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High Dose Alkylator Therapy for Extracranial Malignant Rhabdoid Tumors
in Children
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Background. Extracranial malignant rhabdoid tumor (MRT) is a
rare pediatric cancer with a poor prognosis. The kidney is the most
common site. Isolated reports have shown improvements in patient
survival, but no specific treatment regimen has shown efficacy over
others. Procedure. Retrospective review of patients diagnosed with
extracranial MRT at Children’s Hospital Los Angeles between 1983
and 2012. Results. The median age at presentation for the 21 patients
was 13 months (range, 0-108 months). Ten patients had renal
primary tumors. The median time to progression was 4 months
(range, 0.4-7 months). The 5-year event free survival (EFS) and
overall survival (OS) of the entire cohort was 38 + 10.6%. After 2002,
patients diagnosed with extracranial MRT were administered a
chemotherapy regimen of vincristine, doxorubicin and high dose
cyclophosphamide (VDC). The OS for the patients diagnosed before
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and after 2002 were 20 + 12% and 54 & 15%, respectively. Of the 13
patients who received VDC containing regimen, eight patients
achieved a complete radiological remission; five of these patients are
long-term survivors. Four patients who received autologous bone
marrow transplantation were alive at last follow-up. All patients with
unresectable primary tumors died. Patients who had disease
progression or relapse did not survive. Conclusions. Patients with
extracranial MRT have a poor prognosis. Treatment with high dose
alkylator therapy followed by consolidation with high dose
chemotherapy and autologous bone marrow transplant for those
patients in radiographic complete remission appears to have a
beneficial effect on survival. Pediatr Blood Cancer 2014;61:1357—
1361. © 2014 Wiley Periodicals, Inc.

INTRODUCTION

Malignant rhabdoid tumors (MRT) are rare and aggressive
childhood neoplasms that arise in the kidney, non-renal soft tissue,
and central nervous system (CNS). The primary CNS tumors are
referred to as atypical teratoid/rhabdoid tumors [1]. Studies have
shown that the majority of MRT cases have a bi-allelic deletion of
the SMARCBI/INI1 gene on chromosome 22q, suggesting a
common biology underlying MRT [2]. The incidence of MRT is
estimated at 0.6 per million [3]. The median age at diagnosis for
patients with extracranial MRT ranges from 11 to 18 months and 5-
year survival rates have been reported to range from 17% to
36% [3-6]. The time to progression is usually short and the patients
who relapse generally do not survive [1].

The current treatment for MRT employs a multimodal
approach that includes surgical resection of the primary tumor,
chemotherapy, and radiation therapy. We have previously
published our institutional experience with extracranial rhabdoid
tumors in patients diagnosed between 1983 and 2003 [7]. In this
report, we have updated those results with additional patients
and longer follow-up. We discuss the outcomes following
treatment with vincristine, doxorubicin, and high dose cyclophos-
phamide (VDC).

METHODS

Patients diagnosed with extracranial MRT at Children’s Hospital
Los Angeles (CHLA) between 1983 and 2012 were identified from
the pathology database. A retrospective review was conducted to
examine the clinical presentation, treatment, and patient outcomes.
Each patient was staged using the surgical-pathologic staging
system for renal tumors used by the National Wilms Tumor Study
Group. Archived tumor tissues were examined by a pathologist, and
were stained for INI1 expression if not previously performed. The
CHLA Committee on Clinical Investigation approved the conduct
of this study and waived the need for individual informed consent to
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review the medical records. Event free survival (EFS) was defined
as the time from the date of diagnosis to progression, relapse, or
death from any cause. Overall survival (OS) was defined as time
from the date of diagnosis to death. The EFS and OS of these
patients were calculated using the Kaplan—-Meier method.

RESULTS

Clinical Features

Twenty-one patients were diagnosed with extracranial MRT
during the study period. The median age at diagnosis was 13 months
(range, 0-108 months). Fourteen were less than 2 years of age and
seven were female (Table I). The median follow-up for the entire
group was 7 months and the median follow-up of survivors was
71 months. The presenting symptoms included a visible or palpable
mass in nine patients, fever in six, decreased appetite in five,
abdominal discomfort in three, and signs of spinal cord compres-
sion in three. One patient exhibited severe respiratory distress and
tachycardia. Another patient presented with polydipsia, polyuria,
and urinary retention.
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Diagnosis

MRTs were diagnosed pathologically by round to oval-shaped
cells arranged in nests and sheets, with an abundant acidophilic
cytoplasm, distinct cell borders, large eccentric nuclei, and a large
nucleolus. INI1 protein expression was absent in all 15 tumor
samples tested. Archived tumor samples were not available in the
other six patients. One patient was initially diagnosed as malignant
peripheral nerve sheath tumor. The diagnosis was later revised to
MRT based on cytogenetic results.

Tumor Location and Stage

Ten patients had renal primary tumors. The primary location of
the extrarenal tumors included the liver in three patients, neck in two
patients, pelvis in one patient, face in one patient, back in one
patient, and retroperitoneum in three patients. Twelve patients had
localized disease at diagnosis (stage I-1II). Nine patients (39%) had
distant metastases at diagnosis. Metastatic sites included the lungs in
nine patients, lymph nodes in five patients, and liver in two patients.

Treatment

Patients were treated with chemotherapy, surgery, radiation
therapy, or a combination of these modalities. Three patients
received chemotherapy alone either due to disseminated disease or
due to disease progression (patients 5, 14, and 15). One patient
declined treatment (patient 13).

Surgery

Fifteen patients (71%) underwent surgical resection of their
primary tumors. Seven patients had upfront resections (five patients
underwent complete resection, one had a microscopic residual
disease, and the margins could not be determined for another patient
as surgery was performed at another hospital). Eight patients
underwent delayed resection following neo-adjuvant chemotherapy
(five patients had a complete resection, and three underwent
resection with microscopic residual disease). In the six patients who
had unresectable primary tumors, the neoplasms were located in the
retroperitoneum (two patients), the face, neck, pelvis, and liver (this
patient declined treatment).

Chemotherapy

Patients were initially administered chemotherapy regimens
which included combinations of the following drugs: carboplatin,
etoposide, ifosfamide, doxorubicin, cyclophosphamide, actinomy-
cin D, cisplatin, and vincristine. After 2002, we used vincristine,
doxorubicin, and cyclophosphamide (VDC) containing regimens
for most patients with extracranial MRT. VDC regimen was
administered as follows in 7 patients: vincristine 1.5 mg/m*/day on
Days 1, 8, and 15; doxorubicin 37.5 mg/m?/day; and cyclophos-
phamide 2.1 g/m*/day on Days 1 and 2. One patient diagnosed after
2002 did not receive VDC containing regimen (initial diagnosis of
malignant peripheral nerve sheath tumor). Four patients received a
lower dose of cyclophosphamide than described above (patients 1,
5, 10, 11); three of them were neonates. Two patients (patients 7, 9)
diagnosed before 2002 received a VDC containing regimen but
received lower doses of doxorubicin and cyclophosphamide. In
total, thirteen patients were administered a chemotherapy regimen
containing VDC.
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Autologous Bone Marrow Transplantation

High dose chemotherapy followed by autologous bone marrow
transplantation (ABMT) was planned in 10 patients. Carboplatin,
etoposide and melphalan (CEM) was used as the conditioning
regimen. Only four received ABMT. Five of the remaining six
patients did not receive ABMT due to early disease progression and
ABMT was deferred in the sixth patient due to post-chemotherapy
microangiopathic hemolytic anemia and renal failure. Of the four
patients who received ABMT, two had stage III disease (initially
unresectable with lymph node involvement) and two had stage IV
disease (pulmonary metastases).

Radiation

Eight of the 21 patients received therapeutic irradiation to either
the primary or metastatic site. One patient received palliative
radiation. The median age of patients who received radiation was
32 months (range, 4—108 months). Six patients received radiation
to the primary site of disease with doses ranging from 1,080 to
4,500cGy. Patient 7 received radiation after local disease
progression at 4 months of age. Three patients received whole
lung irradiation.

Outcome

The 5-year PFS and OS of the entire cohort were both
38 +10.6% (Fig. 1). Eight of the 21 patients were alive at last
follow-up. The OS for the ten patients diagnosed before 2002 was
20+ 12% (95% CI 3, 48) compared to 54 + 15% (95% CI 23, 78)
for the 11 patients after 2002 (Fig. 2). The time to progression after
diagnosis was rapid, with a median time of 4 months (range, 0.4—
7 months). Eight patients progressed on therapy and five relapsed
after achieving complete remission. All patients who progressed or
relapsed did not survive. Two patients progressed locally, five
patients progressed at a distant site, and six patients progressed both
locally and distantly. The median follow-up of survivors was
72 months (range, 12—-130 months). The survival of patients >24
months of age at diagnosis was 57 £ 18% compared to 29 + 12%
for those less than 24 months. The median age of survivors at the
time of diagnosis was 26 months (range, 0.5-108 months),
compared to 7 months (range, 0-96 months) for those that did
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Fig. 1. EFS and OS of the entire cohort.
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Fig. 2. OS comparison: before and after 2002.

not survive. Four of 10 patients with a renal primary survived. Four
of eleven patients with extra-renal tumors survived.

All six patients who had unresectable primaries did not survive.
Four of eight survivors underwent an upfront complete surgical
resection. The other four survivors underwent a delayed resection.
Only one of four patients that had minimal residual disease after
surgery survived. This patient received local irradiation and
underwent ABMT. Five of the eight patients who received radiation
were long-term survivors (63%). Three of the five patients who
received radiation to the primary tumor site did not progress at the
primary site. Three patients received radiation to the lungs, and two
of them did not have a pulmonary relapse. Three survivors did not
receive radiation therapy to the primary or metastatic site; two of
them had an ABMT. All four patients who received ABMT were
disease free at last follow-up.

Of the 13 patients who were administered a VDC regimen, eight
achieved a radiological complete remission. Three of these eight
patients later relapsed. Of the five patients who are alive after VDC
treatment, two were diagnosed with stage III MRT and three had
stage IV disease. Eight of 13 patients who were administered VDC
containing regimen did not survive. Of the five patients with lung
metastases that received VDC regimen, four patients had an
objective radiographic response including three with complete
resolution of lung nodules.

DISCUSSION

We have described the clinical characteristics, treatment and
outcome of 21 consecutively diagnosed extracranial rhabdoid
tumor patients at CHLA. The OS for the entire cohort was poor and
comparable to other published studies [4—6]. MRT is an aggressive
tumor with a short time to disease progression. The majority of
events occur within 2 years of diagnosis [4]. In our series, there was
no progression/relapse 7 months after diagnosis. None of our
patients who progressed survived even though there have been
isolated reports of survival after relapse [4,8]. Age is an important
prognostic factor in MRT with younger age associated with worse
prognosis [5]. Infants typically receive less aggressive treatment as
a result of reduced dose chemotherapy and avoidance of radiation
therapy. This may have contributed to the poor prognosis of younger
patients in our series and in other reports [4,5]. Similar to previous
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studies, there was no difference in outcome based on sex of the
patient or primary site of disease [3,5]. The majority (80%) of our
patients had advanced disease (stage III and I'V). This is higher than
previously published series, where approximately two-thirds of
patients had advance disease [4—6]. Though previously reported, we
did not find a difference in outcome based on disease stage [3,5].
This may be due to our smaller sample size.

Our study reinforces the importance of surgical resection of the
primary tumor as none of the patients with an unresectable primary
tumor survived. There is one previous report of a patient with an
incompletely resected primary cured after irradiation and chemo-
therapy [9]. There was no difference in survival between patients
who received an upfront surgical resection versus a delayed
resection in our study. This is in contrast to the results from the SIOP
Renal Tumor Study Group study that reported worse survival for
patients with delayed surgery [4]. Although radiation therapy seems
to improve prognosis in atypical teratoid/rhabdoid tumor, its role in
extracranial MRT is unclear [10]. The apparent benefit of radiation
therapy may be confounded by age, as radiation therapy is generally
avoided in the youngest of patients [11]. We did not administer
radiation therapy to patients less than 2 years of age as part of initial
treatment. Three of these patients are long-term survivors. Only one
patient less than 2 years of age received radiation in our series. This
was administered after disease progression. Tomlinson et al. [5]
investigated the role of radiation therapy, in MRT of the kidney,
after correcting for age. They did not find a difference in outcome
between those who received radiation and those who did not. In
contrast, analysis of children with extra-renal, non-cranial MRT
from SEER database revealed tumor stage, and radiation therapy as
significant predictors of outcome [3].

Unlike the cohorts from the SEER database [3], our patients that
were diagnosed more recently (after 2002) had a better OS than
those diagnosed before 2002. The reason for improved survival
after 2002 is unclear. We treated patients diagnosed after 2002
uniformly with VDC regimen that had higher doses of doxorubicin
and cyclophosphamide. The SIOP group found that pre-operative
chemotherapy with vincristine, actinomycin D, and doxorubicin
resulted in decreased tumor size, but did not correlate with
improved survival [4]. Two previous studies examined the role of
doxorubicin in MRT and concluded that it did not make a difference
in outcome [4,5]. Gururangan et al. [12] were the first to report
responses to ifosfamide, carboplatin, and etoposide (ICE) regimen
in patients with extracranial rhabdoid tumors. Subsequently, two
patients with stage IV MRT of the kidney treated with alternating
cycles of VDC and ICE were reported to be disease free at 1- and 2-
years following diagnosis [13]. In a more recent publication, none
of the nine patients with MRT treated with ICE regimen
survived [9]. Therefore, there is no definitive evidence of cure
using ICE regimen in the absence of VDC. The current Children’s
Oncology Group clinical trial uses alternating VDC, and
cyclophosphamide, carboplatin, and etoposide (CCE) regimens
along with radiation therapy for MRT. This clinical trial and the
studies described previously used approximately half of the dose of
cyclophosphamide we used in our patients who received VDC.
Higher dose of cyclophosphamide may have contributed to the
better outcome in our patients diagnosed after 2002. In fact, all our
stage IV patients who survived received VDC regimen with high
dose cyclophosphamide.

All patients that received ABMT in our series are long-term
survivors. Koga et al. [14] reported two patients with MRT who



achieved long term remission following ABMT with the same
conditioning regimen used in our series. At the same time, two
patients who underwent ABMT in another series did not survive [9].
It is difficult to draw conclusions about the efficacy of ABMT, as
only four of the initially intended 10 patients received ABMT in our
study. This may represent a selection bias. On the other hand, high
dose chemotherapy conditioning regimen (CEM) used prior to
ABMT in our series expands on the theme of high dose alkylator
therapy used during induction either in the neoadjuvant or adjuvant
setting.

Extracranial MRT is an aggressive disease with poor prognosis.
The outcome of patients diagnosed in the first year of life continues
to be dismal. Our approach of treating with a VDC regimen
containing high dose cyclophosphamide is feasible and appears to
produce superior response rates when compared to other published
regimens. We propose a strategy to treat all extracranial MRT
patients in a phase 2 multi-institutional clinical trial using VDC
with high dose cyclophosphamide followed by consolidation with
CEM and ABMT for responding patients in complete radiographic
remission and compare their outcomes to historical controls in order
to further evaluate the efficacy of this regimen.
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