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ABSTRACT

ARTICLE HISTORY

Objective: To describe the relationship between history of atopic disease on systemic and ocular
manifestations of Stevens-Johnson Syndrome/Toxic Epidermal Necrolysis (SJS/TEN).

Methods: Retrospective chart review of patients with SJIS/TEN patients. Those with and without prior
atopic diagnosis were compared.

Results: In total, 200 patients with SJS/TEN were identified. A total of 23 patients also had an atopic
diagnosis. Four, 10, and 18 had atopic dermatitis, allergic rhinitis, and asthma respectively. Acute ocular
severity was significantly worse in the atopic cohort. No significant differences in overall systemic severity
of SJS or mortality were found between the atopic and non-atopic cohorts. Compared to our hospital
system’s general population, prevalence of an atopic diagnosis was significantly higher in those with SJS/
TEN.

Conclusion: Patients with a history of an atopic diagnosis appear to have more significant acute ocular
involvement during their SIS/TEN hospitalization. Atopic conditions appear to occur more frequently in
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the SJS/TEN population compared to the general population.

Introduction

Stevens-Johnson Syndrome and Toxic Epidermal Necrolysis (SJS/
TEN) are severe cutaneous hypersensitivity reactions typically
incited by medications or infections. These disease entities exist
on a spectrum and are characterized by the blistering and slough-
ing of the skin and mucous membranes." SJS is the milder form
with less than 10% of total body surface area involvement, and
TEN is the more severe form with over 30% total body surface area
involvement. SJS/TEN is characterized by acute blisters arising on
macules on the skin and at least two sites of mucous membrane
involvement such as the ocular surface, oral cavity, and genitals.
Symptoms of SJS/TEN include high fever, erythema, erosion,
blisters occurring over the entire body, particularly the eyes,
mouth, vulva and oral cavity'® which can ultimately lead to
death due to concomitant severe complications such as sepsis,
respiratory insufficiency, and multiple organ failure.®

The precise pathomechanism of SJS/TEN is unknown. contro-
versial and efforts are currently underway to elucidate this process.
The involvement of immune mechanisms, altered drug metabo-
lism, and bacterial and viral infections such as Mycoplasma pneu-
moniae and herpes viruses have all been suggested.” SJS/TEN is
considered a type IVc delayed hypersensitivity reaction which is
mediated by T cells.

Type I hypersensitivity reactions, on the other hand, involve
B-cell-mediated IgE release in response to re-exposure to an
allergen. Subsequent exposures cause sensitized mast cells to

degranulate, resulting in the release of factors including hista-
mine, leukotrienes, prostaglandins, and cytokines. Atopy is
a predisposition to respond immunologically to diverse anti-
gens/allergens, and is a Type I hypersensitivity reaction. The
clinical consequence of this is the propensity to develop hyper-
sensitivity reactions to allergens (InSTAT). A history of atopy
has been shown to be associated with more severe disease
courses in COPD, juvenile systemic lupus erythematosus, juve-
nile idiopathic arthritis, and others.®"'* There is also increasing
evidence for the association of atopic conditions with certain
cancers, cardiovascular diseases, infections and neuropsychia-
tric disorders. Atopic diseases have also been associated with
several autoimmune conditions, including dermatologic dis-
eases such as dermatitis herpetiformis, alopecia areata, pem-
phigoid/pemphigus, and psoriasis. No associations between
atopic disease and SJS/TEN have been reported and it is
unknown whether type I hypersensitivity reactions such as
those in atopic conditions are associated with an increased
risk of type IV HSN reactions like SJS/TEN. There are also
no studies evaluating acute ocular disease in these cohorts of
SJS/TEN patients.” The atopic triad, consisting of allergic rhi-
nitis, asthma, and atopic dermatitis, are classic and common
examples of type I hypersensitivity reactions. In this study we
sought to assess the relationship between a history of atopic
disease and the development of SJS/TEN as well as related
ocular disease. To our knowledge, this is the first study of its
kind to investigate this relationship.
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METHODS
Subjects and Study Design

We retrospectively identified patients hospitalized at all Mass
General Brigham hospitals between 1979 and December 2020
with a diagnosis of SJS, SJS-TEN overlap, or TEN. Medical
records were obtained from all Mass General Brigham hos-
pitals with electronic medical records available on Epic.

Patients with a history of SJS, SJS-TEN overlap, or TEN,
and asthma, atopic dermatitis, or allergic rhinitis were iden-
tified using the Research Patient Data Registry (RPDR) tool.
All patients at Mass General Brigham with a history of
asthma, atopic dermatitis, and allergic rhinitis were also
identified to establish a baseline frequency of these diag-
noses. Diagnosis of SJS/TEN was confirmed with clinical
confirmation by the dermatology or burn service including
evaluation of skin biopsy. Diagnosis of asthma, atopic der-
matitis, and allergic rhinitis were clinically confirmed with
chart review indicating history of each respectively per
guidelines from the American Academy of Family
Physicians, U.K. Working Party’s Diagnostic Criteria, and
the American Academy of Otolaryngology-Head and Neck
Surgery, respectively.'' "> Once diagnoses were confirmed,
cohorts included SJS/TEN and: asthma; atopic dermatitis; or
allergic rhinitis. Eighteen, four, and ten patients were iden-
tified respectively. Comparative prevalence of the presence
of atopic conditions in the SJS/TEN population against the
general MGB population was calculated.

Acute Ocular Severity Scores

The acute phase of disease was defined as the interval
between onset of initial skin lesions and 1 month after
their development. We have previously described acute
ocular grading and treatment.'* Scores ranged from 0 to
3, depending on the presence of conjunctival, corneal, and
eyelid margin disease. The worst acute ocular severity
score during the acute phase of the initial SJS/TEN admis-
sion was the primary ocular outcome of interest.

Statistical Analysis

All data analyses were performed using R 4.0.2 (R Core
Team, 2020). The means and standard deviations are pre-
sented for ordinal variables. Odds ratios are presented as
proportions. Kruskal-Wallis tests were performed to assess
the relationship of coexisting asthma, atopic dermatitis, and
allergic rhinitis on the severity of the acute ocular severity
scores. Statistical significance was defined as p < .05.

RESULTS
Patient Characteristics

Patient demographics and characteristics of systemic dis-
ease are summarized in Table 1. The mean age at the time
of SJS/TEN diagnosis within the atopic cohort was

Table 1. Demographic data for atopic vs. nonatopic SIS/TEN patients.
Atopy in SJS/TEN  Non-atopic SIS/TEN Controls p

n 23 177% -
Age 38.1 227 479+ 226 0.0751"
Male (n) 9 71 0.6553"
Ethnicity
Hispanic 1 12 1
Non-Hispanic 22 148 0.2213
Unknown 0 17 0.2280
Spectrum
SJS 9 76 0.503*
SJS-TEN Overlap 4 25 1#
TEN 10 54 0.4868"

Kruskal-Wallis test; *Fisher's Exact test
SJS/TEN = Stevens Johnson syndrome/toxic epidermal necrolysis

Table 2. Inciting agents for SJIS/TEN in atopic vs nonatopic SJIS/TEN patients.
Atopy in SJS/ Non-atopic SJS/TEN

TEN Controls p
n 19 128 -
Antibiotics 7 49 1
Bactrim 4 32 1
Penicillins/Beta- 1 4 0.5046
Lactams
Macrolide 0 4 1
Cephalosporins 1 4 0.5046
Fluoroquinolone 0 3 1
Vancomycin 1 1 0.2426
Tetracycline 0 0 1
Clindamycin 0 1 1
Age, years 41.71 49.86 0.3948
Analgesics 3 18 0.7366
Acetaminophen 0 4 1
NSAIDs 3 14 0.4628
Age, years 21.54 31.53 0.3149
Antiepileptics 3 24 1
Lamotrigine 3 17 0.7248
Phenytoin 0 2 1
Carbamazepine 0 5 1
Age, years 26.36 41.33 0.4875
Allopurinol 0 7 0.5952
Unknown 1 9 1

Note smaller sample size as only patients with one reported most likely etiology
were included in this analysis
SJS/TEN = Stevens Johnson syndrome/toxic epidermal necrolysis

numerically lower at 38.1 + 22.7 compared to
47.9 + 22.6 in the non-atopic control group however this
difference was not found to be significant (p = .0751).
Additionally, sex and frequency of presentation with SJS,
SJS-TEN Overlap, or TEN was not found to be signifi-
cantly different between groups.

Causative agents were not found to be more signifi-
cantly clustered in the atopic cohort versus control.
Patients were included only if one or no known causative
agent was implicated in the development of SJS/TEN.
Nineteen atopic patients and 128 control patients of the
original cohorts were included for this analysis.
Furthermore, when agents were grouped into larger cate-
gories including antibiotics, analgesics, and antiepileptics,
no significant differences in the frequency of inciting SJS/
TEN or age at time of diagnosis were noted. These find-
ings are summarized in Table 2.



Table 3. Acute ocular severity and mortality is atopic vs non-atopic SJS/TEN
patients.
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Table 4. Relative prevalence of atopy in the SJS/TEN population versus the
general patient population within MGB; ™ statistically significant at a < 0.05.

Atopic SJS/TEN Non-atopic SJS/TEN SJS/TEN
Patients Controls General MGB at MGB, Prevalence
N=23 N =177 p Population, n n Ratio p
Acute Ocular Severity 1.652 + 1.265 1.000 + 1.032% 001544+ 6,452,461 200 - -
Score Atopy (atopic dermatitis, 131,874 23 5.75 <0.0001F
Acute Mortality 1/23 (5.35%) 31/177 (17.51%) 0.1352 allergic rhinitis, or

SJS/TEN = Stevens Johnson syndrome/toxic epidermal necrolysis
*155 patients were included in the control AOS score calculation due to avail-
ability of AOS scores

Acute Ocular Outcomes

Summarized results of acute ocular outcomes are found in
Table 3. Twenty-three unique patients with atopic condi-
tions and confirmed history of SJS/TEN were included
from the initial RPDR population search. Of these patients
with SJS/TEN, four had prior history of atopic dermatitis,
ten had allergic rhinitis, and eighteen had asthma. The
total number of patients overall reflects a smaller number
than the sum of the three subgroups as several patients
had history of a combination of the atopic conditions.
One hundred seventy-seven SJS/TEN patients without his-
tory of any of the atopic conditions were additionally
included to serve as a control group, of which 155 had
AOS scores available for comparative analysis of ocular
outcomes.

The cohort of unique patients with any atopic condi-
tion had a significantly higher mean AOS score of 1.652 as
compared to 1.000 (p = .0154, Table 2). All patients had
undergone treatment including amniotic membrane trans-
plantation based on a previously described protocol.'?
Patients who did not receive protocol treatment were not
included in analysis.

Acute Mortality

The number of patients and corresponding rates of acute
mortality in atopic versus nonatopic SJS/TEN patients dur-
ing the initial hospitalization for SJS/TEN are summarized
in Table 3. One patient out of 23 from the atopic cohort
and 31 patients out of 177 from the control cohort died
acutely. Though acute mortality was found to be lower in
the atopic cohort, this finding was not statistically
significant.

Relative Prevalence of Stevens-Johnson Syndrome/Toxic
Epidermal Necrolysis according to Atopic Triad
Constituent

The comparative prevalence of atopic dermatitis, allergic
rhinitis, and asthma between the SJS/TEN population and
the general MGB population are shown in Table 4. The rates
of atopic conditions occurred at significantly higher rate
within our SJS/TEN population compared to the MGB popu-
lation overall. Incidence rates could not be calculated in this
non-longitudinal study.

asthma), n

MBG = Mass General Brigham; SJS/TEN = Stevens Johnson syndrome/toxic
epidermal necrolysi

DISCUSSION

SJS/TEN is considered a type IVc hypersensitivity reaction.'® It
is most commonly caused by the introduction of an inciting
medication but may develop idiopathically, by inflammatory
conditions, or infection.'"** Type I hypersensitivity reactions
such as atopic diseases are associated with other autoimmune
diseases but such a relationship has not been described in the
setting of SJS/TEN. The effect of atopic disease on the severity
of ocular disease has also not been described. We have found
a significantly increased prevalence of history of atopic disease
among patients with SJS/TEN compared to our controls. Peak
acute ocular severity in patients with SJS/TEN was also worse
in those with a history of atopic disease.

The literature is mixed on the detrimental versus protective
effect of atopy on various conditions. Linos et al. reported on
the relationship between atopic dermatitis and the development
of gliomas and reported a lower incidence of tumor develop-
ment in those with a history of atopic dermatitis.”»** They
postulated this may be due to the hyperactive immune system
mitigating the proliferation of cancerous cells. A review of the
literature by Wang et al. corroborated this finding by describing
the apparent protective role of atopy on the development of
various types of cancer, ranging from brain to colorectal.”®

However, atopy may be a risk factor for disease severity and
extrapulmonary manifestations in children with mycoplasma
pneumonia which is on the spectrum of SJS/TEN disease when
associated with mucositis.”® IgE-mediated mechanisms have
been implicated in multiple diseases with an autoimmune
component. For example, pemphigus vulgaris, an autoimmune
bullous skin disease, is known to primarily be caused by auto-
IgG against desmoglein 3; however, it was noted by Nagel et al.
that patients with elevated IgE levels were observed to have
more exaggerated acute onset of disease when compared
against those with lower levels.”” We do not have IgE data on
our patients but a history of atopy might serve as a proxy for
elevated IgE. The literature on atopy, IgE, and SJS/TEN is
sparse. One case report describes a case of TEN due to cef-
triaxone and subsequent acute IgE mediated skin hypersensi-
tivity to an extended spectrum penicillin. The patient had
a history of atopic skin disease and rhinitis preceding his
hospitalization for TEN. The authors commented that though
the history of atopy by itself does not seem to be an indepen-
dent risk factor for antibiotic allergy, it may predispose patients
to more severe and even fatal reactions in the event of anaphy-
laxis. IgE levels during the TEN episode were not mentioned.*®
Another case report described successfully treating a patient
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with TEN secondary to levofloxacin with pulse prednisolone
and an anti-IgE monoclonal antibody, omalizumab. Pulsed
steroid has been shown to provide an ocular and mortality
benefit in SJS/TEN and it is unclear how, if at all, the effects
of the steroid versus omalizumab were differentiated.***°
There are no studies on the levels of IgE in SJS/TEN in the
literature and future studies are needed to establish
a relationship between IgE levels and severity of systemic and
ocular disease in SJS/TEN.

The atopic triad was chosen as a proxy to represent type
I hypersensitivity as each of its components (atopic dermatitis,
allergic rhinitis, and asthma) have an established IgE-mediated
component in their pathogenesis.® Our hypothesis was that
patients with a history of any atopic condition would be at
higher risk for subsequent development of SJS/TEN and may
go on to develop more severe acute disease manifestations. Our
data demonstrated a significantly higher prevalence of atopy
within the SJS/TEN population compared to the general MGB
population. We compared prevalence within the MGB system
rather than against national statistics as patients within the
MGB system are likely uniquely different than those of the
general population. The significance of higher prevalence of
atopy within the SJS/TEN cohort is unclear and the interplay
between types I and IV hypersensitivities has not been exten-
sively studied. The pathogenesis for atopic triad is well-
described involving Th2 cell-mediated inflammation and sub-
sequent secretion of cytokines. There may be an overlap
between the cytokine profiles of atopic disease and SJS that
may explain the link between the two diseases seen here in our
study. IL-8 and IP-10 are cytokines that have been found to be
elevated in the tears of patients of SJS and also in skin lesions of
patients with atopic dermatitis and psoriasis. Other interleu-
kins, such as IL-13 have been found to be elevated in skin
lesions of both atopic dermatitis and SJS/TEN patients, but
not in tears.>?"***"*132°2 In our study, while ocular severity
was correlated with history of atopy, severity of systemic dis-
ease and mortality were not. It may be that the differential
expression of cytokine profiles on the ocular surface vs sys-
temically plays a role in the severity of ocular disease in those
with a history of atopy.

Acute ocular involvement was noted to be significantly
worse at its peak in the atopic population compared to non-
atopic controls. While chronic ocular disease was not investi-
gated in this study, we have previously shown that worse acute
ocular disease in SJS/TEN leads to worse chronic outcomes.'*
While established protocols have shown success in mitigating
the severity of disease in SJS/TEN in general, we are unsure of
how a history of atopic disease should affect acute-stage treat-
ment. Further studies on this cohort alone are needed to
modify current accepted treatment practices in addition to
clarifying the role of IgE mediated disease in exacerbating
SJS/TEN severity and outcomes.

There are several limitations to this study. First is the inher-
ently small sample size given the rarity of this disease. While
AOS was found to be significantly different between atopic and
non-atopic SJS/TEN patients, the nonsignificant results for
other variables may be due to low sample size or may truly
reflect no differences between groups. Certain variables, such
acute mortality had clinically significant group differences but

were not statistically significant. Larger multi-center studies
may further elucidate this relationship. Secondly, the patient
population at MGB is likely unique compared to that of the
general population and it is unknown how that affects our
outcomes and how applicable they are to other populations.
However, even between the SJS/TEN subset of patients with
atopic disease versus no atopic disease, who followed the same
treatment protocol, acute disease was significantly different
between the two groups. Our study also does not quantitatively
assess active atopic disease in the form of IgE measurement or
history of most recent episode, and relies on history as docu-
mented in the medical record. Still, this is the first study to
investigate the possible role of atopic disease in SJS/TEN.

A history of atopic disease in the form of components of the
atopic triad appear to be more common in patients with SJS/TEN
than those of the general hospital population. While SJS/TEN and
atopic disease are different types of hypersensitivity reactions, the
development of one may influence the other. More severe ocular
disease is also seen in SJS/TEN patients with a history of atopic
disease but further study is needed to understand how this impacts
acute treatment. Next steps include investigating the effect of the
presence of atopy on the timing of peak systemic and ocular
symptoms as well as serial measurements of serum IgE and other
immune mediators.”"*>
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