells (n=100) (n=100)
(x 109L) Mean + SD Mean + SD “
(Min. —Max.)  (Min. — Max.) P
. 6.42 + 3.66 4.81 + 2.50 -
Total White blood cells (151-27.22)  (0.46 - 16.00) 0.001
. 3.86+1.12 2.59 + 2.06
Absolute neutrophil count (ANC) (1.02-20.42)  (0.08 - 13.12) 0.001*
_ . 0.15+0.18 0.09 £0.01
Absolute Eosinophile count (AEC) (0.00 - 1.17) (0.00 - 0.70) 0.010*
. 0.49£0.31 0.41+0.37
Absolute Basophile count (ABC) (0.06 - 1.54) (0.00 - 2.25) 0.099
Absolute  Lymphocyte  count  1.92+0.87 1.72+0.76 0.085
(ALC) (0.44 - 5.59) (0.18 - 3.95) :
0.024 £ 0.007  0.006 + 0.0009
Absolute Monocyte count (AMC) (0.00 - 0.14) (0.00 - 0.05) 0.001*

#Calculated by the Student t-test for two means. *p-value < 0.05 is statistically significant.

Stratification of the total WBCs
count into low, normal, and high
counts showed that the percentage of
patients with low WBCs count (<4.0
x109/L) significantly increased after
the third cycle while the percentage
of patients with normal WBCs count
(4.0-10.0 x109/L)  significantly
decreased after the third cycle. Only
9.0% of solid cancer patients had
leucocytosis at diagnosis and prior to
the start of chemotherapy. These
relationships were found statistically
significant (p<0.05). The absolute
neutrophil count when classified as
normal versus neutropenia with
variable  severity, showed a

significant  statistical  difference
between the counts prior to the first
cycle of chemotherapy and after the
third cycle of chemotherapy
(p<0.05). Normal ANC (> 2.0 x
109/L) was observed among the
higher  percentage of patients
(74.0%) before the first cycle of
chemotherapy and it decreased to
53.0% after the third cycle.
Neutropenia with all grades of
severity was statistically significantly
higher after the third cycle when
compared to the percentages
observed before the first cycle of
chemotherapy (p<0.05). [Table 3]

Yemeni Journal of Medical and Health Research

Vol.12 No (1&2) 2023



40 Changes in White Blood Cells in Solid Cancers

Table 3: Total White Blood Cells Level and Absolute Neutrophil Count
before First Cycle and after the Third Cycle of Chemotherapy

Before 1% cycle  After 3" cycle )
Parameter (n=100) (n=100)
No. % No. %
White blood cells level (x 10%/L)
<40 20 20.0 42 42.0 )
4.0-10.0 70 710 52 520 x:il02
>10.0 o 90 6 60 POOU
Absolute neutrophil count (x 10%/L)
Severe Neutropenia
(<05 x 10°L) 1 1.0 4 4.0
Moderate Neutropenia
(0.5 - 1.0 x 10%/L) 3 3.0 ? 9.0 ¥>:10.8,
Mild Neutropenia p=0.012*
(1.01-1.99 x 10%/L) 22 220 34 34.0
Normal count 74 24.0 53 53.0

(>2.0x 10%L)

*p-value < 0.05 is statistically significant.

The mean total WBCs were not
statistically ~ significant  different
between the studied types of solid
cancers before the start of the first
cycle as well as after the third cycle
of chemotherapy. However, in
comparison to the mean WBCs count
after the third cycle, it was found that

the mean total WBCs count
decreased after the third cycle in all
types of cancers, and this decrease
was statistically significant in
patients with breast cancers and
lymphomas (p<0.05). While other
cancers did not show such
significance (p>0.05). Table4]

Table 4: Mean Total White Blood Cells According to the Type of Solid Cancer

Total White blood cells (x 10%/L) Statistics
Type of cancer No Before 1% cycle After 3" cycle
' Mean + SD Mean + SD p
(Min.-Max.) (Min.-Max.)
6.08 + 2.99 452 + 1.67 .
Breast 23 (260-1738)  (2.75-10.30) 0034
5.62 + 2.47 430+ 1.73
el 18 (151-11.65) (199-723) 072
5.47 + 3.20 5.02  1.59
Head and neck 12 (2.46 - 14.60) (3.03 -8.81) 0.667
6.50 + 3.25 3.92+ 198 .
B TTITEE 12 997.1200)  (1.30-829) V%7
9.72 + 7.50 5.26 + 2.85
Sarcomas 11 o0 2722  (046-1050 080
. 6.08 + 1.76 5.84 % 4.60
Gynecological 10 (3.90 - 8.81) (1.26 - 16.00) 0.879
6.52 + 2.25 6.11 % 3.80
Lung 8 (357-11.01)  (250-1218) 797
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Other cancers* 6
Total 100

6.28 + 2.15
(4.05 - 8.60)
pt=0.139

459 + 2.05
(2.46 - 8.10) 0.194
pl=0.445 --

GIT: Gastrointestinal tract, p was calculated by the Student t-test for two means , p* was calculated by the
one way ANOVA test between all types of cancer, *p-value < 0.05 is statistically significant.

[ Discussion ]

White blood cells are heterogeneous
group of nucleated cells that can be
found in circulation for at least a
period of their life. They play a most
important role in phagocytosis and
immunity and therefore in defense
against infection [7]. This study was
focused on WBCs count at the
presentation of patients with solid
cancers as well as after three cycles of
chemotherapy.

The mean WBCs count at the
presentation of the studied solid
cancers was (6.42 + 3.66 x10%1),
which is not far from that observed by
Wu et al,[8]. among patients with
colorectal cancer (5.78 x10%1), as well
as the Saudi study among solid cancer
female patients (8.35+3.94 x10%1) [9].
After the third cycle of chemotherapy,
the current study noticed significantly
lower mean total WBCs count, ANC,
AEC and AMC (p<0.05). This
significant  difference  was  not
observed with the mean ALC and
ABC. In the Chinese study of Wu et
al.,[8]. among patients with colorectal
cancer, after adjuvant chemotherapy
significant decreased in the values of
total WBC and ANC and insignificant
difference in the ABC, which are
similar to our finding. However, they
noticed an increase in the value of
AEC and insignificant effects on the
levels of AMC, which was not
observed in our patients.

In the current study, most patients with
solid cancers presented with normal

WBCs count. In the study of
Almehmadi in Taif, Saudi Arabia [9].
among female patients with solid
cancers, a higher percentage of
patients with normal WBCs count
(81.4%) at diagnosis of solid cancer
was found. This is not far from that
reported in our studied solid cancers
(71.0%).

The present study showed that only
9.0% of patients had leucocytosis at
diagnosis of solid cancer. It is
consistent with that observed in China
by Qiu et al.,[10]. among patients with
solid cancers, where 11.7% of their
patients presented with leucocytosis.
Elevated WBC count may be found in
cancer patients at the time of diagnosis
or during the follow-up period and it
may be secondary to infections, bone
marrow irritation or chronic steroid
usage [11]. One possible mechanism
of increased leucocytes at the
presentation of solid cancers is the
production of granulocyte and
macrophage colony-stimulating factor
(GM-CSF) by tumor cells, able to
mobilize precursors in the bone
marrow; interleukin-6, or vascular
endothelial growth factor (VEGF) and
both of which change cell
differentiation [12].

Leukocytes may be actively involved
in disease progression and cancer-
associated thrombosis. Leukocytosis
may be a marker of an underlying
process such as more aggressive
malignancy, more significant co-
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morbidities, or inflammation. It has
been demonstrated to be associated
with increased mortality in several
subgroups of cancer patients [13,14].

Leucopenia is a rare finding at the
presentation of solid cancer patients.
Paydas et al,[15]. observed
leucopenia among solid cancer
patients who developed metastasis
with  subsequent bone  marrow
necrosis. In the current study, the
percentage of patients with leucopenia
at presentation was 20.0%, and all of
them were found with metastasis.

Neutrophils play a critical role in the
acute inflammatory response and host-
defense mechanisms against bacterial
infections. Damage to the host defense
mechanisms by cytotoxic
chemotherapy increases the risk of
infection for cancer patients. Cytotoxic
chemotherapeutic agents are widely
known to cause immunosuppression,
the extent of which is routinely
ascertained by the absolute neutrophil
count [16]. In the current study, it was
found that the mean ANC at diagnosis
and post-third cycle chemotherapies
were 3.86 + 1.12 x 10%L and 2.59 +
2.06 x 10%L with a statistically
significant difference (p= 0.01). This
finding is consistent with that reported
by Madu et al,[17]. among 80
chemotherapy-naive  patients  with
various solid cancers, where they
reported the mean ANC pre-and post-
chemotherapy were 3.7+2.2 x 10%L
and 2.5+1.6 x 10%L with statistically
significant difference (p= 0.010).

In the current study, normal ANC (>
2.0 x 10%L) was observed among the
higher percentage of patients before
the first cycle of chemotherapy
(74.0%) and it decreased to (53.0%)
after the third cycle. Chemotherapy-

induced neutropenia is a dose-limiting
toxicity of cytotoxic chemotherapy.

In the study of Abou Saleh etal.,[18].
in Oman, they reported chemotherapy-
induced neutropenia among 50.0% of
the studied 159 patients with solid
cancers, which is not far from our
finding (53.0%). However, a lower
percentage was reported recently by
Salako et al.,[19]. in Nigeria, who
studied 113 patients with breast
cancers, and reported chemotherapy-
induced neutropenia among 31.9% of
them. They further observed that the
incidence of neutropenia decreased
with increasing chemotherapy courses.
They found only 12.7% with
neutropenia after the third cycle of
chemotherapy. Their lower percentage
of chemotherapy-induced neutropenia
was attributed to the introduction of
GCSF in subsequent cycles of
chemotherapy [19].

In relation to the type of solid cancers,
it was found that the mean total WBCs
count decreased after the third cycle in
all types of cancers, and it was
statistically significant in patients with
breast cancers and lymphomas
(p<0.05). Similar to our finding, what
was reported by Madu et al.,[17].
among patients with breast cancers but
not in lymphomas.

This study found a significant decrease
in total WBCs and ANC after the third
cycle of chemotherapy which can
affect patients’ health and overall
quality of life. These findings mandate
optimal intervention by oncologists to
prevent  disastrous  consequences,
especially in severe neutropenia.
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[ Conclusion ]

This study concluded that in patient
with solid cancer, WBCs and mainly
the ANC, significantly decreased after
the third cycle of chemotherapy to a
level that may be severe to affect
patients’ overall health. This needs
careful observation of patients after
each cycle to manage as early as
possible such morbid conditions.
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