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Histopathological findings were consistent with
herpesvirus infection. Polymerase-chain-reaction
testing confirmed the diagnosis of varicella–
zoster virus (VZV) infection; serologic testing was
positive for IgM antibodies to VZV, but there was
no IgG response. The patient had no documented
lymphocytopenia (Fig. S1 in the Supplementary
Appendix, available with the full text of this letter
at NEJM.org). Because his medical history mentioned chickenpox during childhood, we made
the diagnosis of generalized VZV infection.
The DMF treatment may have reactivated the
VZV infection in this patient, because the infection developed 2 months after the initiation of
treatment, he never received ultraviolet-light therapy, and he did not use topical glucocorticoids.
This case suggests that patients treated with DMF
may have an increased risk of viral infection,
even in the absence of lymphocytopenia.
Marloes S. van Kester, M.D., Ph.D.
Jan N. Bouwes Bavinck, M.D., Ph.D.
Koen D. Quint, M.D., Ph.D.

Kester et al. that patients receiving DMF are at
risk for opportunistic infections even without
severe lymphocytopenia, and we believe that
these letters support the viewpoints expressed in
our letter. An additional patient with PML and
the immune reconstitution inflammatory syndrome after DMF treatment with only a modest
case of lymphocytopenia was reported recently.1
Because the number of patients treated with
DMF has increased rapidly since the approval of
delayed-release DMF as first-line treatment for
relapsing–remitting multiple sclerosis, PML or
other opportunistic infections may develop in
more patients. We think that safety monitoring
of patients treated with DMF is crucial, because
opportunistic infections can occur in patients
without severe lymphocytopenia. Further studies
concerning safety monitoring and new methods
for identification of patients at risk are therefore
urgently needed.
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MYD88 Mutations and Response to Ibrutinib in Waldenström’s
Macroglobulinemia
To the Editor: Whole-genome sequencing identified the MYD88 L265P variant as the most prevalent mutation in patients with Waldenström’s
macroglobulinemia (WM), a type of non-Hodgkin’s lymphoma.1 In 93 to 97% of patients with
this disorder, allele-specific polymerase-chainreaction (AS-PCR) assays identified MYD88 L265P,
which results from a T→C transversion at position 38182641 on chromosome 3p22.2. Signaling
studies showed that the mutant protein that is
encoded by MYD88 L265P triggers tumor growth
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through the activation of nuclear factor kappa
light-chain enhancer of activated B cells (NF-κB)
by Bruton’s tyrosine kinase. This kinase is targeted by ibrutinib, a drug that is widely used in the
treatment of B-cell cancers. In addition, CXCR4
WHIM mutations (associated with a syndrome
called WHIM [warts, hypogammaglobulinemia,
infections, and myelokathexis]) that were found
almost exclusively in patients with WM who have
the MYD88 L265P variant were found to convey
resistance to ibrutinib.
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Table 1. Rate of Response to Ibrutinib in Patients with Waldenström’s Macroglobulinemia, According to Mutation Status.*
Mutated MYD88 and
Wild-Type CXCR4
(N = 36)

Mutated MYD88 and
CXCR4 WHIM
(N = 21)
percent

Wild-Type MYD88
and CXCR4
(N = 5)

Overall

100

85.7

60

0.005

Major

91.7

61.9

0

<0.001

Response Rate

P Value†

* Responses were assessed in 62 previously treated patients with Waldenström’s macroglobulinemia for whom both
MYD88 and CXCR4 mutation status had been determined. MYD88 status was determined by means of Sanger sequencing of the entire gene. CXCR4 mutation status was determined by means of Sanger sequencing and allele-specific
polymerase-chain-reaction assay for CXCR4 S338X C→G and C→A mutations in CD19-selected bone marrow cells.2 A
major response was defined as a partial or very good partial response. No complete responses were observed.2 WHIM
denotes warts, hypogammaglobulinemia, infections, and myelokathexis.
† P values are for the overall comparison among the three groups and were calculated with the use of Fisher’s exact test.

These findings prompted a clinical trial of
ibrutinib in previously treated patients with WM,
which showed fewer overall and major responses
among patients with wild-type MYD88 and CXCR4
than in those with the MYD88 L265P variant and
either wild-type CXCR4 or CXCR4 WHIM.2 However, of the seven patients with wild-type MYD88
and CXCR4, two had a major response to ibrutinib.
Using Sanger sequencing, we found that both of
these patients harbored MYD88 mutations that
were not amenable to AS-PCR analysis for
MYD88 L265P. One patient had a G→A transversion at position 38182292, which predicted the
MYD88 S243N variant, and the other had a
TG→CT substitution at position 38182641, which
predicted the MYD88 L265P variant. The updated
response rates for this trial are notable for the
lack of major responses in patients with wildtype MYD88 on Sanger sequencing (Table 1).
We also performed Sanger sequencing in tumor samples obtained from 12 additional patients with WM who had undetectable MYD88
L265P on AS-PCR. A T→C transversion at position
38182259, which predicted the MYD88 M232T
variant, was identified in 1 patient. Patients with
wild-type MYD88 on Sanger sequencing had histopathological features that were similar to those
in patients with mutated MYD88, although the
median burden of bone marrow disease at baseline in patients with wild-type MYD88 was considerably lower than that found in patients with
the MYD88 L265P variant (17.5% vs. 40.0%), as
was the serum IgM level (1115 mg per deciliter
vs. 3270 mg per deciliter).3 Despite the lower
disease burden in patients with wild-type MYD88,
their median overall survival was shorter than
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that in patients with mutated MYD88 (4.7 years vs.
>10 years) with similar follow-up.3
All the MYD88 mutations were also observed
in patients with diffuse large B-cell lymphoma
(DLBCL), particularly the ABC subtype.4 Although MYD88 mutations other than L265P are
uncommon in patients with WM, they make up
a quarter of all MYD88 mutations in patients
with DLBCL.4 The MYD88 mutations that are
found in patients with WM (MYD88 L265P,
MYD88 S243N, and MYD88 M232T) all show high
levels of NF-κB transactivation in transduction
studies.4 Like the MYD88 L265P variant, MYD88
S243N triggers the activation of NF-κB by Bruton’s tyrosine kinase in WM cells, whereas MYD88
M232T signaling in WM remains to be investigated. Unlike patients with WM, patients with
DLBCL show no association between MYD88
mutation status and the response to ibrutinib. In
such patients, the response may be related to
mutations that affect the signaling of B-cell and
T-cell receptors, such as CD79A/B and CARD11.5
In conclusion, our findings support the association between MYD88 mutations and a response
to ibrutinib therapy in patients with WM. Moreover, these results highlight the need for studies
to address the genetic basis and development of
targeted therapies for patients with WM who
have wild-type MYD88.
Steven P. Treon, M.D., Ph.D.
Lian Xu, M.S.
Zachary Hunter, Ph.D.
Bing Center for Waldenström’s Macroglobulinemia
Boston MA
steven_treon@dfci.harvard.edu
Disclosure forms provided by the authors are available with
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words (excluding references) and must be received within
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letter constitutes permission for the Massachusetts Medical
Society, its licensees, and its assignees to use it in the Journal’s
various print and electronic publications and in collections,
revisions, and any other form or medium.

notices
Notices submitted for publication should contain a mailing
address and telephone number of a contact person or department. We regret that we are unable to publish all notices
received. Notices also appear on the Journal’s website
(NEJM.org/medical-conference). The listings can be viewed
in their entirety or filtered by specialty, location, or month.
Call for Applications
The American Philosophical Society is accepting applications for its “Daland Fellowships in Clinical Investigation,”
which support research in the several branches of clinical
medicine, including internal medicine, neurology, pediatrics,
psychiatry, and surgery. Deadline for submission is Sept. 15.
Contact Linda Musumeci, Daland Fellowships in Clinical
Investigation, American Philosophical Society, 104 S. Fifth St.,
Philadelphia, PA 19106-3387; or call (215) 440-3429; or e-mail
LMusumeci@amphilsoc.org; or see http://www.amphilsoc.org/
grants/daland.

16th International Conference on Alzheimer’s
Drug Discovery
The conference will be held in Jersey City, NJ, Oct. 5 and 6.
It is sponsored by the Alzheimer’s Drug Discovery Foundation.
Contact Sara Classen, Alzheimer’s Drug Discovery Foundation, 57 West 57th St., Suite 904, New York, NY 10019; or call
(212) 901-8009.

Maternal, Fetal, and Neonatal Care
Conferences
The following conferences will be held: “1st Congress of
Joint European Neonatal Societies” (Budapest, Hungary, Sept.
16–20) and “XXV European Congress on Perinatal Medicine”
(Maastricht, the Netherlands, June 15–18).
Contact MCA Scientific Events, Via Binda 34, 20143 Milan,
Italy; or call (39) 2 34934404; or fax (39) 2 34934397; or e-mail
luerti@mcascientificevents.eu or direnzo@mcascientificevents
.eu; or see http://www.jens2015.eu or http://www.ecpm2016.eu,
respectively.

Organic Acids Workshop: An Invaluable Tool
for Discovering the Underlying Causes
of Chronic Illness
The workshop will be held in Vancouver, BC, Canada, on
Aug. 29.
Contact the Great Plains Laboratory, 11813 W. 77th St., Lenexa,
KS 66214; or call (913) 341-8949, extension 159; or e-mail
marketing@gpl4u.com; or see http://www.gpl4u.com/workshops.
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To submit a letter to the Editor: authors.NEJM.org
Effect of Sitagliptin on Cardiovascular Outcomes in Type 2
Diabetes (July 16, 2015;373:232-42). In Table 1, in the “Intention-to-treat analysis” portion of the table (page 239), the value
given for Acute pancreatitis in the “no. per 100 person-yr” column under “Placebo” should have been 0.06, rather than 0.11.
The article is correct at NEJM.org.
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authors.NEJM.org
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