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Abstract

Purpose of review This review describes risk factors for severe skin reactions to
antiseizure medications (ASMs), the usage of updated tests to predict those with
increased risk of a severe cutaneous reaction, and guides how to choose specific ASMs
and dosing to lower the risk for these reactions. Information is given regarding spe-
cific mild versus severe reactions, initial diagnostic evaluation, and treatment. A table
listing the risk of mild and severe cutaneous reaction risks as well as the management
of potential seizures that may occur while stopping the culprit ASM are provided.

Recent findings Five new ASMs have joined the total of 26 FDA-approved ASMs since
2018. Cenobamate had three patients develop a drug reaction with eosinophilia and
systemic symptoms. A lower starting dosing and slower titration have resulted in
no further published cases. Based on limited data, rash risk is low for fenfluramine,
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ganaxalone, and stiripentol. It is low-moderate for Epidiolex. Molecular tests can predict
severe reactions.

Summary Skin reactions are a relatively common side effect of ASMs with aromatic ASMs
having the greatest risk. Identifying and informing high-risk patients when to seek medical
attention, stopping the culprit ASM when a severe reaction looks possible, and providing
appropriate medical triage can reduce morbidity and mortality from severe skin and systemic
reactions.

Fig. 1 Pictures of rashes. a Urticaria; b Stevens-Johnson syndrome (SJS); ¢ acute generalized exanthematous pustulosis
(AGEP); d morbilliform drug eruption.
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Introduction

Antiseizure medications (ASMs) are commonly used
to treat epilepsy, mood disorder, migraine, and other
pain disorders. ASMs are well known to cause cutaneous
adverse drug reactions (CADRs) of varying severity. The
incidence of these reactions ranges from 2 to 16% and
up to 25% for those with a prior history of CADR to an
ASM [1, 2]. A subset of CADRs known as severe cutane-
ous adverse reactions (SCARs) include Stevens-Johnson
syndrome (S]S) (Fig. 1b) and toxic epidermal necrolysis
(TEN) and are associated with approximately 5-10%
mortality [3°°, 4].

Significant risk factors for the development of
CADRs include the use of an aromatic ASM, higher
early goal dose, and fast upward dose titration. Car-
bamazepine, phenytoin, phenobarbital, oxcarbaz-
epine, lamotrigine, rufinamide, and zonisamide
are the most frequently reported aromatic ASMs to
cause CADRs or SCARs [5, 6*¢]. Patients experienc-
ing CADRs while receiving carbamazepine, oxcarbaz-
epine, lamotrigine, or phenytoin also have a higher
risk of cross-sensitivity when switching between
these agents [7, 8]. Other reported risk factors
include age less than 12 years, females younger than
50 years, genetic factors, and certain HLA subtypes
associated with race for hypersensitivity to specific
drugs. In addition, concomitant use of medications
that decrease ASM clearance may increase the risk
of CADRs [1, 6°¢, 9]. Immunosuppression and hav-
ing certain autoimmune disease are also reported
as possible risk factors [1]. SJS/TEN is reported at
higher rates in patients with HIV (especially those
receiving abacavir or nevirapine), systemic lupus ery-
thematosus, use of anti-cancer immune checkpoint
inhibitors, or active radiation therapy for cancer [10,
11, 12e, 13es].

Currently, the two main molecular markers for drug
hypersensitivity prediction are specific HLA alleles
and genetic polymorphisms in drug metabolism.
HLA allele testing has utility and high specificity in

identifying patients of specific racial subgroups at risk
for SCARSs to specific ASMs. This includes clear recom-
mendations to test for HLA-B*15:02 (lamotrigine,
phenytoin, carbamazepine, oxcarbazepine) and HLA-
A*31:01 (carbamazepine, oxcarbazepine, phenytoin).
The FDA labeling for carbamazepine and the prior two
mentioned alleles discusses being aware of the status of
those two alleles in patients with ancestry of sufficient
allele prevalence. Additionally, different sources have
also recommended testing HLA-B*15:11, HLA-B*15:21,
HLA-A*33:03, HLA-B*40:01, and HLA-B*57:01 (carba-
mazepine), but the magnitude of the association SCAR
and strength and reliability of the evidence to test these
specific alleles has varied between publications [14¢,
15¢]. Additionally, genetic differences in drug metabo-
lism of phenytoin and fosphenytoin impacting CADR
risk can be predicted from mutations in CYP2C9 [15¢].
Guidance for genetic testing is evolving and clinicians
should refer to the Clinical Pharmacogenetics Imple-
mentation Consortium Online Genes-Drugs database
(cpicpgx.org) for the most up-to-date information.
Lastly, checking for clinically relevant drug-drug inter-
actions and adjusting doses can also reduce CADRs. For
example, the starting dose and titration are lower and
slower for lamotrigine in patients who are also taking
valproate or other inhibitors of lamotrigine metabo-
lism [16].

Early on, it can be difficult to distinguish between
relatively benign conditions versus potential life-
threatening reactions as well as other potential causes
of the rash. However, this is important because early
cessation of the culprit drug can reduce morbidity and
mortality for a SCAR. Removing an offending agent
can increase the risk of withdrawal seizures, and prac-
titioners need to be prepared to treat the CADR while
managing potential seizures. To help neurologists cor-
rectly identify different CADRs, the following section
will describe the presentation and treatment of a vari-
ety of common CADRs.
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Skin eruption presentations

Benign cutaneous reactions

Morbilliform exanthematous eruptions

Morbilliform drug eruptions represent the single most common drug reac-
tion, accounting for 50-95% of ASM CADRs [17] (Fig. 1d). Classically,
this eruption can begin within 1 to 2 weeks of starting a medication. It
can, however, present sooner on re-exposure to medication. It is char-
acterized by erythematous macules and papules covering the trunk and
extremities and may be associated with a low-grade fever [18]. The most
frequent medications reported to cause the condition are carbamazepine,
lamotrigine, oxcarbazepine, phenytoin, and zonisamide. The suspected
agent should be discontinued if such an eruption occurs, with resolu-
tion expected within 1-3 weeks. It is important to note, however, that
morbilliform eruptions can initially worsen within the first 3 days after
discontinuation before abating [4]. Topical mid-to-high-potency corticos-
teroids can be used for symptomatic relief of pruritus. Because this is not a
histamine-mediated reaction, antihistamines have limited utility beyond
their use for sedation.

_______________________________________________________________________________________________________________________________________________|
Fixed drug eruptions

Fixed drug eruptions typically present within hours after drug exposure but
may present within the first 14 days. They are characterized by a single to
a small number of round erythematous to violaceous plaques. The classic
areas of presentation include the oral mucosa including lips, hands, feet, and
genitalia. The hallmark of this drug reaction is that upon re-exposure to the inciting
agent, the lesions will appear in the same spot as prior eruptions. The lesions can
have associated bullae. Lesions will fade on their own within a few days after
discontinuation of the medication but may leave behind a transient hyperpig-
mented patch [4]. Phenobarbital has been reported as a cause, however, the
most common causative agents are antibiotics, NSAIDs, and acetaminophen/
paracetamol [4]. No treatment is required; however, topical mid-potency ster-
oids can be used for symptomatic relief [19].

__________________________________________________________________________________________________________________________________________|
Lichenoid drug reactions

Lichenoid drug reactions are characterized by shiny purple polygonal papules.
They often lack the Wickham striae seen in traditional lichen planus. The
average age of a patient diagnosed with lichenoid drug reaction is 65 years
old and the overall incidence is rare after ASM exposure. The most common
agents are monoclonal antibodies, small molecule inhibitors (e.g., tyrosine
kinase inhibitors), beta-blockers, and diuretics [20]. Papules are often found
in a more generalized distribution on the trunk and extremities as opposed
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to wrists and legs seen in classic lichen planus. The reaction can recur with
offending medication rechallenge. However, in contrast to the other benign
cutaneous reactions, the period between medication ingestion to rash pres-
entation can be from months to years [21]. Time to resolution of this reaction
upon discontinuation of medication can also be weeks to months [4]. No
labs or biopsy are needed for diagnosis but can be confirmatory. Treatment
options include mid-potency topical and oral steroids as well as photother-
apy. Oral antihistamines can be used for symptomatic relief of pruritus if
needed [22].

Erythema multiforme (EM)

Erythema multiforme (EM) is a benign self-limited skin condition charac-
terized by abrupt onset of erythematous round “target-like” papules with
well-defined pink to red patches or plaques in a concentric ring pattern.
These lesions are fixed and symmetrically located on extremities and face
and can recur. EM is mostly caused by infections, with herpes simplex
virus (HSV) and Mycoplasma pneumoniae infections being most common
and typically presenting within 24-48 h and self-resolving within 2 weeks
[18]. Skin biopsy is not necessary for diagnosis when the clinical picture is
clear. Approximately 10% of EM is induced by drugs, and ASMs have been
reported as an uncommon etiology for EM [4]. It has also been seen with
sulfonamides and other antibiotics, NSAIDs, allopurinol, and monoclonal
antibodies use.

EM is divided into minor and major variants with the main difference
being the presence of bullous lesions, extensive mucosal involvement, fever,
and arthralgias. Clinical examination can distinguish between erythema mul-
tiforme and more severe drug reactions such as SJS/TEN. While previously
thought to be on a spectrum, it is now accepted that erythema multiforme
represents a separate disease process and cannot later progress to SJS/TEN
[4]. Symptomatic relief can be achieved using oral antihistamines and mid-
potency topical steroids. While oral acyclovir or prednisone may also be con-
sidered, their utility remains controversial [22].

|
Urticaria

Urticaria is characterized by erythematous juicy papules lasting less than 24 h.
Onset is usually within minutes to hours of medication ingestion (Fig. 1a).
They can appear anywhere on the trunk, face, and extremities and can vary
in shape and size [4]. The most common medication causes are antibiotics,
monoclonal antibodies, and NSAIDs. Phenytoin, carbamazepine, pregabalin,
and lamotrigine have been reported as rare causes of urticaria. As this is a
histamine-mediated reaction, antihistamines are the mainstay of treatment.
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Serious cutaneous reactions

Acute generalize exanthematous pustulosis (AGEP)

AGERP is characterized by an acute onset of multiple sterile pustules on a back-
ground of erythema, starting in the intertriginous areas (Fig. 1¢). It is usually
associated with a high fever, burning sensation, and pruritus. The lesions
quickly spread beyond the intertriginous areas within a few hours. Onset is
usually within a few days up to 2 weeks of drug initiation and occurs in 5%
of the cases. While not required, a biopsy can be performed to histologically
confirm this diagnosis. Histopathological analysis of the biopsies consist-
ently demonstrates spongiform subcorneal and/or intraepithelial pustules, an
edematous papillary dermis, and perivascular infiltrates primarily composed
of neutrophils, occasionally accompanied by eosinophils [23]. Antibiotics,
antifungals, antimalarials, and hydroxychloroquine are the more commonly
reported etiologies, and NSAIDS is a less common etiology. Carbamazepine,
lamotrigine, levetiracetam, and phenytoin have been reported as rare etiolo-
gies. Upon discontinuation of the medication, AGEP usually resolves in 1
to 2 weeks with significant desquamation noted [4]. Topical steroids and
antipyretics can be used for symptomatic relief while oral corticosteroids are
indicated in severe cases. Notably, patients presenting with erythrodermic
patterns will likely require inpatient management [24].

Drug reaction with eosinophilia and systemic symptoms (DRESS; also known as drug-induced
hypersensitivity reaction, DIHS)

Drug reaction with eosinophilia and systemic symptoms (DRESS; also known
as drug-induced hypersensitivity reaction, DIHS) is a life-threatening condi-
tion characterized by fever and morbilliform eruption starting within 2 to
6 weeks of medication initiation and typically resolves within 1 to 6 months,
with subsequent exposure leading to sooner onset [17, 25]. In a French ret-
rospective cohort series of 49 pediatric cases with DRESS, the median time
from initiation of the culprit drug to onset of DRESS was 21 days for ASMs
while it was 12 days for non-ASM culprit drug [26¢]. Phenytoin, carbamaz-
epine, lamotrigine, oxcarbazepine, and phenobarbital are the most common
causes [27]. However, there is a case report of DRESS in a patient receiving
levetiracetam (non-aromatic). Eslicarbamazepine acetate, zonisamide, per-
ampanel, ethosuximide, valproate, fosphenytoin, clobazam, gabapentin, and
cenobamate have also been reported [28]. Non-ASMs have been reported in a
few case reports, but many of the cases reported in United States FDA Adverse
Event Reporting System safety database and in databases from other coun-
tries were confounded by another possible culprit drug [29]. Other common
etiologies include beta-lactams, allopurinol, sulfonamides, and vancomycin.

Symptoms include malaise, fever, skin eruptions ranging from morbil-
liform to hemorrhagic, bullous lesions, and conjunctivitis. Facial edema is a
classic finding. Lymphadenopathy, eosinophilia, and potentially life-threat-
ening hepatic involvement are also seen [30, 31]. Other organ systems can
also be affected including the heart and less commonly the thyroid, kidney,
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and brain. Patients must be closely monitored for liver and thyroid functions.
Moreover, careful follow-up is advised due to the prevalence of late-onset
autoimmune thyroiditis, diabetes, and myocarditis after the resolution of
symptoms. This reaction can continue for weeks despite drug discontinua-
tion with mortality estimate at 2-6%. A scoring system from the Registry of
Severe Cutaneous Adverse Reactions (RegiSCAR) can be used to help confirm
the diagnosis [32] (Table 1). Oral or intravenous prednisone 1-2 mg/kg/day
or oral or intravenous cyclosporine are the treatment of choice. The steroid
tapering off should be done over 2 to 3 months [24].

Stevens-Johnson Syndrome (SJS)/toxic epidermal necrolysis (TEN)

Stevens-Johnson syndrome and toxic epidermal necrolysis represent acute
life-threatening dermatologic emergencies. They are distinguished by the
percent body surface area of detached skin, with SJS representing < 10%, SJS/
TEN representing 10-30%, and TEN representing>30%. Frozen skin section
biopsy can aid in the diagnosis. It is almost always secondary to medication
use. It is characterized by fever, eye pain, and/or pain with swallowing 1 to
3 days prior to cutaneous manifestation. Cutaneous manifestations include
erythematous to dusky macules and cutaneous and mucosal erosions. The
macules can coalesce leading to blister formation. Slight pressure on the mac-
ules leads to epidermal detachment known as the Nikolsky sign. This process
can take hours to days. The main morbidity is concomitant infection due to

Table 1. RegiSCAR for diagnosis of DRESS

Criteria Weight
-1 0 +1

Fever>38.5 °C N/U Y
Enlarged lymph nodes N/U Y
Atypical lymphocytes N/U Y
Skin rash extent>50% BSA N/U Y
At least 2: edema, infiltration, purpura, scaling N U Y
Biopsy suggesting DRESS N Y/U
Disease duration>15 days N/U Y
Alternative diagnoses excluded (hepatitis A, B, C; N/U Y

blood cultures; ANA; mycoplasma; chlamydia)
Internal organs involved (e.g., liver, kidney, lung, +1 for one organ; +2 for two or more organs

muscle, heart, pancreas, thyroid, brain)

Eosinophilia

+1if 0.7-1.49x 10°L (or 10-19.9% if WBC<4.0x 10°L);
+2 if>1.5x10°L (or>20% if WBC<4.0x 10°L)

RegiSCAR score and DRESS probability: <2 none; 2-3 possible; 4-5 probable; >5 definite
Y yes, N no, U unknown, BSA body surface area, ANA antinuclear antibody
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Table 2. SCORTEN for SJS/TEN mortality prognosis

Prognostic factor

Age>40 years

Cancer or hematologic malignancy present

Heart rate>120 beats/min
Serum BUN>28 mg/dL (10 mmol/L)
Serum bicarbonate<20 mmol/L

Serum glucose>250 mg/dL (>13.88 mmol/L)

Weight if
present

O =Y

SCORTEN Scoring Criteria for mortality rate is: 0-1=3.2%, 2=12.1%, 3=35.3%, 4=58.3%,>5=90% mortality rate

extensive denudation of the skin [30, 33]. The prognosis and mortality rate
can be estimated using the SCORTEN scoring system [34] (Table 2).
SJS/TEN etiologies have significant overlap with those of DRESS. Lamotrig-
ine, carbamazepine, phenytoin, phenobarbital, and oxcarbazepine are the most
commonly reported ASM etiologies. Rarely, other ASMs have been reported
as etiologies. Other etiologies include allopurinol, sulfonamides, nevirapine,
and Mycoplasma pneumoniae [35°]. A somewhat different syndrome has been
reported in thirteen patients having intense ultraviolet (UV) light exposure and
starting various culprit drugs. They had an SJS/TEN-like presentation but did
not have the typical flu-like symptoms before the cutaneous changes. The rash
first occurred in the areas exposed to the UV light and preferentially affected
those areas over the duration of the SJS/TEN. Four of those patients had recently
started an ASM (i.e., carbamazepine, clobazam, lamotrigine) [36°¢].
Immediate discontinuation of the offending medication, supportive care,
and admission to a burn unit for wound care are the first steps in treatment.
A multidisciplinary approach to management is needed and consultation
with nutrition, urology, gynecology, and ophthalmology should be obtained.
Although no specific treatments have shown benefit in prospective control
trials, small case reports support the use of pulse dose dexamethasone for 3 to
5 days and cyclosporine 3-5 mg/kg for 7 days as well as tumor necrosis factor-
alpha inhibitors such as etanercept [4]. The North American Therapeutics in
Epidermal Necrolysis Syndrome (NATIENS) is a recently started multi-center
randomized controlled trial (RCT) examining the benefits of etanercept vs.
cyclosporine vs standard of care in recently diagnosed adults with SJS or TEN.

Angioedema

Angioedema represents edema of the dermal, subcutaneous, and submucosal
tissues due to a loss of vascular integrity. It can be associated with urticaria,
can be seen in Type I hypersensitivity reactions, and rarely progresses to ana-
phylaxis. Severe cases have been reported to start within a few minutes of
medication intake. Angioedema is most associated with angiotensin-modulat-
ing agents, antibiotics, NSAIDs, and monoclonal antibodies. There have been
very rare case reports from patients taking carbamazepine, oxcarbazepine,
phenytoin, pregabalin, levetiracetam, Epidiolex, and brivaracetam [37]. The
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most common clinical findings are sudden onset asymmetric swelling of the
face with potential involvement of the oropharynx, larynx, and epiglottis.
Its effects on the bowel wall can cause abdominal pain, nausea, vomiting,
and diarrhea. Prompt discontinuation of the ASM and administration of an
antihistamine and oral corticosteroids can be used for treatment with a taper
often required after the condition is acutely managed [4]. Airway involvement
or anaphylaxis is a medical emergency requiring more management.
I S I—

Anaphylaxis

Anaphylaxis is a life-threatening reaction that often occurs within minutes of
drug ingestion. It is associated with urticaria, hypotension, and tachycardia,
although there can be some cases with no cutaneous manifestations. Other
manifestations include hoarseness, dyspnea, wheezing, abdominal pain, and
dizziness. Phenytoin, oxcarbazepine, felbamate, and levetiracetam have had
very rare case reports associated with anaphylaxis, while it is most associated
with antibiotics and NSAIDs [37]. Severe cases can lead to cardiogenic shock
and death. Prompt discontinuation of the medication is necessary [4]. If
angioedema and anaphylaxis conditions are severe, intramuscular epineph-
rine, securing the airway, vasopressors, and intravenous corticosteroids are
indicated [19, 24].

Considerations for specific ASMs and when stopping a suspected ASM

Lacosamide, levetiracetam, brivaracetam, valproate, gabapentin, topiramate and clobazam have lower
risk of rash and cross-reactivity [6°¢]

Of the newer ASMs receiving FDA approval since 2018, cenobamate has
received the largest attention for CADR and SCAR risk. In early testing for
epilepsy using a fast titration schedule (i.e., starting at 50 mg and increasing
by 50 mg every 2 weeks to at least 200 mg/d), three cases of DRESS occurred
and one of those resulted in fatality [38]. Since then, the manufacturer has
recommended a lower starting dose and slower titration strategy (i.e., start
at 12.5 mg/d, increase to 25 mg after 2 weeks, and further increases every
2 weeks following a schedule found on the Prescribing Information). The
manufacturer has reported no further cases of DRESS or SJS/TEN despite
several thousands of patients newly starting cenobamate over the past 4 years.
For cannabidiol’s brand formulation Epidiolex, the manufacturer issued an
alert for patients to have caution if they are sensitive to sesame seed because
part of the formulation is sesame seed o0il; no SCARs have been reported with
this formulation. There may be a small but increased risk of CADR with fen-
fluramine based of review of two pivotal RCT in of 122 patients with Dravet
syndrome receiving it (Prescribing Information). The other four ASMs with
FDA approval since 2018 have no likely SCARs published as of August 2023
(Table 3).

When stopping an ASM causing a SCAR, the risk of a severe seizure exac-
erbation in the next week is relatively low if the ASM is of low dosage, was



115-138

Curr Treat Options Neurol (2024) 26

124

[2g “8¢] euedin ‘sew
-19p dtbiane ‘yses Jejnded, ‘SSIUA

[oG-£¥ ‘g2
‘6 ‘1] uondnia bnip paxy :5S3YQ
‘sijLeuLIsp Wiojjiqiow ‘INIL/SCS

[#%-2v] ewapaotbue ‘si313
-BWIAP WioyjLgiow ‘ased sps a)buls

sulayed
uoljdeals snoaueind payoday

‘[16] SWSV 43y3zo 01 ysed jo Aio3sty
ym syuatjed g ul pasn Ajnyssadong
‘[8€] susized 6EET UL
1030304d uoL3RIILF MOS B Bulsn buu
-IN220 SSIY(Q O SASEI OU YILM ysel
Jejnded Jo a3kl ope € e papodas | )y
$S3y@ pue N3L/Scs but
-SNed SPSY UOWWOd 3SOW dY3 Jo auQ

“[99] uaip

-1LY2 J0 9%€T 03 dn uL yses pajiodal
uJpILYd 40 Apn3s 110Yy0d 3AL3I9ds0I4

(1] swsy

1330 03 paledwod uoL3deaL Snoau

-B3NJ B Jo 3Su I3ybLy %8°T e spodas
M3LARI dAL3Ids013a1 JusLIeding

"[¥] syuedidiped yo

(75%/9) %1°T uL papiodal sem ysei
punoy s|Jy 2T JO MaLABM d13ew)sAS

‘[vy ‘evl

ewapaoLbue 10 S[LIeULISP WLIO|LG
-10W Juapuadap-asop papodal )Y 2
110 SWesas sey xajoLprd3

[2%] (wioy panosdde yg4-uou) uted

JLU0.4YD 404 uotjesedaid 10 jewssw
-Wod B Yy}m SrS Jo Hodal ased auQ

ainjesaly
PaMaLA3L JO SIUBWIWIOD JaLig

‘suoijeiny

193se} ulL pajiodas usaqg Ajuo sey
Sy} pue ‘SSTYQ 404 Yjsu mo] Ajpuasaig
(uor3ei3y mojs) ysed 404 JSU Mo

VIS Jo douapias poob Aisp
¥V)S pue ysel 1oy ysu ybry Ajaaieray

dVvIS ON
ysu Moy Aisp

SWSY d13ewouy
uolldeal snoaueind

919A3S 10§ IIUIPLAD JO 19A3)
“3SLI UOI}IB3I SNOAUBRIND JALIR)DY

(6102) 93WEGOU)

(89671) autdazeweqie)

(8102) 10tptqeUUE)

(1enosdde ya4 vsn)
SuoL}eILpaW AINZLISLIUY

suorjoeal bnip asiaApe snoaueInNd pue suoLedlpaw INZAsUY °€ Iqe|




125

115-138

Curr Treat Options Neurol (2024) 26

"[19] euearun yo SS3¥Q Yum
Ko1e1 pajeldosse pue aiel sem ysey
*(0goae)d O "SA) %€ Sem SI3LIeWIdP
J1ba71e ‘ogadeyd “sA paseasdul [QN
SeM 3SLI USel ‘uaip)Lyd pajess3 gog ul
*asop 3abue3 p/bw 0021
10} 9%p2°€ Sem 33el {s}npe pajeas
1207 40 (0ga2€1d %6°0 "SA) %6'T
UL YSel punoj MaLAL J13ewalshs y
"[09] ,uon
-JB3J SNO3URIND BIAASS, B bulaey
Adesayjouow suirdazeqtedn)ss ym
pajeasy syuatjed €61/1 papodar |y
‘[6G] ,uses dtbiane, pue
‘yseds uwys ,snojewsyifis, ‘srs but
-dojaAsp € pue ‘sayses snoLds-uou
Buipodal #T yLm ‘Sjuans asianpe
40 20%/LT 10} Bulaunodde yses Jey3
[29 ‘19 ‘65] W3 ‘eLied1un SS3YQ ‘SCS  punoy Apnys builaiew-jsod tedk-¢T v
"[£S *96] auore
Wezeqoyd 03 SUOL3IBaI SNOsU.IND
1330 Jo spiodas may ale sy}
‘Wezeqoyd Yim paulquiod sisy o1d
-1nw uo sjuatied ul papodas suoLy
-JeaJ snoaueln) *[gG] utolfuayd 1o
aurdszeweqJed 03 pasedwod SJUIA
SnoaueInd asiaApe pajiodal sjusijed
0 punoy syuatjed 61T 40 DY UY
"[e%6] N3L/SCS
40 S3sed 9 papodal MaLAdL J13eWwISAS
"[€5] 1euy jezond
wouy syuarjed 6/T Jo Buldsh yad 40
S}Npe /1% ulL payiodas sem yses oN
[1]
[8G “e¥G] SSIYA ‘NIL/SCS  s3udkied T/T UL %G°T 0 ysu ysel Auy

sulayed ETLLIEN T
uorjdeals snoaueind payoday PaM3LASI JO SJUSBWIWO) JaLIg

‘Anenb souspirs

Buthiea ypm yyos jo syiodal aesr Aiap
*(esop 33b1e3 uo but

-puadap) yses 104 YSLI 9}eISPOW-MOT]

"WSY uoly

-BULGWOD YIM Auew pue 3dUapLAd
A3nenb poob yim YyIS Jo suodas maq
"ySel 10} SU MmO

uoLjdeal sNoauend
919A3S 10§ IIUIPLAD JO 19A3)
“5SLI UOI}IBAI SNOAUBRIND JALIR)DY

(€102) sutdazeqiedys3

(1102) Wezeqo)

(1enosdde ya4 vsn)
SuoLIeILPAW AINZLISLIUY

(penuijuod) - a)qey



115-138

Curr Treat Options Neurol (2024) 26

126

SUON

dUON

dUON

QUON

[89-+9] euedLun ‘siy
-13BWIBP BALIRLOX® ‘SSIYA ‘NIL SCS

sulayed
uorjdeals snoaueind payoday

“[e£] brup a3
4o shep 0T 3514 ay3 ut yses sejndod

plLtw y3m justjed e jo podas ased auQ

(1L

‘0£] 0ga3e1d 10} %62 03 Je)LWLis Sem

Yyotym ‘syuaijed pajeasy LOET 104
9%G°2 Ul yses papiodas sj)y pajood 4

*(Jeob p/bw /'0-2°0 Jo sebesop)

pajeal3 syuatjed gzt 4oy (ogadeid
%Y “SA) Usel %8-G suodal Id Va4

*synpe

86 ul Adessyzouow se p/bw 0p9¢

e pasn uaym (e3e0idiea asop mo)
10} 0 03 pasedwo0d) UBPLOUL %YH"€E
[1] susged 46 uL %T

‘[69] (1€=u) uaipyyd 10

(#11=U) synpe pajeasy ut bu/009¢
01 dn sabesop uL 0gsde)d 03 seLWLS

*[€9] aunqLey Jusw3ieasy ut bulnsas

USeJ 219A3S 40 d3esapol padolansp
Ua1pjtya pajeail ¥9T JO %6°€
*N3L/SCS 40 sosed pajiodas ma

ainjeialy
PaMaLA3L JO SIUBWWIOD JaLig

"spodal Yy)S ON
*ysel Jo ysu mo) Aisp
*syiodau
VIS ON "pa3iodal sayses uwjs oN
"spodal Yy)S ON
"e3ep pajiwl)
UY3Lm dSU 93esapow-mo] Ajjuaiin)

‘punoy suodas YyIS oN
*950p J9bie] JeWIXBW YIIM SSBIDUL
ysu ews Ajgissod 3ng “jsu moT

‘Ayrjenb poob Jo Yy)s Jo spodas ma4
“USel1 104 YSLI 3JRISPOI

uoLjdeal sNoauend
919A3S 10§ IIUIPLAD JO 19A3)
“5SLI UOI}IBAI SNOAUBRIND JALIR)DY

(8002) @plwesode]

(€202) auojexeuen

(0202) sutweinjjua

(€66T) @1RWEQg)D4

(096T) apLwixnsOY33

(1enosdde ya4 vsn)
SuoLIeILPAW AINZLISLIUY

(penuijuod) - a)qey



127

115-138

Curr Treat Options Neurol (2024) 26

Tyec 1]
109449 9pLS SNOLISS pue UOWWOd St LS
‘suoljoeal
AanisussiadAy surdszewequed
Joud yim sjuatied ut duspLouL
uordeas AjianisussiadAy o,86-0¢
abesane ueyy taybry
BLIBILMN ‘dIDV ‘SSIYA ‘NIL/SCS Jsu ysed (sjuared 98%/6T) %6°€
[6£] sYvIS 10} soLIs ase)
[8£] yses o%pe-e
[9]
S12¥ pajood 6 ut (0gade)d %g"T *SA)
[££] SS3¥Q sjuaryed pajedsy T/ UL dSU Yses %E 2
[6£] (uinuadeqeb Butaladas 9T
03 patedwod) [Jy ue uL bnup ey
BuiALedal suazed Qg uL jsU ysel %8
[1]
d19V 'SS3¥A ‘N3L/SCS  "siudned gz Jo Apnis poyod ut %G g
9jeo.diea
UILM pauLquod Uaym Sasealdut
9JUSPLOUL ‘Biel INQ SNOLIBS B SL SLS
[%£ 2] uroihusyd pue
auldazequedxo ‘aurdazeweqled ueyy
A1a130e31 $S010 JUEDYLUBLS INq SS9
[t] Apn3s 310402 BUO UL YSBl %G
[es]
S1JY 22T JO M3LARM D13eW)SAS UL
Adessyjouow sutbujowe) bulatedas
Rymau syusiyed 869°8T JO %E’8
W3 ‘euedtn ‘d39Y ‘SSIYA ‘NIL/SCS UL ,uoL3deal 2160j0JeUdp BSIBADY),

$S3¥a ‘N3L/SCS

sulayed
uorjdeals snoaueind payoday

ainjeialy
PaMaLA3L JO SIUBWWIOD JaLig

Anenb ybiy jo spodar ¥y)s snosswny

yses Jo ysu ybry o3 ajesspopy

spodal ¥y)S snosswny
‘Ay13uenb

03 }NdY4Lp Inq Judsaid ysu ysey (2T6T padnpoijul) jerLqieqoudyd
fnenb

9)eIapow YIm SS3YQ 40 Jodas T

YSes 104 YSLI MO

(g661) utoihusyqg

(2102) 19uedwessq

A
-lenb poob jo spodas Yyy)S snosswnp

yses Jo ysu ybiy o3 ajesapop (0002) aurdazeqieaxQ

Ay

-lenb poob jo suodas YyIS snosswny
*(AdesayzAjod
10 suoLjeI3L} J93Se) UILm S JaybLy

UDA) USel JO 3SLI 9}eIapoW 3sesd] 1y (¥661) auLbLjower

uoLjdeal sNoauend
919A3S 10§ IIUIPLAD JO 19A3)
“5SLI UOI}IBAI SNOAUBRIND JALIR)DY

(1enosdde ya4 vsn)
SuoLIeILPAW AINZLISLIUY

(penuijuod) - a)qey



115-138

Curr Treat Options Neurol (2024) 26

128

W3

N3L/SCS ‘SS3ya ‘uon
-dnia Bnip prousydt) dALILSUSSOIOY Y

SCS ‘SS3ya

sulayed
uorjdeals snoaueind payoday

“[s£] synpe pue uaip)iyd
40 [y e jo ued se pajeal3 sjusijed
8G¢€ uL yses d1biane papodal %1

[¥8] W3 40 ased 1
s1)y pajood ut (%T°T SA)
sjusljed pajeal) gvGz %E'T UL ysey

[1] Bbnup buyey
sjuatjed 12 40 Apnis HoYod UL %Gy
‘[€8 ‘28] syodai uay3o pue ojug
buiguasaid ut (ogadeyd ut o4z pue
2 SA) S}Npe pue uaipjLyd pajeasd
€65 40 S|y Ul Usel pey o/ ¢ pue ¢

‘[18] pooynnpe 0}
*suk ¢ sabe 104 ogaoe)d 03 pasedwod
sjualjed aiow 9%,g-T UL PaLINII0 Ysey
[1] bnup Bulatedas
sjuatjed 09 Jo Apnys 10Y0d UL %0
"[08] (uto3huayd %gzz
“ejiqieqouayd 1oy 91T ‘suldazeweq
-12 10} %%T Se papiodal) |y ue uL
Bnip sty3 buipels synpe 60T Sy3 Jo
$309)J9 apLs d13esduhsolpt pue dwyd
-JowsAp Jsy3o pue yses papodal %0T

ainjeialy
PaMaLA3L JO SIUBWWIOD JaLig

‘sjuatyed
1enplatput jo suodal Yy)s oN
9%T 03 dn ‘yses 4o s moj Alap

4VvIS ON
ysu moy Aisp

SWSY dl3ewole-uop

A3nenb ybiy jo spodas ¥Yy)s snosswny
*YSel 10 3SLI 9}BISPOL-MOT]
‘e3ep
pajLwl) uL pajiodas sayses uLys oN
papiodal uasp

-1tY2 Ul SES pue SS3YQ 40 Sased aley
ysel 104 Su Mo

‘Aj13uenb
03 JNJU4LP Inq Juasaid ysu ysey

uoLjdeal sNoauend
919A3S 10§ IIUIPLAD JO 19A3)
“5SLI UOI}IBAI SNOAUBRIND JALIR)DY

(0002) uuadeqen

(9102) weyadeieAug

(0002) dpiwestuoz

(8102) 103uaduns

(8002) sptweuyny

(¥G61) auoplwig

(1enosdde ya4 vsn)
SuoLIeILPAW AINZLISLIUY

(penuijuod) - a)qey



129

115-138

Curr Treat Options Neurol (2024) 26

N3L/SCS ‘SSI¥a

[ee88 ‘28] SSI¥A

sulayed
uorjdeals snoaueind payoday

‘[z6] Adesayihjod
uL a3eoudieA yjm ase spodal alow
Kuep ‘psnodas ussqg aney Adessyy

-ouow jeoidieA woiy NIL1/SCS
pue §S3yq sosed / Ajpjewixoiddy

[6] “Adessyjouow

uo ¥yJs ou ‘bnup ay3z butalsdas
usipjtys g¢ ul snosueind piLtl %/ T
[1] "sjuayed
1% 40 Apnis Hoyod uL ysel %L
[28]
‘Rdessyjouow yjm pajess] sjjnpe
pue uaIp|lys £G¢ 40 1)y Ul ysel %80
[16 ‘G/] "paieany
sjuatjed 919 10} pooyynpe 03 G
sabe 10} saLpnIs QYNYS UL Ysel 9%,G-¢
"[06 “68] Bnup
ay3 bulAadal synpe 9/+ Jo 1e303 B
J0 S[JY OMm] uL pajiodas Jou Sem ysey
[1] bnup Bulatedas
sjuatzed /29 4o Apnis PoYod UL %G 0
"[98] 10y ue ut (suida
-zeweqied 1o 33eoldieA ypm oh e
03 pasedwod) bnip ay3 ym pajealy
Ysel paiodas s3npe GEg 4o %I'T
‘[e8 ‘28]
Bnip ay3 yim pajeas alam synpe
puUB UIPILYD 88S JO 18303 B BUaym
S|y JUSI81 OM] UL BNSSLY SNOBURY
-nagns pue uLys papodal ok pue g

ainjeialy
PaMaLA3L JO SIUBWWIOD JaLig

spodai Adesayy
-ouow YyIs Jo Aousnbaiy mo) Aiap
ysel Jo ysu moT

*sased Adessyjouow

pajiodal SSIYQ 10 NIL/SCS 31qeLal ON
%% 03 dn ‘yses Jo jsu Mo

“4vIS ON
9%T UBYJ SSI] ‘YSel Jo 3sit mo) A1ap

"[g8] sbnup ayd

-1;nw butatedas jusijed Aq pspunoy
-U02 318 NI1/SCS 4O S9SBI M3}
papiodas SSIYQ 4O SIsed 9 Inoqy

"%g 03 dn ut
papiodas uslo ‘ysel Jo ysu moy Aisp

uoLjdeal sNoauend
919A3S 10§ IIUIPLAD JO 19A3)

“5SLI UOI}IBAI SNOAUBRIND JALIR)DY

(€86T1) a3e0IdiEA

(7661) seweido]

(¥002) uneqebaid

(666T) wWeiadeiLIaAa

(1enosdde ya4 vsn)
SuoLIeILPAW AINZLISLIUY

(penuijuod) - a)qey



115-138

Curr Treat Options Neurol (2024) 26

130

sulayed
uorjdeals snoaueind payoday

"[76] 10y ue ut (ogedeyd ut %z"g
03 pasedwod) yses papiodas bnip
3y butatedal syuaged OET JO %8°E

‘[€6] 10¥

uL bnup ay3 buratedas sjusdssope
J13p]0 pue S}npe € uL ysel ou ‘punoy} ¥yIs oN
pue ewazds papodas sjusijed €/ YSes Jo Jsu Mo

uoLjdeal sNoauend
ainjeialy 919A3S 10§ IIUIPLAD JO 19A3)
PaMa3LA3L JO SIUSWIWIOD JALIg “SLI UOL}IRAI SNOAUBIND IALIR)DY

(6002) uuzeqebip

(1enosdde ya4 vsn)
SuoLIeILPAW AINZLISLIUY

(penuijuod) - a)qey



Curr Treat Options Neurol (2024) 26:115-138 131

started in the past 2 weeks, and when the patient remains on concurrent
other long-term ASMS that have helped their epilepsy. One should plan for a
replacement ASM, especially if the discontinued ASM had a clear benefit to a
patient with a disabling and uncontrolled epilepsy. The replacement choice
should favor an ASM that has a lower risk of cross-reactivity. Considerations
of the mechanism of action, renal and hepatic dosing, route of administra-
tion, and other factors may also guide ASM selection. For patients needing
to abruptly and emergently stop a moderate daily dosage of phenobarbital
or benzodiazepine of more than 2 weeks usage, it is prudent and reasonable
to utilize another benzodiazepine with regular dosing each day for approxi-
mately 5 days or longer for additional short-term seizure protection while the
non-benzodiazepine ASM reaches steady state concentration.

Patients with uncontrolled seizures are more likely to have a significant
worsening of their seizures when an ASM helpful for their seizure control
is abruptly stopped. Patients most at risk have long-standing epilepsy with
monthly or more frequent seizures, convulsive seizures and a history of status
epilepticus or seizure clusters. If all ASMs for a patient are stopped in favor a
new ASM, there is a significant risk of worse seizures. This can be estimated
in a prior pooling of data from several conversions to monotherapy trials
[6°¢]. In these trials, patients with uncontrolled epilepsy were tapered off
their original one to two ASMs over a four-to-eight-week period and concur-
rently tapered up on a new ASM. A pooled analysis of the six conversion-to-
monotherapy trials evaluating a total of 1258 patients demonstrated that
39% of patients had at least one seizure-related event concerning for insuf-
ficient efficacy of the newly introduced ASM when assessed over 16 weeks.
Approximately two-thirds of patients had a doubling of seizure frequency
over either multiple months or over a typical two-day period, while one-third
had generalized convulsion, status epilepticus, or another more severe seizure
manifestation not typical for their recent epilepsy history [6e¢].

A safer and much faster reduction of an ASM in the inpatient epilepsy
monitoring unit (or similar to a well-monitored unit) can be useful for a
patient with medically refractory epilepsy. Often in this setting, there is read-
ily available nursing support, continuous video EEG monitoring, IV rescue
medications, and treatment protocols and expertise for dealing with seizure
urgencies. A recent study examined adult and pediatric patients on multiple
ASMs with medically refractory focal epilepsy having inpatient continuous
video EEG monitoring unit for epilepsy surgery planning. One of their long-
standing ASMs was stopped over 24-48 h period in this prospective RCT of
ASM taper speeds. The mean time to first seizure for these “fast taper” 65
patients was 3 days (1.7 days standard deviation), 21% had focal seizures
spreading to bilateral tonic-clonic seizures, and 11% needed a rescue medica-
tion such as midazolam IV [39]. The closer expert monitoring and care, safety
protocols, and the use of rescue medication helped avoid status epilepticus
in this trial. Prior to discharge, counseling the patient should include seizure
precautions (e.g., avoiding driving, swimming, cooking, or operating heavy
machinery), whether to use rescue medicine (e.g., lorazepam tablet, intrana-
sal diazepam or midazolam, or another fast-acting benzodiazepine), and an
emergency response plan for worsening seizures or rash symptoms.
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Conclusion

If the CADR is mild and not progressing, many practitioners first attempt
to reduce the dose after assessing the patient to see if the rash resolves. If
this is not successful, the medication should be stopped. However, all hope
is not lost for future use of the ASM of concern. Some patients stopping the
ASM in this instance have been able to successfully restart the same ASM
4 weeks or later at a lower dose and titrate much more slowly without issues.
This was summarized in a case series and literature review of lamotrigine
causing mild CADR. After stopping lamotrigine, it was restarted 4 weeks or
later beginning at 5 mg/d, increasing by 5 mg every 2 weeks to eventually
25 mg/d, and then following a typical dose increase at that point. Twenty
of the twenty-seven patients in that study and 85% of the 75 patients in the
literature review combined analysis were able to successfully restart lamo-
trigine and titrate it up. The reinitiation of lamotrigine was less likely to be
successful when restarting earlier than 4 weeks before first discontinuation
(36 vs. 7% failure) or when the first rash presentation had more potentially
serious features (23 vs. 0% failure). The potential serious features in the first
rash presentation include the following: exfoliation or erythroderma (and
this was given three times the importance compared to the other criteria);
purpura, tenderness, or blistering; facial or mucous membrane involvement;
lymphadenopathy; hematological abnormalities (e.g., eosinophilia) or ele-
vated transaminase enzymes; and constitutional symptoms (fever, malaise,
arthralgia, pharyngitis, cough). The authors did not attempt to rechallenge
patients with 3 or more points on this scale [40]. A similar study was done in
20 patients in Korea with prior CADR to oxcarbazepine. There were no risky
findings on HLA-A*3101 or HLA-B* 1502 testing for these patients. They were
rechallenged by starting at up to 3 mg/d of oxcarbazepine and increasing
gradually every 1-2 weeks to an eventual dose of 612 mg/d between weeks
10 and 12 (10 mg/kg/d). All patients completed the twelve-week protocol
without a persistent rash or related reactions. However, 5/20 had a transient
rash of the face and extremities develop during the rechallenge titration
(mostly at weeks 4-6). This rash was resolved by lowering the drug dose,
and antihistamines were used for symptoms. There were no SCARs from this
rechallenge, and follow-up ranged from 1 to 7 years [41]. More information
for published protocols for desensitization to phenytoin, phenobarbital,
lamotrigine, carbamazepine, oxcarbazepine, and valproate can be found in
a prior review article [6*®]. In summary from these lessons, many patients with a
mild CADR may be able to safely restart a culprit ASM that was essential to their
management by: testing for HLA and/or CYP specific for ASM metabolism when
appropriate; and using a very low dose and slow, medically-monitored, titration
strategy after at least 4 weeks from culprit drug discontinuation.

CADRs from ASMs are a relatively common side effect. Certain aromatic
ASMs are the most common culprits, and most presentations are limited
morbilliform drug eruptions that start in the first few months and will
resolve in 1 to 3 weeks with drug stoppage. However, SCARs may occur
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with other non-cutaneous signs or symptoms and lead to significant mor-
bidity and mortality, and thus a multidisciplinary approach is important.
Counseling the patient to be aware of these mild versus severe scenarios
and the next steps in order to quickly triage and begin early cessation of
the ASM with inpatient management can reduce morbidity and mortality.
Patients may need adjunctive ASM treatment to prevent withdrawal seizures
and a new ASM (preferably a non-aromatic ASM). Recognizing risk factors,
specific dosing strategies, and implementing genetic testing in certain sub-
groups can decrease CADR occurrence. A multidisciplinary team approach
for patients with AGEP, DRESS/DIHS, or SJS/TEN to include dermatology,
neurology, and other specialties on a case-by-case basis can allow more
accurate diagnosis and better patient-specific management. Topical or sys-
temic steroids and/or antihistamines are a common treatment for some
patients with the CADRs. Currently, there is active research into identifying
better treatments for SJS/TEN. For patients with a mild CADR, reducing
the ASM dosage and slowing the taper upwards can be done in some cases
if the CADR improves, in the absence of systemic signs/symptoms, and if
the ASM is very valuable in management. When benefits outweigh risks,
some ASMS can be safely and successfully reintroduced in patients who
previously had a mild ASM CADR by following dose titration protocols
that are available in the literature [6°°].
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