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occurs after resolution of TEN.?? Dry skin and heat intolerance are
common complaints among survivors of SJS/TEN with involvement
of the eccrine duct, although the secretory gland is usually
normal.?

The sudden appearance of numerous melanocytic nevi
following severe bullous lesions in a patient with SJS had been
reported; it was speculated that the production of cytokines and
growth factors during epidermal regeneration may have led to the
proliferation of melanocytes.>? In a separate case, widespread
eruption of ectopic sebaceous glands occurred 4 months after an
episode of $]S.%° Similar to the aforementioned case, cytokines and
growth factors were thought to be responsible for the proliferation
of residual sebaceous gland cells.>®

Pulmonary sequelae in SJS/TEN

The incidence of pulmonary involvement in SJS/TEN has not been
examined. Pulmonary involvement in SJS/TEN is divided into two
types: interstitial pneumonia during the course of SJS/TEN, and
obliterative bronchitis/bronchiolitis after the resolution of SJS/
TEN.?S According to one report, pulmonary sequelae tend to occur
in relatively young patients.?’ A few cases of obliterative bronchitis/
bronchiolitis after SJS/TEN have been documented, as well as res-
piratory tract obstruction and bronchiectasis. The interval from the
onset of SJS/TEN to development of pulmonary sequela is unclear
because some reported cases show persistent respiratory symp-
toms from the onset of SJS/TEN.%’

Obliterative bronchitis/bronchiolitis is diagnosed using imaging
and respiratory function tests, with findings of bronchiectasis on
high resolution computed tomography (CT) of the chest, occlusion
of the bronchus on bronchoscopy, and a severe obstructive pattern
in the flow—volume curve. Although the pathomechanism remains
unknown, immunological pathways, infection, and remodeling of
the bronchial mucosa are implicated in the pulmonary sequelae of
SJS/TEN.

If patients suffer from recurrent respiratory symptoms after the
resolution of SJS/TEN, they should be closely monitored using res-
piratory function tests and CT. No effective treatment is available
for permanent obstructive pulmonary changes in obliterative
bronchitis/bronchiolitis. In severe cases, mechanical ventilation is
required, and living-donor lung transplantation may be necessary.
Patients with pulmonary sequela after resolution of SJS/TEN tend to
have a poor prognosis.

Esophageal sequelae in SJS/TEN

Long-term sequelae involving the gastrointestinal tract have rarely
been reported. Esophageal stricture as a consequence of SJS has
been reported in children but is rare in adults.?®?° Two patients had
foreign bodies lodged in esophageal strictures, occurring at 7
months after the episode of SJS in one case and at 18 months after
the episode of SJS in the other case. The delay in the onset of
dysphagia suggests that stricture formation may be subclinical. SJS/
TEN-related esophageal stricture is thought to occur because of
irritation caused by orally administrated medications, ingestion of
coarse food, or nasogastric feeding during SJS/TEN. Esophageal
strictures after SJS/TEN are easily dilated, suggesting that the con-
dition is caused by injury to the esophageal mucosa without
involvement of the muscularis.*®

Sequelae in DIHS/DRESS
DIHS/DRESS is a severe adverse drug reaction caused by specific

drugs such as anticonvulsants and allopurinol, and is characterized
by visceral involvement and reactivation of human herpesviruses

(HHV).>°3? Various internal organs can be affected during the
course of disease.>>>? Furthermore, the development of autoim-
mune diseases several months to years after clinical resolution of
DIHS/DRESS have been reported.>> Several autoimmune diseases
can develop sequentially in a single patient.*” The emergence of
autoimmune disease might be overlooked unless dermatologists
perform long-term follow-up of patients after their recovery from
DIHS/DRESS (Figure 3).4

Internal organ failure

Previous reports reveal that severe renal insufficiency increases the
risk of mortality, and mortality depends in part on the degree of
renal involvement rather than hepatic involvement.?! Renal insuf-
ficiency following after acute interstitial nephritis at the acute stage
of DIHS/DRESS could require a lifetime hemodialysis.” It is more
likely to occur in elderly patients with pre-existing renal disease or
those receiving diuretic therapy. Because renal function declines
steadily with age, elderly patients are vulnerable to renal compli-
cations and sequelae.

Appearance of autoantibody after onset of DIHS/DRESS

Autoantibodies have been detected in patients with DIHS/DRESS
after resolution of the disease. According to an analysis of 34 cases
of DIHS/DRESS at our institution, autoantibodies such as anti-
nuclear antibody (ANA), anti-thyroperoxidase (TPO), and anti-
thyroglobulin antibodies were observed without any clinical
manifestations.> The proportion of DIHS/DRESS patients with au-
toantibodies is higher than that seen in SJS/TEN patients.*? The
percentage of DIHS/DRESS patients with autoantibodies was higher
in the group that received supportive treatment alone than those
who received systemic corticosteroids.> The autoantibody titers
fluctuated but remained elevated during the observation period.
Our study showed that autoantibodies are present in some patients
after clinical resolution of DIHS/DRESS without causing clinically
overt diseases.

Autoimmune thyroid disease as a sequela in DIHS/DRESS

Thyroid disease is the most frequently detected sequela following
the resolution of DIHS/DRESS, with a cumulative incidence of 3.8%.
This incidence is more than 10-fold higher than the expected
incidence of this disease in the Chinese population.? Endocrinologic
evaluation of patients with DIHS/DRESS revealed thyroid gland
abnormalities, such as increased free thyroxine (FT4), low thyroid-
stimulating hormone (TSH), and elevated TSH levels, and produc-
tion of autoantibodies, including anti-TSH receptor, anti-TPO, and
anti-thyroglobulin antibodies. As symptoms are not usually
observed, these abnormal findings may be missed if evaluation of
thyroid function and antibodies are not performed.

Graves' disease may develop after the resolution of DIHS/DRESS.
Recently, it has been reported that the interval between discon-
tinuation of the causative drug and the onset of Graves’ disease is
approximately 2 months to 1 year. A recent case report described
the appearance of a diffuse large thyroid goiter followed by hy-
perthyroidism 2 months after the onset of sulfasalazine-induced
DIHS/DRESS.*> Thyrotoxicosis can be the initial presenting symp-
tom of thyroid disease.** Two patients diagnosed with Graves’
disease with symptoms of hyperthyroidism and elevation in FT4
plus suppression of TSH have been documented—one case had
symptoms 1 month after the onset of DIHS/DRESS while the other
had symptoms 9 months after the onset of DIHS/DRESS.? Brown
et al described a patient with Graves’ disease confirmed by thyroid
tests that developed 5 months after withdrawal of the causative
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Figure 3 Autoimmune diseases developed after resolution of drug-induced hypersensitivity syndrome/drug reaction with eosinophilia and systemic symptoms (DIHS/DRESS). Six
out of the 37 patients with DIHS/DRESS developed autoimmune diseases in our institution. The period of follow-up was more than 6 months after the initiation of treatment. (M),
treated with systemic corticosteroid; (1), treated with supportive therapy alone; *, sclerodermoid graft-versus-host disease (GVHD)-like lesions.

drug.®® The patient had low TSH and elevation of FT4 without
symptoms of hyperthyroidism, and tests for anti-TSH receptor
antibody and thyroid-stimulating immunoglobulin were negative
at that time. Autoimmune thyroiditis can develop following the
relapse of DIHS/DRESS.*6

The emergence of Hashimoto’s disease, characterized by the
presence of anti-TPO antibody and anti-thyroglobulin antibodies,
has also been observed after the resolution of DIHS/DRESS. The
authors have encountered a patient with DIHS/DRESS who devel-
oped Hashimoto’s disease 3 years after resolution of the clinical
symptoms of DIHS/DRESS, characterized by elevated levels of anti-
TPO and anti-thyroglobulin antibodies.> Alopecia has been noted in
patients with autoimmune thyroid disease.>>** The presence of
HHV-6 in the thyroid was significantly higher in Hashimoto's
thyroiditis than in controls, highlighting a possible association
between HHV-6 reactivation and autoimmune thyroid disease.*’4%

Type 1 diabetes mellitus as a sequela in DIHS/DRESS

Some cases of fulminant type 1 diabetes mellitus (FT1D) have been
associated with DIHS/DRESS.**~52 FT1D is a subtype of type 1
diabetes mellitus (T1D) characterized by an abrupt onset, absence
of islet-related autoantibodies, and nearly complete destruction of
pancreatic B-cells. The initial symptoms of T1D are vomiting and
dull epigastric pain; laboratory examinations reveal hyperglycemia,
hyperosmolarity and metabolic acidosis, and a relatively normal
glycosylated hemoglobin level; these features are compatible with
diabetic ketoacidosis. The onset of FT1D is characterized by
elevated levels of pancreatic exocrine enzymes such as lipase and
amylase, which is consistent with acute pancreatitis.

According to a nationwide survey in Japan, there were 15 cases
of FT1D associated with DIHS/DRESS between 1985 and 2010. The
mean age at onset of FT1D associated with DIHS/DRESS was 53.4
years; the interval between the onset of DIHS/DRESS to the devel-
opment of FT1D was 39.9 days (range, 13—199 days). The incidence
of FT1D in patients with DIHS/DRESS (0.54%) is much higher than
that in the general Japanese population (0.010%).>* The clinical
manifestations of FT1D associated with DIHS/DRESS are similar to
those not associated with DIHS/DRESS. It is possible that genetic
susceptibility contributes to the development of FT1D. Notably, the
incidence of HLA-B62 is significantly increased in this type of dia-
betes mellitus in Japanese patients with DIHS/DRESS. Viral reac-
tivation may contribute to the development of FT1D in patients
with DIHS/DRESS, based on the observation that FT1D is associated

with viral infections such as influenza B, HHV-6, herpes simplex
virus, and Coxsackie B3 virus.>*” In this setting, the rapid and
severe damage to pancreatic B-cells may be caused by viral in-
fections, an immune response, or an interplay between viruses and
the immune response.>®

By contrast, autoimmune T1D is rare in patients with DIHS/
DRESS. In autoimmune T1D, various autoantibodies including anti-
glutamic acid decarboxylase (GAD) and islet cell antibodies are
detected. The coexistence of autoimmune T1D and autoimmune
thyroiditis has been associated with DIHS/DRESS.* In this case,
various autoantibodies including insulinoma antigen 2 (IA2), anti-
GAD, anti-TPO, anti-thyroglobulin, and anti-SSA antibodies and
ANA were detected over a period of several months. A case of T1D
following methimazole-induced hypersensitivity syndrome has
been reported,” in which high glucose levels with a low serum C-
peptide were detected 5 months after the onset of DIHS/DRESS in a
patient with Graves' disease. Interestingly, anti-GAD antibodies
were detected but at a relatively low level. A case of FT1D and
Hashimoto's disease that developed concurrently after the onset of
DIHS/DRESS has been reported, characterized by the presence of
anti-thyroglobulin antibodies, ANA, and anti-SSA antibodies with
an absence of GAD and islet cell antibodies.>’

The consequences of missing the diagnosis of T1D can be fatal. It
is essential to recognize the initial symptoms of T1D in patients
with DIHS/DRESS in order to initiate appropriate treatment.

Other sequelae in DIHS/DRESS

Besides autoimmune thyroiditis and T1D, other autoimmune
sequelae—heralded by autoimmune manifestations and/or pres-
ence of autoantibodies—can arise after resolution of DIHS/DRESS
following a symptom-free interval of several months to years.
These autoimmune diseases include sclerodermoid graft-versus-
host disease (GVHD)-like lesions,** lupus erythematosus,”® auto-
immune hemolytic anemia (AIHA)? and rheumatoid arthritis
(Table 2).

The authors have encountered three interesting cases of DIHS/
DRESS with autoimmune sequelae of sclerodermoid GVHD-like le-
sions and autoimmune thyroiditis, atypical SLE, and rheumatoid
arthritis, which appeared 3.5 years, 4 years, and 10 years after res-
olution of DIHS/DRESS, respectively. The first patient had a history of
zonisamide-induced DIHS/DRESS and presented with fatigue and
symptoms of thyroid dysfunction; diffuse alopecia on the scalp and
multiple ill-defined brownish, indurated plaques with xerosis on the
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Table 2 Autoimmune diseases as sequelae in DIHS/DRESS.

Alopecia

ATHA

Graves' disease

Hashimoto’s disease

Lupus erythematosus
Rheumatoid arthritis
Sclerodermoid GVHD-like lesion
T1D (fulminant and autoimmune)

AIHA = autoimmune hemolytic anemia; DIHS/DRESS = drug-induced hypersensi-
tivity syndrome/drug reaction with eosinophilia and systemic symptoms;
GVHD = graft-versus-host disease; T1D = type 1 diabetes mellitus.

extremities were observed on examination.’® Interestingly, ANAwas
negative during the course of DIHS/DRESS, but was detectable at the
time of presentation to our hospital.?® The second patient had a
history of carbamazepine-induced DIHS/DRESS with reactivation of
HHV-6 and EBV, and presented with a high-grade fever, general fa-
tigue, cervical lymphadenopathy, and erythematous lesions on his
face and ears.’® After resolution of DIHS/DRESS, he developed
prominent cervical lymphadenopathy. Histological findings of a
lymph node biopsy specimen were compatible with those of
Kikuchi-Fujimoto disease, and expression of EBV-encoded RNA
(EBER) was detected in the lymph node by in situ hybridization, but
not in the blood. Clinical manifestations of SLE including fever,
general fatigue, discoid lesions, leucopenia, and proteinuria
appeared 2 weeks after the onset of Kikuchi-Fujimoto disease. The
third patient had a history of carbamazepine-induced DIHS/DRESS
with the appearance of autoantibodies such as ANA, anti-TPO, and
anti-thyroglobulin antibodies after the resolution of DIHS/DRESS.
The autoantibody levels fluctuated without overt clinical symptoms.
Ten years after the onset of DIHS/DRESS, the patient developed
rheumatoid arthritis with characteristic joint deformities of the
hands. It was noted that the second and third cases of DIHS/DRESS
had been treated with supportive therapy alone. Chen et al described
a case of AIHA and suspected SLE after the resolution of dapsone-
induced DIHS/DRESS.? In that case, the patient had a high lactate
dehydrogenase level, elevated percentage of reticulocytes,
decreased haptoglobin concentration, and a positive Coombs test.

Pathomechanism of autoimmune disease in DIHS/DRESS

The pathomechanism underlying the emergence of autoimmune
disease in DIHS/DRESS is poorly understood. A genetic suscepti-
bility may contribute to their development.® Based on long-term
follow-up of patients with DIHS/DRESS, several observations
regarding the development of autoimmune sequelae were noted:
young patients® and those treated with non-corticosteroid therapy
were more susceptible,” and that herpesvirus reactivation—in
particular, Epstein-Barr virus reactivation—is implicated in its
development.*®

From an immunological perspective, our previous study showed
that the number of fully functional CD4*CD25"FoxP3* regulatory T
(Treg) cells is markedly increased during the course of DIHS/DRESS
compared with other drug reactions, which contributed to viral
reactivation. These FoxP3™ T cells lost their ability to inhibit the
cytokine production and proliferation of effector T cells, which
coincided with their contraction upon clinical resolution of DIHS/
DRESS. The functional defect of Treg cells might be responsible for
the development of autoimmune disease.®3%>°

Conclusion

In summary, the development of long-term sequelae after resolu-
tion of severe cutaneous adverse drug reactions may be overlooked

because of an asymptomatic interval after resolution of the acute
disease. The emergence of sequelae should be closely monitored
following the resolution of SJS/TEN and DIHS/DRESS, especially
autoimmune disease in DIHS/DRESS. The reactivation of herpesvi-
ruses and development of autoimmune disease in DIHS/DRESS may
indicate a possible link between viral infections and autoimmune
disease.
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RESEARCH LETTER

Methylprednisolone pulse therapy for
Stevens-Johnson syndrome/toxic epidermal
necrolysis: Clinical evaluation and analysis of
biomarkers

To the Editor: Stevens-Johnson syndrome (S]JS)
and toxic epidermal necrolysis (TEN) are severe,
potentially life-threatening, cutaneous reactions."
Progress has been made in determining the patho-
physiologic mechanisms of SJS/TEN; however,
there has been little progress in the treatment of
these conditions.>> Thus, the efficacy of steroid
pulse therapy and alterations of biomarkers were
assessed retrospectively.

The medical records of 8 patients treated with
methylprednisolone pulse therapy WPT) for
SJS/TEN were reviewed, documenting clinical find-
ings and specific biomarkers. The diagnosis of
SJS/TEN was based on Bastuji-Garin criteria. High-
grade fever was present on admission in 6 of 8 pa-
tients and all had mucosal lesions. Causative agents
were identified in 7 of 8 patients. These agents were
nonsteroidal anti-inflammatory drug (diclofenac and
loxoprofen), antimicrobial agent ( garenoxacin and
penicillin), anticonvulsant (lamotrigine and zonisa-
mide), and bromhexine. Notable coexisting condi-
tions included malignancy (lung and colon) in two
patients, cerebral hematoma complicated by tachy-
cardia and diabetes mellitus in 1 patient, and in-
creased serum creatinine in' 1 patient. In the
calculation of SCORTEN (a severity-of-illness

Table 1. Patient characteristics and clinical evaluation

score for TEN that predicts mortality),” the mean
SCORTEN on admission was 2.1 (range, 0-4)
(Table D.

An infusion of methylprednisolone at 1000 mg/d
for 3 consecutive days was administered. Oral pred-
nisolone at 0.8-1 mg/kg/d was initiated if no new
mucocutaneous lesions were observed on the day
following the last dose of MPT, and prednisolone
was subsequently tapered every week. If the high-
grade fever persisted or a reduction in body surface
area (BSA) involvement was not observed after the
last dose of MPT, a course of half-dose methylpred-
nisolone pulse therapy (500 mg/d for 2 consecutive
days) was administered.

No patients died during the follow-up period of 3
months, whereas predicted mortality was 1.6 deaths
according to SCORTEN. In 7 of 8 patients after
initiation of MPT, the mean BSA of epidermal de-
tachment was reduced at day 4, and complete re-
epithelialization was observed in a mean interval
of 127 * 7.5 days (range, 7-28 days). Plasma
exchange was given to 1 patient in whom the BSA
had increased from 70% to 80% and was accompa-
nied by a high-grade fever. Severe bacterial infection,
such as sepsis, pneumonia, and pyelitis, was not
observed during or after MPT. Cytomegalovirus an-
tigenemia was detected in 2 patients at 10 and 25 days
after the last dose of MPT. A 7-day course of ganci-
clovir was given to both patients. Increase in hepatitis
B virus load was detected in 1 patient who was an
asymptomatic carrier.

BSA of detachment lesion (%)

No. Age, Previous Interval Re-epitheliali-zation
y /Sex Diagnosis treatment (day) day* SCOR-TEN' Treatment Day 0 Day 4 Day 7 or 8 day*
1/31/F SIS PSL50 mg/d (3) 10 0 MPT 5 4 2 13
2/66/M SIS Hydrocortisone 5 2 MPT 8 6 1 8
100 mg/d (1)
3/74/M SIS Vlg 20 g/d (3) 3 4 MPT + HD-MPT 8 6 5 28
4/32/F Overlap PSL 30 mg/d (4) 6 2 MPT 15 12 1 8
5/40/F Overlap PSL 60 mg/d (3) 8 2 MPT 15 10 0 7
6/48/M TEN PSL 20 mg/d (4) 5 2 MPT 80 72 10 9
7/48/F TEN PSL 60 mg/d (3) 6 2 MPT + HD-MPT 35 20 5 16
8/70/F TEN PSL 60 mg/d (2) 3 3 MPT=PE 70 80 NA NA

BSA, Body surface area; HD-MPT, half-dose MPT; IVig, intravenous immunoglobulin; MPT, methylprednisolone pulse therapy; NA, not

applicable; Overlap, overlap of Stevens-Johnson syndrome and toxic epidermal necrolysis; PE, plasma exchange; PLS, prednisolone; SCORTEN,
severity-of-iliness score for toxic epidermal necrolysis; SJS, Stevens-Johnson syndrome; TEN, toxic epidermal necrolysis; y, year; =, switched to.

*Between onset of disease and initiation of MPT.
fLevel of serum bicarbonate was not measured.

¥nterval between initiation of MPT and complete re-epithelialization.
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Fig 1. Alterations in cytokine levels. Day 0, Before
methylprednisolone pulse therapy (MPT); Day 4, the
day after the third dose of MPT or last administration of
half-dose MPT, Day 19, mean 19 days (range, 13-28
days) from day 0; IFN, Interferon; IL, interleukin;
TNF, tumor necrosis factor. Cytokine levels were mea-
sured using bead-based multiplexing assays (Luminex
xMAP® technology). *P < .05, *P < .005; compared
with day 0.

Biomarkers (serum interferon [[FN]-vy, tumor ne-
crosis factor [TNFl-¢, interleukin [IL]-6 and IL-10)
were available for 5 of 8 patients. At day 4 after MPT
administration, mean levels of IFN-y, TNF-a, IL-6,
and IL-10 were decreased compared with preadmi-
nistration levels (day 0), but only changes in IFN-y
and IL-6 reached statistical significance. At day 19, a
significant reduction in the mean levels of IFN-v,
TNF-o, and IL-6 was observed compared with
levels before administration-of MPT, while the
mean level of IL-10 was higher than that on day
0, although the difference was not statistically
significant (Fig 1.

The decrease in proinflammatory cytokine levels
suggests that MPT may have contributed to the
survival of these patients with drug-induced
SJS/TEN. Large-scale, prospective, blinded trials
will be required to prove that MPT is effective in
the treatment of SJS/TEN.
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Short- and long-term outcomes of 34 patients with
drug-induced hypersensitivity syndrome in a single
institution

Yukiko Ushigome, MD, Yoko Kano, MD, PhD, Tadashi Ishida, MD, Kazuhisa Hirahara, MD,
and Tetsuo Shiohara, MD, PhD
Tokyo, Japan

Background: Drug-induced hypersensitivity syndrome (DIHS)/drug reaction with cosinophilia and
systemic symptoms (DRESS) is a severe systemic hypersensitivity reaction caused by specific drugs, in
which herpesvirus reactivations and organ dysfunction occur during the course of the disease. Although
recent reports have documented the development of autoimmune disease after complete resolution of
DIHS/DRESS, relatively little is known about long-term outcomes after complete resolution of the disease.

Objective: The aim of this study was to retrospectively analyze complications and sequelae in the early and
late phases of DIHS/DRESS according to treatment.

Metbods: In all, 34 patients were classified into 2 groups: 14 patients with oral corticosteroid treatment;
and 20 with noncorticosteroid treatment. The disease time course was divided into 2 periods: the first 6
months after onset of the drug reaction (early phase); and the period thereafter (late phase). Investigations
to detect the presence of viral/bacterial infectious diseases, organ dysfunction, and autoantibodies were
performed in both early and late phases.

Results: Herpesvirus infections and pneumonia were detected in 6 and 2 patients, respectively, in the
corticosteroid treatment group in the early phase. In the noncorticosteroid treatment group, 2 patients
developed autoimmune diseases, namely lupus erythematosus and autoimmune thyroiditis. Autoantibodies
were detected in 44.4% of patients examined in the late phase of the disease.

Limitations: This study only evaluated a small number of autoantibodies.

Conclusion: The need for anti-inflammatory effects from systemic corticosteroids should be balanced with
the risk of infectious diseases and the benefits of preventing the appearance of later autoimmune

conditions in patients with DIHS/DRESS. (J Am Acad Dermatol 2013;68:721-8.)

Key words: complication; corticosteroid; drug-induced hypersensitivity syndrome; drug reaction; drug

rug-induced hypersensitivity syndrome

of human herpesvirus (HHV)-6."> Reactivation of

reaction with eosinophilia and systemic symptoms; herpesvirus; outcome; treatment; viral reactivation.
(DIHS)/drug reaction with eosinophilia

D and systemic symptoms (DRESS) is a severe

systemic hypersensitivity reaction caused by specific
drugs such as anticonvulsants and allopurinol, and is
characterized by organ dysfunction and reactivation

other herpesvirus, such as Epstein-Barr virus (EBV)
and cytomegalovirus (CMV) may occur during the
course of this drug reaction.*® Despite the complete
recovery from DIHS/DRESS, the development
of autoimmune sequelae such as autoimmune
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thyroiditis, sclerodermoid lesions, type 1 diabetes
mellitus, and lupus erythematosus has been re-
ported.”"* The long-term outcomes of DIHS/
DRESS after complete resolution of the disease are
unclear, because of a lack of long-term follow-up and
the potential development of sequelae after a
disease-free period of several months to years. In
particular, the relationship
between administration of
systemic corticosteroids—a
common  treatment for
DIHS/DRESS—and long-
term outcome is not well
documented. !> Long-term
outcomes may be influenced
by the type and duration of
treatment, herpesvirus reac-
tivation, genetic factors, and
the presence of underlying
disease. To clarify the rela-
tionship between treatment
and outcome in DIHS/
DRESS, we retrospectively
analyzed the complications
and sequelae in the early
and late phases of the disease
in relation to treatments in
patients with DIHS/DRESS
seen at our institution. This study revealed significant
differences in outcomes according to treatment for
DIHS/DRESS.

METHODS
Patients

This study was approved by the institutional
review board of Kyorin University School of
Medicine, Tokyo, Japan. The medical records of 40
patients who had been admitted into our hospital for
DIHS/DRESS between 1998 and 2010 were re-
viewed. All patients satisfied the diagnostic criteria
for DIHS/DRESS proposed by the Japanese Severe
Cutaneous Adverse Reaction Group," and the cul-
prit drug had been discontinued once the diagnosis
was suspected. Patients were excluded from further
analysis if: they were older than 85 years; significant
underlying diseases were present, including heart or
renal failure; previous treatment before visiting our
hospital was unclear; or if the period of observation
and follow-up was less than 1 year after the initiation
of treatment in our hospital. After the exclusion of
ineligible patients based on the exclusion criteria, 34
of the 40 patients given the diagnosis of DIHS/DRESS
were enrolled in the study. Using the RegiSCAR
scoring system proposed by Kardaun et al,’® the 34
cases were classified as either definite or probable.

CAPSULE SUMMARY
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Patients were classified into 2 groups according to
whether they had been treated with oral corticoste-
roids (corticosteroids, n 14; noncorticosteroid
treatment, n = 20). No other immunosuppressive
agents had been administered. The initial oral corti-
costeroid dose was 0.6 to 1.0 mg/kg daily, after
which the dose was gradually tapered. Most patients
required more than 8 weeks
of oral corticosteroids to
achieve complete resolution.
Patients who had received
less than 0.25 mg/kg daily
within 3 days before hospital
admission were not included
in the oral corticosteroid
treatment group. A total of 5
patients in the corticosteroid
treatment group had also re-
ceived intravenous immuno-
globulin (IVIG) therapy, with
a dose of 5 g daily adminis-
tered for 3 to 5 days on de-
tection  of  herpesvirus
reactivation. In the noncorti-
costeroid treatment group, 3
patients had received IVIG
therapy with intravenous
fluids. Two patients were
given doses of 5 g daily for 3 and 5 days, respectively,
and 1 patient who had 1 kidney because of previous
excision of a renal tumor was given a dose of 2.5 g
daily for 3 days. The other 17 patients were given
supportive treatment with intravenous fluids (Fig 1).
Some patients received topical corticosteroids for
symptomatic relief. The type of treatment selected
was based on the clinical judgment of the consulting
dermatologist rather than a predetermined treatment
algorithm.

The clinical features and culprit drugs in each
group are shown in Table I. The respective mean age
was 54.5 = 19.7 and 564 = 15.2 years in the
corticosteroid and noncorticosteroid treatment
groups. The type of culprit drugs and the presence
of underlying disease were not significantly different
between the 2 groups. In most patients, eruptions
started as erythematous macules that enlarged and
became confluent erythematous lesions. Mucosal
lesions were present only in 1 patient in the cortico-
steroid treatment group. Skin biopsy specimens had
been obtained from all patients and histopatholog-
ical examination revealed scattered exocytosis of
mononuclear cells in the epidermis and perivascular
lymphocytic and eosinophilic infiltration in the
papillary dermis in many specimens. Laboratory
data including leukocyte and eosinophil counts,
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Abbreviations used:

ATGA:  antithyroglobulin antibody

ATPOA: antithyroperoxidase antibody

CMV: cytomegalovirus

DIHS:  drug-induced hypersensitivity syndrome

DRESS:  drug reaction with eosinophilia and
systemic symptoms

EBV: Epstein-Barr virus

HHV: human herpesvirus

VIG: intravenous immunoglobulin

C-reactive protein, alanine aminotransferase, and
serum IgG levels in peripheral blood were obtained
before treatment and analyzed to exclude differ-
ences in disease severity between the 2 groups; no
significant differences were observed in any of these
parameters between the 2 groups. The culprit drug
was confirmed using the lymphocyte transformation
test. Positive lymphocyte transformation test results
were obtained more than 1 month after the onset of
the drug reaction in most patients.

Assessment of clinical courses

The disease time course was divided into 2
periods: the first 6 months after the onset of a drug
reaction was regarded as the early phase and the
period thereafter was regarded as the late phase. The
average time period of clinical observation (from
disease onset until end of follow-up) was 53 and 41
months in the oral corticosteroid and noncorticoste-
roid treatment groups, respectively. Investigations to
detect the presence of viral/bacterial infections and
organ dysfunction attributable to DIHS/DRESS were
performed in both the early and late phases. Mild
liver dysfunction and/or erythematous rash com-
monly observed during the course of the disease
were not considered to be complications of DIHS/
DRESS.

Detection of viral reactivation

To detect HHV-6 reactivation, patients with sus-
pected DIHS/DRESS were tested for anti-HHV-6 1gG
antibody titers by fluorescent antibody assays and/or
real-time polymerase chain reaction assays for HHV-
6 DNA loads in peripheral leukocytes, based on
TagMan technology. HHV-6 reactivation was de-
fined as a greater than 4-fold increase in anti-HHV-6
1gG antibody titers or detection of HHV-6 DNA in
leukocytes. In addition, EBVand CMV DNA loads in
peripheral leukocytes were also determined by
means of polymerase chain reaction assays, based
on TugMan technology, during the course of the
disease. DNA loads for herpesvirus were evaluated at
either biweekly or triweekly intervals.
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Detection of antibody

The presence of autoantibodies and increases in
autoantibody levels were also evaluated in both
phases. In some patients, serum was obtained before
treatment and preserved at —80°C for measurement
of autoantibodies including antinuclear antibody,
antithyroglobulin antibody (ATGA), and antithyro-
peroxidase antibody (ATPOA), using a fluorescein-
labeled antibody for determination of antinuclear
antibody levels and radioimmunoassay for measure-
ment of ATGA and ATPOA levels. The aforemen-
tioned antibodies were selected based on
preliminary results that had shown no alterations in
the levels of rheumatoid factor, antitopoisomerase 1,
or antimitochondrial or antithyroglobulin receptor
antibodies in patients’ sera. Autoantibody levels
were measured at intervals of several months in the
majority of patients. Autoantibody levels were com-
pared with those before the initiation of treatment.

Statistical analyses

Laboratory data from the 2 treatment groups were
analyzed using Student ? test. Values of Pless than .05
were taken to indicate statistical significance.

RESULTS

The overall mortality was 8.8%. In the corticoste-
roid treatment group, various infections such as
herpes labialis, herpes zoster, CMV diseases, and
pneumonia were seen in the early phase. Herpes
labialis was detected within 10 days after the onset of
DIHS/DRESS. Herpes zoster occurred in 2 patients
approximately 2 months after the onset of drug
eruptions during corticosteroid tapering, and
1 month after the cessation of corticosteroid therapy
in 1 patient. The cutaneous manifestations of herpes
zoster were mild and resolved without any compli-
cations.”” CMV diseases were noted in 1 patient,
which manifested as gastrointestinal bleeding and
skin ulcers on the back 5 weeks after the onset of
DIHS/DRESS,'® followed by acute respiratory dis-
tress syndrome, resulting in death. Limbic encepha-
litis, possibly associated with HHV-6 reactivation,
occurred 3 weeks after the onset of DIHS/DRESS in
1 patient, and was complicated by syndrome of
inappropriate secretion of antidiuretic hormone.”
Some of the cases mentioned in the current study
have already been published.”®'7*° Most viral in-
fections, including herpes zoster, encephalitis, and
gastrointestinal bleeding, were detected when the
dose of oral corticosteroid was decreased to 25% to
67% of the initial dose. In addition, 2 cases of
pneumonia occurred: 1 patient died of acute respi-
ratory distress syndrome secondary to Preumocystis
Jiroveci pneumonia 2.5 months after the onset of
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DIHS/DRESS (n=40)
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Fig 1. Patient flow diagram. Patients with drug-induced hypersensitivity syndrome (DIHS)/
drug reaction with eosinophilia and systemic symptoms (DRESS) were divided into 2 groups.
Administration of intravencus immunoglobulin (JVIG) was included in each group.

Table I. Patient characteristics

Age, ¥,
Treatment group (No. of cases) mean * SD  M:F

Underlying disease (No. of cases)

Culprit drug (No. of cases)

Corticosteroid (14)

54.5 = 19.7 10:4 Arrhythmia (1), cerebral infarction
(2), colitis (1), convulsion (1),
epilepsy (3), hyperuricemia (1),
neuralgia (1), psychiatric disease

Allopurinol (1), carbamazepine (6),
dapsone (1), mexiletine (1),
phenobarbital (2), phenytoin (1),
salazosulfapyridine (2)

(2), rtheumatoid arthritis (1),

vasculitis (1)
56.4 = 15.2 8:12 Cerebral infarction (3), convulsion
(5), encephalitis/asthma (1),

Noncorticosteroid (20)

Allopurinol (3), carbamazepine (14),
phenobarbital (1), phenytoin (2)

epilepsy (1), hyperuricemia (1),
hyperuricemia/Sjogren syndrome
(1), hyperuricemia/hepatitis
C/renal tumor (1), neuralgia (4),
psychiatric disease (3)

F, Female; M, male.

DIHS/DRESS; and another patient with interstitial
pneumonia developed Crypfococcus pneumonia 8
months after the onset of DIHS/DRESS. In these 2
patients, infectious pneumonia was observed when
the doses of corticosteroid were reduced to 50% and
15% of the initial dose, respectively. Bacterial intra-
muscular abscess occurred in 1 patient when the
dose was decreased to 75% of the initial dose
(Table 1D).

In the early phase of DIHS/DRESS in the non-
corticosteroid treatment group, diffuse alopecia de-
veloped 4 months after the onset of DIHS/DRESS in
1 patient without evidence of thyroid dysfunction,
which persisted for 6 months. Another patient with
gastrointestinal bleeding caused by CMV infection

required emergency endoscopic clipping and ad-
ministration of ganciclovir with IVIG. '8 In contrast to
the corticosteroid treatment group, no bacterial
infections were seen in the noncorticosteroid treat-
ment group in the early phase (Fig 2).

Liver dysfunction was observed in all patients in
the early phase. Severe liver dysfunction (alanine
aminotransferase >300 IU/L) was detected in 8
patients, and in 4 of these 8 patients the corticoste-
roid was administered at the initial dose of 0.8 mg/kg
daily. The others were managed with supportive
treatment monitored by specialists. Liver dysfunction
ameliorated within 80 days in most patients, with
some fluctuations in the levels. No fatal sequelae
were noted in the current study.
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Table II. Onset of complications and corticosteroid treatment doses

Usbigome et al 725

Corticosteroid (prednisolone)

Complication after Dose at onset of
Case No. Age, y/gender Underlying disease Culprit drug treatment Initial dose, mg/d complication, mg/d
1 39/M Psychiatric disease  Carbamazepine HZ 40 10
2 63/M Convulsion Carbamazepine HZ 40 20
3 70/F Cerebral infarction  Phenytoin HZ 40 0
4 69/M Epilepsy Phenobarbital En 60 40
5 74/M Arrhythmia Mexiletine GB — ARDS 50 25 — 20
6 79/M Neuralgia Carbamazepine AC — PP — ARDS 50 40 — 25— 25
7 28/F Epilepsy Carbamazepine 1A 80 60
8 68/M Rheumatoid arthritis Salazosulfapyridine 1P — CP 40 15 — 6%

AC, Acute cholangitis; ARDS, acute respiratory distress syndrome; CP, Cryptococcus pneumonia; En, encephalitis; F, female; GB,
gastrointestinal bleeding; HZ herpes zoster; /A, intramuscular abscess; IP, interstitial pneumonia; M, male; PP, Pneumocystis jiroveci

pneumonia.

*Administration of corticosteroids continued because of rheumatoid arthritis.

Early phase i Late phase
Corticosieroid trentment B
HL i""?
®
g @ ®
® 5 ARDS
8>e
AC PP ARDS DE
’ >® ®
A '
° e——@
Son-corticosteroid tresiment
LE
DE
A A
B AF
A fn A pE}
A a‘s A
Al
e
A A fiz
i i i 1 i /
Onset of 6m 1y 2y Iy 4y 5y
treatment

Fig 2. Complications and sequelae were classified into 2 groups in early and late phases
according to treatment. AC, Acute cholangitis; Al, alopecia; ARDS, acute respiratory distress
syndrome; AT, autoimmune thyroiditis; CP, Cryptococcus pneumonia; DE, drug eruption; En,
encephalitis; GB, gastrointestinal bleeding; HI, herpes labialis; HZ, herpes zoster; IA,
intramuscular abscess; P, interstitial pneumonia; LC, lung cancer; LE, lupus erythematosus;
Pn, pneumonia; PF, Prneumocystis firoveci pneumonia.

In the late phase of DIHS/DRESS in the non-
corticosteroid treatment group, autoimmune dis-
eases developed in some patients. Lupus
erythematosus with severe lupus nephritis devel-
oped in a patient 4 years after the onset of
DIHS/DRESS treated with IVIG alone.? A case of
asymptomatic autoimmune thyroiditis (Hashimoto
thyroiditis) developed in a patient 3 years after the
onset of DIHS/DRESS managed with supportive
treatment alone. In this patient, thyroid stimulation
hormone level increased 10 months after the onset of

- 124 -

DIHS/DRESS, followed by detection of ATGA and
ATPOA. One patient with a normal x-ray result on
admission died of lung cancer 2 years after the onset
of DIHS/DRESS. Drug eruptions were seen in 3
patients, caused by an antibiotic, an antilipemic
agent, and a cold remedy, respectively (Fig 2). The
lymphocyte transformation test levels were positive
in 2 of these 3 cases.

Autoantibodies were more commonly detected in
patients in the noncorticosteroid treatment group,
particularly in the late phase, with 44.4% of patients
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Table II. Detection of autoantibodies

Detection of autoantibody

Frequency
Detected antibodies
(No. of cases)

Treatment group (No. of cases) Early phase Late phase
Corticosteroid (6) 0% (0/6) 16.7% (1/6)
ANA (1)
Noncorticosteroid (10) 20.0% (2/10) 70.0% (7/10)
ANA (2) ANA (2)
ATGA (4)
ATPOA (3)

ANA, Antinuclear antibody; ATGA, antithyroglobulin antibody;
ATPOA, antithyroperoxidase antibody.

Table IV. Herpesvirus reactivations

Viral reactivation, no. of cases

Treatment group HHV-6, HHV-6, HHAV-6,

(No. of cases) EBV, CMV EBV CMV  HHV-6
Corticosteroid (13) 3 2 4 4
Noncorticosteroid (16) 2 7 1 6

CMV, Cytomegalovirus; EBV, Epstein-Barr virus; HHY, human
herpesvirus.

demonstrating autoantibodies. One patient with
positive ATPOA in the corticosteroid treatment
group had a history of rheumatoid arthritis.
Autoantibodies were present in all 3 patients who
had been treated with IVIG alone (Table III). The
respective ranges for antinuclear antibody, ATGA,
and ATPOA detected were 40- to 320-fold, 1.5 to 8.1
U/L, and 1.0 to 19.5 U/L. These autoantibody titers
remained elevated during the study period, with
some fluctuations in the levels.

Herpesvirus reactivations detected during the
course of the disease were classified into 4 groups:
HHV-6, EBV, and CMV; HHV-6 and EBV; HHV-6 and
CMYV; and HHV-6 alone. Our results showed that
CMYV reactivation was detected in more than half of
the patients in the corticosteroid treatment group.
EBV reactivation was more frequently observed in
patients in the noncorticosteroid treatment group
than in the corticosteroid treatment group (Table IV).

DISCUSSION

Little attention has been paid to the long-term
outcomes after complete recovery from DIHS/
DRESS because many difficulties are encountered
in following up with patients who do not seek
medical care during a disease-free period after clin-
ical resolution. This study revealed long-term out-
comes obtained from a substantial number of
patients with DIHS/DRESS who were carefully
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followed up by the same dermatologists in a single
institution.

The prognosis of DIHS/DRESS may be influenced
by age, genetic factors, presence of underlying dis-
ease, viral reactivation, and type of treatment. In
particular, DIHS/DRESS appears to be worse in
elderly patients, whereas younger patients recover
more quickly. In the current study, there was no
significant difference in age between the 2 groups,
and laboratory data obtained before the initiation of
therapy showed no significant differences between
the 2 groups; thus, patient selection bias was unlikely.

Oral corticosteroids remain the mainstay treat-
ment for DIHS/DRESS,"* and a rapid resolution of
symptoms is usually observed within several weeks
after commencement. In this study, various infec-
tions were noted in the corticosteroid treatment
group in the early phase, including herpesvirus
diseases and P jiroveci pneumonia. CMV reactivation
was more commonly detected in the corticosteroid
treatment group, occurring in 53.8% examined. CMV
disease and P jiroveci pneumonia were associated
with delayed recovery and worse outcomes. Based
on our results, most infectious diseases appeared
within 3 months after initiation of the oral cortico-
steroid. As a result, careful follow-up for at least 3
months is recommended to minimize the risk of
unfavorable outcomes in patients with DIHS/DRESS.
The prolonged administration of oral corticosteroids
may be partly responsible for these infections, given
that the corticosteroid dose at 0.8 to 1.0 mg/kg daily
was relatively high and administered over a long
period, with the corticosteroid tapered over 2
months. However, considering the relatively high
doses of corticosteroid used to treat other diseases
such as collagen diseases and systemic vasculitis, it
seems unlikely that corticosteroid alone was respon-
sible for the infections in patients with DIHS/DRESS.
In fact, 1 patient with gastrointestinal bleeding and
skin ulcers caused by CMV disease had not been
treated with oral corticosteroids.'®

Alternatively, the development of infections in
DIHS/DRESS during corticosteroid treatment may be
analogous to the pathomechanisms of immune re-
constitution inflammatory syndrome.?® Diseases in
the early stage of DIHS/DRESS such as herpes zoster,
CMV infection, and P jiroveci pneumonia are similar
to the range of illnesses in patients with AIDS and
immune reconstitution inflammatory syndrome after
highly active antiretroviral therapy.** As infectious
diseases occurred most commonly during cortico-
steroid tapering down to 25%, the dose reduction of
corticosteroids in the setting of DIHS/DRESS might
have contributed to the appearance of these infec-
tious diseases. An awareness of these infectious

=125 -



] AM ACAD DERMATOL
VoLuMt 68, NUMBER S

diseases during tapering will facilitate prompt inter-
ventions in patients with DIHS/DRESS.

The development of autoimmune diseases such
as lupus erythematosus® and autoimmune thyroidi-
tis, along with the presence of autoantibodies, were
observed in the noncorticosteroid treatment group in
the late phase of DIHS/DRESS. Our previous article
reported a patient who developed sclerodermoid
graft-versus-host disease—like lesions treated with
oral corticosteroids and low-dose IVIG in another
hospital.” However, surprisingly, no cases of auto-
immune disease were seen in the corticosteroid
treatment group in the current study, and the ap-
pearance of autoantibodies was uncommon. It has
been shown that IVIG compensates for the de-
creased immunoglobulin concentration, provides
anti-inflammatory effects, and regulates the immune
response in autoimmune diseases. However, accord-
ing to Joly et al,?? IVIG in patients with DIHS/DRESS
can result in severe adverse events, which may
require systemic corticosteroid therapy. In the cur-
rent study, autoantibodies were detected in all 3
patients treated with IVIG. As only a small number of
patients were enrolled in this study, it is difficult to
determine the role of IVIG in the management of
DIHS/DRESS. Further studies on treatment outcomes
and long-term follow-up are thus needed in a larger
patient population. Clearly, further work needs to be
done regarding the link between the onset of
DIHS/DRESS and the occurrence of cancer.

It is unclear why autoimmune diseases develop in
the noncorticosteroid treatment group in DIHS/
DRESS. We have already reported that regulatory T
cells were expanded in the acute stage with normal
functions, whereas regulatory T cells were function-
ally impaired in the resolution stage in patients with
DIHS/DRESS.?® These regulatory T cells most likely
increased the susceptibility of patients with
DIHS/DRESS to autoimmune diseases. However,
autoimmune reactions could not be detected in all
patients with DIHS/DRESS. Impaired regulatory
T-cell function might thus contribute partially to the
development of autoimmune diseases, but other
pathomechanisms might also be responsible for the
appearance of autoimmune reactions. On the other
hand, we speculate that this may be linked to the
EBV reactivation, because EBV shows a unique
characteristic infection pattern of B cells. EBV infec-
tion might be a continuous source of chronic im-
mune stimulation.?® In fact, EBV has been implicated
in the development of autoimmune diseases, such as
lupus erythematosus and multiple sclerosis. % In
the current study, EBV reactivation was more fre-
quently detected in patients in the noncorticosteroid
treatment group, with 56.3% of patients examined,
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This frequency was much higher than that in patients
in the corticosteroid treatment group. In this regard,
we have detected that viral loads of EBV are lower in
the corticosteroid treatment group than in the non-
corticosteroid treatment group, whereas viral loads
of HHV-6 and CMV are higher in the corticosteroid
treatment group than in the noncorticosteroid group
(in preparation by Ishida). These findings may indi-
cate that the pattern of viral reactivations enhanced
by systemic corticosteroids would differ according to
the virus.

Although only limited information could be ob-
tained concerning the detection of autoantibodies,
the frequency of the detection for autoimmune
thyroid antibodies was markedly higher in the non-
corticosteroid treatment group than in the cortico-
steroid treatment group. Considering that EBV
antigens were found in target organs in multiple
sclerosis,”’ the thyroid gland might be one of the
target organs in this setting.

Our findings suggest that patients with DIHS/
DRESS should be monitored for the development of
autoimmune disease including laboratory examina-
tion of autoantibodies, despite clinical symptoms.
The beneficial effects of oral corticosteroids in the
suppression of inflammation and prevention of au-
toimmune disease need to be counterbalanced
against the risk of infection.
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To the Editor,

We previously reported that EP3, a subtype of prostaglandin
E, receptors (EP1-EP4), negatively regulates eosinophilic infiltra-
tion in murine experimental allergic conjunctivitis (EAC) induced
by TLR3, which causes reduced eosinophilic conjunctival inflamma-
tion in TLR3/EP3 double knock-out {(DKO) mice although in EP3-KO
mice eosinophilic conjunctival inflammation is pronounced [1]. We
also documented that in human conjunctival epithelial cells, the
EP3 agonist suppressed the production of cytokines such as CXCL10,
CXCL11, IL6, CCL5, TSLP, and MCP-1 induced by polyl:C, a TLR3
ligand [2]. EP3 was dominantly expressed in conjunctival epithelial
cells [3], airway epithelial cells {4], and keratinocytes [5].

To examine the effects of EP3 against polyl:C-inducible gene
expression in conjunctival epithelium we performed gene expres-
sion analysis of the polyl:C-stimulated conjunctival epithelium in
wild-type, EP3-KO-, and EP3/TLR3 DKO mice.

Balb/c mice were purchased from CLEA (Tokyo, Japan). EP3/TLR3
DKO mice were produced by interbreeding EP3-KO- and TLR3-
KO mice at Kyoto Prefectural University of Medicine [1]. All
experimental procedures were approved by the Committee on Ani-
mal Research of Kyoto Prefectural University of Medicine, Kyoto,
Japan.

For the in vivo analysis of murine conjunctival epithelial cells
we prepared a 100 p.g/ml polyl:C solution in 50% VISCOAT® (Alcon
Laboratories Ltd, Fort Worth, TX)/PBS [6]. The polyl:C solution

Abbreviations: EP3, prostaglandin E receptor 3; TLR3, toll-like receptor 3;
EAC, experimental allergic conjunctivitis; DKO, double knock-out; TSLP, thymic
stromal lymphopoietin; MCP-1, monocyte chemoattractant protein-1; polyl:C,
polyinosinic: polycytidylic acid; Cxcl10, chemokine (C-X-C motif) ligand 10; Rsad2,
radical S-adenosyl methionine domain containing 2; Ifi205, interferon acti-
vated gene 205; Mx1, myxovirus (influenza virus) resistance 1; Cmpk2, cytidine
monophosphate (UMP-CMP) kinase 2, mitochondrial; ligp1, interferon inducible
GTPase 1; Mx2, myxovirus (influenza virus) resistance 2; ligp2, interferon inducible
GTPase 2; Ifit3, interferon-induced protein with tetratricopeptide repeats 3; Gbp5,
guanylate binding protein 5; Cxcl11, chemokine (C-X-C motif) ligand 11; H28,
histocompatibility 28; SIfn8, schlafen 8; Plscr2, phospholipid scramblase 2; Slfn4,
schlafen 4; Usp18, ubiquitin specific peptidase 18; Sectm1a, secreted and transmem-
brane 1A; Qas2, 2'-5' oligoadenylatesynthetase 2; Dhx58, DEXH (Asp-Glu-X-His) box
polypeptide 58; Ccl5, chemokine (C-C motif) ligand 5; Isg15, ISG15 ubiquitin-like
modifier; Oas1g, 2'-5 oligoadenylatesynthetase 1G; Oas1a, 2'-5' oligoadenylatesyn-
thetase 1A.

0165-2478/$ - see front matter © 2013 Elsevier B.V. All rights reserved.
http://dx.doi.org/10.1016/j.imlet.2013.08.010

(each about10pul) was injected subconjunctivally and dropped
into the eyes as described elsewhere [G]. At 6h after the injec-
tion, murine conjunctival tissues were resected and then murine
conjunctival epithelium were detached and collected (Supplemen-
tal methods). Collected murine conjunctival epithelium almost
consisted of epithelial cells (Supplemental Fig. 1). Quantitative
RT-PCR was on an ABI-prism 7000 instrument (Applied Biosys-
tems, Foster City, CA) according to the manufacturer's instructions.
The primers for the murine samples are shown in Supplemental
Table 1. Microarray analysis was with Affymetrix GeneChip® mouse
gene 1.0 ST arrays (Affymetrix, Santa Clara, CA, USA). Through-
out the process we followed Affymetrix instructions (Supplemental
Methods).

Using GeneChip® we first examined the comprehensive effects
of gene expression in polyl:C-stimulated conjunctival epithelium
of wild-type mice. We found that after 6-h stimulation, 31 trans-
cripts were up-regulated more than 10-fold (Supplemental Table
2). Quantitative RT-PCR confirmed that 21 of the 31 transcripts
(Cxcl10, Rsad?2, Ifi205, Mx1, Cmpk2, ligp1, Mx2, ligp2, Ifit3, Gbp5,
Cxcl11, H28, SIfn8, Plscr2, Slfn4, Usp18, Sectmla, Oas2, Dhx58,
Ccl5, Isg15) were significantly (>3-fold) up-regulated. Next, to
identify the transcripts regulated by EP3 we compared the gene
expression of these 21 transcripts in polyl:C stimulated conjunc-
tival epithelium of wild-type and EP3-KO mice by quantitative
RT-PCR. We found that all 21 transcripts were expressed signif-
icantly stronger in polyl:C stimulated conjunctival epithelium of
EP3-KO mice (Fig. 1A). We also confirmed that the mRNA expres-
sion of these 21 transcripts was significantly reduced in polyl:C
stimulated conjunctival epithelium of EP3/TLR3 DKO- compared
to EP3-KO mice (Fig. 1A). Ptger3 was almost undetectable in EP3-
KO and EP3/TLR3-DKO mice as was TLR3 in EP3/TLR3-DKO mice
(Fig. 1B).

GeneChip® analysis also showed that the number of 4 trans-
cripts was more than 5 times greater in polyl:C stimulated
conjunctival epithelium of EP3-KO- than wild-type mice although
in wild-type mice these 4 transcripts were not significantly
up-regulated after 6-h polyl:C stimulation (data not shown). Quan-
titative RT-PCR confirmed that the number of 2 of the 4 transcripts
(Oaslgand Oas1a) was more than 100-fold higher in polyl:C stim-
ulated EP3 KO- than wild-type mice (Fig. 1C).

We found that EP3 suppresses polyl:C-inducible genes in
murine polyl:C stimulated conjunctival epithelium.

Of the 21 transcripts down-regulated by EP3, 13 (Cxcl10, Rsad2,
1fi205, Mx1, ligp1, Mx2, ligp2, Ifit3, Cxcl11, H28, Usp18, Oas2, and
Isg15) are IFN-inducible genes. Our observations on EP3-KO mice
suggest that Oaslg and Oasla are markedly suppressed by EP3;
they also are IFN-inducible genes and we posit that EP3 regu-
lates the IFN-related response. It is of interest that there was no
significant difference between wild-type and EP3/TLR3-DKO mice
with respect to many of the 21 transcripts that were significantly
up-regulated in EP3-KO mice. This suggests that polyl:C-inducible
genes are regulated not only by TLR3 but also by other molecules
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Fig. 1. Expression of transcripts induced by the polyl:C stimulation of conjunctival epithelium of wild-type-, EP3-KO-, and EP3/TLR3-KO mice. Quantification data were
normalized to the expression of the housekeeping gene GAPDH. The Y-axis shows the increase in specific mRNA over unstimulated samples from wild-type mice. Data are
representative of 3 separate experiments and show the mean +SEM from one experiment carried out in 4 mice per group (*p <0.05, **p <0.005, ***p <0.005).

such as MDAS5 and RIG-I. We now know that EP3 suppresses
polyl:C-inducible genes in polyl:C, a TLR3 ligand, stimulated con-
junctival epithelium.

EP3 negatively regulates the eosinophilic infiltration of TLR3-
induced murine EAC [1] and, EP3 and TLR3 were dominantly
expressed in conjunctival epithelial cells [3,7]. In conjuncti-
val epithelium EP3 suppresses polyl:C, a TLR3 ligand, inducible
genes, suggesting that the conjunctival epithelium plays a criti-
cal role in the regulation of allergic conjunctivitis. Okuma et al.
[8] recently reported that dysfunction of epithelial cells by the
disruption of IkB{ induction elicits ocular surface inflamma-
tion via the activation of self-reactive lymphocytes, indicating
that epithelial cells have an important role in the regulation of
inflammation.

Elsewhere [1,8,9] we suggested that the pathogenesis of ocu-
lar surface inflammation such as Stevens-Johnson syndrome with
severe ocular surface complications is associated with anomalies in
innate immune reactions, especially reactions that involve epistatic
interactions between TLR3 and EP3. We think that a lack of bal-
ance between TLR3 and EP3 is involved in triggering ocular surface
inflammation [9].

In summary, we found that EP3 suppressed polyl:C, a TLR3
ligand, inducible genes in polyl:C stimulated murine conjunctival
epithelium. Our findings suggest that EP3 and TLR3 in conjunctival
epithelium play a critical role in regulating ocular surface inflam-
mation.
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A Multicenter, Open-Label, 52-Week Study of 2%
Rebamipide (OPC-12759) Ophthalmic Suspension in
Patients With Dry Eye

SHIGERU KINOSHITA, SAKIAWAMURA, NORIHIRO NAKAMICHI, HIROYUKI SUZUKI, KAZUHIDE OSHIDEN,
AND NORIHIKO YOKOI, ON BEHALF OF THE REBAMIPIDE OPHTHALMIC SUSPENSION LONG-TERM
STUDY GROUP

» PURPOSE: To investigate the efficacy and safety of 2%
rebamipide ophthalmic suspension administered 4 times
daily for 52 weeks in patients with dry eye.

» DESIGN: Multicenter (17 sites), open-label, single-arm
study. '

e METHODS: A total of 154 patients with dry eye were
enrolled in this study. After a 2-week screening period,
patients received 2% rebamipide, instilled as 1 drop in
each eye, 4 times daily for 52 weeks. The signs and symp-
toms measures were assessed at baseline, at weeks 2 and
4, and at every 4 weeks thereafter. The objective signs
were fluorescein corneal staining score, lissamine green
conjunctival staining score, and tear film break-up time,
while subjective symptoms were dry eye-related ocular
symptoms (foreign body sensation, dryness, photophobia,
eye pain, and blurred vision). The safety variable was the
occurrence of adverse events.

e RESULTS: For all objective signs and subjective symp-
toms, the scores significantly improved at week 2
compared with baseline (P < .001, paired t test). Inter-
estingly, further improvements of those scores were
observed at every visit up to week 52. No deaths were
reported, yet serious adverse events that were not thought
to be drug related were observed in 6 patients. The inci-
dence of any of the adverse events did not markedly
increase throughout the 52-week treatment period.

e CONCLUSION: The results of this study show that 2%
rebamipide is effective in improving both the objective signs
and subjective symptoms of dry eye patients for at least
52 weeks. In addition, 2% rebamipide treatment was gener-
ally well tolerated. (Am ] Ophthalmol 2014;157:
576-583. © 2014 Published by Elsevier Ltd.)

Workshop as a multifactorial disease of the tears

D RYEYEISDEFINED BY THE INTERNATIONAL DRY EYE
and ocular surface that results in symptoms of
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discomfort, visual disturbance, and tear film instability,
with potential damage to the ocular surface.' It is estimated
that dry eye affects up to 35% of the human population
worldwide,”” and it has been reported that the disease is
associated with deleterious effects on quality of life>* and
represents a potential substantial economic burden.’ As
the disease is often chronic and thus requires long-term
treatment,’ effective treatments must be tolerable and
maintain their efficacy over a long-term period of use.

In healthy eyes, the ocular surface system functions to
maintain and protect the refractive surface of the cornea.’
In patients with dry eye, however, the disease reportedly dis-
rupts components of the ocular surface, thus resulting in tear
film instability."® The tear film can be destabilized by
decreased tear production, delayed clearance, or altered
tear composition, ultimately leading to inflammation and
exacerbating tear film instability.'

Given the importance of the tear film in maintaining a
healthy ocular surface, the role of mucins has been a recent
focus in dry eye research. Mucins are either expressed on
the membranes of ocular surface epithelia or secreted by
conjunctival goblet cells, and play a role in lubrication
and ocular defense.” Reduced amounts of mucins and
changes in their distribution and glycosylation have been
reported in patients with dry eye,™ indicating that
agents with the ability to increase mucin levels present a
therapeutic option for treating the disease.

Rebamipide (Otsuka Pharmaceutical Co, Ltd, Tokyo,
Japan) is a mucosal protective agent with mucin secreta-
gogue activity and is marketed in Japan as an oral drug
for the treatment of gastric mucosal disorders and gastritis.
It has been reported that rebamipide increases the produc-
tion of mucin-like substances in the cornea and conjunc-
tiva of a rabbit model in which ocular mucin was
decreased by N-acetyleysteine,'® and it has also been
shown to increase the density of periodic acid-Schiff
reagent—positive cells in the conjunctiva of normal rabbit
eyes.'! In addition, rebamipide reportedly increased
MUCI1 and MUC4 gene expression in human corneal
epithelial cells, promoting glycoconjugate production, an
indicator of mucin-like glycoprotein.'* In a randomized,
double-masked, placebo-controlled, 4-week phase I trial,’
rebamipide ophthalmic suspension (1% and 2%) was found

Kawaramachi-dori, Kamigyo-ku, Kyoto 602-0841, Japan; e-mail: k
shigeruk@koto.kpu-m.ac.jp to be significantly more effective than the placebo in
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improving the fluorescein corneal staining score, the liss-
amine green conjunctival staining score, and tear film
break-up time (TBUT), as well as being well tolerated by
the patients and improving their subjective symptoms
(foreign body sensation, dryness, photophobia, eye pain,
and blurred vision), thus providing them with a positive
overall treatment impression.’ In addition, a phase III
study found that 2% rebamipide was effective in improving
the objective signs and subjective symptoms of dry eye.'*
Currently, rebamipide ophthalmic suspension has been
marketed for the treatment of dry eye since 2012 in Japan.

The objective of this present study was to verify the effi-
cacy and safety of 2% rebamipide ophthalmic suspension
for the long-term treatment of dry eye, using objective
and subjective outcome measures evaluated up to 52 weeks.

SUBJECTS AND METHODS

e STUDY DESIGN: This was a multicenter (17 sites), open-
label, single-arm study of the efficacy and safety of 2% reba-
mipide treatment over a 52-week period. The study was
performed in compliance with the tenets set forth in the
Declaration of Helsinki. The study was conducted accord-
ing to Good Clinical Practice Guidelines, and the study
protocol and informed consent were reviewed and
approved by the Institutional Review Boards at 17 Japanese
clinical sites before initiation. In addition, informed con-
sent was obtained from all potential patients prior to under-
going prescreening. The trial was registered at www.
clinicaltrials.gov prior to patient enrollment (clinical trial
identifier: NCT00818324).

The study design included a 2-week screening period for
each patient to minimize the effects of any eye drops that
had been used prior to the screening. During this screening
period, preservative-free artificial tears (Soft Santear;
Santen Pharmaceutical Co Ltd, Osaka, Japan) were admin-
istered 4 times daily. After a baseline examination, eligible
patients underwent the administration of 1 drop of 2% reba-
mipide in each eye 4 times daily for 52 weeks; the use of the
Soft Santear was not allowed during this period. The effi-
cacy examinations were conducted at baseline, at weeks 2
and 4, and at every 4 weeks thereafter up to 52 weeks.

e PATIENTS: Subjects considered eligible for enrollment in
the study were dry eye patients >20 years of age. Other inclu-
sion criteria were as follows: (1) a score of >2 out of a
maximum score of 4 for 1 or more dry eye-related ocular
symptoms; (2) a fluorescein cormeal staining score >3 out of
a maximum score of 15; (3) a lissamine green conjunctival
staining score >5 out of a maximum score of 18; (4) an unanes-
thetized Schirmer test value at 5 minutes of <5 mm or TBUT
<5 seconds; and (5) a best-corrected visual acuity >20/100.
Criteria 2-4 needed to be met in the same eye, but not neces-
sarily in both eyes. Criteria 2 and 5 needed to be met at both
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the screening and baseline examinations, and criteria 1, 3,
and 4 needed to be met at the screening examination.

Patients were excluded from the study if they had ante-
rior ocular disease (such as blepharitis or blepharospasm),
or if they were unable to discontinue the use of eye drops,
currently had a punctal plug or had a punctal plug removed
within 3 months prior to the screening examination, or had
a history of surgical punctal occlusion. Other exclusion
criteria included operation to the ocular surface within
12 months or intraocular surgery within 3 months prior
to the screening examination.

The use of the following was prohibited during the study:
oral rebamipide, ophthalmic drugs (with the exception of
Soft Santear during the screening period), or contact lenses.
In addition, ocular surgery or any other treatment affecting
the dynamics of tear fluid, including its nasolacrimal drainage
process, was prohibited during the study period. Eye drops,
including all prescriptions and over-the-counter drugs, and
other treatments for adverse events were permitted.

e OUTCOME MEASURES: Efficacy. Efficacy was evaluated
with objective and subjective measures. The objective
signs were fluorescein corneal staining score, lissamine
green conjunctival staining score, and TBUT. The subjec-
tive symptoms were dry eye-related ocular symptoms
(foreign body sensation, dryness, photophobia, eye pain,
and blurred vision). All of these parameters were assessed
at baseline and at weeks 2 and 4, then at every 4 weeks
up to week 52, or at discontinuation.

For the fluorescein comneal staining, 5 pL of 2% fluores-
cein solution (provided by the sponsor) was instilled in
the conjunctival sac as the patient was instructed to blink
normally. Corneal staining was examined under standard
illumination using slit-lamp microscopy. As per the NEI/In-
dustry Workshop report,'® the cornea was divided into 5 sec-
tions, each section was given a staining score from 0-3, and
the total score was then calculated. The sponsor provided
each investigator with a set of photographs of the fluorescein
corneal staining to ensure standardization when scoring.

For the lissamine green conjunctival staining, 20 pL of
1% lissamine green solution (provided by the sponsor)
was instilled in the conjunctival sac and the conjunctiva
were divided into 6 sections.'” Conjunctival staining was
evaluated under low illumination by slit-lamp microscopy
and scored from 0-3 for each section using photographs of
lissamine green conjunctival staining provided by the
sponsor. The total score was then calculated.

For the TBUT, 5 L of 2% fluorescein solution was instilled
in the conjunctival sac and slit-lamp microscopy was used for
evaluation. The time from normal blinking to first appearance
of a dry spot in the tear film was measured 3 times.

Dry eye-related ocular symptoms, such as foreign body
sensation, dryness, photophobia, eye pain, and blurred vision,
were examined by questioning each patient. Answers to the
questions regarding the severity of those symptoms were
scored according to the following criteria: 0, no symptoms;
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2% Rebamipide
n (%)

Number of patients treated 154
Number of patients completing treatment 127 (82.5)
Number of patients discontinuing treatment 27 (17.5)
-Discontinuation owing to occurrence of 22 (14.3)
adverse events
-Discontinuation owing to the patient’s wish 1(0.6)
-Discontinuation owing to protocol deviation 2(1.3)
-Discontinuation for other reason 2(1.3)

2% Rebamipide

(N =154) n (%)

Sex

Male 15(9.7)

Female 139 (90.3)
Age

20-49 years 37 (24.0)

50-64 years 53 (34.4)

>65 years 64 (41.6)
Main cause or primary disease of dry eye

Primary Sjdgren syndrome 21(13.6)

Secondary Sjégren syndrome 5(3.2)

Stevens-Johnson syndrome 5(3.2)

Unknown 123 (79.9)
Fluorescein corneal staining score®

3-6 91 (59.1)

7-9 36 (23.4)

10-15 27 (17.5)
Dry eye-related ocular symptoms?®

Foreign body sensation 120(77.9)

Dryness 145 (94.2)

Photophobia 98 (63.6)

Eye pain 90 (58.4)

Blurred vision 88 (57.1)

1, mild symptoms; 2, moderate symptoms; 3, severe
symptoms; 4, very severe symptoms.

Safety. The safety variable was the occurrence of adverse
events, determined at each visit by assessment of physical
signs and symptoms, external eye examination and slit-lamp
microscopy, visual acuity, intraocular pressure, funduscopy,
and clinical laboratory tests. Clinical laboratory tests
included hematology, biochemistry, and urinalysis.
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FIGURE 1. Change from baseline in fluorescein corneal stain-
ing scores and lissamine green conjunctival staining scores
(Top) and tear film break-up time (Bottom) with 2% rebamipide
(OPC-12759) ophthalmic suspension treatment in dry eye pa-
tients over 52 weeks. The scores of fluorescein corneal staining,
lissamine green conjunctival staining, and tear film break-up
time significantly improved at week 2 compared with baseline,
and further improvements were observed at almost every visit
up to 52 weeks. *P < .001 compared with respective baseline,
paired t test. FCS = fluorescein corneal staining; LGCS = liss-
amine green conjunctival staining; SE = standard error;
TBUT = tear film break-up time.

o STATISTICAL ANALYSIS: The efficacy and safety analysis
sets comprised patients who received 2% rebamipide at least
once. Missing efficacy and safety data were treated as
missing data. The eye in which objective efficacy endpoints
were analyzed was determined as follows: (1) if only 1 eye
met the inclusion criteria, this eye was used; (2) if both
eyes met the inclusion criteria, the eye with the higher fluo-
rescein comeal staining score was used; (3) if both eyes had
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