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Background: Leiomyosarcoma (LMS) accounts for 24% of all soft tissue sarcomas (STSs)
and this STS subtype has high metastatic potential. Previous studies indicated the best
median progression-free survival (mPFS) time was 9.2 months and the best overall response
rate (ORR) was 30.9%. We evaluated the efficacy and safety of epirubicin combined with
temozolomide (EPI-TMZ) for treatment of advanced LMS.

Methods: This was a retrospective review of the records of patients with advanced LMS at
the National Cancer Center/National Clinical Research Center for Cancer/Cancer Hospital,
Chinese Academy of Medical Sciences and Peking Union Medical College. All patients
initiated EPI-TMZ treatment between January 2018 and December 2020.

Results: We examined 15 patients who received EPI-TMZ for LMS. This was a first-line
treatment in 6 patients, a second- or third-line treatment in 7 patients, and a fourth-line
treatment in 2 patients. At the time of data cutoff (April 25, 2021), the median PFS was 10
months, 1 patient had clinical complete response (cCR), 7 had partial response (PR), and 7
had stable disease (SD). The overall response rate (ORR) was 53.3% (8/15) and the disease
control rate (DCR) was 100.0% (15/15). The most common treatment-related adverse effects
were leukopenia, neutropenia, thrombocytopenia, anemia, nausea, vomiting, fatigue, and oral
mucositis. One patient had severe adverse effect (febrile neutropenia), but there were no
treatment-related deaths.

Conclusion: EPI-TMZ is potentially effective for treatment of advanced LMS, and the
adverse effects appear tolerable. EPI-TMZ provided better outcomes than reported in pre-
vious studies of other treatments for advanced LMS.
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Introduction
Soft tissue sarcomas (STSs) are malignant tumors originating from mesenchymal
tissue and account for about 0.8% of all human malignancies.' There are more than
50 subtypes of STSs and they have a high degree of heterogeneity. When a patient has
a single resectable metastasis, radiotherapy with or without chemotherapy is performed
before or after surgery. For patients with advanced, unresectable, or systemic metastatic
STSs, palliative chemotherapy remains the main treatment regimen.”
Leiomyosarcoma (LMS) is a common invasive subtype of STS that has high
metastatic potential. LMS accounts for 24% of all STSs,’

middle-aged and elderly patients, and especially in those who are 40 to 60 years-

is most common in

old with non-primary immunodeficiency disorders, post-transplantation, and HIV
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positive. Some retrospective studies found that palliative
chemotherapy for LMS is less effective than for other
types of STSs.*

There are currently no highly reliable factors for pre-
dicting the prognosis of patients with LMS. Most of these
patients have tumors in the retroperitoneum (23%) and
gynecological organs (33%), recurrent hematogenous
metastasis can occur, and early distant metastasis is the
main form of recurrence. Local recurrence and metastasis
can occur from several years to more than ten years after
the initial operation.

LMS can be divided into different subtypes according
to location: angiomyosarcoma, superficial LMS, and deep
soft tissue LMS.” Deep soft tissue LMS is moderately
sensitive to chemotherapy, and the primary tumor often
occurs in the retroperitoneum, pelvis, large blood vessels,
and extremities. Primary retroperitoneal LMS (RLMYS) is
a common deep soft tissue LMS and one of the major
types of retroperitoneal STSs.® The onset of RLMS is
often asymptomatic, and when identified the tumor is
typically adherent to adjacent tissue. RLMS can easily
invade large blood vessels, leading to a low rate of com-
plete resection, so these patients have poorer prognosis
than those with other types of LMS. RLMS can recur
locally and can also metastasize to the liver and lungs,
and the overall 5-year survival rate of these patients is
about 50 to 60%." The Memorial Sloan-Kettering Cancer
Center reported that the incidence of new cases of retro-
peritoneal sarcoma in  China 9000 to
10,000 per year."’

At present, surgical resection plays the main role in

was

comprehensive treatment of LMS. Anthracycline-based
therapy, with or without ifosfamide, are still first-line
standard chemotherapy regimens for advanced LMS, but
the efficacy is poor. In addition, uterine LMS (uLMS),
a rare primary malignant tumor of the uterus (<5%), is
more sensitive to chemotherapy. Although only a small
proportion of LMS patients have high-grade uLMS, about
50% of those with high-grade uLMS experience relapse
within 2 years. This relapse can occur in the pelvic region
or more commonly in extrapelvic regions (abdomen, hepa-
topulmonary metastasis, bone metastasis, distant subcuta-
neous or soft tissue metastasis). BRCAness, a DNA
homologous recombination repair defect, is more common
in uLMS, so this LMS subtype obviously has greater
defects in DNA repair. In addition, uLMS is also distin-
guished from other subtypes by DNA methylation and
other genetic characteristics. Factors that affect the

prognosis of advanced uLMS include age greater than 62
years-old, tumor size greater than 4 cm, tumor necrosis,
high Fédération Nationale des Centres de Lutte Contre le
Cancer (FNCLCC) grade, primary site, vascular invasion,
and previous resection.®’

Temozolomide (TMZ) is a new oral alkylating agent
that is mainly used for treatment of glioblastoma. When
TMZ enters the systemic circulation at a normal physiolo-
gical pH, it is rapidly hydrolyzed into the active product
imidazole-4-formamide (MTIC).
MTIC alkylates the sixth oxygen atom and the seventh

3-methyl-(triazine-1-)

nitrogen of guanine residues in DNA, leading to cell death.
Compared with dacarbazine, cytochrome P450 plays only
a minor role in the metabolism of TMZ, and liver damage,
including fatal liver failure, is rare. However, TMZ and
dacarbazine have comparable efficacies,'® and there is
evidence that TMZ improves the overall survival rate
and progression-free survival (PFS) of patients with
advanced metastatic melanoma.''"'> TMZ has acceptable
safety, provides quality of life benefits, can penetrate the
blood-brain barrier, and is easy to administer. Thus, TMZ
may have potential for the treatment of LMS.

The results of several Phase II clinical studies'* '
indicated that TMZ monotherapy was an effective treat-
ment for advanced STS after classic first-line chemother-
apy, especially in patients with advanced non-surgical
resection of uterine or non-uterine LMS. In particular,
compared with the whole STS population, patients who
received TMZ had better outcomes in terms of objective
response rate (ORR, 18% vs 8%), stable disease (SD,
27% vs 8%), disease control rate (DCR, 45% vs 16%),
median PFS (mPFS, 3.9 vs 2.0 months), and median
overall survival (mOS, 30.8 vs 13.0 months). Most of
the adverse reactions were grade 1 or 2, and the grade 3
toxicities included nausea, anemia, fatigue, elevated alka-
line phosphatase level, and non-neutropenic fever (1 case
each).'® Other research reported that the adverse effects
of epirubicin (EPI), especially cardiac and blood toxici-
ties, were less than those of doxorubicin.'® These obser-
vations led us to hypothesize that EPI and TMZ (EPI-
TMZ) may be an effective and tolerable treatment for
advanced LMS.

We retrospectively examined the safety and efficacy of
a chemotherapy regimen consisting EPI-TMZ for the treat-
ment of patients with advanced LMS as an initial effort to
identify a novel, effective, and safe treatment for these

patients.
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Materials and Methods

Patient Enrolment

This was a single-center, retrospective clinical study con-
ducted at the Cancer Hospital of the Chinese Academy of
Medical Sciences in Beijing. The protocol was approved
by the Chinese Academy of Medical Sciences Cancer
Hospital Institutional Review Board at the participating
institution, and complied with good clinical practice guide-
lines and the Declaration of Helsinki. Due to the retro-
spective nature of this study, the requirement for informed
consent was waived. All data were anonymized to main-
tain patient confidentiality. Fifteen patients who met the
following criteria were selected: histopathologically con-
firmed and surgically unresectable or metastatic LMS,
availability of follow-up imaging data, anthracycline com-
bination chemotherapy, EPI-TMZ treatment that started
between January 2018 to December 2020, at least one
measurable lesion based on Response Evaluation Criteria
in Solid Tumors (RECIST) version 1.1, performance status
(PS) score of 2 or less in the Eastern Cooperative
Oncology Group (ECOG) scale, and age of at least 18
years-old. The additional recorded clinical data were sex
(14 [93.3%] female), primary site (6 [40.0%] retroperito-
neum, 6 [40.0%] uterus, 2 [13.3%] inferior vena cava, 1
[6.7%] colonic mesentery), metastasis site (13 [86.7%]
lung, 10 [66.7%] liver, 3 [20.0%] bone), and previous
treatment (14 [93.3%] surgery, 1 [6.7%] radiotherapy,
and 9 [60.0%] chemotherapy).

Chemotherapy Regimen

All 15 patients received EPI-TMZ. Six patients received
this treatment as a first-line regimen, 7 as a second-line
regimen, and 2 as a fourth-line regimen. Injections of
polyethylene glycol granulocyte colony stimulating factor
were given selectively if necessary. Oral TMZ (200 or
300 mg) was administered each day on days 1 to 5, and
intravenous EPI (60 mg/m?) was administered on days 1 to
4, with even distribution over these 96 h. There was 1
therapy cycle every 3 weeks. Drug use continued until the
patient experienced progressive disease (PD) or intolerable
adverse effects (AEs). The dosage was adjusted according
to adverse reactions.

Outcome Indicators

Efficacy was evaluated every two treatment cycles.
According to RECIST version 1.1, the results were as
recorded as complete response (CR), partial response

(PR), stable disease (SD), or progressive disease (PD).
The overall response rate (ORR) was the sum of CR and
PR, and the disease control rate (DCR) was the sum of
CR, PR, and SD. The related adverse reactions were
evaluated according to version 4 of the Common Drug
Toxicity classification standard of the US National
Cancer Institute (NCI-CTC 4.0). The main endpoints
were progression-free survival (PFS), overall response
rate (ORR), and adverse effects (AEs). Statistical analyses
were performed using R software version 4.0.1 or
GraphPad Prism software version 9.0.2.

Results

Patient Characteristics

There were 15 patients (I male and 14 females), the
median age was 53 years-old (range: 27-63), and the
primary tumor was in the uterus (n = 6), retroperitoneum
(n = 6), inferior vena cava (n = 2), or colonic mesentery

(n=1).

Treatment Regimens

Twelve patients (80.0%) received all 8 cycles of the inten-
sive chemotherapy. There were two subsequent basic
maintenance therapies. Monodrug maintenance therapy
consisted of TMZ alone (dosing as in the primary therapy),
and two-drug maintenance therapy consisted of TMZ (dos-
ing as in the primary therapy) with oral thalidomide
(100 mg/day from days 1-7, 200 mg/day from days 8—
14, 300 mg/day from day 15 as long as the condition did
not progress), with one cycle every 3 weeks. Among all 15
patients, there was a median of 11 total (intensive and
maintenance) cycles (range: 5-24). At the time of data
cutoff (April 25, 2021), 3 patients were still receiving
maintenance treatment.

Treatment Efficacy

At the time of analysis, the median PFS was 10 months,
with 1 case classified as clinical complete response (cCR,
6.6%), 7 cases as PR (46.7%), and the other 7 cases as SD
(46.7%). The ORR was 53.3% (8 cases) and the DCR was
100.0% (15 cases). For the 6 patients who received no
previous frontline treatment, the ORR was 66.7% (4
cases), the DCR was 100.0% (6 cases), and the mPFS
was 9.25 months. For the 7 patients who received EPI-
TMZ as a second or third-line regimen, the ORR was
42.9% (3 cases), the DCR was 100.0% (7 cases), and the
mPFS was 10 months. For the two patients who received
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EPI-TMZ as a fourth-line treatment, the ORR was 50.0%
(1 case), the DCR was 100.0% (2 cases), and mPFS was
9.5 months.

None of the differences we observed in PFS (Table 1)
and ORR (Table 2) were significant, and the small sample
size precluded further examination. Nonetheless, we
observed a tendency for worse outcome in patients with
a retroperitoneal origin (median PFS: 8 months; 95% CI:

4-16) in comparison with those who had origins at other
sites (median PFS: 16 months; 95% CI: 10-22; HR: 0.4;
95% CI: 0.06-2.58). There was also a tendency for a better
ORR in patients with Ki-67 positivity levels above 50%
(100% vs 30%).

Overall, the median PFS was 10 months (Figure 1),
the average percent maximal sum of the diameters of the
target lesions decreased by 33.3% (Figure 2), the

Table | Univariate Cox Proportional-Hazards Model of the Effect of Different Characteristics on Progression-Free Survival

Variable HR (95% CI) p-value Median PFS, Months (95% CI)
Age, years

<60 | (reference) 8 (3-21)

260 0.97 (0.9-1.05) 0.504 10 (9-16)
Primary site

Retroperitoneum | (reference) 8 (4-16)

Non-retroperitoneal 0.56 (0.12-2.58) 0.457 10 (3-21)

Uterus 0.77 (0.144.19) 0.761 10 (3-16)

Other 0.40 (0.06-2.58) 0.338 16 (10-22)
Tumor size, mm

<100 | (reference) 12 (6-21)

>100 4.62 (0.63-33.8) 0.132 4 (3-10)
Lung metastasis

No | (reference) 10 (4-16)

Yes 1.16 (0.14-9.84) 0.889 10 (3-21)
Hepatic metastasis

No | (reference) 10 (6-16)

Yes 0.49 (0.12-2.02) 0.325 10 (3-21)
Bone metastasis

No | (reference) 9 (3-20)

Yes 1.07 (0.25-4.56) 0.928 12 (10-17)
Number of operations

<I | (reference) 10 (5-21)

>| 291 (0.47-18.14) 0.254 7 (3-12)
Previous drug therapy

No | (reference) 9 (3-21)

Yes 2.22 (0.44-11.1) 0.332 10 (4-17)
Frontline TKI treatment

No | (reference) 10 (3-21)

Yes 1.78 (0.39-8.21) 0.457 9 (6-16)
Postoperative radiotherapy

No | (reference) 10 (3-20)

Yes 1.5 (0.16-13.67) 0.719 12 (12-12)
Number of previous frontline treatments

None | (reference) 10 (4-17)

One or more 0.45 (0.09-2.26) 0.332 9 (3-21)

Abbreviations: HR, hazard ratio; PFS, progression-free survival; Cl, confidence interval; TKI, tyrosine kinase inhibitor.
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Table 2 Effect of Different Baseline Characteristics on Overall
Response Rate s\; 100+
Characteristics ORR (%) -
E-3
[<]
Primary site E
Retroperitoneum 50% (3/6) %‘
Uterus 50% (3/6) a 5o
Other 66.7% (213) o
&
Ki-67 positivity é
>50% 100% (4/4) 2
<50% 30% (3/10) g
o
. 0 T T T T 1
Tumor size, mm 0 5 10 15 20 25

>100
<100

60% (3/5)
44.4% (419)

Lung metastasis

Yes 46.2% (6/13)

No 100% (2/2)
Hepatic metastasis

Yes 60% (6/10)

No 40% (2/5)
Bone metastasis

Yes 33.3% (1/3)

No 58.3% (7/12)
Number of operations

>| 33.3% (2/6)

<l 66.7% (6/9)
Previous drug therapy

Yes 44.4% (419)

No 66.7% (4/6)
Frontline TKI treatment

Yes 40% (2/5)

No 60% (6/10)

Abbreviations: ORR, overall response rate; TKI, tyrosine kinase inhibitors.

average percent change in the target lesion from baseline
decreased by 23.5% (Figure 3), and the average total
treatment time was 10.4 months (Figure 4). A hazard
ratio plot indicated that none of the analyzed factors
were associated with PFS (Figure 5).

Adverse Effects

The most common treatment-related adverse effects were
leukopenia (26.7%), neutropenia (20.0%), thrombocytope-
nia (13.3%), anemia (6.7%), nausea (46.7%), vomiting
(33.3%), fatigue (20.0%), and oral mucositis (6.7%), and
most of these were in the tolerable range (data not shown).
One patient had a severe adverse effect (febrile neutrope-
but treatment-related  deaths.

nia), there were no

Months

Figure | Probability of progression-free survival (median: 10 months).

Patients

=204

-404

-60-

-804

-100-

Best Change From Baseline(%)

Figure 2 Maximal percent change in the sum of the diameters of target lesions
from baseline in each of the |15 patients (mean: 33.3%).

)

-
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g
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Time Since Treatment Initiation (Months)

Figure 3 Percent change in the diameter of the target lesion since initiation of
treatment in each of the |5 patients (mean: 23.5%).
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Figure 4 Durations of intensive EPI-TMZ treatment (mean: 6.1 months) and maintenance treatment (mean: 4.| months) in each of the |15 patients. Drug regimens are

described in the Methods and Results.
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Figure 5 Effect of different factors on the hazard ratio for PFS.

Symptomatic support effectively alleviated all adverse
effects.

Discussion

To our best knowledge and based on historical results (see
below), this retrospective study achieved the best PFS and
ORR for treatment for advanced LMS. At the time of data
cutoff (April 25, 2021), the median PFS was 10 months,
the ORR was 53.3%, and the DCR was 100.0%. For

patients receiving EPI-TMZ as a first-line therapy, the
ORR was 66.7%, the DCR was 100.0%, and the mPFS
was 9.25 months; for patients receiving EPI-TMZ as
a second- or third-line therapy, the ORR was 42.9%, the
DCR was 100.0%, and the mPFS was 10 months. When
necessary, we selectively administered polyethylene glycol
granulocyte colony-stimulating factor (G-CSF) as suppor-
tive treatment, and this likely reduced the incidence
of severe myelosuppression and improved the safety of
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EPI-TMZ chemotherapy. Adverse effects in our patients
were mainly grade 1 or 2, indicating that EPI-TMZ che-
motherapy was safe for patients with advanced LMS. Our
further assessments of the effects of follow-up treatment
and overall survival are in progress.

Previous studies examined anthracycline-based regi-
mens, with or without ifosfamide, as standard first-line
chemotherapy regimens for metastatic, recurrent, or inop-
erable LMS. Researchers have not yet identified any
highly effective second-line chemotherapy drug or regi-
men after failure of first-line chemotherapy for advanced
LMS. Gemcitabine (GEM), dacarbazine (DTIC), TMZ,
trabectedin, and eribulin can be used for second-line sin-
gle-drug chemotherapy regimens, and GEM with doce-
taxel (TXT) or GEM with DTIC for combined regimens.
Anthracycline-based therapies combined with trabectedin
and DTIC can be considered, but the prognosis is still
poor. The results of several phase II clinical studies of
$"*"" indicated this

was effective for advanced STS after classic first-line

TMZ monotherapy for treatment of ST

chemotherapy. Moreover, the adverse effects of EPI, espe-
cially cardiac and blood toxicities, were less than those of
doxorubicin.'® This led us to consider a chemotherapy
regimen of EPI-TMZ for treatment of advanced LMS.

At the genomic level, LMS is characterized by com-
plex and uncertain genetic variations. 7P53 (49%), RB1
(27%), and ATRX (24%) are the most commonly mutated
genes in LMS, and compared with other types of soft
tissue sarcomas, LMS has greater change in the homolo-
gous recombination pathway. Although the genes driving
this condition are unknown, there is abnormal enrichment
of some signaling pathways. This suggests the potential
for usage of precise targeted antivascular therapies, PARP
inhibitors, or mTOR signaling inhibitors. The combined
use of immune checkpoint inhibitors and other drugs
should be considered. Systemic chemotherapy and mole-
cular targeted therapies are the main methods used to treat
advanced LMS, especially in patients with systemic meta-
static LMS. Targeted therapy is usually used as a second-
line treatment for unresectable or advanced STSs. When
the classic chemotherapy treatment fails and when there
are contraindications to chemotherapy or when the patient
refuses chemotherapy, pazopanib, anlotinib, or regorafenib
can be used as second-line treatments. Sunitinib and sor-
afenib may also be recommended if patients want to parti-
cipate in clinical trials.

Our major results (ORR of 53.3% and mPFS of 10
months) indicated that an EPI-TMZ regimen provided

better results than previously reported for first-line classic
chemotherapy or second-line targeted therapy. The largest
retrospective study of the treatment of advanced LMS
using a first-line chemotherapy regimen was from
European Organization for Research and Treatment of
Cancer Soft Tissue and Bone Sarcoma Group, which chal-
lenged the classic first-line chemotherapy regimens.'’
Their results showed that doxorubicin combined with
dacarbazine (DoDa) was effective in the treatment of
advanced LMS, in that it led to better PFS and ORR
than doxorubicin combined with ifosfamide (DI) or dox-
orubicin alone (Do). In particular, the DoDa group had
a mPFS of 9.2 months, an ORR of 30.9%, and an mOS of
36.8 months. As a second-line targeted therapy, the results
a Phase III study of pazopanib for metastatic STS showed
that this agent significantly increased the median PFS (4.6
months vs 1.6 months) compared with placebo.'® A phase
Il study of anlotinib as a second-line treatment for
advanced STS reported that patients with LMS had
a response rate of 7.7% and an mPFS of 11.0 months;"
another placebo-controlled phase IIB study of anlotinib
reported the mPFS of patients with LMS was 5.83
months.?* A randomized phase II trial of regorafenib as
a treatment for LMS found that the median PFS was 3.7
months, the ORR was 0%, and the DCR was 85.7%."

Therefore, our study of using EPI-TMZ as a treatment
for advanced LMS suggests this treatment has promising
efficacy and that the adverse effects are tolerable.
However, this was a very small single-center study, the
study subjects were predominantly female, and we did not
perform direct comparisons with a group receiving alter-
native treatment(s). In addition, we may have overesti-
mated the PFS because the COVID-19 pandemic led to
longer time intervals between computed tomography
scans, which may have delayed our detection of disease
progression.

The tendency for a better outcome in patients with
uLMS should be highlighted. Anthracycline-based regi-
mens are front line treatments for LMS, but there is
insufficient laboratory evidence or basic research support-
ing the use of TMZ. One study examined the expression of
O%-methylguanine DNA methyltransferase (MGMT) in 6
patients and reported the PFS of MGMT-negative patients
was 18.5 months, and that of MGMT-positive patients was
only 3 months.** Thus, expression of MGMT in uLMS
negatively correlated with the efficacy of TMZ and patient
survival time. Other research reported that assessment of
MGMT expression may help to identify a subset of patients
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that respond best to this therapy.> However, these pre-
vious results need to be confirmed by large-scale clinical
studies.

Recent research identified uLMS as a sarcoma subtype
characterized by BRCAness
recombination repair pathway due to loss of BRCAT1 func-

(defective homologous

tion), and demonstrated marked and strengthened activity
for the PARP inhibitor olaparib in combination with the
alkylating agent TMZ in uLMS models.** In subsequent
sample-expanded prospective studies, we will further
examine the potential mechanism of this effect by assess-
ment of changes in genomic stability, DNA methylation,
MGMT status, the mismatch repair (MMR) system,
BRCAness, activity of p53,%> genomic sequences, immu-
nohistochemical expression, and total mutation burden.

Conclusion

Our study demonstrated that chemotherapy consisting of
EPI-TMZ has potential as a new strategy for the treatment
of advanced LMS. It is necessary to perform prospective,
large-scale, multicenter clinical studies with appropriate
controls to determine the practical value EPI-TMZ as
a treatment for advanced LMS, and to optimize its use as
a first-line chemotherapy regimen for these patients. The
goal of this treatment should be significant tumor shrink-
age, prolonging the PFS and OS, and improving the life
quality of those patients.

Evaluation of the methylation status of the MGMT
promoter may help to determine whether a patient can
benefit from TMZ treatment. To identify the potential
therapeutic benefits in patients who respond to TMZ,
investigations of the mechanisms of this response and
resistance to this drug are needed. Continuing efforts are
needed to identify alterations in cell function and corre-
sponding downstream pathways after treatment, such as
changes in cell proliferation, apoptosis, and tumor size.
Ongoing research that is analyzing the characteristics of
sarcomas may provide new options for the specific treat-
ment of this rare and aggressive neoplasm.
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