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We report here a 57-year-old man treated with etanercept for 6 months for psoriasis who developed myelo-
dysplasia with acute myeloid leukemia. Leukemia cells had distinct karyotype associated with poor progno-
sis. The patient did not respond to cytosine arabinoside 100 mg/m2 continuous infusion over 7 days with
daunorubicin 45 mg/m2 daily for 3 days. He also did not respond to salvage induction therapy with gemtu-
zumab (6 mg/m2 on day 1 and 4 mg/m2 on day 8) and intravenous continuous infusion cytosine arabinoside
200 mg/m2. We review other cases of lymphoma and leukemia associated with tumor necrosis factor inhibi-
tors and suggest mechanisms by which inhibition of the TNF-a family may predispose to cancer. We also
suggest that all patients being considered for TNF-a treatment be screened for hematologic malignancies
or premalignancies with blood counts and bone marrow aspirates/biopsies if indicated. Am. J. Hematol.
82:1022–1024, 2007. VVC 2007 Wiley-Liss, Inc.

Introduction
Tumor necrosis factor alpha (TNF-a) receptor blockers

are a class of drugs that have brought about major advan-
ces in the treatment of rheumatoid arthritis, ankylosing
spondylitis, and psoriatic arthritis. Etanercept (Enbrel) is an
injectable drug belonging to this category. Although these
drugs have been noted to have relatively good safety pro-
files, some important side effects have been reported in
literature including infections, injection-site reactions, lupus-
like syndrome, induction of auto-antibodies, congestive
heart failure, demyelinating diseases, lymphoma [1–3], leu-
kemia [4], and solid tumors [5–6].
We report here a 57-year-old man with psoriatic arthritis

who developed acute myelogenous leukemia several
months after having been treated with etanercept for 6
months. His course of disease and the temporal relation-
ship with the TNF-a inhibitor resembles that of a previously
reported patient who had also received TNF-a inhibitor
prior to developing acute myeloid leukemia [4].

Case Report
MH was a 57-year-old lawyer with psoriatic arthritis and

deafness since childhood. He was treated with acitretin,
and topical calcipotriene, tar and steroids for psoriatic ar-
thritis for many years and maintained partial control of dis-
ease. In March 2004, he was started on etanercept 50 mg
SQ per week for a total of 9 months. Although no blood
counts were available from the time of starting treatment,
labs from a year earlier showed WBC count of 9,000/mm3

(normal differential), hemoglobin of 15.7 g/dL, hematocrit of
45.1, MCV 92.5 fL, and platelet count of 184,000/uL. Treat-
ment was discontinued in November 2004 because of sta-
bilization of disease and cost of the drug. In April 2005,
5 months after discontinuation of etanercept, he developed
progressive fatigue and shortness of breath for which he
sought medical attention. Further evaluation revealed severe
anemia and thrombocytopenia (hemoglobin 3.7 g/dL, hemat-
ocrit 10.7%, MCV 114 fL, platelet count of 36,000/mm3,
WBC count 6,300/mm3 with peripheral blood smear showing
blasts) and he was subsequently admitted to the hospital. At
that time, he was afebrile with stable blood pressure, heart

rate, and respiratory rate. Physical examination showed sig-
nificant pallor, heart and chest exam were normal. There
was no evidence of hepatosplenomegaly or lymphadenoap-
thy. There were significant psoriatic lesions on bilateral lower
extremities. Bone marrow aspirate and biopsy were done
which showed blasts with prominent nucleoli, cytoplasmic
granules, and dysplastic features in erythroid, myeloid, and
megakaryocytic lines. Flow cytometry showed 20% bone
marrow cells in the blast region with expression of CD45,
CD4, CD7, HLA-DR, CD13, CD33, CD34, CD117. TdT and
B cell markers were negative. Myeloperoxidase expression
was dim. Chromosome analysis revealed: 46,XY,del(5)
(q13q21),213,217,add(17)(p11.1),?19,221,1r[3]/46,idem 18,
del(9)(q34),219[cp18]. The diagnosis of acute myeloid leuke-
mia, therapy related (WHO Criteria) was made based on
these findings.
After initiating prophylactic treatment for tumor lysis syn-

drome, he was given induction chemotherapy consisting of
cytosine arabinoside 100 mg/m2 for 7 days and daunorubi-
cin 45 mg/m2 for 3 days by continuous infusion. Blood was
taken from him and from family members for HLA typing in
anticipation of possible need for stem cell transplantation.
Following induction chemotherapy, patient developed

numerous infectious complications including febrile neutro-
penia, pneumonia, mandibular abscess, and typhlitis, which
responded slowly to antibiotics. He also developed pulmo-
nary edema, which responded appropriately to diuretics.
Evaluation with echocardiogram showed normal ejection
fraction with concentric LVH and impaired filling.
Bone marrow aspirate and biopsy were done 28 days af-

ter the first induction treatment, which showed cellularity
close to 100% with sheets of blasts throughout the medul-
lary cavity. Myelodysplastic features were still present.
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The patient was then given a second cycle of induction
chemotherapy with anti-CD33 molecule Gemtuzumab (Mylo-
targ) 6 mg/m2 on day 1, followed by Ara-C 200 mg/m2 daily
continuous infusion for 7 days, and then Mylotarg again at 4
mg/m2 on day 8, according to a regimen in a SWOG proto-
col no. 0117 and prior experience elsewhere [7].
The patient again suffered severe myelosuppression and

required red blood cell and platelet transfusions for anemia
and thrombocytopenia, respectively. He developed pneumo-
nia and septicemia with vancomycin resistant enterococcus
faecium. He was treated with daptomycin, in addition to
empiric treatment with aztreonam, ciprofloxacin, flagyl, and
caspofungin. The management of complications following
both the induction regimens was done in the intensive care
unit.
A bone marrow aspirate/biopsy was repeated at 28 days

after the initiation of his second induction chemotherapy
that showed 70% replacement of marrow with myeloblasts
and the same underlying myelodysplastic changes.
The patient continued to deteriorate with fever spikes in

spite of coverage with multiple antibiotic and antifungal
drugs. Pancytopenia continued and patient developed
abnormal liver function tests and coagulation abnormalities
consistent with disseminated intravascular coagulation. The
patient refused further chemotherapy in view of his debili-
tated condition, overwhelming sepsis, and resistance of his
disease. After long discussions, the patient was discharged
from the intensive care unit to the ward for palliative care,
and subsequently to hospice care.

Discussion
We report this patient to add to the growing literature of

patients who develop hematologic malignancies after TNF-
a inhibitor treatment [1–6].
A review of the MedWatch postmarket adverse event sur-

veillance system run by the US Food and Drug Administra-
tion identified 26 cases of lymphoproliferative disorders fol-
lowing treatment with etanercept (18 cases) or infliximab (8
cases). The majority of cases (81%) were non-Hodgkin’s
lymphomas. The median interval between initiation of ther-
apy with etanercept or infliximab and the development of
lymphoma in this review was 8 weeks [3]. In this patient
the interval was almost 20 weeks. In a prospective study of
18,572 patients with rheumatoid arthritis enrolled in
National Data Bank for Rheumatoid Diseases compared
with controls in the Surveillance, Epidemiology End Results
(SEER) database, the relative risk for developing lymphoma
was 3.8 for patients receiving etanercept and 2.6 for
patients receiving infliximab (both TNF-a inhibitors) com-
pared with control subjects [2].
A study by the South Swedish Arthritis Treatment Group

register (SSATG) showed that patients with rheumatoid ar-
thritis treated with anti-TNF agents had a possible
increased risk for lymphomas [8]. A recent meta-analysis
by Bongartz et al. showed that the incidence of malignancy
was 0.8% in patients receiving anti-TNFa medications for
rheumatoid arthritis as against 0.2% in the controls who
received only methotrexate 1/2 placebo, and the odd ratio
was calculated as 7.91 for patients receiving anti-TNF-a
medications [5].
TNF-a inhibitors have also been associated with develop-

ment of acute myeloid leukemia. A case report by Bakland
et al. described a 31-year-old woman with ankylosing spon-
dylitis who developed AML-M2 4 months after treatment
with etanercept [4]. She went on to attain complete remis-
sion after a second course of induction chemotherapy with
Cytosar and Cerubidin.

The mechanism by which TNF-a protects against cancer,
and thereby how its inhibition may promote cancer, is not
well understood. TNF-a is a family of factors consisting of
more than 20 individual molecules with affinity for at least
21 different receptors [9]. TNF-a promotes killing of tumor
cells through apoptosis via interaction with death-domain
regions in tumor cells [10,11], by stimulating natural killer
cells, and by inducing CD-8 killer cells [12,13].
In the in vitro setting, TNF-a has shown potent antitumor

and proapoptotic activity in mammary carcinoma, multiple
myeloma, lymphoma, leukemia, and other cell lines [10,14].
TNFa synergizes the antitumor activity of camptothecan
and etoposide [14], and potentiate destruction of colony
forming units in cell lines of acute myeloid leukemia or of
chronic myeloid leukemia in blast crisis, after pretreatment
with interferon or IL-2 [15,16].
Given the pivotal role of TNF-a in apoptosis, it is possible

that loss of such activity predisposes to tumor growth,
although the exact mechanisms have not been elucidated.
It is also not known how long the antitumor surveillance
and killing activities would be inhibited after discontinuation
of the tumor factor inhibiting drug.
A confounding problem in interpreting malignancy after

treatment with TNF-a inhibitors is that the underlying dis-
ease for which TNF-a inhibitors are used are themselves
sometimes associated with malignancy. On the basis of the
study by Askling et al. the patients with rheumatoid arthritis
were at increased risk of lymphoma and leukemia with a
standardized incidence ratio of 2.0 and 2.2, respectively
[17]. In this study, patients with rheumatoid arthritis had a
threefold risk for lymphoma (SIR 5 2.9) compared with the
general population. Similarly, patients with psoriasis also
have increased risk of malignancy [18].
The most compelling factor linking development of acute

myeloid leukemia in this patient to TNF-a blocker treatment
is the temporal association and the fact that similar malig-
nancies have been reported in literature. Another piece of
evidence in support of a drug-induced malignancy in this
man is the rare cytogenetics of his leukemia cells, which is
also occasionally seen in other forms of therapy-related
leukemia, resistance to therapy, and rapid demise. In partic-
ular, deletion of the long arm of chromosome 5 is known to
be associated with drug-induced leukemia and is often
seen in conjunction with other karyotypic abnormalities (as
in the present case) and is usually associated with a poor
prognosis.
It is unclear as to whether myelodysplasia was present at

the time that he was initially treated with etanercept since
no blood count was done at the onset of treatment. It is
possible that he may have had myelodysplasia at that time
and that etancercept accelerated the evolution of myelodys-
plasia to acute myeloid leukemia. Since myelodysplasia is
a premalignancy with predelection for evolution to acute
myeloid leukemia, blood counts should be done prior to ini-
tiating therapy. If blood counts suggest bone marrow dis-
ease (e.g. anemia, megaloblastosis, etc.) then bone mar-
row aspirates/biopsies should be done to exclude malig-
nancy or premalignancy prior to starting tumor necrosis
inhibitors.
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