
Abstract. Malignant triton tumor (MTT) is a rare, highly
malignant nerve sheath tumor with rhabdomyoblastic dif-
ferentiation. Initial debulking surgery followed by adjuvant
therapy is the current treatment of choice, but has very
limited efficacy when optimal cytoreduction is not achieved
by surgical procedure. Neoadjuvant therapy for MTT, to
potentially facilitate subsequent surgery, eradicate micro-
metastatic lesions and, therefore, improve the therapeutical
outcome, has never before been presented in literature. Here,
we report on the multimodal management of two cases of
advanced and metastatic MTT. Treatment modalities
involved neoadjuvant and adjuvant chemotherapy, surgical
resection, and radiation. In both cases, integrated Positron
Emission Tomography/Computed Tomography (PET/CT)
emerged as an important diagnostic tool for the reliable
assessment of MTT response and metabolic remission.

Introduction

Malignant triton tumor (MTT) is a very rare and highly
aggressive variant of the malignant peripheral nerve sheath
tumor (MPNST), with rhabdomyoblastic differentiation.
MPNSTs as a group account for approximately 5% of all soft
tissue sarcomas (STS) (1). MTT usually develops in
individuals younger than 35 and is associated with a very poor
outcome; crude 2- and 5-year survival rates are 15 and 11%,
respectively (2-4). In literature reviews, approximately half
to two thirds of cases occur in the context of neurofibro-
matosis type 1 (NF-1) (5), but this is no ‘conditio sine qua non’
for the appearance of MTT. Because of its rarity, treatment
strategies - especially in advanced and metastatic disease - are

not well established. The main therapeutic strategy for MTT,
as reported, is identical to that of most STSs and often requires
multimodal therapy. Total resection of the tumor is the most
important therapeutical goal. When radical tumor removal is
not possible, excision combined with high-dose radiation
therapy is thought to be an alternative treatment (6). Although
postoperative chemotherapy could be a part of multimodal
therapy, its therapeutic value is not proven (1,7). Neoadjuvant
therapy in MTT, in a multimodal setting which has never been
described before, could be a new and important module to
yield tumor response.

Here, we present two cases of MTT which were diagnosed,
evaluated and treated at our medical centre. The first report
describes a 25-year-old woman, without NF-1, suffering from
advanced MTT with hepatic, iliocecal and parauterine mani-
festations. To the best of our knowledge, this is the first report
to be published on the management of advanced metastatic
MTT by neoadjuvant chemotherapy followed by surgical
resection and adjuvant chemotherapy. The second case
concerns a 24-year-old man, with known NF-1, given the
initial diagnosis of localized MTT with cervical manifestation.
He was initially treated with surgery followed by high-dose
radiation therapy. Later on, he was treated with chemo-
therapy because of early progressive disease with pulmonary
metastasis. Although Magnetic Resonance Imaging (MRI)
has been described as the imaging modality of choice for
MTT (1,8), in both cases we successfully used additional
Positron Emission Tomography/Computed Tomography
(PET/CT) as a helpful tool to assess tumor regression and
metastatic extent in the therapeutic management.

Case reports

Case 1. A 25-year-old woman was admitted to local hospital
after a 2-week history of right upper abdominal pain radiating
into the right shoulder. Her medical history revealed surgical
resection, 3 months before, of a Sertoli-cell-tumor localized
to the left ovary (left adnectomy, lymphonodectomy, omen-
tectomy), which was diagnosed following a missed abortion.
The family history and the clinical examination were negative
for NF-1.

In further evaluation, a CT scan of the neck, chest and
abdomen presented a large heterogeneous hepatic mass
(8x12 cm in diameter) and a smaller left parauterine mass
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(4.5x5 cm). Early tumor relapse of the known Sertoli-cell-
tumor was highly suspected. Surgical removal of the para-
uterine tumor through hysterectomy and a right adnectomy
was carried out. On macroscopic inspection, the tumor was
gray-brown, elastic and attached to the uterus with infiltration
of the uterine serosa. Complete surgical resection of the para-
uterine tumor was performed with all margins negative for
residual tumor tissue (R0). On further histopathological
examination, the neoplastic tissue displayed a high cellularity
with large areas of spindle-shaped tumor cells, and scattered,
round cells with wide eosinophilic cytoplasm and atypical
nuclei, identified as rhabdomyoblasts (Fig. 1A). Mitotic
figures were frequently seen (Fig. 1B) and immunohisto-
chemistry demonstrated strong positive staining of the
rhabdomyoblastic cells for desmin and variable staining for
sarcomeric actin (Fig. 1C). Nerve sheath differentiation of
the spindle cells was confirmed by S-100 and vimentin protein
positivity (Fig. 1D). Immunostainings using an antibody
against cytokeratin were negative, excluding an epithelial
origin of the neoplastic tissue. Molecular characterization
showed no mutation of c-Kit (CD117). In conclusion, the
biphenotypic appearance of the tumor led to the unanticipated
diagnosis of MTT (9,10). The initial diagnosis of Sertoli-cell-

tumor in the patient's past medical history was also confirmed
by a re-evaluation of the extracted left ovary by an independent
reference pathologist. In addition, histological examination
of a CT-guided biopsy of the hepatic mass showed MTT
tissue and underlined the unexpected diagnosis of an advanced
stage of the rare tumor entity.

The patient was transferred to our department and we
performed a whole body FDG-PET/CT-scan (Fig. 2B) for
further staging. It demonstrated three abdominal tumor
manifestations. The largest one, seen before in the CT scan,
was now taking over the complete right lobe of the liver
(26x16x17 cm, SUV 10.8; Fig. 2A and B), the appearance
was heterogeneous with central liquid. Remarkably, the
hepatic mass had progressed from 8x12 to 16x26 cm within
only a month, in keeping with the highly aggressive character
of MTT. Additionally, two new manifestations were found
in the right lower quadrant of the abdomen next to the
ileocecum (3x3.5 cm, SUV 8.7) and cranial to the urinary
bladder (1.7x2.8 cm, SUV 6.5; Fig. 2B). The hepatic mass was
deemed unresectable due to its large size.

To potentially enhance the tumor's resectability, the patient
received three systemic neoadjuvant cycles of PEI chemo-
therapy, consisting of cisplatin 20, etoposide 75 and ifosfamide
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Figure 1. (A) Large, pleomorphic rhabdoid cells with abundant eosinophilic cytoplasm are embedded in a spindle cell tumor with fine fibrillary matrix. (B)
Spindle cell tumor with a fine fibrillary matrix and numerous mitotic figures. (C) Immunohistochemical stain of desmin, strong and specific staining in the
rhabdoid tumor cells indicating the rhabdomyosarcomatous component of the tumor. (D) Immunohistochemical stain for neuron-specific-enolase (NSE),
strong and diffuse staining in the spindle cells indicating the neurogenic component of the tumor.
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1200 mg/m2, 1 h intravenously for 1-5 days every 22 days.
A second PET/CT-scan followed which demonstrated partial
remission (WHO-criteria). The diameter of the hepatic mass
had been reduced to 9x6.5 cm (SUV 3.4); the two smaller
manifestations close to the iliocecum and unrinary bladder
were no longer detectable. Subsequently, the patient
underwent laparotomy. Intraoperative exploration showed a
soft and homogenous liver without evidence of intrahepatic
metastases. However, the tumor was detected dorsal to the
liver, originating from the retroperitoneum and infiltrating
the diaphragm, the right Gerota fascia and the back side of the
liver. The mass extended to the right hepatic vein. Complete
surgical resection was performed by hemihepatectomy until
all margins were histologically negative for residual tumor
tissue (R0). No further tumor manifestations were seen
macroscopically during surgery. The tumor surface seemed
to be nearly completely necrotic. Indeed, final histological
examination revealed exclusively necrotic tissue without
evidence of vital MTT cells.

The postoperative course was uneventful, without any
wound healing complications. Because of the good pre-
operative response, the patient subsequently received three
additional cycles of PEI in an adjuvant setting. A follow-up
FDG-PET/CT scan demonstrated complete remission without
evidence of residual vital tumor manifestations or metastases

(Fig. 2C). Acute hematologic morbidity was noticeable after
each cycle of PEI, with grade 4 leukopenia requiring G-CSF
(Granulocyte-Colony Stimulating Factor).

Unfortunately, the patient had an abdominal reoccurrence
of MTT after 9 months of follow-up, diagnosed using FDG-
PET/CT. One tumor was now infiltrating the dome of the urine
bladder, as well as part of the vagina and intestine (14x9 cm,
SUV 7.1). A second tumor had resurfaced within the liver
(5.6x4.2 cm, SUV 13.1) and another one was infiltrating the
small intestine (3x1 cm, SUV 6.8). Lacking further surgical
options, we started chemotherapy using an I/A regimen with
ifosfamide 5000 mg/m2 for 24 h and adriamycin 75 mg/m2

for 1 h, 1 day every 22 days. After three cycles of chemo-
therapy, partial remission was achieved with tumor response
in the small pelvis (7x4.9 cm), liver (3x3 cm) and small
intestine (1.2 cm). However, after three more cycles, tumor
progression was diagnosed in the small pelvis (8x10 cm),
tumor breaking through the liver capsule (5.7x6.6 cm), as
well as new pleural and intrapulmonal manifestations.
Finally, the patient died from progressive disease 26 months
after diagnosis.

Case 2. A 24-year-old man with known NF-1 was hospitalized
with a painful mass on the left side of his neck. A small nodule
had first been recognized by the patient about two years before
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Figure 2. (A) CT abdomen, status before treatment with MTT of the liver (26x16x17 cm) taking over the complete right lobe, the appearance was
heterogeneous with central liquid. (B) FDG-PET/CT, status before treatment, showing three abdominal MTT manifestations: Right lobe of the liver
(26x16x17 cm, SUV 10.8), right lower quadrant of the abdomen next to the ileocecum (3x3.5 cm, SUV 8.7), cranial to the urinary bladder (1.7x2.8 cm, SUV
6.5). (C) FDG-PET/CT, status after neoadjuvant chemotherapy, surgery and adjuvant chemotherapy showing no residual tumor.
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which had then, over the past 6 months, rapidly increased in
size. On clinical examination, the patient presented with a
non-shiftable, hard swelling on the neck, with proximally
accentuated paresis and muscle atrophy of the left arm
affecting nerve radicals C5, C6 and C7. An MRI-scan of the
neck and cervical spine showed a heterogeneous tumor
(9x7x5 cm) affecting the left cervical nerve plexus and ranging
to the neuroforamen, close to the vertebral artery. Because of
suspected malignancy, a tumor extirpation was performed in
our department for neurosurgery. The pathological diagnosis
of MTT was confirmed by evidence of malignant schwannoma
and rhabdomyoblasts. Diagnosis was underlined by immuno-
histochemical staining. Unfortunately, the surgical resection
was incomplete, with positive histological margins (R1). Post-
operative CT-scans of the neck, thorax and abdomen showed
no further tumor manifestations. Re-surgery by left neck
dissection was performed, this time with histologically tumor-
free margins (R0). Local irradiation of the operated area with
66 Gy of 60Co followed. Two months after radiotherapy, the
patient again complained of an increasing mass on the left of
his neck, with radiating pain in the arm. An MRI scan of the
neck again showed vital tumor (4x3.2 cm), now enclosing
the left arteria vertebralis and partially infiltrating the cervical
spine.

The patient was referred to our department because of
inoperability. We performed a total body FDG-PET/CT-scan,
which confirmed the local reoccurrence of the cervical tumor
(4.5x3.5 cm, SUV 3.8), now with additional multiple bipul-
monal metastases (up to 5.8 cm in diameter, max. SUV 11.9).
Because of advanced disease, four cycles of PEI were
applicated. Grade 4 leukopenia was noted after each cycle
of PEI, requiring G-CSF. Besides grade 2-3 nausea and/or
vomiting, no non-hematologic toxicity was noted which could
be related to the chemotherapy. Clinically, the pain was
rapidly diminishing. After the third cycle of chemotherapy,
successful stem-cell collection was performed for potential
high-dose chemotherapy. After the fourth cycle, a staging
performed with a FDG-PET/CT-scan showed partial remission
of the pulmonary nodules (up to 2.7 cm, max. SUV 7.5). The
cervical manifestation was still constant in size, enclosing the
arteria, but showed signs of central necrosis in an MRI-scan.
The concept of experimental high-dose chemotherapy was
refused by the patient and we administered two more cycles
of conventional PEI. After the sixth cycle, progressive
pulmonal metastases were diagnosed, with ongoing stable
disease of the cervical tumor. A first cycle of MAID, with
mesna, doxorubicin 20, ifosfamide 2.5 and dacarbacine 300
mg/m2, was therefore administered for 3 days every 22 days.
Again, G-CSF was given due to grade 4 neutropenia. Three
weeks later the patient presented with a progressive cervical
tumor and pulmonal metastases, as well as newly diagnosed
cerebral metastases. The patient died of progressive disease,
under the best supportive care, 18 months after diagnosis.

Discussion

MTT was first described by Masson in 1932 (11). The rare
tumor is named after the Triton salamander (genus of triturus),
which is able to regenerate limbs consisting of muscle, bone
and nerve tissue if the cut end of the sciatic nerve is implanted

into the soft tissue of its back (12). In 1973, Woodruff and
colleagues coined the term ‘malignant triton tumor’ and
defined it, following histopathology criteria, to establish a
diagnosis: i) The neoplasm is connected to peripheral nerves
or occurs in patients with NF-1. ii) Most of the neoplasm
consists of Schwann cells. iii) The neoplasm contains rhabdo-
myoblasts. Immunohistochemical evaluation helps to dis-
tinguish between the different MPNSTs and to confirm the
diagnosis of MTT (10).

Common sites of occurrence are the head and neck, and
the trunk and lower extremities (13,14). Tumors arising in
the context of NF-1 display a male predominance, young age
and common presentation in the head and neck region, as was
presented here in case 2. Although the number of published
MTT case reports is very low, it appears that the natural
history of MTT is more aggressive in patients with NF-1 (15).
In contrast, patients without NF-1 are older, show a female
predominance and, most often, tumor manifestations on the
trunk, consistent with patient 1 of this report (13). The
prognosis is favorable for the head and neck and upper and
lower extremities, and worse for the buttocks, trunk and
retroperitoneum. However, MTT is a highly malignant tumor
with a poor outcome (1,5). The prognosis is worse than that for
overall malignant schwannomas; overall survival and disease-
free survival are significantly influenced by the patient's age,
tumor localization and size, the extent of the surgery, and the
quality of the margins.

Currently, available publications in the worldwide data-
base on the origin and, especially, on the treatment of MTT
are very limited. It is always difficult to speculate on treatment
guidelines when dealing with an extremely rare disease.
However, as with many STSs, wide excision of MTT followed
by postoperative radiation is the standard treatment of choice.
It is the general consensus that suboptimal cytoreduction
provides no survival advantage to patients with MTT (1). In
case of marginal or incomplete resection, as presented in
case 2, a new, enlarged surgical resection should always be
discussed before administration of any adjuvant treatment.
Moreover, the complete resection of the tumor, with or
without adjuvant therapy, tends to portend improved survival
over incomplete resection with or without adjuvant therapy
(14). Therefore, although the benefit of optimal cytoreduction
for the survival of advanced-staged MTT patients is
undeniable, the feasibility of its achievement may vary
depending on the surgeon, the selected patient population and
the aggress-iveness of the tumor. The value of cytotoxic
drugs remains questionable, as published experiences are
limited (7,16,17). Modern dosing regimens with ifosfamide,
doxorubicin or cisplatin, in mono- or combination-therapy,
display no convincing level 1 evidence (7). Chemotherapy is
usually reserved for palliation in advanced or metastatic MTT
disease (14). However, there is evidence to suggest that
patients who have responded to preoperative chemotherapy
should be treated with postoperative chemotherapy as well
(18).

As Pisters stated, we are left with the conundrum of how
to make meaningful progress against a disease like STS (7).
He claimed that trials have to be developed focused on
individual tumor subtypes. New treatment approaches are
desperately needed which, with more than 50 known sub-
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types of STS, is very difficult to achieve. Molecular character-
ization of miscellaneous STSs could potentially identify
subgroups and lead to a more specific course of therapy. At
present, studies with molecular targeted therapeutics - e.g.
inhibitors against vascular endothelial growth factor receptor,
RAF-proteins, mammalian target of rapamycin or modern
chemotherapeutics such as liposomal anthracycline,
ecteinascidine (ET-743) or oral trofosfamide are under
investigation.

The purpose of this report is to contribute to the available
literature on experiences with MTT, not only because of its
extreme rarity, but also in order to present clinical experiences
of neoadjuvant therapy with the help of PET/CT as a
diagnostic tool. Disease-free survival in patient 1 was achieved
for 9 months after neoadjuvant chemotherapy with PEI resulted
in a good clinical response, as was R0-resection of the tumor
without histological evidence of vital MTT cells remaining.
Patient 2 initially received surgery twice, followed by post-
operative high-grade radiation. Chemotherapy was initiated
because of advanced disease with local inoperability and
additional pulmonary metastases, but treatment response
was only slight.

MRI has previously been described as the imaging
modality of choice for STS evaluation (8). Experiences with
PET-scans for patients with STS have not been published
before, but they have been shown to potentially offer
advantages in detecting soft tissue tumors, local recurrence
and metastases (19,20). Their sensitivity to primary sarcomas
ranges from 74 to 100% in literature; higher in high-grade
compared to low-grade tumors. Especially in patients with
NF-1, who frequently have a multiplicity of tumor-suspected
swellings, this diagnostic tool can help in differentiation. As
presented in our cases, MTT manifestations demonstrate
strong FDG uptake in PET/CT, which helped us reliably
assess tumor response and plan multimodal therapeutic
interventions.

In conclusion, neoadjuvant chemotherapy plays a
potentially important role in a multimodal approach with a
subset of patients having high-grade, metastatic and primarily
unresectable MTT. Patients who have responded to pre-
operative chemotherapy may benefit from adjuvant chemo-
therapy in order to facilitate subsequent surgery and to
eradicate micrometastatic lesions. Nevertheless, the issue of
pre- and postsurgical chemotherapy in patients with STS, and
especially with MTT, still remains unsettled. Trials, for
example protocols from the European Organization for
Research and Treatment of Cancer, are still ongoing and will
hopefully address and clarify this issue (21). Additionally,
PET/CT may represent a valuable diagnostic tool in the
multimodal management of advanced MTT.
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