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Abstract. Malignant triton tumor (MTT), a subtype of malig‑
nant peripheral nerve sheath tumor, is a rare soft‑tissue sarcoma 
with a difficult diagnosis and poor prognosis. The course of 
MTT progression is rapid and the degree of malignancy is 
high. Patients with MTT can be treated with postoperative 
adjuvant radiotherapy and chemotherapy; however, treatment 
results are still poor. The present study describes a case of 
MTT of the axilla, which was diagnosed using histopathology 
with immunohistochemical staining and gene mutation detec‑
tion. Complete surgical excision of the left axillary mass was 
performed in September 2023. Postoperative therapeutics 
included radiation therapy and deep hyperthermia; nine‑field 
intensity‑modulated radiation was delivered to the left 
axilla (46 Gy in 23 fractions over 5 weeks) and concurrent 
deep hyperthermia was performed three times per week for 
5 weeks. In February 2024, the patient received oral anlotinib 
at a dose of 10 mg daily (before breakfast) for 2 weeks. It 
was demonstrated that a combination of surgery, radiation 
therapy, deep hyperthermia and targeted therapy may improve 
the survival of patients with MTT. After 1 month of compre‑
hensive treatment, the patient's tumor had disappeared upon 
reexamination. As of the latest follow‑up in October 2024, 
the patient had achieved a disease‑free survival period of 
~7 months, the patient was stable and remained on anlotinib 
treatment with good tolerance. With no standardized treatment 
recommendations available, the present study demonstrated 
that the combination of surgery, radiation therapy, deep hyper‑
thermia and targeted therapy may provide a new strategy for 
the clinical treatment of MTT.

Introduction

Malignant peripheral nerve sheath tumors (MPNSTs) are rare 
soft‑tissue sarcomas with an incidence of 0.001% in the general 
population as recorded in the Surveillance, Epidemiology, and 
End Results database (1). The global 5‑year overall survival 
rate, 5‑year event‑free survival and local recurrence rate were 
reported to be 49, 37 and 38%, respectively (2). The primary 
risk factor for developing MPNST is neurofibromatosis type‑1 
(NF1), with ~10% of patients with NF1 experiencing this 
condition in their lifetime (3). In addition, ~5% of MPNST 
cases are induced by radiation  (4). Originating from the 
sheaths of peripheral nerves, MPNST is a high‑grade tumor 
made up of spindle cells (5), which is difficult to diagnose and 
relies on pathological results (6). According to World Health 
Organization standards, MPNST can be divided into several 
types, including low‑grade MPNST, high‑grade MPNST, 
epithelioid MPNST, perineurial MPNST and malignant mela‑
notic schwannian tumors (7). Its differential diagnosis includes 
melanoma, clear cell sarcoma and epithelioid sarcoma (8). 
Le Guellec et al (9) reported that 29 tumors (18.1%) that were 
initially diagnosed as MPNST were reclassified on the basis 
of histological review, immunohistochemistry and molecular 
analysis. Goertz et al  (10) studied a group of 65 cases of 
MPNST, for which the diagnosis of 32.3% of cases needed 
to be amended, indicating that the diagnosis of MPNST is 
challenging. Currently, there is no established treatment for 
MPNST, and most available options are derived from methods 
used to treat soft tissue tumors. Although surgery is the 
treatment of choice for MPNST, its aggressive nature makes 
achieving a full or wide resection challenging. The use of 
radiation, chemotherapy and targeted therapy for MPNST is 
still limited and uncertain, because of the lack of treatment 
methods with proven benefit (11).

MTT is a rare, highly aggressive subtype of MPNST with 
rhabdomyosarcomatous differentiation, and represents ~5% of 
all MPNST cases (1). To date, ~248 cases of MTT have been 
reported in the literature worldwide and the male‑to‑female 
incidence ratio is 1.5:1 (12). MTTs are more common in the 
head, neck, trunk and limbs (13), while mediastinal lesions 
are rarely observed. To date, ~20 cases of mediastinum MTT 
have been reported in studies published in English  (14). 
MTTs are more common in middle‑aged individuals and 
rare in children  (15), with <50 cases in children reported 
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to date (16,17). Compared with MPNST, MTT has a higher 
degree of malignancy, is more invasive and is less common 
in clinical practice (18). The outcome of MTT remains poor 
after comprehensive surgical and chemoradiotherapy treat‑
ment (14). Owing to the rarity of this disease, no consensus 
exists for the treatment of MTT. The current study presents a 
case of an MTT of the axilla and describe the patient's clinical 
features, diagnosis and treatment. The purpose of the present 
study is to provide clinical strategies for the diagnosis and 
treatment of MTT.

Case report

A 60‑year‑old female patient presented at The Liuzhou 
Worker's Hospital (Liuzhou, China) in September  2023, 
reporting a tingling sensation in the axilla, secondary to a 
mass in the left axilla that had increased in size over the past 
20 years. Physical examination demonstrated that the mass had 
a tough texture, clear boundaries with surrounding tissues and 
no local rupture; additionally, it was firm and accompanied by 
mild tenderness. Magnetic resonance imaging (MRI) demon‑
strated a left axillary lesion measuring 5.7x5.7x7.7 cm (Fig. 1), 
a clear boundary of the lump, low T1‑weighted imaging (WI), 
high T2WI, uneven and significant enhancement on enhanced 
scanning and compression of the axillary arteries and veins. 
Therefore, a nerve sheath tumor was suspected. The patient's 
lactate dehydrogenase (LDH) level was within the normal 
range at 137 U/l (normal range, 120‑250 U/l). Throughout the 
treatment process (from September 2023 to October 2024) 
the LDH level remained within the normal range, and routine 
blood and biochemical indicators were normal. Complete 
surgical excision of the left axillary mass was performed in 
September 2023. Grossly, the tumor measuring 5.0x4.7x6.5 cm 
had a capsular sheath with adhesion of the axillary artery and 
vein, and the ulnar and median nerves. 

Immunohistochemical analysis was performed using 5‑µm 
paraffin‑embedded tissue sections that had been fixed with 10% 
neutral formalin at room temperature for 24 h. The sections 
were baked at 65˚C for >2 h, dewaxed three times with xylene 
and then hydrated with a series of alcohol solutions. For antigen 
retrieval, sections were heated in EDTA buffer (pH 9.0) in a 
100˚C water bath for 20 min and were then blocked with 3% 
hydrogen peroxide at room temperature for 10 min. The tissue 
sections were then incubated with a ready‑to‑use cytokeratin 
20 antibody (Ks20.8; cat. no. Kit‑0025), spectral cytokeratin 
antibody (AE1/AE3; cat. no. Kit‑0009), vimentin antibody 
(MX034; cat. no. MAB‑0735), H3K27Me3 antibody (RM175; 
cat. no. RMA‑0843), S‑100 antibody (4C4,9; cat. no. Kit‑0007), 
Sox‑10 antibody (EP268; cat.  no.  RMA‑0726), desmin 
antibody (MX046; cat.  no.  RMA‑0766), smooth muscle 
actin (SMA) antibody (1A4; cat.  no.  Kit‑0006), Ki67 
antibody (MXR002; cat.  no.  RMA‑0731), integrase inter‑
actor 1 (INI‑1) antibody (MRQ‑27; cat.  no.  MAB‑0696), 
programmed cell death‑ligand 1 (PD‑L1) antibody (MXR025; 
cat.  no. RMA‑1057), epithelial membrane antigen (EMA) 
antibody (E29; cat. no. Kit‑0011), myogenin differentiation 1 
(MYOD1) antibody (MX049; cat. no. MAB‑0822), CD34 anti‑
body (MX123; cat. no. MAB‑1076), Bcl‑2 antibody (MX022; 
cat.  no.  MAB‑0711) and HMB‑45 antibody (HMB45; 
cat. no. MAB‑0098) (all from Fuzhou Maixin Biotechnology 

Development Co., Ltd.) for 1 h at room temperature, or with 
PBS (Fuzhou Maixin Biotechnology Development Co., Ltd.) 
as a negative control. Detection of primary antibody binding 
sites was carried out using the MaxVision™ HRP‑Polymer 
anti‑Mouse/Rabbit IHC Kit (cat. no. KIT‑5030; Fuzhou Maixin 
Biotechnology Development Co., Ltd.) at room temperature 
for 1 h. DAB was used for color development. Hematoxylin 
counterstaining was also performed at room temperature for 
2 min. The tissue sections were then sealed and observed 
under a light microscope (ECLIPSE Ci‑L; Nikon Corporation). 
This process used a fully automated immunohistochemical 
staining instrument (Lumatas; Fuzhou Maixin Biotechnology 
Development Co., Ltd.). Hematoxylin and Eosin staining of 
the tumor sample was performed at room temperature for 45 
min and was observed under a light microscope (ECLIPSE 
Ci‑L; Nikon Corporation), which displayed a heterogeneously 
differentiated tumor consisting of spindle‑shaped cells with 
a high mitotic index (Fig. 2A), gland‑like epithelioid cells 
(Fig. 2B), focal necrosis and differentiated areas of rhabdo‑
myosarcoma (Fig. 2C). Immunohistochemistry demonstrated 
that the neoplasm was positive for vimentin (Fig.  S1A), 
EMA (Fig.  S1B), MYOD1 (Fig.  S1C), S‑100 (Fig.  S1D), 
Sox‑10 (Fig. S1E), CD34 (Fig. S1F), Bcl‑2 (Fig. S2A), desmin 
(Fig. S2B), SMA (Fig. S2C), INI‑1 (Fig. S2D) and mosaic loss 
of H3K27me3 expression (Fig. 3A). The Ki‑67 proliferation 
index was 75% (Fig. 3B). Markers such as pancytokeratin 
(CKpan; Fig. 3C), CK20 (Fig. 3D), HMB‑45 (Fig. S2E) and 
(PD‑L1 (Fig. 3E) were negative. 

The VAHTS Universal DNA Library Prep Kit for Illumina 
V4 (cat.  no. ND610‑02; Nanjing Novozymes Biotech Co., 
Ltd.) was used to prepare the patient's surgical axillary tissue 
specimen DNA samples for sequencing. The Qsep 100 fully 
automated nucleic acid and protein analysis system (BiOptic, 
Inc.) was used to verify the quality/integrity of the processed 
samples. Next‑generation sequencing (NGS) was then 
performed (paired end sequencing; nucleotide length, 150 bp) 
using the Novaseq X Series 10B Reagent Kit (300 cycles; 
cat. no. 20085594; Illumina, Inc.) or NovaSeq X Series 25B 
Reagent Kit (300 cycles; cat. no. 20104706; Illumina Inc.); 
the loading concentration of the final library was 150 pmol. 
Vardict 1.8.3 (19) was used to analyze the data (open source). 
NGS (Fig. 3F) demonstrated the presence of mutations in 
the NF1 tumor suppressor gene (NF1: exon 30 c.4084C>T 
p.R1362, with a mutation abundance of 2.40%). 

To further exclude the diagnosis of synovial sarcoma, 
tumor cells underwent fluorescence in  situ hybridization 
(FISH) detection according to the instructions of the SS18 
gene two‑color breakage probe kit (cat. no. FP‑055; Wuhan 
Kanglu Biotechnology Co., Ltd.,). The FISH interpretation 
criteria were as follows: The normal negative signal pattern 
consisted of two yellow signals fused with red and green, while 
the typical positive signal pattern cosisted of a separated signal 
of one yellow, one red and one green (with a red green signal 
separation diameter of ≥2 signal points). A total of 100 tumor 
cells from at least two tumor regions were counted, and the 
proportion of positive signal cells ≥13% was defined as SS18 
gene rearrangement positive. FISH (Fig. 3G) for the SS18/SYT 
gene rearrangement was negative. On the basis of aforemen‑
tioned findings, the patient was diagnosed with MPNST with 
rhabdomyosarcomatous differentiation, also known as MTT. 
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The patient was staged as pT2N2M0 or IIIA according to 
the staging criteria of the 8th edition of the American Joint 
Committee on Cancer Staging System (20), combined with 
preoperative MRI and postoperative pathology.

A whole‑body 18F‑fluorodeoxyglucose‑positron emis‑
sion/computed tomography (18F‑FDG PET/CT; Fig. 4) scan 
was performed 40 days after surgery and showed an FDG‑avid 
lesion 3.6x3.4x3.4 cm in size in the left axilla, which was inter‑
preted as early local recurrence. Secondary surgery could not 
be considered, as due to the involvement of the axillary artery 
and vein there was a risk of bleeding. Postoperative thera‑
peutics included radiation therapy and deep hyperthermia; 
nine‑field intensity‑modulated radiation was delivered to the 
left axilla (46 Gy in 23 fractions over 5 weeks; Fig. 5) and 
concurrent deep hyperthermia was performed three times per 
week for 5 weeks. Later, in January 2024, reexamination via 
MRI confirmed the reduction of tumor size (2.8x1.1x1.1 cm; 
Fig. 6A). In February 2024, the patient received oral anlotinib 
at a dose of 10 mg daily (before breakfast) for 2 weeks. An 
MRI reexamination of the left upper arm indicated that the 
tumor had entirely disappeared after 1 cycle (included 2 weeks 
of being on the regimen and 1 week off) of tyrosine kinase 
inhibitor (TKI)‑targeted therapy (Fig. 6B). The patient devel‑
oped hypertension following the first cycle of TKI‑targeted 

administration, which was well controlled after antihyper‑
tensive treatment (nifedipine controlled‑release tablets 30 mg 
orally, once daily). As of the latest follow‑up in October 2024, 
the patient was stable and remained on anlotinib treatment with 
good tolerance, with follow‑up occurring every 2‑3 months.

Discussion

First described by Masson (21) in 1932, MTT is a rare, highly 
aggressive subtype of MPNST with rhabdomyosarcomatous 
differentiation (22). The etiology of MTT remains elusive, 
but there is an association with NF1 mutations  (23). In a 
systematic literature review of 34 patients and a retrospective, 
single‑center study of 16 patients, Marcel et al (24) demon‑
strated that primary MTTs were large, lobulated tumors with 
necrotic areas, low T1WI, high T2WI and heterogeneous 
enhancement, features which were suggestive but non‑specific, 
and that they were difficult to distinguish from other types of 
MPNSTs on the basis of imaging alone. S‑100 and Sox‑10 are 
specific protein markers of Schwann cells. However, a study 
by Karamchandani et al (25) examining protein expression 
levels of Sox‑10 and S‑100 markers in 1,012 specimens, which 
included 78 cases of MPNST, demonstrated that the sensitivi‑
ties of Sox‑10 and S‑100 protein for the detection of MPNSTs 

Figure 1. Magnetic resonance imaging was used to identify a left axillary lesion measuring 5.7x5.7x7.7 cm, from which a diagnosis of a nerve sheath tumor 
was initially suspected; the arrows indicate the tumor.

Figure 2. Representative histological images of the tumor sample. (A) Pathological examination demonstrated areas of the tumor comprising spindle‑shaped 
cells arranged in a staggered bundle pattern (H&E; magnification, x10). (B) Partial tumor areas exhibited epithelial‑like cell differentiation, with a visible 
glandular arrangement (H&E; magnification, x10). (C) Differentiation area of rhabdomyosarcoma (H&E; magnification, x10).

https://www.spandidos-publications.com/10.3892/ol.2025.14893
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were 27 and 40%, respectively. The loss of H3K27me3 expres‑
sion is a sensitive marker for MTT, with H3K27me3 negativity 
found in 95% of cases (26). 

In the present case, the patient's LDH level was 137 U/l, which 
is a normal level that may indicate that the patient could achieve 
a good prognosis if they actively cooperated with treatment. 
Jurisic et al (27) reported that the intracellular characteristics of 
LDH enzymes are sensitive indicators of the cellular metabolic 
state, aerobic or anaerobic direction of glycolysis, activation 
status and malignant transformation, and that analysis of LDH 
activity is useful for the early diagnosis and treatment of tumors. 
The patient of the present study had no medical history of the 
condition NF1 or radiation therapy. MRI revealed a left axillary 
lobulated mass measuring 5.7x5.7x7.7 cm, with low T1WI, high 
T2WI and heterogeneous enhancement. Pathological examina‑
tion suggested that certain tumor areas exhibited epithelial‑like 
cell differentiation, with a visible glandular arrangement. 
Essentially, these areas are sarcoma cells, some poorly differ‑
entiated cell sarcomas often exhibit epithelioid cells  (28). 
The immunohistochemical markers CKpan and CK20 in 
the patient's epithelium were negative, which can exclude an 
epithelial origin (29,30). These findings validated the diagnosis 
of a sarcoma and the presence of such cells indicated glan‑
dular elements, which are exceedingly rare (31). The results of 

immunohistochemistry demonstrated positive Sox‑10 and S‑100 
staining, and mosaic loss of H3K27me3 expression, suggesting a 
diagnosis of MTT. However, the diagnosis of synovial sarcoma 
could be fully ruled out, due to the focal and weak expression 
of EMA (32). Further genetic testing was therefore necessary 
for the present patient. FISH conducted for the SS18/SYT gene 
rearrangement was negative, in conjunction with mutation of 
the NF1 tumor suppressor gene, which are consistent with the 
diagnosis of MTT (32).

MTT is a rare, highly aggressive disease with a poor 
prognosis, and no standardized treatment recommendations 
are currently available. At present, the treatment of MTT 
is primarily surgery, supplemented with radiotherapy and 
chemotherapy  (12,14). A meta‑analysis reported that the 
5‑year survival rate of patients with MTT was 14%, with a 
median overall survival time of 13 months (15). Complete 
surgical resection and local adjuvant radiotherapy are reported 
to improve patient prognosis (33,34). However, radiotherapy 
processes vary from center to center, including the choice 
of radiotherapy technology and the way radiation doses are 
segmented. The commonly used chemotherapeutic agents 
include ifosfamide, vincristine, carboplatin and dactino‑
mycin, but there is currently no consensus on the optimal 
chemotherapy treatment (35). Angel et al (36) reported that 

Figure 3. Representative immunohistochemistry images of the tumor sample. Immunohistochemistry showed (A) mosaic loss of H3K27me3 expression 
(magnification, x10; magnification in subpart, x4.44) and (B) a Ki‑67 proliferation index of 75% (magnification, x10; magnification in subpart, x4.44). 
Immunohistochemistry was negative for (C) pancytokeratin (magnification, x10; magnification in subpart, x4.44), (D) CK20 (magnification, x10; magnifica‑
tion in subpart, x4.44) and (E) programmed cell death‑ligand 1 (magnification, x10; magnification in subpart, x4.44). (F) Next‑generation sequencing identified 
mutations present in the NF1 tumor suppressor gene (915 reads were sequenced, 789 of which were normal base C, and 22 mutated to T, denoted as c4084C>T). 
(G) Fluorescence in situ hybridization for SS18/SYT gene rearrangement was negative (magnification, x100; magnification in subpart, x2.74).
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neoadjuvant chemotherapy followed by surgical resection 
and adjuvant chemotherapy is also a treatment option for 
MTT. A number of studies have been conducted ranging 
from bench work to clinical trials on hyperthermia combined 
with chemoradiotherapy and targeted therapy to improve the 

treatment effects on tumors, which confirmed the positive 
effects of hyperthermia as an adjunctive therapy for treating 
tumors (37‑41).

MTT has an aggressive clinical course; the patient in the 
present study was diagnosed with early local recurrence via 

Figure 4. 18F‑FDG‑positron emission/computed tomography demonstrated an FDG‑avid lesion that measured 3.6x3.4x3.4 cm. 18F‑FDG, 18F‑fluorodeoxyglucose.

Figure 5. The 64‑row computed tomography images indicated the target area range of postoperative therapeutics, including nine‑field intensity‑modulated 
radiotherapy targeted to the left axilla.

https://www.spandidos-publications.com/10.3892/ol.2025.14893
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18F‑FDG PET/CT 40 days after surgery. Following multidis‑
ciplinary discussion, the postoperative therapeutics included 
radiation therapy and deep hyperthermia, followed by 
TKI‑targeted therapy. TKIs are used to treat various tumors 
with positive EGFR mutations, but TKIs also have adverse 
effects. Obradovic et al (42) reported that rashes and diar‑
rhea are common side effects of TKI therapy in patients 
with non‑small cell lung cancer, and examined the asso‑
ciation between EGFR polymorphisms and TKI‑associated 
toxicities. This previous study revealed that out of nine 
EGFR single‑nucleotide polymorphisms related to TKI side 
effects, rs11568315, rs712829 and rs712830 were associ‑
ated with skin toxicity. NSCLC carriers of long CA repeats 
(rs11568315, SL + LL) were revealed to be more likely to 
develop TKI‑associated skin toxicity than short CA repeats 
(rs11568315, SS). Anlotinib (43) is a novel multitarget TKI 
that inhibits VEGFR2/3, fibroblast growth factor receptor 1‑4, 
platelet‑derived growth factor receptor α/β and stem cell factor 
receptor (cKit). The most common adverse event observed was 
hypertension and other common adverse reactions included 
hypothyroidism, hypertriglyceridemia, diarrhea and hand‑foot 
syndrome.

The primary treatment for MTT is surgery, with adjuvant 
radiotherapy and chemotherapy, but the efficacy of these treat‑
ments is currently unclear (16,17). There is no unified standard 
for radiation therapy dosage. Previous studies (12,44) reported 
cases treated with 52 Gy of radiotherapy. In the present case, 
considering that the tumor was located in the axilla and that 

high‑dose radiotherapy may affect the patient's limb move‑
ment and lymphatic return, a radiation dose of 46 Gy was 
used, which was proven to be safe and effective. PET/CT 
was used to guide the precise delineation of the target area. 
Immunotherapy (IO) has shown efficacy in the treatment of 
various tumor types (45‑48), and PD‑L1 expression is associ‑
ated with immune therapy efficacy and prognosis. Compared 
with low PD‑L1 expression levels, high PD‑L1 expression levels 
are associated with a shorter survival time in lung cancer (49). 
The National Comprehensive Cancer Network (50) guidelines 
recommend IO combined with or without chemotherapy for 
patients with advanced lung cancer, which has high expres‑
sion of PD‑L1. Zhou et al (51) reported the case of a patient 
who was misdiagnosed with hepatocellular carcinoma, who 
received transcatheter arterial chemoembolization combined 
with lenvatinib and pembrolizumab for 3 months. The patient 
subsequently underwent surgery and was ultimately diagnosed 
with MTT using postoperative pathology and immunohisto‑
chemistry. This was the first application of PD‑1 inhibition in 
MTT. In the present study, the expression levels of PD‑L1 were 
first detected to guide treatment. As PD‑L1 was negative, the 
TKI anlotinib was used to treat the disease instead of IO, which 
was the first reported application of anlotinib therapy in MTT.

To the best of our knowledge, the present case was the 
first application of deep hyperthermia for MTT. Radiation 
therapy and deep hyperthermia were well tolerated by the 
patient without significant adverse effects. The patient devel‑
oped hypertension following the first cycle of TKI‑targeted 

Figure 6. Reexamination of MRI after patient treatment. (A) Reexamination using MRI after radiation confirmed the reduction in the size of the tumor to 
2.8x1.1x1.1 cm. (B) Reexamination using MRI after 1 cycle of tyrosine kinase inhibitor‑targeted therapy indicated that the tumor had completely disappeared. 
MRI, magnetic resonance imaging.
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administration, which was well controlled after antihyper‑
tensive treatment (nifedipine controlled‑release tablets 30 mg 
orally, once daily). An MRI reexamination indicated that the 
tumor had entirely disappeared after 1 cycle of TKI‑targeted 
therapy. Currently, the patient remains on anlotinib treatment 
with good tolerance. The present study reported the use of 
TKI‑targeted therapy with MTT, and focused on its efficacy and 
adverse reactions. As of the latest follow‑up in October 2024, 
the patient had achieved a disease‑free survival (DFS) period 
of ~7 months, the patient was stable and remained on anlotinib 
treatment with good tolerance .The issue of the treatment dura‑
tion with anlotinib and whether maintenance therapy should 
be continued should be further examined.

In summary, MTT is a rare, highly aggressive disease 
with a poor prognosis that is difficult to diagnose using radio‑
logical imaging only. The present study reported the case of 
a 60‑year‑old patient diagnosed with MTT by the clinical 
features, MRI, histopathology [e.g. Sox‑10(+), S‑100(+)] and 
genetic testing (NGS of NF1 mutations and FISH) results, 
which demonstrated that the tumor was PD‑L1‑negative. 
Following multidisciplinary discussions, surgeons did not 
consider a second surgery. The patient achieved a DFS of 
~7 months and good tolerance after undergoing PET/CT‑guided 
moderate‑dose radiotherapy, anlotinib‑targeted therapy 
and deep hyperthermia following surgical recurrence. With 
no standardized treatment recommendations available, the 
present study demonstrated that the combination of surgery, 
radiation therapy, deep hyperthermia and targeted therapy 
may provide a new strategy for the clinical treatment of MTT.
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