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Fatal outcome from the rapid progression of metastatic CNS ATRT
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/Abstract

N

Young pediatric patients with Central Nervous System (CNS) Atypical Teratoid Rhabdoid Tumor (ATRT) often present with
metastasis and have a very poor prognosis. This case report elucidates the fatal outcome from the rapid progression of meta-
static CNS ATRT soon after starting chemotherapy and raises concern about CNS tumor lysis syndrome.
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CNS: Central Nervous System; ATRT: Atypical Teratoid Rhab-
doid Tumor; MUV: Medical University of Vienna

Introduction

Central Nervous System (CNS) Atypical Teratoid Rhabdoid Tu-
mor (ATRT) is a rare but highly aggressive form of embryonal
brain tumor of infancy and early childhood and often presents
with metastasis at diagnosis. Historically, therapies have led
to a 2-year event free survival of mere 11% [1]. Use of newer
chemotherapy protocol has modestly salvaged this poor out-
come. This case report elucidates the fatal outcome from the
rapid progression of metastatic CNS ATRT soon after starting
chemotherapy and raises concern about potential CNS tumor
lysis.

Case presentation

A toddler was admitted to our hospital with sub-acute onset
of fevers, ataxia, vomiting, anorexia, weight loss, headaches,
motor and speech regression and developed acute onset sei-
zures. MRI brain showed a mildly enhancing, diffusion restrict-
ing mass centered in the pineal region, resulting in aqueduct
stenosis and lateral ventriculomegaly. Contrast-enhancing
lesions within the bilateral occipital lobes and cerebellum in-
dicated CNS metastasis. Immediately, she underwent urgent
third ventriculostomy, tumor biopsy and external ventricular

drain placement. Pathology showed Atypical Teratoid Rhab-
doid Tumor (ATRT), WHO grade IV, with SMARCB1/ INI1 loss.
CSF cytology showed malignant tumor cells. Germline rhab-
doid predisposition syndrome was ruled out on peripheral
blood testing. On hospital day 13, safe maximal primary tu-
mor resection was performed by neurosurgeon with immedi-
ate postoperative MRI brain confirming near total resection
of primary tumor and MRI spine showing metastatic tumor
progressing to the spine.

On hospital day 24, she began chemotherapy based on Medi-
cal University of Vienna (MUV) protocol. The choice of MUV
chemotherapy was based on the published 5-year event-free
survival of 89% in patients with CNS ATRT, including those with
metastatic disease [2]. The protocol consists of three 9-week
courses of a dose-dense regimen including doxorubicin, cyclo-
phosphamide, vincristine, ifosfamide, cisplatin, etoposide and
high dose methotrexate, augmented by intrathecal therapy
followed by high-dose chemotherapy (HDCT) with autologous
hematopoietic stem cell reinfusion followed by focal radiation
therapy. The authors reported no serious adverse events in re-
lation to this protocol, including cerebral edema or cardiac tox-
icities. As a reference, the Children’s Oncology Group clinical
trial ACNS0333 showed a 2-year event-free survival of 39% [3].
The Dana-Farber Cancer Institute protocol for ATRT showed a
2-year event-free survival of 53% [4]. Approximately 36 hours
into doxorubicin infusion, she developed acute respiratory dis-
tress with chest x-ray showing pulmonary infiltrates prompt-
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ing initiation of empiric antibiotics and high-flow oxygen. Soon
after, she developed asymmetric pupils, severe hyponatremia
and apnea leading to intubation and use of hypertonic saline
and mannitol. We were unable to perform laboratory inves-
tigations for underlying cause of severe hyponatremia while
our patient’s clinical status was acutely deteriorating. CT
head showed increased sulcal and basilar cistern effacement,
grey-white matter differentiation was preserved, decreased
ventricles and early descending trans tentorial herniation.
Chemotherapy infusion was discontinued, and stress dose
dexamethasone was started. Subsequent seizures prompted
anti-epileptic drug administration. Acute severe bradycardia
prompted echocardiogram on which left ventricular short-
ening fraction dropped from baseline of 36% to 14.5%. Soon
after, she became pulseless necessitating cardiopulmonary
resuscitation without success. CNS autopsy showed multifo-
cal necrotizing encephalopathy from diffuse tumor metastasis
and acute hypoxic encephalopathy.

Discussion

The most important inciting cause leading to our patient’s fa-
tal outcome was the rapidly metastasizing tumor. In addition,
we speculate if the initiation of chemotherapy contributed
to severe acute changes in the CNS compartment, including
possible CNS tumor lysis syndrome. In order to validate our
speculation, we performed thorough literature review using
PubMed database, focusing on CNS neurotoxicity from doxo-
rubicin chemotherapy and more specifically drug induced CNS
tumor lysis.

Upon thorough literature review, we confirmed that doxoru-
bicin was not associated with acute-onset SIADH or cerebral
edema in cancer patients undergoing active therapy, outside
of cases in which it was prescribed as a part of combined che-
motherapy with agents associated with SIADH [5, 6]. Animal
studies have described acute neurotoxic effect of doxorubicin
on rodent despite of its known poor CNS penetration [7]. Very
few cases have been reported in the literature describing ma-
lignant cerebral edema in conjunction with therapy for CNS
tumors. Zhu et al described the case of a 10-year-old girl with
glioblastoma, treated with Nivolumab, wherein the malignant
cerebral edema took place after each infusion of Nivolumab,
with evidence of severe tumor necrosis on CT scans [8]. As
in our case, signs of trans tentorial herniation accompanied
the edema, in their case requiring dexamethasone initially and
ultimately a decompressive craniectomy. Zhu had speculated
that augmented T-cell responsiveness due to the immuno-
modulator effects of nivolumab may have caused an inflam-
matory response resulting in the cerebral edema. However,
subsequent pathology findings did not demonstrate signs of
extensive inflammation, but rather evidence of tumor necro-
sis with localized inflammation. Hodi et al also reported a case
with symptomatic cerebral edema around melanoma metas-
tases following ipilimumab therapy [9]. Unlike our patient,
both patients responded favorably to dexamethasone therapy
and cessation of chemotherapy. Ahmed et al found 6 of 26
patients (23%) with metastatic melanoma with greater than

20% increase in tumor volume due to cerebral edema, hemor-
rhage, or both following ipilimumab therapy [10].

Most literature on tumor lysis syndrome describes it in periph-
eral blood compartment, typically in the setting of leukemias
and lymphomas. There are rare cases reporting drug induced
CNS tumor lysis syndrome involving solid tumors [11]. In their
report, Bachegowda et al described the CNS neurotoxicity
of seizures within 48 hours of administration of intrathecal
methotrexate for management of diffuse large B-cell lym-
phoma with known CNS metastasis [12]. They associated the
development of cerebral edema and disappearance of CNS
metastasis (both on MRI and on CSF flow cytometry) as an ef-
fect of methotrexate and speculate if CNS tumor lysis could be
the pathogenetic mechanism for this effect. We did not find
any report elucidating drug induced CNS tumor lysis syndrome
involving primary CNS tumors.

This case report highlights the fatality from a highly aggres-
sive CNS ATRT and prompts future research focusing on acute
doxorubicin neurotoxicity and understanding the pathophysi-
ology of CNS tumor lysis syndrome.
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