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Abstract

Temozolomide (TMZ), an alkylating agent derived from dacarbazine,
is approved for treating Glioblastoma Multiforme (GBM), an aggressive
Central Nervous System (CNS) tumour. It is usually administered with
radiation therapy after tumour surgery or as adjuvant chemotherapy.
While TMZ demonstrates significant clinical efficacy, it is associated
with its own toxicity profile and side effects, including leukopenia,
thrombocytopenia, hepatotoxicity, nausea, constipation, and fatigue.
A rare but reported adverse effect of concurrent TMZ treatment is
Stevens-Johnson Syndrome (SJS), which can quickly progress to Toxic
Epidermal Necrolysis (TEN). Very few cases of the same have been re-
ported in the literature to date. We present our experience with the
same- the case of a 40-year-old woman with GBM who developed
sudden and rapidly progressing TEN during concurrent Chemoradio-
therapy (CRT) involving TMZ administration with cranial irradiation.
Ten days into treatment, she experienced a widespread maculopapu-
lar rash that started on her head, face, and eyes, and quickly spread
across her body. The rash included erythematous, annular, targetoid,
and purpuric macules, along with severe skin peeling, flaccid bullae
and painful erosions covering over 70% of her body, with Nikolsky sign
positive. Despite discontinuing both radiotherapy and temozolomide
on day twelve, her condition worsened for several more days. She had
been taking phenytoin and levetiracetam for seizure prevention before
CRT, and these medications were also stopped when TEN developed.
After intensive care and multidisciplinary treatment, her condition sta-
bilized, and she fully recovered within two weeks. A significant aspect
of this case was the extensive skin loss, which not only affected areas
around the cranial radiotherapy sites but also spread across the entire
body. After thoroughly assessing the onset, progression, and recovery
of the disease in relation to the administration and discontinuation of
various medications, it was determined that TMZ, either alone or in
combination with radiotherapy, was most likely the trigger for his con-
dition. Given that TEN is a systemic condition, the adverse reaction was
more strongly linked to TMZ as the causative factor. Although TEN is an
extremely rare side effect of TMZ, oncologists should be aware of this
potential risk and closely monitor patients. TEN, if it develops, should
be treated aggressively as it can be life-threatening. Patients should
also be advised to report any unusual symptoms after starting TMZ.
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Introduction

In clinical practice, Temozolomide (TMZ) is widely adminis-
tered for treating gliomas, non-small cell lung cancer, leukemia,
melanoma, lymphoma, and various solid tumours. Compared
to other chemotherapy drugs, TMZ is the most effective in
combating glioblastoma. Adjuvant treatment with TMZ begins
4 weeks after radiotherapy and continues for 6 cycles, with 5
consecutive days of treatment in each 28-day cycle [1]. Com-
mon adverse effects of TMZ include nausea, vomiting, anorexia,
constipation, diarrhea, headache, and fatigue. Hematologic
toxicities include neutropenia, leukopenia, thrombocytope-
nia, anemia and elevated liver enzymes [2]. Non-hematologic
toxicities included dizziness, increased urine frequency, alope-
cia, pruritus/itching, skin rash, fever and lung infection. Rarely,
SIS and TEN have been reported in a few cases linked to TMZ
[3]. Stevens-Johnson Syndrome (SJS) is an uncommon, acute,
and potentially life-threatening skin reaction characterized by
extensive loss of skin and mucous membranes, often accom-
panied by systemic symptoms, which can rapidly progress to
Toxic Epidermal Necrolysis (TEN). Medications are responsible
for over 80% of cases. The classification of SIS/TEN is based on
the percentage of body surface area affected: SJS: <10%,; SIS/
TEN overlap: 10-30% and TEN: >30%. Medications frequently
associated with SJS and TEN include anticonvulsants like carba-
mazepine [4], lamotrigine, and phenytoin; sulfonamides such
as cotrimoxazole and sulfasalazine; antibiotics like penicillins
and cephalosporins; acetaminophen; NSAIDs like piroxicam [4];
contrast agents like iodinated contrast [5] and TMZ in a limited
number of cases. Glioblastoma Multiforme (GBM) represents
the most aggressive and widespread form of glioma [6,7]. It is
the most prevalent primary brain tumour in adults, making up
45.2% of all primary malignant tumours in the brain and central
nervous system (CNS) [8]. In GBM, TMZ is administered orally
each day during radiation therapy. Data indicates that MGMT
(O6-methylguanine-DNA methyltransferase) activity is linked to
resistance to TMZ, with MGMT promoter hypomethylation and
protein expression potentially serving as prognostic markers.
However, neither MGMT protein levels nor promoter methyla-
tion status reliably predicts TMZ responsiveness, making it diffi-
cult to determine in advance whether a patient should undergo
TMZ-based treatment [9]. Nevertheless, most patients these
days are administered TMZ along with cranial irradiation be-
cause of its known benefits. Although TEN is an uncommon side
effect of TMZ, some cases have been reported globally. Given
its rarity, we aim to provide insight into this potentially severe
adverse reaction that developed in our patient undergoing TMZ
chemotherapy with whole-brain radiotherapy.

Case presentation

We present a case of a 48-year-old woman from an urban
area in North India who sought care at the outpatient depart-
ment, with complaints of headaches and intermittent weak-
ness and numbness in her right upper and lower limbs for the
past two months. She had a history of occasional tobacco use
in the form of chewing and manjan, and she followed a non-
vegetarian diet. Besides that, she had no other substance abuse
history. Her bladder, bowel, and dietary habits were normal,
and no significant past medical, drug, allergen, or family his-
tories were noted. An initial MRI revealed a large solid-cystic

mass lesion measuring 6.1 x 4.3 x 5.6 cm in the left high pari-
etal brain parenchyma. The lesion displayed eccentric hetero-
geneous intensity, primarily consisting of central and eccentric
cystic/necrotic components and moderate surrounding white
matter oedema. It exerted a mass effect characterized by com-
pression of the ipsilateral lateral ventricle, effacement of the
ipsilateral sulcus spaces, an 11.5 mm midline shift toward the
right side, and compression of the midbrain and thalami. Addi-
tionally, there was dilation of the contralateral lateral ventricle.
Eccentric multiple foci of blooming were observed, suggesting
haemorrhage. These findings were indicative of an intracranial
space occupying lesion, probably a high-grade glioma. The pa-
tient was referred to a neurosurgeon, where she underwent a
left temporoparietal craniotomy for near-total excision of the
space-occupying lesion, accompanied by augmented duroplas-
ty using a pericranial patch, under general anaesthesia. After
the surgery, she was also started on seizure prophylaxis medica-
tions by the neurologist, namely phenytoin 100 mg three times
daily and levetiracetam 500 mg twice daily. The histopathologi-
cal report of the postoperative specimen revealed multiple soft
tissue fragments that were grey-brown to light brown, measur-
ing 1.7 x 1.5 x 0.5 cm. Microscopic examination revealed a cel-
lular glial tumour made up of neoplastic astrocytes organized in
sheets within a coarse fibrillary background. The tumour cells
exhibited moderately pleomorphic nuclei, with areas of micro-
vascular proliferation and necrosis interspersed throughout.
Numerous mitotic figures (12-15 per 10 high-power fields) were
also observed. These characteristics indicated a high-grade gli-
oma consistent with glioblastoma, WHO grade IV. Two weeks
post-surgery the patient reported to us for further treatment.
The patient complained of numbness over the right upper and
lower limbs post-surgery. On examination, all cranial nerve
functions were intact. All sensory and motor functions were in-
tact. The patient was slow to respond to voice commands and
was slightly forgetful about some details of the family members.
There was a healthy post-op scar mark present over the scalp.
The post-op NCCT head revealed an ill-defined hypodense mass
lesion measuring 2.4 x 2.2 cm in the left parietal lobe with per-
ilesional oedema causing effacement of adjacent sulcal space
likely residual lesion. Along with this craniotomy defect in the
left parietal lobe and soft tissue swelling were noted along
the left parietal aspect of the scalp and multiple air foci were
seen in the right parietal lobe (postoperative changes). She was
scheduled for whole brain radiotherapy using an external beam
from a Cobalt-60 source, with 2D simulation performed. The
plan was to deliver 50 Gray in 25 fractions at a rate of 2 Gray per
fraction, with 5 fractions per week, along with a capsule of TMZ
100 mg taken orally one hour before radiotherapy. The patient
was also started on injectable mannitol and dexamethasone
for cerebral decompression. After ten fractions of radiotherapy
combined with TMZ, the patient reported headache which was
acute in onset, as well as erythematous, annular, targetoid, and
purpuric macules covering the back and torso. She had ery-
thematous scaly lesions with skin peeling involving the scalp,
ears and nape of the neck which further deteriorated and esca-
lated to necrosis over the scalp (Figure 1). She also experienced
lip oedema, widespread scaling, serous and purulent discharge
from lesions over buccal mucosa (Figure 2), eye redness and
congestion in both eyes, eyelid oedema, pus discharge, crust-
ing and conjunctivitis (Figure 3). Additionally, she had vomit-
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Figure 1: SIS lesions on the scalp i.e. the local radiotherapy site
- erythematous, targetoid lesions with skin peeling and necrosis.

. |
Figure 2: Lip oedema and oral mucositis with pus discharge and
crusting.

Figure 3: Eyelid oedema with erythema, pus discharge and
crusting, also associated with conjunctivitis.

Figure 4: SJS involving inner thigh, vulva and perineum causing
urethritis.

Figure 5: Erythematous pustular lesions progressively developing
all over the back with scaling and skin peeling.

& X i x
Figure 6: Pustular and bullous erythematous lesions associated
with skin peeling over face and bilateral arms and other sites.
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Figure 7: Back lesions progressing to bullous erythematous lesions
associated with skin peeling representing >70% BSA - SJS progress-
ing to TEN.

ing after meals, RTOG grade 3 mucositis [10], dermatitis and
urethritis (Figure 4). All of these symptoms appeared suddenly
and worsened within a day. The patient was also hypotensive.
Her condition was suspected to be Stevens-Johnson Syndrome
(SJS), and immediate dermatology consultation was requested.
A skin biopsy was advised for the same but the patient declined
to give consent for the procedure. Within a span of 24-48 hours,
SJS progressed to TEN, characterized by flaccid bullae and large,
painful erosions with a positive Nikolsky sign, affecting more
than 40% of her body surface area (Figure 5). The patient had
developed pustular and bullous erythematous lesions asso-
ciated with skin peeling over the face and bilateral arms and
other sites (Figure 6). The patient was treated intensively with
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Figure 8: Complete resolution of facial, ear, scalp, neck and back
| lesions 2 weeks post TEN treatments.

J

topical ointments and regular dressing was done for the lesions,
along with antibiotic coverage. It was suspected that TEN was a
side effect of a medication the patient was currently taking. The
suspected offending drugs namely phenytoin and levetirace-
tam were discontinued. After 2 days when the patient’s con-
dition was not improving, radiotherapy along with TMZ were
put on hold. Upon clinically diagnosing the condition to be SIS/
TEN, the dermatology department advised initiating treatment
with tablet Cyclosporin at a dose of 100 mg per oral daily. By
that time, TEN had affected over 70% of the body surface area
(Figure 7). On the commencement of TEN-specific treatment,
the patient’s condition gradually improved, and she recovered
within four weeks (Figure 8). After four weeks, when all the
lesions had dried up and the patient’s general condition had
improved, radiotherapy was resumed, but without concurrent
TMZ. The patient subsequently completed all 25 fractions and
has been on follow-up since then. She is now fully healed, with
no relapses of the disease observed. Her performance status is
good, and she continues to have regular follow-ups.

Discussion

Temozolomide (TMZ) is a drug known for its excellent pen-
etration into the central nervous system and is one of the few
medications demonstrated to significantly enhance survival in
patients with GBM when used in combination with cranial ir-
radiation [1]. TMZ happens to be the sole chemotherapeutic
agent recommended for adjuvant therapy in GBM. The “Stupp
protocol” refers to the combination of radiation therapy with
TMZ, and has become the standard of care for the treatment
of high-grade astrocytoma and glioblastoma since its publica-
tion in 2005 and has led to significant survival improvements
[11,12]. In accordance with the common consensus and proto-
col, we also took our patient, a known case of high-grade glio-
blastoma, for whole brain radiotherapy along with concurrent
TMZ [13]. TMZ, an analog of dacarbazine, possesses antineo-
plastic properties. Due to its small and lipophilic nature, TMZ
can cross the Blood-Brain Barrier (BBB), making it one of the
few drugs effective within the central nervous system [14]. TMZ
is an alkylating agent prodrug that transfers a methyl group to
purine bases in DNA, specifically targeting O6-guanine, N7-gua-
nine, and N3-adenine. The main cytotoxic damage, O6-meth-

ylguanine (06-MeG), can be repaired by the protein Methyl-
guanine Methyltransferase (MGMT) in tumors that express it,
or it may be tolerated in tumors deficient in Mismatch Repair
(MMR) [15]. As a result, the presence of MGMT or MMR defi-
ciency leads to resistance against TMZ. The standard treatment
for GBM involves surgical removal of the tumor, followed by
chemoradiotherapy as an adjuvant therapy [16]. It is also rec-
ommended to test for GFAP (glial fibrillary acidic protein), IDH
(isocitrate dehydrogenase) mutation status, and O6-methylgua-
nine-DNA methyltransferase (MGMT) promoter methylation
status. The molecular profile encompasses both IDH-mutant
and IDH-wild type variants, which can be identified through im-
munohistochemistry. GBM typically shows positivity for GFAP,
vimentin, and S100, along with varying Ki-67 indices [17]. The
toxicity profile of TMZ includes hematologic conditions such as
thrombocytopenia, anaemia, and elevated AST/ALT levels. The
most frequently observed non-hematologic side effects include
nausea, vomiting, and loss of appetite [3]. There are no fatali-
ties attributed to TMZ. Despite the presence of various toxici-
ties, most are manageable and of lower severity. In the litera-
ture regarding TMZ, reports of SIS or TEN as side effects are
quite rare. In our long clinical experience, this was the first time
that a patient with GBM on TMZ and concurrent radiotherapy
developed such a severe skin reaction, prompting us to go into
depths and look into its literature.

SJS is an uncommon but severe and potentially life-threat-
ening skin condition characterized by extensive loss of skin and
mucous membranes affecting <10% of body surface area, along
with systemic symptoms, which can rapidly progress to TEN
which covers more than 30% body surface area. The diagnosis
of the same can be made clinically as well as histopathologi-
cally. Skin histology shows keratinocyte necrosis, necrosis of the
epidermis (or epithelium), and mild infiltration of lymphocytes
in the dermis. Direct immunofluorescence testing is negative
[4]. However, in our case the patient refused skin biopsy, hence,
the diagnosis was made clinically. Medications are responsible
for over 80% of cases of SIS or TEN, mostly linked to hypersen-
sitivity. While there are several drugs linked to TEN, we would
like to highlight the potential role of the oral alkylating agent,
TMZ, as a possible cause in this patient.The patient had also
been taking oral phenytoin and levetiracetam for two months
following surgery, which are also known to be linked with SJS
[18], however, there were no signs of SIS during that period,
and the rashes developed only within the first week of start-
ing TMZ. In the second week of treatment by TMZ, the patient
exhibited severe systemic symptoms consistent with TEN. De-
spite the prompt discontinuation of the suspected medications,
namely, phenytoin and levetiracetam, the condition continued
to deteriorate. It was only after the cessation of TMZ, that the
condition stopped worsening. All these instances strongly indi-
cate and also lead to our conclusion, that the condition is likely
related to TMZ. The exact mechanism by which TMZ causes TEN
is not known, but thought to involve an immune-related hyper-
sensitivity response. This reaction leads to the activation of cy-
totoxic T cells and NK cells, which trigger keratinocyte apoptosis
via the perforin-granzyme and Fas-FasL pathways. Additionally,
reactive metabolites generated during TMZ metabolism, along
with certain genetic predispositions like specific HLA alleles,
may contribute to the risk and severity of TEN. While the pre-
cise cause varies, immune system dysregulation is believed to
be central to the development of TMZ-induced TEN [19]. In a
study this was established via patch test and controlled drug
administration that TEN was in fact caused due to hypersen-
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