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Abstract

Background Leiomyosarcoma is classified as a soft tissue sarcoma. In adults, leiomyosarcoma is the most common
malignancy affecting the vascular system; however, vascular leiomyosarcoma in children is extremely rare as most
pediatric soft tissue tumors are rhabdomyosarcomas. The survival rate is very low, and incomplete resection is a poor
prognostic factor. There is also a high rate of distant recurrence, with the lungs and liver being the most common sites
of metastasis. There is no established effective chemotherapy, and complete surgical resection is the only potentially
curative treatment for leiomyosarcoma.

Case presentation A 15-year-old female patient with no significant medical history presented with severe upper
abdominal pain and was admitted. Abdominal contrast-enhanced computed tomography and magnetic resonance
imaging showed a large retroperitoneal tumor protruding into the lumen of the inferior vena cava behind the liver
and multiple small nodules, and metastasis to the liver was suspected. The tumor was 6 x 4 x 5 cm in diameter,
located just behind the hepatic hilar structures, and was suspected to infiltrate into the right portal vein. The tumor
was diagnosed as a leiomyosarcoma through an open tumor biopsy. As the multiple liver metastases were located
only in the right lobe of the liver on imaging, we performed tumor resection with right hepatectomy and replace-
ment of the inferior vena cava (IVC). The postoperative course was uneventful; however, on postoperative day 51, dis-
tant metastatic recurrences were found in the remaining liver and right lung. The patient was immediately started on
chemotherapy and trabectedin proved to be the most effective drug in the treatment regimen; however, severe side
effects, such as hepatotoxicity, prevented timely administration, and the patient passed away 19 months after surgery.

Conclusions [VC resection and reconstruction combined with right hepatectomy were able to be safely performed
even in a pediatric case. To improve the prognosis of leiomyosarcoma with multiple metastases, an effective treat-
ment strategy combining surgical treatment and chemotherapy, including molecularly targeted drugs, should be
established as early as possible.

Keywords Leiomyosarcoma, Soft tissue tumor, Childhood, Inferior vena cava, Metastasis, Hepatectomy, Trabectedin,
Eribulin, Pazopanib

*Correspondence:

Kazuki Yoshizawa

kazuki23@shinshu-u.acjp

Full list of author information is available at the end of the article

. ©The Author(s) 2023. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which
@ SPrlnger O pe n permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the
— original author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or
other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line
to the material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory
regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this
licence, visit http://creativecommons.org/licenses/by/4.0/.


http://creativecommons.org/licenses/by/4.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s40792-023-01630-x&domain=pdf
http://orcid.org/0000-0002-7750-4907

Yoshizawa et al. Surgical Case Reports (2023) 9:52

Background

Leiomyosarcoma is classified as a soft tissue sarcoma.
Sarcomas are malignant tumors that arise from primi-
tive mesenchymal tissue. Pediatric soft tissue sarcomas
account for 7% of all pediatric tumors, the majority of
which are rhabdomyosarcomas, and leiomyosarcomas
are very rare, accounting for 1.8% of all soft tissue sar-
comas [1]. There are several reports of pediatric cases
of mandibular, bronchopulmonary, ovarian, and brain
primary tumors; however, to the best of our knowledge,
there are only two previous reports describing a pediatric
primary vascular tumor such as this one [2—7]. Therefore,
data on treatment and prognosis are limited to adults.

In adults, however, leiomyosarcoma is the most com-
mon malignancy affecting the vascular system; it mostly
occurs in veins rather than arteries and in more than 50%
of cases, it originates in the inferior vena cava (IVC) [8,
9]. According to various small, single-center, retrospec-
tive studies published to date, survival rates are low, rang-
ing from 31% to 62%, with incomplete resection being a
poor prognostic factor [9-18]. In contrast to other sar-
comas arising in the retroperitoneum, where local recur-
rence is common, vascular leiomyosarcoma has a high
rate of distant recurrence, with the lungs and liver being
the most common metastatic sites [9—19]. As there is no
established effective chemotherapy at present, complete
surgical resection remains the only potentially curative
treatment for leiomyosarcoma.

Herein, we report a case of a 15-year-old girl with pri-
mary IVC leiomyosarcoma. Despite the fact that she had
already developed multiple liver metastases at the time of
diagnosis, we performed partial IVC resection along with
a combined right hepatectomy and replaced the IVC with
a vascular prosthesis. We present our experience along
with a literature review.

Case presentation

A 15-year-old previously healthy girl, of height 151.1 cm
and weight 46.5 kg, reported severe upper abdominal
pain and a retroperitoneal tumor was found on ultra-
sound examination. Subsequent abdominal contrast-
enhanced computed tomography (CT) and magnetic
resonance imaging (MRI) showed a large retroperitoneal
tumor protruding into the lumen of the IVC behind the
liver. The tumor was 6 x4 x5 cm in size, located just
behind the hepatic hilar structures, and was suspected
to infiltrate the right portal vein (Fig. 1). An open tumor
biopsy was performed and the tumor was diagnosed as
leiomyosarcoma. All liver nodules were detected on the
hepatobiliary phase of contrast-enhanced MRI with Gd-
EOB-DTPA as hypointense nodules, suggesting multiple
liver metastases (Fig. 1) Lymph node metastases and dis-
tant metastases, except for the liver, were not observed

Page 2 of 8

on positron emission tomography (PET). Liver function
was Child-Pugh score A, and even though the patient
had multiple liver metastases (located in the right lobe of
the liver on images), we thought that curative resection
could be performed. Since there was no reported effec-
tive preoperative chemotherapy treatment for leiomyo-
sarcoma, surgical treatment was selected as the preferred
management option. This decision was determined
through a shared decision-making process with a pediat-
ric oncologist.

As a result, we performed combined tumor resection
with a right hepatectomy and replacement of the IVC.
The tumor was adherent to the liver, gallbladder, and
duodenum, but no ascites or peritoneal dissemination
was observed. The IVC on the superior and inferior side
of the tumor and the right and left renal veins were taped
circumferentially. The gallbladder was resected together
with the tumor due to suspected tumor invasion but the
duodenum and hilar region were easily detached from
the tumor and invasion was negative. The IVC was dis-
sected 2 cm from the tumor on the superior side and just
above the bifurcation of the right and left renal veins on
the inferior side, and the tumor was removed along with
the IVC.

The tumor was 6 x5 cm in size, elastic and hard. The
defect of the IVC was reconstructed using a 6 cm Gore-
Tex® expanded polytetrafluoroethylene (e-PTFE) graft
(¢20 mm) (Fig. 2). Intraoperative ultrasonography
revealed a 15 mm nodular lesion in the liver S5 and 5 mm
nodular lesions in S6 and S1 (right side); there were no
obvious nodules on the left side of the liver or in S1 (left
side). Liver transection was performed, and the right lobe
and part of S1 were removed. The operation time was
9 h 45 min, the total ischemic time was 35 min, and the
blood loss was 700 ml.

The lumen of the removed IVC was occupied by solid
white lesions. The excised liver also contained a round,
white, solid mass, similar to the primary lesion, and a
5 mm lesion was also identified near the detached sur-
face of S1. However, its boundaries were clear and the
transection surface was not expressed (Fig. 3). Pathologi-
cal examination revealed spindle-shaped atypical cells
densely proliferated in a bundle-like structure, and polyg-
onal and multinucleated atypical cells were also observed.
On immunostaining, the atypical cells were desmin-pos-
itive and a-smooth muscle actin (a(SMA)-positive and
were diagnosed as leiomyosarcoma (Fig. 4). Microscopic
margins of the liver transection section were confirmed
(R0), but there were many microscopic nodules scattered
in the liver that were not noted preoperatively.

The patient’s postoperative course was uneventful;
she was discharged on postoperative day 11. However,
a CT and MRI performed on postoperative day 51
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Fig. 1 a-d Contrast-enhanced abdominal CT (a) and MRI (b-d) showed a 6 x 4 x 5 cm mass (solid arrow) protruding into the lumen of the IVC.
The mass was located slightly superior to the renal vein confluence, ventrally compressing the hepatic hilum, and the right portal vein was stenotic.
The MRI showed areas of decreased Gd-EOB-DTPA uptake at S1 (5 mm x 1), S5 (15 mm x 1, dotted arrow), and S6 (5 mm x 1) in the hepatocellular
phase (c) e Three-dimensional reconstructed image. GB gall bladder, RPV right portal vein, LRV left renal vein, CT computed tomography, MR/

magnetic resonance imaging

revealed distant metastatic recurrences in the remain-
ing liver and right lung. The patient was immediately
started on doxorubicin 60 mg/m? and ifosfamide
2500 mg/m? at a nearby pediatric specialty center.
However, the metastatic lesion increased in size after
1 month. Pazopanib 550 mg/m? was added to the then-
current chemotherapy regimen but was ineffective.
The patient was then switched to eribulin 1.4 mg/m?
and then to trabectedin 1.2 mg/m? Trabectedin had
the strongest antitumor effect, but also caused severe
adverse effects. The patient passed away 19 months
postoperatively due to uncontrollable hyperkalemia
and intra-abdominal bleeding.

Discussion

Previous reports on pediatric leiomyosarcomas can be
broadly divided into two categories: Epstein—Barr virus
(EBV)-related leiomyosarcomas in immunocompro-
mised patients and others[20]. There have been several
reports of leiomyosarcoma in non-immunocompromised
patients; however, the only reports of primary vascu-
lar leiomyosarcomas such as the one in this case are of
a 3-year-old girl with a lesion in the femoral vein and a
2-year-old girl with a lesion in the greater saphenous vein
[6, 7]. Therefore, the information is very limited, and we
referred to evidence in adult cases to determine the treat-
ment plan.
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Fig. 2 aHard elastic mass (arrow; 6 x 5 cm in size) found in the IVC on the superior side of the renal vein confluence. b Defect of the IVC was
reconstructed using a 6 cm Gore-Tex® e-PTFE graft (920 mm). GB gall bladder, /VC inferior vena cava

In pediatric patients, tumor resection with replacement
of the IVC is uncommon, and there have been only a few
reports on neuroblastoma and other diseases [21]. On
the other hand, there have been reports on adult patients
with primary leiomyosarcoma of the IVC, where radi-
cal tumor resection was associated with 5- and 10-year
survival rates, and of patients who underwent IVC

Fig. 3 a Lumen of the removed IVC was occupied by a white segmental solid tumor. b There are several round white enriched lesions at S1
(10mmx1,5mmx2,2mmx1),S5(15mm x 1), and S6 (7 mm x 1) of the resected liver. A tumor in ST was observed near the resection surface
but the surgical margin was 1T mm. /VC inferior vena cava

replacement for vena cava tumors, including leiomyo-
sarcoma, having improved outcomes [18, 22]. Preopera-
tive chemotherapy has also been attempted, but there is
no consensus on its efficacy [23-25]. Unfortunately, our
patient had multiple liver metastases at the time of sur-
gery, but since the metastases were confined to the right
lobe, we thought that RO resection could be performed
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through resection of the right lobe of the liver and
replacement of the IVC. The liver is the major metastatic
site of leilomyosarcoma, but there are few reports of cases
with multiple liver metastases at the time of initial diag-
nosis (Table 1).

There have been two cases in which surgery was per-
formed for multiple liver metastases. In Case 1, tumor
resection and right hepatectomy were performed as
in the present case, but the patient had recurrence
9 months after surgery and passed away 33 months after
surgery (the postoperative treatment after recurrence
was unknown). In Case 3, the surgeons were unable
to resect the entirety of the liver metastases, because
numerous liver metastases were found during surgery. As
a result, chemotherapy was administered postoperatively,
and the patient was alive 10 months after the surgery. In
our case, microscopic margins were secured; however,
small tumors were scattered throughout the removed
liver. Minute distant metastases that could not be seen
on the preoperative CT and MRI scans could have been
present in the liver and lungs at the time of surgery. This
might have led to distant recurrence as early as 2 months
after surgery. The benefit of adjuvant chemotherapy after
RO resection is controversial and it was not performed

Fig.4 a, b Low-power (20x) image (a) and a high-power (100x) image (b) of the IVC lesion; spindle-shaped atypical cells are densely proliferated
in a bundle-like structure. Polygonal and multinucleated atypical cells are also seen. Inside the white dotted line: tumor; arrow: IVC. ¢, d
Immunohistochemistry: atypical cells were desmin-positive (c) and aSMA-positive (d). /VC inferior vena cava, aSMA a-smooth muscle actin

in Case 1. Since chemotherapy alone had a survival of
29 months (Case 4), postoperative chemotherapy may
have been appropriate in our case, considering the pos-
sibility of residual lesions that could not be detected
preoperatively.

Regarding chemotherapy for soft tissue tumors (includ-
ing leiomyosarcoma), there is a meta-analysis showing
a slight survival improvement with doxorubicin-based
multidrug therapy; however, there are also reports sug-
gesting that chemotherapy does not improve survival
or recurrence risk [30—32]. In Japan when anthracycline
chemotherapy fails, recently approved agents such as
pazopanib, eribulin, and trabectedin are used as second-
line or subsequent chemotherapy. Trabectedin was the
most effective drug in this case but could not be admin-
istered on schedule due to hepatotoxicity. A study of
the Japanese Musculoskeletal Oncology Group also
showed that 96% of patients experienced adverse events
and hepatotoxicity being the most frequent, at 37.9% of
patients having grade 3 or higher hepatotoxicity. Addi-
tionally, the low acceptability of trabectedin is an issue
[33].

It is a controversial question as to which molecularly
targeted drug is the best option as second-line therapy.
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A randomized phase II trial of pazopanib, eribulin, and
trabectedin in metastatic or unresectable advanced soft
tissue sarcomas that have progressed after the initial
chemotherapy including doxorubicin is currently under-
way in Japan, and the outcomes will be followed with
interest.

Conclusions

We report a rare case of primary vascular leiomyosarcoma
in a pediatric patient. IVC resection and reconstruction
combined with right hepatectomy were able to be safely
performed even in a pediatric case. Although pazopanib,
eribulin, and trabectedin are expected to play a role in
the treatment strategy of leiomyosarcoma in the future,
surgical resection remains the only curative option. How-
ever, since a high rate of hematogenous distant metastasis
occurs, effective (preoperative) chemotherapy, including
molecularly targeted drugs, should be established early
and effectively combined with surgical treatment.

Abbreviations

vVC Inferior vena cava

cT Computed tomography

MRI Magnetic resonance imaging

GB Gall bladder

RPV Right portal vein

LRV Left renal vein

PET Positron emission tomography
e-PTFE Expanded polytetrafluoroethylene

aSMA a-Smooth muscle actin
CcK Creatinine kinase
EBV Epstein—Barr virus
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