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Updates
1. The Expert Consensus on EPO Treatment of Cancer-related Anemia (2010-2011 Edition), after its
release, has been widely accepted for clinical and research applications. In the recent years, we have
accumulated more relevant knowledge and experiences. Meanwhile, along with the update of the relevant
guidelines and consensuses in other countries, an increasing number of new knowledge and experiences
have been introduced into the clinical management of cancer-related anemia (CRA). Therefore, the expert
committee decided to develop an updated document titled Clinical Practice Guidelines on Cancer-related
Anemia (2012-2013 Edition) based on the Expert Consensus on EPO Treatment of Cancer-related Anemia
(2010-2011 Edition) with an attempt to guide clinical practices in a better and more sophisticated manner.
Meanwhile, these guidelines are open and will be continuously updated, and we welcome any comments or
suggestions for further improvement.
2. “Cancer-related inflammation”, as a key concept, was added in the etiology.
3. The findings of Phase IV clinical studies on the role of recombinant human erythropoietin injection for
CRA were added.
4. New advances in the dosage of recombinant human erythropoietin (EPO) injection for CRA were added,
which emphasize the significance of the increased dose and reduced administration times of EPO when
treating CRA patients, and meanwhile compare it with the routine administration.
5. In “Guideline 1. Diagnosis of Cancer-related Anemia and Disease Assessment”, the concept of “baseline
hemoglobin level” was introduced.
6. “Guideline 4. Indications of blood transfusion in tumor patients” was added.
7. “Guideline 6. Treatment of MDS-related anemia” was added.
8. In “Guideline 7. Dosage and administration of EPO”, the usage of 36,000-IU EPO was added.
9. “Guideline 8. Treatment decision, drug selection, and precautions pertaining to the functional iron
deficiency after EPO therapy” was added.
10. Some terms and phrases are used in a more consistent way.
11. Some tables are re-designed and their legends were re-written to make them more readable.
12. Some errors were corrected.
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1. Introduction
Cancer-related anemia (CRA), is a common comorbidity
of malignant tumors. CRA may have a variety of potential
causes, though they can be classified as either tumor-related
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factors (such as blood loss, hemolysis and bone marrow
invasion) or factors associated with cancer treatment (such
as chemotherapy-associated bone marrow suppression and
cancer radiation therapy).
Several key guidelines or consensuses for CRA treatment
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Table 1 Grading of recommendations
Grade

Grade of recommendations

A

Level I evidence and multiple consistent Level II, III, and IV evidences

B

Level II, III, and IV evidences, and most of them are consistent

C

Inconsistent Level II, III, and IV evidences

Table 2 Criteria for evaluating evidence levels
Level

Evidence type

I

Evidence derives from at least one well-designed large controlled studies or Meta analysis (High Power)

II

Data at least from at least one well-designed controlled study or small randomized clinical trials (Low Power)

III

Evidence from rigorously designed quasi-experiments such as non-randomized study, one-group controlled/
controlled before-and-after studies, cohort study, and time/case-paired controlled study

IV

Evidence from rigorously designed nonexperimental studies (i.e., correlational and case studies)

V

Case report

have been published globally (1,2), but specific clinical
guidelines for the treatment of CRA are still yet to be
developed in China, particularly ones on the application
of erythropoietin stimulating agents (ESAs). The foreign
treatment guidelines (or consensuses) are useful as a reference.
However, due to the difference in national conditions,
awareness and application levels, as well as controversy over
the clinical application of EPO treatment of CRA in clinical
settings as shown in latest reports, it is necessary to develop
the consensus on CRA treatment (hereinafter referred to as
“the Consensus”) tailored to China’s national conditions for
guidance of future clinical practice and research.
Following similar procedures to the formulation of other
oncology guidelines, these guidelines are built on the recent
research on CRA at home and abroad, incorporating relevant
information from the existing guidelines on related therapies
in other countries.
The following principles are observed during the
development of these Guidelines:
(I) Multi-disciplinary experts and professionals (such the
representatives from the departments of hematology, medical
oncology, radiation oncology and the pharmaceutical sector)
are involved in the process;
(II) Latest published literature (by December 2011)
and prescription information provided by pharmaceutical
companies are cited;
(III) The recommendation grade (as specified in the criteria
in Table 1) of a specific clinical issue in these Guidelines is
determined according to the evidence level of the source
literature or information (as specified in Table 2).
These Guidelines are designed to provide clinicians with
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guidance for the diagnosis and treatment of CRA based on
existing medical evidence.
2. Overview of CRA
2.1 Grading and classification of CRA
Anemia occurs when the red blood cell (RBC) count or
hemoglobin (Hb) concentration per unit volume of peripheral
blood is reduced so that the body may not deliver adequate
oxygen to the cells in peripheral tissues. CRA is a subset of
this condition that arises from the development or treatment
course of tumors. It can be caused by multiple factors,
including nutrient absorption disorders and the long-term,
various therapies, in addition to the tumor per se.
From a pathophysiological point of view, CRA can be
a result of decreased production and excessive destruction
of red blood cells, blood loss or a combination of above
factors, as well as such other complex causes as poor diet and
inadequate iron intake (which is common in tumor patients).
Insufficient generation of red blood cells can be caused by
defects in EPO cells, hemoglobin synthesis disorders, bone
marrow suppression or renal failure. Destruction of red blood
cells is related to many causes, such as internal factors (e.g.,
enzyme defects) or chemotherapy drugs (e.g., antimetabolites),
autoimmune hemolysis induced by the malignant lesion itself
(e.g., chronic lymphocytic leukemia) or inflammatory cytokines
generated by it (e.g., tumor necrosis factor). Blood loss may
occur in the case of acute hemorrhage or tumor-associated
coagulopathy (e.g., disseminated intravascular coagulation).
In cancer patients, iron deficiency, reduced peripheral
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Table 3 Severity-based grading systems (3,4)
Level

WHO (Hb, g/dL)

China (Hb, g/dL) (4)

Level 0 (normal)

Normal value*

NCI (Hb, g/dL)

≥11

Normal value*

Level 1 (mild)

10.0-normal value*

9.5-10.9

9.1 - normal value*

Level 2 (moderate)

8.0-10.0

8.0-9.4

6.1-9.0

Level 3 (severe)

6.5-7.9

6.5-7.9

3.1-6.0

Level (extremely severe)

<6.5

<6.5

<3.0

Note: *Male >12 g/dL and female >11 g/dL
Table 4 Laboratory findings of non-chemotherapy-related anemia
Cause

Findings

Iron deficiency

Transferrin saturation <15 % and ferritin <30 ng/mL

B12 and folate deficiency

Low B12 or folate level

Bleeding

Fecal occult blood or bleeding that can be found with endoscopy

Hemolysis

Positive Coombs test, positive DIC test, low haptoglobin level, and increased indirect bilirubin level

Kidney disease

GFR<60 mL/min/1.73m2, low EPO level

Hereditary anemia

With a family history

Sideroblastic anemia

A large number of ringed sideroblasts in the bone marrow

erythropoiesis may be a result of decreased vitamin B12 levels,
reduced folic acid production and many other factors.
2.1.1 Severity-based grading system
Anemia is graded based on its severity according to two
currently available international diagnostic criteria (3): the
grading system of the U.S. National Cancer Institute (NCI)
and the criteria of the World Health Organization (WHO).
The NCI grading standards of anemia are adopted in most
European and American countries, which slightly differ from
the other system mainly in terms of the identification of mild
to moderate anemia. China has also developed its own grading
system based on clinical practice and therapeutic methods
(Table 3). The NCI grading system is used in these Guidelines.
2.1.2 Cause-based classification (5)
2.1.2.1 CRA (non-chemotherapy-related)
CRA can be a result of tumor-related hemorrhage, tumor
invasion of bone marrow, malnutrition caused by tumor,
abnormal iron metabolism, kidney function impairment
and compromised bone marrow function under the effect
of various tumor-related cytokines. In most cases, the
condition is a normocytic normochromic anemia with
decreased serum iron and transferrin saturation, and normal
or elevated serum ferritin.
In recent years, cancer-related inflammation is becoming
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an increasingly important issue. Cancer-related inflammation
can trigger the release of inflammatory cytokines such as
TNF, IL-1, and IFN-γ, which can not only suppress the
production of EPO but also inhibit the release of storage
iron and the proliferation of erythroid progenitor cells.
Particularly, the inflammatory cytokines lead to increased
hepcidin. Hepcidin can hinder the release of iron (which
binds with macrophages in the reticuloendothelial system)
into its transporter, the transferrin, resulting in the
hematopoietic system’s blunt response to anemia. Table 4 lists
the laboratory findings of non-chemotherapy-related anemia.
2.1.2.2 Chemotherapy-induced CRA
Bone marrow suppression is a common adverse reaction of
chemotherapy and radiotherapy among cancer patients. The
widespread use of cytotoxic drugs, particularly platinum-based
agents, is an important contributing factor for tumor-related
anemia, and the emergence of new chemotherapy drugs and
their combined application is making anemia an increasingly
significant challenge in clinical practice. These drugs can
promote apoptosis of erythroid cells and cause kidney injury
by damaging renal tubular cells, which in turn leads to reduced
endogenous erythropoietin (EPO) and the resultant anemia.
2.1.3 Morphology-based classification
Based on the morphology of red blood cells, CRA can be
classified as microcytic anemia, normocytic anemia and
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Table 5 Classification of CRA (6)
Type of anemia

Overview

Differential diagnoses

Microcytic anemia

Characterized by a small mean corpuscular
volume (MCV) of <80 fl

Iron deficiency anaemia
Anemia due to chronic disease
Mild thalassemia
Sideroblastic anemia

Normocytic canemia

Characterized by a normal MCV of 80-100 fl

Anemia due to chronic disease
Hemolytic anemia
Aplastic anemia
Renal failure

Microcytic anemia

Characterized by a large MCV of >100 fl

Vitamin B12 deficiency
Folate deficiency
Myelodysplastic syndrome

Low reticulocyte count

Reduced erythropoiesis, with a reticulocyte
percentage of <0.5%

Anemia due to chronic disease
Hemolytic anemia
Iron deficiency
Vitamin B12 deficiency
Folate deficiency
Bone marrow suppression or infiltration

High reticulocyte count

Increased erythropoiesis, with a reticulocyte
percentage of >1.5%

Hemolysis
Chemotherapy
Autoimmune

macrocytic anemia (Table 5). Other morphological basis
for classification may include the amount of red blood cell
hemoglobin and mean corpuscular hemoglobin (hypochromic
or normochromic) or reticulocyte count, an indicator of
the ability of bone marrow to produce blood cells. A low
reticulocyte count suggests reduced red blood cell generation,
while a high reticulocyte count represents increased red
blood cell destruction and compensatory hyperplasia of the
bone marrow red blood cell system.
2.1.3.1 Microcytic anemia
Iron deficiency and cachexia of end-stage cancer patients are
the two common causes of tumor-associated microcytic anemia.
Microcytic anemia is characterized by a small mean corpuscular
volume (MCV) of <80 fl. In patients with iron deficiency, the
anemia occurs as there is no sufficient iron for hemoglobin
synthesis. Iron deficiency anemia is the most common type
of anemia around the world, often found among children,
pregnant women, adults and the elderly. In cancer patients,
the most common cause of iron deficiency is inadequate intake
(e.g., gastrectomy), excessive hemorrhagic loss of iron (e.g.,
bleeding of the uterus, gastrointestinal or urinary tract) and
other tumor-related factors (e.g., anorexia). Differentiation is
needed between iron deficiency microcytic anemia in cancer
patients and other blood disorders, such as mild thalassemia
and sideroblastic anemia. The occurrence of tumor-associated
microcytic anemia is affected by cachexia and other symptoms in
malignant patients, such as chronic infection and inflammation.
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The activation of immune and inflammatory cytokines and the
release of cyokines such as tumor necrosis factors, interleukins
and interferons at the end stage of cancer patients are also
related to the development of microcytic anemia. EPO is
reduced because of insufficient renal release as the kidney cells
are damaged by the tumor or chemotherapy drugs, or the
oxygen partial pressure receptors are compromised. Chronic
infection will deplete the reservoir of stem cells and lower the
overall response to EPO stimulation.
The reticulocyte count is an indicator of the hematopoietic
ability of bone marrow and supplement to red blood
cells, and a lower count in patients with tumor-associated
microcytic anemia suggests hematopoietic dysfunction. This
type of anemia should be differentiated from other blood
disorders, such as aplastic anemia, bone marrow suppression
caused by bone marrow dysplasia or chemotherapy, and
anemia due to chronic renal failure.
2.1.3.2 Normocytic anemia
Normocytic manifestations, where red blood cells appear in
normal sizes, are common in the early stages of CRA. With
tumor progression and gradual accumulation of toxicity from
anticancer therapy, microcytic anemia is often observed at the
end stage.
Hemolytic anemia is a normocytic anemia that mostly
induced by anticancer agents or other drugs. In tumor patients,
this type of anemia can be associated with autoimmune hemolytic
anemia (e.g., cold agglutinin antibody), enzyme defects (e.g.,
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glucose-6-phosphatase), tumor destruction (e.g., non-Hodgkin’s
lymphoma), chemotherapy drugs (e.g., cisplatin platinum),
total body irradiation (e.g., bone marrow transplant) or tumor
and risks during its treatment (e.g., disseminated intravascular
coagulation). In addition, non-chemotherapy drugs for the
treatment of cancer can also cause anemia (e.g., lorazepam).
Reduced generation of blood cells as a direct result of
chemotherapy or radiotherapy may appear to be normocytic
anemia because of pluripotent stem cells depletion due to
treatment-induced bone marrow suppression. The impact
of red blood cell destruction on metabolism may be caused
by complex physical factors, such as tumor metastasis,
bone marrow infiltration or fibrosis and rare bone marrow
necrosis. Tumor may compromise metabolism by damaging
protein synthesis so severely that the bone marrow is unable
to effectively generate a sufficient number of red blood cells
and maintain their normal size.
The generation process of EPO and red blood cell is
essential to stimulating the formation and maturation of
bone marrow erythrocytes. Renal cell hypoxia can stimulate
feedback regulation of bone marrow and the release of EPO.
In tumor patients, damaged kidney function due to the tumor
itself or anticancer agents may lead to reduced erythropoiesis
and the resultant anemia.
2.1.3.3 Macrocytic anemia
Red blood cell dysmaturity can result in megaloblastic
macrocytic anemia (MCV >100 fl), which is mainly due to
impaired DNA synthesis of red blood cell precursors with
insufficient vitamin B12 and folic acid levels. Vitamin B12 is
necessary for the metabolism of folic acid, while there is very
limited resevoir of folic acid in the body. Hence, adequate
dietary intake of vitamin B12 and folic acid becomes essential.
Alcoholism, liver disease, malabsorption syndrome and and
loss of appetite may all lead to folate deficiency. In addition,
vitamin B12 malabsorption can be related to lack of intrinsic
factor secreted by gastric parietal cells (e.g., total gastrectomy),
vegetarian (who do not eat dairy products and meat), bacterial
infection of the gastrointestinal tract, or in some cases, longterm use of certain drugs (e.g., cimetidine). Some anticancer
drugs may also lead to folic acid deficiency, such as folate
metabolism antagonists (e.g., hydroxyurea, methotrexate, and
pemetrexed). The differential diagnosis of macrocytic anemia
includes vitamin B12 or intrinsic factor deficiency, folic acid
deficiency, ACD, and myelodysplastic syndrome (MDS).
2.2 Epidemiological surveys on CRA
The prevalence of CRA, including the distribution of
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patients with different severity of anemia, the distribution
of anemia in patients with different tumors or different
tumor stages, and the distribution of anemia in patients
receiving different anti-tumor treatments, differs in
different regions and among different races. Therefore,
it is of vital importance to study such differences through
epidemiological investigation and thus take corresponding
interventions. Currently, epidemiological surveys on CRA
have been conducted in Europe, Australia, and China.
2.2.1 Epidemiological surveys on CRA in Europe (7)
So far, the prevalence of anemia and its related data are both
obtained from results of clinical trials on anemia treatment
or cytotoxic drugs, in which these data are based on the perprotocol patients who were diagnosed of anemia as their
hemoglobin value were lower than normal. For example, the
European Cancer Anemia Survey (ECAS), as a prospective
epidemiological study, investigated the prevalence, severity,
and management of anemia in a large and representative
sample of cancer patients in 24 European countries. In
the survey, a six-month evaluation was carried out and the
observational data (n=15,367) including demographic data,
tumor type, performance status, Hb level, cancer treatment,
and anemia treatment were obtained. The incidence of anemia
at enrollment was 39.3% (Hb <10.0 g/dL, 10%), and it became
67.0% (Hb <10.0 g/dL, 39.3%) during the survey. Hb level
was closely related with low physical status of patients.
The survey showed that the prevalence of anemia in cancer
patients was 53.7% (Hb <10.0 g/dL, 15.2%), in which 38.9%
received anti-anemia treatment (17.4% with EPO treatment,
14.9% with blood transfusion, and 6.5 % with oral iron
therapy). The mean Hb was 9.7 g/dL for patients starting
to receive treatment. This study showed that there was a
relatively high incidence of anemia in cancer patients. Anemia
was highly relevant with physical status, and meanwhile many
patients with anemia did not receive treatment.
2.2.2 Epidemiological survey on CRA in China
A multi-center epidemiological survey retrospectively
analyzed the anemia in cancer patients in 15 hospitals in
China from 1995 to 2006. By reviewing the patient’s medical
history and filling out survey forms, the researchers collected
the demographic data, disease status, previous anti-tumor
therapies, interventions (blood transfusions, EPO or iron) for
anemia, as well as blood count, liver and kidney functions, and
body iron status at baseline period. Data on anti-cancer therapy
(radiotherapy, chemotherapy, and surgery), anemia treatment
(blood transfusions, EPO, or iron supplementation), as well as
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blood count, liver and kidney functions, and body iron status
were also collected at the follow-up period. Statistical analysis
was performed on the basis of these data. In this study, data
from 2,034 patients with solid tumors were collected. Subjects
were classified according to tumor types, which included
gastric cancer (54.6%), non-small cell lung cancer (24.6%),
small cell lung cancer (18.6%), and other tumors (2.2%).
According to gender composition, 58.9% were males and
41.1% were females. Tumor stages: stage I, 25.3%; stage II,
12,8%; stage III, 33.3%; stage IV, 20.4%; and no specific stage,
12.2%. Anti-cancer therapies included chemotherapy (71%),
radiotherapy (25.3%), and concurrent chemo-radiotherapy
(6.9%); 10.6% did not receive any treatment.
The preliminary results showed that the proportion of
patients with anemia was 37.3%, among which 21.3% were
mild [mean Hb: (11.09±0.58) g/dL], 9.3% moderate [mean Hb:
(9.12±0.58) g/dL], and 6.6% severe [mean HB: (6.68±1.09) g/L].
According to these two surveys, that proportion of patients
with anemia in China was similar with that in Europe, in
which the proportion of patients with mild anemia (21.3%)
was slightly lower than that in Europe (29.3%), but that with
severe anemia was higher in China (6.6%) than in Europe
(1.3%). Preliminary results from the Chinese survey also
showed that the proportion of female patients with anemia
(41.4%) was significantly higher than that of males (34.3%).
Compared with patients with other tumor types, patients with
gastric cancer had the highest proportion of severe anemia, and
the differences were statistically significant. The distribution of
anemia severity was similar among all tumor types.
Complete records of the chemotherapy and anemia status
were available among 435 patients. Analysis on the changes
of anemia status along with the chemotherapy cycles showed
that the proportion of anemia increased with the launching of
chemotherapy. In fact, the proportion of patients with anemia
and without anemia changed from 64.4% and 35.6% at baseline
to 66.0% and 34.0% at the forth cycle of chemotherapy. This
finding was similar with that from European survey.
2.3 Clinical manifestations of CRA
The prevalence of CRA ranges 10-40% and differs from
other anemia types. First, compared with those with iron
deficiency anemia, CRA patients tend to have lower EPO at
any severity (8). Second, the CRA patients have a remarkably
decreased feedback relationship between Hb and EPO, which
is even more significant during chemotherapy. Finally, tumor
patients are more likely to experience anemia symptoms,
i.e., the symptoms are more likely to occur in tumor patients
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with high Hb levels; on the contrary, the non-tumor patients
suffer from anemia symptoms only when the Hb level is low.
2.3.1 Relationship betweeen CRA and quality of life
The relationship is tight between CRA and quality of life in
tumor patients. Many studies have demonstrated that CRA
and fatigue are important causes of the decreased quality of life
(QoL) in tumor patients (9,10). Also, quite a few clinical studies
have found that, in patients who have developed anemia, the
QoL is improved after the anemia is effectively corrected.
In their randomized trial, Littlewood et al. (11) found that
the QoL of tumor patients with anemia was significantly
improved in the EPO-α treatment group (compared with the
placebo group). The researchers applied three QoL scales in
their study: the Linear Analogue Self-assessment (LASA), the
Functional Assessment of Cancer Therapy-Anemia (FACTAn), and the MOS item short from health survey (SF-36).
LASA is a self-assessment tool, with a graduation of 8 mm. It is
designed for measuring the physical status, daily living activity,
and overall QoL. FACT-An is a questionnaire. It contains 55
tumor-related items, including a sub-scale for assessing fatiguerelated anemia. SF-36 contains 11 items, which is mainly
used to assess the QoL-related mental and physical factors.
However, it is not specifically designed for tumor patients.
During the study, both the LASA scale (physical status, P<0.01;
daily living activity, P<0.01; and overall QoL, P<0.01) and
FACT-An (P<0.01) showed the QoL scores significantly
increased after EPO-α treatment when compared with the
placebo group. Meanwhile, the SF-36 scale also showed similar
findings. Tumor-related fatigue often co-exists with anemia (in
fact, they are correlated) and severely affects QoL, which may
explain why the management of fatigue and anemia has became
an integral part of tumor treatment.
2.3.2 Relationship between CRA and hypoxia and antitumor treatment
CRA can exaggerate tumor hypoxia. An increasing number
of evidences have proved that hypoxia can cause proteomic
changes that affect tumor spread and thus induce the
malignant progression; meanwhile, hypoxia can also lower the
effectiveness of anti-tumor therapies and thus impact on the
prognosis. Hypoxia can induce changes in the proteome and
genome of tumors, which, by increasing the level of heat shock
protein, or, by increasing the amount of cells that may lower
the tumor apoptosis potentials or enhance tumor proliferation
potentials, may lead to radiotherapy resistance. When the
tumor has an oxygen partial pressure below 25-30 mmHg,
the radiosensitivity remarkably decreases (12). Hypoxia can
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Table 6 Blood transfusion for CRA
Advantages
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Disadvantages

Rapid onset

Risk of allergies

An option for EOP-refractory cases

Risk of infections
Immune suppression
Increased blood volume
Iron overload
Risk of thrombosis

also induce the tumor cells’ resistance to chemotherapeutic
drugs. For example, hypoxia may result in the decline in the
cytotoxicity of drugs and cause the acid intoxication of tissues,
which may be exaggerated along with glycolysis. In addition,
hypoxic stress protein and missed apoptotic potential can also
produce chemotherapy drug resistance (12).
3. Treatment of CRA
3.1 Therapeutic transfusion
For many years, transfusion of whole blood or erythrocytes is
the main treatment for CRA. It has many advantages: it can
rapidly elevate hemoglobin levels and is able to treat patients
that developed EPO resistance (Table 6). However, there are
also many disadvantages of blood transfusions for cancer-related
anemia. First of all, many repeated blood transfusions are prone
to induce allergic reactions, acute hemolytic transfusion reaction,
allograft immune response, and post-transfusion pulmonary
oedema. Secondly, since 1980s, transfusion-transmitted virus
infection has becaming an increasingly important concern.
Although the important progress in the screening and related
technologies has been achieved and the transfusion safety has
been significantly improved, the risk for visus infection still exists
during transfusions. Hepatitis is highly prevalent in China and
post-transfusion hepatitis is a critical issue for blood transfusion
therapy in the clinical practice. Currently, epidemiological survey
has revealed that the incidence of hepatitis B is around 10%
among the voluntary blood donors and the anti-HCV positive
rate is around 2% (13). Finally, although the hemoglobin level
increases rapidly after the transfusion, it may drop to the pretransfusion level shortly due to the persistence of malignancy
or passive erythropoietic response to chemotherapeutic agents.
Therefore, the hemoglobin level fluctuate in a large range
during the treatment, with a short maintenance time.
Overall, in principle, transfusion therapy should not be
initiated in a CRA patient before his/her hemoglobin levels is
decreased to 7 or 8 g/dL or lower. In patients whose Hb is below
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Advantages

Disadvantages

Under normal physiological Effective for about two thirds
conditions
of cases
Significant improvement of
life quality

Onset of action within 2-4 weeks

Feasible for outpatients

Higher cost than blood transfusion in some settings

Well tolerated

Side effects
Risk of thrombosis if the target value is inappropriate

7 g/dL or requires correction for hypoxia, in patients with EPOrefractory chronic symptomatic anemia, or in patients with
severe anemia that do not have time and opportunity to receive
EPO treatment, blood transfusion may be considered.
3.2 EPO therapy
Since 1990s, erythropoietins (ESA) has became the most
important therapy for cancer-related anemia.
EPO is one of the most commonly used and most frequently
studied erythropoietins. The main advantages of EPO therapy
are: under normal physiological conditions; significant
improvement of life quality; feasible for outpatients; and well
tolerated (Table 7).
It is currently believed that both EPO and blood
transfusions are the key means for treating anemia in cancer
patients. However, the main goal of EPO therapy is to reduce
blood transfusion. Many evidence-based studies have revealed
that EPO can improve the life quality of patients with anemia
and reduce their demands for blood transfusion. A meta
analysis (15) in 2005, retrospectively reviewed 27 randomized
clinical trials, in which 3,287 patients were treated with or
without EPO (or Darb-EPO) from 1985 to 2001. The results
showed that administration of EPO significantly reduced the
demand of blood transfusion (HR=0.67, 95% CI: 0. 62-0.73). In
2006, the same group of authors updated their results of meta
analysis regarding EPO therapy for cancer-related anemia (16).
The updated data included 57 randomized clinical trials with
and without EPO (or Darb-EPO) from 1985 to 2005, with a
total of 9,353 cases that included the 3,287 cases in the previous
study. Again, the results from 42 trials (n=6,510) showed that
administration of EPO significantly reduces the requirement
for blood transfusion (HR=0.64). Meanwhile, 22 trials (n=4,307)
found that, for the patients with Hb<12 g/dL, Hb level was
significantly improved after EPO administration (HR=3.43).
In addition, 42 trials of survival (n=8,167) showed HR=1.08.
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Obviously, EPO significantly reduces the demand for blood
transfusion without affecting the survival (HR=1.08).
3.3 Relationship between risk and benefit related to EPO
therapy and blood transfusion for cancer patients
3.3.1 Effect of EPO therapy on the survival
Some recent retrospective studies suggest that EPO therapy
for anemia can reverse the status of hypoxia in tumor patients,
promote the effectiveness of anti-tumor therapy, and improve
quality of life. Accordingly, some other prospective clinical
studies have assessed the role of prophylactic EPO that
pursues the aim at maintaining a high level of Hb, correcting
hypoxic status of tumor cells, and thus improving the
treatment efficacy. However, these studies have also provoked
controversies on the potential effects of prophylactic EPO on
the survival and tumor-free period (17-21).
3.3.1.1 ENHANCE study regarding the role of EOP
therapy for radiotherapy-related anemia (17)
In a multicenter, randomized, double-blind, placebocontrolled trial (17), totally 351 patients with cancers (including
carcinoma of the oral cavity, oropharynx, hypopharynx or
larynx) were enrolled. The hemoglobin level at enrollment
was <12 g/dL in women and <13 g/dL in men. All patients
received curative radiotherapy at 60 Gy for completely and
histologically incomplete resected disease, or 70 Gy for
macroscopically incompletely resected advanced disease.
In addition, 171 received subcutaneous placebo, while
180 were assigned to subcutaneous EPO beta 300 IU/kg.
The treatment was provided three times weekly, initiated
10-14 days before radiotherapy and lasted till the end of
radiotherapy. The results showed that progression-free survival
(PFS), locoregional progression-free survival (LPFS), and
overall survival in EPO group was significantly inferior to those
in placebo group (P=0.0008, 0.007, and 0.02, respectively).
Further analysis (20) showed that the study had some problems
in the group assignment and protocol implementation. First,
the EPO treatment group and the control group were not well
balanced for clinical characteristics. In ENHANCE study, the
smoking rate in the EPO therapy group and the control group
was 66% and 53%, respectively. In patients with hypopharynx
cancer, however, it was 55% vs. 40% respectively between
EPO therapy group and the control group, due to different
proportions of patients with stage IV in two groups (85% vs.
70%). Secondly, the EPO prophylaxis for patients with an
Hb level of 12-13 g/dL resulted in a high level of Hb, which
reached 15.4 g/dL in the 9th week (vs. 12.9 g/dL in the control
group). In addition, 40% of patients were excluded because

© Chinese Clinical Oncology. All rights reserved.

they failed to follow the criteria of standard treatment. The
cases that were legible for analysis were only 56.1% (101/180)
in EPO group but 66.1% (113/171) in the control group.
3.3.1.2 BEST study on the prophylactic EPO for
radiotherapy-induced anemia (18)
BEST study was a randomized, placebo-controlled clinical trial,
including a total of 939 patients with metastatic breast cancer
(Hb>13 g/dL). Its target value for hemoglobin was 12-14 g/dL.
The one-year survival rate in EPO group was 70%, while
76% in placebo group (P=0.017). An increased risk of death
was found in the first 4 months during the treatment in EPO
group. The rate of disease progression was 6% vs. 3% between
EPO therapy group and the placebo group. The incidence of
thrombosis was 1% vs. 0.2% between these two groups. The
majority of these female patients with metastatic breast cancer
were anemia-free at the beginning of EPO therapy; However,
the EPO therapy to maintain a high level of Hb might lead to a
decrease in survival.
Nevertheless, there is argument for this study, such as
unbalanced clinical characteristics in the patients between EPO
therapy group and the control group. In the BEST study, the
percentage of performance status (PO) >0 was 68% vs. 52%
between EPO therapy group and the control group, whereas
the percentage of the patients with stage III and IV was 42% vs.
37% between these two groups. Prophylactic EPO for patients
with an Hb level below 12-13 g/dL in the BEST study that
resulted in an extraordinarily high level of Hb (12-14 g/dL)
may be a main cause of shorter survival.
3.3.1.3 Recombinant human erythropoiesis-stimulating
agents and mortality in patients with cancer: a metaanalysis of randomized trials (20)
The results of this meta-analysis were published in Lancet in
May 2009. Data from a total of 13,933 patients with cancer
in 53 trials were analyzed. The results revealed that 1,530
patients died during the active study period and 4,993
overall. Erythropoiesis-stimulating agents increased
mortality during the active study period [combined hazard
ratio (cHR) 1.17, 95% CI: 1.06-1.30] and worsened
overall survival (HR: 1.06, 95% CI: 1.00-1.12), with little
heterogeneity between trials (I2=0%, P=0.87 for mortality
during the active study period and I2 =7.1%, P=0.33 for
overall survival). A total of 10,441 patients on chemotherapy
were enrolled in 38 trials. The cHR for mortality during
the active study period was 1.10 (95% CI: 0.98-1.24) and
1.04 (95% CI: 0.97-1.11) for the overall survival. Few
evidences have shown that there was a difference between
trials of patients given different anticancer treatments (P for
interaction=0.42).
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However, the inclusion criteria of this analysis for clinical
trials remain questionable, in which only 53% of trials had
placebo control, only 30% with random sampling procedure,
and only 70% completed. Among all the enrolled trials, 4%
were early terminated and 26% incomplete. The inclusion
bias will inevitably lead to invalid interpretations during the
entire meta-analysis.
3.3.1.4 Meta-analysis of randomized, double-blind, and
placebo-controlled clinical trials of darbepoetin α in the
patient with chemotherapy-induced anemia (22)
The results of this meta-analysis were published in June 2009.
It concluded the treatment with darbepoetin α did not increase
the mortality (HR=0.97, 95% CI: 0.85-1.10), and also had no
influence on the progress-free survival (HR=0.93, 95% CI:
0.84-1.04) and time to disease progression (HR=0.92, 95% CI:
0.82-1.03). However, as expected, treatment with darbepoetin
α increased the risk of thrombotic events (HR=1.57, 95% CI:
1.10-2.26). The overall survival (OS) and progress-free survival
were not affected by the baseline level of Hb. It seemed that
the patients with Hb level >12 or 13 g/dL had a longer overall
survival and progress-free survival. It was also noticed that blood
transfusions and the increased ratio of HB that relied on blood
transfusions (14 days >1 g/dL; 28 day >2 g/dL) were correlated
with an increased risk of death and disease progression, which
were observed in both treatment groups. However, for the
patients that did not receive blood transfusion, an increased ratio
of Hb did not increase the risk of adverse outcomes. Compared
to the placebo, darbepoetin α significantly reduced the risk
related to one or more blood transfusions.
Meanwhile, this meta-analysis also noted the problems in
the above two meta-analyses: the criteria for the clinical studies
in meta-analysis were not strict, leading to many invalid cases
and negative results.
Obviously, EPO can be used for the treatment of cancerrelated anemia by reducing the demand of blood transfusion
and improving the quality of life. For the safety reason,
however, EPO is not recommended in the cancer patient that
dose not have a clinical sign of anemia or have not received
chemotherapy. Further investigations on the effects of EPO
on the overall survival, progress-free survival, and disease
progression are warranted.
3.3.2 Blood transfusion and virus infections
In 2007, the US Food and Drug Administration (FDA)
affiliated Oncologic Drugs Advisory Committee (ODAC)
held a special meeting on the clinical application of EPO,
during which it was stated that blood transfusion-associated
virus infections (mainly HIV infection) had dramatically
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dropped in the past two decades due to the improvement
of blood test techniques (5); on the other side, the excessive
application of EPO for the prevention of anemia may shorten
the survival. Therefore, the ODAC pointed out that EPO
should be mainly applied for radiotherapy-induced anemia
in tumor patients; meanwhile, the prophylactic use of EPO
should be strictly controlled. In China, however, blood
transfusion-related virus infections are mainly viral hepatitis
(especially hepatitis C), which should be carefully considered.
The most common transmission routes for HCV
infection are blood transfusion and use of plasma/blood
products. About 80-90% of the post-transfusion hepatitis
cases are hepatitis C (22). The high risk populations for
hepatitis C include individuals who have received blood
transfusion, hemodialysis, organ transplantation, and nondisposable syringes or ENT instruments without strict
disinfection. The China Hepatitis C Prevention Forum,
which was held in 2007 under the sponsorship of Chinese
Foundation of Hepatitis Prevention and Control (23), noted
that, according to a viral hepatitis epidemiological survey in
China in 1992, the positive rate of anti-HCV antibody in the
general population was 3.2%, and about 38 million people
were carriers of HCV. According to the reports of National
Notifiable Diseases released by the Ministry of Health, the
number of new HCV cases increases annually (22).
It was therefore concluded that, after the tumor
progression and the risk of post-transfusion viral hepatitis
is well balanced, the recommendation grades of EPO, the
main approach for CRA, should be higher than those in the
Western countries.
3.4 Treatment of CRA in China
Currently, the treatment of CRA in China is far from
satisfactory. According to the results of China Anemia
Survey (Table 8), most CRA cases did not receive appropriate
treatment, and only a few patients with Hb levels below 8 g/dl
received anemia correction. Of over 2,000 tumor patients, 757
had anemia, among whom 82 (10.83%) had received RBC
suspension transfusion due to CRA, while only 12 (1.59%)
had a record of EPO treatment.
Most Chinese literature on EPO for CRA are focused
on recombinant human erythropoietin injection, which has
shown promising effecacies in elevating the Hb level in CRA
patients and lowering the demands for blood transfusion.
3.4.1 Phase III clinical studies on the role of
recombinant human erythropoietin injection for CRA
Quite a few studies on the role of recombinant human
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Table 8 Treatment of CRA
Severity of anemia

EPO treatment
n

Blood transfusion

Percentage (%)

n

Oral iron supplements

Percentage (%)

n

Percentage (%)

Without treatment
n

Percentage (%)

Mild anemia

0

0

0

0

0

0

434

57.33

Moderate anemia

0

0

0

0

0

0

189

24.97

Severe anemia

12

1.59

82

10.83

0

0

40

5.28

Total

12

1.59

82

10.83

0

0

663

87.58

Table 9 Eight non-randomized/controlled trials included in
the analysis

Table 10 Eight non-randomized/controlled trials included in
the analysis

Authors

Authors

n

P

Liu et al. (24)

58

NS

An et al. (33)

131

NS

Li et al. (25)

45

>0.05

Wang et al. (34)

147

NS

Yang et al. (26)

15

NS

Hao et al.(35)

74

<0.05

Yang et al.. (27)

45

NS

Zhou et al. (36)

38

<0.05

Rao et al. (28)

31

NS

Li et al. (37)

40

NS

Xu et al. (29)

41

<0.05

Meng et al.(38)

35

>0.05

Xu et al. (30)

30

>0.05

Li et al. (39)

262

<0.01

Wang et al. (31)

39

>0.05

Liu et al. (40)

56

NS

NS: not significant

Li et al. (32)

121

n

P

NS

NS: not significant

erythropoietin injection for CRA have been carried out in
China. These studies can be classified into two catagories: nonrandomized studies (n=8) (Table 9), focusing on the change
of CRA patients before and after treatment (24-32), and
randomized controlled studies (n=8) (Table 10), comparing
the difference of Hb after treatment between the treatment
group and control group (33-40). The latter had more
reliable evidence-based findings. In another typical study,
Chu et al. (41) reported their findings from a multi-center,
randomized, controlled phase III trial, in which 121 tumor
patients with an Hb level ≤10.5 g/dL or with a drop of
Hb level ≥1.5 g/dL after chemotherapy were randomized
into chemotherapy alone group and themotherapy plus
EPO (150-300 IU/kg) group. EPO was administered
three times weekly, with 4-8 weeks in each treatment
course. The resulst showed that the combination group
had significantly higher Hb level: the Hb level increased
by ≥2.0 g/dL in 62% of the patients in the combination
group, which was significantly higher than that in
the chemotherapy alone group (3%); meanwhile, the
requirement for blood transfusion was also significantly
lower in the combination group (7%) than in the
chemotherapy alone group (20%).
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3.4.2 Phase IV clinical studies on the role of
recombinant human erythropoietin injection for CRA
A large number of Phase IV clinical studies on the role
of recombinant human erythropoietin injection for CRA
have been published in recent years. Of these studies, 19
are relatively valuable, and most of them (n=14, 74%) were
published by authors from tertiary hospitals. These articles
have a relatively uniform conclusion that recombinant human
erythropoietin injection are effective and safe in improving
the Hb level. These 19 clinical reports include 1 multicenter research, 12 parallel studies with negative controls, 5
paraplle controled studies that compared pulse therapy with
conventional therapy, and 3 studies with self controls. A total
of 1,322 patients were enrolled in these 19 studies (Table 11).
All the patients enrolled in these 19 studies had CRA, which
were due to chemotherapy, surgery, tumor, or tumor-related
malnutrition. Most patients had solid tumors, and only a few
were suffered from hematologic cancers. According to their
primary sites, these tumors mainly include gastrointestinal
tumors (including gastric cancer, colorectal cancer, colon cancer,
and esophageal cancer), followed by lung cancer, gynecologic
tumors (including breast cancer, ovarian cancer, and cervical
cancer), hematologic cancers (including acute leukemia, chronic
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Table 11 Nineteen clinical trials included in the analysis
Institution

n

P

121

<0.05

Department of Oncology, Fujian Provincial Tumor Hospital (42)

43

<0.05

Cancer Center, West China Hospital (43)

44

<0.01

Wuhan Union Hospital Tumor Center (44)

60

<0.01

Department of Chemotherapy, West China Hospital (45)

60

<0.01

Wuhan Union Hospital Tumor Center (46)

64

>0.01

Wuhan Union Hospital Tumor Center (47)

93

<0.01

Department of Hematology, Third Affiliated Hospital of Sun Yat-sen University (48)

35

<0.05

Rizhao City People’s Hospital (49)

44

<0.01

Zhejiang Provincial Cancer Hospital (50)

40

<0.01

Second Affiliated Hospital of Xuzhou Medical College (51)

60

<0.05

Department of Oncology, Rizhao City People’s Hospital (52)

64

<0.01

Oncology Department, Pu ai Hospital Attached to Tongji Medical University (53)

56

<0.05

Fudan University Affiliated Zhongshan Hospital Qingpu Branch (54)

49

<0.05

Department of Hematology and Oncology, the First People’s Hospital of Kunshan City (55)

98

<0.01

Department of Oncology, Changzheng Hospital (32)

Sanatorium of Ji’nan Military Command, Qingdao (56)

116

NS

Department of Oncology, Affiliated Hospital of Qingdao University (57)

72

<0.01

Mianyang Central Hospital (58)

33

<0.01

Second Affiliated Hospital of Lanzhou Medical College (25) Second Affiliated Hospital of Lanzhou Medical
College

45

<0.01

NS: not significant

myeloid leukemia, malignant lymphoma, multiple myeloma,
and myelodysplastic syndrome), and bladder cancer.
Hb level was used as a key indicator for efficacy assessment
in all studies. In addition, 7 studies also used Hct and 9 used
the demands for blood transfusion. Notably, the score of
quality of life was used for efficacy assessment in 7 studies.
Previously, although anemia-related symptoms severely affected
the quality of life of the patients, chemotherapy-associated
anemia was somehow neglected and tended to be undertreated. Nevertheless, in developed countries, the Functional
Assessment of Cancer Therapy-Fatigue (FACT-F) has been
introduced to systematically assess the fatigue and quality of
life in patients treated with chemotherapy. These studies have
demonstrated the definite correlation among chemotherapyassociated anemia, fatigue, and quality of life. Meanwhile,
the use of erythropoietin can remarkably raise the Hb level,
improve the FACT-F and FACT-General scores, and improve
the quality of life. Currently, the QoL score has commonly
been applied as an indicator for efficacy assessment in clinical
observasions, reflecting that the QoL in cancer patients has
increasingly been the focus of clinical practice in China.
Yan et al. randomized 60 tumor patients receiving
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chemotherapy into two groups: the treatment group was given
recombinant human erythropoietin (10,000 IU, sc, tiw) and
iron supplementation. No recombinant human erythropoietin
was provided in the control group. After treatment, the
Hb level increased by 22.7 g/L in the treatment group and
decreased by 9.5 g/L in the control group (P<0.01). Meanwhile,
the sleep quality score in the treatment group was significantly
improved after treatment (P<0.01) (45).
Cheng et al. equally randomized 60 cancer patients
with post-operative anemia into treatment group and
control group. Similarly, the treatment group was given
recombinant human erythropoietin (10,000 IU, sc, qod),
which lasted 8 weeks. Non-responsive patients or those with
laboratory evidences of iron deficiency during treatment
were supplemented with ferrous succinate (0.1 g, orally
administered, tid). No recombinant human erythropoietin was
provided in the control group, although the other interventions
were same as in the treatment group. After the intervention,
Hb level increased by >20 g/L in 22 patients (73.3%) in the
treatment group and only in 4 patients (13.3%) in the control
group (P<0.01). Similar benefit was also found in the demand
for blood transfusion. In the treatment group, 5 of 6 patients
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who had been transfusion-dependent before treatment became
transfusion-independent after treatment; in addition, the
treatment also was superior to the control group in terms of
blood transfusion volume (600 vs. 1,600 mL, P<0.05) and
number (3.396 vs. 26.60, P<0.05).
Therefore, recombinant human erythropoietin has definite
efficacy in improving CRA. As shown in these studies, for either
the dosages recommended in the manufacturer’s instructions
or the high dose used for pulse-maintenance treatment,
recombinant human erythropoietin remarkably increased the
Hb level and hematocrit after 2-4 weeks of treatment (P<0.01
or P<0.05). As shown in clinical studies that have investigated
serum EPO, quality of life, number of blood transfusions,
and blood transfusion volume, the use of recombinant human
erythropoietin significantly improved EPO level and QoL score
(P<0.01 or P<0.05) and significantly decreased the volume and
time of blood transfusion (P<0.05).
Most clinical observations (n=12) also arranged iron
supplementation, when appropriate, for their patients during
the administration of recombinant human erythropoietin,
which reflects that the assumption that the co-administration
of iron supplements and EPO can increase the responsiveness
of Hb has gradually been recognized by oncologists. However,
most studies did not describe the timing and dosages of their
iron supplements in details. Although intravenous iron has
higher bio-availability and less adverse reactions and has been
widely accepted in the developed countries, it is seldom used
in mainland China. Among these 19 studies, none mentioned
intravenous iron supplementation.
Most studies only reported mild adverse reactions (e.g.,
pain at the injection site, fever, fatigue, and dizziness) after
the administration of EPO. Of these 1,322 subjects, only 7
(0.5%) experienced drug-induced hypertension. All these
adverse reactions resolved after symptomatic management.
No severe reverse event such as allergy and venous thrombosis
was reported. The overall incidence of adverse reactions
was less than 10%. Notably, 7 studies used protocols with a
dosage higher than that recommended in the manufacturer’s
instructions, such as 40,000 IU on d1,4,7,10,13,20,27,34,
and 41; or, 20,000 IU, qd on d1-2; or, 10,000 IU, qd on d3-8,
followed by 10,000 IU, tiw, etc. All these protocoles also did not
cause severe adverse events such as thrombosis. It is reasonable
to assume that EPO treatment is safe only if: routinely monitor
the changes of Hb and Hct levels during the treatment (once
weekly during the initiation period and every two weeks during
the maintenance period); adjust the dose accordingly to avoid
excessive RBC production (ensure that Hct is below 36 vol%);
and, suspend the use of EPO if necessary.
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3.4.3 Phase IV clinical studies on the role of
recombinant human erythropoietin injection for CRA
Currently, when applied for treating chemotherapy-induce
anemia, the starting dose of EPO in the United States reaches
40,000 IU or even 60,000 IU (59-61), which is remarkably
higher than the standard starting dose several years ago. The
recommended starting dose of EPO approved by US FDA
for treating CRA is 150 IU/kg (subcutaneous injection, three
times weekly). After 4 weeks of administration, the dose can
be increased to 300 IU/kg (three times weekly) if the patient
is unresponsive. An alternative dose can be 40,000 IU taken
via subcutaneous injection once weekly, which is expected
to reach a similar efficacy with the injections at 3 times per
week (62). A pharmacokinetic study compared the efficacy
of EPOGEN 150U/kg 3 times weekly with the once weekly
Epogen-treatment and found that the latter had higher Cmax (3to 7-fold), longer Tmax (2- to 3-fold), higher AUC0-168 h (2- to
3-fold), and lower clearance rate (50%).
Most Western countries have adopted EPO as key option for
treating chemotherapy-induced anemia (Hb level). Currently
the initial dose of EPOGEN is 40,000 or 60,000 IU weekly in
foreign countries, which has shown good clinical efficacies. In a
double-blinded placebo-controlled trial participated by 338
patients, EPOGEN was given once weekly, and the longest
duration of EPOGEN treatment was 4 months; the results
showed that the incidences of adverse reactions between the
treatment group and control group were similar; meanwhile,
the treatment also did not cause remarked impact on blood
viscosity (63). In China, the EPO injection 10,000 IU [Yibiao(r)]
was developed by 3SBio, Shenyang, Liaoning Province, China.
It was licensed by the State Food and Drug Administration
in 2001 for treating CRA. Clinical trials have confirmed that
this product has similar efficacy in treating CRA as its foreign
counterparts.
A Japanese study demonstrated that weekly administration
of EPO 36,000 IU significantly increased hemoglobin level
and ameliorated the decline of QOL in CIA patients (64).
A domestic clinical trial compared the effectiveness and
safety of EPO 10,000 IU three times weekly with those of
EPO 36,000 IU once weekly in treating chemotherapyinduced anemia (65). A total of 206 patients with non-myeloid
malignancies accompanied with chemotherapy-induced anemia
were divided into two groups: EPO 36,000 IU once weekly
group (treatment group) and control group (EPO 10,000 IU,
three times weekly). During the 8-week treatment, the obvious
effective rate of increase in Hb was 52.0% and 51.9% in the
control group and EPO 36,000 IU group (P>0.05), and the
overall response rate (obvious effective rate + effective rate) was
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73.5% and 67.3%. CMH test showed that the difference between
the two groups was not significant (P>0.05). The maximal value
of increase in Hb from baseline was 112 g/L in the control
group and 113 g/L in the treatment group. The difference of
Hb value between the maximum and the baseline was 22
and 23 g/L (both P>0.05), respectively, with no significant
difference between the two groups. The median time of
Hb increase >10 g/L from the baseline was 18 and 16 d,
respectively (P>0.05). The median time of Hb increase
>20 g/L from the baseline was 31 and 32 days respectively
(P>0.05). The percentages of blood transfusion were 2.9%
and 8.7%, respectively, in the two group during the treatment,
with no significant difference in the times and volume of blood
transfusion (P>0.05). The total incidence rates of adverse events
were 21.6% in the treatment group and 18.3% in the control
group; the incidence rates of drug-associated adverse events were
2.9% in the control group and 1.9% in the treatment group; and
the incidences of severe adverse events were 3.9% in the control
group and 1.0% in the treatment group. As shown in this clinical
trial, within 8 weeks, the overall response rate of EPO (36,000 IU)
once a week for anemia is similar in comparison with routine
EPO (10,000 IU) three times a week. It can significantly decrease
injection frequency, alleviate patient’s pain, and will not increase
the adverse events. The drug-associated adverse events are mild
and transient, and most of them can resolve spontaneously (65).
3.4.4 Studies on QoL (66)
A limited number of domestic studies have explored the impact
of EPO treatment for CRA on the QoL. Wen et al. (66) have
reported a prospective controlled study, in which 43 patients
with advanced lung cancer were randomized into the
chemotherapy alone group and chemotherapy combined with
EPO (10,000 IU) group. EPO was administered three times
weekly, with 4-8 weeks in each treatment course. Finally,
the Karnofsky performance score (KPS) and QoL were
signlificantly improved in the combination group (P<0.05).
Li et al. (32) also reported a prospective non-randomized
controlled study, in which 121 patients with CRA were
treated with EPO α, and their anemia-related QoL was
assessed with FACT-An. After the treatment, the FACTAn score was significantly increased, and linear regression
analysis showed the change of Hb level was significantly
correlated with FACT-An before and after EPO treatment.
4. Guidelines on clinical practice of cancerrelated anemia
Based on the above literature and foreign guidelines on
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CRA, the Experts Committee on Cancer- and TreatmentRelated Anemia, CSCO, proposed the following consensus:
4.1 Guideline 1 - Diagnosis and assessment of CRA (Figure 1)
4.2 Guideline 2 - Treatment of CRA (non-radiotherapyrelated) (Figure 2)
4.3 Guideline 3 - Treatment of chemotherapy-related
anemia (Figure 3)
4.4 Guideline 4- Indications of blood transfusion in tumor
patients (Figure 4)
Target Hb level in asymptomatic patients:
For chronic anemia patients with stable hemodynamics
but without acute coronary syndrome: the aim of blood
transfusion is to maintain the Hb level at 7-9 g/dL.
Target Hb level in symptomatic patients:
For patients with acute hemorrhage, along with the
evidence of unstable hemodynamics or inadequate oxygen
delivery: the aim of blood transfusion is to correct the
unstable hemodynamics or maintain adequate oxygen
delivery.
Symptomatic (including tachycardia, tachypnea, and
orthostatic hypotension) anemia (Hb level <10 g/dL): the aim
of blood transfusion is to maintain the Hb level at 8-10 g/dL,
so as to avoid the occurrence of these symptoms.
The target Hb level in patients with acute coronary
syndrome or acute myocardial infarction: the aim of blood
transfusion is to maintain the Hb level >10 g/dL.
4.5 Guideline 5 - Prevention of thrombosis due to blood
transfusion and/or EPO treatment (Figure 5)
EPO drugs for CRA should be stopped once the Hb level
reaches 12 g/dL to avoid a high-Hb status. See “Guideline 5”
for recommendations on populations with an increased
risk of thrombosis (1). These patients should be treated
with low-molecular-weight heparin upon a daily dose of
2,000-4,000 IU (once or twice daily). The treatment should
typically last 1-2 weeks.
Patients who develop thrombosis can be treated with
tPA, low-molecular-weight heparin, or fondaparinux sodium
(decasodium).
In case of thrombosis, Thalidomide and lenalidomide as
well as targeted therapies can be applied.
Oral administration of aspirin at a dosage of 40-100 mg/d
can also be used for the prevention of deep vein thrombosis.
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CRA (nonchemotherapy-related)
Hb <11 g/dL
or the decrease
of Hb
is ≥2 g/dL
compared
with the
baseline
valuea

Chemotherapyinduced anemia

Non-cancer-related
anemia
·Bleeding
·Hemolysis
·Nutritional deficiency
·Hereditary
·Renal insufficiency
·Iron deficiency
·Radiotherapy alone

See Guideline 2

Hematologyb

Treatment
according to their
cause

Assessment
·Severity of anemia
Mild
(Hb <11g/dL)
Moderate
(Hb <8g/dL)
Severe
(Hb <6g/dL)
Extremely severe
(Hb < ≥4g/dL)
·Severity of symptoms
·Physiological symptoms
Cardiac symptoms
Pulmonary symptoms
·Concomitant symptoms
History of heart disease /
decompensated
Chronic lung disease
·Cerebrovascular diseases

See Guideline 3

Figure 1 Diagnosis and assessment of CRA. (a) Many patients can have high baseline Hb level, which can hide the ongoing anemia. Therefore,
attention should also be paid to patients who experience a recent decrease of Hb level by ≥2 g/dL; (b) Hematologic examinations include tests for
complete blood cells, ferritin, vitamin B12, folate, reticulocyte, and haemolysis

Solid tumors

CRA (nonchemotherapyrelated)

·Treatment according to their cause.
·Routine serum iron indicators should be measure and iron should be
supplemented when necessary.a
·Blood transfusion should be promptly initiated if symptom exists (see
Guideline 4).b,c
·The patient should be closely observed if no obvious symptom exists.
·EOP drugs are not feasible.
See Guideline 6

MDS
Hematopoietic
malignancies
Other
hematopoietic
malignancies

·Treatment according to the cause based on the
corresponding guidelines
·Blood transfusion should be initiated according to
the symptomsc, see “Guideline 4”
·The feasibility of EPO drugs should be determined.

Figure 2 Treatment of CRA (non-radiotherapy-related. (a) If appropriate, iron supplementation should be provided during EPO treatment.
Intravenous iron sucrose is recommended. See guideline 8 and 9; (b) According to the “Blood Transfusion Act” of China, blood transfusion is
allowed only when the Hb level of a pediatric patient is below 6 g/dL; (c) Blood transfusion can increase the risk of thrombosis. See “Guideline 5”
for the prevention of thrombosis

See NCCN guidelines on tumor and thrombosis treatment
(2012 edition).
4.6 Guideline 6 - Treatment of MDS-related anemia
4.6.1 International Prognostic Scoring System (IPSS)
(Table 12)
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4.6.2 WHO classification-based Prognostic Scoring
System (WPSS) for MDS (Table 13)
4.6.3 Treatment of MDS types and MDS-related
anemia (Figure 6)
4.7 Guideline 7 - Administration and Dosage of EPOa,b
(Figure 7)
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·Patients with severe or
extremely severe anemia
·Patients with intermediate
anemia accompanied with
severe symptoms, and the
Hb need prompt correction
·Patients who are
unresponsive to previous
treatment
Anemia due to
chemotherapy

Symptom
assessment
·Patients with mild anemia
·Patients with intermediate
anemia but without severe
symptoms, and their symptoms
can be alleviated through rest
and nutritional support
·Patients with a history of blood
transfusion allergic reaction

·Consider blood transfusion.
See guideline 4

Both blood transfusion and
EPO use can increase the
risk of thrombosisa. Efforts
should be taken to avoid
such risk. See guideline 5

·EPO is recommended for
treatmentb
·See guideline 5 for the
treatment protocol

Figure 3 Treatment of chemotherapy-related anemia. (a) According to a meta analysis published in the Journal of Clinical Oncology in June
2009 (22), both blood transfusion and EPO usage can increase the risk of thrombosis; (b) If appropriate, iron supplementation should be provided
during EPO treatment. Intravenous iron sucrose is recommended. See guideline 8 and 9
Asymptomatic, without
obvious complications

Hb<6 g/dLa

Observation

Asymptomatic, but without co-morbidity or high risk
Co-morbidity:
·Heart disease, including congestive heart failure and coronary
heart disease
·Chronic lung disease
·Cerebrovascular disease

Re-assessment regularly

Consider red blood cell
transfusion

High risk:
·Recent intensified chemotherapy or radiotherapy, together with
rapid decrease of
Symptomatic
·Sustained tachycardia, shortness of breath, chest pain, exertional
dyspnea, mild headache, syncope, and severe fatigue affecting
work and daily activities

Red blood cell transfusion

Figure 4 Indications of blood transfusion in tumor patients. aAccording to the “Blood Transfusion Act” of China, blood transfusion is

allowed only when the Hb level of a pediatric patient is below 6 g/dL.
4.8 Guideline 8 - Treatment decision and drug selection
pertaining to the functional iron deficiency after EPO
therapy (Figure 8)
4.9 Guideline 9 - Iron supplementation
4.9.1 Serum ferritin and iron supplementation (4)
Iron deficiency can be divided into three stages: iron depletion

© Chinese Clinical Oncology. All rights reserved.

(ID), iron deficient erythropoiesis (IDE), and iron deficiency
anemia (IDA). The diagnostic criteria of iron deficiency
anemia include: (I) Serum iron <8.95 μmol/L (50 mg/dL); and
(II) serum ferritin <12 μg/L. Also, it should have the features
of microcytic hypochromic anemia. Patients with mild iron
deficiency anemia are typically treated with intravenous iron
(100 mg, once per week). It usually takes 2 weeks for the Hb
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Table 12 International Prognostic Scoring System (IPSS)
Risk categories (%) IPSS population

Overall score

Median survival in absence of

25% AML progression in

therapy (years)

absence of therapy

Low (33)

0

5.7

9.4

Intermediate-1 (38)

0.5-1.0

3.5

3.3

Intermediate-2 (22)

1.5-2.0

1.1

1.1

High (7)

≥2.5

0.4

0.2

Table 13 WHO classification-based Prognostic Scoring System (WPSS) for MDS
WPSS risk grouping/score

AML progression (probability)

Overall survival (years, median)

2 years

5 years

141

0.03

0.03

Low/1

66

0.06

0.14

Intermediate/2

48

0.21

0.33

High/3-4

26

0.38

0.54

9

0.80

0.84

Extremely low/0

Extremely high/5

The risk of thrombosis should be carefully assessed
·History of thromboembolism
·Genetic variation
·Hypercoagulable states
·Elevated platelet count before chemotherapy
·Hypertension
·Steroid
·Long-term immobilization
·Recent surgery
·Some treatment for multiple myeloma
·Hormone drugs, etc.
Figure 5 Assessment of patients at risk of thrombosis

level returns to the normal level. For patients with severe iron
deficiency anemia, intravenous iron (100 mg, once per week,
for four weeks) can be applied; when the Hb level is increased
by 20 g/dL, the drug can be continuously provided till the iron
deficiency anemia returns normal. Before the administration of
intravenous iron, skin test should be performed under medical
supervision.
In patients with renal failure due to cancer or
chemotherapy, the continuous use of ESAs may result in
functional iron deficiency (ferritin <800 ng/mL and transferrin
saturation <50%) The iron stored in the reticuloendothelial
system (RES) can be massively transported into the bone
marrow and depleted during the rapid production of
erythrocytes under the stimulation of ESAs. The decreased

© Chinese Clinical Oncology. All rights reserved.

iron storage can not support the further hematopoiesis,
and thus the effectiveness of ESAs will decrease over time.
Absolute iron deficiency occurs when the iron storage further
drops (ferritin ≤300 ng/mL and transferrin saturation <15%).
If this condition exists before the initiation of ESAs treatment,
iron supplementation should be applied firstly.
4.9.2 Indications of iron supplementation
·Oral iron supplements: Oral iron has the advantage of
being simple, but it is limited by the fact that only 10% of
the iron will be absorbed by human body and meanwhile
the gastrointestinal irritation can also be problematic. Some
patients may be allergic to oral iron supplements. Ferrous
sulfate and ferrous fumarate are the most common types
of iron supplement. Other available forms include ferrous
succinate, ferrous gluconate, and ferrous lactate.
·Parenteral iron preparations: they can be thoroughly
absorbed by human body, with rapid onset of action and
without gastrointestinal irritation. However,compared with
the oral supplements, they are less inconvenient during
administration. Parenteral iron preparations include iron
dextran, ferric gluconate, and iron sucrose. Iron sucrose is
recommended when taking into account the patient tolerance
and pharmacokinetics.
·Parenteral iron preparations can be used in patients who
can not tolerate or are non-responsive to oral iron supplements,
and are also indicated for functional iron deficiency in patients
with chronic renal failure; patients who are receiving EPO
treatment can also receive parenteral iron supplementation.
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·IPSS: Intermediate-2 risk,
high risk
·WPSS: High risk,
extremely high risk

·Treatment of the primary diseasea
·Blood transfusionb
·Consider EPO treatment when
appropriate

·IPSS: low risk,
Intermediate-1 risk
·WPSS: extremely low risk,
low risk, intermediate risk

·Serum EPO ≤500 mIU/mL

EPO 40,000–60,000 IU, once
or three times weekly, sc
·Treatment of primarya
·Blood transfusionb

·Serum EPO >500 mIU/mL

Figure 6 Treatment of MDS types and MDS-related anemia. (a) See NCCN guidelines on MDS (2011 edition) and other relevant

documents; (b) See Guideline 4 for blood transfusion and its relevant indications
Responsive (Hb increased by ≥1 g/dL)
EPO, 10,000 IU,
three times per week,
subcutaneously
injected, and every
4-6 weeks
Non-responsive

Responsive (Hb
increased by ≥1 g/dL
8-9 weeks)
EPO, 20,000 IU,
three times per
week, sc; or,
36,000 IU, twice
weekly, sc. Iron
supplementation
when
appropriatec,d.

Hb level is
within the
baseline
level during
chemotherapy

Hb continuously
decreases during
chemotherapy

Continue
treatment

EPO dose
should be
escalated
when
appropriate

·EPO should be stopped
if the Hb level is higher
than 12 g/dL.
·If a patient is responsive
to EOP but still has
anemia symptoms, the
treatment should be
re-assessed based on
these guidelines.

Blood transfusion
(Guideline 4)

Figure 7 Administration and Dosage of EPO. (a) The aim of EPO treatment is to reduce the demands for blood transfusion and improve the
patients’ quality of life; (b) The expected efficacy is the stable increase of Hb level (by 1-2 g/dL every 4 weeks); therefore, the dosage of EPO
should be individualized. The dosages in the table are just for reference; (c) For patients who are receiving EPO treatment, see Guideline 8 for
indications of the treatment for functional iron deficiency; (d) For patients who are receiving EPO treatment, see Guideline 9 for the selection of
iron supplements and their dosages

Iron detection
·Serum iron
·Total iron binding
capacity
·Serum ferritin

Functional iron deficiency
·Serum ferritin ≤800 ng/mL
·Transferrin saturation <20%

Consider iron
supplementationa,b

Non-iron deficiency (any of
the following items)
·Serum ferritin >800 ng/mL
·Transferrin saturation >20%

Iron supplementation is
not required.

Figure 8 Treatment decision and drug selection pertaining to the functional iron deficiency after EPO therapy. (a) For patients who are receiving
EPO treatment, see Guideline 9 for the selection of iron supplements and their dosages; (b) Intravenously administered iron supplements are
preferred due to their better efficacy. Oral iron supplements are more common, but with inferior efficacy.
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Table 14 Administration of parenteral iron
Iron dextran

Iron sucrose

Test dose Require: 25 mg/kg/dose IV slow push; wait for 1 hour before
the formal administration
Dosage
IV 100 mg weekly for 10 weeks to reach a total dose of 1 g
Or, the total dosage of drip infusions within hours

At the doctor’s discretion: 25 mg/kg/dose IV slow
push or IV drip
200 mg in 60 min, IV, every 2-3 weeks
Maximum dose = 300-400 mg per drip infusion

Route

IV drip infusion or push

IV drip infusion; intramuscular injection is not recommended

·A test dose should be given prior to starting iron dextran
therapy, especially in patients with a history of drug allergy.
The recommended iron dextran is low-molecular-weight
iron dextran.
4.9.3 Administration of parenteral iron (Table 14)
4.9.4 Precautions of iron supplementation
Of these two iron supplements, iron dextran was approved
firstly, and deeper research has been conducted on its efficacy
and toxicities. Clinical practices have demonstrated that a
single administration of iron dextran is associated with higher
incidences of adverse events. For a new patient, an initial test
dose of 25 mg should be administered firstly, after which the
patients are observed for possible adverse effects. and then the
patient should be observed for 1 hours for any adverse reaction.
Then the remaining dose is injected. Research has shown that
the adverse reactions of iron dextran are mainly due to the highmolecular-weight iron dextran. Therefor, clinically the lowmolecular-weight iron dextran is recommended. Iron dextran
has also been approved for intramuscular (IM) injection;
however, considering its disadvantages including injection site
pain, skin pigmentation, and slow drug absorption, IM injection
is not recommended. Iron sucrose and iron dextran are usually
well tolerated by most patients; however, iron sucrose has
lower reported incidence of adverse events than iron dextran.
In fact, a test dose is not required during the administration of
iron sucrose. however, for safety reason, test dose is also listed
in the above table. The common adverse reactions associated
with intravenous iron supplements include: low blood pressure,
nausea, vomiting or diarrhea, pain, high blood pressure,
dyspnea, itching, headaches and dizziness.
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