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CORRESPONDENCE

Dystrophin Immunity after Gene Therapy
for Duchenne’s Muscular Dystrophy

TO THE EDITOR: Duchenne’s muscular dystrophy
(DMD) is caused by loss-of-function mutations
— often deletions — in DMD that lead to muscle
dystrophin protein deficiency. Adeno-associated
virus (AAV) gene therapy to deliver a shortened
yet functional microdystrophin transgene that
fits within the size constraints of AAV is under
investigation in several studies. Mendell and col-
leagues' reported a strong T-cell immune re-
sponse against epitopes encoded by an AAV-
delivered microdystrophin after intramuscular
delivery. The method of administration and the
ubiquitous cytomegalovirus promoter that was
used could have contributed to those findings.>?

On the basis of recent investigations (per-
formed with the assistance of clinical and other
collaborators; see the Supplementary Appendix,
available with the full text of this letter at NEJM
.org), we now describe five boys with DMD, 7 to
9 years of age, who were enrolled in three sepa-
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rate trials evaluating investigational gene thera-
pies (ClinicalTrials.gov numbers, NCT04281485
and NCT04626674, and Eudra-CT number, 2020
-002093-27) and in whom strikingly similar sus-
pected unexpected serious adverse reactions (i.e.,
unexpected adverse reactions that are considered
likely to be related to the treatment) occurred.
The three AAV products used in the three trials
in which these adverse reactions occurred were
different microdystrophin transgenes under dif-
ferent muscle-specific promoters, packaged in dif-
ferent AAV serotypes (AAV9, AAVS, and AAVrh74)
and delivered intravenously at doses between
1x10" and 2x10™ vector genomes per kilogram
of body weight. Symptom onset occurred 3 to
6 weeks after administration: all five patients
had severe weakness of the proximal and distal
limb muscles that led to loss of ambulation, as
well as weakness of the bulbar and respiratory
muscles, which led to receipt of transient venti-
latory support in three of the patients (two with
noninvasive ventilation and one with endotra-
cheal intubation). The presence of myositis in
the five patients was supported by an increase
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Figure 1. Structure of Dystrophin, Microdystrophin, and DMD Mutations in the Patients.

Panel A shows the structure of dystrophin, including its four hinge domains and 24 spectrin-like domains, flanked
by the N-terminal domain in red, the cysteine-rich domain in yellow, and the C-terminal domain in orange. Panel B
is a schematic representation of microdystrophin exon content mapped to the dystrophin exon map. The exon con-
tent in the four microdystrophin constructs used in current clinical trials is shown as shaded boxes; the areas of
common coverage include the N-terminal domain, hinge 1, and the first spectrin-like repeat, corresponding to pep-
tide content from exon 1 through exon 11. The serotype and promoter used are shown beneath each sponsor name.
The suspected unexpected serious adverse reactions described in this report occurred in three of the four trials
(sponsored by Sarepta—Roche, Genethon, and Pfizer). Panel C shows the extent of the five patients’ genomic dele-
tions (A). Exons & through 11 are common to all the transgenes (highlighted by the light blue box) and were deleted
in all five patients; this region contained hinge 1 and the beginning of the spectrin-like domain. The deletion—trans-
gene overlap extends to part of exon 14 for the Pfizer construct and to exon 17 for the Sarepta—Roche and Gene-
thon transgenes. Part of the hinge 1 domain of dystrophin is not represented in the otherwise highly homologous
protein utrophin and is also predicted to be prominently surface-exposed, which potentially contributes to its im-
munogenicity.

symptoms resolved within 3 months. During
follow-up, the adverse reactions were judged as
resolved in three patients and as resolved with
sequelae in two patients.

The timing of these adverse reactions was
consistent with transgene expression, and labo-
ratory findings suggested a cytotoxic T-cell im-
mune response against dystrophin. All five pa-
tients had similar DMD mutations (Fig. 1): large
overlapping deletions in the region from exon 8
to exon 21. When we mapped this deletion range

back to all four of the microdystrophin constructs
that were currently being used in clinical trials,
we found that epitopes encoded by exons 8
through 11, containing hinge 1 and the begin-
ning of the spectrin-like repeat domains, were
present in all the constructs but were missing in
the patients and therefore represented nonself
epitopes. Consistent with this constellation of
findings, data from preliminary enzyme-linked
immunospot testing (fully available for two of
the patients) and antibody epitope mapping re-
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vealed reactivity to peptide pools contained
within exons 8 through 11, which suggested the
presence of an immune response to this nonself
epitope (Fig. 1). These findings resemble those in
one of the patients in the study by Mendell et al.
(deletion of exons 3 through 17).!

These suspected unexpected serious adverse
reactions highlight the complex and evolving
immune biology related to gene-transfer thera-
pies. To address these cases and their safety
implications rapidly, the four sponsors currently
running gene-therapy trials in DMD agreed to
precompetitively collaborate, formed a working
group chaired by academic investigators, and
engaged experts from diverse backgrounds. Rele-
vant information regarding the adverse reactions
was shared, resulting in critical insights into the
underlying mechanism and minimizing risks to
future trial participants. All four of these current
clinical trials have been adjusted so that patients
are excluded from participation if they have ge-
nomic deletions that substantially overlap trans-
gene sequences similar to those considered to
pose a risk. Further epitope and HLA fine-map-
ping is in progress, with the aim of establishing
a hierarchy of immunologic risk for patients with
genomic deletions in this region, so that prop-
erly adjusted immunomodulation protocols can
be developed to allow them to participate in
clinical trials.
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Treatment Strategy for Rifampin-Susceptible Tuberculosis

To THE EDITOR: With regard to the Two-Month
Regimens Using Novel Combinations to Aug-
ment Treatment Effectiveness for Drug-Sensitive
Tuberculosis (TRUNCATE-TB) trial conducted by
Paton et al. (March 9 issue),! we disagree that
there were “no evident safety concerns.” During
the trial, the rifampin dose used in two trial
groups was decreased from 35 to 20 mg per kilo-
gram of body weight. According to the Supple-
mentary Appendix of their article (available at
NEJM.org), this dose change was made in re-
sponse to a fatal case of drug-induced liver injury
(a footnote in Table 3 of their article notes the
fatality but provides no details). It is notable that
the incidence of grade 3 or 4 hepatobiliary events
decreased from 6.8% to 2.1% after the rifampin
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dose was reduced (Table S15 in the Supplemen-
tary Appendix of their article).

A lack of significant differences in compari-
sons with wide confidence intervals should not
be interpreted as equivalence.? For example, two
pretomanid-based regimens were judged to have
a safety profile similar to that of the standard
regimen in a phase 2 trial,® only to have a follow-
up trial halted after three deaths from drug-in-
duced liver injury.* Given the substantial interest
in high-dose rifampin, the adverse events that
occurred in the TRUNCATE-TB trial should be
highlighted and not relegated to the Supple-
mentary Appendix. Finally, a primary goal of
the tuberculosis research community should be
to find regimens with less toxicity than the
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