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Combination chemotherapy of doxorubicin and ifosfamide with
proton beam therapy for myoepithelial carcinoma originating
in the paraspinal region: A case report and literature review
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Abstract. Soft tissue myoepithelial carcinoma (MEC) is an
extremely rare mesenchymal tumor that has a poor prognosis
unless complete surgical resection is achieved. The present
study reported a case of a 38‑year‑old woman with a tumor in
the left paraspinal region at L2 to L3 with vertebral destruc‑
tion. MEC was diagnosed based on molecular pathological
examination of a biopsy specimen. Because curative surgery
was expected to be difficult, a combination of chemotherapy
with doxorubicin and ifosfamide and proton beam therapy as
local therapy was performed, resulting in long‑term survival
for at least 7.8 years. To the best of our knowledge, this is
the first case of soft tissue MEC for which classical cyto‑
toxic chemotherapy and proton beam therapy were effective.
Although surgical resection with negative margins is the
mainstay of treatment for MEC, adequate doxorubicin‑based
systemic therapy and high‑dose radiation therapy may be a
feasible alternative in patients with unresectable or advanced
MEC. Future studies on the relationship between molecular
pathological features, including biomarkers, and the selection
of therapeutic agents are warranted.
Introduction
Myoepitheliomas and mixed tumors of the head and neck
are well known, particularly in the salivary glands (1,2).
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Myoepithelial tumors of soft tissue were first described in
1997 and have since been increasingly reported (1). Although
myoepitheliomas were initially thought to contain spindle or
plasmacytoid cells growing in solid sheets, it is now believed
that myoepithelial and mixed tumors are part of a spectrum
of tumors with overlapping histologic appearance and similar
clinical behavior (2). For example, soft tissue mixed tumors
with ductal differentiation have rearrangements of PLAG1
(encoded on chromosome 8q12), which are characteristic of
salivary pleomorphic adenoma and carcinoma ex pleomorphic
adenoma (3). In addition, rearrangement of the EWSR1 gene
(encoded on chromosome 22q), which occurs in nearly half
of all myoepithelial tumors of soft tissue, skin, and bone, has
been reported in up to 39% of primary salivary myoepithelial
carcinomas (MECs) exhibiting clear cell morphology (3).
Soft tissue MEC is an extremely rare malignant neoplasm
demonstrating myoepithelial differentiation, cords or nests
of epithelioid, ovoid, or spindle cells with moderate or
severe atypia, and a variably reticular architecture with
chondromyxoid or collagenous/hyalinized stroma (2,4‑6).
The mainstay of treatment for localized disease has been
surgical resection with adjuvant cytotoxic chemotherapy
and/or radiation therapy (RT) (2,4,5,7). However, the relapse
rate is approximately 30‑45% (2,3). Furthermore, without
appropriate chemotherapy, the 5‑year overall survival rate was
14.6% in patients with locally advanced or metastatic disease
who received systemic therapy (4).
To our knowledge, the case reported herein is the first
case of MEC deeply seated in the trunk that was successfully
treated by chemotherapy with cytotoxic agents and proton
beam therapy (PBT).
Case report
A 38‑year‑old woman was referred to our department with
a 4‑year history of low back pain. Examination revealed
tenderness of the L2 spinous process and left paravertebral
muscles. Kemp's test was positive on the left side, but there
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was no sensory disturbance or muscle weakness in the
lower extremities. Plain radiographs obtained at the first
visit showed the canonical pedicle sign on the left side at L2
(Fig. 1A). Computed tomography (CT) revealed a massive
neoplasm mainly in the left paraspinal area at L2‑L3 with
L2 vertebral destruction (Fig. 1B). Contrast‑enhanced CT
and magnetic resonance images showed a soft tissue mass
measuring 118x101x83 mm with areas of heterogenous inten‑
sity and spread into the spinal canal (Fig. 1C and D). Incisional
biopsy confirmed MEC (Fig. 2). Histologically, the tumor
was a poorly differentiated malignant neoplasm composed
mainly of cells having nuclear atypia with easily discernible
nucleoli and an epithelioid morphology with abundant clear
or pale cytoplasm associated with a prominent myxoid matrix.
Immunohistochemistry revealed extensive positivity for
epithelial membrane antigen (EMA) and focal positivity for
S‑100 protein with negativity for AE1/AE3 and glial fibrillary
acidic protein (GFAP). Staining for INI‑1 was negative with
appropriate staining of vascular endothelial cells serving as the
internal control, indicating that the product of this gene on the
long arm of chromosome 22 was lost or deleted. The appear‑
ance and immunophenotype fit well with high‑grade MEC,
which was confirmed by outside consultation. FDG PET/CT
showed that the tumor had a maximum standardized uptake
value of 5.2. We anticipated that radical resection would result
in considerable morbidity, so the patient was treated with a
combination of doxorubicin and ifosfamide. After 4 courses,
she showed a partial response based on Response Evaluation
Criteria in Solid Tumors (RECIST) (Fig. 3A). Despite the
tumor size reduction by chemotherapy, wide resection with
clear margins was still difficult. Therefore, definitive local
PBT of 70.4 Gy (relative biological effectiveness [RBE]) in 32
fractions was performed after 4 additional courses of systemic
therapy (Fig. 3B), followed by another course of the same
regimen. In total, 507 mg/mm2 doxorubicin and 84.5 g/mm2
ifosfamide were administered. The patient developed left
L2‑L3 nerve palsy 4.8 years later as late toxicity of PBT but
could still walk independently. Retrospectively, we noted that
collapse of the L2 vertebral body progressed during the first
6 months of chemotherapy, but no serious neurological distur‑
bance occurred because it was possible to avoid the spinal cord
and cauda equina as much as possible in PBT due to adequate
dose distribution. As of this writing, she remains disease‑free
at 9 years after the initial diagnosis with an International
Society Of Limb Salvage (ISOLS) score of 77% and a Toronto
Extremity Salvage Score (TESS) of 67.2% (Fig. 3C and D).
Discussion
We report herein the first known case of MEC originating
in the trunk treated by a combination of canonical cytotoxic
chemotherapy and definitive PBT, which resulted in long‑term
survival for at least 9 years. To our knowledge, only 2 cases
of paraspinal MEC with follow‑up after surgery have been
reported (6). In both of those cases, the margin status was
microscopically positive (R1), suggesting that complete resec‑
tion of paraspinal MEC would be difficult.
Although not necessary in MEC, RT is often used in an
adjuvant setting. A systematic review found that 163 (32.3%)
of 505 cases of MEC (including cases originating in a salivary

Figure 1. Imaging findings at the time of the initial diagnosis showed
(A) canonical pedicle sign on the left side of the vertebra at L2 on a plain
radiograph (arrow), (B‑D) a massive neoplasm located mainly in the left para‑
spinal region at L2‑L3 and destruction of the L2 vertebra on (B) computed
tomography and (C and D) magnetic resonance imaging, and (D) invasion of
the tumor into the spinal canal (arrow).
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Figure 2. Histology and immunohistochemical staining of the myoepithelial carcinoma. (A‑C) Hematoxylin‑eosin staining reveals tumor cells showing a solid
growth pattern with focal myxoid stroma (A, scale bar, 1,000 mm; B, scale bar, 500 mm; C, scale bar, 100 mm). Tumor cells show extensive positivity for
(D) epithelial membrane antigen (scale bar, 100 mm), (E) strong focal positivity for S‑100 protein (scale bar, 100 mm), (F) and loss of INI‑1 immunoreactivity
(scale bar, 100 mm).

Figure 3. (A) After 4 courses of doxorubicin and ifosfamide, a partial response was seen on MRI. (B) Dose distribution of proton beam therapy. (C and D) MRI
at the most recent follow‑up 7.8 years after the initial diagnosis shows no evidence of relapse. MRI, magnetic resonance imaging.

gland) received RT, which was administered as neoadjuvant
therapy in 3 cases, adjuvant therapy (median dose, 60 Gy)
in 110, and radical treatment (median dose, 62 Gy) in 10 (7).
According to a literature review of soft tissue MECs, 19 of
58 patients (32.8%) were treated with RT as initial therapy (8).
An analysis of the Surveillance, Epidemiology, and End Results
(SEER) registry data showed an overall survival benefit with
adjuvant RT in high‑grade MEC cases (9). However, to our
knowledge, there has been only 1 reported case in which ion
beam RT was used for MEC (10). That patient received PBT

at a total dose of 79.2 GyE in 36 fractions to treat a recurrent
tumor in the maxillary sinus after initial maxillectomy and
survived for 30 months without relapse. Given that report and
our present case, PBT of over 70 Gy (RBE) could be a prom‑
ising definitive local treatment for inoperable MEC.
There are limitations to systemic anticancer chemotherapy
as treatment for MEC. Chamberlain et al reported a case
series including 24 soft tissue MECs in adults treated by a
multidisciplinary team at a single institution (4). Nine cases
(37.5%) underwent chemotherapy, of which 5 cases (55.6%)

Systemic 				
treatment
Surgery Radiotherapy
Outcome

(Refs.)
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y, years; F, female; M, male; FISH, fluorescence in situ hybridization; WES, whole exome sequencing; CDDP, cisplatin; CBDCA, carboplatin; PTX, paclitaxel; GEM, gemcitabine; DXR, doxorubicin;
IFO, ifosfamide; ICpE, ifosfamide, cisplatin and etoposide; IVE, ifosfamide, vincristine and etoposide; Cape., capecitabine; VDC/IE, vincristine, doxorubicin, cyclophosphamide alternating with ifos‑
famide and etoposide; Adj., adjuvant; PBT, proton beam therapy; NED, no evidence of disease; AWD, alive with disease; DOD, died of disease; CDF, continuous disease free; mo, months. aThe patient
remains in radiographic remission 3 years from completion of chemotherapy.

Noronha, 2006
37
F Vulva
S100(+; few), CAM5.2(+),
(Unknown)
CDDP (PD)
Yes
Yes; Adj.,
NED; 3.5 y
(11)
				
AE1/AE3(+; few), SMA(‑), 		
> CBDCA + 		
45 Gy/		
				
desmin(‑), calponin(+; few)		
PTX + GEM		
10.8 Gy		
						
> CBDCA + 				
						
PTX (CR)				
Rastrelli, 2013
61
M Toe
(Unknown)
(Unknown)
CDDP +
Yes	 Yes; 50.4/
NED; 3.0 y
(12)
						
DXR (PD) 		
64.8 Gy		
						
> IFO (CR)				
Bisogno, 2014
7.8
F Orbit
Cytokeratins(+), SMA(‑),
FISH
ICpE + IVE
Yes
Yes; 41 Gy
NED; 5.1 y
(13)
				
S100(‑), INI1 (intact)
(rearrangement):
(PR)				
					
EWSR1(+)					
Bisogno, 2014
0.5
M Orbit
Cytokeratins(+), SMA(‑),
FISH (rearrangement): ICpE + IVE (PR)
No
Yes; 36 Gy
NED; 0.9 y
(13)
				
S100(‑), INI1 (intact)
EWSR1(‑) 					
Mourtzoukou, 2016
36
M Neck
INI1(loss), EMA(+), S100(+),
FISH (rearrangement): CBDCA +
Yes
Yes; Adj.
AWD; 3.4 y
(14)
				
AE1/AE3(+), SMA(+),
EWSR1(‑), FUS(‑)
Cape. (PD)				
				
calponin(+)		
> DXR (PR)				
Hoggard, 2017
34
M Knee
EMA(+), S100(‑), CAM5.2(+), WES: EWSR1
CBDCA +
Yes
Yes; Adj.,
CDF; >3.0 ya	 (15)
				
AE1/AE3(+), desmin(+),
(22q12) locus
PTX (PR)		
66 Gy
DOD; 4.1 y
				
GFAP(‑)
rearrangement(‑)					
Chamberlain, 2019
33
M Neck
(Unknown)
(Unknown)
CBDCA + Cape.
Yes
Yes; Adj.
AWD; 10 mo	 (4)
						
(PD) > DXR (PR)				
Shenoy, 2020
21
M Kidney
(Unknown)
FISH: EWSR1‑
VDC/IE (PR)
No
No
CDF; 7.8 y	 (16)
					
POU5F1					
Present case
38
F Paraspinal
INI1(loss), EMA(+), S100(+),
(Unknown)
DXR + IFO (PR)
No
Yes; PBT, 	 	
				
AE1/AE3(‑), SMA(+), GFAP(‑)				
radical, 		
								
70.4 Gy (RBE)		

						
First author, year
Age, y Sex Primary site
Immunohistochemistry
Molecular analysis

Table I. Summary of reported adult soft tissue myoepithelial carcinoma cases showing response for cytotoxic chemotherapy.
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were treated with doxorubicin alone or in combination as
first‑line treatment. According to RECIST, the best response
to these doxorubicin‑based regimens was a partial response
in 1 patient, stable disease in 3, and progressive disease in 1.
Review articles have shown that 18.8 to 36.2% of patients with
MEC received chemotherapy, though it did not significantly
decrease distant metastasis or local recurrence (7,8). Even
among 11 children who received chemotherapy for metastatic
or unresectable disease, a clinical response was seen in only
1 case (5).
Our literature review clearly identified only 8 cases of
MECs in soft tissue, bone, skin, or organs excluding the sali‑
vary glands which showed a partial or complete response to
some form of cytotoxic chemotherapy (Table I). Noronha et al
reported a case with metastatic MEC primarily originating
in the vulva that had a complete response to carboplatin
and paclitaxel (11). Rastrelli et al similarly reported a case
of metastatic MEC in which a complete response was
achieved after locoregional and systemic therapy using
continuous infusion of ifosfamide (12). Another man with
a soft tissue MEC of the neck showed a partial response
to 6 cycles of doxorubicin after progression on carboplatin
and capecitabine (4). Two children who showed a partial
response to combination chemotherapy were described
by Bisogno et al (13). Furthermore, Mourtzoukou et al
reported a 36‑year‑old man with metastatic MEC arising
as a primary tumor within the soft tissue of the neck (14).
Immunohistochemically, the tumor showed loss of INI1 with
no rearrangement of either EWSR1 or FUS on fluorescence
in situ hybridization, and partial response was achieved by
systemic administration of doxorubicin. Hoggard et al also
reported a case of metastatic MEC showing partial response
to carboplatin and paclitaxel with a disease‑free interval of
more than 3 years (15). In that case, molecular analysis of
the tumor was notably negative for rearrangement of the
EWSR1 (22q12) locus. On the other hand, high‑grade MEC
harboring EWSR1‑POU5F1 fusion showed chemosensitivity
to the VDC/IE regimen (vincristine, doxorubicin, cyclophos‑
phamide alternating with ifosfamide and etoposide) based on
the protocol for Ewing sarcoma (16).
Including our case, 5 of the 9 patients shown in Table I
were aged 30‑40 years, and the regimens that proved effective
were doxorubicin administered alone or in combination with
ifosfamide (n=3), a combination of carboplatin and paclitaxel
(n=2), and ifosfamide as a continuous infusion (n=1). MEC
is prone to local recurrence, as well as distant and lymph
node metastasis, even after complete surgical resection.
Based on our case and a previous report (17), doxorubicin
with an adequate total dose may provide a good long‑term
prognosis. Furthermore, the TREP project (Tumori Rari in
Eta Pediatrica) in pediatric patients recommends the ICpE
regimen (ifosfamide, cisplatin, and etoposide) with RT, which
can be used as a clinical reference even in adolescents and
young adults with MEC (13).
Rearrangement of the EWSR1 gene occurs in nearly half
of soft tissue MECs, and a small subset have alternative FUS
rearrangements in lieu of EWSR1 (3). Their fusion part‑
ners were reported to be POU5F1, PBX1, ZNF444, KLF17,
ATF1, PBX3 and KLF15 (3,18‑22). Moreover, among MECs
lacking EWSR1 rearrangements, a considerable subset that
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show immunohistochemical loss of SMARCB1 (INI1) are
characterized by homozygous deletions of SMARCB1 (3).
SMARCB1 is a member of the SWI/SNF complex and
is often lost in certain subtypes of sarcomas, including
epithelioid sarcoma, malignant rhabdoid tumor, poorly
differentiated chordoma, epithelioid malignant peripheral
nerve sheath tumor, and MEC. This genetic feature appears
in MECs rather than in benign myoepithelial neoplasms. In
our review of MECs that responded well to treatment, loss
of immunostaining for INI1 was noted in 2 cases and lack of
EWSR1 rearrangement in 2 cases. Although the two gene loci
are close on 22q, the association between EWSR1 fusions and
SMARCB1 perturbations remains unclear in MEC. Further
research and elucidation of their downstream pathways
may be helpful for better understanding the pathogenesis of
myoepithelial neoplasms. More basic and clinical research
is warranted to clarify the relationship between molecular
genetic alterations and the clinical response to anti‑tumoral
agents in the effort to develop effective therapeutic strategies
for patients with advanced MEC.
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