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Abstract

To date, cancer genomic medicine, using cancer gene panel covered
by health insurance from June 2019, has been performed for advanced
malignant tumors under public medical insurance. In gynecology, the
first-line treatment for uterine leiomyosarcomas, which is a mesen-
chymal uterine tumor, is surgery. In uterine leiomyosarcoma cases,
recurrence is observed within 2 years postoperatively; however, to
date, clinical trials have not shown efficacy with existing antitumor
agents. We noted efficacy in two cases with advanced/recurrent uter-
ine leiomyosarcoma using an antitumor agent selected on the basis of
cancer gene panel testing results. Following uterine leiomyosarcoma
diagnosis, they underwent total abdominal hysterectomy and bilat-
eral salpingo-oophorectomy as standard surgical treatment. After the
surgical treatment, the imaging test revealed recurrent tumors; sub-
sequently, they were treated with doxorubicin alone or doxorubicin
combined with Gemzar. However, cancer genome gene panel test was
performed because the malignant tumor worsened. Based on the can-
cer genome gene panel test results, the two cases with advanced uter-
ine leiomyosarcoma were associated with increased tumor mutational
burden (TMB) or pathogenic variants (PVs) of AKT serine/threonine
kinase 1 (AKT1). Therefore, treatment with pembrolizumab, which is
a drug covered by insurance for patients with TMB-high, or treatment
with kinase inhibitors for patients with PVs in AKT, was considered.
Cancer genomic medicine using cancer gene panel provides a new
treatment strategy for intractable malignant tumors. This study aimed
to discuss the usefulness of cancer genomic medicine by cancer gene
panel testing using the cases of advanced and recurrence uterine leio-
myosarcoma and the latest findings.
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Introduction

Most of the tumors detected in the smooth muscle tissues of
the uterine corpus, ovaries, and fallopian tubes are uterine
leiomyomas, which are benign mesenchymal tumors [1]. The
prevalence of uterine leiomyoma is approximately 70% and
more than 80% in white women and women of African an-
cestry during their lifetime, respectively [2]. Regular screen-
ing with annual imaging tests is performed for several uterine
leiomyoma cases [3]. Uterine sarcomas are malignant tumors
arising from the smooth muscle tissue or connective tissue of
the uterus. Endometrial stromal sarcomas are malignant tu-
mors that develop from the stromal tissue of the uterine lining,
and their cells contain more epithelial tissue components than
smooth muscle tissue components [4]. Uterine leiomyosarco-
mas are malignant uterine tumors that develop from the uter-
ine smooth muscle layer; the 5-year survival rate for uterine
leiomyosarcomas is < 20% [5, 6]. Uterine carcinosarcomas are
malignant tumors wherein a lesion containing malignant tumor
cells originate from the epithelial cells of the endometrial lin-
ing of the uterine corpus [7]. Uterine carcinosarcomas were
also previously called malignant mixed mesodermal/Mullerian
tumor.

In actual clinical practice, the cells of uterine mesen-
chymal tumors have a diverse cell and nuclear morphology;
therefore, differential diagnosis between uterine leiomyosar-
comas, which are malignant tumors, and other uterine mesen-
chymal tumors, including uterine leiomyomas, is difficult [8].
In several cases, uterine leiomyosarcomas coexist with uter-
ine leiomyomas. Furthermore, owing to the high prevalence
of uterine leiomyomas, the diagnosis of uterine leiomyosar-
coma, particularly before surgery, is extremely challenging
[8, 9]. To date, clinical trials conducted by various medical
teams have investigated the effectiveness of antitumor agents
on uterine smooth muscle tumors; however, the effectiveness
of various antitumor agents against uterine leiomyosarcomas
is limited [10, 11]. Unfortunately, no common treatment has
been established for uterine leiomyosarcomas. Therefore, cur-
rently, cases wherein pathogenic variants (PVs) (also called
draggable variants) of uterine leiomyosarcomas are detected
using cancer gene panel testing, such as FoundationOne® CDx
tissue or liquid (FoundationOne® CDx’s cancer genome test,
Foundation Medicine, Inc., Cambridge, MA, USA), are treated
by prescribing PV-targeting antitumor drugs [12, 13].

To explore PV-targeting antitumor drugs, our medical
team performed FoundationOne® CDx tissue cancer gene
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panel test on two cases with advanced/recurrent uterine leio-
myosarcoma that worsened during chemotherapy following
surgical treatment. In our medical institution, the Founda-
tionOne® CDx tissue cancer gene panel test detected PVs in
the serine-threonine kinase AKT molecule in the cells of an
advanced/recurrent uterine leiomyosarcoma [14]. Conversely,
tumor mutational burden (TMB)-high (Supplementary Materi-
al 1, www.jocmr.org) was detected in the cells of an advanced/
recurrent uterine leiomyosarcoma in another patient [15, 16].
Therefore, pazopanib or pembrolizumab, a multikinase in-
hibitor, was administered to each patient with advanced/re-
current uterine leiomyosarcoma. Currently, each patient with
advanced/recurrent uterine leiomyosarcoma is treated with an
antitumor drug selected on the basis of the cancer gene panel
test results. Surgery is the first-line treatment for uterine leio-
myosarcomas. However, the follow-up treatment following
surgical treatment, treatment with existing antitumor drugs, or
radiation therapy for progressive/recurrent uterine leiomyosar-
coma has not been established. Under this clinical condition,
we confirmed that an antitumor agent selected on the basis of
the cancer genome gene panel test results was effective against
advanced/recurrent uterine leiomyosarcoma. Therefore, we re-
port two cases of uterine leiomyosarcoma who responded well
to antitumor agents selected on the basis of the cancer genome
gene panel test results.

Case Report
Ethics approval and consent to participate

The two patients with advanced/recurrent uterine leiomyo-
sarcoma reported in this Case Report are participating in
two ethical committee-approved clinical studies. The medi-
cal ethics education course completion numbers for each au-
thor are AP0000151756, AP0000151757, AP0000151769,
and AP000351128. As this research was considered clinical
research, consent to participate was required. After briefing
regarding the clinical study and approval of the research con-
tents, the participants signed an informed consent form.

Clinical research

This is a multi-center retrospective observational clinical study
of subjects who underwent cancer genomic medicine at a can-
cer medical facility in Kyoto, Japan. This study was reviewed
and approved by the Central Ethics Review Board of the Na-
tional Hospital Organization Headquarters in Japan (Tokyo,
Japan) on November 18, 2020, and Kyoto University School
of Medicine (Kyoto, Japan) on August 24, 2022, with approval
codes NHO R4-04 and M237.

This is a study to establish method of prognostic predic-
tion for uterine mesenchymal tumor by immunohistologi-
cal biomarkers at multicenter joint research. This study was
reviewed and approved by the Central Ethics Review Board
of the National Hospital Organization Headquarters in Japan
(Tokyo, Japan) on November 8, 2019, and Kyoto Univer-
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sity School of Medicine (Kyoto, Japan) on August 25, 2023,
with approval codes NHO H31-02 and M192. All participants
agreed to take part in the present study.

Magnetic resonance imaging

To determine the presence, size, and location of the patient’s
mass, contrast-enhanced (magnetic resonance imaging) MRI
was performed using contrast-enhanced MRI equipment (Van-
tage Centurian: Vantage Galan 3T MRT-3020, Canon Medical
Systems, Inc., Ohtawara, Tochigi, Japan).

Cancer genomic testing

Following surgical treatment, the imaging test revealed recur-
rent tumors, which were treated with doxorubicin (DXR) alone
or DXR combined with Gemzar. However, to explore PV-tar-
geting antitumor drugs, our medical team performed Foun-
dationOne® CDx tissue cancer gene panel test (Foundation
Medicine, Inc., Cambridge, MA, USA) using tissue sections of
the resected advanced/recurrent uterine leiomyosarcoma that
worsened during chemotherapy following surgical treatment.

Case 1

This was a 55-year-old female with a performance status (PS)
scale (Supplementary Material 2, www.jocmr.org) of 0, diag-
nosed with uterine leiomyosarcoma recurrence and right hy-
dronephrosis, who had no significant medical history, but re-
ported a family history of stomach cancer in her grandmother.

In 2014, uterine leiomyoma development was noted. She
subsequently received regular follow-up at the nearby obstet-
rics and gynecology clinic; however, no changes were ob-
served until June 14, 2021. However, uterine malignancy was
suspected on computed tomography (CT). Therefore, on July
12, 2021, she was referred to the Department of Gynecologi-
cal Tumor at National Hospital Organization Kyoto Medical
Center (Kyoto, Kyoto, Japan). She was diagnosed with uterine
sarcoma stage | on contrast-enhanced MRI and positron emis-
sion tomography (PET)-CT.

On July 29, 2021, she underwent total abdominal hys-
terectomy, bilateral adnexectomy, partial omentectomy, and
small mesenteric disseminated lesion resection.

She was subsequently diagnosed with uterine leiomyosar-
coma stage Ib on pathological examination (Fig. 1). The initial
treatment was completed using the surgical treatment recom-
mended by clinical guidelines, including the National Com-
prehensive Cancer Network®. Following hospital discharge,
she was followed up on an outpatient visit.

On June 27, 2022, contrast-enhanced CT revealed intra-
peritoneal disseminated tumor and metastases to the lungs, and
tumor recurrence was diagnosed (intraperitoneal disseminated
tumor, tumor size: 2.1 cm; pelvic tumor size: 1.0 cm; multiple
lung metastases, including 7-mm tumor in the left lung and
4-mm tumor in the right lung. Contrast-enhanced CT revealed
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pathological diagnosis:

Uterus, total hysterectomy:
- Leiomyosarcoma, pT1b.
tumor size: 12.0 cm in greatest dimension.
lymph-vascular invasion
: not identified (LO, VO).
margins: negative.

Ovary and tube, bilateral,
salpingo-oophorectomy:

- No evidence of malignancy. & O
BRSSO

Figure 1. Histopathological findings of case 1. The patient in case 1 was diagnosed with uterine leiomyosarcoma by histopatho-
logical examination. Histopathological examination revealed no malignant tumor cells in the ovaries and fallopian tubes.

other microlesions) (Figs. 2, 3). dronephrosis, which occurred owing to right ureter obstruc-
From July 11, 2022, to September 5, 2022, she received tion due to intraperitoneal lesion exacerbation, was observed.
three courses of adriamycin (Kyowa Kirin Co., Ltd. Chiyo- Enhance-contrasted CT revealed minimal lung metastatic
da, Tokyo, Japan) single agent. On September 15, 2022, hy- lesions; however, as the intraperitoneal disseminated tumors
44.37 mm
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Figure 2. Contrast-enhanced CT showing intraperitoneal disseminated lesions in case 1 patient. Images of intra-abdominal dis-
seminated lesions in case 1 patients taken by contrast-enhanced CT on June 27, 2023, and September 20, 2023, are presented.
The lesions of the intraperitoneal disseminated lesions are worsening. Yellow circles indicate intraperitoneal disseminated le-
sions. CT: computed tomography.
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Figure 3. Chest CT showing metastatic lesions to the lungs of case 1 patient. Images of metastatic lesions to the lungs of case
1 patients taken by chest CT on June 27, 2023, and September 20, 2023 are presented. The lesions of metastatic lesions to the
lungs are shrinking. Yellow circles indicate metastatic lesions to the lungs. CT: computed tomography.

were increasing in size, the treatment effect was judged as
progressive disease (PD) by Response Evaluation Criteria in
Solid Tumor (RECIST) (Figs. 2, 3). Therefore, the therapeutic
drug was changed to pazopanib, a multikinase inhibitor that
specifically inhibits vascular endothelial growth factor recep-
tor signal, platelet-derived growth factor receptor signal, and
c-Kit signal. Subsequently, cancer genome test (Foundation-
One® CDx tissue) was performed (tumor content, 50%). The
cancer genome test showed TMB-high of 14 Muts/Mb; there-
fore, pembrolizumab, an immune checkpoint inhibitor (ICI)
covered by health insurance, was prescribed and administered
to this patient with TMB-high as a companion diagnosis (Sup-
plementary Material 1, www.jocmr.org) (Table 1).

Based on the FoundationOne® CDx tissue test results,
MutS homolog 6 (MSHG6) - F1088fs*5 (variant allele fraction
(VAF)) (Supplementary Material 3, www.jocmr.org), 1.51%)
and MutY DNA glycosylase (MUTYH) - splice site 892-2A>G
(VAF, 50.32%) were detected as molecules that should be con-
sidered for hereditary cancer, that is, MUTYH-associated poly-
posis (MAP) (Table 1). F1088fs*5, which was detected as a
PV in the MSH6 molecule, is a genetic mutation that induces
Lynch syndrome onset [17]. However, as the VAF of MSHG6 -
F1088fs*5 was 1.51%, it was considered a somatic mutation
(Table 1). Additionally, splice site 892-2A>G, which was de-
tected as a PV in the MUTYH molecule, is a genetic mutation
that induces MAP onset [18]. MUTYH - splice site 892-2A>G
had a VAF of 50.32%; therefore, it was considered a germinal
mutation (Supplementary Material 3, www.jocmr.org). How-
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ever, as no patient or family member developed MAP, investi-
gating the genetic cause of MUTYH was not required.

Case 2

Case 2 was an 82-year-old female with a PS score of 1, di-
agnosed with uterine sarcoma recurrence (epithelioid leio-
myosarcoma), with a medical history of hypertension, left ear
hearing loss, mitral regurgitation, and cystocele managed with
pessary placement, along with a family history of a brother
with kidney and lung cancer.

In April 2019, abdominal simple total hysterectomy, bilat-
eral adnexectomy, partial omentectomy, and small mesenteric
lesion resection were performed as the recommended surgical
treatment.

From May 2019 to October 2019, docetaxel plus gemcit-
abine was administered to the patient (six cycles in total). In
October 2020, contrast-enhanced CT was performed and re-
vealed pelvic recurrence (Fig. 4). Therefore, pazopanib treat-
ment was started. In January 2021, the treatment effect was
judged as PD by RECIST owing to the increasing size of intra-
peritoneal disseminated tumors. In February 2022, DXR treat-
ment was initiated for uterine leiomyosarcoma.

By August 2022, the eighth cycle of DXR was completed.
As enhance-contrasted CT revealed that the intraperitoneal
disseminated tumors were not decreasing in size, the treatment
effect was judged as stable disease (SD) by RECIST. A cardi-
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Table 1. FoundationOne® CDx Tissue Testing Results for the 55-Year-Old Patient With Advanced and Recurrent Uterine Leiomyo-

sarcoma

Biomarker findings

Therapies with clinical relevance
(in patient’s tumor type)

Therapies with clinical rel-
evance (in other tumor types)

Tumor mutational burden (14 Muts/Mb) Pembrolizumab

Dostarlimab

Microsatellite status - MS-equivocal

Genomic findings

ARAF - E89K VAF 32.47% None

Therapies with clinical relevance
(in patient’s tumor type)

Atezolizumab
Avelumab
Cemiplimab
Durvalumab
Nivolumab

Nivolumab + ipilimumab

No therapies or clinical trials. See biomarker findings section

Therapies with clinical relevance
(in other tumor types)

None

Variants to consider for follow-up germline testing in selected cancer susceptibility genes

MSHG6 - F1088fs*5 VAF 1.51%

MUTYH - splice site 892-2A>G VAF 50.32%

VAF: variant allele fraction.

ologist from the Department of Cardiovascular Medicine of
our hospital performed cardiac function evaluation; although
mitral regurgitation was noted, the cardiac function remained
normal. In July 2022, tumor sections were shipped for cancer
genome test (FoundationOne® CDx tissue) (tumor content,
80%). The results showed PVs in the serine-threonine kinase
AKT molecule; therefore, the multikinase inhibitor pazopanib,
which was covered by health insurance, was prescribed and
administered to this patient (Table 2).

Based on the FoundationOne® CDx tissue test results,
retinoblastoma protein 1 (RBI) - loss exons 18-27 (CNO) and
tumor protein p53 (TP53) - G187V, K132N (VAF, 44.89%)
were detected as molecules that should be considered for he-
reditary cancer (Table 2). Loss exons 18-27, detected as a PV
in the RBI molecule, is a germinal mutation that induces ret-

Advanced/recurrent malignancy

pessary

Figure 4. Progressive pelvic tumor of recurrent uterine leiomyosarco-
ma in case 2 patient by contrast-enhanced CT (October 6, 2022). Im-
ages of progressive pelvic tumor of recurrent uterine leiomyosarcoma
in case 2 patient taken by contrast-enhanced CT are presented. The
advanced pelvic tumor is getting worse. The yellow dashed line sur-
rounds the advanced pelvic tumor.
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inoblastoma development [19]. However, the copy number of
RBI - loss exons 18-27 was 0, and no retinoblastoma cases
were observed under the age of 30 in the family; therefore,
investigating the disease onset was not required (Table 2). The
VAF of G187V and K132N, which were detected as PVs in
TP53 molecule, was 44.89%; therefore, this 7P53 mutation
may be a germinal mutation that induces Li-Fraumeni syn-
drome onset [20]. However, as no family members with os-
teosarcoma, breast cancer, or soft tissue tumors under the age
of 30 were noted, 7P53 - G187V, K132N as a genetic cause of
Li-Fraumeni syndrome was not considered. The Foundation-
One® CDx tissue test results indicated that alpha-thalassemia/
impaired intellectual X-linked (47RX) and mediator complex
subunit 12 (MED12) PVs were associated with hereditary can-
cer onset. However, based on the results of a clinical trial in
a Japanese cohort, ATRX and MED12 PVs were not linked to
hereditary cancer development in Japanese patients.

Discussion

Clinical trials using various antitumor agents are being con-
ducted to establish treatments for uterine leiomyosarcomas;
however, the effectiveness of various antitumor agents against
uterine leiomyosarcomas is limited [21]. Under these circum-
stances, advances in cancer genomic medicine have revealed
the effectiveness of PV-targeting antitumor agents, even for
malignant tumors for which no treatment has been established
to date [22]. This time, our medical staff experienced treatment
with pembrolizumab or pazopanib for uterine leiomyosarco-
mas with TMB-high and uterine leiomyosarcomas with AKT
PV detected through cancer genomic gene panel testing.

At present, the results of clinical trials have not shown
the effectiveness of ICI against uterine leiomyosarcomas. This
result may be because of the absence of biomarkers for ICI,
including microsatellite instability-high (Supplementary Ma-
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Table 2. FoundationOne® CDx Tissue Testing Results for the 82-Year-Old Patient With Advanced and Recurrent Uterine Leiomyo-

sarcoma

Biomarker findings

Therapy and clinical trial implications

Microsatellite status - MS-stable
Tumor mutational burden (2 Muts/Mb)

Genomic findings
(in patient’s tumor type)

AKTI - E17K VAF 11.56% None

Therapies with clinical relevance

No therapies or clinical trials. See biomarker findings section

No therapies or clinical trials. See biomarker findings section

Therapies with clinical relevance
(in other tumor types)

Pazopanib

Variants to consider for follow-up germline testing in selected cancer susceptibility genes

ATRX - L1250* VAF 39.98%
MEDI2 - G44S VAF 44.88%

RBI - loss exons 18-27 CNO
TP53 - G187V, K132N VAF 44.89%

VAF: variant allele fraction.

terial 4, www.jocmr.org) and TMB-high, in the uterine leiomyo-
sarcoma of the participants enrolled in the clinical trial [23]. Fur-
thermore, in previous clinical trials, the completed efficacy of
serine-threonine kinase inhibitors against uterine leiomyosarco-
mas has not been confirmed [24]. This result also suggests that
biomarkers for kinase inhibitors are not present in the uterine
leiomyosarcoma of the participants enrolled in the clinical trial.
Personalized medical care for advanced and recurrent malignant
tumors can prolong patient survival. In other words, in future
cancer medicine, cancer genomic medicine using cancer ge-
nome gene panels will be essential in selecting antitumor agents
for advanced and recurrent malignant tumors.

The National Cancer Institute (NCI) in the USA an-
nounced that a new initiative will evaluate the effectiveness of
drug combinations for treating cancers with particular genetic
changes [25]. In cancer genomic medicine in Japan, single-
agent administration of already approved antitumor agents is
prioritized for cases wherein PVs have been detected in mul-
tiple molecules in a single patient. Next, an antitumor agent
that has been shown effective in clinical trials and case reports
is administered as a single agent. To date, in cancer genom-
ic medicine in Japan, in several cases, combination therapy
with multiple antitumor agents has not been performed for
patients with PVs in multiple molecules. In the future, cancer
genomic medicine, such as in advanced or recurrent uterine
leiomyosarcomas wherein PV in the breast cancer 1 (BRCAI)
or BRCA2 gene and an active PV in AKT are detected us-
ing cancer genomic testing, combination therapy with a poly
(ADP-ribose) polymerase (PARP) inhibitor (e.g., olaparib or
niraparib) (Supplementary Material 5, www.jocmr.org) and
a tyrosine kinase inhibitor should be considered [11, 26]. In
Japan, prescriptions of the combination therapy of a PARP
inhibitor with tyrosine kinase inhibitor for advanced and re-
current uterine leiomyosarcomas are not covered by health
insurance. Therefore, selecting the antitumor agent depends
on the results of clinical trials in other countries. NCI’s new
initiative will be beneficial to cancer genomic medicine in
Japan. Currently, in clinical trials, pharmaceutical companies
are also examining the efficacy of combination therapy with
multiple approved antitumor agents against various advanced
and recurrent malignancies. The results of these clinical trials
and NCI’s new initiative are significant for cancer genomic
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medicine development.

Advances in cancer genomic medicine contribute to pro-
longing the lives of patients with advanced and recurrent ma-
lignant tumors. In Japan, if combination therapy with multi-
ple antitumor agents is covered by insurance on the basis of
the cancer genome gene panel test results, it is believed that
patients with advanced and recurrent malignant tumors will
live longer. However, malignant tumor cells acquire resistance
mechanisms to various antitumor agents; therefore, treatment
using different antitumor agents is required. To elucidate the
detailed mechanisms by which malignant tumors acquire re-
sistance to antitumor agents, further basic medical and clinical
research is required.

Supplementary Material

Suppl 1. Tumor mutational burden through cancer genome
gene panel testing.

Suppl 2. The Eastern Cooperative Oncology Group Perfor-
mance Status scale.

Suppl 3. The variant allele fraction through cancer genome
gene panel testing.

Suppl 4. Microsatellite instability as biomarker for immune
checkpoint inhibitor.

Suppl 5. Poly (ADP-ribose) polymerase inhibitor.
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