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ABSTRACT
Chemotherapy-induced anemia is the predominant adverse event observed in individuals 
undergoing cancer treatment, resulting in a reduction in red blood cells and hemoglobin 
levels. This condition manifests through indicators such as diminished quality of life 
and fatigue. Effective approaches for managing recurrent chemotherapy-induced anemia 
encompass the use of erythropoietin stimulating agents, blood transfusions, and intravenous 
iron supplementation. Each of these interventions presents distinct pros and cons, with the 
selection of a particular treatment modality contingent upon the severity of anemia and 
the duration of malignancy. A comprehensive review of scholarly literature reveals a high 
prevalence of anemia among cancer patients receiving chemotherapy. Ongoing research 
endeavors are focused on the development of pharmacological agents for cancer treatment 
that are devoid of adverse effects, particularly concerning anemia, a common complication 
associated with this therapeutic approach.
Keywords: Anemia, Cancer, Chemotherapy, Erythropoietin.

Anemia, derived from the Greek word 
“anaimia” meaning “lack of blood,” 

refers to a condition where the blood’s ca-
pacity to transport oxygen is diminished. 
This condition is often associated with ma-
lignancy [1]. There is no more common and 
persistent hematological disorder than ane-
mia in those with cancer [2]. Chemothera-
py-induced anemia (CIA) results from bone 
marrow infiltration disrupting erythropoie-
sis, malignant metastasis to normal tissue 
causing lack blood  and inflammation-in-
duced functional iron deficiency [3].

One important side effect of chemo-
therapy is CIA, which might delay or limit 
therapy and increase fatigue and quality of 
life reduction [4]. Furthermore, the intri-

cate landscape of CIA treatment modalities 
will be scrutinized, ranging from traditional 
approaches such as blood transfusions and 
erythropoiesis-stimulating agents (ESAs) 
to contemporary strategies informed by ad-
vancements in molecular and cellular biol-
ogy [5]. A thorough review of the changing 
field over the past 50 years can be obtained 
by analyzing the literature on chemothera-
py-induced anemia as shown in Figure 1. 
Chemotherapy-induced anemia publica-
tionexamining publishing years can be or-
ganized to show significant advancements, 
patterns, and changes in the direction of re-
search at certain points in time. 

Foundation and Recognition from the 
1970s-1990s Publications during this peri-
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od investigating the prevalence of anemia in patients 
with cancer, 1990 to 2020 the quality of life, and 
erythropoiesis-stimulating agents as a treatment this 
period might also have seen debates and discussions 
regarding the appropriate utilize of ESAs in patient 
and focus on produce new strategies for prevent ane-
mia when using chemotherapy.

A five-decade timeline of publications summarized 
shown in Figure 2 a progression from basic statements 

of anemia prevalence to a more complex knowledge 
of its complex nature. The bar chart shows that early 
publications from 1970 to 1990 decreased but after 
that, the process of research about the widespread of 
anemia in cancer patients increased and reached a top 
in 2021.

The timeline documents turning points in the de-
velopment of new treatment techniques advances in 
medicine, and an increasing understanding of the sig-
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Figure 1. Chemotherapy-induced anemia publication from 1970 t0 2020
Source: Web of Sciences, Keywords: Anemia, Cancer, Chemotherapy, Erythropoietin.
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Figure 2. Anemia research landscape over time yearly publication count
Source: Web of Sciences, Keywords: Anemia, Cancer, Chemotherapy, Erythropoietin.
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nificance of treating anemia as a critical component 
of cancer patient care. There may have been a stron-
ger focus on patient-centered care and individualized 
treatment in the latter half of the study period, which 
runs from 2010 to 2020. Articles may provide indi-
vidualized methods of treating anemia depending on a 
person’s traits, biology, and reaction to treatment. Im-
provements in nutritional techniques and supporting 
care were probably made at this time.

1. Cancer Related Anemia
The pathogenesis of cancer-associated anemia, 

which includes radiation-induced anemia (RIE), che-
motherapy-induced anemia , and persistent renal fail-
ure, comprises several components [6]. Anemia sec-
ondary cancer directly results from the original tumor 
infiltrating healthy organs and producing hemorrhage, 
marrow infiltration preventing the producing  of red 
blood cells, or chronic inflammation resulting in low 
levels of iron [7]. Cancer-induced anemia is a typi-
cal side effect of myelosuppressive treatment such as 
chemotherapy, whether administered separately or in 
combination with radiation the pathogenesis of cancer 
induced anemia show in Figure 3 [7]. Most elderly 
cancer patients can be diagnosed with chronic kidney 
disease , this might result from the decline associated 
with aging, chemotherapy, and  kidney  injury from 
tumor penetration [8].

Anemia can be caused by underlying co-morbid-

ities including inflammatory illnesses, hemolysis, 
coagulation abnormalities, genetic diseases, renal in-
sufficiency, or nutritional deficiencies [9]. The patho-
physiological origin of anemia in patients who have 
cancer can be divided into three main categories re-
duced red blood cell (RBC) production, destruction of 
RBC, and blood loss [10].

1.1 Reduced RBC Production 
Lower erythropoiesis due to a variety of causes is 

the main mechanism behind of  cancer-induced ane-
mia, and also  chronic renal  disease and acute renal 
injury is one of several causes of decreased erythro-
poietin  production [11, 12]. Inadequate intake of total 
iron, vitamin B 9, and vitamin B12 in the dietary reg-
imen, or damage to the bone marrow resulting from 
conditions such as myelodysplasia, bone metastases, 
or myelosuppressive chemotherapy [13, 14]. Patients 
with thymomas, leukemias, pure red cell aplasia may 
occur in lymphomas or tumors due to cytokines relat-
ed to the tumor or, in extremely rare cases, because 
to the development of anti-erythropoietin antibodies 
after the administration of external a hormone called 
erythropoietin  [15, 16]. Furthermore, anemia is a 
common presentation for patients whose cancers orig-
inate from hematopoietic progenitors [7]. The exces-
sive multiplication of blast cells in the bone marrow 
may contribute to this condition, since they displace 
the non-malignant cell population [17]. It is thought 
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Figure 3. Pathogenesis of chemotherapy-induced anemia [42]
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that normal erythroid blast-forming units and islands 
rely on interactions with stem cell factors and bone 
marrow stromal cells to sustain their differentiation, 
proliferation, and division [18]. However, this phe-
nomenon hinders them from doing so [19, 20].

1.2 Destruction Red Blood Cell
Microangiopathic processes, such as erythrophago-

cytosis in histiocytic tumors, are among the mech-
anisms that causes damage the red blood cell as the 
result anemia will be occur [21]. Another condition 
that may cause the death of red blood cells is hemo-
lytic disease  anemia, which is common in persistence  
lymphocytic leukemia [22]. Hematopoietic cell se-
questration often occurs in Hypersplenism associated 
with myeloproliferative neoplasms, lymphoid malig-
nancies, cancer that invade the spleen, and tumors that 
induce portal hypertension [23].

1.3 Blood loss 
Anemia resulting from the loss of red blood cells 

may be caused by treatment-related causes, such as 
blood loss after surgery or repeated blood drawing 
for laboratory testing[24]. As well as tumor-related 
bleeding seen in cases of uterine cancer or gastroin-
testinal malignancies [25]. Gynecological, genitouri-
nary, and gastrointestinal malignancies can all result 
in disease-related blood loss. Both radiation and che-
motherapy have the potential to affect the immune 
system and prevent erythropoiesis, some treatments, 
however, may result in anemia at a higher rate than 
others. Anemia of chronic illness is the term used to 
describe the anemia that affects a significant percent-
age of cancer patients who have no known etiology 
[26].

Unfortunately, not all medical professionals regu-
larly measure, record, or even survey symptoms as-
sociated with anemia. Additionally, the severity and 
defining thresholds are not uniform. The absence of 
consistent, objective grading schemes for anemia and 
associated various expressions make quantitative as-
sessment difficult. While some research describes 

anemia as a decrease in baseline hemoglobin, using 
recombinant human erythropoietin treatment, or re-
quiring blood transfusions [27]. The toxicity grading 
system that is utilized to identify anemia is not docu-
mented by others [13]. The following anemia grading 
system was proposed by the National Cancer Institute 
Anemia [28] . An amount of hemoglobin below 12 g/
dl can be regarded as suggestive of anemia, as defined 
by the World Health Organization and National Can-
cer Institute  show in Table 1 severity scale for anemia 
[29]. The scale is made up of the following grades. 

According to the European Cancer Registry’s Ane-
mia Survey a large-scale study, 39% of the 15,367 in-
dividuals who had chemotherapy were found to have 
anemia after being observed for a period of six months 
[30]. Anemia was defined as having a hemoglobin 
level below 10.0 g/dL, only 39% of these individuals 
received treatment overall, mostly with blood trans-
fusions or erythropoietin-stimulating drugs  [31]. The 
etiology of cancer-related anemia is complex and fre-
quently difficult to identify, with several factors often 
implicated [32].

Although the exact underlying mechanisms caus-
ing this kind of anemia are unknown, it is believed 
that they involve the activation of cytokines such as 
tissue necrosis factor, interleukin-1(IL-1), and in-
terferon-gamma γ, these cytokines may endogenous 
erythropoietin synthesis to be suppressed and enable 
iron consumption [33]. Between 30% to 90% of can-
cer patients are thought to have anemia at some point 
throughout their illness [34] .

Chemotherapy regimens that are not started or are 
not finished on time can have an impact on survival 
due to anemia, adequate oxygen levels are also neces-
sary to prevent cytotoxicity caused by radiation thera-
py and certain chemotherapy regimens [35]. Because 
tumor hypoxia renders malignancies resistant to che-
motherapy and radiation, it might perhaps contribute 
to the tumor’s lack of response [36-38]. An imbalance 
between oxygen intake and delivery leads to tissue 
hypoxia, arises in solid tumors when the oxygen con-
sumption rate of the neoplastic cells surpasses the ox-

 

31 

 

 

Table 1. Scale of anemia in cancer patients [29, 135] 
Scale State Range 
Grade 0 Typical Men (14-18) g/dL, Women (12-16) g/dL 
Grade 1 Slight Men (10-14) g/dL, Women (10-12) g/dL 
Grade 2 Intermediate 8–10 g/dL 
Grade 3 Intense 6.5–8 g/dL 
Grade 4 Potentially fatal <6.5 g/Dl 
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ygen supply available to them [39].
The structural and functional abnormalities of the 

tumor microcirculation might lead to inadequate blood 
flow, which can also be attributed to an increased dif-
fusing distance, which limits the amount of oxygen 
available [24]. Reduced blood oxygen-carrying ca-
pacity due to anemia from the tumor or its treatment 
can exacerbate tumor hypoxia can modify the rate of 
cell division after radiation therapy or chemotherapy 
by influencing the cell cycle and proliferation kinetics 
[40]. Research has also demonstrated that persistent 
tumor hypoxia might, by clonal selection and genetic 
alterations, further promote the advancement of ma-
lignancy and perhaps heighten aggressiveness [41].

2. Immunological Alteration in Cancer Patients
Immunological changes that occur as the neoplas-

tic disease develops have a significant  influence on 
the patient’s clinical circumstances and may even re-
sult in the patient’s mortality is called cancer cachexia 
syndrome [42]. Apart from anemia, various symptoms 
related to multiple organs and processes are brought 
on by the immune system’s alterations [43]. These in-
clude weight loss, anorexia, vomiting,  fatigue, nausea 
elevated energy metabolism with changes in glucose, 
lipid, and protein metabolism, and immunosuppres-
sion, heightens susceptibility to infections [44]. 

It is impossible to pinpoint the exact moment these 
alterations occur, but it is known that the patient’s 
immune system and cancer interact to cause these 
changes [45]. Different soluble factors, or cytokines, 
are produced by inflammatory cells, lymphocytes, and 
mesenchymal cells that have been activated, certain 
cytokines have the ability to stimulate or repress cer-
tain cell types [46].

When it comes to the cell-mediated immune re-
sponse, interleukin-1(IL-1), interleukin-6(IL-6), and 
tumor necrosis factor alpha (TNF-a) are release these 
molecules also function as second messengers for the 
creation of interleukin-2(IL-2) which is essential for 
the regulation of the immune response against cancer 
[47].The degree of immunological dysfunction is cor-
related with the stage of malignancy [48]. Linked to the 
quantity of acute phase proteins and other inflamma-
tory cytokines, especially IL-6 [49]. It is reasonable to 
suppose that compromised lymphocyte activities are 
a stand-in for a variety of functional alterations, the 
most significant of which are the immunosuppressive 
effects of cytokines released from macrophages and 
modifications to energy metabolism that can lead to an 
oxidative stress state. Our earlier research demonstrat-

ed that cancer patients are significantly more likely to 
have elevated oxidative stress [50, 51]. 

Notably, inflammatory cytokines have specific im-
mune-modulatory properties, but they also vital influ-
ence in the pathophysiology of the primary metabolic 
abnormalities [42]. 

2.1 Specific Actions of Proinflammatory Cytokines
The cytokines IL-1, TNF-a, and IL-6, which are 

known to lead to inflammation, have been shown to 
have a wide range of effects on erythropoiesis, in-
cluding decreased erythroid precursor proliferative 
response, increased macrophage destruction of eryth-
rocytes, and decreased erythroid precursor response 
to EPO [52]. Furthermore, patients with advanced 
cancer experience several nutritional and metabolic 
abnormalities that are mostly brought on by the per-
sistent action of these same cytokines , notably pro-
mote inflammatory cytokines related to the develop-
ment of cancer related anemia by affecting nutritional 
status and energy metabolism IL-1 may reduce eryth-
ropoiesis by particularly reducing the replication and 
maturation of burst-forming unit-erythroid (BFU-E), 
and colony-forming unit-erythroid (CFU-E) cells pre-
cursors decreasing the expression of the Erythropoi-
etin (EPO) receptor and impairing the generation of 
EPO and IL-1 has the ability to reduce erythropoiesis 
[52]. The precursors decrease the expression of the 
EPO receptor, hence impeding the generation of EPO 
[53]. Furthermore, IL-1 and other proinflammatory 
cytokines have been linked to the activation of mac-
rophages for erythrophagocytosis, which causes the 
early erythrocyte destruction and reduced erythrocyte 
survival [54].

Also, IL-1 has a role in a number of modifications 
to nutritional status and energy metabolism, by acti-
vating its effects inside the hypothalamic nuclei cen-
tral nervous system, IL-1 causes anorexia linked to 
decreased food intake [55]. 

As a result, growth hormone (GH) is inhibited, 
which lowers the synthesis of insulin-like growth 
factor-1 that  causes the loss of muscle mass that is 
common in individuals with advanced cancer [56]. 
Furthermore, IL-1 prevents pancreatic beta cells from 
producing insulin, which results in hyperinsulinemia 
and insulin resistance [57]. The emergence of  cancer 
related anemia (CRA) in individuals with advanced 
cancer may be associated with these IL-1-mediated 
actions [58].  Erythropoiesis is specifically harmed 
by low glucose availability and insulin resistance be-
cause glucose metabolism is the only factor that al-
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lows commitment to the differentiation phases [59]. 
Cellular absorption of glucose and its incorporation 
into the tricarboxylic acid cycle are crucial for eryth-
roid development since they provide a substantial 
amount of energy required for cell proliferation [60]. 
Additionally, there is an increased redirection of glu-
cose towards the pentose phosphate pathway to gener-
ate carbon sugars and facilitate glutamine-dependent 
nucleotide synthesis [61].

Erythroid differentiation is affected by the intake 
of glucose and the balance among mitochondrial and 
non-mitochondrial glucose metabolism [62]. Further-
more, there is proof that anemia and the central nerves 
system (CNS) pathways regulated by IL-1 are related. 
Research has demonstrated a correlation between the 
replacement of GH and a notable increase in Hemo-
globin (Hb) [63]. 

Moreover, results from in vitro and in vivo in-
vestigations shown that Insulin-like growth factor 1 
(IGF-1) has the ability to enhance the differentiation 
and proliferation of both early and late erythroid pro-
genitors [64]. clinical investigations have consistently 
shown that blood levels of IGF-1 are inversely cor-
related with hemoglobin  in a variety of demographics, 
including adult, elderly, and dialyzed patients [65]. 

TNF-a has a direct impact on hemopoiesis. It may 
impede the production of red blood cells and their 
maturation, both in living organisms and in laboratory 
settings. Additionally, it can raise the mortality rate of 
immature red blood cells and reduce the quantity of 
mature red blood cells. Furthermore, it diminishes the 
responsiveness of erythroid progenitor cells to EPO 
[66]. Moreover, TNF-a primarily contributes to the 
metabolic changes in lipid metabolism that often oc-
cur in individuals with advanced cancer, particularly 
those experiencing cachexia [67].

Additionally, it has also been shown that regulates 
the development of erythroid progenitors [68]. Re-
garding IL-6, it affects erythropoiesis at several levels 
by modifying hepatic gene expression and hepcidin 
production, IL-6 can alter iron metabolism and lim-
it erythroid progenitors’ ability to proliferate and re-
spond to EPO, this, in turn, causes the functional iron 
shortage that is characteristic of CRA [10]. 

Research has demonstrated that IL-6 can impact 
erythropoiesis by inhibiting the synthesis of hemo-
globin. This effect occurs separately from the hepci-
din-iron pathway and is a result of the declining mito-
chondrial function in maturing erythroid cells, which 
leads to a decrease in membrane potential or oxidative 
phosphorylation [69]. Numerous publications have 

shown the critical role that IL-6 plays in CRA deter-
mination, one of our articles gave the first evidence 
that IL-6, in conjunction with the stage of the illness, 
acted as an autonomous predictor of Hb levels in a 
group of ovarian cancer patients [50].

Furthermore, IL-6 significantly contributes to the 
pathogenesis of chronic renal failure (CRA) as well 
as the profound immunological and metabolic alter-
ations that characterize advanced illness. In a previ-
ous endeavor, an animal model was used in order to 
simulate cancer-related situations for experimental 
purposes [70]. It was demonstrated that IL-6 played 
a critical role in causing the early start of cachexia 
symptoms, which were linked to the loss of muscle 
and adipose tissues in addition to a decrease in appe-
tite and were independent of the rate of tumor growth. 
The amount of IL-6 was directly correlated with the 
degree of cachexia, and a notable decrease in IL-6 
levels occurred after the original tumor was removed. 
Anti-IL-6 monoclonal antibodies consistently delayed 
the onset of cachexia symptoms [70]. 

Additionally, studies conducted on rat experi-
mental models have shown that IL-6, similar to IL-
1, directly stimulates the hypothalamus to initiate the 
secretion of CRF, a process that is facilitated by Pros-
taglandin E2 (PGE2) [71]. It may affect the pancreatic 
b cells’ ability to produce insulin and metabolize food 
[72]. In more recent times, IL-6 has come to light as 
the primary factor influencing muscle atrophy in pa-
tients with advanced cancers [73]. Currently, there is 
a significant emphasis on regulating the, phosphati-
dylinositol-3-kinase( PI3K),  protein kinase B (AKT), 
mammalian target of rapamycin (mTOR) pathway 
this system serves as the main detector of cellular en-
ergy and is responsible for stimulating muscle devel-
opment. IL-6 and signal transducer and activator of 
transcription 3 (STAT3) have been identified as key 
factors in this control [74]. 

Patients with advanced cancer may have impaired 
production of red blood cells due to the activation of 
certain pathways controlled by IL-6, as well as the ac-
celerated breakdown and restricted supply of amino 
acids associated with this condition. Increased amino 
acid intake stimulates mammalian target of rapamycin 
(mTOR) signaling, which subsequently promotes the 
development of red blood cells and the manufacture 
of hemoglobin [75]. On the other hand, decreased nu-
trient and amino acid pools result in decreased mTOR 
activity and suppressed Hb production [76]. 

Insulin resistance, which results in poor glucose 
metabolism, and anorexia, which is linked to decrease 
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food intake, both contribute to the mTOR pathway’s 
suppression. Consequently, mTORC1 signaling may 
be inhibited by anemia, which is characterized by 
a less effective transport of oxygen (O2) to periph-
eral tissues. This is mostly due to lower adenosine 
triphosphate (ATP) production and poor oxidative 
phosphorylation, which result in mTOR suppression. 
Additionally, “functional iron deficiency,” which is 
characterized by low iron levels and subsequently low 
heme production a key component of muscle myoglo-
bin distinguishes CRA this implies that muscular atro-
phy is exacerbated by anemia [73].

3. Erythropoiesis
Several physiological processes that can also alter 

in response to various pathological circumstances can 
control the rate of new cell production [77]. Delivery 
of oxygen from the lungs to various body locations 
and carbon dioxide  in the opposite direction is pri-
marily the function of erythrocytes [78]. 

A stable and suitable erythrocyte mass must be 
maintained, but it must also be able to expand in re-
sponse to tissue hypoxia, given that the body’s capacity 
to store oxygen is 20 mL/kg and its basal oxygen  used  
is 4 mL/kg/min [79]. In actuality, hypoxia-inducible 
factor (HIF)-1 stimulates erythropoietin synthesis at 
the molecular level during hypoxia [80]. Furthermore, 
vascular endothelial growth factor (VEGF) and many 
other growth factors are used to counterbalance the 
detrimental consequences of low oxygen levels [81]. 
As a result, the inverse relationship between the val-
ue of Hb or hematocrit and the rise in EPO levels is 
log-linear [52]. 

There is a significant correlation between energy 
metabolism and the availability of oxygen, since oxy-
gen transported by hemoglobin is essential for glucose 
metabolism and the production of energy [82]. Con-
versely, protoporphyrin IX (PPIX), which is produced 
as a result of glucose metabolism via the Krebs cycle, 
is used to form the heme molecule, which serves as 
the cellular carrier of oxygen [83]. While hemoglobin 
(Hb) is essential for carrying oxygen (O2), glucose is 
required for the production of heme, which in turn is 
necessary for the synthesis of Hb. The crucial role of 
diet is seen in the need of iron and glucose for heme 
synthesis explain in Figure 4 [84].

The four primary processes that govern erythro-
poiesis are as follows: (1) The capacity for prolifer-
ation of the reserve of erythroid progenitors; (2) The 
strength of the stimuli for the creation of erythrocytes; 
(3) The availability of nutrients; and (4) The survival 

of erythrocytes, which is reduced during bleeding or 
due to early destruction [85].

4. Prevalence of Anemia in Cancer Patients
According to a major prospective survey from 

the European Cancer Anemia Survey (ECAS) with 
15367 cases showed that the prevalence of anemia 
was 39.3% at enrollment and 67.0% during the survey 
[86]. Anemia prevalence at diagnosis was 18.98% in 
the Chinese population, according to our previous in-
vestigation of 1133 newly diagnosed cancer patients. 
Other factors such as age, reduced food intake, and a 
history of bleeding were also found to be independent 
risk factors for the development of anemia at the time 
of diagnosis in this cohort [87]. However, the inci-
dence is significantly more common in those undergo-
ing radiation or chemotherapy [88]. Cytotoxic chemo-
therapy is believed to be a primary factor contributing 
to anemia in cancer patients, the severity of anemia is 
determined by the extent of the malignancy and the 
dosage of treatment administered [89].

5. Sign and Symptom of Anemia and Quality of 
Life

The severity of symptoms can range from mild 
conditions like palpitations, dizziness, dyspnea, an-
orexia, and trouble concentrating to more serious ones 
like heart failure and lethargy [90].Vital symptoms 
that cancer patients experience is fatigue, which can 
hurt the patient’s quality of life [91].

Depending of previous study show that the 78% 
of 419 cancer patients who were chosen at random to 
participate in a study stated they had become fatigued 
while undergoing treatment or dealing with their ill-
ness. Furthermore, more than cancer-related discom-
fort, 61% of the patients said that exhaustion hurt their 
lives [92]. Although anemia is thought to be a major 
contributing factor, cancer fatigue has diverse patho-
genesis processes [93].

6. Anemia as an adverse prognostic factor
Anemia has been shown in several studies to be an 

autonomous risk factor for reduced survival in cancer 
patients, especially those undergoing both chemother-
apy and radiation therapy. Furthermore, it significant-
ly affects their quality of life [94].

There are conflicting reports, nevertheless, about 
increased survival after anemia correction conduct-
ed a relatively old investigation in which they exam-
ined sixty published publications describing cancer 
patients’ survival based on their hemoglobin level 
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[95]. Anemia increased the total comparative risk of 
mortality in this diverse group of cancer patients by 
19% in lung cancer patients, 47% in prostate cancer 
patients, 67% in lymphoma patients, and 75% in head 
and neck cancer patients [94].

7. Anemia Pathogenesis in Cancer Patients
Anemia may develop in patients with malignant 

illnesses for a variety of causes. The most common 
kind of anemia that patients with solid tumors have 
been known as “anemia of chronic disease” [96]. This 
condition has been seen in severe infections, trauma, 
chronic inflammatory disorders, and cancer [97]. In 
addition to hyperferritinemia and elevated iron stor-
age, associated test findings include hypoferraemia 
and reduced transferrin saturation [98]. It is believed 
that the release of cytokines linked to chronic illness,  
IL-1, TNF and interferon beta, mediates this type of 
anemia [99]. These cytokines may result in decreased 
iron utilization, a reduction in colony-forming activity 
(BFU-E), and a shorter lifetime for red blood cells. 
An apparent low amount of EPO is commonly noted 
about the severity of anemia in these individuals [100-
102]. These modifications result in an overall reduced 
RBC synthesis in the bone marrow, which is the most 
likely pertinent pathway for cancer-related anemia 
[103].

Factors contributing to the development of anemia 
in cancer patients

•	 Hemolysis 
•	 Bleeding
•	 Hypersplenism, haemophagocytosis
•	 Nutritional deficiencies 
•	 Chemotherapy, radiotherapy
•	 Anemia of chronic disorders
•	 Marrow damage 
•	 Renal insufficiency)
Enumeration of distinct etiologies of therapy-in-

duced anemia specifically associated with certain 
therapeutic interventions. [103]

•	 Radiotherapy 
•	 Chemotherapy (depending on the drug, sched-

ule, and dose)
•	 Combined radio-chemotherapy
•	 Surgery
List of  related to underlying anemia of chronic dis-

ease[103]
•	 Reduced iron utilization
•	 Relative EPO deficiency
•	 Reduced RBC survival

8. Treatment of Anemia in Cancer Patient
Anemia’s etiology should be determined, and 

treatment should focus on addressing the underlying 
cause. Directed therapy intervention may not work, 
though; pinpointing a precise causative component 
can occasionally be challenging. The therapeutic op-
tions represent in Table 2. Therapeutic Interventions 
in CIA [128]. That will be covered in the upcoming 
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Figure 4. Pathogenesis of chemotherapy-induced anemia  with erythropoiesis [135]
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sections include intravenous (IV) iron therapy, eryth-
ropoietin-stimulating medications, and blood transfu-
sions [30].

The United States Food and Drug Administration 
has authorized two erythropoiesis-stimulating medi-
cines for the treatment of chemotherapy-induced ane-
mia [40]. The Food and Drug Administration (FDA) 
has authorized the use of erythropoietin at a dosage 
of 40,000 Units (U) each week or 150 U per kg three 
times per week for patients with chemotherapy-in-
duced anemia and hemoglobin levels below 10 g/dL 
[104]. Additionally, darbepoetin Alfa Dimensional 
Assessment of Repetitive Behavior (DARB) may be 
administered at a dosage of 500 micrograms (mcg) 
every three weeks or 2.25 mcg per kg weekly, em-
pirical studies have shown that both EPO and DARB 
had equivalent efficacy in reducing the need for blood 
transfusions in individuals with chemotherapy-in-
duced anemia [41].

8.1 Iron Supplementation 

Erythropoietin deficiency and improper iron ab-
sorption into growing erythrocytes are two charac-
teristics of anemia linked to cancer. Consequently, 
it has been suggested that CRA may be treated with 
an iron supplement and ESA combination. Depend-
ing on the severity and timing of cancer-associated 
anemia, the oral or IV method of iron replacement 
is selected. Oral and parenteral iron formulations 
(low-molecular-weight iron dextran, ferric gluconate, 
and iron sucrose) are evaluated in cancer patients. 
The addition of iron to ESAs versus ESAs alone for 
chemotherapy-induced anemia has been linked to im-
proved Hb alterations, fewer RBC transfusions, and a 
higher hematological response, according to a recent 
systematic meta-analysis. In contrast to ESAs alone, 
the meta-analysis did not demonstrate any improve-
ment reduction in time to hematological response in 
patients supplemented with iron. There have been no 
documented treatment-related fatalities [105]. There 
are two different ways to administer iron: intravenous-
ly or orally. Oral iron in the bivalent (ferrous) form is 
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Table 2. Therapeutic Interventions in CIA [128] 
Therapy Indications Advantages Disadvantages 
RBC Transfusion • Symptomatic CIA 

• Consider when Hb <8 g/dL 
• Consider comorbidities 
• Single-unit transfusion policy 
with administration of one unit at 
a time titrated to symptom 
resolution 

•Rapid hemoglobin 
improvement 
•Rapid improvement in 
anemia symptoms 
• Enhance overall quality 
of life 

• Pathogen transmission 
• Transfusion reaction 
• Alloimmunization 
• Increased thrombotic risk 
• May impact disease progression 
• Iron overload 
• Increased thrombotic risk 
• Seizures 
• Slow to improve hemoglobin 

ESA administration • Symptomatic CIA 
• Consider when Hb ≤10 g/dL 
 

• Reduce RBC 
requirements 
• Diminished severity and 
duration of CIA 
• Improve quality of life 

• Hypertension 
• Nausea, vomiting, diarrhea 
• Headache 
• Pruritus 
• Slow to improve hemoglobin 

Intravenous iron 
supplementation 

• Absolute iron deficiency 
(TSAT <20%, ferritin <30 
ng/mL)7 
• Functional iron deficiency 
(TSAT <50%, ferritin 30–500 
ng/mL)7 
• Consider when Hb ≤11 or has 
decreased by ≥2 g/dL from 
baseline level ≥12 g/dL in the 
setting of absolute iron 
deficiency as defined by serum 
ferritin <100 ng/mL29 
• Consider before ESA 
administration 

•Reduces RBC 
requirements 
• Facilitates optimal ESA 
response 

• Hypertension 
• Dizziness 
• Dyspnea 

Legend: RBC: Red Blood Cell, CIA: Cancer induced anemia, Hb: Hemoglobin, TSAT: Transferrin saturation, ESAs: Erythropoietin 
stimulating agents. 
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more bioavailable than the trivalent (ferric) form. Fer-
rous gluconate is less dangerous than iron dextran in 
terms of safety [106, 107]. 

Parenteral iron toleration is linked to several side 
effects, including headache, dizziness, discomfort, 
hypertension, nausea, vomiting, and/or diarrhea. The 
majority of adverse events reported in the literature 
were linked to the use of high molecular weight iron 
dextran, which is no longer advised and is now substi-
tuted by other formulations in clinical practice [108]. 
Significantly, recent findings in individuals without 
ongoing cancer indicate that thrombocytosis associ-
ated with iron deficiency anemia may raise the risk 
of thrombosis by about two times when compared to 
individuals with IDA alone. 

Oral iron is less expensive, however, there is con-
flicting evidence about its efficacy in treating anemia 
of inflammation [91, 109]. In two prospective trials, 
the superiority of IV iron over oral iron for improv-
ing Hb was not demonstrated in individuals with can-
cer-associated anemia [109, 110]. Some laboratory 
test need to all patient with chemotherapy induced 
anemia to evaluate the degree of anemia and detect 
amount each molecular such as iron and ferritin to see 
in detail in Hata! Başvuru kaynağı bulunamadı.

The primary iron regulator and frequent cause of 
iron homeostasis problems in cancer patients is hep-
cidin, an acute phase reactant generated in a setting of 
inflammation [111]. Patients with renal insufficiency 
may have even higher levels of hepcidin, impairing 
their ability to absorb iron through the mouth [112, 
113].   Intravenous iron and are not constrained by a 
disturbed absorption system in an inflammatory envi-

ronment, in contrast to the oral version, which is re-
stricted by hepcidin [112, 114]. 

When a patient has an absolute iron shortage, as 
evidenced by a serum ferritin level of less than 100 
ng/mL, intravenous iron is suggested in cases of CIA 
in patients with a hemoglobin level of less than 11 or 
a reduction in hemoglobin of at least 2 g/dL from a 
baseline level of at least 12 g/dL [115].

8.2 Erythropoietin 
The hormone erythropoietin a circulatory hemato-

poietic glycoprotein, was first discovered in 1906 and 
aids in the synthesis of red blood cells [116]. EPO is 
expressed by the interstitial cells of the liver and kid-
neys, and it is increased in hypoxic environments to 
promote the synthesis of red blood cells in the bone 
marrow [116, 117]. EPO attaches to erythroid pre-
cursor cells to enhance both maturation and differen-
tiation after being secreted by the liver and kidneys 
[116]. ESAs are a type of recombinant drugs that use 
iron stores required for healthy erythropoiesis to pro-
mote red cell growth[118]. 

Anemia was a common side effect of chemother-
apy and cancer in the early 1980s, and red blood cell 
transfusion was the recommended course of treatment. 
Historically, doctors would sometimes transfuse pa-
tients based only on their symptoms, with the trans-
fusion threshold being approximately 8 g/dL. In the 
latter part of the 1980s, Amgen successfully cloned 
epoetin alfa, and in the early 1990s, the CIA approved 
darbepoetin alfa, a molecule containing additional 
sugar moieties. When compared to a placebo, epoetin 
alfa and darbepoetin alfa has both been demonstrated 
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Table 3. Laboratory Tests Used To Evaluate Iron Status [137] 
Test Normal Range 
Serum Ferritin Male 30-500 ng/mL 

Female 12-240 ng/mL 
Serum Total Iron Male 50-170 mg/dL 

Female 30-160 mg/dL 
TIBC 240-450 mg/dL 
TSAT 20%-50% 
ZPP <70 mmol/mol heme 
STfR Male 2.2-5.0 mg/L 

Female 1.9-4.4 mg/L 
Hepcidin <64.3 ng/Ml 
Reticulocyte Count 0.5% – 2.5% 
MCV Male 83-98 fL 

Female 85-98 fL 
Legend: TIBC: Total iron Binding Capacity, TSAT: Transferrin saturation, ZPP: Zinc protoporphyrin, STfR: Soluble transferrin receptor, 
MCV: Mean corpuscular volume, ng/mL: nanograms per milliliter, mg/dL: milligrams per deciliter. FL: Femtoliter. 
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to improve quality of life [119, 120] . Human immu-
nodeficiency virus( HIV), CIA, and end-stage renal 
disease are just a few of the illnesses that have shown 
that increased quality of life is correlated with higher 
hemoglobin levels [111, 121].

One of the main objectives of using ESAs in CIA 
is to reduce the requirement for RBC transfusions 
while simultaneously improving QOL and achieving 
sustained anemia correction [31]. Following the US 
food and drug administration’s approval of darbepo-
etin and epoetin for use by the CIA [122]. Numerous 
randomized clinical trials have demonstrated that ESA 
improved Hb levels and decreased the need for RBC 
transfusions in patients with CIA [94].

8.3 Red Blood Cell Transfusion
Therefore, optimal blood transfusion shows Figure 

5 in depends on the grade of anemia and hemoglobin 
concentration level [123, 124]. Notably, improved ox-
ygen delivery is not achieved by transfusion of red 
blood cells to hemoglobin levels higher than 7 g/dL 
[1]. While transfusions of red blood cells can quickly 
increase hemoglobin, Provide a brief description of 
the content of the Table 4 and amount of increasing of 
blood after blood transfusion are   1%-3% of transfu-
sions are associated with unfavorable outcomes [124]. 

A few of these side effects include hemolysis of 
incompatible plasma or red blood cells, allergic re-
action, immunologic compromise, thrombosis, infec-
tions, acute lung injury associated with transfusions, 
and the development of antibodies against the human 

leukocyte antigen [115, 125]. 
Red blood cell transfusions may interact negatively 

with chemotherapy in addition to the concerns already 
discussed [126]. Blood can be kept in storage for up 
to 42 days after donation, but the longer it is kept, the 
quality of this blood can be lower,  extended blood 
storage is linked to modifications in the metabolism, 
morphology, and rheology of red blood cells the loss 
of proteins, lipids, and carbohydrates from the mem-
brane and changes in secretion, adhesion, and oxygen 
delivery [127, 128]. Acute lung injury linked with 
transfusion is the second most common blood transfu-
sion complication, after delayed hemolytic response. 
However, donor leukocytes in the transfusion are pri-
marily responsible for the majority of immunologic 
and viral issues brought on by blood transfusions. 
Leukocytes are the vector used by blood transfu-
sion-transmitted viruses to infect their host, the most 
prevalent being hepatitis B. Hepatitis C, HIV, hepatitis 
A virus, cytomegalovirus (CMV), Epstein-Barr virus, 
human herpes virus 8, toxoplasma, parvovirus B-19, 
West Nile virus, spongiform encephalopathy prions, 
Chagas, Babesia, and malaria are among the other vi-
ruses that are less likely to be spread [129].

9. Treatment of Cancer induced anemia 
It is possible to discover highly cytotoxic pharma-

cologic regimens and assess the effects of chemother-
apy-induced myelosuppression by developing screen-
ing tests that use hematopoietic stem progenitor from 
peripheral blood and bone marrow [130]. Different 
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Figure 5. process of blood transfusion [136]
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hormones and pharmaceutical agents have an impact 
on the management and prevention of CIA in addition 
to new screening methods. Myelosuppression of neo-
plastic cells may be selectively induced by tyrosine 
kinase inhibitors when administered after chemother-
apy, but not of bone marrow progenitor cells [131]. 
Arginine vasopressin, transforming growth factor beta 
inhibitors, eryptosis inhibitors, and medications that 
block the HIF-1α pathway may support and maintain 
erythropoiesis while also shielding renal tubular and 
endothelial cells [132-134]. Researchers are looking 
into using roxadustat, a reversible HIF prolyl hydrox-
ylase inhibitor, to lessen the need for red blood cell 
transfusions. Roxadustat boosts the expression of both 
erythropoietin and related receptors, there is hope that 
CIA prevention, early detection, and timely treatment 
will result in fewer dosage delays, fewer dose reduc-
tions, and better patient outcomes.

CONCLUSION

The prevalence of anemia in adult cancer patients 
undergoing chemotherapy is influenced by various 
factors associated with chemotherapy-induced ane-
mia, including the cancer grade, degree of anemia, du-
ration of malignancy presentation, and treatment in-
tensity. The exact etiology of chemotherapy-induced 
anemia remains incompletely understood, although 
some theories suggest mechanisms that hasten the de-
velopment of anemia. For instance, many commonly 
used chemotherapeutic agent’s impact the cell cycle, 
leading to a slowdown in the division of normal cells. 
Hence, chemotherapy affects not only cancer cells but 

also normal cells, impeding their division. The most 
effective treatments for anemia in cancer patients in-
clude erythropoietin-stimulating agents, red blood cell 
transfusions, and iron supplementation, each with its 
own set of advantages and disadvantages detailed in 
previous literature. For future research endeavors, it is 
recommended that investigators focus on identifying 
the safest approach to managing anemia in cancer pa-
tients, one that minimizes adverse side effects.
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