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Introduction: Anemia, a frequently encountered issue among cancer patients

undergoing chemotherapy, is regrettably underappreciated despite its

prevalence and profound impact on their well-being. Chemotherapy-induced

anemia (CIA) diminishes the quality of life, causing fatigue, breathlessness, and a

decline in the performance status. However, correcting anemia can lead to

notable improvements in these parameters. Notably, darbepoetin alpha (DA) has

shown efficacy in addressing anemia in this context. This real-world study aims to

evaluate the efficacy of DA in the treatment of CIA among Indian cancer patients.

Methods: This single-center retrospective study assessed the effectiveness of DA

in treating CIA among advanced/metastatic solid tumor patients on palliative

myelosuppressive therapy. The study measured the change in hemoglobin levels

after DA administration as the primary outcome, with secondary outcomes

including impact on blood transfusion dependence, changes in anemia-related

symptoms, and occurrence of adverse events.

Results: A total of 523 patients, with a median age of 55, were included in the

study. Patients were categorized based on cancer site, type of chemotherapy,

response to therapy, and DA doses. A significant mean increase of 2.28 gm/dl in

hemoglobin (Hb) levels from baseline to post-DA administration was observed

(8.56±0.45 to 10.84±0.92; 26.6%; P<.001). Each sub-group revealed a significant

enhancement of mean hemoglobin from baseline to the end of treatment.

Significant improvements were noted from baseline in fatigue, and dyspnea.

Adverse drug reactions included hypertension (5.4%), deep vein thrombosis

(2.9%), and arrhythmias (0.8%).
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Discussion: DA demonstrates impressive efficacy and safety in managing CIA,

leading to substantial improvements in mean hemoglobin levels in palliative

setting. This has the potential to reduce the need for blood transfusions and

enhance the quality of life for patients.
KEYWORDS

chemotherapy-induced anemia, cancer-related anemia, darbepoetin alfa, palliative
cancer care, supportive cancer care, retrospective analysis
1 Introduction
Chemotherapy-induced anemia (CIA) is a common and

persistent abnormality in oncology patients (1). While the adoption

of targeted therapies (small molecules and biologics) has significantly

increased in clinical practice, myelosuppressive chemotherapy

remains the backbone of cancer management, especially in low-

and middle – income countries. Incidence of CIA is expected to rise

in India with the rising incidence in cancer cases (2).

Myelosuppressive chemotherapy directly harms erythroid

progenitor cells, whereas the causes of cancer-related anemia

(CRA) are more complex. CRA involves inflammatory cytokines,

especially IL-6 which leads to functional iron deficiency (FID). FID

lowers the production of erythropoietin, which is important for red

blood cell growth and development. Hence, the process of

erythropoiesis is impaired, which is a key feature of CRA (3).

In clinical practice, CIA is managed primarily via repeated blood

transfusions (BT), intravenous (IV) iron or erythropoietin-stimulating

agents (ESA) (3, 4). Darbepoetin alfa is approved for treating CIA

arising from myelosuppressive chemotherapy in a palliative setting (5).

A retrospective analysis of electronic health records from a single center

was conducted to assess the real-world effectiveness and tolerability of

Cresp® (Dr Reddy’s Laboratories; Darbepoetin alfa) in CIA.
2 Materials and methods

2.1 Study design and patients

Electronic health records from the department of medical

oncology at Narayana Super-specialty Hospital – Howrah, a
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tertiary care center in Kolkata (West Bengal, India) were accessed

from 01/09/2017 to 31/08/2023 (6 years). Inclusion criteria included

adult patients (≥18 years), of either gender with a diagnosis of

metastatic or advanced solid tumor at the center, completion of at

least two cycles of myelosuppressive chemotherapy-based treatment

in a palliative setting, and a clinical and/or laboratory diagnosis of

CIA with a Hemoglobin (Hb) level of ≤10.0 g/dL. Patients with Hb

level of 10.0 - 11.0 g/dL were also considered if they were

symptomatic for anemia. Patients who received at least a single

dose of Cresp® (200 mcg, s.c., b.i.w.) were included in the study.

Anemia diagnosis was aligned with the Common Terminology

Criteria for Adverse Events and the WHO Definition and Criteria

for grading cancer-related anemia (CRA) (6). The patient charts

were reviewed, and the following information was extracted:

demographic data , d iagnosis , comorbidi t ies , type of

chemotherapy, number of cycles of chemotherapy, response to

chemotherapy, baseline Hb levels, baseline requirement of blood

transfusion (BT), time of receipt, number of Cresp® doses

administered, patient-reported outcomes (PRO), occurrence of

treatment emergent adverse events (TEAE). The baseline Hb level

was defined as the Hb level (g/dL) at the time of diagnosis of CIA.

End of treatment Hb was the last recorded measurement of

hemoglobin before the data cut-off. The baseline blood

transfusion requirement was defined as per the NCCN guidelines

(7). Response to therapy was evaluated as per revised RECIST v1.1

criterion (8).

The exclusion criteria included pediatric patients, early-stage solid-

tumor cancers treated with curative intent, hematological malignancies,

the use of targeted agents (small molecules and biologics) as

monotherapy or in combination with other non-myelosuppressive

therapies, and prior exposure to recombinant erythropoietin.
2.2 Outcome measures

This study aimed to assess the effectiveness and tolerability of

Cresp®. Effectiveness parameters included an increase in Hb levels,

independence from blood transfusions, and improvement in

patient-reported outcomes (PRO). PROs included dyspnea,

headache and fatigue as the categories. PROs were evaluated by

use of an in-house developed scale which scored each category from
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0 to 3. The mean of each score for each category was evaluated at

baseline and end of treatment (see Supplementary Table S1 for

details). Tolerability parameters included the occurrence of

treatment emergent adverse events (TEAE).
2.3 Statistical analysis

A dataset comprising information from the electronic health

records of 523 patients was collected for analysis. Baseline

demographic variables and other qualitative factors were assessed

through frequency percentage tables. Hb increments in the whole

cohort and in each sub-group were evaluated using a paired t-test,

with a P-value less than 0.05 considered statistically significant. The

analysis of Hb increments between sub-groups utilized a one-way

ANOVA test. For gradation data, a Wilcoxon Signed Rank Test was

conducted to compare baseline and end-of-treatment values.
3 Results

3.1 Patient characteristics

A total of 523 patients met the inclusion criteria. The median

age of the patients was 55 years, with similar distribution between

male (50.5%) and female (49.5%) patients. At baseline 98.5%

patients had Hb level between 8.0 – 10.0 g/dL, 1.3% had Hb

level between 10.0 – 11.0 g/dL, and only one patient had Hb

level <8 g/dL. Hypertension was found in 34.3% of patients,

diabetes in 17.7%, and chronic obstructive pulmonary disease in

16.2%. The cancer types were classified into seven major groups:

gastrointestinal (GI), head and neck squamous cell carcinoma

(HNSCC), lung, breast, genitourinary, gynaecological, and

others, with GI malignancy being the most prevalent at 31.9%,

followed by breast malignancy at 16.3%. Treatment regimens for

myelosuppressive chemotherapy were classified either as a single-

agent or in combination regimens (multiple-agents), with the

majority (74.6%) receiving multiple agents. The chemotherapy

protocols were categorized into nine group: taxane + platinum,

gemcitabine + platinum, fluoropyrimidine – based, single-agent

taxane, platinum + other agent/platinum mono, taxane + other

agent, pemetrexed/methotrexate–based, anthracycline–based, and

others, with the taxane + platinum group being the most common

at 22.9%, followed by gemcitabine + platinum at 18.2%.

Chemotherapy regimens were further categorized based on the use

of platinum agents as platinum-regimens and non-platinum regimens,

with platinum-regimens being more frequently prescribed at 67.7%.

Response to therapy, evaluated according to the RECIST v1.1

criterion for solid tumors and classified as partial response, stable

disease, or progressive disease, revealed partial response being the

most common outcome in 58.7% of patients, followed by stable

disease in 30.4% of patients. Cresp® was administered at a dose of

200 mcg every two weeks, with the number of doses ranging from 4

to 8, and 8 doses being the most frequently administered dose in
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81.8% of patients, followed by 4 doses in 11.3% of patients. Detailed

patient characteristics are provided Supplementary Tables S2-S6.
3.2 Real – world effectiveness

The use of Cresp® in managing CIA resulted in a significant

increase in the mean Hb level from baseline (8.56 ± 0.45 g/dL to

10.84 ± 0.92 g/dL). This 2.28 g/dL rise in Hb was found to be

statistically significant (P<.001). Significant improvements (P<.001)

in mean Hb levels were also observed in all the subgroups between

the baseline and the end of treatment levels as shown in Figure 1.

Analysis between the sub-groups based on therapy response and

number of Cresp® doses demonstrated significant improvements in

mean Hb levels. According to response to therapy, patients

exhibiting partial response had higher improvement in mean Hb

levels from baseline at 2.66 ± 0.51 g/dL compared to patients with

stable disease (1.86 ± 0.82 g/dL), and disease progression (1.40 ±

0.59 g/dL). Further, patients who received more than 4 doses of

Cresp® had higher increment in Hb levels from baseline (5 doses,

2.26 ± 0.54 g/dL; 6 doses, 2.54 ± 1.11 g/dL; 8 doses, 2.36 ± 0.76 g/dL)

than patients who received 4 doses of Cresp® (1.61 ± 0.67 g/dL) (see

Supplementary Table S7).

At baseline, 50 patients (9.6%) required blood transfusion (BL-BT-

Cohort). Since Cresp®was administered to all patients, only 22 patients

from this cohort ended up receiving blood transfusion (BT). Hence,

Cresp® prevented BT in 28 out of 50 patients (risk reduction of 56%) as

shown in Table 1. Overall, 31 patients (5.9%) in the entire patient pool

received BT over the course of their treatment.

Changes in anemia-related symptoms, as per patient-reported

outcomes (PRO), were calculated. A significant improvement was

observed in the reduction of fatigue (0.9418, P<.001) and dyspnea

(0.4264, P<.001) scales. However, the reduction in the headache scale

was not found to be significant (0.0019, P=0.866) as shown in Figure 2.
3.3 Real – world tolerability

Tolerability parameters included the occurrence of treatment-

emergent adverse events (TEAE) such as hypertension,

hypotension, deep vein thrombosis, arrhythmia, and congestive

cardiac failure. A total of 49 patients (9.5%) experienced TEAEs

with hypertension being the most common TEAE encountered in

5.4% of patients, followed by deep vein thrombosis in 2.9% of

patients, as indicated in Table 2.
4 Discussion

Epidemiological data in India is limited. Among the top 7

developed countries, the incidence of chemotherapy-induced

anemia (CIA) reached as high as 1.6 million patients in 2021 (9).

CIA presents symptomatic consequences including poor

performance status, fatigue, impaired cognitive function, and
frontiersin.org

https://doi.org/10.3389/fonc.2025.1418327
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org


Chandrakanth et al. 10.3389/fonc.2025.1418327
exacerbation of existing comorbidities. This compromise in quality

of life, combined with decreased drug tolerance (such as

chemotherapy dose reduction and delays) and impaired treatment

response, contributes to faster tumor progression and shorter

overall survival.

Myelosuppressive chemotherapy directly harms erythroid

progenitor cells, leading to CIA. On the other hand, the causes

of cancer-related anemia (CRA) are more complex. In CRA,

tumor and macrophage-produced inflammatory cytokines,
Frontiers in Oncology 04
especially IL-6, stimulate the liver to produce hepcidin. This

hepcidin production results in functional iron deficiency (FID),

which is typical in CRA. Functional iron deficiency lowers

hypoxia-inducible factor levels, reducing the production of

erythropoietin. Without enough erythropoietin, the process of

erythropoiesis (red blood cell production) is impaired, which is a

key feature of CRA. Additionally, activated macrophages seen in

cancer can also make hepcidin. Erythropoietin is crucial for the

final maturation of red blood cells and supports their growth and

development (3).

While blood transfusion (BT) results in a rapid increase in

hemoglobin (Hb) levels, its therapeutic effect is purely symptomatic.

However, BT is accompanied by a range of complications, including

an independent association with an elevated risk of venous

thromboembolism (10). Additionally, transfusion-transmitted

infections can disrupt the normal treatment course for a

myelosuppressed (neutropenic) patient. Severe complications such

as transfusion-related acute lung injury, transfusion-associated

circulatory overload, and hemolytic transfusion reactions pose

immediate and critical threats (11). The regular need for BTs
TABLE 1 Independence from blood transfusion.

Subgroup No. of
patients

Percentage

Patients requiring Blood Transfusion
(BT) at Baseline (BL-BT-Cohort)

50 9.6% of overall
patient pool

BL-BT-Cohort receiving BT 22 44% of BL-
BT-Cohort

Risk Reduction in BL-BT-Cohort (28/50)*100 56%
FIGURE 1

Mean increment in hemoglobin (Hb) levels across subgroups from baseline to end of treatment. Statistically significant (P<.001) increment in mean
Hb levels was recorded across all subgroups.
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contributes to an increased overall cost of therapy. Moreover,

hospital admissions and the continuous supply of packed

red blood cells to blood banks through voluntary donations

by relatives and friends are crucial components of the

treatment process.

The challenges in managing CIA have led to the development of

safe and effective treatments, such as erythropoiesis-stimulating

agents (ESAs) recommended in guidelines by NCCN, ESMO,

EORTC, and ASCO (7, 12–14). The guidelines vary in their

recommendations for initiating and discontinuing ESAs, reflecting

differences in the underlying disease and symptoms of individual CIA

patients. Meta-analyses have shown the superiority of longer-acting

ESAs like darbepoetin alfa over shorter-acting forms such as epoetin

(15). A randomized, double-blind, placebo-controlled phase III study

focusing on the long-term safety and efficacy of darbepoetin alfa for

CIA in patients with advanced non-small cell lung cancer (NSCLC)

demonstrated that darbepoetin alfa, dosed to a hemoglobin ceiling of

12.0 g/dL, was non-inferior to placebo in terms of overall survival and

progression-free survival. However, it is to be noted that darbepoetin

alfa significantly reduced the chances of requiring blood transfusions

or experiencing hemoglobin levels equal to or less than 8.0 g/dL in

anemic NSCLC patients undergoing myelosuppressive

chemotherapy (16).
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In our study, a mean increase of 2.28 g/dL in hemoglobin levels

was noted, consistent with findings from existing literature (17–19).

Subgroup analyses indicated a significant enhancement in

hemoglobin levels from baseline to the end of treatment across all

subgroups, regardless of cancer site, chemotherapy regimen, no. of

doses of Cresp® received or treatment response. Analysis between the

sub-groups revealed significant better efficacy in patients taking >4

doses of CRESP®. Similar findings were noted in patients exhibiting

partial response vs patients having stable disease and/or progressive

disease. Furthermore, additional analysis revealed that CRESP®

markedly decreased the requirement for blood transfusions in

cancer patients, aligning with results from previous clinical

investigations (16–19). A small percentage of patients (5.9%)

exhibited resistance to the treatment. Significant improvements in

anemia-related symptoms, such as fatigue and dyspnea, were

observed, with fatigue serving as a key indicator of enhanced

quality of life in cancer patients. Multiple studies consistently

highlighted substantial improvements in fatigue scores with

darbepoetin alfa when compared to placebo (20–22).

In a study conducted by Esquerdo et al., patients were administered

darbepoetin alfa at a dosage of 500 mcg once every three weeks during

chemotherapy. Significant changes in the mean scores of various

Health-Related Quality of Life (HRQoL) measures were noted

between baseline and final assessments. The fatigue assessment was

conducted using the FACT-F and FSI questionnaires, revealing a

substantial difference in mean scores from baseline to final

evaluations in patients who achieved an increase in hemoglobin

levels exceeding 2 g/dL (23). This study also addressed the risks of

treatment-emergent adverse events (TEAE) and concluded that

darbepoetin alfa is safe and well-tolerated in cancer patients

undergoing chemotherapy. The study by Gascón et al. emphasized a

similar safety profile of darbepoetin alfa, with adverse events primarily

including hypersensitivity reactions, embolic events, and thrombotic

events (16). In a retrospective study by Jagiello et al., adverse events

associated with darbepoetin alfa were found to be rare (24). The

majority of patients (81.8%) in our study received 8 doses of Cresp® at

a dosage of 200 µg, with an average total dose per patient of 1474 µg,

consistent with other studies where darbepoetin alfa demonstrated

optimal outcomes in patients with CIA (16, 24).
FIGURE 2

Patient-reported Outcomes for headache, dyspnea and fatigue measured at baseline (green) and the end of treatment (blue). Significant
improvements were seen in reduction of dyspnea and fatigue.
TABLE 2 Incidence of treatment emergent adverse events.

Adverse Drug Reactions

Incidence

No of
Patients

Percentage

Hypertension 28 5.4%

Deep vein thrombosis 15 2.9%

Arrhythmia 4 0.8%

Congestive cardiac failure 1 0.2%

Hypotension 1 0.2%

Total 49 9.5%
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ESAs have been found to be associated with higher risk of

thromboembolic events in patients who have a Hb level > 10g/dL.

Further, there is concern of stimulation of tumor growth with

their use. A study by Henke et al., demonstrated that patients with

carcinoma of head and neck had poorer locoregional

progression-free survival if their tumor was positive for

erythropoietin receptor expression and had been administered

with epoetin beta for anemia (25). Based on this and other similar

studies, the US FDA published a warning statement advising to

restrict use of ESAs only to palliative anti-neoplastic therapy.

Subsequently guidelines such as by ASH, ASCO, and the NCCN

also recommended ESAs only when the aim of the therapy was

palliative (4). A meta-analysis of RCTs involving ESAs in lung

cancer patients revealed that ESA use resulted in higher incidence

of thrombotic vascular adverse events but with no significant

difference in mortality and adverse reactions when compared to

control (placebo/no placebo). The study also reported reduced

BT requirement with ESA use (26). Our study involved patients

who were on a myelosuppressive therapy in a palliative setting

who had an Hb level below 10.0 g/dL. Therefore, the eligibility

criteria of our study aligns with the updated guidelines and

recommendations of recognized organizations and societies.

In conclusion, Cresp® emerges as an effective and well-tolerated

intervention for patients with chemotherapy-induced anemia.
4.1 Drawbacks

As this is a prospective analysis of retrospectively gathered

data, limitations exist in establishing a cause-effect relationship

due to the nature of the study. Consequently, analyses such as

duration to response could not be performed. A prospectively

designed study would be ideal to measure such endpoints. Efforts

have been made to prevent over generalization of the results. It is

important to note that comorbidities within our patient cohort

may differ from those in other Indian studies due to the initial

manual data collection process which was later transferred into

an electronic system, potentially introducing bias. Patient-

reported outcome (PRO) data on fatigue, dyspnea, and

headache were obtained using an in-house developed scale

during morning rounds rather than through a standard

questionnaire or guideline.
5 Conclusion

In conclusion, our retrospective study sheds light on the real–

world effectiveness and tolerability of Cresp® in addressing

chemotherapy-induced anemia (CIA) in a real-world setting. The

data suggests that Cresp® effectively boosts hemoglobin levels,

reducing the need for blood transfusions and improving the quality

of life for cancer patients undergoing chemotherapy in a palliative

setting. These findings provide practical insights that can assist

clinicians in making informed decisions.
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