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ABSTRACT

AIM: Cancer treatments specially with new high Tec radiotherapy equipment’s calling daily progression in
method and predictive factors affecting treatment goals. Due to important effect of oxygen on cells radio
sensitivity, tumor blood circulation and it's antigens like ABO blood groups maybe an important predictive
factor for radiotherapy response and it is adverse events. The aim of this study was the assessment of the
hematological manifestations of local radiotherapy and association with ABO blood groups.

METHODS: In this observational study, 2 ml of peripheral blood were taken from 152 patients with
routine 3D conformal radiotherapy treatment course and the blood parameters achieve and documented
at four stage during treatment courses. The data were analyzed by repeated measurement andone-way

ANOVA.

RESULTS: Statistically significant reductions of the platelets, white blood cells (WBC), and lymphocytes
counts were demonstrated. Also an increased percentage of polymorphonuclear cells during local
radiotherapy exposure was found. The changes in WBC counts were observed to be in association with ABO
blood groups. The other evaluated factors were not significantly associated with ABO blood groups.
CONCLUSIONS: Our results showed an association between radiotherapy patients ABO blood groups and
some hematological changes in their blood circulation (Fig. 7, Ref. 23). Text in PDF www.elis.sk.

KEY WORDS: ABO blood group, local radiotherapy, hematological parameters, individual radiotherapy,

predictive factor.

Introduction

Radiotherapy (RT) has a critical role in local cancer treatments
(1-3). Significant progress was achieved in RT over recent decades
(4). The improvements in intensity modulation, delineation of the
organs at risk, application of new regimens and other improve-
ments led to an increase in the application and accuracy of this
modality in cancer treatment that in working to gather calling for
improvements in denotation of new predictive factors affecting
patient quality of life and his/her treatment accuracy (4, 5).

Because of increases in life expectancy and advances in RT
application, the late adverse effects of radiotherapy are more im-
portant and may reduce the RT efficacy (6, 7). Reports indicated
that RT has also biological effects, outside of the treatment field
which are known as systematic effects (1).
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Peripheral blood cell counts reversely correlate with the re-
ceived radiation dose, and their reduced levels are seen during
and after treatment (8). Lymphocytes are one of the most radio-
sensitive cells, and their counts will decrease after irradiation (9).
Because of the importance of helper and cytotoxic cells as subsets
of lymphocyte in immune responses to tumor and infection, the
changes in the counts and function of Lymphocytes cells could
affect anti-tumor immunity (9).

Red blood cells (RBCs) are more resistant than lymphocytes,
but the exposure to radiation at high doses of radiotherapy could
change their membrane shear elastic modulus and viscosity (10).

Some reports indicated an increase in the recurrence rates of
anemia after radiation therapy (11). The hemoglobin (HB) level
modifier could change tissue oxygenation in vivo (12). Oxygen
is one of the most important radio sensitizers, and hypoxic tumor
cells are most susceptible cells in tumor recurrence which affect
the prognosis of the treatment. Some researchers reported a relation
between HB and arterial oxygen content with tumor oxygenation
(13). Some studies have suggested a relation between ABO blood
group and risk of certain cancers and they have indicated that ABO
blood group could be a risk factor for some cancers (14, 15).

Furthermore, the blood cell and parameter changes could af-
fect the treatment outcomes (16). Because of the fact that oxygen-
ation is one of the most important parameters which influences the
cancerous cells in radiotherapy, the changes in blood parameters
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Fig. 1. The changes of WBC count during fourweeksevaluation (left) and its association with ABO blood group (right)

which affect tissue oxygenation could be important as a predic-
tive factor of radio sensitivity in individual radiotherapy (17, 18).
Thus the purpose of this study was to assess the blood parameter
changes during local radiotherapy and to examine whether these
changes are associated with ABO blood groups.

Materials and Methods

Study population and irradiation

The study population was 152 cancer patients referred to Tohid
hospital of Sanandaj, Iran, from 2011 to 2016. Informed consents
were obtained from all the donors and their demographic informa-
tion was collected. The simulations were done by GE LightSpeed
RT 16 CT Scanner, and the irradiation was performed by Elekta
Synergy platform system (10 MeV). As their routine treatment
course, at the first week of radiotherapy, 2 ml of peripheral blood
were taken in anticoagulant tubes. At the next three stages, this
process was repeated every week, and blood parameters were
measured.

Blood cell counts and parameters

The blood group was determined in the laboratory at the first
stage, then the counts of RBC and white blood cells (WBC),
platelet (PLT), lymphocytes (Lymph), polymorphonuclear (PMN)
percentage and also their HB and Hematocrit (HCT) level were
measured by an automatic analyzer. These variables were analyzed
weekly until the end of radiotherapy course.

Statistical analysis

The obtained data were analyzed by repeated measurement
and one-way ANOVA using SPSS 16 software. A p less than 0.05
was considered as significant.

The study was approved by ethical committee of Kurdistan
University of Medical Sciences.
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Results

From 152 individuals who participated in this study, 117 sub-
jects were female, and 35 were male. The prospective mean age +
SD was 54.05 + 14.55. The blood group of 36.4 % of donors was
A, and 23.8 %, 12.6 %, 27.2 % had B, AB, and O blood group,
respectively. The accumulated radiotherapy dose was between 30
and 70 Gy with the mean + SD of 49.51 + 9.44 and the dose per
fraction was 202.38 £ 39.83 (18-300 cGy). The applied radiation
fields were between 1 to 4, 1.1 % had one field, 34.8 %, 20.2 %,
and 43.8 % had 2, 3, and four radiation fields, respectively. The
number of the fractions was between 10 and 39.

WBC, RBC and PLT counts

A repeated ANOVA measurements with a Greenhouse-Geisser
correction showed that the WBC counts during radiation therapy
were significantly (p = 0.044) associated with time. Also, the as-
sociation between WBC count and blood group with time was
statistically (p = 0.004) significant (Fig. 1). The repeated mea-
surements analysis of WBC counts in different blood groups
showed that it was statistically significant only in A and O blood
group (p < 0.001). There is no significant (p = 0.332) change in
RBC counts during the follow-up period (Fig. 2). Also, there is
no significant association (p = 0.344) between RBC counts and
ABO blood groups with time course. PLT counts significantly
decreased (p < 0.001) during radiation therapy. But, the effect of
Blood group on PLT count during evaluation time course was not
statistically (p = 0.641) significant (Fig. 3). Data showed that the
PLT in week one is significantly higher than other three weeks,
two (p = 0.003), three (p < 0.005) and four (p = 0.001). The mean
of PLT count of each blood group was not significantly different
with other blood groups in the same week. All data is presented
in Figure 1.
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Fig. 4. The changes of Lymph percentage during fourweeksevaluation (left) and its association with ABO blood group (right)
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Fig. 5. The changes of HB level during fourweeksevaluation (left) and its association with ABO blood group (right)
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Fig. 6. The changes of HCT level during four weeks evaluation (left) and its association with ABO blood group (right)

Error bars: 95% CI

RM analysis (p value < 0.033) RM analysis: p = 0.967
* significantly lower than Week 1
75 75 4
d (0]
(o))
8
70 7 @ 70
o
[
[oN
z
g
65 - 65+
[
(4}
=
60 T T T 1 60 T T T 1
Week 1 Week 2 Week 3 Week 4 Week 1 Week 2 Week 3 Week 4
Time Time

Blood group: — A ----B ——AB ----0

Fig. 7. The changes of PMN percentage during four weeks evaluation (left) and its association with ABO blood group (right)
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Lymphocytes percentage

A repeated measures ANOVA with a Greenhouse-Geisser
correction showed that the lymphocytes percentage decreased (p
< 0.001) during the time course (Fig. 4), but this reduction was
not associated (p = 0.280) with blood groups (Fig. 2). The mean
Lymphocytes counts of each blood group were not significantly
different compared with other blood groups in the same weeks.

HB and HCT level

Arepeated ANOVA measurements with a Greenhouse-Geisser
correction showed that the changes in HB level during radiotherapy
were not statistically significant (p = 0.167) (Fig. 5). Also, Figure
5 shows that the changes in HB levels of different blood groups
which were not statistically associated with time (p = 0.236), and
one-way ANOVA showed that the level of HB is not significantly
different in blood groups (p = 0.580). Also data showed that the
changes in HCT level during radiotherapy were not statistically
significant (p = 0.194) (Fig. 3). Also, as the Figure 6 shows the
changes in HCT levels of different blood groups were not statisti-
cally associated with time (p = 0.353). But the one-way ANOVA
showed that the HCT percentage in week 4 is lower than the other
weeks (p <0.001 for all).

PMN percentage

A repeated measurements ANOVA analysis showed that the
PMN percentage has significantly changed during radiation ther-
apy with an increasing trend (p = 0.033). But, the effect of blood
groups on the changes of PMN percentage during the time course
were not significant (p = 0.967) (Fig. 7).The one-way ANOVA
test showed that the mean of PMN percentage at week 1 was sig-
nificantly lower than at 3 and four weeks (p value of 0.045 and
0.019, respectively).

Discussion

In this observational study, our results showed that there is no
significant change in RBC counts during radiotherapy which is in
agreement with the previous studies and it refers to the fact that
radiation damages the nucleus and RBC’s nature exclude them
from this fact (19) and also their lifespan are longer than the time
course of this study. However, the effect of irradiation on RBC
counts may be revealed in long-term period because of higher ra-
dio sensitivity of their progenitor stem cells (20). It needs a large
sample size and a longer follow up period with cellular examina-
tions for evaluating RBC’s vestiges as a factor impressionable to
irradiation. Our analysis showed the changes of RBC count during
radiotherapy were not associated with ABO blood groups.

In addition, the results showed that the HB level changes are
not significant during the course of radiotherapy which confirms the
results of Geinitz et al (8) and there was no statistically significant
association between HB level and blood group. Moreover, Sasai
et al showed that patient with HB level over 11 g/dl could have a
longer survival period (13), but Bishop et al concluded that blood
transfusion is not recommended if there is no clear evidence of ben-
efit (10). It has been shown that the HB changes are a determinant

for cancer patient quality of life (22). HB as a factor which plays
arole in oxygen delivery to the tissues and could be important in
clinical outcomes of radiotherapy because the oxygen is one of
the most important modulating factors which improves the radia-
tion damages and could sensitize the tissue. Furthermore, our data
showed that the platelet counts were decreased at weeks 2, 3 and
four compared to the time before starting the treatment process
which is pointing out to the fact that their lifespan is 9-10 days
(23). The mean of PLT count in each blood group was not signifi-
cantly different to other blood groups which implies that the effect
of radiation on PLT might be independent of the effect of ABO
blood group and the repeated PLT counts analysis showed that PLT
counts and blood group are not significantly associated with time.

Lymphocytes are one of the most radiosensitive cells of the
body and are used in radiation biodosimetry (21). The lympho-
cyte counts in our study were decreased just after irradiation which
confirms the high radiosensitivity of these cells which is consistent
with Geinitz et al study (8). This immediate effect of irradiation
on lymphocyte count could be a result of apoptosis of mature cells
and also high radio sensitivity of their progenitor stem cells which
reduce their bone marrow production (20). The mean lymphocytes
counts of each blood group were not significantly different to the
others in each week implying that these cells are radiosensitive
in all individuals.

PMNs changes in acute irradiation are different, and an in-
crease maybe occurs first and then the counts decrease (20). In
this investigation, the PMN count did not decrease after four weeks
since irradiation which could be the result of fractionation besides
local irradiation in radiotherapy.

Our data showed that WBC counts decreased significantly
two weeks after irradiation onset, suggesting radiosensitivity of
different subsets of these blood cells. The mean WBC count of
each blood group was meaningfully different, and the reduction of
WBCwas significant in A and O blood groups. Some other studies
also have shown an association between ABO blood groups and
radiation effects. Habibi et al reported that patients with A blood
group could be the most vulnerable to radiation-induced nausea
and vomiting (22). Elahimaneshet alreported that A" and 0" blood
groups are more and less radiosensitive than other blood groups
(15) that is in agreement with our results. Also, Khosravifarsani
et al reported that there is an association between Rh factor and
radiosensitivity (23) which suggests that genetic factors including
ABO blood groups should be taken into account in individualiza-
tion of radiotherapy. And could be a very simple and achievable
factor predicting patient’s response/adverse reaction induced by
irradiation in radiotherapy for cancer treatment or also use radio-
nuclide for diagnostic intends.

The changes in blood cell counts in our study were different
in the outcome for single acute dose and chronic exposure. Our
results in this observational study showed promising association
between ABO blood groups and some changes in blood cell counts
and other hematological factors in cancer patients and more stud-
ies which address the need for more studies with a large sample
size to verify the ABO blood group as a new predictive factor in
individual radiotherapy are needed.
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