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the Pathophysiologic Basis of anaemia in Patients 
with Malignant diseases
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abstract

Cancer patients frequently present with anaemia that may 
result from the direct or indirect effects of the tumor or its 
treatment. Anaemia is an independent adverse prognostic 
factor that exerts negative influence on quality of life and 
survival of cancer patients. Anaemia in malignant disorders 
often arises from an interplay of multiple aetiological 
and pathophysiologic mechanisms. Understanding 
these mechanisms will help the oncologist identify and 
treat specific causes of the anaemia thereby minimizing 
the use of blood transfusion, which is associated with 
many adverse effects. This paper reviewed the various 
aetiological and pathophysiologic mechanisms of 
anaemia in cancer patients including direct and indirect 
tumour effects that lead to reduced red cell production or 
increased red cell destruction via a myriad of mechanisms 
ranging from marrow infiltration and cancer-associated 

acute myelonecrosis to chronic inflammation, blood 
loss, iron, folate, vitamin B12 and other nutrients 
deficiencies, malignancy related renal injury, pure red 
cell aplasia, hypersplenism, haemophagocytic syndrome, 
red cell autoantibody production, non-immune red cell 
fragmentation and cytotoxic therapy-induced erythroid 
cell apoptosis and eryptosis. Hence anaemia in cancer 
patients is attributable to a wide spectrum of aetiological 
factors with multiple and sometimes overlapping 
pathophysiologic mechanisms. It is therefore necessary 
for the oncologists to thoroughly investigate all cases of 
anaemia with the aim of identifying the actual causative 
factors in order to offer more sustainable cause-specific 
treatment modalities that will minimize the use of blood 
transfusion with its attendant adverse effects.  
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introduction
Cancer patients frequently present with anaemia that 

may result from the direct or indirect effects of the tumour 
or its treatment (1). A large European Cancer Anaemia 
Survey revealed that up 39% of cancer patients were 
anaemic at the time of presentation (1). The survey further 
revealed that even patients who were not anaemic at the 
time of presentation eventually became anaemic during 
cancer treatment (1). The frequency of cancer treatment 
induced anaemia was related to the intensity of the 
treatment. Hence, the frequencies of anaemia among 
patients who were treated with chemotherapy alone 
or in combination with radiotherapy were 42 and 63% 
respectively (1). A more recent but smaller Spanish study 
also revealed that the frequency of anaemia in cancer 
patients was higher in females and varied in accordance 
with the type of tumour as well as the type and intensity of 
cancer treatment (2). Anaemia imposes physical, cognitive 
and social restrictions on cancer patients. Thus anaemia 
has been identified as an independent adverse prognostic 
factor that exerts negative influence on both survival and 
functional capacity as well as the quality of life and well 

being of cancer patients (3). Anaemia in malignant disorders 
often arises from an interplay of multiple factors that result 
from diverse and often intricately linked mechanisms. The 
importance of identifying the precise aetiological causes 
of anaemia in patients with malignancies is underscored 
by the need to identify and treat specific causes of the 
anaemia in order to minimize the use of blood transfusion, 
which is associated with many adverse effects. Blood 
transfusion is undoubtedly beneficial for anaemic cancer 
patients in whom it improves the quality of life in the short 
term (4). Nonetheless, blood transfusion may be associated 
with very serious side effects, which include transmission 
of infections, haemolytic and non-haemolytic 
complications as well as iron overload (4). Moreover, blood 
transfusion causes immune modulation with suppression 
of cellular immunity that has been associated with higher 
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dominant proliferating cells, thereby suppressing normal 
haematopoiesis. Cancers that usually originate outside 
the bone marrow may subsequently infiltrate the marrow 
by haematogenous metastasis especially in clinically 
advanced stages (6). The marrow microenvironment 
is second only to the lung and comparable to the liver 
in its susceptibility to implantation of blood-born 
malignant cells, hence it is not uncommon for patients 
with malignant conditions to present with myelophthisic 
anaemia (6). Almost all cancers can metastasize to the 
bone marrow, but the most common are cancers of the 
lung, breast, prostate, thyroid, kidney, gastrointestinal 
tract and melanoma (6). Bone marrow infiltration is a 
common feature of haematopoietic malignancies such 
as leukaemia, lymphoma and multiple myeloma (6). In 
addition to cellular infiltrations, some cancers may be 
associated with non-cellular marrow infiltrates such 
as amyloid in multiple myeloma and fibrous tissue in 
idiopathic myelofibrosis (7, 8). The basic mechanisms 
that cause anaemia in myelophthisis include disruption 
of bone marrow architecture and impairment of the 
haematopoietic inductive micro-environment as well as 
physical restriction in the marrow space for erythropoiesis, 
all of which result in leucoerythroblastic anaemia (6). 
Leucoerythroblastic anaemia is characterized by impaired 
erythropoiesis with production of deformed red cells in 
association with premature release of erythroblasts, 
myelocytes and giant platelets (6). 

1.2 anaemia of Chronic disease

The term anaemia of chronic disease (ACD) is used 
in its broadest sense to refer to the form of anaemia 
that is observed in patients with various infectious and 
non-infectious inflammatory diseases including cancer 
(7). Various attempts to elucidate the pathogenesis of 

1. decreased red Cell Production

1.1 Marrow Infiltration 

1.2 Anaemia of Chronic Disease

1.3 Blood Loss and Iron Deficiency

1.4 Folate, Vitamin B12 and Other 
Nutrients Deficiencies 

1.5 Malignancy Related Renal Injury

1.6 Pure Red Cell Aplasia 

1.7 Therapy Induced Marrow 
Suppression: Apoptosis

1.8 Cancer-Associated Acute Myelonecrosis

2. increased red Cell destruction

2.1 Hypersplenism

2.2 Haemophagocytic Syndrome

2.3 Red Cell Autoantibody Production 

2.4 Non-immune Red Cell Fragmentation: 
Cancer Associated MAHA

2.5 Therapy Induced Haemolysis: Eryptosis

table 1: Mechanisms of anaemia in patients with malignant 
diseases

risks for cancer metastasis and recurrence after surgical 
interventions, a situation that would adversely affect 
the overall prognosis and long term survival of cancer 
patients (4). It is therefore imperative for the physicians 
to appreciate the precise and individual pathophysiologic 
mechanisms of anaemia in cancer patients. A thorough 
understanding of these pathophysiologic mechanisms will 
enable the oncologist to proffer cause-specific and non-
transfusional therapeutic options for the anaemia. Hence, 
in this paper we conducted a broad but concise review 
of the various aetiological factors and pathophysiologic 
mechanisms that act singly or in concert in the causation 
of anaemia with particular reference to malignant diseases 
as outlined in Table 1.

1. decreased red Cell Production

1.1 Marrow infiltration

The yolk sac, liver and spleen are the major sites of 
haematopoiesis during the most part of intra-uterine 
life (5). The bone marrow becomes the most important 
haematopoietic organ during the third trimester and 
remains active up to birth and for the entire post-
natal life (5). Cancers such as leukaemia and multiple 
myeloma that primarily originate within the bone 
marrow invariably infiltrate the marrow and become the 

figure 1: leucoerythroblastic blood picture showing 
erythroblast and immature myeloid cell (http://emedicine.
medscape.com/article/204647-differential; accessed 
august 14, 2016).
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ACD have focussed on three principal pathogenetic 
mechanisms including shortened red cell survival, 
hypoproliferative state and defective iron utilisation, 
all of which are pertinent in malignant conditions (7). 
The hypercytokinaemia that normally characterise the 
immunological and inflammatory response to injurious 
stimuli, including cancer, constitutes the so-called 
‘cytokine storm’ and is believed to be the central factor 
in the causation of ACD. The cytokines tumour necrosis 
factor-alpha (TNF-α), transforming growth factor-beta, 
interleukin (IL)-1, IL-6, and interferon-gamma (INF-γ) 
are the most likely erythropoietin inhibitory agents, the 
levels of which have been reported to be elevated in sera 
of patients with inflammatory conditions (7). This results in 
blunting of the normal erythropoietin response to a given 
level of anaemia (7). The multitude of erythropoiesis-
inhibitory effects of TNF-α in particular has been 
demonstrated in numerous in vitro studies, where it 
is shown to inhibit proliferation and differentiation of 
erythroid progenitor cells by triggering nuclear factor-
κB (NF-κB) and GATA-2 pathways, thereby inhibiting 
erythropoietin (EPO) mRNA synthesis thus suppressing 
erythropoietin production (8). It has also been shown that 
interaction of TNF-α with the EPO-R (erythropoietin 
receptor) stimulates apoptosis of erythroid progenitors via 
the NF-κB pathway, while the binding of TNF-α to its 
ligand, TNF-α-R1, inhibits GATA-1 and suppresses the 
expression of genes specific to erythroid differentiation 
and haemoglobinization (8). Other cytokines, such as 
interleukin-6 (IL-6), IL-1, interferon-γ and TNF-
related apoptosis-inducing ligand (TRAIL), have all been 
implicated in the inhibition of erythroid precursors in 
vitro(8).  

However, inhibition of erythropoietin production cannot 
solely explain the impaired erythropoiesis associated 
with ACD. This is because of the conflicting observation 
that some cases of anaemia of chronic disease were not 
associated with the blunted erythropoietin response and 
the patients were anaemic despite having appropriate and 
adequate serum levels of erythropoietin (9). This observation 
alludes to an additional cytokine-mediated mechanism 
of reduced sensitivity of the erythron to erythropoietin 
probably by decreasing the number of EPO receptors on 
the erythroid progenitors, a concept that is supported by 
studies in anaemic cancer patients (9). Another mechanism 
of anaemia in chronic inflammatory conditions including 
cancer that is thought to be cytokine-mediated, is 
through the liver via the action of IL-6. Previous studies 
have led to the recognition of hepcidin, an acute phase 
reactant and a microbicidal peptide hormone that is 
synthesised and secreted by hepatocytes in response to 
inflammatory signals from macrophages and other cells, 
to be the master regulator of iron haemostasis in humans, 

and plays a central role in the pathogenesis of ACD (10). 
IL-6 stimulates the liver to produce hepcidin which acts 
to cause blockade in the iron absorptive mechanism in the 
intestinal epithelial cells by internalization and degradation 
of ferroportin, a protein responsible for cellular absorption 
of iron from the gastrointestinal tract, thereby functionally 
reducing iron absorption (10). By blocking the ferroportin 
mechanism in macrophages, hepcidin additionally 
causes perturbation in iron recycling by preventing iron 
release from reticuloendothelial system, leading to iron 
sequestration and interruption of iron delivery to erythroid 
precursor cells thereby contributing to the iron-restricted 
erythropoiesis seen in inflammatory conditions including 
cancer (7).

HIV infection is associated with impaired immune 
response and  increased risk of certain cancers including 
Kaposi sarcoma, cervical carcinoma and non-Hodgkin’s 
lymphoma that are designated as AIDS defining cancers 
(11). While HIV infection by itself is a cause of ACD (12), HIV 
infected patients living in tropical countries also suffer from 
anaemia due to recurrent parasitic infections resulting 
in haemolysis (13), malnutrition and malabsorption (14). 
Therefore cancer patients with co-morbid HIV infections 
would be at great risk of developing severe anaemia due 
to the combined anaemia-inducing effects of both cancer 
and HIV/AIDS. 

1.3 Blood loss and iron deficiency

Anaemia resulting from chronic blood loss is a 
common manifestation of malignant diseases especially 
of the gastrointestinal and genitourinary tracts. Iron 
deficiency anaemia may be the first sign of a malignant 
neoplasm of the gastrointestinal tract (15). In patients with 
carcinoma of the stomach, anaemia from occult blood loss 
is common, although gross haematemesis is infrequent 
(15). Up to 6% of patients with colorectal cancer have iron 
deficiency anaemia at presentation, while carcinoma of 
the caecum is often clinically silent until anaemia occurs 
(16). Because lesions of the right colon commonly ulcerate, 
leading to chronic, insidious blood loss without obvious 
change in the appearance of the stool, patients with right 
sided colorectal cancers are more likely to present with 
iron deficiency anaemia than those with left sided colon 
cancers (17). In the urinary tract, a significant proportion 
of patients with malignant bladder lesions present with 
gross or microscopic haematuria in association with iron 
deficiency (18). Flank pain, flank mass and haematuria 
form the classical triad for renal cell carcinoma in which 
anaemia occurs in a significant proportion of cases (19). 
Carcinomas of the endometrium and the uterine cervix 
commonly present with postmenopausal and/or postcoital 
bleeding and iron deficiency (20). In all of these malignant 
conditions the common pathogenetic mechanism 
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underlying iron deficiency anaemia is chronic blood loss 
with attendant loss of iron that leads to depletion of iron 
stores, progressive fall in serum ferritin and iron-deficient 
erythropoiesis. 

Apart from bleeding resulting from direct local effect of 
ulcerated malignant lesions, several malignant conditions 
also present with bleeding secondary to thrombocytopenia 
resulting from marrow infiltration or auto-immune platelet 
destruction as may occur in lymphoid malignancies such 
as the lymphomas and CLL (21). In certain malignancies 
such as acute promyelocytic leukaemia, disseminated 
intravascular coagulation with attendant consumption 
of platelets and coagulation factors may complicate the 
disease and cause acute severe haemorrhage and loss 
of iron (22).

1.4 folate, vitamin B12 and other nutrients 
      deficiencies 

The anorexia that frequently accompanies malignant 
conditions, either due to direct effect of the cancer or as 
a complication of cancer treatment, would significantly 
limit nutrient intake in cancer patients (23). This is often 
compounded by other factors such as nausea, vomiting, 
mucositis, diarrhoea, oesophagitis, and gastritis (23). 
Moreover, the cytokine mediators of tumour cachexia 
and sepsis including TNF-α, IL-1, IL-2, IL-6 and 
interferons, promote anorexia in cancer patients (24). After 
several weeks or months of poor intake, the small ratio of 
body stores to daily requirement and the lability of food 
folates make it possible for cancer patients to become 
folate-deficient and present with clinical megaloblastic 
anaemia (25). This is especially more likely in conditions 
associated with high cell turnover including leukaemia, 
lymphoma, myeloma, carcinoma and myeloproliferative 
diseases in which folate requirements are significantly 
increased (25). These circumstances rapidly lead to a 
negative folate balance because folate is not completely 
re-utilized after performing coenzyme functions during 
which it is rendered inactive due to oxidative cleavage of 
the pteridine ring at the C9–N10 bond (26). Furthermore, 
rapidly proliferating cancers frequently up-regulate the 
expression of folate receptors on their membranes in 
order to meet their elevated folate requirements for DNA 
synthesis that is essential for maintaining tumor growth, 
thus posing stress on folate metabolism (27). In all of 
these circumstances, folate deficiency and megaloblastic 
anaemia may result when dietary intake cannot 
adequately compensate for the increased demands. 
Megaloblastic anaemia may occasionally be caused by 
vitamin B12 deficiency resulting from malabsorption due 
to low production of intrinsic factor. This is usually seen 
in patients with extensive gastric cancers and in patients 
whose gastric cancers emanated from a pre-existing 

pernicious autoimmune atrophic gastritis (28), as well as 
in patients whose cancers were surgically treated by 
gastrectomy (29).

Certain gastrointestinal cancers are characteristically 
associated with chronic malabsorption syndromes and 
multiple nutrients deficiencies. A classical example 
is the Mediterranean abdominal lymphoma, which is 
also referred to as immunoproliferative small intestinal 
disease or α-heavy chain disease. It affects the small 
intestine and is a variant of mucosa-associated lymphoid 
tissue (MALT) tumour in which defective alpha heavy 
chains are synthesized with inability to synthesize light 
chains (30). It is histologically classified as a subtype of 
extranodal marginal zone B-cell non-Hodgkin lymphoma 
(30). The lymphoma is epidemiologically associated with 
lower socio-economic status and is thought to arise as 
a lymphoplasmacytic proliferative response to chronic 
immune stimulation by recurrent parasitic and bacterial 
infections of the intestinal tract (30). It is predominantly 
seen in the Mediterranean region but rare cases may be 
seen in South-East Asia (30). Patients typically present with 
abdominal masses in association with chronic abdominal 
pain, diarrhoea, malabsorption, nutritional anaemia and 
weight loss (30). Therefore, patients with Mediterranean 
abdominal lymphoma may have multiple nutrients 
deficiencies that may cause or aggravate pre-existing 
anaemia in affected individuals.

1.5 Malignancy related renal injury

Chronic renal insufficiency resulting from malignancy-
related renal injury is partly responsible for the anaemia 
observed in certain malignancies, notably multiple 
myeloma. Symptoms related to anaemia, although 
generally mild and insidious in onset, occur in a 
significant proportion of patients with multiple myeloma 
at presentation, and these often worsen with the 
development of renal insufficiency (31). The renal failure of 
myeloma usually results from interplay of multiple factors 
including hypercalcemia, dehydration, hyperuricemia, 
interstitial nephritis from light-chain proteinuria, amyloid 
deposition and the use of nephrotoxic drugs (31). When 
the renal function is sufficiently impaired by renal tissue 
injury, erythropoietin production becomes inadequate thus 
worsening pre-existing low levels of erythropoietin due 
to cancer-associated chronic inflammation (7). Hence, the 
combined effects of renal injury and chronic inflammation 
on erythropoietin production are partly responsible for the 
anaemia frequently observed in patients with multiple 
myeloma.

While multiple myeloma remains a prototype cancer 
with respect to renal injury, other cancers may also cause 
renal damage by obstructing the urinary tract or releasing 
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nephrotoxic chemical substances spontaneously or 
following tumour cell deaths. For example, malignant 
diseases of the urinary tract and pelvic organs 
may cause obstructive uropathy, renal failure, low 
erythropoietin production and anaemia (32). Moreover, 
certain types of leukaemias associated with monocytic 
phenotypes including acute and chronic monocytic and 
myelomonocytic leukaemia are known to be associated 
with lysozymuria, which may cause renal impairment, 
reduce erythropoietin production and aggravate anaemia 
(33). Tumor lysis syndrome (TLS) is a potentially fatal 
complication of anticancer therapy that is characterized 
by uric acid nephropathy, hyperphosphatemia and acute 
renal failure (34). TLS usually occurs in patients with bulky, 
rapidly growing and treatment-sensitive tumours such as 
high grade lymphomas and acute leukaemias during or 
after cytotoxic chemotherapy (34). However, it may rarely 
occur in association with intensive radiotherapy for solid 
tumors (35). TLS may occasionally occur spontaneously 
in the absence of chemotherapy or radiotherapy (36). It 
should therefore be appreciated that the occurrence of 
any significant acute or chronic renal injury in patients 
with cancers would be expected to cause or aggravate 
anaemia by attenuating the production of erythropoietin, 
thereby depressing erythropoiesis.

1.6 Pure red Cell aplasia 

Selective suppression of erythropoiesis may be 
associated with thymoma. Thymoma is a relatively rare 
tumour of the epithelial cells of the thymus and both 
benign and malignant types have been described (37). 
Thymoma is historically and conventionally clinically 
associated with the production of acetyl choline receptor 
auto-antibodies and myasthenia gravis. However, in some 
cases, thymoma may be associated with pure red cell 
aplasia only (38), or with both myasthenia gravis and pure 
red cell aplasia (39). Other cancers that are occasionally 
associated with pure red cell aplasia include leukaemia, 
lymphoma and other solid tumours (40). Pure red cell 
aplasia is a selective red cell production failure, which 
is characterised by severe anaemia, reticulocytopenia 
and virtual absence of mature erythroblasts in the bone 
marrow (40). The basic pathophysiologic mechanism for 
the development of pure red cell aplasia includes an 
auto-immune process associated with the production 
of self-reactive antibodies, natural killer cells and T 
lymphocytes that selectively impair the proliferation and 
maturation of erythroid precursors without affecting 
other cell lines in the bone marrow (40). Therefore, pure 
red cell aplasia should always be taken into consideration 
when evaluating the causes of anaemia in patients with 
thymoma.

1.7 therapy induced Marrow Suppression:  
      apoptosis

The objective of cancer chemotherapy (41) and 
radiotherapy (42) is the elimination of cancer cells by 
blocking cellular production of DNA, mRNA or proteins, 
damaging DNA or inhibiting components required for DNA 
replication or chromosome separation. Both chemotherapy 
and radiotherapy kill cancer cells by triggering cellular 
biochemical markers of apoptosis including activation of 
caspases, cleavage of proteins and DNA and exposure 
of phosphatidylserine on the cell surface resulting in 
mitotic failure, loss of the ability to maintain plasma 
membrane activity, cellular shrinkage and fragmentation 
with subsequent engulfment by phagocytic cells (41, 42). 
However, both chemotherapy and radiotherapy are also 
capable of causing cancer cell death via non-apoptotic 
mechanisms by inducing cell necrosis (43, 44). The ideal 
cancer therapy should kill malignant cells without causing 
harm to normal cells. Unfortunately, normal cells of the 
body are not invincible to the lethal effect of chemotherapy 
or radiotherapy. The rapidly proliferating labile cell 
compartment, which includes the haematopoietic cells 
of the bone marrow are particularly vulnerable to the 
lethal side effect of cancer therapy including apoptosis 
and necrosis. Hence, chemotherapy-induced anaemia (45) 

and radiotherapy-associated anaemia (46) have become 
frequent complications that often result in decreased 
functional capacity, overall survival and quality of life 
among cancer patients.

1.8 Cancer-associated acute Myelonecrosis

Acute extensive necrosis of the bone marrow is 
a relatively rare but serious disorder that may occur 
in patients with certain cancers. The most common 
cancers associated with extensive myelonecrosis are the 
leukaemias, lymphomas and metastatic solid tumours 
affecting the bone marrow (47). Cancer-associated 
myelonecrosis may occur at presentation, after induction 
or at relapse (47). The pathogenesis of myelonecrosis is not 
clear but it may be causally related to marrow hypoxia as 
a result of increased proliferative activity of tumour cells, 
obstruction of medullary nutrient vessels due to tumour 
cell infiltration, reactive T-cell cytotoxicity, radiation 
injury or the effect of chemotherapy (47, 48). The presenting 
features of myelonecrosis include acute and intense 
bone pain, fever and severe anaemia within the context 
of pancytopenia (47). Cancer patients with myelonecrosis 
are usually acutely ill with poor prognosis and survival (47). 
Therefore, development of acute onset of intense bone 
pain, fever, severe anaemia and pancytopenia in patients 
with leukaemia, lymphoma or metastatic carcinoma 
should raise the clinical suspicion of myelonecrosis.
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2. increased red Cell destruction

2.1 Hypersplenism

The spleen is a rare site for metastatic deposits of non-
haematological tumours due to its unique immunological, 
anatomical and micro-environmental attributes that do 
not support implantation of blood-born malignant cells 
of solid tumours (49). Therefore, splenomegaly due to non-
haematological tumour metastasis is rare (49). However, 
splenomegaly is a common occurrence in haematological 
cancers (50). Certain haematological cancers, including 
chronic myeloid leukaemia, myelofibrosis, hairy 
cell leukaemia and prolymphocytic leukaemia are 
particularly known to cause massive splenomegaly and 
hypersplenism (50). A principal function of the spleen 
is to serve as a filter removing aged and defective red 
cells and foreign particles by its content of mononuclear 
phagocytes and this function becomes pronounced when 
the enlargement of the spleen results in increase in size of 
the filtering bed (50). As a result of the expansion of the red 
pulp compartment with associated increase in blood flow, 
splenomegaly often increases the proportion of red cells 
that are channelled through the red pulp and consequently 
increase the hypersplenic sequestration of normal 
erythrocytes as well as other blood cells (50). In certain 
cases of splenomegaly as may be seen in malignant 
histiocytosis, hypersplenism results from histiophagocytic 
hyperplasia involving the white pulp of the spleen (51). 
The pathophysiologic basis of anaemia in hypersplenism 
includes excessive pooling and phagocytic destruction 
of red blood cells, which would manifest as anaemia (50). 
Although hyper-haemolysis due to increased phagocytic 
activity is the main cause of anaemia in hypersplenism, 
massive splenomegaly is also associated expansion of 
plasma volume, which adds a dilutional component to the 
anaemia (50). 

2.2 Haemophagocytic Syndrome

Haemophagocytic syndrome (HPS) is a genetic 
or acquired disorder characterized by deregulation 
of dendritic cells, natural killer cells and cytotoxic T 
lymphocytes leading to systemic and uncontrolled 
activation of benign polyclonal macrophages associated 
with infiltration of various organs including the bone 
marrow (52). Thus the bone marrow becomes incapacitated 
by extensive phagocytosis of erythrocytes and their 
precursors as well as mature and precursor cells of 
other hematopoietic lineages (52). HPS may be triggered 
by a number of pathological conditions including 
infections, autoimmune diseases and various cancers (53). 
Clinical and pathological studies of cases of HPS have 
revealed that the disorder is predominantly associated 
with haematological cancers, mainly non-Hodgkin’s 

lymphoma but is also occasionally reported in patients 
with Hodgkin’s lymphoma (53). However, the lymphoma-
associated haemophagocytic syndrome is mostly found in 
adults and it can develop at any time during the course of 
the lymphoma at presentation, during chemotherapy, after 
chemotherapy, during remission or at the onset of relapse 
(53). Cancer patients with HPS often become dramatically ill 
with hepatosplenomegaly, lymphadenopathy and severe 
anaemia within the context of pancytopenia associated 
with marrow and other organ failures (52, 53).

2.3 red Cell autoantibody Production 

Malignancy-associated autoimmune hemolytic 
anaemia (AIHA) is a well-known paraneoplastic 
phenomenon characterized by the production of 
autoantibodies against red cells and is mainly associated 
with lymphoid cancers but it is also rarely associated 
with solid tumors. Malignant B-cell lymphoproliferative 
disorders including chronic lymphocytic leukaemia (CLL), 
Hodgkin’s and non-Hodgkin lymphoma are the most 
commonly documented coexisting tumours in patients 
with malignancy-associated AIHA (54). Some patients 
with lymphoid malignancies may produce autoantibodies 
against red cells as well as platelets leading to simultaneous 
development of AIHA and autoimmune thrombocytopenia, 
a condition referred to as Evan’s syndrome (55). AIHA is 
rare in non-haematological malignant solid tumours, 
but has been reported in association with renal 
carcinoma, squamous cell carcinoma of the lung, adrenal 
adenocarcinoma, adenocarcinoma of the colon, basal cell 
carcinoma, mixed parotid tumour, thymoma, teratoma 
and Kaposi sarcoma (56). The ovarian dermoid cyst is the 
only benign tumour that is known to be associated with 
AIHA (56). Successful curative treatment of the associated 
tumours often leads to complete remission of the 
AIHA with cessation of haemolysis (56). However, tumor 
recurrence may be heralded by return of haemolysis (56). 
The molecular mechanisms for the development of AIHA in 
cancer patients is still being investigated. But it is known 
that AIHA-associated autoantibody production is the 
result of a defective immune regulation with an aberrant 
immune response to self antigens (57). Deregulated cellular 
interactions between helper T cells and regulatory T cells 
with impaired response to interleukins are thought to be 
responsible for abrogate of self tolerance, thereby leading 
to the development of AIHA (57). Certain drugs such as 
Fludarabin (58) and Chlorodeoxyadenosine (59) used to treat 
low-grade lymphoma and CLL frequently induce profound 
T-lymphocytopenia, which may raise the risk of AIHA by 
exacerbating immune deregulation thereby increasing the 
tendency to form autoantibodies against red cells. 

Based on the temperature for optimal antigen-
antibody binding and haemolysis, warm and cold 



86

Anaemia in Patients with Malignant Diseases, U.A. Ibrahim, et. al.

antibody AIHA have been described, although the warm 
antibody type is predominant (60). Typically, the warm-
type autoantibodies that mediate haemolysis are high-
affinity polyclonal IgG with greatest in vitro activity at 
37ºC and pan-agglutination with all cells in a routine 
group O panels (60). Where antibody specificity is found, 
it is commonly within the rhesus group, although other 
non-rhesus antigens have been shown to be the targets 
in a few circumstances (60). IgG-coated red cells, with or 
without complement proteins are generally trapped in 
the spleen and, to a lesser extent in the liver, where they 
interact with macrophages bearing the Fc receptors and/
or receptors for opsonic complement fragments resulting 
in phagocytosis and extravascular haemolysis (60). In the 
cold type AIHA, the autoantibody is typically a complement 
fixing monoclonal IgM that reacts optimally at 20-25ºC 
with specificity against the Ii-antigens (60). Occasionally, 
IgG or IgA agglutinins have been reported (60). IgM 
autoantibodies cause red cell destruction by propagation 
of the haemolytic terminal complement complex on the 
red cell membrane leading to intravascular haemolysis 
with haemoglobinaemia and haemoglobinuria (60). In 
addition to red cell destruction, excess folate utilisation 
due to haemolysis (61) and excess folate utilization by 
tumour cells (27) may cause folate deficiency and add a 
megaloblastic component to the anaemia seen in patients 
with malignancy-associated AIHA. 

2.4 non-immune red Cell fragmentation:  
      Cancer associated MaHa 

Microangiopathic haemolytic anaemia (MAHA) is a 
relatively uncommon complication of advanced cancers 
and is usually associated with poor prognosis (62). The 
clinical presentation of cancer-associated MAHA is 
characterized by an abrupt onset of severe haemolytic 
anaemia in association with fragmentation of erythrocytes 
and thrombocytopenia (62). Cancer associated MAHA is 
predominantly seen in patients with mucinous carcinoma 
of the stomach, lung and breast cancers, but it may rarely 
occur in patients with other types of cancers (62). MAHA 
is usually seen in patients with disseminated malignant 
diseases (62), but it may rarely occur in patients with 
occult malignancies (63) or in patients that have apparently 
attained clinical remission after chemotherapy (64). The 
main clinical features of MAHA include low levels of 
haematocrit and haptoglobin, presence of fragmented 
red cells or schistocytes in the peripheral blood, elevated 
levels of bilirubin and lactate dehydrogenase (62). The 
precise pathophysiologic mechanisms underlying cancer-
associated MAHA are not well understood. However, it 
may be due to tumour embolization, vascular endothelial 
injury, activation of coagulation factors and platelets, 

which result in deposition of fibrin in the microvasculature 
with subsequent red cell fragmentation and anaemia (62). 

2.5 therapy induced Haemolysis: eryptosis

Eryptosis refers to suicidal death of erythrocytes that 
maybe viewed as the pathophysiological equivalence of 
apoptosis, which is the suicidal death of nucleated cells 
(65). Eryptosis is characterized by erythrocyte shrinkage, 
cell membrane projections and membrane phospholipid 
scrambling with externalization of phosphatidylserine 
onto the surface of erythrocytes that are subsequently 
phagocytosed (65). Eryptosis can be triggered by 
cytosolic Ca2+ accumulation, ceramide formation, 
stimulation of caspases and calpain as well as cellular 
energy depletion, oxidative stress and a wide range of 
xenobiotics such as chemotherapeutic drugs notably 
cisplatin (66) and the taxanes, including paclitaxel (67) and 
docetaxel (65). On the other hand, eryptosis is inhibited by 
many endogenously generated molecules including nitric 
oxide and erythropoietin (65). Therefore cancer patients 
who are treated with cisplatin, paclitaxel or docetaxel 
would be at high risk of haemolytic anaemia due to 
chemotherapy-induced eryptosis (65, 66, 67). Moreover, it 
should be appreciated that cancer patients also suffer 
from an underlying anaemia of chronic disease with 
relative deficiency of erythropoietin (7). Hence, cancer 
patients would not be able to sufficiently counteract 
chemotherapy-induced eryptosis because they frequently 
suffer from relative deficiency of erythropoietin, which is a 
natural inhibitor of eryptosis (65).

Conclusion
Anaemia in patients with malignant diseases is caused 

by a myriad of aetiological factors with multiple and 
sometimes overlapping pathophysiologic mechanisms. It 

figure 2: MaHa blood picture showing many fragmented 
red cells (http://www.pathologystudent.com/?p=1264; 
accessed august 14, 2016).
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is therefore necessary for the oncologists to thoroughly 
investigate all cases of anaemia in cancer patients in order 
to identify the actual aetiological and pathophysiologic 
factors for the anaemia. This approach will enable the 
oncologist to offer more sustainable cause-specific 
treatment modalities that will minimize the use of blood 
transfusion with its attendant adverse effects. 
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