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▪ One of the most common complications among cancer patients, affecting up to 90% depending 
on the type of malignancy and treatment intensity

▪ It results from multiple causes, including chemotherapy-induced myelosuppression, chronic 
inflammation, nutritional deficiency, and renal dysfunction

▪ Significantly contributes to fatigue, decreased performance status, and lower quality of life, 
often leading to treatment interruptions

Introduction: Anemia



• ID in cancer patients can be due to multiple concurring mechanisms, including bleeding (e.g., in gastr
ointestinal cancers or after surgery), malnutrition, medications, and hepcidin-driven iron sequestratio
n into macrophages  with subsequent iron-restricted erythropoiesis

Busti F. et al. Pharmaceuticals (Basel). 2018 Sep 30;11(4):94.

Multifactorial pathogenesis of cancer-related anemia

ID, Iron Deficiency; ChT, Chemotherapy; RT, Radiotherapy; 
ESA, Erythropoietic Stimulating Agents; CKD, Chronic Kidney Disease
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What is chemotherapy-induced anemia (CIA) ?



• Chemotherapy-induced anemia is related to the toxic effect of anticancer treatments on bone marrow 
or to a nephrotoxic effect, which negatively influence EPO production. 1,2

• the condition is often induced by platinum-based regimens. Indeed, beyond the direct toxic effect on 
erythropoiesis, platinum-based chemotherapy may cause nephrotoxicity with a subsequent drop in 
EPO production.1

1. Madeddu C et al. J Exp Pharmacol. 2021 Jun 24;13:593-611.
2. Bryer and Henry. International Journal of Clinical Transfusion Medicine 2018:6 21–31

Pathogenesis of chemotherapy-induced anemia



• Anemia occurred more than 30% of cancer patients at diagnosis before the initiation of antineoplastic 
therapy, rising to 67% once treatment is initiated.

• CIA (Cancer-and-chemotherapy induced anemia) prevalence differs among cancer types, 
with the highest percentage of anemic patients reported in lung cancer, gynecologic or genitourinary, 
and gastrointestinal tumors

Kristof Verraes et al., Annals of Gastroenterology 2015;28, 19-24; Ludwig H, 2004; 
Ludwig et al. Annals of Oncology. 2013 May 29;  Hairong Xu et al., Clinical Epidemiology 2016:8 61–71

Prevalence of anemia in cancer



A high prevalence of iron deficiency across different tumor types and iron deficiency correlated with anemia.

Ludwig et al. Annals of Oncology. 2013 May 29

Prevalence of iron deficiency and anemia in cancer patients



• Longitudinal and incremental analysis of the correlation in cancer 
patients receiving chemotherapy

• Direct relationship between Hb levels increases and corresponding QoL improvements in cancer patients 
receiving chemotherapy across the clinically relevant Hb range of 8-14g/dL

There is direct relationship between Hb levels and Quality of Life(QoL)

Crawford J et al.  Cancer. 2002 Aug 15;95(4):888-95.



• Responses to the question: 
which symptom do you think affects/affected your everyday life more, pain or fatigue? 

• Although oncologists believed that pain adversely affected their patients to a greater degree than 
fatigue (61% v 37%), patients felt that fatigue adversely affected their daily lives more than pain (61% 
v 19%)

Fatigue has a greater impact on cancer patients’ lives than pain 

Vogelzang NJ, Semin Hematol. 1997 Jul;34(3 Suppl 2):4-12.
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• Consequences of anemia may include impaired response to cancer treatment and reduced overall survival 
(OS)1

• There was a 65% overall increase in the risk of mortality in cancer patients with anemia compared with 
those without anemia2,3  

• The impact of anemia on survival has been related to delay in initiating, or failure to complete, the ChT 
regimens2

1. Aapro M, et al. Ann Oncol 2018;29(Suppl 4):iv96–iv110. (ESMO guidelines)
2. Busti F. et al. Pharmaceuticals (Basel). 2018 Sep 30;11(4):94. 

3. Caro JJ. et al. Cancer. 2001 Jun 15;91(12):2214-21

Anemia is associated with shorter survival times for cancer patients
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Comprehensive literature review. 60 papers that reported the survival of cancer patients according to either hemoglobin levels or the presence of anemia were included. Among
these papers, 25% related to patients with lung carcinoma, 17% related to patients with head and neck carcinoma, 12% related to patients with multiple myeloma, 10% related to
patients with prostate carcinoma, 8% related to patients with cervicouterine carcinoma, 7% related to patients with leukemia, 5% related to patients with lymphoma, and 16%
related to patients with other types of malignancies. Anemia is associated with shorter survival times for patients with lung carcinoma, cervicouterine carcinoma, head and neck
carcinoma, prostate carcinoma, lymphoma, and multiple myeloma



• Anaemia and iron deficiency (ID) are frequent complications in 

patients with solid tumours or haematological malignancies, 

particularly in patients treated with chemotherapeutic agents. 

Frequently, anaemia is associated with fatigue, impaired 

physical function and reduced quality of life (QoL).

Clinical relevance of CIA

Chemotherapy 
response

Quality Of Life 

Poor survival

Aapro M, et al. Ann Oncol 2018;29(Suppl 4):iv96–iv110. (ESMO guidelines)



% of treatment of CAA 

Ref. 1.Ludwig H. et al.,. 1. Eur J Ca. 2004:40(15):2293-2306, 2. Caro JJ et al. Cancer 2001;91:2214–2221

% of patients who received anaemia treatment 
if ever anaemic (n=9,118) by tumour type. 1

Eur J Ca. 2004:40(15):2293-2306 

✓ 31.7% of patients who were not receiving cancer treatment  at enrollment were anemic.

✓ Anemia patients with Breast cancer  were least likely to receive anemia treatment (73.8%)

Table. Higher relative risk for death in anemic patients 2



Iron supplementationRed blood cell transfusion EPO stimulating agents

Recommendation for management of CIA



✓ For patients receiving chemotherapy, the increasing hemoglobin level is of great importance for 
improving survival and anti-tumor efficacy of chemotherapy.

✓ If anemia is not due to absolute or functional iron deficiency, there are currently only two proven 
methods, ESA and RBC transfusion. 

ESA 
in the cancer setting

RBC 
Transfusion 

• Transfusion avoidance
• Gradual improvement in 

anemia-related symptoms
Benefits 

• Rapid increase of Hb and hematocrit 
levels

• Rapid improvement in anemia-related 
symptoms 

• Increased thrombotic events
• Possible decreased survival
• Time to tumor progression shortened 

Risks 

• Transfusion reactions(hemolytic, febrile, 
non-hemolytic, lung injury) 

• TACO
• Virus transmission(hepatitis, HIV)
• Bacterial contamination
• Iron overload
• Increased thrombotic events
• Possible decreased survival

Risk & goals of ESA vs. RBC transfusion



• ESAs are synthetic forms of erythropoietin, such as epoetin alfa or darbepoetin alfa, designed to stimulate 

red blood cell production

• They bind to erythropoietin receptors on bone-marrow progenitor cells, promoting proliferation and 

differentiation of erythroid lineages

• This stimulation leads to a gradual rise in hemoglobin levels and improved oxygen-carrying capacity of the 

blood

→ By mimicking the natural hormone, ESAs restore the body’s ability to produce red cells suppressed by 

chemotherapy

Mechanism of action



• ESAs significantly reduce the need for red blood cell transfusions, which carry risks of infection 
and alloimmunization

• A gradual hemoglobin rise of about 1 g/dL every 2–4 weeks can be expected with appropriate 
dosing

• Many patients report improvement in fatigue and general well-being, contributing to a better 
quality of life

• Their outpatient use provides a convenient and non-invasive approach to managing chronic 
chemotherapy-related anemia

→ The primary goal is to alleviate fatigue and reduce transfusion burden in long-term care

Benefit of ESA therapy



• Possible increased mortality and tumor progression

• Thromboembolism

• Hypertension

• Pure red cell aplasia (PRCA)

Risk of ESA therapy



• In the late 2000s, the safety of ESAs was discussed when meta-analyses suggested that ESA 
treatment may affect mortality in cancer patients

• The use of ESAs was related to an adverse impact on survival in certain tumor entities (e.g., non-
small-cell lung cancer [NSCLC], head and neck cancer receiving radiotherapy, cervical cancer 
receiving chemoradiotherapy, and metastatic breast cancer receiving chemotherapy), as shown 
by several controlled trials

Risk of ESA therapy in cancer setting

Possible increased mortality and tumor progression



Risk of ESA therapy in cancer setting

NSCLC unsuitable for curative therapy 
and baseline Hgb levels < 12 g/dL

Possible increased mortality and tumor progression



• In the late 2000s, the safety of ESAs was discussed when meta-analyses suggested that ESA 
treatment may affect mortality in cancer patients

• Some reports suggested a potential role of the EPO receptor (EpoR) on tumour cells in tumour 
progression, yet there has been a controversial discussion

• The use of ESAs was related to an adverse impact on survival in certain tumor entities (e.g., non-
small-cell lung cancer [NSCLC], head and neck cancer receiving radiotherapy, cervical cancer 
receiving chemoradiotherapy, and metastatic breast cancer receiving chemotherapy), as shown 
by several controlled trials

• Recent Cochrane review included subgroup analyses and showed statistically significant on-
study mortality in patients with baseline Hb>12 g/dL but not for Hb categories Hb<10 g/dL and 
Hb¼ 10–12 g/dL that correspond to the currently approved cut-off for initiation and the target Hb 
range of ESA therapy

Risk of ESA therapy in cancer setting

Possible increased mortality and tumor progression



• The cause of VTE in patients with cancer is 
complex

• Increased thromboembolic event 
including VTE are associated with ESA 
therapy in cancer patients

Risk of ESA therapy in cancer setting

Thromboembolism



• Additionally, an increased risk of stroke was associated with darbepoietin alfa in a clinical trial of 
patients with CKD

• Increased thromboembolic event including VTE are associated with ESA therapy in cancer 
patients → approximately 1.5 to 1.7 times higher than in control

• Patients with risk factors (prior history of VTE, hypercoagulability, prolonged immbolization, etc) 
may be more susceptible to thrombosis with EAS use

• In the absence of prospective randomised studies showing that antithrombotic therapy reduces 
the risk of VTEs in ESA-treated patients, prophylactic antithrombotic treatment is not 
recommended

Risk of ESA therapy in cancer setting

Thromboembolism



• Cochrane review: increased risk for hypertension with ESA use in patients with cancer

• Blood pressure should be controlled and be monitored regularly throughout treatment

Risk of ESA therapy in cancer setting

Hypertension

PRCA

• Cases of PRCA related to anti-EPO antibodies have been reported rarely

• Should be suspected whenever a response to rEPO is lost







• Initiate ESA only for chemotherapy-induced anemia when Hb < 10 g/dL and symptoms are present

• Target Hb ≤ 12 g/dL and use the lowest effective dose to avoid transfusion

• No recommendation for patients with cancer-related anemia in the absence of chemotherapy

• No recommendation for patients undergoing chemotherapy in curative intention

• Discontinue treatment once chemotherapy ends of if there is no adequate response after 6-8 weeks

• Evaluate and correct iron deficiency before or during ESA therapy

• Individual risk for thromboembolism must be evaluated and considered

• Discuss potential benefits and risk thoroughly with patients before initiation

→ Highlighting careful patient selection and shared decision-making

Current guideline recommendation



• ESAs effectively reduce transfusion needs in chemotherapy-induced 
anemia but should be used with caution.

• Several randomized clinical trials have demonstrated that the use of ESAs 
is accompanied by serious side effects, such as an increase in 
thromboembolic events, mortality, and inferior outcomes.

• Clinicians must be aware of these issues and should carefully weigh the 
risks of ESAs against transfusion risks.

→ ESAs remain a valuable but double-edged tool—effective only when 
used precisely

Summary



Thanks for your attention


