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Abstract
Anaemia is one of the predisposing factors to poor patient
outcome in cancer treatment. More than 50% of cancer
patients will receive either Radiotherapy or
Chemotherapy or both in the course of their treatment. It
has been difficult to establish global or National
benchmark on the baseline haemoglobin of patients
selected for cancer therapy at different stages of the
tumours. Various centers use different levels but there is a
need to establish a national cut-off point. Establishing a
uniform benchmark will inform a global best practice and
increase the patient’s outcome and quality of life. The
acceptable value of anaemia varies from centre to centre
but Hb level of 10 g/dL in both male and female are
usually acceptable in most Radiation Oncology Centers in
Nigerian Hospitals. Haemoglobin level of 10 g/dL is a
borderline value and administration of Radiotherapy or
Chemotherapeutic agents however without adequate
hematological support may tilt the patient into clinical
anaemia. This prospective study was done to determine
the pattern of anaemia in cancer patients undergoing
Radiotherapy and Chemotherapy in Nigeria using 201
cancer patients enrolled in National Hospital Abuja with
histopathologically confirmed malignancies (solid
cancers). The prevalence of anaemia in the study was
63%. The impact of Chemotherapy on Hb level was more
significant than in other treatment arms, hence

Chemotherapy – 9.60-10.62 g/dL, Radiotherapy
11.52-12.13 g/dL, and Chemoradiation 10.98-11.36 g/dL.
The HB level continually decreased in all arms of
treatment. We recommend a benchmark of 11 g/dL
minimum for any patient being selected for Radiotherapy,
Chemotherapy and Chemoradiation in Nigeria.
Keywords: Anaemia; Cancer; Haemoglobin; Radiotherapy;
Chemotherapy; Chemoradiation

Introduction
Many cancer patients present with anaemia prior to
Radiotherapy and Chemotherapy and most even experience
anaemia or worsening of anaemia at some point during
treatment. The acceptable value of anaemia vary from centre
to centre but a Hb level of 10 g/dL in both male and female are
usually acceptable in most Radiation Oncology Centres in
Nigerian Hospital for therapeutic purposes. Haemoglobin level
of 10 g/dL is a borderline value and administration of
Radiotherapy or chemotherapeutic agents however without
adequate haematological support may tilt the patient into
clinical anaemia. The pathophysiology of cancer-related
anaemia have been studied and found to be multifactorial [1].
The pathophysiology of cancer-related anaemia have been
studied and found to be multifactorial [1]. Anaemia usually
occurs as a consequence of direct inhibitory effect of
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inflammatory cytokines, erytbropoietin deficiency, blunted
erythropoietin response, blood loss, nutritional deficiencies,
renal insufficiency, socio-cultural and religious factors. Also
treatment-associated factors may aggravate the incidence of
anaemia and these may compromise patient’s tolerance of
treatment [4]. Generally, patients with low haemoglobin have
a reduced loco-regional tumour control and survival
probability. While several mechanisms can be proposed to
explain this relationship, tumour hypoxia is clearly one of the
major factors. Although a well-documented causal relationship
between Hb concentration level, tumour oxygenation and
response to radiotherapy and chemotherapy have not been
shown, it is nevertheless likely that such a relationship do exist
and there is thus rationale for investigating the possibility of
improving treatment outcome in cancer patients undergoing
radiotherapy and chemotherapy in radiation oncology
department.

results of these studies were expressed in percentages: Breast
cancer - 26%, Lung cancer - 48%, Colorectal - 33%, Head and
Neck - 46%, Gynaecological - 43%, Lymphoma and Myeloma 47%, Leukaemia - 53%, Urogenital - 43% and others - 37%. [3],
Institute of Human Virology of Nigeria (IHVN) analyzed data
from [11] Hospital Based Cancer Registry Programme in
Nigeria from 2009 – 2010. The study revealed that the
commonest five cancers in males and females were as follows:
Male – Prostate cancer 29.2%, Colorectal cancers 7%,
Lymphomas 6.8%, Liver cancers 4%, Skin cancers 3.8%. In
females, the commonest cancers were as follows: Breast
cancers 40.4%, cervical cancers 17.3%, ovarian cancers 3.7%,
lymphomas 3.1% and skin cancers 2.1% [11]. The conclusion of
this study was that Breast and Cervical cancer accounts over
60% of all cancer cases affecting Nigerian women. While in the
males, prostate and colorectal cancers are the most common
cancers in males aged 45 years and above.

Several studies have shown that tumours are more hypoxic
than the surrounding normal tissue [5]. Tumour cells can
become resistant to cancer treatment because of hypoxia; this
is due to decrease oxygen transport capacity as a result of
tumour associated anaemia. Hypoxic regions have been
identified by Nordsmark et al. in locally and advances breast
and cervical cancer, head and neck cancers, rectal cancer, brain
tumours, soft tissue sarcomas and malignant melanomas [6].
This study was further supported by findings by Vaupel and
colleagues that tumour hypoxia acting though direct or
indirect mechanism or both may contribute to resistance to
radiotherapy,
some
chemotherapy
regimens
and
chemoradiations [7]. Tumour oxygenation is mainly affected
by the rate of blood flow, micro-circulation and haemoglobin
concentration; therefore, correcting the Hb level will improve
the tumour oxygenation [8]. There is also enough evidence to
suggest that, regardLess of the treatment, patients with
hypoxic tumours are likely to have less local disease control
and fewer cures, compared with patients with better
oxygenated tumour of the same size and stage [9].

Also, studies done by Ludwig et al. on anaemia prevalence in
patient receiving different cancer treatment with anaemia
defined as Hb concentration level less than 12 g/dL was quite
significant. The results were as follows: Chemotherapy - 75%,
combination of Chemotherapy and Radiotherapy - 72%,
concomitant Chemotherapy and Radiotherapy - 62%, No
treatment -40% and Radiotherapy alone - 38% [3].

There are three explanations for the adverse impact of
tumour hypoxia on survival. First, hypoxia induces expression
of vascular endothelial growth factor (VEGF) which stimulates
angiogenesis and increase the potential for tumour growth
and metastasis; Second, ionizing radiation results in the
formation of free radical within the cells. In the presence of
oxygen, the free radicals are fixed and interact with DNA and
cell membrane to cause cell death. When cells are hypoxic, the
free radicals are not fixed and cell death may not occur; Third,
hypoxia may produce a growth advantage for tumour cells that
are resistant to apoptosis, with a decrease in potential for cure
or control [10]. According to National Cancer Comprehensive
Network (NCCN) anaemia is defined as inadequate circulating
level of haemoglobin or red blood cells normal for an
individual [2]. Anaemia is further classified based on severity
by NCCN into mild (10 g/dL), moderate (8.0 - 9.9 g/dL), severe
(6.5 - 7.9 g/dL) and life threatening less than (< 6.5 g/dL).
Ludwig et al. examined 9,118 cancer patients using Hb
concentration level less than 12 g/dL as the baseline value to
study frequency of anaemia in various cancer types. The
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Materials and Methods
A prospective study of anaemia in cancer patients
undergoing Radiotherapy and Chemotherapy was used in
treatment of 201 patients with histopathologically confirmed
diagnosis of cancer (solid cancers) that were referred to the
Radiation Oncology Unit of National Hospital Abuja. Informed
consent was obtained from participants and ethical approval
from National Hospital Ethical Board prior to commencement
of the study. Patient’s WHO performance status was chosen as
0 and 1. All the enrolled patients had their baseline or
pretreatment Hb level measured at first consultation. Those
who met the inclusion criteria were followed up in the course
of therapy by measuring their on-treatment Hb level once
every two (2) weeks. Blood film pictures of the patients were
examined during therapy. Patients were subsequently
categorized into three arms: Chemotherapy alone,
Radiotherapy alone and Chemoradiation therapies.
This on-treatment Hb measurement was terminated after
three (3) consecutive determination of Hb concentration level
i.e., sixth week. The Radiotherapy machine energy, dosage,
field size and number of fractions were recorded in the course
of the study. For those undergoing Chemotherapy, regimen,
frequency of administration, dosage, and route of
administration and also the number of cycles were recorded.
Those on Chemoradiation were evaluated for energy, dose,
field size, treatment site and Chemotherapy regimen used. All
collected data was analyzed using IBM statistical package for
social sciences (SPSS) version 20. Continuous variables were
summarized using mean and standard deviation (SD).
Categorical variables were summarized as proportion and
percentages. Comparison of mean Hb level based on sex was
made using the student T-test at significant p-value level of ≤
This article is available from: http://neoplasm.imedpub.com/
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0.05. Anaemia was classified for this study into: Less than 10
g/dL - Severe anaemia, 10 - 10.9 g/dL - moderate anaemia, 11
– 11.9 g/dL - mild anaemia, 12 g/dL and above - no anaemia.

Results
Table 1 shows demographic characteristics of the studied
patients. Majority of patients that had different treatment
modes were aged 35 – 44 years; Chemotherapy 36 (36.0),
Radiotherapy 19 (30.2) and Chemo-Radiotherapy 11(27.7).
Equally most were females Chemotherapy 88 (88.0%),
Radiotherapy 58 (92.1) and Chemo-Radiotherapy 27 (71.1).
Table 1 Demography of the studied patients.
Age
group

showed a significant difference between males and females
(all p>0.05).
Table 3 Relationship between Hb by sex with mode of
treatment.
Sex

Chemotherapy

Radiotherapy

ChemoRadiotherapy

N = 100

N = 63

N = 38

Number (%)

Number (%)

Number (%)

25 – 34

17 (17.0)

11(17.5)

7 (18.4)

35 – 44

36(36.0)

19 (30.2)

9 (27.7)

45 – 64

22 (22.0)

10 (15.9)

8 (21.1)

55 – 64

21(21.0)

11 (17.5)

10 (26.3)

65 – 74

3 (3.0)

8 (12.7)

3 (7.9)

75+

1 (1.0)

4 (6.3)

1 (2.6)

Mean (SD) g/dL

ChemoRadiotherapy
Mean (SD) g/dL

Male

11.72 (0.88)

10.82 (0.95)

12.27 (1.39)

Female

11.65 (1.21)

12.14 (1.02)

11.13 (1.14)

t

0.53

-2.96

2.41

P-value

p>0.05 (NS)*

p>0.05 (NS)

p>0.05 (NS)

Table 4 Distribution of changes in haemoglobin and blood film
by mode of treatment over 6 weeks of treatment.
Week 0

Female

88(88.0)

58(92.1)

27(71.1)

Male

22(22.0)

5(7.9)

11(28.9)

Table 2 shows WHO performance status of the studied
patients. Most patients that were of status 0 had
Chemotherapy; males 8, females 40 while patients that were
of status 1 majority of males had Chemo-Radiotherapy (6) and
females Chemotherapy (48).
Table 2 Showing WHO performance status of the studied
patients.
WHO performance status
Status 0

Status 1

Male

Female

Male

Female

Radiotherapy

3

35

2

23

Chemotherapy

8

40

4

48

Chemoradiation

5

17

6

10

Total

16

92

12

81

Table 3 shows relationship between Haemoglobin by sex
with mode of treatment. None of the mode of treatment

Week 2

Week 4

Week 6

Haemoglobin
(g/dL)

Mean(SD)

Mean(SD)

Mean(SD)

Mean(SD)

Radiotherapy

13.42(1.20)

12.42(1.51)

11.99(1.50)

11.35(1.32)

Chemotherapy

12.55(0.90)

12.18(0.93)

Chemoradiation

12.34(0.81)

11.78(0.9)

Blood
Picture

Sex

© Copyright iMedPub

Radiotherapy

Mean (SD) g/dL

* NS =Not Significant

Mode of Treatment

Therapy

Chemotherapy

Film

n (%)

n (%)

12.02(1.10)

11.83(1.50)

11.31(0.93)

11.17(0.88)

n (%)

n (%)

Chemotherapy
Normocytic
Normochromic

73(73.0)

53(53.0)

45(45.0)

28(28.0)

Hypochromic

13(13.0)

20(20.0)

33(33.0)

37(37.0)

Macrocytosis

5(5.0)

5(5.0)

1(1.0)

5(5.0)

Microcytosis

2(2.0)

1(1.0)

2(2.0)

1(1.0)

Poikliocytosis

1(1.0)

-

-

1(1.0)

Anisocytosis

2(2.0)

14(14.0)

7(7.0)

11(11.0)

Elliptocytosis

-

1(1.0)

-

2(2.0)

Dimorphic

1(1.0)

3(3.0)

5(5.0)

6(6.0)

Target Cells

3(3.0)

3(3.0)

7(7.0)

9(9.0)

Blast cells

-

-

-

-

Radiotherapy
Normocytic
Normochromic

48(76.2)

42(66.7)

36(57.1)

36(57.1)

Hypochromic

6(9.5)

11(17.5)

16(25.4)

17(27.0)

Macrocytosis

2(3.2)

-

2(3.2)

-

Microcytosis

2(3.2)

-

-

-

Poikliocytosis

1(1.6)

2(3.2)

-

-

Anisocytosis

1(1.6)

2(3.2)

5(7.9)

2(3.2)
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Elliptocytosis

1(1.6)

1(1,6)

1(1.6)

4(6.4)

Dimorphic

2(3.2)

5(7.9)

3(4.8)

4(6.4)

Target Cells

-

-

-

-

Blast cells

-

-

-

-

Chemo-Radiotherapy
Normocytic
Normochromic

28(73.7)

22(57.9)

10(26.3)

10(26.3)

Hypochromic

5(13.2)

10(26.3)

23(60.5)

16(42.1)

Macrocytosis

1(2.6)

2(5.3)

1(2.6)

3(7.9)

Microcytosis

1(2.6)

-

-

1(2.6)

Poikliocytosis

1(2.6)

-

1(2.6)

-

Anisocytosis

1(2.6)

4(10.5)

2(5.3)

6(15.8)

Elliptocytosis

-

-

-

1(2.6)

Dimorphic

1(2.5)

-

1(2.6)

1(2.6)

Target Cells

-

-

-

-

Blast cells

-

-

-

-

Figure 2 Tumour stage and treatment type percentage
distribution.
Figure 2 shows tumour stage and treatment type
percentage distribution. Most patients were at stage 3 and
received similarly chemotherapy, radiotherapy and chemoradiotherapy for stages 1 to 4 while those at stage 4 received
only chemotherapy.

Table 4 shows distribution of changes in Blood Film by mode
of treatment over 6 weeks of treatment. Majority of patients
showed Normocytic Normochromic and no blast cells at weeks
0, 2, 4 and 6 for Chemotherapy, Radiotherapy and ChemoRadiotherapy.
Figure 1 shows percentage distribution of tumour site and
treatment type. While higher proportion of patients that
received Chemotherapy (68.0%) and Radiotherapy (47.6%) had
breast cancer higher proportion that received ChemoRadiotherapy (63.2%) had gynecological cancer.

Figure 3a The trend of haemoglobin changes over weeks
(separated).

Figure 3b The trend of haemoglobin changes over weeks
(combined).

Figure 1 Percentage distribution of tumour site and
treatment type.

Figures 3a and 3b shows the trend of Haemoglobin changes
over weeks. There was gradual but continuous fall in
Haemoglobin level for all modes of treatment though it is less
marked for Chemotherapy

Discussion
In this study a total of two hundred and one (201) cancer
patients undergoing Radiotherapy and Chemotherapy at the
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National Hospital Abuja were analyzed. Majority of the cancer
patients in this study were female making up 86.1% while only
13.9% were male. This finding was in agreement with the
studies done by other researchers [3,12]. The sex distribution
above was found to be in contrast to many other studies which
showed that male cancer patients generally were in higher
proportion than female cancer patients [13-17]. This may be
due to the differences in population studied or treatment
options at the facility. The implication is that it is very
challenging bearing in mind the important role women play in
family day to day activities. In this study the age range of the
cancer patients analyzed was between 25-75years with a
median value of 50 years. This report was in contrast to
median age of cancer patients evaluated in different studies
where cancer cases were found mostly in the middle aged and
elderly patients. The median age of cancer patients were
found to be above 55 years in a number of studies
[3,12,18,19]. This finding shows that working class people are
mostly affected and may contribute to high dependence rate
with its far reaching burden to the society at large.
In our study, breast was found to be commonest site of
tumour site for patients undergoing Chemotherapy and
Radiotherapy. This can be partly explained by the fact that
most patient studied had cancer of the breast. Equally the
single treatment option is the commonest mode of treatment
as each has its attendant side effects including Anaemia. This
finding was supported by studies done by other researchers
[5,7.20-22]. Out of 38 patients on Chemoradiation analyzed,
commonest tumour site was gynaecological (63.2%). This
study was in agreement with studies done by Morris et al. who
studied cancer patients who had Chemoradiation involving
gynaecological and head and neck tumours [23]. There was
gradual decrease in Hb level over the 6 weeks of treatment for
all treatment modes. This gradual decline in Hb level in cancer
patients undergoing Chemotherapy in this study was in
agreement with the work done by Barrett-Lee et al. [24].They
observed that when the patients were analyzed to determine
relative risk of anaemia, 62% of patients experienced an Hb
decline of 1.5 g/dL within a median of 6.1 to 7.2 weeks and
51% had a Hb decline of 2 g/dL with a median of 7.3 to 8.3
weeks. At the completion of Radiotherapy at week 6, 55.6% of
the patients had haemoglobin value at the range of 11-12
g/dL. There was gradual decline in Hb level as the
Radiotherapy treatment proceeded from week 0 to week 6.
The result of this study was in agreement with work done by
Harrison et al. [25] which reported that 41% of patients were
anaemic with Hb level less than 12 g/dL before starting
Radiotherapy. Out of 38 patients analyzed on Chemoradiation
only 4 had Hb level greater than 12 g/dL. This report was in
agreement with study done by Mac-Rae et al. [26] following
evaluation of 104 cancer patients with stage III non-small cell
lung cancer (NSCLC) undergoing ChemoRadiotherapy. The
changes in mean Hb over 6 weeks was also in agreement with
report by Ludwig et al. [3] which found that cancer patients
treated and evaluated after; that anaemia occurred in 50.5%
of those who received Chemotherapy, 43.5% of patients who
received Chemoradiation and 28.7% in patients who received
Radiotherapy.
© Copyright iMedPub

At the end of therapy 28% of 100 cancer patients on
Chemotherapy, 57.1% of 63 patients on Radiotherapy and
26.3% of 38 patients on Chemoradiation therapy respectively
had normocytic normochromic blood picture. While 72%,
42.9% and 73.7% were anaemic respectively at the end of
therapy. The above observation helped to strengthen our
earlier report that Chemotherapy had greatest impact on Hb
level during therapy. This assertion was supported by three
different studies elsewhere Ludwig et al. Grossi et al. and
Jassen et al. which showed that Chemotherapy is a well-known
bone marrow depressant and acute cytotoxic agent [3,27,28],
To reduce a lot of confounding factors which will likely
influence the results of this study, patients that had World
Health Organization (WHO), performance status of 0 and 1
were selected. Out of 201 patients studied, 54% (108) had
WHO performance status of 0 while 46% (93) had WHO
performance status of 1. The correlation between patients’s
WHO performance status Hb levels was elucidated by Natacha
et al. in their study of 1,403 cancer patients [13]. In their study,
there were more patients at enrolment with poor performance
status at lower Hb level than at higher Hb levels. WHO score of
2 to 4 were recorded for 65% of patients; with Hb less than 8
to 9.9 g/dL, 22% of those with Hb between 10 – 11.9 g/dL, and
1% of those with Hb greater than 12 g/dL. With this analysis by
Natacha et al. it was wise to select patients with good WHO
performance status hence the justification for this criteria of
choosing patients with WHO performance status of 0 and 1 in
this study. Also, Kosmidis et al. observed that at low level of Hb
some cancer patients may experience severe anaemia-related
symptoms that have a profound effect on their quality of life
(QoL), physical and mental functioning and subjective sense of
well-being [29]. It was found from the study that the
prevalence of anaemia in cancer patients undergoing
Radiotherapy and Chemotherapy at National Hospital Abuja
was 63% of the study group (ie average of 72%, 42.9%, and
73.7%).

Conclusion and Recommendations
Prevalence of anaemia in the study was high at end of study
period. The impact of Chemotherapy on Hb level was more
significant than in other treatment arms. The HB level
continually decreased in all arms of treatment. This is equally
supported by the blood film which showed a marked change in
proportion with norrnocytic and normochromic features.
Consideration of treatment of mild- to- moderate anaemia will
likely become more important as greater emphasis is placed
on quality of life (QoL) in the management of cancer patients.
We recommend a benchmark of 11 g/dL minimum for any
patient being selected for Radiotherapy, Chemotherapy and
Chemoradiation in Nigeria as any level lower than this there is
high chance of patient having severe anaemia in course of
treatment which will have grave consequence on treatment
outcome.

Limitations of the study
Paucity of published data in this area in Nigeria was a major
challenge, the sample size also might not be adequate for
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generalization and financial limitation did not allow the
expansion of this research to hospitals in poor rural settings in
Nigeria.
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