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Purered cell aplasia(PRCA)is asyndrome
defined by a normocytic normochromic
anemia with severe reticulocytopenia and
marked reduction or absence of erythroid
precursors from the bone marrow. Diamond-
Blackfan anemia is a congenital form of
PRCA. Acquired PRCA may be either a
primary disorder or secondary to some
other disorder or agent. Primary acquired
PRCA is an autoimmune disorder that is

frequently antibody-mediated. Myelodys-
plastic syndromes may also present with the
morphologic appearance of PRCA. Second-
ary acquired PRCA may be associated
with collagen vascular/autoimmune dis-
orders such as systemic lupus erythema-
tosus; lymphoproliferative disorders such
as chronic lymphocytic leukemia or large
granular lymphocyte leukemia; infections,
particularly B19 parvovirus; thymoma and

other solid tumors; or a variety of other
disorders, drugs, or toxic agents. The
therapeutic approach to PRCA typically
involves immunosuppression, but specific
pathogenic subtypes are associated with
specific therapeutic approaches. Cyclo-
sporine A, with or without concurrent
corticosteroids, appears to be the single
most effective immunosuppressive agent.
(Blood. 2016;128(21):2504-2509)

Pure red cell aplasia (PRCA) is a syndrome defined by a normocytic
normochromic anemia with severe reticulocytopenia and marked
reduction or absence of erythroid precursors from the bone marrow. "
Abnormalities from PRCA are limited to the red cell lineage;
abnormalities in other cell lines usually reflect another concurrent
disorder.

Classification of PRCA

A classification of PRCA is outlined in Table 1. Congenital PRCA
largely represents Diamond-Blackfan anemia (DBA), which is fre-
quently associated with physical morphologic abnormalities and
results from mutations in the genes for various ribosomal proteins.>
Pearson syndrome, a congenital mitochondrial disorder associated
with marrow failure and exocrine pancreatic insufficiency, also
exhibits erythroid precursor hypoplasia and is sometimes catego-
rized with PRCA, but is probably better classified as a congenital
sideroblastic anemia.’

This review will primarily focus on acquired PRCA. Primary
acquired PRCA is an autoimmune disorder in which an immune
mechanism interrupts erythroid differentiation. This may be mediated
by an autoantibody or by another immunologic process. When an
autoantibody is involved, the target of the autoantibody is variable and
may be at the erythroid precursor level.* Myelodysplastic primary
acquired PRCA is an uncommon presentation of myelodysplasia
morphologically characterized by erythroid hypoplasia, but is
pathophysiologically distinct from the other types of PRCA
described in this discussion.’ Transient erythroblastopenia of
childhood is an uncommon self-limited variant of primary acquired
PRCA occurring between the ages of 3 months and 4 years.® Although
familial cases have been reported, it appears to be an autoimmune
disorder in most cases.®

Secondary acquired PRCA may be associated with autoimmune/
collagen vascular disorders; lymphoproliferative disorders, particularly
chronic lymphocytic leukemia; infections, especially B19 parvovirus;
pregnancy; hematologic malignancies; nonhematologic neoplasms, of
which the association with thymoma is the best known; and drugs and
toxic agents. Many of the mechanisms underlying secondary acquired
PRCA are immunologic, although not always antibody-mediated. This
is particularly true for PRCA associated with autoimmune/collagen
vascular disorders. In a number of cases of the less common associa-
tions of disorders with PRCA, particularly nonlymphoproliferative
hematologic malignancies such as chronic myelogenous leukemia or
nonthymoma solid tumors, the clinical course of PRCA may run
independent of the course of the associated syndrome, suggesting the
association is coincidental, rather than pathophysiologic.”

Specific syndromes of secondary PRCA

B19 parvovirus-associated PRCA. Human B19 parvovirus is
responsible for the aplastic crisis seen in patients with chronic
hemolytic disorders such as sickle cell anemia, and can produce
chronic PRCA in immunocompromised patients.®> B19 parvovirus
directly infects human erythroid progenitors through the red cell
surface P antigen (globoside). Individuals whose erythroid progen-
itors do not express P antigen are resistant to parvovirus infection.’

Recombinant human erythropoietin—-induced antibody-mediated
PRCA. Although cases of primary autoimmune PRCA caused by de
novo antibodies against endogenous erythropoietin (Epo) have been
described, they are very rare. Beginning in the 1990s, reports of PRCA
associated with anti-Epo antibodies in patients with renal failure treated
with recombinant human Epo (thEpo) for anemia began to appear.'
These cases were predominantly associated with subcutaneous rthEpo
administration and primarily occurred outside the United States; more
than 90% of cases involved a particular thEpo product. Epidemiologic
studies eventually implicated potential adjuvant effects of leachates
from rubber stoppers in prefilled syringes and particular stabilizers in
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Table 1. Classification of pure red cell aplasia

Congenital PRCA
Diamond-Blackfan anemia
Acquired PRCA
Primary
Primary autoimmune PRCA (includes transient erythroblastopenia of childhood)
Primary myelodysplastic PRCA
Secondary, associated with:
Autoimmune/collagen vascular disorders
Systemic lupus erythematosus
Rheumatoid arthritis
Inflammatory bowel disease
Other immunologic mechanisms
ABO-incompatible stem cell transplantation
Pyoderma gangrenosum
Lymphoproliferative disorders
Chronic lymphocytic leukemia
LGL leukemia
Hodgkin disease
Non-Hodgkin lymphomas
Angioimmunoblastic lymphadenopathy
Multiple myeloma
Waldenstrom macroglobulinemia
Castleman disease
Other hematologic malignancies
Chronic myelogenous leukemia
Chronic myelomonocytic leukemia
Myelofibrosis with myeloid metaplasia
Essential thrombocythemia
Acute lymphocytic leukemia
Solid tumors
Thymoma
Gastric cancer
Breast cancer
Biliary cancer
Lung cancer
Thyroid cancer
Renal cell carcinoma
Carcinoma of unknown primary site
Infections
B19 parvovirus
Human immunodeficiency virus
T-cell leukemia-lymphoma virus
Infectious mononucleosis
Viral hepatitis (hepatitis A, B, C, and E)
Cytomegalovirus
Bacterial infections
Group C Streptococcus
Tuberculosis
Bacterial sepsis
Drugs and toxins
rhEpo-induced Epo antibody-associated PRCA
Other drugs (Table 2)
Other disorders
Pregnancy
Riboflavin deficiency

Modified from Lipton et al.**

the specific thEpo formulation. With resolution of these issues, new
cases have become rare."!

Thymoma-associated PRCA. Thymoma is the disorder with the
strongest historical association with secondary PRCA. At one time, it
was believed that thymoma was associated with up to 50% of cases of
PRCA. The finding of PRCA may precede the finding of a thymoma or
may occur after its resection. Recent series suggest PRCA is found in
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less than 5% of patients with thymoma.'?> Among patients presenting
with PRCA, the frequency of thymoma appears to be somewhere in the
7% to 10% range (the retrospective nature of many reports makes it
difficult to definitively separate cases of PRCA that developed after
thymectomy).'>!#

Lymphoproliferative disorder-associated. The lymphoprolifera-
tive disorders most frequently associated with PRCA are chronic
lymphocytic leukemia and large granular lymphocyte (LGL)
leukemia,'>!'® although it has been reported with Hodgkin and
non-Hodgkin lymphoma, as well as Waldenstrom macroglobuli-
nemia, as outlined in Table 1. A number of small studies have
suggested an increased frequency of otherwise unapparent clonal
T-cell disorders in primary acquired PRCA.'” PRCA is typically
immune mediated in these cases, although usually not by antibody-
dependent mechanisms.'®

Drugs and chemicals. At least 50 drugs and chemicals have
been associated with PRCA. The list includes a number of “usual
suspects” for hematologic toxicity, such as diphenylhydantoin,
azathioprine, and isoniazid.'® Table 2 lists several drugs implicated
in PRCA, according to a PubMed review. Many of the reported
associations derive from single case reports. Studies of underlying
mechanisms are infrequent. PRCA associated with some drugs
such as diphenylhydantoin and rifampicin has been linked to IgG-
mediated inhibition of erythropoiesis.’>?' A number of agents
implicated in PRCA do not appear in Table 2, such as benzene,
halothane, methazolamide, phenobarbital, sulfathiazole, thiam-
phenicol, and tolbutamide, as these particular reports are not
indexed in PubMed (frequently because they antedate the indexing
range).

Pregnancy. Pregnancy has been associated with PRCA and
usually (although not always) resolves after delivery.?* Occurrence of
PRCA with a pregnancy does not necessarily predict recurrence with
a subsequent pregnancy. The possibility of B19 parvovirus infection
should be considered.

ABO-incompatible stem cell transplantation. PRCA after ABO-
incompatible bone marrow or stem cell transplant is observed most
commonly with the combination of a blood group A donor and a
blood group O recipient. It was reported in 7.5% of cases of ABO-
incompatible transplant in 1 recent series. Although there is a high
frequency of spontaneous resolution after a period of transfusion
support (sometimes lasting months), 30% to 40% of cases will
result in chronic PRCA requiring additional measures.>

Clinical features and diagnosis
Clinical presentation

There is no specific clinical presentation of primary acquired PRCA;
the signs and symptoms are only those associated with anemia.
Because PRCA is a pure underproduction anemia, the gradual decline
in hemoglobin concentration allows some degree of adaptation,
and symptoms may be less than would be expected for the degree
of anemia. Patients with secondary PRCA may of course manifest
the symptomatology of the associated syndrome.

Laboratory findings/diagnostic evaluation

Peripheral blood counts. Red cells in PRCA are normochromic
and normocytic. The absolute reticulocyte count is always less than
10 000/p.L (reticulocyte percentage, <1%), and in many cases is
much lower. The diagnosis of PRCA should be questioned with
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Table 2. Selected drugs associated with PRCA based on PubMed
review

Agent Multiple reports Mechanism investigated

Alemtuzumab
Allopurinol I
Ampicillin
Azathioprine
Carbamazepine
Cephalothin
Cladribine
Chlorpropamide I
Chloroquine

Clopidogrel
Dapsone/pyrimethamine
Diphenylhydantoin
Recombinant Epo
Estrogens

Fenoprofen

Fludarabine

Interferon-a

AW

AR AY
ARAY

Isoniazid
Lamivudine
Leuprolide
Linezolid

A VA VA WA WA U SR
\

Micafungin
Mycophenolate mofetil
d-Penicillamine
Phenylbutazone
Procainamide
Ribavirin

AUAY

AR

Rifampicin I
Sulfasalazine

\

Sulindac

Tacrolimus
Trimethoprim/sulfamethoxazole
Valproic acid

Zidovudine

ANA W WA

PubMed search performed May 15, 2016. Search terms used were “red cell
aplasia” AND the name of the specific drug.

higher reticulocyte values or if the reticulocyte percentage is only
less than 1% when corrected for the degree of anemia. In general,
the white blood count, white blood cell differential, and platelet
count are normal. In the setting of concurrent inflammation, there
may be some modest reduction in the total white blood count or a
mild abnormality (either slightly high or slightly low) in the platelet
count. There may also be a mild relative lymphocytosis.

Bone marrow morphology. The diagnosis of PRCA requires
a bone marrow examination. In primary acquired (autoimmune)
PRCA, marrow cellularity and myeloid and megakaryocyte
maturation are normal. The diagnosis of PRCA is based on the
absence or near absence of erythroblasts from an otherwise normal
marrow (<1% erythroblasts on the marrow differential count). In
some cases, a few proerythroblasts and/or basophilic erythro-
blasts are seen, not exceeding 5% of the differential count. Large
proerythroblasts with vacuolated cytoplasm and pseudopodia
(“giant pronormoblasts”) are suggestive of B19 parvovirus infec-
tion, but are not diagnostic>* (Figure 1). There may be some slight
increase in lymphocytes, lymphoid aggregates, and/or plasma cells,
reflecting a degree of immune/inflammatory activation. Iron stains
will typically be normal. Because of the paucity of erythroid
precursors, ring sideroblasts are difficult to see. If present, ring
sideroblasts favor a myelodysplastic syndrome, as would marked
hypercellularity.
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Cellular immunology/cytogenetics. As with all diagnostic
examination of the bone marrow for cytopenias, material should be
collected for cellular immunology, cytogenetics, and clonal analysis of
T-cell receptors. Abnormal cytogenetics in the setting of a characteristic
marrow for PRCA indicates the myelodysplastic variant of PRCA. If
increased lymphocytes or plasma cells are present, they should be
polyclonal in acquired immune PRCA. If clonal lymphocytes are
present, it suggests PRCA secondary to an associated lymphoprolifer-
ative disorder. T-cell-receptor gene rearrangement studies should be
performed routinely.'”

Parvovirus studies. In all patients with marrows diagnostic of
PRCA, B19 parvovirus testing should be performed. The test of choice
is polymerase chain reaction testing on peripheral blood.

Radiologic studies. In adults with PRCA and no evidence of
parvovirus infection or of a disorder associated with secondary PRCA,
a computed tomography scan of the chest should be performed to rule
out a thymoma, which would have potential therapy implications.

Treatment
General comments

The treatment of PRCA associated with thymoma, B19 parvovirus
infection, ABO-incompatible stem cell transplantation, antibody-
mediated inhibition induced by rhEpo, or pregnancy will be discussed
later. DBA is typically treated with glucocorticoids, usually prednisone.
Hematopoietic stem cell transplantation has also been used in patients
unresponsive to glucocorticoids at sustainable doses.”> Myelodys-
plastic primary PRCA should be treated as appropriate for a
myelodysplastic syndrome.” If the patient is using a medication
associated with PRCA, and no other PRCA-associated syndrome is
present, a trial of drug discontinuation should be considered. If
an infectious disorder associated with PRCA is present, specific
treatment of that disorder should be initiated. Similarly, if chronic
lymphocytic leukemia, Hodgkin or non-Hodgkin lymphoma, or
other lymphoproliferative disorders are complicating PRCA, treat-
ment of those disorders should be initiated.

Otherwise, for primary acquired autoimmune PRCA, PRCA
with LGL leukemia, PRCA associated with solid tumors, or
secondary PRCA refractory to other therapy, the treatment of
choice is immunosuppression. In principle, PRCA secondary to
autoimmune/collagen vascular disorders may respond to therapy
specific to the management of those disorders. In practice, the
treatment of these disorders is usually immunosuppression, and in
cases where alternative disease-modulating therapy is available,
the patient is usually referred to the hematologist because it was
ineffective. The goal of treatment is to attain a normal hemoglobin
concentration without any requirement for transfusion; a partial
response is attainment of transfusion independence with a low but
clinically acceptable hemoglobin concentration.

Immunosuppression/immunomodulation

Table 3 lists pooled data from 4 series evaluating immunosuppressive
therapy in PRCA."'*?*?7 Overall, repeated trials of immunosuppres-
sion using a succession of agents can produce a response in
approximately 2/3 of patients with PRCA. The traditional immuno-
suppression approach began with oral corticosteroids, usually
prednisone, in doses similar to those used for immune thrombo-
cytopenic purpura (1 mg/kg). Overall, this approach appears to
have a 40% response rate. Prednisone is tapered after a response is
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Figure 1. Bone marrow aspirate specimen from human immunodeficiency virus—
infected patient with PRCA as a result of parvovirus. Giant pronormoblasts near the
center of the field (100X).

obtained, or decreased and used in association with another agent if
remission is not obtained.

The most effective immunosuppressive agent is cyclosporine A.
Its overall response rate of more than 75% is particularly impres-
sive, given that a number of the early series reporting its use con-
sisted largely of patients who had failed a number of therapeutic
modalities previously.*'* Cyclosporine can be considered the agent of
choice for immunosuppression in PRCA," or it can be considered the
second-line agent after corticosteroids. A reasonable starting dose
is 6 mg/kg daily. It is sometimes used in association with prednisone 30
mg/day.* Cyclosporine trough levels should be monitored with target
levels of 150 to 250 ng/mL." Renal and hepatic function should also
be monitored. After normalization of the hemoglobin concentra-
tion, cyclosporine can be tapered slowly. Maintenance therapy may
be required.'*

Cytotoxic agents such as azathioprine or cyclophosphamide
(usually in combination with oral corticosteroids) have been used
in patients unresponsive to corticosteroids alone, or in patients who
do not respond to cyclosporine. The response rate in this context
is approximately 40%. Tacrolimus has also been reported to be
effective in PRCA and may provide an alternative to cyclospor-
ine,?® but has also been reported as a cause of PRCA (Table 2).
Rituximab, a humanized anti-CD20 monoclonal antibody, appears
to have some efficacy against primary autoimmune PRCA,*® but is
mainly used in PRCA secondary to lymphoproliferative disor-
ders.*® Antithymocyte globulin, in the doses used for treatment of
aplastic anemia, has a 50% response rate in primary autoimmune
PRCA (Table 3). Modalities used in refractory primary PRCA with
relatively low response rates include intravenous immunoglobulin,'
plasma exchange,** splenectomy,*® and bone marrow transplantation.>*

The Japanese PRCA Consortium has provided long-term follow-up
data on patients with PRCA after immunosuppressive therapy.'* The
median survival for patients with primary autoimmune PRCA had not
been reached at 250 months. For patients with LGL or thymoma-
associated PRCA, median survivals were similar at 147.8 and 142.1
months, respectively. The principal causes of death were infection and
organ failure. Factors predictive of death were refractoriness to therapy
and relapse from response.'*

Treatment of B19 parvovirus-associated PRCA

As noted earlier, every patient with diagnosis of PRCA should be tested
for B19 parvovirus. A diagnosis of B19 parvovirus associated PRCA is
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an indication for intravenous immunoglobulin as specific and highly
effective therapy. A course of intravenous immunoglobulin for this
purpose uses the usual therapeutic dose employed for disorders such as
immune thrombocytopenic purpura: 2 g/kg usually divided over 5 days
(400 mg/kg/d).® In a recent review of an institutional experience and the
published literature,® the vast majority were significantly immuno-
compromised. PRCA corrected after a first course of intravenous
immunoglobulin in 93% of patients, but approximately one-third
relapsed, at mean time to relapse of 4.3 months.>

Thymoma-associated PRCA

If a thymoma is present in a patient with PRCA, it generally should be
resected. Although earlier studies reported more optimistic results, no
more than a third of patients will experience remission, and responses
may be less than normalization of hemoglobin concentration.®
Relapses are frequent, and PRCA may develop after resection of
a thymoma in patients who did not have PRCA previously.®’
Adjuvant immunosuppressive therapy is typically required.*®>’
The question of the value of thymectomy in PRCA likely requires
reexamination. This will be a challenge requiring a multiinstitu-
tional effort, as no single institution is likely to have more than a
few cases.

PRCA after ABO-incompatible stem cell transplantation

As discussed earlier, ABO-incompatible stem cell transplantation
can result in the generation of isohemagglutinins directed against
donor red cell antigens also expressed on red cell precursors,
leading to PRCA.?*"*® There is a high frequency of spontaneous
resolution, but prolonged transfusion support may be required. If
antidonor isohemagglutinins persist longer than 2 months after
transplant, the likelihood of spontaneous remission is reported to
be low.*® Approaches taken to mitigate this problem include adjustment
in the immunosuppressive regimen, donor leukocyte infusion, plasma
exchange, and rituximab treatment.*®

rhEpo-induced antibody-mediated PRCA

As discussed earlier, recognition of the factors that contributed to the
unexpected development of anti-Epo antibodies in patients with renal
failure and consequent presentation with PRCA has largely eliminated
this mechanism as a cause of new cases of PRCA.*® However, patients
with this significant problem may still be under the care of hematol-
ogists. Immunosuppression should be initiated, with cyclosporine A
(with or without corticosteroids) as the probable first choice. Kidney
transplantation should also be considered, if that is a possibility.*’
Successful rechallenge with rthEpo in patients who no longer have
detectable antibodies has been described in various case reports, but
should be regarded as high-risk and is generally not recommended.
Rechallenge with intravenous thEpo has been suggested as a potentially

Table 3. Response of patients with PRCA to immunosuppression

Agent used Patients treated (responders/total) % responding
Corticosteroids 50/128 39%
Cytotoxic agents 46/113 41%
Cyclosporine A 37/48 77%
Antithymocyte globulin 10/19 53%
Multiple agents 91/133 68%

Total patients treated, n = 195 (many patients did not respond to treatment or
suffered relapses, so 1 patient may be included in more than one treatment
modality); primary PRCA, n = 137; secondary PRCA (n = 58). Modified from Lipton
et al.* Results pooled from 4 series.’ 132627

20z AIne 2g uo pnowye qeys Aq Jpd0yL L1 LPO0IA/EZTLEEL/F0SZ/ L 2/8T L/Pd-BloLE/pOO|q/6i0 suonedlqndyse//:diy woly papeojumoq



2508 MEANS

less immunogenic strategy, but even that approach has resulted in a
recurrence of PRCA.*!

Pregnancy-associated PRCA

Because of the rarity of this syndrome, there is very little experience
to guide management recommendations. Most patients will have
resolution of PRCA at the end of pregnancy and can be supported
with transfusion as needed; prednisone has also been used for
immunosuppression.”**> The majority of reported pregnancies result in
alive delivery at term if anemia is controlled.** Cyclosporine and other
immunosuppressive agents may have significant effects on fetal
outcome and maternal morbidity and probably should be avoided.
Testing for B19 parvovirus and treatment of patients with positive
results is reasonable.

Summary/conclusion

PRCA should be suspected in patients with an isolated anemia
associated with marked reticulocytopenia. The diagnosis requires bone
marrow examination demonstrating the absence or near absence of
erythroblasts from an otherwise normal marrow. Evaluation of acquired
PRCA should focus on identifying patients with myelodysplastic
syndrome presenting with erythroid hypoplasia or PRCA associated
with drugs, with B19 parvovirus infection, with thymoma, or with
lymphoproliferative disorders, for whom syndrome-specific manage-
ment is required. For other patients with primary or secondary acquired
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PRCA, the treatment of choice is immunosuppression. Cyclosporine A,
with or without concurrent corticosteroids, appears to be the single most
effective immunosuppressive agent.
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