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ABSTRACT

Stevens-Johnson syndrome (SJS) and toxic epidermal necrolysis
(TEN) are potentially life-threatening cutaneous and mucosal
adverse reactions to drugs. Nevertheless, the connection to anti-
cancer agents remains unclear. To provide insight into the asso-
ciation of such adverse reactions with anticancer agents, we
analyzed the profile of anticancer agent-induced SJS and TEN in
the Japanese population. Of the 9,738 SJS/TEN events recorded
in a database of spontaneous reporting data, 485 (5%, further
categorized as SJS, 384 events, 79%; TEN, 101 events, 21%) were
identified as anticancer agent-induced, and 53 of these (11%)

were fatal. Multivariate logistic regression analyses indicated
that, compared with patients using other drugs, those using
anticancer drugs had lower incident risk of death (hazard ratio
[HR], 0.592; p = .0006), longer median time to onset of SJS/TEN
(18 vs. 11 days; p < .0001; multivariate Cox regression: HR,
0.66; p < .0001), and a higher likelihood of developing SJS/TEN
later than 70 days after initiation of the suspected causal agent
(15% vs. 7%; p < .0001), highlighting the need for vigilance and
continuous monitoring for SJS/TEN in patients treated with anti-
cancer agents. The Oncologist 2019;24:266–272

Implications for Practice: Life-threatening skin toxicities induced by anti-cancer agents indicated significantly lower inci-
dent risk of death and longer time to onset of symptoms than for those induced by other drugs.

INTRODUCTION
Stevens-Johnson syndrome (SJS) and toxic epidermal necro-
lysis (TEN) are characterized by high fever, with cutaneous
and mucosal blisters [1,2]. The reported incidence varies
from 1.2 to 6 and from 0.4 to 1.2 cases per million patient-
years for SJS and TEN, respectively [3]. Despite their rare
occurrence, both SJS and TEN often accompany complica-
tions involving other organs such as the liver, kidney, gastro-
intestinal tract, and respiratory tract [4]. Overall mortality
remains significant, ranging from 1% to 12% and from
14.8% to 46% for SJS and TEN, respectively [5–8]. Therefore,
SJS and TEN are considered potentially life-threatening skin
toxicities with significant impact on public health [5, 6, 9].

Although many casual factors, such as infection, vaccination,
and chemical exposure, are known to cause SJS/TEN [10,11],
drug exposure remains the most common cause [12], and over
200 drugs have been reported to be associated with SJS or TEN
[13]. Frequently suspected drugs include sulfonamide antibiotics,

anticonvulsants, nonsteroidal anti-inflammatory drugs, allopuri-
nol, and corticosteroids [14–16]. Although anticancer agent-
induced SJS and TEN have also been reported, there have been
few systematic analyses of the reported cases [17]. Given the
increasing incidence of cancer and the development of new
treatments, the demand for cancer pharmaceuticals is expected
to more than double over the next 10 years [18]. Consequently,
it is of great relevance to understand anticancer agent-induced
conditions, including life-threatening skin toxicities.

To achieve this aim, we reviewed the spontaneous reporting
data collected in the Japanese Adverse Drug Event Report
(JADER) database, maintained by the Pharmaceuticals and Medi-
cal Devices Agency (PMDA), which is a Japanese regulatory
agency. The JADER database contains information on adverse
drug reactions, organized according to four categories: demo-
graphics, drugs, drug-induced adverse reactions, and disease.
Using this database, we identified drugs suspected of causing SJS
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or TEN and analyzed the spontaneous reporting data-based pro-
file of SJS and TEN potentially associated with anticancer agents.

MATERIALS AND METHODS

This study was approved by institutional review board and human
research ethics committee. We downloaded data from the PMDA
website (http://www.info.pmda.go.jp/fukusayoudb/CsvDownload.
jsp) and collected the following information: report identification
number, age, sex, skin toxicity type (SJS/TEN), time to onset of skin
toxicity symptoms, outcome, and names of the drugs and their
indication (reason for use). Among the suspected causal agents,
anticancer agents were identified based on the name and indica-
tion of the drug. According to the Japanese guidelines for TEN
management, patients with skin and/or mucous membrane
detachment over 10% of the body surface area were diagnosed as
having TEN [19]. In the present study, patients with epidermal
necrolysis over 10%–30% of the body surface area were also con-
sidered to have SJS/TEN, because the definitions of SJS and TEN
overlap for such cases. A total of 289,494 reports were filed to the
JADER database between April 2004 and December 2013 (based
on the identification number). Among the reports filed in this
period, 9,738 were identified to describe SJS/TEN events. The

frequencies and descriptive statistics of relevant demographic and
clinical variables were summarized. Using the t test and Fisher’s
exact test, respectively, the distribution of values for continuous
and discrete variables were compared between patients receiving
anticancer agents and those receiving other drugs. Of the 9,738
records of SJS/TEN events identified, only 8,921 contained all data
of interest and were eligible for inclusion into our multivariate
regression analysis. The time to onset of symptoms of life-
threatening skin toxicities was compared between the two groups
(i.e., patients receiving anticancer agents vs. those receiving other
drugs) using multivariate Cox regression analysis adjusted for age
and sex. The relationship between death and potential risk factors,
including age, sex, and time to onset of SJS/TEN, was examined
based on the results of the multivariate logistic regression analysis.
A two-sided p < .05 was considered to indicate statistical signifi-
cance. All analyses were performed using SAS version 9.3 (SAS
Institute Inc., Cary, NC).

RESULTS

Patient Demographics
We collected clinical information pertaining to 9,738 events of
drug-induced life-threatening skin toxicity (SJS/TEN; Table 1).

Table 1. Clinical information regarding 9,738 events of drug-induced life-threatening skin toxicity

Variable Total, n (%) Anticancer agent-induced, n (%) Other etiologies, n (%) p value

Total 9,738 485 9,253

Age group, years <.0001

<10 575 (6) 5 (1) 570 (6)

10–19 405 (4) 2 (0.5) 403 (4)

20–29 696 (7) 14 (3) 682 (7)

30–39 986 (10) 11 (2) 975 (11)

40–49 902 (9) 41 (8) 861 (9)

50–59 1,594 (16) 92 (19) 1,502 (16)

60–69 1,952 (20) 155 (32) 1,797 (19)

70–79 1,717 (18) 134 (28) 1,583 (17)

≥80 911 (9) 31 (6) 880 (10)

Sex .0002

Male 4,594 (47) 268 (55) 4,326 (47)

Female 5,139 (53) 216 (45) 4,923 (53)

Time to onset of symptoms, days

Median (95% CI) 18 (17.0–21.0) 11 (10.0–11.0) <.0001

<70 8,257 (93) 394 (85) 7,863 (93) <.0001

≥70 666 (7) 70 (15) 596 (7)

Outcome .0003

Recovered 3,456 (35) 178 (37) 3,278 (35)

Recovering 3,746 (38) 216 (45) 3,530 (38)

Not recovered 409 (4) 25 (5) 384 (4)

Recovered with sequelae 484 (5) 7 (1) 477 (5)

Fatal 1,329 (14) 53 (11) 1,276 (14)

Unknown 314 (3) 6 (1) 308 (3)

Skin toxicity <.0001

SJS 6,147 (63) 384 (79) 5,763 (62)

TEN 3,591 (37) 101 (21) 3,490 (38)

Abbreviations: 95% CI, 95% confidence interval; SJS, Stevens-Johnson syndrome; TEN, toxic epidermal necrolysis.
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A total of 485 events (5%) were identified as being anticancer
agent-induced (anticancer agent group), with 384 (79%) and
101 (21%) patients presenting with SJS and TEN, respectively.
Among the 9,253 patients with skin toxicity of other etiologies
(non-anticancer agent group), the incidence of SJS and TEN
was 62% and 38%, respectively. Of the 1,329 SJS/TEN events
(14%) that were fatal, 53 events were associated with antican-
cer agent-induced toxicity (53/485, 11%).

In terms of affected age groups, the highest prevalence
of drug-induced skin toxicity was noted among patients
aged 50–79 years, and this trend did not differ between
the anticancer and non-anticancer agent groups. On the
other hand, in patients younger than 50 years or older than
80 years, SJS/TEN was less likely to be induced by antican-
cer agents than by other drugs (Fig. 1). As for anticancer
agent-induced SJS/TEN, 78% of adverse reactions occurred
in patients aged between 50 and 79 years, and only 6%
occurred in patients older than 80 years.

Finally, there was a slight predominance of male
patients in the anticancer agent group (male vs. female
patients, 55% vs. 45%), whereas the opposite was noted in
the overall cohort and in the non-anticancer agent group
(47% vs. 53%, respectively, in both cases).

Association Between Patient Demographics
and SJS/TEN Outcomes
The median interval of time from first drug intake to symp-
tom onset was significantly longer in the anticancer than in
the non-anticancer agent group (18 vs. 11 days, p < .0001).
The trend remained statistically significant on multivariate
Cox regression analysis (hazard ratio [HR], 0.66; p < .0001;
Fig. 2A) and was valid for the overall cohort as well as for
the subcohorts (SJS, Fig. 2B; TEN, Fig. 2C). Moreover, the
proportion of patients who developed SJS/TEN later than

70 days after initiation of the suspected causal agent was
significantly higher in the anticancer than in the non-
anticancer agent group (15% vs. 7%, p < .0001; Table 1).

Multivariate logistic regression analysis showed that
the incident risk of death was significantly lower in the
anticancer than in the non-anticancer agent group (HR,
0.592; p = .0006; Table 2). Additionally, this risk tended to
be lower in female patients than in male patients (HR,
0.78), as well as in patients for whom the median time
interval between the first drug intake and the onset of
symptoms was less than 4 days. However, these trends
were not statistically significant (Table 2). Finally, the prev-
alence of death was higher for TEN than for SJS in every
age group (Fig. 3A; TEN: 28/99 cases, 28.3%; SJS: 29/371
cases, 7.8%; overall, p < .001).

Although the incidence of SJS/TEN among patients older than
80 years was only 6% (Table 1), the death rate in this age group
was significantly higher than that noted in patients younger than
80 years, regardless of the type of skin toxicity (SJS: 35% vs. 5.8%,
p < .0001; TEN: 73% vs. 23%, p = .0005; Fig. 3B).

Drug Characteristics Potentially Associated
with SJS/TEN
The list of anticancer drugs potentially associated with
SJS/TEN is provided in supplemental online Table 1. Infor-
mation regarding the treatment duration for each drug is
also included. Among the conventional cytotoxic agents
and novel targeted agents reviewed, the highest number of
SJS/TEN events was noted for tegafur-uracil (n = 76), fol-
lowed by interferon-alpha and sorafenib tosylate.

DISCUSSION

Our finding that the time to onset of symptoms was signifi-
cantly longer for events induced by anticancer agents than for
those induced by other drugs indicates the need for increased
vigilance and continuous monitoring for SJS and TEN in
patients treated using anticancer agents. Although the algo-
rithm for assessment of drug causality in SJS/TEN (ALDEN)
suggests that late events are unlikely to be caused by the
long-term use of the drug [20], every suspected causative drug
should be withdrawn when SJS or TEN occurs, as early with-
drawal of the causative drug is known to be associated with
improved prognosis [5]. Therefore, when SJS/TEN occurs in a
patient treated with an anticancer agent, the drug should be
withdrawn or the treatment should be adapted, even when
such changes in the cancer treatment protocol might lead to
disease progression. However, it might sometimes be difficult
to stop the treatment of patients with cancer, especially when
there is reduced likelihood that the anticancer agent is indeed
a causal agent. As no ALDEN-related data were included in the
present study, further studies are warranted to determine
whether or not ALDEN can also be applied to SJS/TEN induced
by anticancer agents.

We found that the incidence of SJS/TEN associated with
anticancer agents was 1.24 times higher in male patients
than in female patients, whereas the incidence of SJS/TEN
associated with other drugs was 1.14 times higher in
female patients than in male patients (p = .0002; Table 1).
One possible reason for this discrepancy may related to

Figure 1. Relationship between age and the prevalence of life-
threatening skin toxicities. The cohort included patients with
Stevens-Johnson syndrome or toxic epidermal necrolysis
(n = 9,738). Age groups are defined in 10-year bands or age of
more than 80 years. The highest prevalence of drug-induced
skin toxicity was noted among patients aged 50–79 years, both
among patients receiving anticancer agents and among those
receiving non-anticancer therapeutics. In this cohort of
patients with drug-induced life-threatening skin toxicity, an
anticancer agent was identified as the causative drug in 5.8%,
7.9%, and 7.8% of patients aged 50–59, 60–69, and 70–79
years, respectively, compared with only 3.4% and 2.0% of
patients aged above 80 years or below 50 years, respectively.
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Figure 2. Time interval between first drug intake and onset of symptoms of skin toxicity. Data are provided for the overall cohort
showing drug-induced skin toxicity (A), as well as for the subcohort with SJS (B) and that with TEN (C). The cumulative incidence
curve was obtained using Cox proportional-hazards regression analysis. In each cohort, the anticancer agent group showed signifi-
cantly longer time to onset than that noted in the non-anticancer agent group.
Abbreviations: HR, hazard ratio; SJS, Stevens-Johnson syndrome; TEN, toxic epidermal necrolysis.

Table 2. Prognostic factors for anticancer drug-induced skin toxicity

Univariate analysis Multivariate analysis

Variable n Odds ratio (95% CI) p value Odds ratio (95% CI) p value

Age group, yearsa

<10 4 1 1

10–19 2 1.802 (0.013–254.066) .8157 1.709 (0.012–244.368) .8324

20–29 14 0.31 (0.004–24.783) .6006 0.388 (0.005–30.627) .6711

30–39 11 0.391 (0.005–32.077) .6764 0.443 (0.005–35.791) .7163

40–49 38 1.174 (0.039–35.701) .9267 1.332 (0.044–40.564) .8695

50–59 87 0.6 (0.02–17.622) .7671 0.708 (0.024–20.535) .8406

60–69 144 1.398 (0.052–37.971) .8422 1.598 (0.06–42.835) .7801

70–79 132 0.771 (0.028–21.494) .8785 0.916 (0.033–25.299) .9588

≥80 31 7.457 (0.264–210.913) .2387 7.718 (0.276–216.121) .2294

Sexa

Male 262 1 1

Female 201 0.732 (0.405–1.324) .3021 0.789 (0.429–1.452) .4463

Time to onset, daysa

<4 18 1 1

4–10 97 6.943 (0.369–130.738) .1957 4.977 (0.269–91.939) .2808

11–24 152 3.869 (0.206–72.817) .3662 3.543 (0.193–64.959) .3939

≥25 196 5.005 (0.271–92.484) .2791 4.116 (0.229–74.116) .3374

Anticancer agents

No 8,458 1 1

Yes 463 0.754 (0.562–1.013) .061 0.592 (0.438–0.8) .0006

aThese analyses were based on 463 reports regarding patients treated with anticancer drugs.
Abbreviation: CI, confidence interval.
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sex-specific differences in the incidence of cancer, with the
prevalence estimated to be 1.4 times higher in male
patients than in female patients [21]. In other words, it is
more likely that patients receiving treatment with antican-
cer agents are male. Moreover, the age group of 50–79
years accounted for 78% of the incidence of SJS/TEN asso-
ciated with anticancer agents recorded over the course of
the studied period (2004–2013), which is consistent with
the estimated contribution of this age group to the overall
cancer incidence in Japan (70%) [21]. These findings sug-
gest that the incidence of SJS/TEN might increase with the
number of patients with cancer because such patients are
treated with anticancer drugs, which may act as causal
agents for SJS/TEN.

Meanwhile, we found that the incidence of SJS/TEN in
patients with cancer older than 80 years accounted for only
6% of the overall incidence of SJS/TEN among patients
treated with anticancer agents; this is lower than the inci-
dence of cancer among individuals aged above 80 years,

which is estimated to account for approximately 25% of
the overall incidence of cancer [21]. It is well recognized
that treatment with anticancer agents is occasionally asso-
ciated with severe side effects [22], and advanced age is
considered a risk factor for increased toxicity [23] and mor-
tality [24], which is consistent with the findings of the cur-
rent study (Fig. 3A and 3B). Moreover, the lack of
evidence-based information and the fear of toxicity associ-
ated with anticancer treatment in elderly patients is
expected to negatively impact on the oncologist’s decision
to refer elderly patients for treatment with anticancer
agents [25]. Hence, the proportion of patients treated with
anticancer agents might not correlate with the higher inci-
dence of cancer seen in patients older than 80 years of
age. Therefore, the lower incidence of drug-induced
SJS/TEN in elderly patients (≥80 years) treated with anti-
cancer agents may be due to a reduced chance for such
patients to be indicated for treatment with anticancer
agents. However, more information from prospective stud-
ies is needed for accurate evaluation of the factors under-
lying the prevalence of SJS/TEN associated with anticancer
agents in elderly patients.

The present finding that the incident risk of death was
significantly lower in the anticancer than in the non-
anticancer agent group might be related to the relative
incidence of SJS compared with that of TEN, which was
higher in the anticancer than in the non-anticancer agent
group and which corresponds to the relative death rate
associated with life-threatening skin toxicities, which is
higher for TEN than for SJS [5, 6, 9, 26]. In addition, as it is
already known that early withdrawal of the causative drug
is associated with better prognosis [5], it is likely that, com-
pared with patients treated with other drugs, patients trea-
ted with anticancer agents were monitored more carefully
for drug-related side effects, leading to early diagnosis of
life-threatening skin toxicities, early withdrawal of the
causative drug, and early initiation of treatments for
SJS/TEN. Furthermore, as advanced age is considered a risk
factor for increased mortality [24], our observation that
elderly patients (≥80 years) in the anticancer agent group
had lower incidence of drug-induced SJS/TEN (6%) may
suggest that younger patients with cancer were more likely
to be indicated for treatment with anticancer agents and
thus be included in the anticancer agent group. Moreover,
because patients in poor general condition should not
receive anticancer agents, it is possible that patients in the
anticancer agent group had a relatively good general condi-
tion. However, information regarding the patients’ general
condition was not included in the spontaneous reporting
data evaluated in the current study, and thus we could not
exclude the effect of the clinical background and disease
severity on the incidence of SJS/TEN.

In addition to the selection bias intrinsic to any retrospec-
tive study design, there are several limitations and potential
biases related to using data from the JADER database, which
collects spontaneous reporting data via a passive reporting
system and does not implement any validation process. First,
there is no clear indication of the total patient population for
which these toxicity reports were generated. Therefore, the
results of this study should be interpreted carefully. Second,

Figure 3. Relationship between age and prevalence of death in
patients with anticancer agent-induced skin toxicity. Data are
provided separately for SJS and TEN. Age groups are defined in
10-year bands, with the last band covering patients aged
above 80 years. The prevalence of death was higher among
patients with TEN than among those with SJS for each age
group (A). The death rate in patients aged above 80 years was
significantly higher than that noted in those aged below
80 years, regardless of the type of skin toxicity (B).
Abbreviations: SJS, Stevens-Johnson syndrome; TEN, toxic epi-
dermal necrolysis.
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patients undergoing treatment with anticancer agents are
often exposed to other drugs mainly used to treat cancer
symptoms (e.g., pain medication) or side effects of treatment
(e.g., antiemetic agents, antibiotic drugs), but also to drugs
commonly associated with SJS/TEN, such as allopurinol, sul-
fonamide antibiotics, anticonvulsants, and corticosteroids.
Furthermore, multiple suspected drugs may be listed per
adverse event registered in the JADER database. Third,
patients with cancer often have comorbidities and multiorgan
involvement by the underlying disease, which add to the
overall complexity of each individual case. Therefore, when a
patient dies after developing SJS/TEN, the cause of death
may be SJS/TEN, cancer itself, a comorbidity, or a combina-
tion of causes. Finally, the JADER reports were not sufficiently
detailed (e.g., they did not include clinical, laboratory, or his-
tological data) to facilitate an accurate diagnosis of SJS or
TEN; this aspect is relevant because there are numerous
other conditions presenting with blisters and skin detach-
ment, which should be excluded as far as possible. In the spe-
cific setting of cancer and anticancer treatment, such
conditions include paraneoplastic pemphigus, bullous pem-
phigoid, generalized bullous fixed drug eruption, erythema
and detachment of the skin associated with doxorubicin and
similar anticancer drugs, and extensive drug eruptions associ-
ated with targeted therapies. Taking these limitations into
account, further population-based studies with clear and
detailed information for diagnosis are warranted to improve
our understanding of anticancer drug causality in life-
threatening skin toxicities.

Despite these limitations, the present study reviewed
almost 10,000 SJS/TEN events, of which more than 5%
were identified as anticancer agent-associated, represent-
ing the largest systematic investigation regarding the asso-
ciation of anticancer agents with life-threatening skin
toxicities such as SJS or TEN. Thus, we believe that our find-
ings carry more statistical power than those of previous

studies. Importantly, although SJS/TEN associated with anti-
cancer agents had significantly lower incident risk of death
compared with that noted for SJS/TEN induced by other
drugs, the death rate remains very high in patients older
than 80 years. Our findings indicate that further attention
is required when monitoring such patients for skin
toxicities.

CONCLUSION

Higher vigilance and continuous monitoring for SJS and TEN
should be applied in patients treated with anticancer
agents, as the time to onset of skin toxicity symptoms is
longer in these patients. Additionally, the high death rate
of patients older than 80 years of age indicates that partic-
ular attention is required in their monitoring.
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For Further Reading:
Adriana T. Lopez, Larisa Geskin. A Case of Nivolumab‐Induced Bullous Pemphigoid: Review of Dermatologic Toxicity
Associated with Programmed Cell Death Protein‐1/Programmed Death Ligand‐1 Inhibitors and Recommendations for
Diagnosis and Management. The Oncologist 2018;23:1119–1126.

Abstract:
Immunotherapy has emerged as a highly effective treatment for numerous cancers. Use of checkpoint inhibitors
against various molecules including programmed cell death protein‐1 (PD‐1), programmed death ligand‐1 (PD‐L1), and
cytotoxic T‐lymphocyte‐associated protein‐4 have become widespread in clinical practice. Compared with
conventional chemotherapy, immunotherapy is associated with a unique set of immune reactions known collectively
as immune‐related adverse events (irAEs). Of known irAEs, cutaneous toxicity is among the most frequently observed
in patients treated with immunotherapy. Although often mild, dermatologic toxicity can occasionally be high grade and
potentially life‐threatening. In this article, we report a case of PD‐1 inhibitor‐induced bullous pemphigoid—a serious
adverse event that has been increasingly observed with use of PD‐1/PD‐L1 inhibitors. We will also review diagnosis
and management of low‐grade cutaneous irAEs and bullous disease with checkpoint inhibitors.

Key Points.
• PD‐1/PD‐L1 inhibitor‐induced bullous pemphigoid (BP) is a rare but potentially serious dermatologic toxicity
associated with checkpoint inhibitors.

• In patients with pruritus or rash that is refractory to topical steroids, physicians should have a greater index of
suspicion for higher‐grade cutaneous immune‐related adverse events.

• There is no standardized treatment algorithm for management of PD‐1/PD‐L1 inhibitor‐induced BP, but patients
frequently require topical and systemic steroids.
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