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Thus, even when overlap is highly enriched statistically, co-reported phenotypes represent only a small fraction of
all cases, highlighting the limitations of spontaneous reporting for conditions that require histopathologic

confirmation and underscoring the need for harmonized clinical-pathologic definitions.

Latency Varies by Causative Drug and SCAR

We conducted TTE analysis on a subset of cases filtered to those with full date information, filtered to those with
time from starting the drug to event between 0 and 180 days, and subsequent filtering of outliers and removal of
short latency cases (<3 days for SJS/TEN, <7d for DRESS) to avoid protopathic bias (n = 11,584 , Figure 5A).
Latency differed by phenotype (p < 0.0001 by log-rank), with GBFDE having the shortest (3d, IQR [2-3], n=5),
followed by AGEP (4d, [2-9], n = 1541), SJS-TEN (15d, [9-26], n=6111), and DRESS (24d, [15-35], n = 4047).
Median latency varies substantially by causative drug (Figure 5B), though AGEP has faster onset for any given drug
than SJS/TEN or DRESS to that same drug (eFigure 7). For SIS-TEN, NSAIDs (ibuprofen, acetaminophen) and
antibiotics (ceftriaxone, amoxicillin, azithromycin) have short latency, while ICI (pembrolizumab, nivolumab),
allopurinol, and anticonvulsants (zonisamide, phenytoin) have long latency. For DRESS, ibuprofen, amoxicillin, and
the kinase inhibitor vemurafenib have short latencies, while the protease inhibitor telaprevir has a median latency of

48.5 days. For AGEP, a few drugs have long latency (vancomycin, hydroxychloroquine, terbinafine).

Discussion
We report a comprehensive cross-sectional analysis of 56,683 SCAR cases from FAERS, 10-100x more than
previous studies. SCAR reporting in FAERS has increased over time. For DRESS, this is likely due to the condition
first being named in 1996, criteria being published in the mid-2000s, and FAERS first reporting in 2003.!> GBFDE,
known since the 1980s, has only been reported in FAERS since 2021.'¢ While the plurality of reports are from high-
resource nations, there are many reports from middle- and lower-income nations, reflecting SCAR’s global nature
and the need for further global reporting.

Reported causative agents include well-known culprits like beta-lactams, anticonvulsants, and allopurinol,
and less-studied agents like immunomodulators. The FDA’s Drug Safety-related Labeling Changes (SrLC) lists nine
drugs since 2016 with label changes due to a link with SJS-TEN and/or DRESS — lamotrigine, allopurinol,

phenytoin, carbamazepine, amoxicillin, trimethoprim-sulfamethoxazole (TMP-SMX), rifampin, levetiracetam, and
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vancomycin.!” Importantly, four of these drugs with the most label changes since 2016 for SCAR, DRESS, and/or
SJS-TEN (allopurinol — 4 changes, phenytoin — 6 changes, rifampin — 5 changes, and TMP-SMX — 4 changes), are
the same drugs that we found to be disproportionately represented in our data, providing evidence of the robustness
of our methods but also indicating that these label changes may have impacted reporting.

The impact of these findings is underscored by the methods used to prepare FAERS, and by the breadth of
medications studied. Prior studies have been limited by smaller sample sizes or focus on a few drugs.'®"°
Additionally, prior studies have not been as thorough in sanitization, including limited deduplication efforts and lack
of stringency in drug naming; this issue is well-documented and an area of active improvement.*°

Even with our efforts, limitations remain. Because FAERS relies on voluntary reporting and lacks stringent
diagnostic requirements (e.g., DRESS or AGEP cases do not require confirmation by RegiSCAR or EuroSCAR
criteria), it cannot be used to estimate incidence, may lead to reporting biases, and remains susceptible to
misdiagnosis. One source of error arises from confusion between phenotypically similar but etiologically distinct
diseases, such as TEN-like pemphigoid, in which autoimmune blistering disorders mimic the widespread epidermal
necrosis and mucosal involvement of SJIS-TEN.?! Additional challenges include variable detail across reports — some
omit concomitant drug data, exact dates, or full phenotyping — and the persistence of residual duplicate entries and
typographical errors despite systematic cleaning. More advanced methods based on natural language processing and
probabilistic grouping could further address these issues in future studies, alongside harmonized diagnostic criteria

and the creation of specific MedDRA terms for emerging phenotypes.?

Emerging Agents, Overlap Conditions and Mimickers

Particularly striking is the rise of ICI-induced SCAR, which presents a mechanistic challenge: whereas small
molecules are thought to cause SCAR through direct perturbation of the T-cell receptor/peptide/MHC interface, ICIs
may trigger reactions by releasing peripheral tolerance, resulting in a broad spectrum of immune-related adverse
events, including SJS-TEN-like presentations.?* ICIs in our dataset were associated with longer latencies compared
to traditional culprits, suggesting a distinct pathophysiology. It remains unclear whether these reactions represent
true SJIS-TEN or a distinct phenotype like PIRME.?* Additionally, ICIs may lower the threshold for small-molecule-
induced SCAR, suggesting that some cases may be mis-attributed.?>2® A similar ambiguity is the antibody-drug

conjugate enfortumab vedotin, which has been reported to cause both “classic”” SIS-TEN and an SJS-TEN-like
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eruption histologically similar to toxic erythema of chemotherapy, likely due to direct toxicity on keratinocytes.?’
Together, these findings suggest that immunotherapy-related mucocutaneous toxicity may span a spectrum that
intersects, but is not identical to, classic SCAR.

Full phenotyping and histopathology are often required to diagnose conditions meeting the criteria of >1
SCAR. While such data is unavailable in FAERS, our work offers some insights. We demonstrate that co-reporting
is higher than expected by random assortment and occurs more frequently than with other cutaneous conditions
commonly misdiagnosed for each other (e.g. autoimmune bullous disease). This co-reporting may reflect either
misdiagnosis, clinical ambiguity, or a true overlapping phenotype.

SJS-TEN/DRESS overlap, meaning cases meeting criteria for both, has been reported with allopurinol,
anticonvulsants and TMP-SMX, among others.?®?° AGEP/DRESS overlap is more difficult. The condition is
recognized as a discrete entity within FAERS, and in our data it appears in one case (primary suspect levofloxacin).
Pustular DRESS is a known phenotype, with vancomycin, phenytoin, doxycycline and piperacillin-tazobactam
implicated in a recent review (noting that these patients didn’t meet full AGEP criteria).’® A retrospective study of
216 patients found one probable case of DRESS-AGEP overlap meeting both criteria.! Similarly, AGEP with TEN-
like features, or AGEP/SJS-TEN overlap, is increasingly recognized.’? Many present with widespread desquamation
and mucosal involvement appearing SJS-TEN-like, but with pathology showing pustules. Because histopathology is
needed, many cases of both true AGEP/SJS-TEN overlap and AGEP with SIS-TEN-like features are likely

misdiagnosed. Further harmonization of criteria and coordination are needed to characterize these cases.

Causative Agents and Latency
Drug latency is critical in the management of SCAR, as different SCAR phenotypes differ significantly by latency,
as reproduced in our data. In tandem with drug timelines, prior knowledge of latency is vital to determining the
causative agent in complex cases. We have demonstrated that causative agents have a strong influence on latency,
and that some agents have unusually long or short latencies, which is valuable knowledge in a clinical setting.

A few causative agents stand out in terms of unusually long or short latencies. The long latency of
hydroxychloroquine- and terbinafine-induced AGEP has been described, in stark contrast to AGEP’s usual very
short latency.>** SJS-TEN attributed to pembrolizumab and nivolumab also have longer latencies, consistent with

the literature on PIRME.>* Vemurafenib has previously been attributed to rapid-onset DRESS.3 The reason for the
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dependence of latency on causative agent is not well-understood and bears further study, perhaps by considering
chemical structure, metabolism, and time needed for antigen presentation.

A controversy in the field of SCAR is protopathic bias — namely, when a drug is misattributed as causative
because it is prescribed early during SCAR to another drug. This is particularly notable for NSAIDs, which are often
prescribed in the flu-like prodromal phase of SJS-TEN, and which have low latency in our data. An internal FDA
review suggested acetaminophen caused rash, and mucosal erosion with a 1-3 day delay, though this finding is
controversial.?® We attempted to filter out this effect by removing short-latency SJS/TEN and DRESS cases based on
clinical experience; these cases may represent protopathic bias, accidental rechallenge, phenotypic misattribution
(ex. Erythema multiforme vs SIS/TEN, or morbilliform drug eruption vs DRESS). Because GBFDE has only been
an entity in FAERS since 2021, undoubtedly some SJS/TEN cases recorded before then were likely GBFDE. A

concerted effort to confirm these cases with follow-up testing would be helpful.

Conclusion and Future Directions

SCAR remains among the most devastating complications of pharmacotherapy, yet their rarity and complexity make
them challenging to study in traditional clinical cohorts. Pharmacovigilance databases offer an opportunity to
investigate SCAR at population scale, aggregating global data to identify trends, signals, and emerging culprits. In
this study, we applied refined deduplication strategies and multi-dimensional analyses to characterize the
epidemiology, latency, and phenotypic overlap of SCARs across more than 56,000 reports.

In parallel, the growing complexity of SCAR phenotypes demands new frameworks for classification that
go beyond current syndrome labels. Emerging entities like PIRME, pustular DRESS, and AGEP with SJS-TEN-like
features illustrate how existing diagnostic categories may fail to capture heterogeneity. Future efforts should
prioritize harmonization of diagnostic criteria across SCAR, standardized integration of electronic health record
information and histopathologic data, and adoption of probabilistic or spectrum-based models of classification. This
will be essential not only for pharmacovigilance, but also for improving the design of trials, mechanistic studies, and

treatment algorithms for these rare but life-threatening reactions.

Data Sharing

Methods and data are available at https://github.com/capuhcheeno/SCARs_ICI-Manuscript-Scripts.
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eFigure Legends

eFigure 1. FAERS Deduplication and Sanitization. Quarterly FAERS data files are deduplicated and combined,
with drugs and outcomes mapped to standard terms. Any unmapped drugs and outcomes were manually mapped to
standardized terms. From a data set of n = 17201564 unique patient IDs (PIDs), 56683 have at least one reported
SCAR. Of those cases, 11,584 had sufficient data and were filtered for TTE analysis.

eFigure 2. Age Versus Sex. Age distribution, separated by sex, were determined for (A) total SCAR and (B)
separated individual SCAR.

eFigure 3. Geographic Distribution of SCAR. Number of reports of all SCAR are displayed.

eFigure 4. Geographic Distribution of Individual SCAR. Number of reports of individual SCAR are displayed
eFigure 5. Disproportionality Analysis of SCAR, Aggregated. Information component, along with 95%
confidence interval (from IC025 to IC975) were calculated for the top 100 drugs by number of cases. Red dashed
line at IC = 3 indicates strongly disproportionate associations.

eFigure 6. Disproportionate Co-reporting Between Cutaneous Adverse Reactions. (A) Heatmap of pairwise co-
reporting between cutaneous ADRs. The diagonal shows the total number of patients reported with each phenotype.
Upper-triangle cells show, for each pair, the number of patients who had both reactions (N) and the p-value from a
one-sided binomial test with Benjamini—Hochberg correction. (B) Overlap effect sizes for all 45 phenotype pairs,
plotted as Jaccard index (fraction of the union of patients with both events) versus the phi coefficient (correlation
between the two binary phenotypes). A small number of pairs — most notably SIS-TEN with DRESS and AGEP, and
GBFDE with FDE — show modest but statistically robust positive association. (C) Horizontal bar plot of the top 20
cutaneous ADR pairs ranked by lift (observed / expected overlap under independence). Most pairs have lift values
well above 1, indicating substantial enrichment of co-reporting, but these overlaps remain numerically rare,
consistent with largely distinct patient populations for each phenotype.

eFigure 7. Median time-to-event (days) with interquartile range (IQR) for selected culprit drugs across SCAR
phenotypes. Colored points mark medians and horizontal bars the IQR for SJIS/TEN (red), DRESS (blue), and

AGEDP (green). Across many agents, DRESS shows longer median latency, with AGEP generally shortest.
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represents the IC of a given drug-SCAR combination, with the total number of cases noted just above. Confidence intervals span 1C025 to I1C975.

Figure 3. Disproportionality Analysis. Top <20 drugs for each SCAR by number of cases (with a minimum of 3 cases) are displayed. Each point
Red dashed line represents IC of 3, suggesting strong disproportionality.
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Figure 4. Disproportionality Analysis and Co-reporting of SCAR. Information component, with 95% confidence interval (IC025 to IC975) is

plotted for all medications with at least 3 cases of co-reported SCAR. Inset: number of patients with co-reported SCAR, pairwise. Elements on the

diagonal are the total patients with each SCAR.


https://doi.org/10.1101/2025.03.05.25323441
http://creativecommons.org/licenses/by-nc-nd/4.0/

— SJS-TEN — DRESS — AGEP — GBFDE

A B SJS-TEN DRESS AGEP
zonisamide S . ZEm— zonisamide - vancomycin ———
100~ vemurafenib —— vemurafenib  @= valacyclovir =@
p < 0.0001 vancomycin -— vancomycin —— tramadol =@+
valdecoxib = =@=——— valproate —— terbinafine —_—
trimethoprim ~ ==@= valacyclovir —_—r— pantoprazole --——
TMP/SMX Inj == telaprevir —— ondansetron ~ =—r@-
terbinafine —— sulfasalazine —— omeprazole @=r—
0.75- sulfasalazine - rifampin —_—— metronidazole —
sorafenib  =@= raltegravir —— metformin =@
sertraline —r— quetiapine — =—g——— meropenem ——
phenytoin —— pyrazinamide ——— linezolid iy —
pembrolizumab gl — pregabalin  =—@=— levofloxacin >~-—
pantoprazole —— pip / tazo Inj - levetiracetam ---
0.50-—+-1 oxcarbazepine —— phenytoin —— lenalidomide ——
omeprazole e — pantoprazole - lansoprazole =~ =@
nivolumab ——— omeprazole - imipenem @=—7———
nevirapine —— moxifloxacin - ibuprofen ~ @=r
g’ levofloxacin =@ mirtazapine - hydroxyzine  =@=
‘D‘ levetiracetam —— metronidazole — hydroxychloroquine —_—
0.25- o lenalidomide - levofloxacin —_— furosemide ~ —T@—
2 lansoprazole —_— levetiracetam - fluconazole =@
! 2 lamotrigine —— lenalidomide —— esomeprazole -
{ g ibuprofen =@ lansoprazole —— enoxaparin =@
A (%] furosemide —— lamotrigine —— doxycycline — @
! fluconazole = =—@=—— ibuprofen @=— diltiazem —-—
G- i esomeprazole —— furosemide —— clindamycin ——
. enoxaparin —— fluconazole — clavulanate —=——T-0—
H ‘ S 2 : ¥ ¥ 4 d enfortumab - esomeprazole - clarithromycin =@+
0 L 20 % A0 A 60 70 &0 clavulanate  =@=—— enoxaparin —_— ciprofloxacin ——
clarithromycin === clindamycin ~ =—@=— cefuroxime ->—
- ciprofloxacin ~ =@=r ciprofloxacin —_— ceftriaxone =~ ===~
Number at risk ceftriaxone =@ ceftriaxone —_—r cefotaxime -
carboplatin —————— cefotaxime o bisoprolol --—
SJSTEN 6111 4367 2207 1218 586 246 43 0 0 carbamazepine —— carbamazepine —r— azithromycin —_——
azithromycin =~ @ atorvastatin ——— atorvastatin -
DRESS 4047 3727 2526 1449 694 343 129 12 0 aspirin -_— amoxicillin === amoxicillin =@
amoxicillin =@ amlodipine — amlodipine *-—
AGEP 1541 367 88 0 0 0 0 0 0 amlodipine e — allopurinol —_— allopurinol --—
allopurinol —— acyclovir - acyclovir —r——m—m—————————————————
GBFDE § 0 0 0 0 0 0 0 0 acetaminophen —=—@=—T— acetaminophen - acetaminophen =@
All Drugs — All Drugs —— AllDrugs — =—dpmm—
0 10 20 30 40 50 60 70 80 10 20 30 40 10 20 30 40 50 60 10
Days Median Latency, 25-75th %ile (Days)

Figure 5. Drug Latency. (A) Survival curves of show clear variation in median TTE/latency per SCAR. P-value by log-rank test. (B) Drug latency
varies by causative drug, within each SCAR. The top 40 drugs (by number of cases) were plotted for each SCAR (GBFDE was excluded due to low
number of cases). Each point represents median latency for that drug-SCAR combination, with IQR around the median. The “All Drugs” row for
each SCAR shows the mean latency for each SCAR for all drugs (including those not displayed).
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