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dards of safety and efficacy. Provided that such a 
back door remains closed, a more user-friendly 
system of expanded access as described by Lurie 
et al. may help reduce pressure for more prob-
lematic measures currently being considered by 
Congress that would substantially lower the 
drug-approval standards of the agency.3 If the 
new FDA procedures enable patients with life-
threatening conditions who lack adequate thera-
peutic options and who do not qualify for ongo-
ing clinical trials to access potentially beneficial 
experimental treatments through expanded- 
access protocols, it would remove a main ethical 
justification for the excessive acceleration of for-
mal FDA approval of drugs before they can be 
adequately tested.
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PML in a Patient without Severe Lymphocytopenia Receiving  
Dimethyl Fumarate 

To the Editor: Fumaric acid esters, which are 
prescribed for the treatment of psoriasis and 
multiple sclerosis, are considered to have a favor-
able risk profile. However, treatment-related pro-
gressive multifocal leukoencephalopathy (PML) 
has been described in association with long-last-
ing, severe lymphocytopenia (<500 lymphocytes 
per cubic millimeter).1-3 This has led to the recom-
mendation that lymphocyte counts should be 
monitored in patients receiving these drugs in 
order to prevent opportunistic infections such as 
PML.4 Here, we report a case of fatal PML after 
treatment with compounded dimethyl fumarate 
(DMF) in a patient without severe lymphocyto-
penia.

On July 18, 2014, a 64-year-old woman pre-
sented with a 2-week history of progressive 
apraxia. She had been receiving topical gluco-
corticoids and compounded delayed-release DMF 
(Psorinovo; compounding pharmacy, Mierlo-Hout) 
for the treatment of psoriasis since June 2012. 
Magnetic resonance imaging (MRI) of the brain 
showed multiple subcortical white-matter lesions 
(Fig. S1 in the Supplementary Appendix, avail-
able with the full text of this letter at NEJM.org). 
Leukocyte and lymphocyte counts were normal 
before DMF treatment but reached a nadir of 
4000 cells and 792 cells per cubic millimeter, 

respectively, in June 2014 (Fig. 1). Analysis of the 
cerebrospinal fluid showed normal levels of leu-
kocytes, protein, and glucose. The patient was 
seronegative for the human immunodeficiency 
virus. At that time, a diagnosis of PML was con-
sidered. However, testing of the cerebrospinal 
f luid for JC virus DNA on polymerase-chain-
reaction (PCR) assay was negative. Treatment 
with DMF was discontinued, and the patient 
received the diagnosis of atypical ischemic 
stroke.

Owing to progressive hemiparesis and somno-
lence, she was transferred to our hospital on 
August 14, 2014. Follow-up MRI showed a rapid 
and widespread dissemination of lesions sugges-
tive of PML–immune reconstitution inflammatory 
syndrome (IRIS) (Fig. S1 in the Supplementary 
Appendix). Treatment with mefloquine, mirtaza-
pine, and glucocorticoids was initiated. The pa-
tient’s condition continued to deteriorate, and 
she died on August 26, 2014. PML was confirmed 
on histologic analysis of brain tissue (Fig. S2 in 
the Supplementary Appendix) and positive re-
sults on PCR assay for JC virus DNA in brain 
tissue and cerebrospinal fluid (see the Methods 
section in the Supplementary Appendix).

In our opinion, this case represents DMF-
associated PML, since other immunosuppressive 
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medications or coexisting medical conditions 
were absent. To our knowledge, this is the first 
reported case of compounded DMF–associated 
PML in a patient without severe lymphocytopenia, 
a situation that was previously thought to be 
unlikely.1,2,4 Since the number of patients who 
are being treated with DMF is rapidly increasing 
after approval of delayed-release DMF (Tecfidera) 
as first-line treatment for relapsing–remitting 
multiple sclerosis, our case raises important ques-
tions with respect to safety monitoring. Although 
more than 100,000 patients with multiple sclero-
sis have been treated with Tecfidera since 2013, 
the safety profile for long-term treatment is un-
known. On October 22, 2014, the first case of 
PML in a patient receiving Tecfidera was reported; 
this patient had persistent, severe lymphocytope-
nia.3,5 Our case shows that PML can develop 
during treatment with compounded DMF in pa-
tients in whom reduced lymphocyte counts are 

less severe than those in cases that have been 
reported previously.
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Figure 1. Leukocyte and Lymphocyte Counts in a 64-Year-Old Woman Receiving Compounded Dimethyl Fumarate 
(cDMF) for the Treatment of Psoriasis.

Shown are absolute leukocyte and lymphocyte counts in the patient before and after the initiation of treatment with 
cDMF. The lower limit of the normal range is indicated with a dashed line for leukocytes and lymphocytes.
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PML in a Patient with Lymphocytopenia Treated  
with Dimethyl Fumarate

To the Editor: We report the case of a 54-year-
old woman with multiple sclerosis who was 
treated with delayed-release dimethyl fumarate 
(DMF; Tecfidera, Biogen Idec) and who died on 
October 13, 2014, from complications related to 
aspiration pneumonia and progressive multifo-
cal leukoencephalopathy (PML) with severe, pro-
longed lymphocytopenia.

The patient, who had received the diagnosis of 
multiple sclerosis in 1996 and had been treated 
with glatiramer acetate, was randomly assigned 
to the placebo group in the 2-year Determination 
of the Efficacy and Safety of Oral Fumarate in 
Relapsing–Remitting Multiple Sclerosis (DEFINE) 
trial.1 She subsequently received delayed-release 
DMF (at a dose of 240 mg three times daily) for 
4.5 years in the open-label extension study. 
Twelve months after the initiation of delayed-
release DMF, severe lymphocytopenia (lympho-
cyte count, 290 to 580 cells per cubic millimeter) 
developed and persisted for 3.5 years. 

Although the patient had no clinical disease 
activity since the first month of active treatment, 
she presented with new neurologic signs and 
symptoms consistent with a relapse in multiple 
sclerosis (severe gait disorder, speech disorder, 
and difficulties in left arm coordination) on 
August 11, 2014. Her condition did not improve 
with the administration of intravenous methyl-
prednisolone (1 g once daily on August 11 to 13, 
2 g once daily on August 20 to 22, and 2 g once 
daily on September 20 to 22) and plasmaphere-
sis for the suspected relapse (5 courses, 1 per 
day; September 26 to 30). Delayed-release DMF 
treatment was discontinued on August 23. PML 
was diagnosed on the basis of results on mag-
netic resonance imaging (Fig. S1 in the Supple-
mentary Appendix, available with the full text of 

this letter at NEJM.org) and positive results on 
polymerase-chain-reaction assay for JC virus DNA 
in cerebrospinal fluid obtained by means of 
lumbar puncture on October 7. The patient had 
received no previous immunosuppressant drugs 
or natalizumab.

Since delayed-release DMF was approved in 
the United States in March 2013, more than 
135,000 patients with multiple sclerosis have 
been treated, representing approximately 112,000 

Figure 1 (facing page). Lymphocyte Counts in Patients 
with Multiple Sclerosis Receiving Delayed-Release 
 Dimethyl Fumarate (DMF).

Shown are lymphocyte counts in studies involving 
 patients with multiple sclerosis during treatment with 
delayed-release DMF. In the open-label extension of 
phase 3 trials, as of May 10 2014, the incidence of lym-
phocytopenia (lymphocyte count, <500 per cubic milli-
meter) was 1.9% (47 of 2470 patients) for 6 months or 
longer, 0.6% (15 of 2470 patients) for 2 years or longer, 
and 0.3% (8 of 2470 patients) for 3 years or longer. 
Panel A shows mean lymphocyte counts for 47 patients 
in whom consecutive post-baseline lymphocyte counts 
were less than 500 cells per cubic millimeter for at 
least 6 months, as compared with 2466 patients with-
out lymphocytopenia. All the patients received de-
layed-release DMF at a dose of 240 mg either two or 
three times daily. Counts were checked every 3 months 
in clinical trials, but values are shown for 6-month inter-
vals for readability. The dashed line indicates the lower 
limit of the normal range (LLN). The I bars indicate 
standard errors. Panel B shows absolute lymphocyte 
counts over time in the same 47 DMF-treated patients, 
according to the daily dose and whether the patient 
was still receiving the drug. In the two dose groups 
(240 mg administered either two or three times daily), 
similar proportions had a reduction in the lymphocyte 
count to below 800 cells per cubic millimeter or to be-
low 500 cells per cubic millimeter. Post-dosing lympho-
cyte counts (available for 9 patients) generally increased 
in the 4 weeks after the discontinuation of treatment.
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