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Abstract 

Background  Ultraviolet radiation (UVR) exposure is commonly reported as a risk factor for Stevens–Johnson syn-
drome (SJS) and toxic epidermal necrolysis (TEN). However, minimal evaluation of photo-induced SJS/TEN has been 
conducted. Thus, this review identifies all cases of SJS/TEN that are linked to an acute exposure of UVR and outlines 
the unifying characteristics of these cases. Furthermore, the theoretical pathogenesis, differential diagnoses, and pro-
posed diagnostic criteria are defined.

Methods  PubMed, Google Scholar, and other databases and websites were searched from inception to September 
2021 to identify studies that met inclusion criteria. The following keywords were utilized: “Stevens-Johnson syndrome” 
and “toxic epidermal necrolysis” with “ultraviolet,” “photodistributed,” “photo-induced,” “photosensitivity,” and “photo.” 
One reviewer assessed study characteristics, with confirmation by a second. The risk of bias was assessed indepen-
dently by another.

Results  Thirteen patient cases were identified, all reporting ultraviolet radiation prior to rash onset and an underlying 
causal drug. Case classifications included 7/13 SJS and 6/13 TEN. All cases described the rash as photodistributed with 
UVR exposure prior to rash onset (delay of 1–3 days) and a causal drug. 10 cases provided evidence that the photodis-
tributed rash lacked linear demarcation (as in a sunburn) with satellite target-like lesions. No cases described a flu-like 
prodrome.

Discussion  Mucositis, palmar and plantar rash, a positive Nikolsky sign, and a prolonged disease course can help dis-
tinguish from photosensitive reactions, while a negative direct immunofluorescence test is important to distinguish 
from other photo-induced disorders.

Conclusion  Physicians should be aware that UVR may precipitate SJS/TEN in patients taking susceptible drugs. After 
a 24-h delay from UVR exposure, a non-distinct, photodistributed rash appears with no flu-like prodrome and pro-
gresses for at least 48 h to include vesiculobullous eruptions and mucous membrane involvement. Photodistributed 
SJS/TEN appears to be photo-drug-induced with a unique onset and rash presentation that should be recognized as 
a distinct diagnosis.
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Introduction
Stevens–Johnson syndrome (SJS) and toxic epidermal 
necrolysis (TEN) are rare cutaneous reactions with epi-
dermal necrosis, vesiculobullous formation, epider-
mal detachment, and mucous membrane involvement. 
The classification is determined by the percentage of 
body surface area (BSA) with epidermal detachment: 
SJS  < 10%, SJS/TEN overlap 10–30%, and TEN  > 30 [1]; 
collectively referred to in this study as SJS/TEN. Mortal-
ity in SJS/TEN may be as high as 30% [2].

Adverse drug reactions are the most common causes 
of SJS/TEN with over 100 drugs recognized as causative 
agents [3]. Ultraviolet radiation (UVR) or ultraviolet light 
exposure is commonly reported as a physical risk fac-
tor for SJS/TEN in book chapters [4–6], review studies 
[7–13], case reports [14–20], and the point-of-care medi-
cal resource, UpToDate [21]. However, the connection 
between UVR and SJS/TEN is poorly documented. Since 
no systematic review has been conducted, the current 
evidence exists as individual case reports. One of the first 
cases to report the link between UVR and TEN was pub-
lished in 1996 and has been cited, according to Google 
Scholar, 71 times [22].

The purpose of this review is to identify all cases of 
SJS/TEN that are linked to UVR and outline the unify-
ing characteristics of these cases while comparing and 
contrasting the findings with traditional SJS/TEN cases 
[1–3]. This will provide an in-depth analysis of the impli-
cations of UVR concerning SJS/TEN cases. Additionally, 
a comprehensive review of the theoretical pathogen-
esis, important differential diagnoses, and proposed 
diagnostic criteria will allow guidance for clinicians to 
understand, diagnose, and correctly treat future cases of 
photodistributed SJS/TEN, the diagnosis that the authors 
propose calling this disorder.

It is important for physicians to recognize the distin-
guishing factors of photodistributed SJS/TEN as many 
conditions present similarly, such as photosensitivity 
reactions, that generally do not require intensive treat-
ment. Recognizing a presentation of photodistributed 
SJS/TEN can help the patient promptly obtain the critical 
care they need.

Methods
Data sources and searches
Databases, registers/repositories, and websites/web 
search engines were searched for relevant studies from 

inception to the reported search dates. The following 
databases were searched: PubMed (searched 09/09/2021), 
TRIP medical database (searched 09/10/2021), OECD 
(searched 09/13/2021), OAIster: Find the Pearls (searched 
09/13/2021), New York Academy of Medicine Grey Lit-
erature Report (searched 09/13/2021), Cochrane Library 
(searched 09/14/2021), Qinsight (searched 09/15/2021). 
The following registers/repositories were searched: Clini-
calTrials.gov (searched 09/13/2021), Sigma Repository 
(searched 09/13/2021), Social Science Research Net-
work (SSRN) (searched 09/13/2021), National Technical 
Information Service (NTIS) (searched 09/13/2021). The 
following websites/web search engines were searched: 
Google Scholar (https://​schol​ar.​google.​com/ searched 
09/10/2021), Grey Matters: a practical search tool for 
health-related grey literature (https://​www.​cadth.​ca/​
grey-​matte​rs-​pract​ical-​tool-​searc​hing-​health-​relat​ed-​
grey-​liter​ature-0/ searched 09/13/2021), Bielefeld Aca-
demic Search Engine (BASE) (https://​www.​base-​search.​
net/ searched 09/15/2021), USA.gov (https://​www.​usa.​
gov/ searched 09/15/2021), Medicine Case Reports and 
Protocols (https://​journ​als.​lww.​com/​md-​cases/​pages/​
defau​lt.​aspx searched 12/29/2021), Medscape (https://​
www.​medsc​ape.​com/ searched 09/16/2021), UpToDate 
(https://​www.​uptod​ate.​com/ searched 9/16/2021). The 
first 150 results of each search were screened for inclu-
sion in Google Scholar, USA.org, and Qinsight if indi-
vidual searches produced more than 150 results. Studies 
were searched in English; however, studies that were pub-
lished in languages other than English were translated 
and evaluated in the same manner as English-language 
studies. For each search, the following keywords were 
used: “Stevens–Johnson syndrome” and “toxic epidermal 
necrolysis” with “ultraviolet,” “photodistributed,” “photo-
induced,” “photosensitivity,” and “photo.” UpToDate was 
searched using the following keywords: “Stevens–John-
son syndrome” and “toxic epidermal necrolysis.” The full 
strategies are shown in Additional File 1.

Study selection
Inclusion criteria required each study to contain a for-
mal diagnosis of SJS or TEN with a reported etiology 
(cause). An identified cause, most commonly in SJS/TEN 
being a drug, was necessary to support a SJS/TEN diag-
nosis. The cause of the SJS/TEN disorder also needed 
to be active prior to UVR exposure, but UVR exposure 
needed to occur prior to SJS/TEN onset. For example, a 
patient who is exposed to UVR between the ingesting of 

https://scholar.google.com/
https://www.cadth.ca/grey-matters-practical-tool-searching-health-related-grey-literature-0/
https://www.cadth.ca/grey-matters-practical-tool-searching-health-related-grey-literature-0/
https://www.cadth.ca/grey-matters-practical-tool-searching-health-related-grey-literature-0/
https://www.base-search.net/
https://www.base-search.net/
https://www.usa.gov/
https://www.usa.gov/
https://journals.lww.com/md-cases/pages/default.aspx
https://journals.lww.com/md-cases/pages/default.aspx
https://www.medscape.com/
https://www.medscape.com/
https://www.uptodate.com/
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a causal drug and the onset of SJS/TEN would qualify for 
the study. This timeline is important to support that the 
acute exposure of UVR contributed to the patient’s SJS/
TEN. Furthermore, an active potential cause of SJS/TEN 
was necessary prior to rash onset as UVR exposure itself 
has not been reported to cause SJS/TEN. We excluded 
any case that merely mentioned the possibility of SJS or 
TEN as a diagnosis. Cases that included a diagnosis of 
erythema multiforme were also excluded.

Many studies of patients with underlying lupus ery-
thematosus (LE) reported SJS/TEN-like reactions linked 
to drug use and rashes presenting after UVR; however, 
most of these cases recognize lupus erythematosus as 
the causative factor for the rash presentation rather than 
clearly diagnosing SJS/TEN [23–27]. Furthermore, many 
of these cases are recognized under a relatively new diag-
nosis: TEN-like acute cutaneous LE [23, 27]. Although a 
definitive rule-out of SJS/TEN-like LE would be preferred 
for all cases included in this review, many cases did not 
provide a complete diagnostic workup in the case pres-
entation, many times providing only positive results. (See 

Table 1 to review the case specific details that were pro-
vided for SJS/TEN-like LE rule-out of the cases included 
in this review [22, 28–39]). Thus, cases of SJS/TEN were 
excluded when the patient reported a new onset or his-
tory of LE, but evidence of a definitive rule-out of SJS/
TEN-like LE for each case was not part of the criteria for 
inclusion.

This was a pre-planned search with the objective to 
locate all available studies that align with the inclusion 
criteria, including abstracts. No studies were discarded 
based on publication date. One reviewer determined if 
the studies met inclusion criteria by reading titles and 
abstracts and performing a full-text evaluation before 
including a study in the review (Fig. 1). Another reviewer 
then confirmed study inclusion. The risk of bias was 
assessed by a third investigator via an independent analy-
sis to determine if the studies met the inclusion criteria.

Data extraction and quality assessment
Case-specific details were identified for each case 
report. The case details included the associated patient 

Table 1  Case specific details for SJS/TEN-like LE rule-out

Authors interpretation of evidence for ruling out SJS/TEN-like LE is as follows: a negative direct immunofluorescence is observed in photodistributed SJS/TEN, 
whereas it is positive in SJS/TEN-like LE. A negative antinuclear antibody has a strong negative predictive value for ruling-out LE. If ANA is positive but anti-Smith 
Antibody or double-stranded DNA Antibody is negative, LE is unlikely. In this study, cases that report a negative direct immunofluorescence or a negative lupus 
specific autoimmune workup are considered definitive rule out of SJS/TEN-like LE. Additional suggestive findings: normal serum C3 and C4 suggests absence of SLE, 
active SLE often results in decreased compliment proteins; multispecialty work-up, suggesting that further workup was performed but not reported; and previous 
rheumatological diagnosis, suggesting that SLE would have been ruled out at the time of previous diagnosis

SJS   Steven’s-Johnson Syndrome, TEN   toxic epidermal necrolysis, LE   lupus erythematosus, N/A not available

Reference 
numbers

Suggestive SJS/TEN-like LE rule-out Definitive SJS/TEN-like LE rule-out

[28] N/A N/A

[22] N/A Negative direct immunofluorescence for immunoglobulins and 
complement

[29] Normal complement concentrations (C3, C4) Negative antinuclear antibody

[30] Normal complement concentrations (C3, C4)
Previously diagnoses of seronegative symmetrical polyarthritis

N/A

[31] N/A N/A

[32] Diagnosed with Sjogren’s syndrome 7 years prior, confirmed with 
serology and a labial biopsy
No history of sensitivity to sunlight

Negative direct immunofluorescence for immunoglobulins and 
complement
Negative antibodies to double-stranded DNA. (Positive antinuclear 
antigen at a dilution of 1: 4000 with speckled pattern and positive 
anti-Ro and anti-La antibodies.)

[33] Multi-specialty workup: included dermatology, infectious disease, 
and plastic surgery

N/A

[34] Multi-specialty workup: Evaluated and treated in burn unit and der-
matology, ophthalmology and gynecology services were consulted

N/A

[35] N/A N/A

[36] N/A Negative direct immunofluorescence
Negative antinuclear antibodies

[37] N/A N/A

[38] N/A Negative direct immunofluorescence

[39] N/A Negative antinuclear antibody
Negative anti-Smith antibody
Negative anti-DNA antibody
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demographics of age and sex (race was not reported as 
only two cases provided this information); type of case: 
SJS, SJS/TEN, or TEN; causal drug for SJS/TEN cases 
with the corresponding diagnosis for which it was pre-
scribed; UVR exposure amount and location; time 
from UVR exposure to rash onset; reported timeline of 
progression/worsening of rash; whether the rash was 
described as photodistributed; whether the rash extended 
to clothing covered skin; whether a flu-like prodrome was 
reported; initial signs/symptoms; SJS/TEN diagnostic 
specific details such as mucus membrane involvement, 
biopsy results, palmar and plantar rash, Nikolsky sign 
results; and treatment (Table  2). One reviewer evalu-
ated each study to identify case details by performing a 
full-text evaluation. Minimal interpretation was required 
to extract data or case details for each category except 
for “reported flu-like prodrome” and “rash extension to 
clothing covered skin.” Flu-like prodrome was evalu-
ated as follows: the finding was considered negative if 
the initial symptoms that were reported did not include 

characteristic findings of a flu-like prodrome (malaise, 
fever) prior to rash onset. Rash extension to clothing 
covered skin was evaluated by reviewing the images that 
were provided in each case report. Images were evaluated 
for the lack of linear demarcation between UVR exposed 
skin and clothing covered skin (not a sharp line as is 
observed in a common sunburn) and satellite lesions (tar-
get-like lesions that are isolated from the rest of the rash 
on clothing covered skin). Findings consistent with either 
of these criteria were considered positive. Once data 
were extracted, it was confirmed by another. The risk of 
bias was assessed independently by a third investigator.

Data synthesis and analysis
The approach for data synthesis and analysis was qualita-
tive. The combined data extracted from the studies com-
prised the results. These results were then compared to 
traditional SJS/TEN cases to assess for congruent or con-
flicting findings. Drug causality assessment was deter-
mined for each drug-induced case using the algorithm of 

Records identified from: 
Databases 

PubMed (n = 177) 
Qinsight (n = 17,232)a,c

TRIP (n = 432) 
OECD (n = 1) 
OAIster (n = 19) 
NYAGLR (n = 0) 
Cochrane Library (n = 16) 

Registers/Repositories (4)b (n = 10)

Records removed before screening: 
Duplicate records removed (n = 0) 
Records marked as ineligible by 
automation tools (n = 0) 
Records removed for other 
reasons (n = 15,732)c 

Records screened for eligibility 
by readying titles, abstracts, and 
keyword context in searches 
(n = 2,155) 

Records excluded (n = 1,854)  
No patient cases reported 
No diagnosis of SJS/TEN 
No UVR prior to SJS/TEN 

Full-text articles sought for 
retrieval 
(n = 301) 

Reports not retrieved (n = 3) 
No access to full reference and/or 
article no longer accessible 

Full-text articles retrieved and 
assessed for inclusion 
(n = 298) 

Reports excluded (n = 287) 
Those that did not meet all of 
inclusion criteria, or met exclusion 
criteria, including: 
No clear timeline of UVR 
exposure (n = 5) 
Ionizing radiation, not UVR (n = 3) 

Records identified from: 
Websites/Web Search Engine 

Google Scholar  
(n = 27424)c

USA.org (n = 1,073) c,d 

BASE (n = 120) 
Grey Matters: (n = 0) 
Medscape (n = 360) 
UpToDate (n=3) 
MCRP (n=1) 

Full-text articles retrieved and 
assessed for inclusion 
(n = 272) 

Reports excluded (n = 270) 
Those that did not meet all of 
inclusion criteria, or met exclusion 
criteria, including: 
No patient cases reported (n = 9) 
No causal drug (n = 1) 
Ionizing radiation, not UVR (n = 3) 

Studies included from databases, 
registers/repositories (n = 11) 
Studies included from other methods, 
not identified in databases, 
registers/repositories (n = 2) 

Identification of studies via databases and registers Identification of studies via other methods
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Full-text articles sought for 
retrieval 
(n = 274) 

Reports not retrieved: (n = 2) 
No access to full reference and/or 
article no longer accessible 

El
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ty
 

Records excluded (n = 2,701)  
No diagnosis of SJS/TEN 
No UVR prior to SJS/TEN 

Records screened for eligibility by 
readying titles, abstracts, and 
keyword context in searches 
(n = 2,975) 

Records removed before screening: 
Duplicate records removed (n = 0) 
Records marked as ineligible by 
automation tools (n = 0) 
Records removed for other 
reasons (n = 26,005)c

Fig. 1  Study Selection Process to Identify Cases of Photodistributed Steven’s–Johnson Syndrome and Toxic Epidermal Necrolysis. a Focused 
searches were first looked at before broader results. As focused results found fewer and no unique articles to be included in the study, only broader 
results were computed in the analysis. b Additional registers/repositories searched: National Technical Information Service (NTIS), Social Science 
Research Network (SSRN), ClinicalTrials.org, Sigma Repository. c Searches that produced > 150 results, the first 150 were screened for inclusion 
and others removed. d USA.org did not report total results for each search, but first 150 results of each search were screened (those with > 150). 
TRIP  TRIP medical database. OAIster OAIster: Find the Pearls, NYAGLR   New York Academy of Medicine Grey Literature Report, SJS   Steven’s–
Johnson syndrome, TEN  Toxic epidermal necrolysis, BASE   Bielefeld Academic Search Engine, Grey Matters   Grey Matters: a practical search tool for 
health-related grey literature, MCRP  Medicine Case Reports and Protocols, UVR   Ultraviolet radiation. Table modified from: Page MJ, McKenzie JE, 
Bossuyt PM, Boutron I, Hoffmann TC, Mulrow CD, et al. The PRISMA 2020 statement: an updated guideline for reporting systematic reviews. BMJ 
2021;372:n71. https://​doi.​org/​10.​1136/​bmj.​n71

https://doi.org/10.1136/bmj.n71
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drug causality for epidermal necrolysis (ALDEN) [40]. No 
software, coding, or study comparisons were needed for 
analysis. All studies were equally weighted, as each met 
the same inclusion criteria. All authors were involved in 
the synthesis of data and final analysis.

Results
After a thorough review, 13 total cases were identified, 
dating from the year 1989 to 2021. The studies con-
sisted of 12 case reports [22, 28–36, 38, 39] and one 
poster abstract [37]. Study bias is minimal as each study 
reported objective findings for their corresponding case, 
providing raw data for our analysis. All cases were drug 
induced and identified a causal drug with UVR expo-
sure between drug ingestion and disease onset. Patients 
ranged between 12- and 66-years-old with a female pre-
dominance of 9/13 (69.2%). Case classification break-
down was as follows: 7/13 (53.8%) cases were SJS, 0/13 
(0%) cases were SJS/TEN overlap, and 6/13 (46.2%) cases 
were TEN.

The source of the UVR was specified in 10/13 (76.9%) 
cases: eight reported direct sunlight exposure and two 
reported artificial UVR exposure from tanning beds. 
Cases that reported the source of direct sunlight varied 
in their descriptions: sunburned on cruise, sun-bathed 
for hours over three consecutive days, rolled around and 
laid in the grass for 19 consecutive days while hospital-
ized in the psychiatric ward, exposed to 45 min of intense 
sunlight, and four spent a day at the beach/lake/seashore. 
The UVR obtained from a tanning bed was explained as 
a single eight-minute session in one case, while the other 
reported daily sessions for 10 days.

Drug regimens that were responsible for the individual 
SJS cases: three weeks on carbamazepine, two months 
on sulfasalazine, ten days on ciprofloxacin with one-day 
on fluconazole, three weeks on chloroquine and sulf-
adoxine–pyrimethamine, three days on itraconazole, 
unspecified duration on lamotrigine, and a single dose 
of tramadol. Drug regimens that were responsible for 
the individual TEN cases: 19  days on lamotrigine and 
an increased dose of chlorpromazine after ten years of 
use, ten days on lamotrigine, 14 days on clobazam, three 
years on hydroxychloroquine, a single dose of naproxen 
sodium, and a single dose of ibuprofen. The only repeat 
causal drug was lamotrigine with three cases: one of SJS 
and two of TEN. These drugs fall into classes that are 
known to cause SJS/TEN, including antibiotics, antie-
pileptics, antimalarials, sulfonamides, and nonsteroi-
dal anti-inflammatory drugs. The ALDEN algorithm 
revealed 8/13 (61.5%) case specific drugs as very prob-
able for causing SJS/TEN (highest category), 1/13 (7.7%) 
as probable, 3/13 (23.1%) as possible, and 1/13 (7%) as 
undetermined due to lack of information (Table  3). No 

pattern regarding the underlying medical conditions for 
which the drugs were prescribed was identified.

Further analysis revealed that 13/13 (100%) cases 
described the rash presentation to be in a photodis-
tributed pattern, largely affecting the cutaneous areas 
exposed to direct sun with minimal rash involvement of 
the regions covered by a swimsuit or clothing. Ten cases 
provided images to evaluate if the rash extended to cloth-
ing covered skin, all positive. In six cases, the time to rash 
onset after UVR exposure was specified, ranging from 
1 to 3 days after sun exposure. A rash was described as 
either the initial sign ± concomitant signs/symptoms 
in 10/13 cases, while 2/13 cases described experiencing 
itchiness that was followed quickly by rash onset and one 
case did not provide a description of initial signs/symp-
toms. Thus, no cases described a flu-like prodrome prior 
to rash onset. Timeline of the progression/worsening 
of rash was reported as continuing for at least 48 h and 
reported evidence suggested that it lasted for 12–14 days 
in multiple cases. Mucous membrane involvement 
was mentioned in twelve cases: 12/12 (100%) with oral 
mucosa ± lip involvement, 9/12 (75%) with conjunctival 
involvement, and 8/12 (66.7%) with genital involvement. 
Nikolsky’s sign was positive in the 5/6 (83.3%) cases 
in which it was mentioned. Six cases described find-
ings of palmar and plantar surfaces: 5/6 (83.3%) rashes 
were present. Skin biopsy was included in 10/13 (76.9%) 
case reports, all consistent with SJS/TEN. Findings of 
direct immunofluorescence (DIF) were reported in 4/10 
(44.4%) biopsies; all four cases were negative. Treatment 
was specified in 10/13 (76.9) cases. Of those, 5/10 (50%) 
involved systemic steroids, 6/10 (60%) involved antibi-
otics, 2/10 (20%) involved cyclosporine, and 1/10 (10%) 
involved intravenous immunoglobulin G. As a part of 
treatment, all offending drugs were discontinued and 
there were no indications that any were restarted, includ-
ing drugs used to treat chronic medical conditions such 
as carbamazepine, sulfasalazine, hydroxychloroquine, 
and lamotrigine. All patients recovered (Table 4).

Discussion
The role of UVR in photodistributed SJS/TEN
The nature of the rash in these cases provides evidence 
that UVR precipitates SJS/TEN in patients taking sus-
ceptible drugs. Rash timing occurred after sun exposure 
and originated on sun-exposed areas of the body. As 
the rash progressed over time to form vesiculobullous 
lesions with skin sloughing, the photodistributed pattern 
remained. It is the photodistributed pattern that led the 
authors to name these disorders photodistributed SJS, 
photodistributed SJS/TEN overlap, and photodistributed 
TEN, referred to collectively in this study as photodis-
tributed SJS/TEN. Furthermore, a unique finding in this 



Page 10 of 23McKinley et al. European Journal of Medical Research          (2023) 28:188 

study is that no cases describe a flu-like prodrome, which 
generally proceeds rash onset by approximately 3 days in 
SJS/TEN [1, 41]. Photo-induced cases generally describe 
the rash as their primary manifesting symptom of their 
disorder. As traditional cases of SJS/TEN do not manifest 
initially with a rash, but a flu-like prodrome, and do not 
present in a photodistributed pattern, this is evidence 
that UVR precipitates the disease process, altering its 
course and clinical presentation.

Further evaluation of the rash reveals that the photo-
distributed rash presented after a minimum of 24 h from 
UVR exposure with non-discrete borders (less demar-
cated than a sunburn) and satellite lesions on UVR pro-
tected (clothing covered) skin (Fig. 2). Furthermore, the 
rash commonly spreads to the palmar surfaces of the 
hands and the plantar surfaces of the feet, areas that are 
reported as receiving less UVR exposure compared to 
other areas of the body [42, 43]. The delayed onset of the 
rash, with extension onto areas with less UVR exposure, 
along with the observed finding of inflammation and 
ulcerations of mucous membranes, supports that UVR 
triggered a systemic immune response that is consistent 
with SJS/TEN, even though sun-exposed areas remained 
the most severely affected.

Additional evidence that elucidates the role of UVR in 
SJS/TEN cases was presented in a Chilean study after an 
analysis was performed on 24,521,796 hospital discharges 
nationwide [44]. The study revealed that the incidence 
of SJS/TEN occurred with an increased frequency in 
regions of the country with higher altitude, leading to the 
conclusion in the study that the additional UVR exposure 
at high altitudes may play a role. The photodistributed 
rash, the altered primary manifesting symptoms (rash vs. 
flu-like prodrome), the evidence of a systemic immune 
response that remains most prominent in sun exposed 
areas, and the increased incidence of SJS/TEN in areas 
of increased UVR exposure all suggest that UVR precipi-
tates the onset and clinical presentation of photodistrib-
uted SJS/TEN cases.

Causal drug
All cases that were included in this review reported a 
causal drug, even though the search criteria did not 
require a causal drug. Additionally, no cases reported that 
UVR caused SJS/TEN by itself. Therefore, it is likely that 
the drug plays a key role in the pathogenesis of photo-
distributed SJS/TEN. It is postulated that the direct effect 
of UVR on the drug itself, or the surrounding cutaneous 
tissue that then affects the drug, leads to the sequelae of 
the SJS/TEN presentation (see 4.3 Pathogenesis Theo-
ries of Photodistributed SJS/TEN). Thus, it is important 
to validate that the reported drugs were responsible for 
their cases of photodistributed SJS/TEN. Drug causality 

assessment tools (CAT) are limited in their ability to 
determine culprit drugs in SJS/TEN cases. Their find-
ings have been shown to vary between investigators [45]. 
Consequently, the results should always be compared to 
a thorough clinical assessment. If a drug CAT is to be 
employed in a SJS/TEN case, the ALDEN CAT is argu-
ably the most reliable [45]. In this analysis, all cases, apart 
from one with insufficient information, revealed that the 
identified drugs were very probable, probable, or pos-
sible for causing SJS/TEN. These results, along with a 
complete review of each case, revealed that the identified 
drugs could have reasonably acted as the culprit drugs.

Pathogenesis theories of photodistributed SJS/TEN
Due to technological advancement and continued 
research, our understanding of the pathogenesis of SJS-
TEN continues to be better understood. Drugs are impli-
cated as the causative agent in as many as 80% of cases 
with anticonvulsants, antibiotics, and non-steroidal anti-
inflammatory drugs (NSAIDs) being the most common 
drug classes [3, 46]. The sensitization of the immune sys-
tem to a causative drug has been described as a T cell-
mediated immune response, causing a delayed type VI 
hypersensitivity reaction. This type of response requires 
the patient to have a specific HLA allele that codes for 
a major histocompatibility complex (MHC) that is spe-
cific for a drug or drug-metabolite (antigen) [47]. There-
fore, certain drug-induced cases of SJS/TEN have been 
linked to specific HLA haplotypes [47]. Recognition of 
the MHC-antigen complex by specific T cell receptors 
results in T cell activation (sensitization). Time from 
drug exposure to symptom onset is often reported as 
3–28 days [39]. All cases in this review reported a mini-
mum of 3  days from drug initiation to rash onset (case 
specific details of drug duration is reported in Table  2). 
The exact sequela of immune sensitization in SJS/TEN is 
still being investigated. Histopathological outcomes from 
the immune response include subepidermal blisters with 
widespread necrosis and apoptotic keratinocytes associ-
ated with minimal lymphocytic inflammatory infiltrate 
[1]. It has been observed that there is high expression 
of granzyme, perforin, and FasL in mononuclear cells in 
TEN blisters, suggesting CD8 + T-cell activation which is 
likely responsible for the epidermal keratinocyte necrosis 
[48, 49].

UVR plays a key role in the pathogenesis of photodis-
tributed SJS/TEN. There are several classifications of 
UVR based off wavelength: ultraviolet A (UVA) = 320–
400  nm, ultraviolet B (UVB) = 290–320  nm, and ultra-
violet C (UVC) = 200–290  nm [50, 51]. It is generally 
accepted that the majority, if not all, of UVC radia-
tion does not make it through the atmosphere to reach 
the surface of the earth [50]; however, UVB and UVA 
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radiation do make it to the earth surface and, therefore, 
affect human skin. UVB radiation is readily absorbed by 
the DNA in the epidermal keratinocytes and as deep as 
the papillary dermis [52]. UVA radiation is minimally 
absorbed by the DNA of superficial keratinocytes, but 
penetrates deep into the reticular dermis where it is 
absorbed by other molecules and proteins, including 
drugs that have distributed to the area [52, 53]. More pre-
cisely, UVR is electromagnetic radiation that travels from 
the sun in waves containing photons [52]. These pho-
tons are composed of high energy, which are absorbed 
in the cutaneous layers, that induces electrons to move 
from their ground state to an unfilled outer electron shell 
producing an excited state, a high energy state, that is 
unstable. This is the process that occurs in drug-induced 
photosensitive reactions [52, 54]. UVA radiation is most 
commonly responsible for photosensitivity reactions, 
although UVB may also contribute or be responsible in 
selected cases [55].

Neither type of photosensitivity reaction (phototoxicity 
and photoallergy) alone can account for the patient cases 
in this review. However, all of the causal drugs in this 
review have been implicated in causing photosensitive 
reactions [52, 56–80] (Table 5). Thus, when considering 
the findings of photodistributed rashes that present after 
UVR exposure in the setting of drug use (drugs known 
to cause photosensitive reactions), it is feasible that the 
mechanisms behind drug-induced photosensitive reac-
tions could, at least in part, contribute to photodistrib-
uted SJS/TEN.

A direct drug phototoxicity pathway is one in which 
UVR induces changes to the drug chemical structure, 
producing a free radical. The free radicals act on lipids, 
proteins, and DNA, causing direct damage to cells [81]. 
An indirect drug phototoxicity pathway is one where 
the energy from UVR results in reactive oxygen spe-
cies (ROS). ROS are formed by drug-free radicals react-
ing with oxygen or excited drug states that allow for the 
transfer of energy to oxygen via excited triplet cascade 
[81]. An example of ROS formation in response to UVR 
was observed when a cancer treatment was evaluated. 
A combined exposure to cells with UVA irradiation and 
lomefloxacin caused higher alterations of redox signal-
ing pathways, causing intracellular ROS overproduction 
and endogenous glutathione depletion in melanoma cells 
[82]. This had an advantageous effect against melanoma 
cancer cells. However, excess formation of ROS may 
occur in healthy tissues, exceeding the body’s antioxi-
dant defense mechanisms, allowing for oxidative stress to 
cause damage to cellular components [83]. The cytotoxic 
effect of ROS in the skin triggers the immune system 
to attract T cells to the dermis. In patients with vitiligo, 
ROS-impaired keratinocytes were shown to mediate 

CD8 + T cell infiltration [84]. As CD8 + T cells have been 
shown to be the prominent cells in the pathogenesis of 
SJS/TEN, it is feasible that the cellular damage caused 
directly by the photoproduct (a photo-induced drug 
metabolite), or indirectly through the formation of ROS, 
triggers immune cells to infiltrate the area. Drug and/
or drug photoproducts in the skin recognized as foreign 
may induce drug sensitization, ensuing the immunologi-
cal sequelae that results in a clinical presentation of SJS/
TEN.

In contrast to phototoxicity, photoallergy is immune 
mediated: a cell-mediated type IV hypersensitivity reac-
tion. When a drug in the cutaneous tissue absorbs the 
photons, it is converted into a biologically reactive pho-
toproduct. The photoproduct can then act as a complete 
antigen or a hapten [57]. The complete antigen model is 
consistent with the p-I concept, proposing that a drug 
(or photoproduct) itself is sufficient to bind to MHC 
and TCR to sensitize the immune system [47, 85]. In the 
hapten model, the photoproduct binds to protein within 
the cutaneous tissue (haptenization) to form a complete 
antigen [57, 86]. Langerhan cells process the antigen and 
present it to MHC class II molecule and induce the sub-
sequent cell mediated hypersensitivity response, result-
ing in the homing of activated T-lymphocytes into the 
skin. As both photoallergy and SJS/TEN reactions are 
both type IV hypersensitivity reactions that are a result of 
the immune system responding to a drug, it is reasonable 
that the immune system could be triggered to go down 
the SJS/TEN pathway. See 4.4 Differential Diagnoses for 
more on photosensitive reactions.

An alternate theory is the Koebner phenomenon which 
describes the appearance of new skin lesions due to 
trauma, commonly seen in patients with psoriasis and 
has been postulated as the possible pathophysiology for 
photodistributed erythema multiforme (PEM) [87]. This 
theory postulates that UVR causes increased vascular 
permeability, facilitating the passage of skin antigens into 
the bloodstream and favoring the formation of circulat-
ing antibodies and immune complexes in sun-exposed 
areas [31, 88]. Thus, UVR precipitated koebnerization 
leads to a photodistributed pattern [38]. The increased 
passage of skin antigens may allow for increased suscep-
tibility to the drug/drug metabolites/photoproducts, acti-
vating the immune response and causing SJS/TEN.

The next theory is the alterations in intercellular 
adhesion molecule 1 (ICAM-1) expression. UVR has 
been shown to induce tumor necrosis factor-alpha 
(TNF-alpha) secretion by keratinocyte, resulting in 
increased ICAM-1 expression [22, 89]. Theoretically 
ICAM-1 may play many roles in the sensitization of 
the immune system to the drug/drug-photoprod-
uct in photodistributed SJS/TEN. The expression 
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of ICAM-1 by antigen presenting cells (APC), com-
monly Langerhans cells in the epidermis [90], low-
ers the concentration of antigen required to activate 
a naïve T cells into effector and memory T cells [91]. 
Additionally, ICAM-1 can promote long duration of 
contact between T cells and APCs [92]. This means 
that indirectly, via increased ICAM-1 expression, UVR 
may ultimately play a role in sensitizing the immune 
system to a low drug dose, precipitating a reaction of 
SJS/TEN that otherwise may not have happened. This 
would help explain why three of the reported cases in 
this review occurred after one dose of a drug [31, 34, 
39]. Furthermore, when UVR exposure causes a release 
of TNF-alpha by keratinocytes, it causes an increased 
ICAM-I expression by keratinocytes in the epider-
mis and attracts CD8  + T cells [22, 89, 93]. CD8  + T 
cells show a clear predominance in epidermis in early 
stages and through various proposed mechanisms trig-
ger epidermal necrosis [1, 49]. The increased immune 
response and cell death in UVR exposed skin could 
explain the photodistributed presentation in these 
cases.

The last theoretical mechanism is an increase in Fas/
FasL expression. Fas ligand (FasL or CD95L) belongs to 
the TNF family and is responsible for inducing apop-
tosis in Fas  + cells [94]. Keratinocyte apoptosis is com-
monly observed in early stages of TEN [49], consistent 
with large amounts of lytically active FasL that have 
been shown to be expressed in SJS/TEN [95]. Monoclo-
nal antibodies that interact with Fas/FasL have shown 
to block the cytological activity, confirming that FasL 
expression is responsible for the apoptosis that occurs 

in SJS/TEN [49]. It has been shown that UVR causes 
FasL upregulation in the epidermis [96]. FasL may be 
upregulated due to action of TNF-alpha, released by 
keratinocytes themselves as a result of UVR [89, 97]. 
Fas receptor expression on keratinocytes has also been 
shown to increase from both UVB and UVA radiation 
exposure, with a delay to peak expression at 24 and 
12  h, respectively [98]. Upregulation of Fas/FasL in 
keratinocytes may contribute to the increased involve-
ment of the UVR exposed skin. The activation of the 
Fas-mediated apoptosis pathway in keratinocytes is 
presumably activated by toxic drug metabolites [99]. 
Thus, UVR may increase apoptosis in sun-exposed 
areas by increasing Fas/FasL expression and creating 
photoproducts that activate the pathway and further 
stimulate the immune response in SJS/TEN cases.

Differential diagnoses
Photosensitive reactions
Photosensitivity reactions consist of phototoxic and pho-
toallergic reactions. These reactions are considered the 
most common type of drug-induced rashes that present 
in a photodistributed pattern. As the cases in this study 
appear to present at least partially like drug-induced pho-
tosensitive reactions, it is important to distinguish char-
acteristics of phototoxic and photoallergic reactions from 
photodistributed SJS/TEN.

Phototoxicity is dose dependent and can happen in 
anyone who ingests (oral) or applies (topical) enough 
offending agent with concomitant UVR exposure. 
These responses are unpredictable between people and 
even repeat exposures [52]. Clinically, they commonly 

Table 4  Summarized results of Photodistributed Stevens–Johnson syndrome and toxic epidermal necrolysis

SJS Stevens-Johnson syndrome, TEN   toxic epidermal necrolysis, UVR  Ultraviolet Radiation

13 total cases: 12 case reports [22, 28–36, 38, 39] and 1 poster abstract [40]

Case classifications: SJS 7/13 (53.8%), SJS/TEN overlap 0/13 (0%), and 6/13 (46.2%)

Patients ranged between 12- and 66-year-old with a female predominance of 9/13 (69.2%)

All cases described rash presentation as photodistributed

All cases reported ultraviolet radiation prior to rash onset

All cases recognized a causal drug

All patients recovered

10 cases reported source of the UVR: 8 cases from direct sunlight, 2 cases from tanning bed

10 cases provided images of rash extension to clothing covered skin (lack of linear demarcation, satellite lesions)

10 cases described rash progression/worsening > 48 h (up to weeks)

12 cases report various mucous membrane involvement, all with oral mucositis

9 cases included biopsy findings, all consistent with SJS/TEN (4 cases reported direct immunofluorescence findings, all negative)

7 cases reported time from UVR exposure to rash onset, all 1–3 days later

6 cases reported Nikolsky sign findings, 5 positive

6 cases reported palmar and plantar findings, 5 positive for rash

No cases reported an influenza-like prodrome
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manifest as a severe sunburn with sharp demarcated lines 
with or without bullous formation. Phototoxic effects 
generally result in erythema, appearing immediately 
within minutes to hours, or less commonly a late onset 
erythema may occur that takes 24–120 h to appear [54]. 
Generally, these reactions reach a peak of maximal clini-
cal manifestation after 24–48 h of UV exposure [52]. His-
topathologically, necrotic keratinocytes are seen along 
with a predominantly lymphocytic and neutrophilic der-
mal infiltrate [100].

Photoallergy requires an immunological response that 
only occurs in sensitized patients. This requires re-expo-
sure of a drug or the continued use of a drug for sufficient 
time to allow sensitization to occur, reported as three 
days to years [48]. Most commonly it manifests as an 
eczematous rash that is less demarcated, often spreading 
outside of UVR areas. This reaction is not dose depend-
ent; a small amount of drug can trigger the reaction. 
Symptom onset is generally 24–48 h after UVR exposure 
[101]. After symptom onset, the peak of maximal clini-
cal manifestation is around 48–72 h [52]. Histopathologic 
features are identical to those seen in an allergic contact 
dermatitis, including epidermal spongiosis, vesiculation, 
exocytosis of lymphocytes, and a perivascular inflam-
matory infiltrate [100, 102]. Spongiosis represents the 
histological hallmark of intercellular epidermal edema, 
corresponding with wide spaces between keratinocytes 
and elongated intercellular bridges (“spinous processes”), 
leading to a sponge-like appearance of the epidermis 
[103]. The most common cutaneous lesion associ-
ated with spongiosis is eczematous dermatitis [104], 

consistent with the eczematous type of rash seen in pho-
toallergic reactions.

Photodistributed SJS/TEN share more commonali-
ties with photoallergic reactions than phototoxic reac-
tions. Photoallergic reactions require sensitization of the 
immune system, the onset of the rash is generally > 24 h 
from UVA exposure [22, 29, 30, 34–36, 39], the inci-
dence is rare, they require a low dose of medication [31, 
34, 39], and the rash distribution may extend past the 
sun exposed areas [22, 28, 31–36, 38, 39], although these 
areas are generally less-affected than sun-exposed areas. 
No cases in this review report cross-reactivity of related 
agents. However, cases of drug-induced SJS/TEN due to 
drug cross-reactivity have been reported in the literature 
[105–107]. The similarities of photodistributed SJS/TEN, 
all shown to be photo-drug-induced SJS/TEN, are likely 
because drug-induced SJS/TEN occurs due to a delayed 
type IV hypersensitivity reaction, similar to photoallergic 
reactions [1, 54]. Nevertheless, CD8 + T cells are more 
prominent in triggering the immune system in SJS/TEN 
vs. CD4 + T-cells in photoallergy [108]. The pathophysi-
ology of photodistributed SJS/TEN is likely distinct from 
other drug-induced SJS/TEN cases as UVR plays a role. 
Nevertheless, it is assumed that a delayed type IV hyper-
sensitivity reaction ultimately takes place as the cases 
meet diagnostic findings consistent with SJS/TEN.

Findings not observed in a photoallergic or a photo-
toxic reaction, but that are commonly found in pho-
todistributed SJS/TEN include mucous membrane 
involvement [22, 28–36, 38, 39], a positive Nikolsky’s 
sign [22, 30–32, 39], rash involvement of the palmar and 

Fig. 2  Rash in photodistributed Steven’s–Johnson Syndrome and Toxic Epidermal Necrolysis [32, 35, 38]. All three images were obtained from 
cases in this review and demonstrate a photodistributed pattern with the sparing of skin covered by bikini swimsuits. The rash distribution is less 
demarcated (solid arrows) without sharp lines as is observed in a common sunburn, and with satellite lesions (dotted arrows) that are target-like 
and isolated from the rest of the rash in areas where the swimsuit covered the skin during the UVR exposure. The images were from patient cases 
of a Steven’s–Johnson syndrome from 10 days of ciprofloxacin and sun exposure at the beach [35], b toxic epidermal necrolysis from 3 years of 
hydroxychloroquine and sun exposure on a cruise [32], and c toxic epidermal necrolysis from 10 days of lamotrigine and tanning bed exposure [38]
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plantar surfaces [28, 30, 36, 38, 39]. There is also a unique 
timeline of maximal clinical manifestation of the rash, 
reported as 24–48 h in phototoxic reactions, 48–72 h in 
photoallergic reactions, but commonly progress for days 
to weeks in photodistributed SJS/TEN [22, 28–33, 36, 38, 
39]. The histopathological findings are also distinct. Pho-
totoxic reactions often have necrotic keratinocytes, but 
less commonly full-thickness epidermal necrosis as in 
SJS/TEN and the immunological findings are distinct in 
the dermal/epidermal layers and vesicle fluid (if vesicles 
are present in the phototoxic reaction) [22, 34, 45, 49]. 
Although DIF findings are rarely reported in photosensi-
tive reactions, DIF has been reported as positive in pho-
toallergy [109] and negative in phototoxicity [110]. DIF 
is commonly reported in SJS/TEN and is negative. For 
additional comparisons see Table 6 [100].

Photodistributed erythema multiforme
Photodistributed erythema multiforme (PEM) is rarely 
reported, but an important differential diagnosis. In one 
review in 2012, 18 cases of PEM were identified: 10 were 
drug-induced, four were due to herpes simplex virus, one 
polymorphous light eruption, and three idiopathic [88]. 
Erythema multiforme (EM) shares many features with 
SJS and TEN and all were once considered to be in the 
same spectrum [111]. Further investigation revealed that 
EM is considered distinct from SJS/TEN. EM is impor-
tant to distinguish from SJS/TEN as it is self-limiting 
with mild or no systemic symptoms and usually resolves 

without complications, versus a systemic reaction that 
is potentially life threatening in SJS/TEN [2]. EM is a 
hypersensitivity reaction that may be caused by drugs 
but is mostly caused by infections such as herpes simplex 
virus and mycoplasma [112]. Mucous membrane involve-
ment is only associated with 25–60% of EM cases [113]. 
EM is characterized by a raised, papular rash with “typi-
cal target” lesions with three concentric zones; whereas 
a flat, macular rash with poorly defined “atypical target” 
lesions in SJS/TEN generally have two zones and dem-
onstrate confluence of lesions [113, 114]. In SJS/TEN 
the rashes progress to have more extensive vesicle/bul-
lae formation and are followed by skin sloughing. Palmar 
and plantar rash can be seen in EM and SJS/TEN. EM is 
symmetrically distributed on the distal extremities with 
minimal epidermal detachment, often to 1% or 2% of 
BSA (< 10% of BSA) [113]. Histologically, the conditions 
can appear similar in early stages; however, in later stages 
SJS/TEN can be distinguished from EM: established SJS/
TEN shows full-thickness keratinocyte necrosis that 
develops into subepidermal bullae vs. scattered necrotic 
keratinocytes that appear in the lower layer of the epi-
dermis (this finding may also be seen in early stages of 
SJS/TEN) [115]. It has also been noted that the center of 
a blister in a typical target lesion in EM may also dem-
onstrate full thickness necrosis [116]. Thus, a thorough 
histological evaluation is warranted. The gravity of the 
overall clinical presentation, including the involvement 
of systemic symptoms and the severity of cutaneous and 
mucosal involvement may suggest SJS/TEN vs. EM early 
in the patient work-up; however, less severe cases may be 
less clear and require a detailed work-up to differentiate 
conditions.

Autoimmune bullous diseases, porphyria disorders, and SJS/
TEN‑Like LE
UVR is known to induce or aggravate autoimmune bul-
lous diseases, including pemphigus foliaceus, pemphi-
gus vulgaris, bullous pemphigoid, and less commonly, 
linear IgA dermatosis [117]. Bullous diseases have many 
similarities to drug-induced SJS/TEN. They may present 
with bullae formation, mucous membrane involvement, 
a positive Nikolsky’s sign and are widely associated with 
drug use [13, 118, 119]. Bullous diseases contain autoan-
tibody mediated acantholysis at the basement membrane 
zone which results in a positive DIF. In contrast to these 
findings, SJS/TEN is due to necrosis of cells, resulting in 
the absence of autoantibodies and a negative DIF. Por-
phyria cutanea tarda and pseudoporphyria are also con-
sidered photosensitive bullous diseases that can present 
in a photodistributed pattern with positive DIF findings 
that are consistent with the deposition of immunoglobu-
lins and C3 around blood vessels in the dermis and at the 

Table 5  Evidence of photosensitive reactions from drugs 
recognized in causing photodistributed Steven’s–Johnson 
syndrome and toxic epidermal necrolysis

a Sulfadoxine is a sulfonamide. Thus, sulfonamide was used to search for 
photosensitive reactions

Drug name Photosensitivity 
(non-specific)

Phototoxicity Photoallergy

Chloroquine
asulfadoxine
–pyrimethamine

[56]
[52, 57, 58]
[60]

[58, 59]

Carbamazepine [61–63]

Chlorpromazine [65] [57, 66, 67] [57, 68]

Ciprofloxacin [52, 57, 58, 65, 69]

Clobazam [70]

Hydroxychloro-
quine

[65] [71] [58, 71]

Ibuprofen [73, 74] [52, 57, 58, 65, 72]

Itraconazole [75] [52, 57, 65] [52, 65]

Lamotrigine [76] [77]

Naproxen sodium [52, 57, 58, 65, 78] [58, 59]

Sulfasalazine [57]

Tramadol [80]
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dermal epidermal junction [120–122]. Pseudoporphyria 
is unique in that it is also commonly induced by drugs 
[122]. Thus, a negative DIF will also help rule out these 
conditions as potential causes. Furthermore, SJS/TEN-
like LE is an important alternate diagnosis that should 
always be considered, especially in cases that are pho-
todistributed. In addition to a serological autoimmune 
diagnostic work-up for LE, patients should have a DIF 
test performed on a biopsy sample of the rash. Patients 
with SJS/TEN-like LE will have deposition of IgM and 
IgG in the basement membrane (lupus band) [123]. Addi-
tionally, acute cutaneous LE, subacute cutaneous LE, dis-
coid LE, and systemic LE all commonly result in positive 
DIF of cutaneous samples [124]. In this review, all four 
cases that reported findings of DIF were negative [22, 32, 
36, 38]. DIF should be performed on lesional biopsies in 
every histopathological workup to help rule out various 
differential diagnoses that may be photo-drug-induced.

Distinguishing factors for photodistributed SJS/TEN
The following diagnostic criteria was proposed by the 
authors to help guide physicians when distinguishing 
photodistributed SJS/TEN from an alternative diagnosis 
(Table 7):

The criteria should continue to be reviewed, and 
updated when appropriate, with future investigation of 
photodistributed SJS/TEN. Further elucidation for each 
criterion is outlined here:

Must identify = need all 4:

1.	 A photo-distributed rash as a result of UVR exposure 
after drug initiation (or other known SJS/TEN cause). 
The timeline of UVR is important as a recall-phe-
nomenon has been reported which likely represents 
unique pathophysiology [125, 126].

2.	 Rash progression/worsening that continues for a 
minimum of 48 h with rash evolution to include vesi-
cles/bullae and/or sloughing of the epidermis. This 
is a systemic immune disorder that progresses over 
days to weeks.

Table 6  Differentiating features between drug-induced phototoxic, photoallergic and photodistributed Steven’s–Johnson syndrome 
and toxic epidermal necrolysis (Adapted from Blakely et al. [100])

UVR  Ultraviolet radiation, SJS   Steven’s–Johnson syndrome, TEN  Toxic epidermal necrolysis
a Photo component unknown, but ultimately assumed to result in a drug-induced type IV hypersensitive reaction that is seen in SJS/TEN
b No specific study reports the incidence of drug-induced SJS/TEN cross-reactivity, although cases have been reported [105–107]
c Not mentioned in the literature as findings of phototoxic/photoallergic reactions
d Findings rarely reported [109]

UVR reaction type Phototoxic Photoallergic Photodistributed SJS/TEN

Incidence High Low Low

Pathophysiology Direct tissue injury Type IV hypersensitive reaction Type IV hypersensitive reactiona

Sensitization Required No Yes Yes

Required dose of medication High Low Low

Cross-reactions to related agents Low High Mediumb

Agent type Oral > topical Oral < topical Oral > topical

Onset after light exposure  < 24 h (less common > 24 h)  > 24 h  > 24 h

Progression / worsening of rash 24–48 h 48–72 h  > 48 h (up to week(s))

Clinical skin appearance Exaggerated sunburn Eczematous / Dermatitis Photodistributed erythematous 
macules and flat atypical target 
lesions with vesicles/bullae and 
confluence of lesions

Distribution Only UVR exposed areas UVR exposed areas; may spread 
outside UVR areas

UVR exposed areas; may spread 
outside UVR areas

Palmar and plantar erythema Uncommonc Uncommonc Common

Mucous membrane involvement Uncommonc Uncommonc Always

Nikolsky sign Negativec Negativec Positive

Histology Necrotic keratinocytes, predomi-
nantly lymphocytic and neutrophilic 
dermal infiltrate

Epidermal spongiosis, exocytosis of 
lymphocytes and perivascular inflam-
matory infiltrate

Subepidermal blisters with wide-
spread necrosis (full thickness) and 
apoptotic keratinocytes associated 
with minimal lymphocytic inflam-
matory infiltrate

Direct Immunofluorescence Negative May be positived Negative
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3.	 Negative DIF. If positive, LE, bullous diseases, and 
porphyria disorders should be further investigated.

4.	 More likely SJS/TEN than EM. It is important to 
make this distinction due to mortality risk in SJS/
TEN patients. If the disorder is EM, it is self-limited, 
does not require specialized treatment in a burn 
center, and the patient is able to perform additional 
photobiological testing to aid in culprit drug identi-
fication: phototesting followed by photopatch testing 
[88]. Photobiological testing is too risky in SJS/TEN 
as re-exposure may induce another SJS/TEN case, 
resulting in a high risk of mortality [1].

Major criteria (should identify) = need 3/4:

1.	 A causal drug. All cases in this review include a cas-
ual drug, while cases without drug involvement have 
been reported in SJS/TEN-like LE, PEM, bullous dis-
eases, and porphyria disorders.

2.	 Mucous membrane involvement. Oral, ocular, and/
or genital mucositis is reported in 92–100% of SJS 
patients and nearly all TEN patients, with oral 
involvement being the most common [113]. It is 
suspected that the incidence of mucositis would be 
similar in photodistributed cases as all 12 cases in 
this review that reported mucous membrane findings 
reported mucositis.

3.	 Positive Nikolsky sign. Nearly all should have, but 
not a “must identify” criteria due to limitations of the 
test. (See 4.7 case inclusion consideration for more on 
Nikolsky sign).

4.	 Histopathology demonstrating full-thickness epi-
dermal necrosis with subepidermal bullae develop-
ment. Lesions found in earlier stages of SJS/TEN may 
not yet have progressed to full-thickness epidermal 
necrosis, excluding this finding as a “must identify.”

Minor criteria (common findings) = need 2/4:

1.	 Palmar and plantar rash. No formal report of the 
incidence could be identified in the literature, 
although it is commonly reported in SJS/TEN [12] 
and in the results of this review.

2.	 Delayed rash onset that presents no earlier than the 
day after UVR exposure. This was observed in this 
report and consistent with a delayed hypersensitivity 
reaction commonly reported in SJS/TEN [1].

3.	 Satellite lesions/non-discrete borders on UVR pro-
tected (clothing covered) skin. These findings were 
consistent in all cases in this review (those that pro-
vided images) to varying degrees.

4.	 No flu-like prodrome. This finding was consistent 
with all cases in this review.

Minor criteria 2–4 were important findings in this 
review that need additional evaluation from further accu-
mulation and investigation of cases to assess their preva-
lence before they can be considered a “must identify” or 
“major criteria”. These three findings, in addition to an 
overall photodistributed rash (number 1 in the “must 
identify” section), are the findings that are unique from 
traditional SJS/TEN, summarized as a photodistributed 
rash with non-discrete borders, occurring at least a day 

Table 7  Diagnostic criteria for photodistributed Steven’s–Johnson syndrome and toxic epidermal necrolysis

UVR   Ultraviolet radiation, SJS  Steven’s–Johnson syndrome, TEN  Toxic epidermal necrolysis

Must identify = need all 4:

   1. A photodistributed rash as a result of UVR exposure after drug initiation (or other known SJS/TEN cause)

   2. Rash progression/worsening > 48 h to include vesicles/bullae and/or sloughing of the epidermis

   3. Negative direct immunofluorescence

   4. More likely SJS/TEN than erythema multiforme

Major criteria (should identify) = need 3/4:

   1. A causal drug

   2. Mucous membrane involvement

   3. Positive Nikolsky sign

   4. Histopathology demonstrating full-thickness epidermal necrosis with subepidermal bullae development

Minor criteria (common findings) = need 2/4:

   1. Palmar and plantar rash

   2. Delayed rash onset that presents no earlier than the day after UVR exposure

   3. Satellite lesions/non-discrete borders on UVR protected (clothing covered) skin

   4. No flu-like prodrome
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after UVR exposure, and without a flu-like prodrome. 
The remaining criteria are consistent with traditional 
SJS/TEN and are important to help distinguish from 
other photodistributed disorders.

Total % of BSA involvement can help further distin-
guish between photodistributed SJS, SJS/TEN overlap, 
and TEN [2]. Although DIF has shown to have signifi-
cant diagnostic value in LE [123, 124, 127], the negative 
predictive value of a negative DIF to rule out SJS/TEN-
like LE has not been calculated. Thus, physicians should 
order lupus autoimmune serology to further contribute 
to LE rule out. Clinical judgment and appropriate diag-
nostic workup should be included to investigate differen-
tial diagnosis previously discussed.

Treatment
The authors recommend following up to date treatment 
guidelines for SJS/TEN, emphasizing the importance 
of a quick diagnosis and transfer to an appropriate care 
facility, like a burn center [128]. All patients in this study 
responded well to their treatments and survived, receiv-
ing various combinations of systemic steroids, antibiot-
ics, cyclosporine, intravenous immunoglobulin G, and 
advanced wound care. Patient education should include 
avoiding causal drugs and mitigating sun exposure with 
UVR protection when outside.

Case inclusion consideration
Two cases were less clear about meeting the criteria of 
disease onset of SJS/TEN after UVR exposure. First, a 
female with a history of abnormal reactions to ibupro-
fen chose to take ibuprofen for menstrual cramps which 
resulted in lip swelling and a minimally reactive rash of 
small red macules and papules [34]. The rash was sta-
ble and non-progressive for two days when the patient 
decided to self-treat with UVR from a tanning salon 
that she frequented, triggering the onset of TEN by the 
following morning [34]. This case was included in the 
review as the baseline rash was reported to be stable, 
non-progressive, and radically changed into photodis-
tributed TEN after UVR exposure. The second case was 
an abstract for a poster. Consequently, it provided fewer 
details of a female with a history of epilepsy who expe-
rienced a case of photodistributed SJS from the inges-
tion of lamotrigine [37]. This case was also chosen to be 
included since the photodistribution of the rash implies 
UVR exposure.

Additionally, cases that reported Nikolsky’s sign find-
ings are worth discussing. A positive Nikolsky’s sign is 
observed when light pressure is applied to the skin, usu-
ally from a clinician’s finger, resulting in the disassocia-
tion of the epidermis from the dermis [129]. Five of six 
cases reported a positive Nikolsky’s sign [22, 30–32, 39], 

a common reported finding in cases of SJS/TEN [1, 130]. 
Eloranta et al. [36], presented the only case that reported 
a negative Nikolsky’s sign. Further evaluation revealed 
that the histopathologic report of the skin biopsy showed 
a necrotic epidermis and interface dermatitis with vacu-
olization and a negative DIF [36], consistent with find-
ings in other cases of SJS/TEN that presented with a 
positive Nikolsky’s sign [22, 30–32]. The Nikolsky’s sign 
is a clinical test attempting to evaluate if the epidermal 
cells have detached from the dermis which was suggested 
in the biopsy findings in this case. Obtaining a positive 
Nikolsky’s sign depends on correctly performing and 
interpreting the findings. One case showed that although 
75% of a patient’s BSA presented with a rash consistent 
with TEN, the Nikolsky’s sign was only positive in 9% of 
BSA upon presentation, which progressed to 20% when 
re-evaluated 24 h later [107]. Thus, if a Nikolsky’s sign is 
only performed on part of the rash, a false negative may 
result. Additionally, the timing of the test matters. Tests 
performed later in the disease process are more likely to 
be positive. This correlated with histological findings that 
show progression from individual keratinocyte apoptosis 
to full thickness necrosis in later stages. Due to variability 
in Nikolsky’s sign findings, along with the histopathologic 
report and other clinical findings that are consistent with 
SJS, the case published by Eloranta et  al. [36] was still 
included in the analysis.

Additional radiation‑related considerations in SJS/TEN 
Cases
Several studies fell short of meeting inclusion criteria but 
are worth discussing. A case of a 67-year-old female with 
SJS/TEN overlap and a positive Nikolsky’s sign reported 
that sun exposure was a potentiating factor, provid-
ing images of the patient’s rash with photo-demarcated 
borders [10]. This case was excluded due to limited case 
information (only description was in a figure legend), and 
no causal drug or timeline of sun exposure was provided. 
Two studies reported patients with past histories of pso-
riasis who regularly received treatments of ultraviolet-B 
light and experienced fatal cases of TEN, one after seven 
days on cefozopran and the other 16  days after starting 
etretinate [131, 132]. These cases did not meet inclusion 
criteria because the studies did not report whether the 
patient received ultraviolet-B light therapy after start-
ing the causal drug. Three additional cases of SJS/TEN, 
which reported patients who received methoxsalen with 
concomitant UVR for the treatment of vitiligo or psoria-
sis [133], were excluded for similar reasons.

There are also reports of UVR exposure preceding 
introduction of the causal drug that resulted in SJS/TEN 
presentations. A patient who experienced a bullous sun-
burn on his back and thighs presented seven months 
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later with a case of TEN after taking trimethoprim-sul-
famethoxazole; his rash replicated the distribution of the 
previous sunburn [125]. Another study reported a man 
with a history of a left forearm sarcoma resection and 
treated with a split-thickness skin graft and radiotherapy 
who presented with SJS several months later [126]. His 
rash was localized primarily to the radiation exposure 
site following a 10-day regimen of trimethoprim-sul-
famethoxazole for an infection. These were considered 
recall-like reactions as the areas of radiation exposure 
expressed significantly more vesiculobullous involve-
ment than other areas of the body [126]. A recall reaction 
occurs after ionizing or ultraviolet radiation damages the 
skin, permanently destabilizing the skin’s immune behav-
ior, leaving the affected skin compromised and vulnerable 
to subsequent immune-related disorders [134]. Recall 
reactions likely have a different pathogenesis and thus 
are considered a distinct diagnosis from photodistributed 
SJS/TEN cases that are described in this review.

Radiotherapy has also been reported to cause drug-
induced SJS/TEN presentations after the initiation of a 
new drug regimen, similar to the UVR cases described 
in this review. One such case of SJS was reported after 
a patient received concomitant phenobarbital and radia-
tion therapy, which resulted in rash distribution limited 
to the radiation exposure areas [135]. The same study 
recognizes an additional 21 cases of atypical erythema 
multiforme, TEN, and SJS in patients receiving radiation 
therapy while on concomitant phenytoin, phenobarbi-
tal, or carbamazepine. Additional studies described SJS/
TEN overlap from concurrent gemcitabine or temozo-
lomide and radiotherapy [136, 137]. These cases were 
not included as all cases did not adequately describe 
rash onset, distribution, and type of radiation exposure. 
Future cases of SJS/TEN that are precipitated by radio-
therapy should be evaluated by the proposed diagnostic 
criteria to determine if they are photodistributed SJS/
TEN.

Limitations and future directions
There were many studies that met inclusion criteria. 
However, one limitation to this review is the level of 
detail provided by the individual studies, thus limiting 
the analyses and comparisons that could be performed. 
Furthermore, it is difficult to ascertain the prevalence of 
photodistributed SJS/TEN. In the literature, UVR’s role 
in SJS/TEN cases is not widely documented. Due to the 
minimal coverage, it is plausible that many UVR-linked 
cases have gone unrecognized or unreported.

Future directions should focus on further investiga-
tion of the pathophysiology that is responsible for pho-
todistributed SJS/TEN, as the current understanding is 
theoretical.

Conclusion
Physicians should be aware that UVR may precipitate 
SJS/TEN in patients taking susceptible drugs. Rash 
onset occurs after UVR exposure in a photodistributed 
pattern, with a delay of at least 24 h. As the rash pro-
gresses for at least 48  h, vesiculobullous lesions with 
skin sloughing form. The photodistributed pattern 
remains with non-discrete borders and satellite lesions 
on UVR protected (clothing covered) skin. A lack of a 
flu-like prodrome is also unique from traditional cases 
of SJS/TEN. Additionally, findings of mucositis, pal-
mar and plantar rash, a positive Nikolsky sign, and a 
prolonged disease course can help distinguish pho-
todistributed SJS/TEN from photosensitive reactions. 
Similarly, a negative DIF can help rule out other photo-
induced autoimmune bullous diseases, porphyria disor-
ders, and SJS/TEN-like LE. Photodistributed SJS/TEN 
appears to be photo-drug-induced with a unique onset 
and rash presentation that should be recognized as a 
distinct diagnosis.
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