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Aplastic anemia in a lung adenocarcinoma patient receiving
pemetrexed
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Summary Pemetrexed (PEM) is an antimetabolite drug that
interferes with enzymes involved in DNA synthesis and also
the folate-dependent metabolic processes necessary for DNA
replication and homocysteine homeostasis. Continuation
maintenance with PEM after induction therapy with PEM plus
cisplatin has been the standard form of first-line chemotherapy
for advanced non-squamous non-small cell lung cancer. The
regimen has a low incidence of bone marrow suppression, and
the incidences of anemia, leukopenia, neutropenia and
thrombocytopenia exceeding grade 3 are less than 5%. Here
we report a 68-year-old Japanese man with stage IIIB
(cT4N3M0) lung adenocarcinoma who received 4 cycles of
chemotherapy with PEM 500 mg/m2 and cisplatin 75 mg/m2

every three weeks, which resulted in a partial response, and
then continued to receive maintenance PEM monotherapy.
After 11 cycles of PEM maintenance therapy, the patient’s
platelet count decreased, and progressed to pancytopenia
within two months. A bone marrow puncture revealed re-
placement with fatty marrow. As other diseases possibly re-
sponsible for pancytopenia were ruled out, we diagnosed the
patient as having aplastic anemia. This is the first reported
case of aplastic anemia to have occurred during PEM therapy.
Clinicians should bear in mind that PEM can potentially trig-
ger severe pancytopenia, including aplastic anemia.
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Background

Continuation maintenance with pemetrexed (PEM) after
induction therapy with PEM plus cisplatin has been the
standard first-line chemotherapy for advanced non-
squamous non-small cell lung cancer (NSCLC) [1].
The regimen is associated with a low incidence of bone
marrow suppression, and the incidence of anemia, leu-
kopenia, neutropenia and thrombocytopenia exceeding
grade 3 is less than 5% [1]. Here, we describe a case of severe
pancytopenia, diagnosed as aplastic anemia, that occurred
during PEM maintenance therapy.

Case report

A 68-year-old Japanese man who had 50 pack years of tobac-
co exposure was diagnosed as having stage IIIB (cT4N3M0)
lung adenocarcinoma in September 2013. He had been taking
several medicines, including folic acid, flunitrazepam,
sulpiride and magnesium oxide. He and his family had no
history of hematological disease. He received 4 cycles of che-
motherapy with PEM 500 mg/m2 and cisplatin 75 mg/m2

every three weeks, which resulted in a partial response (PR),
and then continued with maintenance PEM monotherapy. No
bone marrow suppression occurred during chemotherapy.
After completion of 11 cycles of PEM maintenance therapy,
the patient’s platelet count decreased (7.9 × 104/μL), and con-
tinued to drop. When the thrombocytopenia had become
grade 3, we performed a bone marrow puncture, which re-
vealed hypocellularity and a markedly fatty marrow
(Fig. 1a). Despite frequent platelet transfusion, the platelet
count continued to decrease, and after two months the patient
developed pancytopenia. Computed tomography and positron
emission tomography showed no further progression of the
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adenocarcinoma, and therefore another bonemarrow puncture
was undertaken. This showed complete replacement with fatty
bone marrow (Fig. 1b). As the patient’s serum iron, vitamin-
B12, folic acid, and antinuclear antibody levels were normal,
the presence of any other underlying disease responsible for
the pancytopenia was ruled out. Therefore, we diagnosed the
patient as having PEM-induced aplastic anemia. Despite ad-
ministration of G-CSF, and transfusion of red blood cells and
platelets, the pancytopenia was refractory.

Discussion

Aplastic anemia is a rare hemopoietic stem-cell disorder
that results in pancytopenia and hypocellular bone mar-
row. Although most cases of aplastic anemia are ac-
quired, no etiological agent can be identified in most
cases, although causal associations with many agents,
including drugs, benzene exposure, insecticides, and vi-
ruses, have been suggested [2, 3]. A population-based
case-control study of aplastic anemia in Thailand found
that drugs were the most commonly implicated cause,
but they explained only 5% of newly diagnosed cases
[2]. We searched the literature and reports of adverse
events secondary to PEM using PubMed database, the
medical package insert and the drug interview form of
the PEM. The present case of acquired aplastic anemia
is the first reported example to be linked to PEM, a
cytotoxic anti-cancer drug.

PEM is an antimetabolite drug that interferes with the
enzymes involved in DNA synthesis, in particular by
inhibiting thymidylate synthase, dihydrofolate reductase
and glycinamide ribonucleotide formyltransferase. PEM
interferes with the folate-dependent metabolic processes
necessary for DNA replication and homocysteine ho-
meostasis. Considering that PEM is non-target-specific,
the effects of its activity may involve tissues other than
lung cancer, such as bone marrow. Methotrexate (MTX)
is a folate antagonist which, like PEM, is used in the
treatment of various malignancies, autoimmune disorders, and

for induction of abortion. MTX has been reported to induce
severe pancytopenia, but aplastic anemia has not been
reported as a side effect so far [4, 5]. It is possible that
the mechanism of pancytopenia induced by PEM is sim-
ilar to that induced by MTX. The reasons for induction
of pancytopenia by MTX are multifactorial [4]. Because
of their structural similarity, MTX and folates compete
at various stages, especially during cellular uptake, cel-
lular storage as polyglutamates, and binding to enzymes.
The ability of MTX to undergo polyglutamation, which
alters the spectrum of enzymes inhibited by the drug, is
one of several properties that underlie its cytotoxicity.
MTX is polyglutamated and retained for a long period
in the liver of patients with rheumatoid arthritis [6], as well as
in bone marrow myeloid precursors [7]. Accumulation of
MTX polyglutamates in the liver reduces the polyglutamation
of natural folates in that tissue [8] and may account for the
chronic hepatotoxicity associated with MTX. PEM might in-
duce aplastic anemia through a mechanism similar to that of
MTX, because of their similar modes of pharmacological
action.

Aplastic anemia was originally thought to result from
a direct toxic effect on hemopoietic stem cells that led
to a decrease in their numbers. Recently, it has been
clarified that the pathophysiology of acquired aplastic
anemia is immune-mediated in most cases, autoreactive
lymphocytes mediating the destruction of hemopoietic stem
cells [9]. An autoimmune mechanism may have been operat-
ing in the present case, and PEM may have triggered drug-
induced aplastic anemia.

Other medicines had a possibility to occur aplastic
anemia. No information about pancytopenia and aplastic
anemia have reported in the medical package insert and
the drug interview form of flunitrazepam, sulpiride and
magnesium oxide. In 2008, Pharmaceuticals and Medical
Devices Agency has reported that 3 cases who treated with
cisplatin occurred aplastic anemia [10]. However, we consid-
ered that the relation between cisplatin and aplastic anemia
was unlikely, because 9 months passed since he received last
treatment of cisplatin.

Fig. 1 a The first bone marrow
sample obtained at 6 weeks after
11 PEM cycles, showing
hypocellularity and markedly
fatty bone marrow. b The second
bone marrow sample obtained at
16 weeks after 11 PEM cycles,
showing complete replacement
by fatty bone marrow
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In conclusion, we have presented a case of aplastic anemia
possibly triggered by PEM. Clinicians should bear in
mind that PEM can potentially trigger severe pancytopenia,
including aplastic anemia.
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