J Neurooncol (2009) 94:149-152
DOI 10.1007/s11060-009-9813-8

CASE REPORT

Dapsone induced methemoglobinemia in a patient

with glioblastoma

Julie G. Walker - Tapan Kadia - Latrondria Brown -
Harinder S. Juneja - John F. de Groot

Received: 18 November 2008 / Accepted: 2 February 2009 /Published online: 14 February 2009

© Springer Science+Business Media, LLC. 2009

Abstract Primary brain tumor patients have multiple risk
factors for Pneumocystis jiroveci and may require pro-
phylaxis with TMP-SMZ or dapsone. Although dapsone is
generally safe and efficacious, we present a case of a
patient diagnosed with a brain stem glioblastoma who
developed methemoglobinemia and haemolytic anemia
after presenting with worsening confusion and cardiopul-
monary system dysfunction. This case highlights one of the
potentially severe complications associated with dapsone
therapy. Although this illustrates an unusual toxicity of
dapsone, a high index of suspicion should be given to high-
risk patients due to ethnic heritage, anemia, or advanced
age. Furthermore, given the toxicities of TMP-SMZ and
dapsone, further work is needed to determine the threshold
CD4*" count at which empiric prophylaxis should be
initiated.
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Introduction

Immunosuppression is a well-documented and predictable
outcome for many patients with glioblastoma treated with
corticosteroids and radiation. In one series, over 20% of
patients treated in this manner have CD4" counts lower
than 200/mm> which was associated with an increased risk
of hospitalization for infection [1]. Temozolomide is
known to induce significant lymphopenia and preferen-
tially affects the CD4" subpopulation [2]. The addition of
concurrent daily temozolomide during radiation therapy
and “dose dense” temozolomide schedules may induce an
even greater degree of immune suppression putting patients
at risk of opportunistic infections [3]. Patients with primary
brain tumors undergoing chemoradiation are routinely
given prophylaxis for Pneumocystis jiroveci pneumonia
(PJP). Opportunistic infections have less commonly been
described in patients receiving adjuvant “standard dose”
temozolomide, although cases have been reported [4].
Trimethoprim-sulfamethoxazole (TMP-SMX), dapsone
and pentamidine can be used for prophylaxis against
P. jiroveci. Although the recommended and most com-
monly used drug is TMP-SMX, 30-40% of patients
discontinue this therapy due to complications such as
nausea/vomiting, rash, lymphopenia, and thrombocytope-
nia [5, 6]. Although atovaqone and pentamidine are
effective alternatives, there is an increase in the use of
dapsone for P. jiroveci prophylaxis in patients with glio-
blastoma. Dapsone can cause a self-limiting hemolytic
anemia, but in patients with glucose-6-phosphate dehy-
drogenase (G6PD)-deficiency hemolysis can be severe.
Dapsone therapy can also cause methemoglobinemia, a
condition where ferrous iron (Fe*") in the heme groups
becomes oxidized to ferric iron (Fe3+). In effect methe-
moglobin results in a functional anemia, unable to
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efficiently bind oxygen in O, rich environments (lungs) and
unable to effectively deliver oxygen to hypoxic tissues. In
acquired cases of methemoglobinemia, the relatively acute
change in oxygen carrying capacity can have important
clinical consequences. Cyanosis can be detected when
MetHb levels reach 8-12% [7, 8]. Healthy individuals
without anemia or cardiovascular compromise may have
few symptoms at MetHb levels less than 15%, but at higher
levels may develop headaches, fatigue, dyspnea, confusion,
syncope, and tachycardia [9]. Here, we present a patient
with a brainstem glioblastoma who developed dapsone-
induced methemoglobinemia during chemoradiation in an
effort to increase awareness of neuro-oncology practitio-
ners of the risks of dapsone-induced complications in this
patient population.

Case report

The patient was a 50 year old male with a history of
common bile duct adenocarcinoma in complete remission
after treatment with chemoradiation and gemcitabine
5 years earlier who presented with a one year history of
progressive left greater than right sided weakness, clum-
siness, and unsteady gait. Magnetic resonance imaging
(MRI) of the brain revealed a 2.4 x 1.6 x 2.3 cm ex-
pansile mass of the medulla with extension into the left
brachium pontis and cerebellar hemisphere and rostral
extension to the level of C5. Enhancement was noticed
within the C2 region. The patient started treatment with
conformal radiation therapy with concurrent temozolo-
mide. Dapsone was prescribed for PJP prophylaxis at
100 mg daily. Four days into treatment, the patient pre-
sented to the emergency room with intractable back pain,
tachycardia, and dyspnea. On admission, his absolute
lymphocyte count was 0.27 thousand per microliter. The
patient was transferred to the ICU where an initial arterial
blood gas (ABG) revealed PH 7.47, pCO2 27, pO2 71,
HCO3 19, and oxygen saturation of 95% on 100% oxygen
by face mask. Despite non-invasive positive pressure
ventilation with 100% oxygen, his oxygen saturation by
noninvasive pulse oximetry remained at 85-90%. Bedside
spectrometry was done which measured methemoglobin
levels at 16% (normal less than 1-3%), thus confirming a
diagnosis of methemoglobinemia. Given the association
with initiation of dapsone and the absence of another
explanation, methemoglobinemia was thought to be due
to dapsone which was discontinued. Methylene blue
100 mg IV was administered with improvement in
respiratory status and a decrease in methemoglobin levels
to 1.9%. Cimetidine was also administered due to litera-
ture reports suggesting it may provide a benefit to patients
with  dapsone induced methemoglobinemia [10].
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Methylene blue was repeated the next day due to a rise in
methemoglobin levels. Temozolomide was held, although
the patient continued radiation therapy. Four days after
starting methylene blue, the patient developed a hemolytic
anemia evidenced by an increase in serum lactate dehy-
drogenase (LDH) levels, elevated indirect bilirubin,
markedly decreased haptoglobin, and increasing reticulo-
cytes. Two separate transfusions of packed red cells were
given 2 days apart for the drop in hemoglobin from 12.8
to 7.5 g/dl. The peripheral blood smear was examined and
did not reveal classic bite cells or blister cells. It was
suspected that the patient was experiencing a hemolytic
reaction to methylene blue due to possibly occult G6PD
deficiency. No Heinz Bodies were observed on a Heinz
Body preparation. However, the patient had received
packed red cells the previous day so accuracy of the result
is questionable. The patient recovered without complica-
tion and was discharged in stable condition to complete
radiation therapy as an outpatient. Although G6PD testing
could not be repeated because the patient was lost to
follow up, the patient’s methemoglobinemia and hemo-
lysis accurately demonstrate two potential complications
of dapsone therapy.

Discussion

Dapsone is increasingly being used for prophylaxis
against P. jiroveci pneumonia in patients who are
immunocompromised due to radiation, high dose steroids,
and temozolomide therapy. Rarely, as in our patient, the
use of dapsone may lead to acquired methemoglobinemia.
Dapsone is metabolized and bioactivated in the liver to a
potent, oxidizing hydroxylamine [11]. This dapsone
hydroxylamine can then rapidly deplete erythrocyte glu-
atathione levels, and directly increase the rate of oxidation
of hemoglobin to methemoglobin [8, 9, 11, 12]. Methe-
moglobin is unable to bind oxygen and shifts the oxygen
saturation curve to the left, resulting in a decrease in
oxygen delivery to tissues which results in cyanosis,
dyspnea and tachycardia. Ash-Bernal et al. describe a
characteristic “chocolate-brown” color to arterial blood in
these patients [13]. There is also a frequent discrepancy
between non-invasive pulse oximetry readings and oxygen
saturation from arterial blood gas studies, with non-
invasive readings indicating hypoxia. This is known as a
“saturation gap” and is a useful clue to increase the
suspicion for this diagnosis [13]. The level of hypoxia as
measured by non-invasive pulse oximetry can plateau at
80-85% and will fail to reveal worsening hypoxemia [9].
It is important to recognize the inaccuracy of pulse
oximetry in this setting and to use co-oximetry and
arterial blood gas measurements as guides for
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management. As methemoglobin levels rise, patients
become more confused and experience severe cardiovas-
cular and respiratory symptoms with an increased risk of
mortality due to heart failure at methemoglobin levels
above 70% [9].

Methemoglobinemia can be caused by genetic enzyme
deficiencies, nitrate exposure, local anesthetics (benzo-
caine) and antibiotics such as dapsone, a sulfone antibiotic.
In large series, 5.8-20% of patients taking dapsone
developed an increase in methemoglobinemia levels [13,
14]. Patients most at risk for dapsone-induced methemo-
globinemia include anemic patients and the elderly, both of
whom are frequently seen in neuro-oncology practice. A
rare etiology of acquired methemoglobinemia are patients
with GOPD deficiency because they lack the biochemical
pathways to efficiently reduce methemoglobin to oxyhe-
moglobin [15]. Persons with African, Asian, or
Mediterranean heritage are most commonly affected [16].
Patients with the G6PD Mediterranean variant are at
increased risk of severe hemolysis following oxidant injury
to hemoglobin [17].

Prophylactic therapy to prevent potentially life-threat-
ening opportunistic infections such as P. jiroveci in
immunocompromised patients with gliomas is of critical
importance. Methemoglobinemia is a well-known and
serious toxicity of dapsone and should be considered in
patients who present with symptoms of hypoxemia. The
classic symptoms of methemoglobenemia such as shortness
of breath and confusion are common to other diagnoses in
glioma patients including pulmonary embolism, pneumo-
nia, and chemotherapy-induced anemia. Recognition of
this potential problem is also important because standard
pulse oximetry and arterial blood gas measurements do not
detect methemoglobin levels. The “saturation gap” in this
case prompted further investigation of an alternative eti-
ology of this patient’s hypoxemia. Patients receiving
dapsone who present with increased confusion and short-
ness of breath should have co-oximetry to evaluate for
methemoglobinemia [18].

Treatment of methemoglobinemia begins with discon-
tinuing the offending agent which will often reverse the
process. Pharmacological treatment consists primarily of
methylene blue, which provides an artificial electron
carrier for reduction of methemoglobin via an alternate,
NADPH-dependent pathway [19]. Usual dosage is 1-
2 mg/kg IV and may be repeated in 1h. The NADPH that
is required for this reaction is generated in erythrocytes
from the pentose phosphate shunt, by the action of glu-
cose-6-phosphate-dehydrogenase (G6PD). Methylene blue
is able to accept the electron from NADPH, and donate it
the ferric iron, facilitating the reduction of methemoglo-
bin to oxyhemoglobin. [7, 8, 20] (see Fig. 1). In patients
with G6PD deficiency methylene blue, which is itself an
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Fig. 1 Redox pathways for methemoglobin. The major physiologic
pathway for reduction of methemoglobin to hemoglobin is through
cytochrome b5 reductase. NADH required for this reaction is supplied
by intermediates of glycolysis. Defects in the cytochrome b5 pathway
are seen in congential methemoglobinemia. In an alternative pathway,
exogenously delivered electron acceptors such as methylene blue can
reduce methemoglobin. Electrons from this pathway come from
NADPH that is generated in the pentose phosphate shunt through the
action of glucose-6-phosphate dehydrogenase (G6PDH)

oxidative agent, may induce a more severe hemolytic
reaction in the absence of sufficient levels of NADPH.
Because of our patient’s history of Mediterranean des-

cent, this became a concern as severe hemolysis,
requiring  transfusion, followed methylene blue
administration.

Conclusion

Primary brain tumor patients have multiple risk factors for
P. jiroveci and may require prophylaxis with TMP-SMZ,
dapsone, atovaqone, or pentamidine. Although dapsone is
generally safe and efficacious, methemoglobinemia should
be considered for glioma patients who present with
worsening confusion or cardiopulmonary system dys-
function. A high index of suspicion should be given to
high-risk patients due to ethnic heritage, anemia, or
advanced age. Co-oximetry should be performed to assist
in the diagnosis. Given the toxicities of TMP-SMZ and
dapsone, further work is needed to determine if glioma
patients with CD4" counts less than 300/mm? require
empiric prophylaxis.
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