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IMPORTANCE Stevens-Johnson syndrome and toxic epidermal necrolysis (SJS/TEN) are rare
but severe adverse reactions with high mortality. There is no evidence-based treatment, but
various systemic immunomodulating therapies are used.

OBJECTIVES To provide an overview on possible immunomodulating treatments for SJS/TEN
and estimate their effects on mortality compared with supportive care.

DATA SOURCES A literature search was performed in December 2012 for articles published in
MEDLINE, MEDLINE Daily, MEDLINE Inprocess, Web of Science, EMBASE, Scopus, and the
Cochrane Library (Central) from January 1990, through December 2012, and updated in
December 2015, in the English, French, Spanish, and German languages looking for treatment
proposals for SJS/TEN. Other sources were screened manually.

STUDY SELECTION Initially, 157 randomized and nonrandomized studies on therapies
(systemic immunomodulating therapies or supportive care) for SJS/TEN were selected.

DATA EXTRACTION AND SYNTHESIS Relevant data were extracted from articles. Authors were
contacted for further information. Finally, 96 studies with sufficient information regarding
eligibility and adequate quality scores were considered in the data synthesis. All steps were
performed independently by 2 investigators. Meta-analyses on aggregated study data
(random-effects model) and individual patient data (IPD) (logistic regression adjusted for
confounders) were performed to assess therapeutic efficacy. In the analysis of IPD, 2
regression models, stratified and unstratified by study, were fitted.

MAIN OUTCOMES AND MEASURES Therapy effects on mortality were expressed in terms of
odds ratios (ORs) with 95% CIs.

RESULTS Overall, 96 studies (3248 patients) were included. Applied therapies were
supportive care or systemic immunomodulating therapies, including glucocorticosteroids,
intravenous immunoglobulins, cyclosporine, plasmapheresis, thalidomide, cyclophosphamide,
hemoperfusion, tumor necrosis factor inhibitors, and granulocyte colony-stimulating factors.
Glucocorticosteroids were associated with a survival benefit for patients in all 3 analyses but
were statistically significant in only one (aggregated data: OR, 0.5; 95%% CI, 0.3-1.01; IPD,
unstratified: OR, 0.7; 95% CI, 0.5-0.97; IPD, stratified: OR, 0.8; 95% CI, 0.4-1.3). Despite the
low patient size, cyclosporine was associated with a promising significant result in the only
feasible analysis of IPD (unstratified model) (OR, 0.1; 95% CI, 0.0-0.4). No beneficial findings
were observed for other therapies, including intravenous immunoglobulins.

CONCLUSIONS AND RELEVANCE Although all analyses, including the unstratified model, had
limitations, glucocorticosteroids and cyclosporine were the most promising systemic
immunomodulating therapies for SJS/TEN. Further evaluation in prospective studies is
required. However, this work provides a comprehensive overview on proposed systemic
immunomodulating treatments for SJS/TEN, which is of great relevance for treating physicians.
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S tevens-Johnson syndrome and toxic epidermal necroly-
sis (SJS/TEN) are rare, severe cutaneous adverse reac-
tions that are associated with high mortality.1 SJS/TEN

can be characterized by the detachment of necrotic epider-
mis and erosions of mucous membranes with different de-
grees of severity.2 The programmed cell death of the epider-
mis is believed to be induced by cytotoxic T cells and mediated
by various cytokines.3,4 However, mainly because of their rare-
ness, there is still a lack of an evidence-based standard treat-
ment protocol for SJS/TEN.5 This review is a step toward such
a protocol and reveals hypotheses on the most promising thera-
pies essential for future studies.

Because of the severity of SJS/TEN, hospital admission is
required for these patients. One of the first actions in the treat-
ment is to identify the most likely cause and the early with-
drawal of the potentially inducing agent.6 Because of the skin-
related symptoms, supportive care has highest priority.
Moreover, because of the underlying immune-mediated mecha-
nism, different systemic immunomodulating treatments (SITs)
are proposed with the intent of stopping the progression of skin
necrosis.4,7 However, an evidence-based evaluation is miss-
ing. The aims of this project are therefore to (1) provide a
comprehensive overview on proposed SITs and (2) estimate
their effect on mortality compared with supportive care.

To acknowledge the specific situation in SJS/TEN, ran-
domized and nonrandomized studies were considered. Fur-
thermore, aggregated study data (meta-analysis at the study
level) and individual patient data (IPD) (meta-analysis at the
patient level) were used to obtain effect estimates for differ-
ent SITs.

Methods
Systematic Review
A systematic search was performed in December 2012 for ar-
ticles published from January 1990, through December 2012
in the English, French, German, and Spanish languages on
therapies (SIT or supportive care) for SJS/TEN in MEDLINE,
MEDLINE Daily, MEDLINE Inprocess, Web of Science, EMBASE,
Scopus, and the Cochrane Library (Central) by staff of the li-
brary at the Institute for Medical Biometry and Statistics, Medi-
cal Center – University of Freiburg, Freiburg, Germany, under
the supervision of the head librarian (E.M.), who is experi-
enced in literature search for systematic reviews. Articles pub-
lished before 1990 were excluded because the internation-
ally accepted consensus definition for diagnosing SJS/TEN was
developed in 1990.2 Duplicate references were excluded. Sub-
sequently, all titles were screened to remove obviously irrel-
evant publications. In addition, a manual search in other
sources was performed (eMethods 1 in the Supplement). For
processing of identified references, results of the different
searches were imported into Endnote.

After articles were obtained, studies were assessed accord-
ing to the following eligibility criteria (eMethods 2 in the
Supplement): (1) clearly described type of study, (2) diagnos-
tic accuracy of SJS/TEN, (3) sufficient description of treat-
ment, (4) information on mortality, and (5) at least 5 partici-

pants per study. A slightly modified instrument proposed by
the Cochrane group was applied to all remaining publications
that assigned a respective quality score to each study (eMethods
3 in the Supplement).8 Moreover, data from each study were
extracted using a predefined instrument (eMethods 4 in the
Supplement). The different steps to identify and assess the lit-
erature were independently performed by 2 of us (S.Z., M.V.).
Any disagreement was solved by means of consensus. Subse-
quently, authors were approached to obtain additional infor-
mation. Finally, all studies that fullfilled eligiblity criteria and
had quality scores larger than the lowest tertile of the ob-
served distribution of scores (≥5 points) were considered in the
data synthesis. Furthermore, duplicate publications of the
same study population were excluded.

Toincorporatemorerecentliterature,thesearchwasrepeated
inDecember2015usingthesamesearchstrategyexceptformodi-
fications partially requested because of changes on the search
platforms. In addition, identified references were similarly
processed to detect new therapeutic proposals (aim 1).

Data Synthesis
All extracted data of the selected studies were imported into
SAS statistical software, version 9.2 (SAS Institute Inc). A de-
scriptive analysis of proposed SITs was performed to provide
a comprehensive overview. To estimate therapy effects, 2 meta-
analytic approaches were considered using aggregated data or
IPD.9 The analyses were performed for each immunomodu-
lating therapy separately with supportive care as the compari-
son group. Therapy effects were expressed in terms of odds
ratios (ORs) with 95% CIs.

For the meta-analysis at the study level, only studies that
compared SITs and supportive care and reported therapy ef-
fects or provided data for its calculation could contribute to
this analysis. A random-effects model was fitted to estimate
a pooled treatment effect on the mortality of SJS/TEN using
the function metagen of the R-package meta (R version 2.15.3;
R Foundation for Statistical Computing). Studies were weighted
by the inverse-variance method. Results are presented in for-

Key Points
Questions Which systemic immunomodulating therapies are
proposed for the treatment of Stevens-Johnson syndrome and
toxic epidermal necrolysis and what are their effects on mortality
compared with supportive care?

Findings In this meta-analysis of 96 studies comprising 3248
patients, patients were treated with supportive care,
glucocorticosteroids, intravenous immunoglobulins, cyclosporine,
plasmapheresis, thalidomide, cyclophosphamide, hemoperfusion,
tumor necrosis factor inhibitors, and granulocyte
colony-stimulating factor. Glucocorticosteroids and cyclosporine
were associated with promising survival benefit. This finding was
not observed for other treatments.

Meaning Glucocorticosteroids and cyclosporine are the most
promising therapies for Stevens-Johnson syndrome and toxic
epidermal necrolysis, although these findings still require further
evaluation in prospective studies.
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est plots. Heterogeneity was quantified using I2. Funnel plots
were used to assess for the presence of publication bias.

For the analysis of IPD, information on therapy, out-
come, age, and severity of SJS/TEN was requested from each
patient. When identified, duplicate patients were excluded.
A logistic regression model was fitted to estimate the treat-
ment effect of each SIT separately compared with supportive
care (with at least 10 patients per group) on mortality.10

Analyses were adjusted for age (<40 or ≥40 years) and sever-
ity of disease (SJS, SJS/TEN overlap, or TEN). Moreover,
models were fitted with and without consideration of the
source of patients (ie, estimates from analyses stratified and
unstratified by study were obtained). The stratified model

has the advantage of adjusting estimation for potential dif-
ferences among studies but limits the amount of data that
can be used. To make use of all IPD, an unstratified model
was fitted as well.

Results
Systematic Review
The systematic search in different electronic databases in 2012
yielded 6485 references (duplicates excluded) (Figure 1). Af-
ter exclusion of unrelated references via title screening and in-
clusion of additional records identified by manual search, the
full text of 848 articles was obtained and subjected to a de-
tailed eligibility check. As a result, 691 articles were excluded
at this stage because eligibility criteria were clearly violated.
The remaining 157 publications were then included in the qual-
ity assessment and data extraction. Completed data extrac-
tion sheets were sent to authors of the respective publication
to obtain missing information. After sending reminders, an-
swers from 35 study groups (22.3%) were received; however,
only 27 groups (17.2%) provided further information. Subse-
quently, 19 publications were excluded because, even with ad-
ditionally obtained information, eligibility criteria were not suf-
ficiently fulfilled.

eTable 1 in the Supplement provides detailed results of
the quality assessment for the remaining 138 publications,
whereas eFigure 1 in the Supplement presents the distribu-
tion of the respective quality scores. Overall, the observed
quality is low (median, 5; range, 1-10.83). Because the aim of
the quality assessment was to identify low-quality studies
to exclude them from further analysis, all publications with
a score below a median score of 5 points (38 [27.5%]) were
excluded. Furthermore, 4 publications that reported the
results of the same study population were combined with
the respective publication. Finally, 96 publications that cov-
ered altogether 3248 patients were selected for the data
synthesis (eReferences in the Supplement).

Comprehensive Overview
Among the 96 included studies, all except 1 are of nonrandom-
ized nature. The only exception was a randomized clinical trial
(RCT) that found a detrimental effect of thalidomide on mor-
tality in patients with TEN.11 The conduct of RCTs is difficult
for several reasons in SJS/TEN (eg, rareness). A former sys-
tematic review that attempted to evaluate the effect of SITs
compared with supportive care also identified only the men-
tioned RCT with thalidomide.11,12 Most other identified stud-
ies are observational studies, especially cohort studies (retro-
spective, 68 [70.8%]; prospective, 9 [9.5%]; and unclear, 17
[17.7%]). There is just one exception of an interventional study
with one treatment arm (1 [1.0%]).13

Besides 40 publications that reported findings obtained
from case series (1 therapy group), 56 (58.3%) of the 96 stud-
ies described 2 or more different therapy groups, which led to
a total of 182 therapy groups within the 96 studies. The vari-
ous treatments are described in Figure 2. Most often, patients
with SJS/TEN were treated without SITs (62 [34.1%]), with glu-

Figure 1. Flowchart of Search Strategy and Study Selection
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cocorticosteroids (45 [24.7%]), or with intravenous immuno-
globulins (IVIGs) (37 [20.3%]). Few patients were treated with
another SIT, including cyclosporine, plasmapheresis, cyclo-
phosphamide, or thalidomide, or with a combination therapy
with more than 1 SIT. Detailed data on all 96 included studies
are presented in eTable 2 in the Supplement.

Detailed information on treatment modalities, such as ap-
plied dosages of SITs, were only occasionally provided and in
various ways. For glucocorticosteroids, application is highly
diverse regarding used substance and dosages reaching from
very low to very high levels. Observations are summarized in
eTable 3 in the Supplement. Doses of IVIGs ranged from 1 mg/
kg to 2 g/kg for all studies that reported data as a mean or from
0.05 mg/kg to 2.9 g/kg for all studies that reported data as a range.
The update of the literature search in 2015 revealed few single
studies14-17 assessing new SITs: hemoperfusion (similar approach
as plasmapheresis), tumor necrosis factor inhibitors (infliximab,
etanercept), and granulocyte colony-stimulating factor.

Meta-analyses
Among the 56 publications that describe more than 1 therapy
group and are thus potentially suitable for meta-analysis at the
study level, less than half provided enough information to be
used for the estimation of therapy effects. For a meta-analysis
comparing the mortality of a single SIT vs supportive care at the
study level, information from more than 1 study is only avail-
able for comparison of glucocorticosteroids vs supportive care
and IVIGs vs supportive care. With respect to IPD, information
on 1209 patients (37.2%) from 55 studies is available, includ-
ing 396 patients (32.8%) who received supportive care.

Glucocorticosteroids
For the meta-analysis at the study level, 11 studies18-28 pro-
vided information on 12 independent comparisons of gluco-
corticosteroids vs supportive care (Figure 3A). Although the
combined point estimate reflects a beneficial treatment ef-
fect, it was not statistically significant (OR, 0.54; 95% CI, 0.29-
1.01). Because no death was observed in one (supportive care)
or both therapy groups for 4 comparisons, they did not con-
tribute to the estimation of the combined treatment effect
(weight, 0%). Heterogeneity was estimated to be low
(I2 = 5.9%). The funnel plot is inconclusive (Figure 3B). There-
fore, publication bias cannot be excluded.

Among the 1209 patients with individual data, 367 (30.4%)
from 26 studies (eTable 4 in the Supplement) were treated with
glucocorticosteroids. The direction of the estimates is the same
as in the meta-analysis at the study level toward beneficial ef-
fects of glucocorticosteroids (Figure 3A). Although the result of
the unstratified model is significant (OR, 0.7; 95% CI, 0.5-0.97),
the result of the stratified model is not (OR, 0.8; 95% CI, 0.4-1.3).

Intravenous Immunoglobulins
Nine studies18,19,27,29-34 provided information on 10 indepen-
dent comparisons of IVIG vs supportive care (Figure 4A). No
difference in mortality was detected in the meta-analysis at
the study level (OR, 0.99; 95% CI, 0.64-1.54) and no hetero-
geneity (I2 = 0%). Again, the funnel plot is inconclusive
(Figure 4B). Publication bias cannot be ruled out.

From IPD, data from 215 of 1209 patients (17.8%) treated
with IVIG from 23 studies are available (Figure 4A and eTable
4 in the Supplement). Compared with supportive care, re-
sults from unstratified and stratified models are not signifi-
cant and not uniform regarding the direction of the effect.

Other SITs
No further meta-analysis at the study level could be con-
ducted. On the basis of IPD, regression models were fitted for
thalidomide (n = 10), plasmapheresis (n = 16), and cyclospor-
ine (n = 40) compared with supportive care (eFigure 2 in the
Supplement). For thalidomide, similar detrimental effects were
detected (unstratified model: OR, 12.5; 95% CI, 2.4-66; strati-
fied model: OR, 36.9; 95% CI, 2.5-540) because all but 1 pa-
tient originated from the RCT11 that reported the detrimental
effect in the first place. For plasmapheresis, the combined ef-
fect estimates are not significant but in line with beneficial ef-
fects (unstratified model: OR, 0.3; 95% CI, 0.1-1.3; stratified
model: OR, 0.4; 95% CI, 0.0-4.4). Finally, the comparison of
cyclosporine revealed an interesting result. Among the 40 pa-
tients treated with cyclosporine, no death was observed. To
obtain an effect estimate, an unstratified, exact logistic re-
gression model was fitted that revealed a significant and ben-
eficial effect of cyclosporine compared with supportive care
on mortality (OR, 0.1; 95% CI, 0.0-0.4). No meta-analysis was
possible for cyclophosphamide because of insufficient data.

Discussion
Proposed Therapies
A total of 96 studies that reported data from 182 therapy groups
were included. Patients with SJS/TEN were most often treated
without the administration of SIT (supportive care) or with glu-
cocorticosteroids or IVIG. Less often administered SITs include

Figure 2. Overview on Systemic Immunomodulating Therapies
for Stevens-Johnson Syndrome and Toxic Epidermal Necrolysis
Assessed in 182 Therapy Groups From 96 Studies

0 10 20 3015 25 35

Frequency of Therapy Groups, %
5

Supportive Care
Glucocorticosteroids

IVIG

Cyclosporine
Plasmapharesis

Thalidomide
Cyclophosphamide

Glucocorticosteroids and IVIG
Diverse Combined Therapies

Therapy Not Defined

Fifty-six studies (58.3%) assessed more than 1 therapy option. For diverse
combined therapies, observed combination therapies were glucocorticoste-
roids and cyclophosphamide (n = 2), glucocorticosteroids and cyclosporine
(n = 1), glucocorticosteroids and plasmapheresis (n = 1), glucocorticosteroids
and thalidomide (n = 1), and intravenous immunoglobulin (IVIG) and
plasmapheresis (n = 1). Therapy not defined indicates therapy groups whose
therapy is not clearly defined in the article.
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cyclosporine, plasmapheresis, cyclophosphamide, or thalido-
mide. This observation agrees with current textbooks.35,36

Supportive Care
Supportive care is most important in the treatment of pa-
tients with SJS/TEN. It consists of maintaining hemodynamic
equilibrium and preventing life-threatening complications.37

Although studies included in the review often lack a detailed
description of supportive care, differences were observed, es-
pecially in dealing with detached skin and topical treat-
ments. In the presence of no standardized care, these differ-
ences may cause differences in outcome mortality.

Glucocorticosteroids
Although the results of the different approaches suggest a ben-
eficial effect, this finding is not conclusive because of the ab-
sence of statistical significance in 2 of 3 analyses. Our findings

reflect the ongoing debate on the effectiveness of glucocorti-
costeroids in the literature.1,7,19 However, it is also suggested that
a beneficial effect of glucocorticosteroids might exist when spe-
cific treatment modalities are applied, such as early administra-
tion, pulse therapy, or within selected subgroups.38-42 Because
the data in the current project do not allow addressing these sug-
gestions, this is an additional point for future studies.

Intravenous Immunoglobulins
Our results do not support the use of IVIGs in the treatment
of SJS/TEN. Effect estimates of IVIGs vs supportive care on mor-
tality obtained from the different analysis approaches are not
significant and heterogeneous concerning a beneficial or del-
eterious effect. Because the amount of observed evidence is
of major importance, IVIGs cannot be recommended for the
treatment of SJS/TEN. The authors of other reviews7,43,44 that
focused on IVIGs came to a similar conclusion.

Figure 3. Comparison of Glucocorticosteroids and Supportive Care
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French patient collective; NA, not
applicable; and OR, odds ratio.
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Cyclosporine
Cyclosporine provides an interesting therapeutic option be-
cause our results suggest a beneficial effect on mortality. How-
ever, our findings reflect essentially the results of the one well-
performed interventional study,13 conducted in Créteil, France,
that is limited in its generalizability because only a few, mostly
younger patients with SJS/TEN were treated with this agent.
Remarkably, the French group still uses cyclosporine in the
treatment of SJS/TEN with good results.45 Moreover, 2
studies46,47 assessing cyclosporine and not considered in this
review found a positive effect of cyclosporine. However, these
retrospective studies46,47 have their weaknesses, and the re-
sults should be interpreted with caution.

Other SITs
There is not much evidence of the usefulness of other SITs, in-
cluding thalidomide, phasmapheresis, and cyclophosphamide
or any combination of SITs. Of note, because the RCT11 on tha-

lidomide found a detrimental effect of the therapy, no additional
study assessing thalidomide was conducted to our knowledge.

Limitations
Because of the specific situation in SJS/TEN (difficulty to con-
duct RCTs, mainly small observational studies), adaptations of
standard methods were required to successfully conduct this
project supported by the German Cochrane group and an ex-
perienced librarian (E.M.) and statistician. To achieve this goal,
we based the project on a predefined study protocol and a sys-
tematic literature search. Assessment of the literature was per-
formed independently by 2 of us (S.Z., M.V.). Although this proj-
ect has several intriguing aspects, there are also some limitations.

Completeness and Currentness of Data
The literature search was performed in December 2012 in dif-
ferent electronic databases and other important sources. For
reasons of practicability and expense, the search was re-

Figure 4. Comparison of Intravenous Immunoglobulins (IVIGs) and Supportive Care
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DE indicates analysis of the German
patient collective; FR, analysis of the
French patient collective; NA, not
applicable; NR, not reported;
OR, odds ratio.
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stricted to the English, French, German, and Spanish lan-
guages in all databases except Cochrane Library Central and Web
of Science. To quantify studies missed because of language re-
strictions, we estimate to have missed only a small number of
studies (eMethods 1 in the Supplement). Thus, language restric-
tions should not be a major issue for this review. Because of the
complexity of data aquisition and analysis, no full update of the
literature search was possible after 2012, limiting the current-
ness of the data and results. However, the search was repeated
in 2015 to identify new therapy proposals after 2012.

Accuracy of Diagnosis
Patients with SJS/TEN partly have symptoms that can also be
seen in other diseases, such as erythema multiforme majus.
However, since 1993, clear diagnostic criteria are available.2 To
avoid any bias through mixture of patients with different dis-
eases, studies published before 1990 were excluded during the
literature search. In addition, a respective criterion was in-
cluded in the eligibility check.

Selective Reporting
Becauseoftherarenessandseverityofthedisease,careandtreat-
ment of a patient with SJS/TEN are still something special in the
professional life of most physicians. If a new finding is observed
(eg, a new potentially causative drug), there is a tendency to pub-
lishacasereport,maybeincombinationwithfewearlierobserved
cases. If the reason for publication is associated with mortality,
such studies may introduce a bias to the results of the current
meta-analysis at the patient level. The meta-analysis at the study
level should not be affected because such studies usually report
only one therapy option. Therefore, we had decided to exclude
any study that reported on only 5 or fewer patients.

However, the decision to exclude small studies may affect
the amount of proposed therapies. Although we do not be-
lieve that a new therapy is truly proposed in any such publi-
cation, we may have missed it. Therefore, we also checked
therapies of studies not included in this review with small pa-
tient sizes. We found studies48-50 that reported tumor necro-
sis factor inhibitors (infliximab, etanercept) as treatment for
SJS/TEN. Larger studies15,16 were published after 2012. More-
over, one study51 reported that pentoxifylline had been ad-
ministered to patients with SJS/TEN.

Poor Quality of Studies, Poor Reporting, and Study Design
The main source of evidence in this context is built by obser-
vational studies that are prone to bias for several reasons. Thus,
assessment of the risk of bias (quality assessment) is urgently

required to identify studies of poor quality. For this reason, we
applied an instrument that also allows assigning a quality score
to each study (eMethods 3 in the Supplement). Although the
Cochrane group no longer recommends the use of quality
scores, we decided to exclude studies of lowest quality based
on the score to avoid biased results in the meta-analysis. Be-
cause we had no previous experience in the quality assess-
ment of observational studies, we assessed the scoring re-
sults in a sample of studies and checked whether the score
reflects our opinion of study quality (eMethods 3 in the Supple-
ment). The scores are sensible in this sample.

Overall, the quality of studies was rather low (eFigure 1 in
the Supplement). Of note, publications are often poorly re-
ported (eg, study groups did not provide sufficient data on
treatment modalities). It is imperative that authors follow avail-
able reporting guidelines for observational studies, such as
Strengthening the Reporting of Observational Studies in Epi-
demiology (STROBE).52

Estimation of Therapy Effects
For the estimation of therapy effects, we used different ap-
proaches: meta-analysis at the study level and meta-analysis at
the patient level (stratified or unstratified by study). Each of them
has its advantages and disadvantages. Although meta-analysis
on aggregated data represents the state-of-the-art analysis when
combining results from RCTs, meta-analysis on IPD is an ap-
proach that gained importance when evidence is assembled
from nonrandomized studies.9,53 By application of the 3 dif-
ferent approaches, we were able to obtain as much informa-
tion from the data as possible to draw conclusions carefully.

Proposed combinations of SITs were not considered in the
analysis because information is limited and insufficient to pro-
vide a sensible estimate of the effect. In addition, the effect of po-
tential interactions among the treatments cannot be considered.

Conclusions
This is the first major review, to our knowledge, of SJS/TEN
that includes observational studies to provide a comprehen-
sive overview on SITs for these patients. Among different pro-
posals, glucocorticosteroids and cyclosporine are the most
promising SITs in the treatment of SJS/TEN. Still, further evalu-
ation is required because the current data included in the meta-
analysis are limited in amount and validity. Multinational ef-
forts may be especially helpful in this situation of rare diseases
to develop prospective studies of high quality.
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NOTABLE NOTES

Frederic Edward Mohs, MD—The Pioneer of Chemosurgery
Anshum Sood, BS; Varun Ayyaswami, BS; Arpan V. Prabhu, BS; Thomas G. Benedek, MD

In 1910, Frederic Edward Mohs, MD, was born in Burlington, Wisconsin.
Although initially he trained to become a radio engineer, Dr Mohs tran-
sitioned to medicine in college.1 While he attended medical school at the
University of Wisconsin, he worked with Dr Michael Guyer, a cancer re-
searcher, and cultivated an interest in preparing frozen tissue for histo-
logical study. Here, he made the vital discovery that zinc chloride paste
could “fix” skin tissue for microscopic examination, setting the founda-
tion for the Mohs micrographic surgery (MMS) technique.2

Dr Mohs began performing the procedure, initially dubbed “chemo-
surgery,” in 1936 on patients with skin cancer. During the procedure, he
first applied dichloroacetic acid to the involved area to remove keratin
from the epidermal layer. He then applied zinc chloride paste for fixa-
tion, which could take hours to days depending on how well the paste
penetrated the sample. After adequate fixation, Dr Mohs excised a sau-
cer-shaped layer of fixed tissue, followed by cross-sectioning the speci-
mens into pieces that were 1 cm × 1 cm × 2 mm in size and mapping out
slices to their corresponding anatomical locations.3

DrMohsmicroscopicallyexaminedeachsectionforthepresenceofcan-
cer. Sections negative for cancer required no further workup, but sections
positive for cancer led to continued surgery in the sections’ correspond-
ing locations. Zinc chloride paste was reapplied to that region, and the en-
tire procedure was repeated until the cancer was removed.3 Mohs micro-
graphic surgery was a groundbreaking technique because it allowed the
maximum sparing of healthy tissue while removing all cancerous cells.

Despite its effectiveness, Dr Mohs’ technique initially faced great
skepticism. The early to mid-1900s was rampant with cancer quackery,
as numerous pills and potions claimed to “cure cancer.” Harry Hoxsey,
one alternative medical proponent, used zinc chloride in pseudocancer

treatments. As a result, zinc chloride, also present in Dr Mohs’ paste, was
largely rejected by the medical community.2,3 Furthermore, surgeons
then believed that cutting into a tumor caused it to spread, leading to
further disbelief over the MMS technique. The technique gradually gained
acceptance when Dr Theodore Tromovitch, a dermatologist who trained
with Dr Mohs, transitioned Mohs’ fixed-tissue technique to a fresh-
tissue one without the use of caustic zinc chloride.2 This, alongside
Dr Mohs’ high cure rate, helped MMS gain full acceptance.

Ultimately, Dr Mohs’ belief in the scientific rigor of his technique al-
lowed him to persist through the strong skepticism. Countless patients
have since been treated with MMS for basal and squamous cell carcino-
mas, including President Ronald Reagan in 1985.1 Dr Mohs died on July
2, 2002, but his legacy lives on through the American College of Mohs
Surgery, which has over 900 members.3

Author Affiliations: University of Maryland School of Medicine, Baltimore,
Maryland (Sood, Ayyaswami); University of Pittsburgh School of Medicine,
Pittsburgh, Pennsylvania (Prabhu, Benedek).

Corresponding Author: Arpan V. Prabhu, BS, University of Pittsburgh School
of Medicine, 3550 Terrace St, 518 Scaife Hall, Pittsburgh, PA 15213
(prabhuav2@upmc.edu).

1. Lewis P. Frederic Mohs, 92, inventor of cancer surgery technique. The New
York Times. http://www.nytimes.com/2002/07/05/us/frederic-mohs-92
-inventor-of-cancer-surgery-technique.html?pagewanted=print. Accessed
February 23, 2017.

2. Brodland DG, Amonette R, Hanke CW, Robins P. The history and evolution
of Mohs micrographic surgery. Dermatol Surg. 2000;26(4):303-307.

3. Robins P, Ebede T, Hale E. The evolution of Mohs micrographic surgery: the
single most effective skin cancer treatment. Skin Cancer Found. 2013;53(9):
1689-1699.

Research Original Investigation Systemic Immunomodulating Therapies for SJS/TEN

522 JAMA Dermatology June 2017 Volume 153, Number 6 (Reprinted) jamadermatology.com

© 2017 American Medical Association. All rights reserved.

Downloaded From: https://jamanetwork.com/ on 08/26/2022

https://www.ncbi.nlm.nih.gov/pubmed/26622347
https://www.ncbi.nlm.nih.gov/pubmed/23957982
https://www.ncbi.nlm.nih.gov/pubmed/17340021
https://www.ncbi.nlm.nih.gov/pubmed/17340021
https://www.ncbi.nlm.nih.gov/pubmed/25024697
https://www.ncbi.nlm.nih.gov/pubmed/25024697
https://www.ncbi.nlm.nih.gov/pubmed/25070588
https://www.ncbi.nlm.nih.gov/pubmed/25070588
https://www.ncbi.nlm.nih.gov/pubmed/24697283
https://www.ncbi.nlm.nih.gov/pubmed/24697283
https://www.ncbi.nlm.nih.gov/pubmed/22458671
https://www.ncbi.nlm.nih.gov/pubmed/25087214
https://www.ncbi.nlm.nih.gov/pubmed/23974585
https://www.ncbi.nlm.nih.gov/pubmed/23974585
https://www.ncbi.nlm.nih.gov/pubmed/11966713
https://www.ncbi.nlm.nih.gov/pubmed/11966713
https://www.ncbi.nlm.nih.gov/pubmed/19335689
https://www.ncbi.nlm.nih.gov/pubmed/19335689
https://www.ncbi.nlm.nih.gov/pubmed/16210071
https://www.ncbi.nlm.nih.gov/pubmed/16210071
https://www.ncbi.nlm.nih.gov/pubmed/8204489
https://www.ncbi.nlm.nih.gov/pubmed/8204489
https://www.ncbi.nlm.nih.gov/pubmed/18313558
https://www.ncbi.nlm.nih.gov/pubmed/18313558
https://www.ncbi.nlm.nih.gov/pubmed/19367280
https://www.ncbi.nlm.nih.gov/pubmed/19367280
mailto:prabhuav2@upmc.edu
http://www.nytimes.com/2002/07/05/us/frederic-mohs-92-inventor-of-cancer-surgery-technique.html?pagewanted=print
http://www.nytimes.com/2002/07/05/us/frederic-mohs-92-inventor-of-cancer-surgery-technique.html?pagewanted=print
https://www.ncbi.nlm.nih.gov/pubmed/10759814
http://www.jamadermatology.com/?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamadermatol.2017.0723

