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ABSTRACT

Background: Chemotherapy-induced anaemia (CIA) is a common complication in cancer patients and can negatively
affect treatment continuity and quality of life. The severity of anaemia may vary depending on the chemotherapeutic
drug class. This study aimed to evaluate the incidence, severity, management, and outcomes of CIA in a tertiary care
hospital.

Methods: A retrospective observational study was conducted among 100 cancer patients who received chemotherapy
between January 2024 and December 2024. Demographic data, cancer diagnosis, chemotherapy regimens, haemoglobin
levels before and after chemotherapy, anaemia grading, management strategies, and outcomes were collected.
Haemoglobin changes were analysed using paired t-test, and differences between drug classes were assessed using one-
way ANOVA.

Results: Mean haemoglobin levels decreased significantly from 13.40+0.90 g/dl before chemotherapy to 9.49+1.47
g/dl after chemotherapy (mean reduction 3.91+1.65 g/dl; p<0.001). Grade 1 anaemia was observed in 52% of patients,
grade 2 in 27%, grade 3 in 15%, and grade 4 in 6%. Haemoglobin reduction differed significantly among drug classes
(F=5.917, p=0.0001), with greater reductions seen with alkylating agents, taxanes, and PD-1 receptor inhibitors. Iron
therapy (40%) and blood transfusions (19%) were the most common management strategies. Clinical improvement was
observed in 97% of patients.

Conclusions: Chemotherapy causes a significant reduction in haemoglobin levels, with variability across drug classes.
Regular monitoring and appropriate management of anaemia are essential during chemotherapy.
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INTRODUCTION

Anaemia is one of the most common haematological
complications observed in patients with cancer and
represents a significant clinical challenge in oncology
practice. It has been reported that approximately 30-50%
of patients with solid tumours are anaemic at the time of
diagnosis, with prevalence increasing substantially during
the course of anticancer therapy and in advanced disease
stages.!>Among the various causes of cancer-associated

anaemia, CIA is a major and potentially preventable
contributor.

The pathogenesis of CIA is multifactorial. Cytotoxic
chemotherapeutic agents directly suppress bone marrow
erythropoiesis, reduce erythroid progenitor cell survival,
and impair endogenous erythropoietin responsiveness.*>
Additional contributing mechanisms include chronic
inflammation, functional and absolute iron deficiency
mediated by hepcidin  dysregulation, nutritional
deficiencies, and cumulative chemotherapy exposure.®?
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The degree of haemoglobin decline may vary depending
on the class of chemotherapeutic drugs used, with
platinum compounds, taxanes, and alkylating agents being
associated with a higher risk of clinically significant
anaemia.”!?

Anaemia has important clinical consequences in cancer
patients. Even  mild-to-moderate  reductions in
haemoglobin levels can lead to fatigue, dyspnoea, reduced
exercise tolerance, and impaired quality of life.!! More
severe anaemia may result in chemotherapy dose
reductions, treatment delays, or premature discontinuation,
which can adversely affect treatment efficacy and patient
outcomes.'? Therefore, early identification and appropriate
management of CIA are essential to ensure optimal
delivery of anticancer therapy.

Management  strategies for CIA include iron
supplementation, packed red blood cell transfusion, and
erythropoiesis-stimulating agents, each of which carries
specific benefits and limitations related to efficacy, safety,
cost, and availability.#® Real-world data suggest
considerable variation in anaemia management practices
across institutions, influenced by disease characteristics,
treatment regimens, and resource constraints.'®!
However, data describing the incidence, severity, and
management of CIA in routine clinical practice,
particularly in the Indian setting, remain limited.

Given the heterogeneity of chemotherapy regimens and
patient profiles, institution-specific data are essential to
better understand the burden of CIA and guide supportive
care strategies.

This retrospective study was therefore undertaken to
evaluate the incidence and severity of CIA, assess the
impact of different chemotherapeutic drug classes on
haemoglobin levels, analyse management patterns, and
determine treatment outcomes among cancer patients
treated at a tertiary care hospital in South India.

METHODS
Study design and setting

This was a retrospective observational study conducted in
the oncology department of PSG institute of medical
sciences and research (PSG IMSR), Coimbatore, Tamil
Nadu, India.

Medical records of patients who received chemotherapy
during a one-year period from January 2024 to December
2024 were reviewed.

Ethical approval

The study was approved by the Institutional human ethics
committee of PSG IMSR prior to data collection. As this
was a retrospective record-based study, informed consent
was waived.

Study population

Patients of either sex diagnosed with solid or
haematological malignancies and who had received at
least one cycle of chemotherapy during the study period
were eligible for inclusion. Only patients with complete
medical records, including baseline and post-
chemotherapy haemoglobin values, were included in the
analysis.

Patients were excluded if they had documented anaemia
prior to the initiation of chemotherapy or if they had
received radiotherapy before the start of chemotherapy.

Study procedure and data collection

A total of 167 case records of patients who received
chemotherapy during the study period were screened.
Sixty-seven case records were excluded based on the
predefined exclusion criteria. Data from the remaining 100
eligible patients were analysed.

Data were collected from the medical records department
using a structured data collection form. Information
recorded included demographic details, cancer diagnosis,
chemotherapy regimen, class of chemotherapeutic agents,
dose, number of cycles received, and any dose reduction
or treatment delay. Laboratory parameters included
haemoglobin levels measured before initiation of
chemotherapy and after completion of chemotherapy
cycles. Anaemia was graded according to standard severity
criteria. Details regarding management of anaemia,
including oral iron therapy, blood transfusion, vitamin
supplementation, and other supportive measures, were
documented. Patient outcomes were assessed based on
improvement in haemoglobin levels and clinical status.

Study outcomes

The primary outcome was the incidence of CIA.
Secondary outcomes included the magnitude of
haemoglobin reduction following chemotherapy, the effect
of different chemotherapeutic drug classes on
haemoglobin levels, patterns of anaemia management, and
patient outcomes.

Statistical analysis

Data were entered into Microsoft excel and analysed using
statistical package for the social sciences (SPSS) software,
version 26.0. Continuous variables were expressed as
mean + standard deviation, and categorical variables were
expressed as frequency and percentage. Haemoglobin
levels before and after chemotherapy were compared using
paired t-test.

Differences in  haemoglobin  reduction  across
chemotherapeutic drug classes were analysed using one-
way analysis of variance (ANOVA). A p value of less than
0.05 was considered statistically significant.

International Journal of Basic & Clinical Pharmacology | March-April 2026 | Vol 15 | Issue 2 Page 240



Sowmiya D et al. Int J Basic Clin Pharmacol. 2026 Mar,15(2):239-244

RESULTS
Study population

During the study period, a total of 167 case records of
patients who received chemotherapy were screened. Sixty-
seven case records were excluded based on the predefined
exclusion criteria, including pre-existing anaemia prior to
chemotherapy and receipt of radiotherapy before initiation
of chemotherapy. The remaining 100 eligible patients were
included in the final analysis.

Demographic and clinical characteristics

The demographic and clinical characteristics of the study
population are summarized in Table 1. The majority of
patients were in the age group of 50-59 years (33%),
followed by 60-69 years (29%) and 40-49 years (24%).
Patients aged 70 years and above constituted 6% of the
study population, while those below 40 years accounted
for 8%.

Table 1: Patient demographics and diagnosis.

Variables Category N (%)
<20 2(2)
20-29 2(2)
30-39 44)
‘(‘;‘f"yg‘r’;" 40-49 24 (24)
50-59 33 (33)
60-69 29 (29)
70+ 6 (6)
Female 80 (80)
Sex Male 20 (20)
Breast cancer 57 (57)
Colon cancer 10 (10)
Ovarian cancer 6 (6)
Diagnosis Cervical cancer 4(4)
Stomach cancer 4(4)
Rectal cancer 3(3)
Pancreatic cancer 3(3)
Others* 13 (13)

*Others: Gallbladder (1), Lung (2), Esophagus (1), Oropharynx
(2), Tonsil (1), Urethra (1), CML (1), Malignant Melanoma (1),
NHL (2), Osteoblastic Osteosarcoma (1).

Female patients constituted the majority of the cohort
(80%), while male patients accounted for 20%. With
respect to cancer diagnosis, breast cancer was the most
common malignancy, observed in 57% of patients. Colon
cancer was the second most frequent diagnosis (10%),
followed by ovarian cancer (6%). Other malignancies
included cervical cancer (4%), stomach cancer (4%), rectal
cancer (3%), pancreatic cancer (3%), and a heterogeneous
group of other solid and haematological malignancies
(13%).

Chemotherapeutic drug exposure

The distribution of chemotherapeutic drug classes
administered to the study population is shown in Figure 1.
Taxanes were the most frequently prescribed drug class
(34%), followed by anthracycline antibiotics (29%).
Alkylating agents and antimetabolites were used in 13%
and 11% of patients, respectively. Other drug classes
included platinum compounds, monoclonal antibodies,
tyrosine kinase inhibitors, immune checkpoint inhibitors,
aromatase inhibitors, and vinca alkaloids.

Drug Class
= Taxanes
5 3 5 = Anthracycline
11 antibiotics
\\ Alkylating agents
Antimetabolites

o
\V = Platinum compounds
= Aromatase inhibitors

= Others*

Figure 1: Distribution of chemotherapeutic drug
classes among study participants.
*Others: Anti-CD20 monoclonal antibody (1), HER2/neu
receptor antagonist (1), PD1 receptor inhibitor (1), Tyrosine
kinase inhibitor (1), Vinca alkaloid (1).

Details regarding chemotherapy dose range and number of
cycles are presented in Table 2. More than half of the
patients (51%) received cumulative chemotherapy doses in
the range of 101-200 units. Doses between 51 and 100
units were administered in 24% of patients, while higher
dose ranges (>200 units) were observed in 26% of patients.
With respect to treatment duration, the majority of patients
(74%) received 4-6 cycles of chemotherapy. Fourteen
percent of patients received 7-9 cycles, while 8% received
1-3 cycles and 4% received more than nine cycles.

Table 2: Dose range and number of chemotherapy

cycles.

Variables Category N (%) \
<50 909
51-100 24 (24)

e N 101-200 51 (51)
201-500 17 (17)
501-1000 6 (6)
>1000 3(3)
1-3 8(8)

No. of cycles ‘7‘3 Zj gj;
>9 4(4)
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Incidence and severity of CIA

CIA was observed in varying degrees of severity across the
study population. The distribution of anaemia grades is
depicted in Figure 2. Grade 1 anaemia was the most
commonly observed, occurring in 52% of patients. Grade
2 anaemia was observed in 27% of patients, while grade 3
anaemia was noted in 15%. Severe, life-threatening
anaemia (grade 4) occurred in 6% of patients. Overall,
mild-to-moderate anaemia accounted for the majority of
cases, whereas severe anaemia was observed in a smaller
but clinically significant proportion of patients.

GRADE OF ANEMIA

= Grade 1

= Grade 2

Grade 3

Grade 4

Figure 2: Distribution of grades of anaemia among
study participants.

Change in haemoglobin levels following chemotherapy

Comparison of haemoglobin levels before and after
chemotherapy revealed a statistically significant decline
following treatment. The mean baseline haemoglobin level
prior to chemotherapy was 13.40+0.90 g/dl. After
completion of chemotherapy, the mean haemoglobin level
decreased to 9.49+1.47 g/dl.

The mean reduction in haemoglobin was 3.91+1.65 g/dl,
which was statistically significant (t=23.739; p<0.001).

The paired comparison of haemoglobin levels before and
after chemotherapy is presented in Table 3.

Effect of chemotherapeutic drug class on haemoglobin
reduction

The extent of haemoglobin reduction varied among
different chemotherapeutic drug classes, as shown in Table
4. The greatest mean haemoglobin reductions were
observed in patients receiving PD-1 receptor inhibitors
(5.90 g/dl), alkylating agents (5.38+2.10 g/dl), and anti-
CD20 monoclonal antibodies (5.20 g/dl). Taxanes were
associated with a mean haemoglobin reduction of
4.66+1.54 g/dl, while platinum compounds resulted in a
reduction of 3.68+0.75 g/dl.

Lower mean haemoglobin reductions were observed with
anthracycline antibiotics (2.8140.84 g/dl), antimetabolites
(2.86+0.87 g/dl), and aromatase inhibitors (2.67+0.15
g/dl). One-way analysis of variance demonstrated a
statistically = significant difference in haemoglobin
reduction across drug classes (F=5.917; p=0.0001),
indicating that the severity of CIA was influenced by the
type of chemotherapeutic agent administered.

Management of anaemia and patient outcomes

The management strategies employed for CIA and patient
outcomes are summarized in Table 5. No specific
intervention was required in 35% of patients. Iron therapy
was administered in 40% of patients, while packed red
blood cell transfusions were required in 19%. Vitamin
supplementation or other supportive measures were used
in 6% of patients.

With respect to clinical outcomes, improvement was
observed in 97% of patients following appropriate
management of anaemia. Three patients (3%) died during
the study period.

Table 3: Paired samples: HB before and HB after.

HB Mean SD Mean difference T P value
Before 13.396 0.9006
After 0.486 14737 3.91 23.739 <0.001
Table 4: Mean haemoglobin reduction by drug class.
Drug class Hb reduction (Mean+SD)
Alkylating agents 5.38+2.10
Anthracycline antibiotics 2.81+0.84
Anti-CD20 monoclonal antibody 5.20
Antimetabolite 2.86+0.87
s m
Aromatase inhibitor . 2.67+0.15 ANOVA F=5.917,
HER2/neu receptor antagonist 3.00 —0.0001
PD1 receptor inhibitor 5.90 p=v.
Platinum compounds 3.68+0.75
Taxanes 4.66x1.54
Tyrosine kinase inhibitor 5.00
Vinca Alkaloid 4.10
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Table 5: Management strategies and patient outcomes.

Variables Category N (%)
No intervention 35 (35)
Management
Tvpe Iron therapy 40 (40)
yp PRBC transfusion 19 (19)
Vitamin/misc. 6 (6)
Improved 97 (97)
Outcome Death 303)
DISCUSSION

CIA remains one of the most frequent and clinically
relevant adverse effects encountered during cancer
treatment. In the present retrospective study, a statistically
significant reduction in haemoglobin levels was observed
following chemotherapy, with a mean decline of 3.91 g/dL.
More than half of the patients developed grade 1 anaemia,
while nearly one-fifth experienced severe or life-
threatening anaemia. These findings reaffirm that CIA
continues to represent a substantial burden in routine
oncology practice, particularly in patients receiving multi-
agent chemotherapy regimens. '’

The incidence and severity of anaemia observed in this
study are consistent with previously published large
observational cohorts. The European cancer anaemia
survey reported a high prevalence of anaemia during
chemotherapy, with increasing severity over successive
treatment cycles and in advanced disease stages.! Similar
trends have been documented in prospective and
retrospective studies across different cancer types and
healthcare settings, confirming that CIA is a widespread
and persistent clinical problem.?° The predominance of
mild-to-moderate anaemia in our cohort aligns with these
reports; however, the occurrence of grade 3 and grade 4
anaemia highlights the potential for clinically significant
haematological toxicity.

The pathogenesis of CIA is multifactorial. Cytotoxic
chemotherapeutic agents exert direct myelosuppressive
effects on erythroid progenitor cells, while inflammatory
cytokines impair erythropoietin responsiveness and
promote iron sequestration through hepcidin-mediated
mechanisms.>® In addition, functional and absolute iron
deficiency, nutritional deficiencies, bone marrow
infiltration, and cumulative chemotherapy exposure
contribute to progressive haemoglobin decline.”® These
overlapping mechanisms likely explain the substantial
haemoglobin reduction observed in the present study.

A key finding of this study was the significant variation in
haemoglobin reduction across different chemotherapeutic
drug classes. Greater reductions were observed with PD-1
receptor inhibitors, alkylating agents, anti-CD20
monoclonal antibodies, and taxanes. Previous studies have
demonstrated that platinum- and taxane-based regimens
are associated with a higher risk of moderate-to-severe
anaemia, particularly with increasing numbers of
chemotherapy cycles.”!® Although immune checkpoint

inhibitors are generally considered less myelosuppressive,
emerging evidence suggests that immune-mediated
cytopenias, including autoimmune haemolytic anaemia
and bone marrow suppression, may occur with PD-1
inhibitors, potentially explaining the pronounced
haemoglobin reduction observed in this group.'4

The clinical consequences of CIA extend beyond
laboratory abnormalities. Even moderate reductions in
haemoglobin levels can result in fatigue, dyspnoea,
reduced physical functioning, and impaired quality of
life."! Furthermore, CIA has been shown to increase the
likelihood of chemotherapy dose reductions, treatment
delays, and early discontinuation, which may compromise
treatment efficacy and adversely affect oncological
outcomes.!* The magnitude of haemoglobin reduction
observed in our cohort is therefore clinically meaningful
and underscores the importance of proactive anaemia
management.

In the present study, anaemia was primarily managed with
iron therapy and packed red blood cell transfusions,
reflecting real-world clinical practice in many tertiary care
centres. The limited use of erythropoiesis-stimulating
agents is consistent with current trends following concerns
regarding thromboembolic risk, tumour progression, and
overall survival associated with their use.*!'® Similar
management patterns have been reported in observational
studies from both high-income and resource-limited
settings, emphasizing the need for individualized, risk-
based approaches to anaemia management.'>!
Encouragingly, the majority of patients in this study
demonstrated clinical improvement following appropriate
intervention.

This study has certain limitations inherent to its
retrospective design, including reliance on medical
records, lack of data on iron indices and inflammatory
markers, and the inability to assess long-term outcomes
such as progression-free and overall survival. Despite
these limitations, the study provides valuable real-world
data on the incidence, severity, and management of CIA in
an Indian tertiary care setting, where published evidence
remains limited.

Overall, the findings of this study emphasize the need for
routine haemoglobin monitoring, early identification of
high-risk patients based on chemotherapy regimen and
treatment  intensity, and timely, individualized
management strategies. Such an approach may help
minimize treatment interruptions, improve patient quality
of life, and optimize cancer treatment outcomes.

CONCLUSION

This retrospective observational study highlights CIA as a
common and clinically significant adverse effect among
patients receiving anticancer therapy in a tertiary care
setting. A substantial and statistically significant reduction
in  haemoglobin levels was observed following
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chemotherapy, with anaemia occurring across all grades of
severity. The findings demonstrate that the magnitude of
haemoglobin decline varies according to the class of
chemotherapeutic agent, with greater reductions noted
among patients treated with PD-1 receptor inhibitors,
alkylating agents, and taxanes, underscoring the influence
of treatment regimen on haematological toxicity.

Although most cases of anaemia were mild to moderate, a
notable proportion of patients developed severe or life-
threatening anaemia, emphasizing the need for vigilant
monitoring. The majority of patients were managed
effectively using iron supplementation and supportive care
measures, while a smaller proportion required blood
transfusion. Favourable clinical outcomes observed in
most patients suggest that timely recognition and
appropriate management of anaemia can mitigate its
adverse effects and support continuity of chemotherapy.

Overall, the study underscores the importance of routine
haemoglobin monitoring, early identification of patients at
higher risk for CIA, and individualized management
strategies tailored to both patient characteristics and
chemotherapy regimens. Incorporating proactive anaemia
assessment into routine oncology practice may help reduce
treatment interruptions, improve patient quality of life, and
optimize therapeutic outcomes. Further prospective
studies are warranted to explore long-term outcomes and
to evaluate standardized anaemia management protocols in
diverse cancer populations.
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