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Abstract

Uterine leiomyosarcoma (uLMS) is an aggressive mesenchymal neoplasm asso-
ciated with a poor prognosis. Systemic chemotherapy is the standard therapy for
patients with uLMS. However, it is unclear which treatment regimen results in
the most favorable clinical outcome. We performed a meta-analysis and meta-
regression analysis to assess the efficiency of different treatments received by pa-
tients with advanced, metastatic, and relapsing uLMS by evaluating the objective
response rate (ORR) and disease control rate (DCR) as primary endpoints. The fre-
quentist random effects meta-analysis model was used to compare the outcomes of
different treatment regimens for advanced uLMS. A meta-regression analysis was
performed to estimate the association between the study-specific hazard ratios and
specific demographic variables. A meta-analysis of 51 reports including 1664 pa-
tients was conducted. Among patients who received adjuvant chemotherapy (916
patients; 55%), gemcitabine and docetaxel were the most frequently used drugs.
First-line monotherapy with alkylating agents (pooled ORR =0.48; 95% confidence
interval [CI]: 0.44-0.52) and second-line monotherapy with protein kinase inhibi-
tors (pooled ORR=0.45; 95% CI: 0.39-0.52) resulted in favorable prognoses. The
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1 | INTRODUCTION
Uterine leiomyosarcoma (uLMS) is the most frequently
diagnosed subtype of uterine sarcoma, with an incidence
of 0.8/100,000 cases annually.1 Furthermore, uLMS is
the age-related malignant form of uterine sarcoma that
affects between 20% and 65% of women by 40years of
age.! Hysterectomy is the standard treatment for uLMS if
patients are diagnosed during the early stage of disease.
Although many clinical risk factors are used to determine
the early diagnosis and prognosis of patients with uLMS,
these patients still have poor prognoses.>* The 5-year over-
all survival (OS) rate of uLMS is more than 50% for early
International Federation of Gynecology and Obstetrics
(FIGO) stages, and those for FIGO stages I and II are
75.8% and 60.1%, respectively. Conversely, stages III and
IV of uLMS with refractory disease and high recurrence
rates have 5-year OS rates of 34.9% and 28.7%, respectively.
Despite complete tumor resection and treatment, the re-
lapse risk for patients with uLMS remains between 50%
and 70%. Therefore, the National Comprehensive Cancer
Network and FIGO uterine cervical cancer staging system
recommend the following different therapeutic guidelines
for patients with uLMS: observation for FIGO stage I; sys-
temic therapy for FIGO stage II; and adjuvant chemother-
apy for FIGO stages III and IV.>®

Non-targeted alkylating agents such as Adriamycin,
dacarbazine, trabectedin, pazopanib, eribulin, and vi-
norelbine for monotherapy or combination therapy are
the most frequently studied treatments for FIGO stages II
and III. Recently, many cohort studies have been designed
to determine the prognostic value of molecular-targeted
and immune checkpoint therapy for uLMS patients with
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combinations of anthracycline plus alkylating therapy (pooled DCR =0.74; 95% CI:
0.67-0.79) and of gemcitabine plus docetaxel (pooled DCR=0.70; 95% CI: 0.63—
0.75) showed the greatest benefits when used as first-line and second-line chemo-
therapies, respectively. Subgroup meta-analysis results revealed that dual-regimen
therapies comprising anthracycline plus alkylating therapy and gemcitabine
plus docetaxel are practical therapeutic choices for International Federation of
Gynecology and Obstetrics stages III-IVb with distant metastases when assessed by
computed tomography (p=0.001). Furthermore, neoadjuvant chemotherapy and
local radiotherapy resulted in favorable outcomes for patients with earlier stages
of distant relapsed uLMS (p<0.001). Our findings provide a basis for designing
new therapeutic strategies and can potentially guide clinical practice toward bet-
ter prognoses for uLMS patients with advanced, metastatic, and relapsing disease.

meta-analysis, meta-regression analysis, systemic therapy, uterine leiomyosarcoma

advanced, metastatic, and relapsing disease. In this regard,
the combination of the monoclonal antibody olaratumab
with adriamycin for uLMS patients with FIGO stages I1I
and IV initially showed some benefits in relation to OS,
although recent data have shown conflicting results.”
Furthermore, protein kinase inhibitors (PKIs) such as pa-
zopanib and sorafenib were successfully used during ran-
domized, phase III, clinical trials, but their clinical use has
not been implemented.® Wide ranges of objective response
rates (ORRs) and disease control rates (DCRs) have been
reported for non-targeted alkylating therapy and anthra-
cycline for an acceptable number of patients.” In contrast,
immunotherapy, such as pembrolizumab and lenvatinib,
has been demonstrated to be impractical because some
studies of ULMS have claimed low success rates.® Two
retrospective reviews reported low response rates or sug-
gested that the response was not better than that of che-
motherapy for the disease, although these observations
were uncontrolled. The relapse rate after treatment is
high, and continued treatment is usually uncontrollable,
which may lead to an unacceptably high cumulative dose
of pembrolizumab.

Accordingly, several researchers have attempted to find
an effective modality to treat uLMS without significant
side effects, especially for patients with metastatic uLMS.
Undoubtedly, a comparison of the efficacy of different
therapies for uLMS patients with advanced, metastatic,
and relapsing disease could determine effective treatment
strategies and increase the OS of patients with uLMS.
Further population-based studies are needed to compare
the efficacy of different therapies.

This study aimed to conduct a comprehensive compar-
ative meta-analysis and meta-regression analysis using a
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large sample of patients with uLMS to determine the most
effective therapeutic options for those with advanced,
metastatic, and relapsing uLMS. Specifically, this study
aimed to compare the impact of different treatments on
the ORR and DCR of uLMS patients and evaluate addi-
tional prognostic factors such as age, FIGO stage, and
the effects of previous therapies on treatment outcomes.
This study sought to provide important insights regard-
ing the optimal treatment approaches for uLMS patients.
Additionally, this study aimed to identify any potential
gaps or inconsistencies in the current literature regard-
ing the treatment of uLMS to inform future research and
clinical practice. Furthermore, this study aimed to provide
a robust and evidence-based foundation for the develop-
ment of personalized treatment plans for uLMS patients
that may ultimately lead to improved patient outcomes
and quality of life.

2 | MATERIALS AND METHODS
2.1 | Research strategy and study
identification

This quantitative meta-analysis was conducted by sys-
tematically following the recommendations of the
Preferred Reporting Items for Systematic reviews and
Meta-Analyses statement guidelines. A literature search
was conducted using the MEDLINE electronic databases
PubMed, Embase, Wiley, ISI Web of Science, Science
Direct, Google Scholar, and VIP database. All databases
were searched without language and geographical restric-
tions. Two independent authors (I.I. and M.N.S.) analyzed
all publications until November 15, 2022, to assess the ef-
fects of systemic therapies on advanced, metastatic, or re-
lapsed unresectable uLMS. Medical subject heading terms
used for the search were as follows: “therapy” or “chemo-
therapy” or “immunotherapy” or “targeted therapy” or
“hormonal therapy” and “uterine sarcoma” or “uterine
leiomyosarcoma” or “uLMS.” Only articles in English
were considered. Relevant articles and their correspond-
ing reference lists were also reviewed. All selected works
were retrieved and screened by two separate investigators.

2.2 | Inclusion and exclusion criteria

The inclusion criteria were as follows: studies published
in English with a minimum sample size of five patients;
uLMS samples confirmed by histopathological diagnostic
analyses; therapeutic efficacy assessed by response
evaluation criteria in solid tumors (RECIST) (these
criteria comprise complete response, partial response,

stable disease, progressive disease, ORR [complete
response +partial response], and DCR [complete
response +partial ~ response+stable  disease]); and
randomized trials and observational studies including
patients with advanced, recurrent, or progressive uLMS.
The exclusion criteria were as follows: articles addressing
the pediatric population and those dedicated exclusively
to early-stage disease, carcinosarcoma, and other uterine
cancers; case reports, case series, review articles, editorial
articles, early phase trials, and reports; non-English
articles; duplicate works or continued work of previous
publications; unqualified key data such as insufficient
data for treatment and p value calculation; and articles
containing uLMS data with ambiguous mixed results and
unspecified treatment regimens.

2.3 | Data collection

The titles and abstracts of all articles selected based on the
population, intervention, control, and outcomes principles
were first analyzed by two independent investigators (L.I.
and M.N.S.).” Then, full article screening was performed,
and the following key demographics and clinicopatho-
logic parameters were recorded: the name of the first au-
thor; publication year; ethnicities of the patients; country
where the studies were performed; patient sample size;
study design; study phase; FIGO disease stage; endpoints
according to RECIST; drugs used; and other summary es-
timates for a total of 30 variables in our database.'® We
also contacted the authors of the selected articles to ob-
tain any relevant additional information. Any discordance
was settled through discussion; when a consensus was not
reached, a third investigator (S.I.) was consulted to find a
compromise. The study was supplemented by searching
the reference lists to identify additional studies. When any
of the aforementioned information was unavailable from
the reports or authors, the item was marked as “not re-
ported.” After all the aforementioned criteria were met,
we focused on the study of uLMS, the most frequent sub-
type involved in the screened trials, and the subtype with
good sample strength.

2.4 | Quality assessment

The quality of the included studies was evaluated accord-
ing to the Newcastle-Ottawa scale (NOS),"* and the treat-
ment accuracy of the studies was assessed by the Quality
Assessment of Diagnostic Accuracy Studies 2 (QUADAS-2)
protocols.’” The QUADAS-2 tool was used for patient se-
lection, index testing, reference standardization, and flow
timing. The total NOS score ranges from 0 to 9 points; a
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score of 6 points is the threshold for high-quality classifica-
tion. Low-quality studies (scores “4 points) were excluded.
Study bias was calculated according to the Cochrane
Collaboration tool (Cochrane handbook for systematic
reviews of interventions version 5.1.0). Briefly, using the
Cochrane Collaboration tool, each assessment included
seven questions to be answered with “yes,” “no,” or “un-
clear.” “Yes” answers indicated that the bias risk of the
study was considered low, whereas “no” and “unclear” an-
swers indicated that the risk of bias was considered high.

2.5 | Meta-regression analysis

A meta-regression analysis was performed to assess which
factors determine the observed heterogeneity between
studies. Our goal was to clarify the influence of factors
(median patient age, publication year, OS reported by each
study, and effects of neoadjuvant chemotherapy [NACT;
second-line therapy] or local radiotherapy [first-line ther-
apy]) on the average difference between the ORR and
DCR of patients with advanced uLMS undergoing current
therapy. To further explore sources of study heterogene-
ity, we fitted meta-regression models to estimate the as-
sociation between the study-specific ORRs and DCRs and
ages of participants, primary endpoints (i.e., ORR, DCR,
and mOS), timeframe for assessing weight changes, previ-
ous therapies (i.e., chemotherapy and radiotherapy), and
proportion of the baseline sample included in the analysis.

2.6 | Statistical analysis

A systematic search and data combination was performed
using EndNote Software version X9. Generally, data are
presented as the mean (+standard deviation) or median
(range), but qualitative variables were described as num-
bers and percentages. Random and fixed effects models
were used to determine the pooled estimates of the im-
pact of different systemic regimens on the prognosis of ad-
vanced uLMS (in terms of the ORR and DCR as well their
association with other factors associated with the prognos-
tic value). The Cochrane Q statistic and Higgins I” statistic
were applied to test the heterogeneity between studies.
Statistical significance was considered p<0.05 and/or
I*> 0% by the fixed effects. Additionally, subgroup analy-
ses were conducted using the research design, median pa-
tient age, number of pharmacological agents comprising
combination therapy, line of therapy, disease stage, and
publication year to ascertain the cause of heterogeneity
between studies of the ORR and DCR. All statistical analy-
ses were performed using R software (version 4) packages,
including the “mada” package (The R Foundation). Begg's
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funnel plots and the Egger's linear regression test were
used to evaluate publication bias.

3 | RESULTS
3.1 | Literature search and
characteristics of selected studies

The comprehensive systematic search strategy was estab-
lished and used to define the clinical issues according to
the population, intervention, control, and outcomes prin-
ciple (Figure 1A). A detailed Preferred Reporting Items for
Systematic reviews and Meta-Analyses study flowchart of
the identification, screening, and exclusion processes is
shown in Figure 1B. For this meta-analysis, 4031 studies
were retrieved; of these, 4022 were retrieved from online
databases and 9 were manually curated. Two reports were
excluded because they were duplicate studies. After care-
fully reviewing the abstracts, 3126 studies were excluded
because they were reviews or meta-analysis reports (679
studies), conferences or editorials (32 studies), guidelines
or letters (117 studies), case reports (1419 studies), articles
written in languages other than English (638 studies), and
cell or animal studies (241 studies). Of the remaining 903
full-text candidate articles, potential studies were excluded
because they included insufficient data (163 studies), cases
of non-uterine cancer (583 studies), and radiotherapy data
(106 studies). The included and excluded full-text articles
are listed in Tables S1 and S2. Finally, 51 studies were in-
cluded in the current meta-analysis and meta-regression
analysis. The data showed that 83% of patients had meta-
static or advanced uLMS and 40% had relapsing uLMS. Of
the 51 relevant studies describing 1664 cases, 48 studies
were included in the DCR analysis and 45 studies were in-
cluded in the ORR analysis (Figure 1B)."* %

The potential studies included in this system-
atic analysis were published between 1979 and 2019.
Demographic characteristics and RECIST results of sys-
temic therapy for uLMS patients are summarized in
Table 1. Clinicopathologic features assessed during the
sub-meta-analysis and meta-regression analysis are out-
lined in Table S3. Studies were mainly conducted among
American populations (38 studies; 74.5%); other stud-
ies included European (10 studies; 20%) and Asian (3
studies; 5.8%) populations. Most studies used alkylating
agents as monotherapy or as part of combination thera-
py.!718:20:21.38.44-46.57.61 The antimetabolite alone or with
taxane,>*3738:47:48:33:59 apthracycline alone or with alkylat-
ing agents,'>18:243031.35:515254 44 PKIs were used as mo
notherapy.*~#36-58-60 Alkylating agents were commonly
used in combination and monotherapy regimens in 13
and 11 studies, respectively. The alkylating agents were
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FIGURE 1 Flowchart of the rationale for study selection following Preferred Reporting Items for Systematic reviews and Meta-Analyses

[PRISMA] guidelines (n=number of studies).

mostly combined with anthracycline in 11 studies. The
second most common combination evaluated was gemcit-
abine with docetaxel (8 studies). Common monotherapies
were alkylating agents (11 studies) and PKIs (8 studies)
(Table 1).

3.2 | Quality assessment

The quality of the 51 reports was evaluated by NOS pro-
tocols and the QUADAS-2 quality evaluation standards
of the Cochrane reviewer handbook. The detailed quality
assessment according to the NOS score is summarized in
Table S4. All studies were of high quality, with a score of
7 or more out of 10 (mean score, 7 points). All parameters
of the QUADAS-2 assessment of the bias risk (Figure S1A)
and applicability concerns (Figure S1B) are presented.
More than half (58%) of the included studies had a low risk
of bias for most parameters and applicability concerns. As
shown in Figure S1, no significant bias and applicability
concerns were found for any selected studies.

3.3 | Meta-analysis outcomes

3.3.1 | Overall efficiency of systemic therapy

We used the pooled proportions test method to compare
theefficiencyofdifferenttreatmentregimens(basedonthe

ORR and DCR parameters) for advanced uLMS. Because
study heterogeneity identified by the fixed effects model
was high overall, we used the random effects approach.
The pooled ORR was 0.17 (95% confidence interval
[CI]: 0.13-0.22) and the pooled DCR was 0.55 (95% CI:
0.49-0.61) (p<0.01). Based on the heterogeneous cross
of studies of the ORR and DCR of different treatment
regimens, both parameters appeared to be associated
with greatly improved prognoses with some regimens for
patients with metastatic uLMS (Figure 2A,B). An overall
heterogeneous estimation performed separately for the
monotherapy and combination chemotherapy regimens
also showed significant differences in the prognoses of
patients with advanced uLMS (Figure S2A,B).

3.3.2 | Subgroup analyses

A subgroup analysis was conducted to evaluate the in-
fluence of prognostic factors (monotherapy or com-
bination therapy, first-line or second-line therapy,
study design, and disease stage) on the ORR and DCR
(Table 2). Initially, these factors were tested using uni-
variate models. Then, predictors were added to multi-
variate models to investigate their contribution to any
residual heterogeneity. The results of the random effects
model revealed variables that contribute to overall het-
erogeneity (p <0.05).
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TABLE 1 (Continued)

Response rate (n)

0S

mPFS
(m)
4.1

DCR
(%)
61

ORR

(%)

Sample

Country /

NOS

(m)
20.6

PR SD PD

CR

size (n)

Regimen

Continent Age (median)

Author (Year) Ref.

45 23.5

43

19

115
28

60 Td

53

IT/EU
TU/AS

Gadducci (2018)°°
Sunar (2019)%

11.4

5.2

75

14.3

17

Pb

Note: * and ® denote the two armed studies.

Abbreviations: A, Adriamycin; AB, Adriamycin + Bevacizumab; Ab, Alisertib; ABI, Adriamycin + Bleomycin; AC, Adriamycin + Carboplatin; AD, Adriamycin + Dacarbazine; AEP, Adriamycin + Etoposide + cisplatin;

Al, Adriamycin + Ifosfamide; AIDP, Adriamycin + Ifosfamide + Dacarbazine + Cisplatin; AIP, Adriamycin + Cisplatin + Ifosfamide; AMD, Adriamycin + Mitomycin + Dacarbazine: AMP,

Adriamycin + Mitomycin + Cisplatin; AS, Asian; AT, Adriamycin + Trabectedin; B, Bevacizumab; Bl, Bleomycin; C, Carboplatin; CR, Complete response; Cy, Cyclophosphamide; D, Dacarbazine; Da,
actinomycin-D; DCR, Disease control rate; Dt, Docetaxel; DU, The Netherlands (Dutch); E, Etoposide; EN, England; EU, Europe; FR, France; G, Gemcitabine; GDt, Gemcitabine + Docetaxel; GDtB,

Gemcitabine + Docetaxel + Bevacizumab; GE, Germany; HU, Hydroxyurea; HUDE, Hydroxyurea + Dacarbazine + Etoposide; I, Ifosfamide; IT, Italy; JA, Japan; KR, Korea; M, Mitomycin; m, months; N, Mitoxantrone;

NA, North America; NOS, New Casttle Ottawa Scale; NR, Not reported; ORR, Overall response rate; OS, Overall survival; Pb, Pazopanib; PD, Progressive disease; PFS, Progression free survival; PR, Partial response; Pt,

Paclitaxel; PtC, Paclitaxel + Carboplatin; Pz, Piperazinedione; SD, Stable disease; SF, Sorafenib; SU, Sunitinib; T, Trabectedin; Tha, Thalidomide; TMZ, Temozolomide; TOPO, Topotecan; TU, Turkey; TX, Trimetrexate;

US, United States; V, Vincristine; VAD, Vincristine + Adriamycin + Dacarbazine; VDaCy, Vincristine + actinomycin-D + Cyclophosphamide.
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The pooled ORRs for the phase II and retrospective
study designs were 16% (95% CI: 0.12-0.21) and 21% (95%
CIL: 0.14-0.31), respectively (Figure S3A). Among treat-
ment regimens, dual therapy showed a significant pooled
ORR of 32% (95% CI: 0.24-0.41). Anthracycline plus al-
kylating agents showed a pooled ORR of 39.5% (95% CI:
0.32-0.46); however, for patients with FIGO stage IVb,
the pooled ORR was 17% (95% CI: 0.13-0.22). These data
showed that patients with advanced-stage disease bene-
fited more from treatment when used as first-line ther-
apy (pooled ORR=35.6%; 95% CI: 0.30-0.41; p<0.01)
(Figure S3DB-). Moreover, the pooled ORR for mono-
therapy favored PKIs when used as second-line therapy
(Table 2).

Additionally, the subgroup analysis of the DCR
showed significant heterogeneity of the study designs
and disease stages (p<0.01) (Figure S4A). Dual therapy
comprising anthracycline plus alkylating agents (pooled
DCR=74%; 95% CI: 0.67-0.80) and that comprising an-
timetabolite plus taxane (pooled DCR=70%; 95% CI:
0.63-0.75) resulted in higher therapeutic prognostic val-
ues (Figure S4B). Table 2 shows that monotherapy with
alkylating agents (pooled DCR =48%; 95% CI: 0.44-0.52),
antimetabolites (pooled DCR=47%; 95% CI: 0.37-0.58),
and PKIs (pooled DCR=45%; 95% CI: 0.39-0.52) signifi-
cantly improved the prognosis (p<0.01) (Figure S4C).
Chemotherapy regimens as monotherapy and in com-
bination were more efficacious when used as first-line
therapy (pooled DCR=47%; 95% CI: 0.40-0.54) rather
than second-line therapy (pooled DCR=72%; 95% CI:
0.66-0.76). However, combination therapy was almost
equally beneficial as chemotherapy when used as second-
line therapy (pooled DCR=66%; 95% CI: 0.58-0.73).
Therefore, the monotherapies were not as favorable as
second-line therapies in terms of improving the prognosis
of patients with late-stage uLMS (Table 2) (Figure S4D,E).

By analyzing the DCR as an endpoint, we found that
magnetic resonance imaging (MRI) and computed to-
mography (CT) are the best monitoring methods because
of their high diagnostic accuracy for uLMS disease sur-
veillance. Among disease evaluation tools, CT provided
the best diagnostic accuracy (pooled DCR=61%; 95%
CI: 0.51-0.70). We observed significantly increased het-
erogeneity for patients with late FIGO stages (pooled
DCR=55%; 95% CI: 0.48-0.61; p<0.01) (Figure S4F).
Interestingly, patients with peritoneal metastasis had
better therapeutic prognoses than those without (pooled
DCR =62%; 95% CI: 0.51-0.72; p<0.01). Overall, our re-
sults showed that ORR and DCR were significantly cor-
related with higher FIGO stages, phase II study designs,
dual-regimen therapy types, bone and peritoneum in-
volvement, surveillance tools including MRI and CT, and
metastatic tumors (Table 2).
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(A)

Study Events Total Proportion 95%-Cl
Azizi F (1979) 4 6 — 0.67 [0.22; 0.96]
Hannigan E (1983) 4 14 —R— 0.29 [0.08;0.58]
Omura G (1983) 1 28— 0.04 [0.00;0.18]
Thigpen J (1985) 1T 11— 0.09 [0.00; 0.41]
Thigpen J (1986) 1 19— 0.05 [0.00; 0.26]
Hawkins R (1990) 1 10— 0.10 [0.00; 0.45]
Hawkins R (1990) 1 s 1l —— 0.12 [0.00; 0.53]
Thigpen J (1991) 1 33— 0.03 [0.00; 0.16]
Sutton G (1992) 6 35 —— 0.17 [0.07;0.34]
Currie J (1996) 7 38 —M— 0.18 [0.08; 0.34]
Resnik E (1996) 2 7 — R 0.29 [0.04;0.71]
Sutton G (1996) 10 33 —— 0.30 [0.16; 0.49]
Rose P (1998) 2 29— 0.07 [0.01;0.23]
Sutton G (1999) 3 33 — 0.09 [0.02;0.24]
Miller D (2000) 1 30— 0.03 [0.00; 0.15]
Edmonson J (2002) 8 35 —— 0.23 [0.10; 0.40]
Hensley M (2002) 17 30 —— 0.57 [0.37;0.75]
Pearl M (2002) 2 5 ————— 0.40 [0.05; 0.85]
Smith H (2002) 1 23— 0.04 [0.00; 0.22]
Gallup D (2003) 4 48 0.08 [0.02; 0.20]
Anderson S (2005) 2 12— 0.17 [0.02; 0.48]
Boyar M (2005) 11— 0.09 [0.00; 0.41]
D Adamo D (2005) 2 7 —R—— 0.29 [0.04;0.71]
Long lll H (2005) 5 16 —— 0.31 [0.11;0.59]
Long lll H (2005) 9 42 —— 0.21 [0.10;0.37]
Sutton G (2005) 5 30 —W— 0.17 [0.06; 0.35]
Hensley M (2008) 13 45 —— 0.29 [0.16; 0.44]
Hensley M (2008) 15 39 —— 0.38 [0.23;0.55]
Hensley M (2009) 2 23— 0.09 [0.01;0.28]
Maki R (2009) 1 37— 0.03 [0.00; 0.14]
Sleijfer S (2009) 1 34— 0.03 [0.00;0.15]
Judson | (2010) 1 6 M 0.18 [0.09; 0.30]
Sanfilippo R (2011) 1 66 —M— 0.17 [0.09; 0.28]
Monk B (2012) 2 20— 0.10 [0.01;0.32]
Pautier P (2012) 5 219 ——— 0.24 [0.08;0.47]
Pautier P (2012) 4 21 —— 0.19 [0.05;0.42]
Yoo H (2012) 1 8 — 11— 0.12 [0.00; 0.53]
Hadoux J (2014) 16 33 —— 0.48 [0.31;0.66]
Takano T (2014) 3 10 —&— 0.30 [0.07;0.65]
Yamagami W (2014) 3 6 - 0.50 [0.12;0.88]
Pautier P (2015) 28 47 —— 0.60 [0.44;0.74]
Seddon B (2015) 8 24 —— 0.33 [0.16; 0.55]
Benson C (2016) 5 44 W— 0.11 [0.04; 0.25]
Gelderblom H (2017) 1 24— 0.04 [0.00;0.21]
Hensley M (2017) 7 88 W 0.08 [0.03;0.16]
Hensley M (2017) 17 143 & 0.12 [0.07;0.18]
Gadducci A (2018) 11 38 —— 0.29 [0.15; 0.46]
Kim H (2018) 9 27 —— 0.33 [0.17; 0.54]
Gadducci A (2018) 27 115 i 0.23 [0.16;0.32]
Sunar V (2019) 4 28 —— 0.14 [0.04;0.33]
Random effects model 1602 > 0.17 [0.13; 0.22]

| I B B
02 04 06 08

Heterogeneity: /1% = 69%, 1% = 0.7031, p < 0.01

(B)
Study Events Total Proportion 95%-Cl
Azizi F (1979) 6 6 —A 1.00 [0.54; 1.00]
Omura G (1983) 12 28 —a— 0.43 [0.24;0.63]
Thigpen J (1985) 2 11— 0.18 [0.02;0.52]
Thigpen J (1986) 8 19 —a— 0.42 [0.20;0.67]
Hawkins R (1990) 1 0-————— 0.10 [0.00; 0.45]
Hawkins R (1990) 3 8 ——— 0.38 [0.09;0.76]
Muss H (1990) 2 12 ———— 0.17 [0.02; 0.48]
Thigpen J (1991) 19 33 —— 0.58 [0.39;0.75]
Sutton G (1992) 16 35 —— 0.46 [0.29;0.63]
Currie J (1996) 27 38 —— 0.71 [0.54;0.85]
Resnik E (1996) 7 7 —A 1.00 [0.59; 1.00]
Sutton G (1996) 27 33 —— 0.82 [0.65;0.93]
Thigpen T (1996) 13 28 —— 0.46 [0.28;0.66]
Sutton G (1999) 1 33 —— 0.33 [0.18;0.52]
Miller D (2000) 16 36 —— 0.44 [0.28;0.62]
Edmonson J (2002) 22 35 —— 0.63 [0.45;0.79]
Hensley M (2002) 23 30 —— 0.77 [0.58;0.90]
Pearl M (2002) 3 5 o, 0.60 [0.15;0.95]
Smith H (2002) 12 23 —— 0.52 [0.31;0.73]
Gallup D (2003) 15 48 —— 0.31 [0.19; 0.46]
Look K (2004) 16 42 —— 0.38 [0.24;0.54]
Anderson S (2005) 5 12 — 0.42 [0.15;0.72]
Boyar M (2005) 4 11 —R— 0.36 [0.11;0.69]
D Adamo D (2005) 6 7 — 0.86 [0.42;1.00]
Long Ill H (2005) 15 16 — 0.94 [0.70; 1.00]
Sutton G (2005) 15 30 —— 0.50 [0.31;0.69]
Hensley M (2008) 37 45 —— 0.82 [0.68;0.92]
Hensley M (2008) 26 39 —— 0.67 [0.50;0.81]
Hensley M (2009) 9 23 —— 0.39 [0.20;0.61]
Maki R (2009) 19 37 —— 0.51 [0.34;0.68]
Judson | (2010) 31 62 —— 0.50 [0.37;0.63]
Sanfilippo R (2011) 34 66 —— 0.52 [0.39;0.64]
Mackay H (2012) 15 37 —— 0.41 [0.25;0.58]
Monk B (2012) 12 20 — 0.60 [0.36;0.81]
Pautier P (2012) 15 21 —— 0.71 [0.48;0.89]
Pautier P (2012) 13 21 — 0.62 [0.38;0.82]
Yoo H (2012) 2 8 ——— 0.25 [0.03;0.65]
Duska L (2014) 4 21 ——— 0.19 [0.05;0.42]
Hadoux J (2014) 24 33 —— 0.73 [0.54;0.87]
Takano T (2014) 7 10 — 0.70 [0.35;0.93]
Yamagami W (2014) 5 6 — i 0.83 [0.36; 1.00]
Pautier P (2015) 41 47 —i- 0.87 [0.74;0.95]
Seddon B (2015) 15 24 — 0.62 [0.41;0.81]
Benson C (2016) 30 44 —— 0.68 [0.52;0.81]
Gelderblom H (2017) 4 24 —— 0.17 [0.05;0.37]
Hensley M (2017) 33 88 —— 0.38 [0.27;0.48]
Hensley M (2017) 61 143 - 0.43 [0.34;0.51]
Hyman D (2017) 8 21 —— 0.38 [0.18;0.62]
Gadducci A (2018) 26 38 —— 0.68 [0.51;0.82]
Gadducci A (2018) 70 115 —— 0.61 [0.51;0.70]
Kim H (2018) 18 27 —— 0.67 [0.46;0.83]
Sunar V (2019) 21 28 —— 0.75 [0.55;0.89]
Random effects model 1644 - 0.55 [0.49; 0.61]
N B I

Heterogeneity: /> = 70%, 1> = 0.6107, p < 0.01
02 04 06 08 1

FIGURE 2 Forest plots of the objective response rates (ORRs) and disease control rates (DCRs). (A). Overall pooled ORR of the 45
studies indicated high heterogeneity for the ORR of advanced uterine leiomyosarcoma patients. (B) Overall pooled DCR of 48 studies of
advanced uterine leiomyosarcoma (uULMS). Heterogeneity is the variability between the study-specific effects that a random variation cannot

explain. CI, confidence interval.

3.4 | Meta-regression analysis outcomes
3.4.1 | Effects of clinicopathologic factors
on the overall response rate

The meta-regression analysis showed an association
between OS, previous NACT, or local radiotherapy among
uLMS patients with earlier FIGO stages (Figure 3A,C,E).
These results suggest that OS, a history of NACT, and local
radiotherapy significantly influence the ORR of therapies
for patients with advanced uLMS (p<0.001) (Table 3).
According to the results of the meta-regression analysis,
more of the included patients in the present trial had a
history of radiation and systemic therapy for their early-
stage disease. The current treatment for advanced-stage
disease positively impacted the ORR (p <0.05). However,
an increased ORR was associated with improved OS.

Moreover, we did not find a significant correlation
between the ORR and the article publication year and
median patient age (p> 0.05) (Figure S5A,B).

3.4.2 | Effects of clinicopathologic factors
on the disease control rate

The meta-regression analysis of the DCR demonstrated
the favorable prognostic values of OS, NACT, and local
radiotherapy in terms of the outcomes of patients with
advanced uLMS (Figure 3 and Table 3). This finding
indicated the significant impact of OS (Figure 3B),
history of NACT (Figure 3D), and previous radiotherapy
(Figure 3F) on the DCR of patients with uLMS (p <0.01).
However, an increase in the OS was associated with
a better DCR. Additionally, the publication year and
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fOpon Acces:)
A ; ; ; B . : .
(R) Regression of Median OS on Logit event rate (B) Regression of Median OS on Logit event rate
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©) (D)
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TABLE 3 Results of the meta-

regression analysis of the included studies. Parameters CR:EE;;S::: ;;v;r:r E 11:1 Ii):r i

ORR Median age 0.00 —0.04 0.04 0.90
Median OS 0.05 0.04 0.07 <0.001
Year of publication 0.01 —0.00 0.02 0.14
Previous systemic therapy —0.00 —0.01 —0.00 <0.001
Previous radiation therapy —0.01 —0.02 —0.00 <0.001

DCR Median age 0.01 —0.02 0.04 0.53
Median OS 0.04 0.03 0.06 <0.001
Year of publication 0.01 —0.00 0.02 0.052
Previous systemic therapy —0.00 —0.00 —0.002 <0.001
Previous radiation therapy —0.00 —0.01 —0.00 0.003

Abbreviations: DCR, disease control rate; ORR, overall response rate; OS, overall survival;
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median patient age did not improve the prognostic value
of the DCR (p> 0.05) (Figures S5C,D).

3.5 | Publication bias

Diffusion bias was evaluated to determine the conse-
quences of the DCR and ORR omission bias and to es-
timate the number of missing studies (Figure S6). Based
on the regression results, diffusion was not significant
to the DCR outcome (t=0.77; p=0.44) (Figure S6A),
and the omission bias of the ORR outcome was statis-
tically significant (¢=3.31; p=0.001) (Figure S6B). To
modify the effect of missed studies using the trim-and-
fill method, adjusted ORR estimates were used (Figure
S6C). Consequently, 13 studies were estimated as miss-
ing. Additionally, the adjusted ORR value was 26.45 (95%
CI: 24.16-28.87).

4 | DISCUSSION

We present the first comprehensive meta-analysis and
meta-regression analysis to compare the impact of sys-
temic therapeutic approaches on advanced, metastatic,
and relapsing uLMS. Our results showed a significantly
improved ORR across studies for dual-regimen chemo-
therapy (anthracycline plus alkylating therapy) when
used as first-line therapy. Our findings suggested that
dual-therapy regimens (anthracycline plus alkylating
or antimetabolite therapy plus taxane) and PKIs for pa-
tients with late-stage FIGO III-IVb disease significantly
increased the DCR. Furthermore, among the disease-
measuring tools, CT, and MRI are beneficial.

NACT after surgery is emerging as an alternative
treatment strategy for advanced uLMS. A recent system-
atic review showed a significant logistic regression cor-
relation coefficient between a history of NACT and an
improved prognosis for advanced uLMS.* The finding of
a phase II clinical trial suggested the use of oral gefitinib
as first-line treatment for recurrent uLMS with pooled
progression-free survival (PFS). Randomized controlled
trials reported the benefits of localized chemoradiother-
apy as second-line therapy for patients with advanced
uLMS. NACT combined with radiotherapy can predict
optimal secondary cytoreduction. Furthermore, a re-
duced overall risk of uLMS relapse with distant metasta-
sis was observed with NACT and previous radiotherapy
(p<0.001). This finding suggests that patients who re-
ceive chemoradiotherapy for local spread during earlier
stages of disease experience significant improvement
with later treatment when disease relapses with metas-
tasis to distant organs.

Alkylating agents, such as doxorubicin and rituximab,
have potential efficacy for uLMS when used as mono-
therapy or combination therapy.**® Doxorubicin is a
commonly used anthracycline drug that has an accept-
able ORR or PFS when used as combination therapy for
uLMS.% Recently, a large retrospective study showed
that the combination of doxorubicin and dacarbazine as
first-line chemotherapy for advanced uLMS was more
effective than anthracycline alone.®*®” Our study also
demonstrated that anthracycline plus alkylating chemo-
therapy as first-line treatment can be used effectively for
patients with late FIGO stages of uLMS.® Trabectedin,
which is an alkylating agent, has also shown some efficacy
when used with Adriamycin as first-line chemotherapy for
advanced uLMS.***® Nevertheless, prospective studies are
required to assess the efficacy of adding alkylating agents
to anthracycline-based chemotherapy.

Gemcitabine is a common antimetabolite agent that
is used as second-line therapy for advanced solid tumors;
it is more commonly used as combination therapy with
docetaxel than alone.* Phase 111, randomized, controlled
trials showed the efficacy of gemcitabine-docetaxel as
first-line treatment for advanced uLMS.* Among the
aromatase inhibitors, letrozole was the only treatment
that showed significant ORR values during a single-arm,
phase II, clinical trial.®® However, second-line chemother-
apy with other aromatase inhibitors, such as alisertib,*
nivolumab,’ and sunitinib,** did not have significant ef-
fects on the PFS and DCR of advanced uLMS.

PKIs, as second-line monotherapies, are also effec-
tive for the treatment of advanced uLMS. Recent stud-
ies showed that second-line therapy with temozolomide
plus thalidomide and that with Adriamycin plus bleo-
mycin do not have statistical efficacy for the treatment of
early-stage uLMS. However, other studies observed the
significant prognostic value of Adriamycin plus bleomy-
cin for the treatment of metastatic uLMS.*”** Systemic
therapy with anthracycline plus alkylating agents com-
bined with either vinca alkaloid or the topoisomerase
inhibitor had some prognostic benefits, but further trials
are required to statistically establish the benefit of this
combination therapy for patients with uLMS.'*!*?%2
Moreover, it is well-accepted that aflibercept and ixabep-
ilone monotherapies are effective second-line therapies
for advanced uLMS.*”>* More recently, an investigation
of the BRCA1/2 gene mutation in uLMS revealed BRCA2
mutations; therefore, PARP inhibitors are undergoing
testing and have shown some efficacy.”””’* However,
further clinical studies are necessary until the desired
responses are achieved.

The pooled PFS was considered a standard endpoint
index for measuring the efficiency of combination therapy
during randomized controlled trials. Currently, the lack of
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standard response evaluation criteria for early-phase trials
is the main reason for this discrepancy. However, we made
an effort to evaluate the outcomes of patients who received
various systemic treatment regimens based on RECIST.
We studied reports of 1664 patients with uLMS that in-
cluded the ORR and DCR as eligible primary endpoints.
Our data showed that the ORR and DCR as endpoints
were more reliable because of their availability in the in-
cluded studies. Therefore, during a single-arm, phase II
trial that evaluated the effectiveness of molecular-targeted
therapy, these can be considered a reliable predictor, but it
is possible that the long-lasting lesion maintenance effects
of drugs cannot be detected by non-metric endpoint in-
dexes.” Additionally, during a single-arm, phase II trial, it
is crucial to set the primary endpoint to assess a significant
response.

The meta-analysis and meta-regression analysis are
complementary methods that are often used together in
research studies to evaluate the efficacy and safety of dif-
ferent treatment regimens. A meta-analysis provides a
quantitative synthesis of the results of multiple studies,
which can help to identify the overall effect size of the
intervention and heterogeneity among studies. In con-
trast, a meta-regression analysis allows the assessment of
the influence of study-specific variables on the treatment
effect, such as patient demographics or study design. By
combining these two methods, it is possible to obtain a
more comprehensive understanding of the factors that
influence the treatment response of patients with uLMS
and provide more reliable evidence-based recommenda-
tions for clinical practice. Moreover, the use of a meta-
regression analysis can help to identify potential sources
of bias and confounding factors that may affect the study
results, which can be used to improve the design and re-
porting of future studies in this field. Therefore, the use of
both a meta-analysis and meta-regression analysis is es-
sential to draw more accurate conclusions from the avail-
able evidence and guiding the development of effective
treatment strategies for patients with uLMS. Our findings
showed that CT and MRI are beneficial monitoring op-
tions for evaluating treatment. Retrospective studies have
confirmed the prognostic relevance of positron emission
tomography/CT imaging for staging, restaging, monitor-
ing the response to therapy, and surveillance of patients
with uLMS.”* However, because of the small number of
studies that have used positron emission tomography/CT,
we could not confirm this premise. Conversely, our anal-
ysis showed that CT has high diagnostic accuracy and is
the most accurate method for monitoring the response to
therapy by patients with advanced uLMS.

To our best knowledge, this is the first systematic
study to address advanced or metastatic unresectable
ulLMS using a large patient database. We believe that our
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observations provide a basis for designing efficient thera-
peutic strategies and direct clinical practices to improve
the outcomes of patients with advanced, metastatic, and
relapsing uLMS.” In addition to the urgent clinical need
for the development of new drug therapies, especially for
patients with a history of chemotherapy (two or more
lines), there is also a need for clinical trials based on phar-
macogenomics and biomarker-based patient selection.
Some limitations of the present investigation should
be addressed. First, we only searched for works written in
English. Second, many studies did not provide sufficient
detailed information to calculate the adjusted estimates;
therefore, our results were based on unadjusted estimates.
The efficiency of postoperative therapy for uLMS remains
controversial." We propose that future research should
explore further factors that significantly impact the out-
comes of disease and study treatment responses on a
larger scale. Undoubtedly, international platforms should
establish clinical trials, thus replacing single-institution
studies, to set an open standard. Future research should
also further unravel which factors contribute to hetero-
geneity across studies. Third, the included clinical trials
had a single-arm nature, which hampers the distinction
between the effect of the treatment and the impact of the
medical history. Therefore, it is possible that the study
did not include all the potential confounding factors even
though we performed subgroup analyses to control for
several possible confounders. The ORR and DCR should
be interpreted with a frame of reference for comparison in
this specific setting. The main goal of a clinical trial is to
provide evidence of the improved quality of life through a
better response to a particular therapeutic approach.

5 | CONCLUSIONS

In conclusion, first-line monotherapy with anthracy-
cline and dual therapy with anthracycline plus alkylating
agents and second-line monotherapy with PKIs and an-
timetabolites and a dual regimen of antimetabolites plus
taxane appear to be effective treatments for advanced-
stage uLMS with distant metastases. Additionally, NACT
and localized radiotherapy are positively associated with
an improved prognosis for relapsed uLMS. Large, prospec-
tive, randomized, multi-institutional trials are required
to achieve a better understanding of the value of various
treatments.

AUTHOR CONTRIBUTIONS

Igra Ijaz: Conceptualization (lead); data curation (lead);
formal analysis (lead); funding acquisition (equal); meth-
odology (lead); project administration (supporting); writ-
ing - review and editing (lead). Muhammad Naveed



MWI LEY_Cancer Medicine

IJAZ ET AL.

Shahzad: Conceptualization (equal); data curation
(equal); methodology (equal); writing — review and editing
(equal). Hossein Hosseinifard: Formal analysis (equal);
software (equal); validation (equal). Shuya Liu: Formal
analysis (equal); resources (equal); validation (equal);
writing — review and editing (equal). Masoud Ostadi
Sefidan: Formal analysis (equal); software (equal);
validation (equal); writing — review and editing (equal).
Lubna Ejaz Kahloon: Conceptualization (equal); data
curation (equal); methodology (equal); writing — review
and editing (equal). Saber Imani: Formal analysis (sup-
porting); software (equal); validation (equal); visualiza-
tion (equal); writing — review and editing (equal). Zhong
Hua: Funding acquisition (equal); project administration
(equal); supervision (equal); visualization (equal); writ-
ing - original draft (equal); writing — review and editing
(equal). Qin Zhang Yu: Project administration (equal);
resources (equal); supervision (equal); visualization
(equal); writing - original draft (equal); writing - review
and editing (equal).

ACKNOWLEDGMENTS
None.

CONFLICT OF INTEREST STATEMENT
All authors declare no conflicts of interest.

DATA AVAILABILITY STATEMENT

The original contributions presented in the study are in-
cluded in the article/supplementary material; further in-
quiries can be directed to the corresponding authors.

FUNDING STATEMENT

This work was supported by a grant from the university-
level online education and teaching reform of Southwest
Medical University, Luzhou City, China (grant number
2020XSJG-C02-18) and a grant from the special research
project of the Health Commission of Luzhou City (HCLC),
Sichuan Province, China.

ETHICS STATEMENTS

This meta-analysis was approved by an independent eth-
ics committee/institutional review board of the Sichuan
Provincial Center for Gynecological and Breast Diseases
at Southwest Medical University.

ORCID

Igra Ijaz © https://orcid.org/0000-0002-8010-3143
Muhammad Naveed Shahzad © https://orcid.
org/0000-0003-4153-6410

Shuya Liu @ https://orcid.org/0000-0003-4904-7849
Saber Imani © https://orcid.org/0000-0003-1308-8403
Zhong Hua ‘© https://orcid.org/0000-0002-8818-0610

REFERENCES

1. Kostov S, Kornovski Y, Ivanova V, et al. New aspects of sarco-
mas of uterine corpus—a brief narrative review. Clin Pract.
2021;11(4):878-900. doi:10.3390/clinpract11040103

2. Casali PG, Abecassis N, Bauer S, et al. Soft tissue and visceral
sarcomas: ESMO-EURACAN clinical practice guidelines for
diagnosis, treatment, and follow-up. Ann Oncol. 2018;29:iv51-
iv67. doi:10.1093/annonc/mdy096

3. Stewart E, Cookson C, Gandolfo R, Schulze-Rath R.
Epidemiology of uterine fibroids: a systematic review. BJOG
Int J Obstet Gynaecol. 2017;124(10):1501-1512. doi:10.1111/147
1-0528.14640

4. Cui R, Wright J, Hou J. Uterine leiomyosarcoma: a review of
recent advances in molecular biology, clinical management and
outcome. BJOG Int J Obstet Gynaecol. 2017;124(7):1028-1037.
doi:10.1111/1471-0528.14579

5. Koh WJ, Abu-Rustum NR, Bean S, et al. Uterine neoplasms,
version 1.2018, NCCN Clinical Practice Guidelines in Oncology.
J Natl Compr Canc Netw. 2018;16(2):170-199. doi:10.6004/
jneen.2018.0006

6. Tap WD, Wagner AJ, Schoffski P, et al. Effect of doxorubicin plus
olaratumab vs doxorubicin plus placebo on survival in patients
with advanced soft tissue sarcomas. JAMA. 2020;323(13):1266-
1276. d0i:10.1001/jama.2020.1707

7. Arend RC, Toboni MD, Montgomery AM, et al. Systemic treat-
ment of metastatic/recurrent uterine leiomyosarcoma: a chang-
ing paradigm. Oncologist. 2018;23(12):1533-1545. doi:10.1634/
theoncologist.2018-0095

8. Wang YJ, Williams HR, Brzezinska BN, et al. Use of pembroli-
zumab in MSI-high uterine leiomyosarcoma; a case report and
review of the literature. Gynecol Oncol Rep. 2021;35:100701.
doi:10.1016/j.gore.2021.100701

9. Richardson WS, Wilson MC, Nishikawa J, Hayward RS. The
well-built clinical question: a key to evidence-based decisions.
ACP J Club. 1995;123(3):A12-A13. http://www.ncbi.nlm.nih.
gov/pubmed/7582737

10. Eisenhauer EA, Therasse P, Bogaerts J, et al. New response
evaluation criteria in solid tumours: revised RECIST guideline
(version 1.1). Eur J Cancer. 2009;45(2):228-247. doi:10.1016/j.
€jca.2008.10.026

11. Stang A. Critical evaluation of the Newecastle-Ottawa scale
for the assessment of the quality of nonrandomized stud-
ies in meta-analyses. Eur J Epidemiol. 2010;25(9):603-605.
doi:10.1007/s10654-010-9491-z

12. Whiting PF, Rutjes AWS, Westwood ME, et al. QUADAS-2:
a revised tool for the quality assessment of diagnostic ac-
curacy studies. Ann Intern Med. 2011;155(8):529-536.
doi:10.7326/0003-4819-155-8-201110180-00009

13. Azizi F, Bitran J, Javehari G, Herbst AL. Remission of uterine
leiomyosarcomas treated with vincristine, Adriamycin, and
dimethyl-triazeno-imidazole carboximide. Am J Obstet Gynecol.
1979;133(4):379-381. doi:10.1016/0002-9378(79)90055-3

14. Hannigan EV, Freedman RS, Elder KW, Rutledge FN. Treatment
of advanced uterine sarcoma with vincristine, actinomycin D,
and cyclophosphamide. Gynecol Oncol. 1983;15(2):224-229.
doi:10.1016/0090-8258(83)90078-1

15. Omura GA, Major FJ, Blessing JA, et al. A randomized study of
adriamycin with and without dimethyl triazenoimidazole carbox-
amide in advanced uterine sarcomas. Cancer. 1983;52(4):626-632.


https://orcid.org/0000-0002-8010-3143
https://orcid.org/0000-0002-8010-3143
https://orcid.org/0000-0003-4153-6410
https://orcid.org/0000-0003-4153-6410
https://orcid.org/0000-0003-4153-6410
https://orcid.org/0000-0003-4904-7849
https://orcid.org/0000-0003-4904-7849
https://orcid.org/0000-0003-1308-8403
https://orcid.org/0000-0003-1308-8403
https://orcid.org/0000-0002-8818-0610
https://orcid.org/0000-0002-8818-0610
https://doi.org//10.3390/clinpract11040103
https://doi.org//10.1093/annonc/mdy096
https://doi.org//10.1111/1471-0528.14640
https://doi.org//10.1111/1471-0528.14640
https://doi.org//10.1111/1471-0528.14579
https://doi.org//10.6004/jnccn.2018.0006
https://doi.org//10.6004/jnccn.2018.0006
https://doi.org//10.1001/jama.2020.1707
https://doi.org//10.1634/theoncologist.2018-0095
https://doi.org//10.1634/theoncologist.2018-0095
https://doi.org//10.1016/j.gore.2021.100701
http://www.ncbi.nlm.nih.gov/pubmed/7582737
http://www.ncbi.nlm.nih.gov/pubmed/7582737
https://doi.org//10.1016/j.ejca.2008.10.026
https://doi.org//10.1016/j.ejca.2008.10.026
https://doi.org//10.1007/s10654-010-9491-z
https://doi.org//10.7326/0003-4819-155-8-201110180-00009
https://doi.org//10.1016/0002-9378(79)90055-3
https://doi.org//10.1016/0090-8258(83)90078-1

IJAZ ET AL.

.. 13909
Cancer Medicine _ “WI LEYJ—

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

doi:10.1002/1097-0142(19830815)52:4<626::aid-cncr282052
0409>3.0.co;2-e

Thigpen JT, BlessingJA, Homesley HD, Hacker N, Curry SL. Phase
II trial of piperazinedione in patients with advanced or recurrent
uterine sarcoma. A Gynecologic Oncology Group Study. Am J Clin
Oncol.1985;8(5):350-352. doi:10.1097/00000421-198510000-00002
Thigpen JT, Blessing JA, Wilbanks GD. Cisplatin as second-
line chemotherapy in the treatment of advanced or recur-
rent leiomyosarcoma of the uterus. A phase II trial of the
Gynecologic Oncology Group. Am J Clin Oncol. 1986;9(1):18-
20. doi:10.1097/00000421-198602000-00005

Hawkins RE, Wiltshaw E, Mansi JL. Ifosfamide with and with-
out adriamycin in advanced uterine leiomyosarcoma. Cancer
Chemother Pharmacol. 1990;26(Suppl):S26-S29. doi:10.1007/
BF00685412

Muss HB, Bundy BN, Adcock L, Beecham J. Mitoxantrone in the
treatment of advanced uterine sarcoma. A phase II trial of the
Gynecologic Oncology Group. Am J Clin Oncol. 1990;13(1):32-
34. d0i:10.1097/00000421-199002000-00009

Thigpen JT, Blessing JA, Beecham J, Homesley H, Yordan E.
Phase II trial of cisplatin as first-line chemotherapy in patients
with advanced or recurrent uterine sarcomas: a gynecologic
oncology group study. J Clin Oncol. 1991;9(11):1962-1966.
doi:10.1200/JC0.1991.9.11.1962

Sutton GP, Blessing JA, Barrett RJ, McGehee R. Phase II trial
of ifosfamide and mesna in leiomyosarcoma of the uterus: a
Gynecologic Oncology Group Study. Am J Obstet Gynecol.
1992;166(2):556-559. d0i:10.1016/0002-9378(92)91671-v

Currie J, Blessing JA, Muss HB, Fowler J, Berman M, Burke
TW. Combination chemotherapy with hydroxyurea, dacarba-
zine (DTIC), and etoposide in the treatment of uterine leiomyo-
sarcoma: a Gynecologic Oncology Group Study. Gynecol Oncol.
1996;61(1):27-30. doi:10.1006/gyno0.1996.0091

Thigpen T, Blessing JA, Yordan E, Valea F, Vaccarello L.
Phase II trial of etoposide in leiomyosarcoma of the uterus:
a Gynecologic Oncology Group Study. Gynecol
1996;63(1):120-122. doi:10.1006/gyno.1996.0289
Sutton G, Blessing JA, Malfetano JH. Ifosfamide and doxoru-
bicin in the treatment of advanced leiomyosarcomas of the
uterus: a Gynecologic Oncology Group Study. Gynecol Oncol.
1996;62(2):226-229. doi:10.1006/gyno0.1996.0220

Resnik E, Chambers SK, Carcangiu ML, Kohorn EI, Schwartz
PE, Chambers IT. Malignant uterine smooth muscle tumors:
role of etoposide, cisplatin, and doxorubicin (EPA) che-
motherapy. J Surg Oncol. 1996;63(3):145-147. doi:10.1002/
(SICI)1096-9098(199611)63:3<145::AID-JSO3>3.0.CO;2-D
Rose PG, Blessing JA, Soper JT, Barter JF. Prolonged oral
etoposide in recurrent or advanced leiomyosarcoma of the
uterus: a gynecologic oncology group study. Gynecol Oncol.
1998;70(2):267-271. doi:10.1006/gyno.1998.5080

Sutton G, Blessing JA, Ball H. Phase II trial of paclitaxel in leio-
myosarcoma of the uterus: a gynecologic oncology group study.
Gynecol Oncol. 1999;74(3):346-349. doi:10.1006/gyno.1999.5463
Miller DS, Blessing JA, Kilgore LC, Mannel R, Van Le L.
Phase II trial of topotecan in patients with advanced, per-
sistent, or recurrent uterine leiomyosarcomas: a gynecologic
oncology group study. Am J Clin Oncol. 2000;23(4):355-357.
doi:10.1097/00000421-200008000-00009

Smith HO, Blessing JA, Vaccarello L. Trimetrexate in the treat-
ment of recurrent or advanced leiomyosarcoma of the uterus:

Oncol.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

a phase II study of the Gynecologic Oncology Group. Gynecol
Oncol. 2002;84(1):140-144. doi:10.1006/gyno.2001.6482

Pearl ML, Inagami M, McCauley DL, Valea FA, ChalasE, Fischer
M. Mesna, doxorubicin, ifosfamide, and dacarbazine (MAID)
chemotherapy for gynecological sarcomas. Int J Gynecol Cancer.
2002;12(6):745-748. doi:10.1046/j.1525-1438.2002.01139.x
Edmonson JH, Blessing JA, Cosin JA, Miller DS, Cohn DE,
Rotmensch J. Phase II study of mitomycin, doxorubicin, and
cisplatin in the treatment of advanced uterine leiomyosar-
coma: a Gynecologic Oncology Group Study. Gynecol Oncol.
2002;85(3):507-510. doi:10.1006/gyno.2002.6661

Hensley ML, Maki R, Venkatraman E, et al. Gemcitabine and
docetaxel in patients with unresectable leiomyosarcoma: re-
sults of a phase II trial. J Clin Oncol. 2002;20(12):2824-2831.
doi:10.1200/JC0.2002.11.050

Gallup DG, Blessing JA, Andersen W, Morgan MA. Gynecologic
Oncology Group Study. Evaluation of paclitaxel in previously
treated leiomyosarcoma of the uterus: a gynecologic oncology
group study. Gynecol Oncol. 2003;89(1):48-51. doi:10.1016/
s0090-8258(02)00136-1

Sutton G, Blessing J, Hanjani P, Kramer P, Gynecologic
Oncology Group. Phase II evaluation of liposomal doxorubi-
cin (Doxil) in recurrent or advanced leiomyosarcoma of the
uterus: a Gynecologic Oncology Group Study. Gynecol Oncol.
2005;96(3):749-752. d0i:10.1016/j.ygyno.2004.11.036

Long HJ, Blessing JA, Sorosky J. Phase II trial of dacarbazine, mi-
tomycin, doxorubicin, and cisplatin with sargramostim in uterine
leiomyosarcoma: a Gynecologic Oncology Group Study. Gynecol
Oncol. 2005;99(2):339-342. doi:10.1016/j.ygyno.2005.06.002
D'Adamo DR, Anderson SE, Albritton K, et al. Phase II study
of doxorubicin and bevacizumab for patients with metastatic
soft-tissue sarcomas. J Clin Oncol. 2005;23(28):7135-7142.
doi:10.1200/JC0.2005.16.139

Boyar MS, Hesdorffer M, Keohan ML, Jin Z, Taub RN.
Phase II study of temozolomide and thalidomide in patients
with unresectable or metastatic leiomyosarcoma. Sarcoma.
2008;2008:412503. d0i:10.1155/2008/412503

Anderson S, Aghajanian C. Temozolomide in uterine leiomyo-
sarcomas. Gynecol Oncol. 2005;98(1):99-103. doi:10.1016/j.
ygyno.2005.03.018

Hensley ML, Blessing JA, Degeest K, Abulafia O, Rose PG,
Homesley HD. Fixed-dose rate gemcitabine plus docetaxel as
second-line therapy for metastatic uterine leiomyosarcoma: a
Gynecologic Oncology Group phase II Study. Gynecol Oncol.
2008;109(3):323-328. doi:10.1016/j.ygyno.2008.02.024

Hensley ML, Blessing JA, Mannel R, Rose PG. Fixed-dose rate
gemcitabine plus docetaxel as first-line therapy for metastatic
uterine leiomyosarcoma: a Gynecologic Oncology Group phase
II trial. Gynecol Oncol. 2008;109(3):329-334. doi:10.1016/j.
ygyno.2008.03.010

Hensley ML, Sill MW, Scribner DR, et al. Sunitinib malate in
the treatment of recurrent or persistent uterine leiomyosar-
coma: a Gynecologic Oncology Group phase II Study. Gynecol
Oncol. 2009;115(3):460-465. doi:10.1016/j.ygyno.2009.09.011
Maki RG, D'Adamo DR, Keohan ML, et al. Phase II study
of sorafenib in patients with metastatic or recurrent sar-
comas. J Clin Oncol. 2009;27(19):3133-3140. do0i:10.1200/
JCO0.2008.20.4495

Sleijfer S, Ray-Coquard I, Papai Z, et al. Pazopanib, a mul-
tikinase angiogenesis inhibitor, in patients with relapsed


https://doi.org//10.1002/1097-­0142(19830815)52:4<626::aid-cncr2820520409>3.0.co;2-e
https://doi.org//10.1002/1097-­0142(19830815)52:4<626::aid-cncr2820520409>3.0.co;2-e
https://doi.org//10.1097/00000421-198510000-00002
https://doi.org//10.1097/00000421-198602000-00005
https://doi.org//10.1007/BF00685412
https://doi.org//10.1007/BF00685412
https://doi.org//10.1097/00000421-199002000-00009
https://doi.org//10.1200/JCO.1991.9.11.1962
https://doi.org//10.1016/0002-9378(92)91671-v
https://doi.org//10.1006/gyno.1996.0091
https://doi.org//10.1006/gyno.1996.0289
https://doi.org//10.1006/gyno.1996.0220
https://doi.org//10.1002/(SICI)1096-9098(199611)63:3<145::AID-JSO3>3.0.CO;2-D
https://doi.org//10.1002/(SICI)1096-9098(199611)63:3<145::AID-JSO3>3.0.CO;2-D
https://doi.org//10.1006/gyno.1998.5080
https://doi.org//10.1006/gyno.1999.5463
https://doi.org//10.1097/00000421-200008000-00009
https://doi.org//10.1006/gyno.2001.6482
https://doi.org//10.1046/j.1525-1438.2002.01139.x
https://doi.org//10.1006/gyno.2002.6661
https://doi.org//10.1200/JCO.2002.11.050
https://doi.org//10.1016/s0090-8258(02)00136-1
https://doi.org//10.1016/s0090-8258(02)00136-1
https://doi.org//10.1016/j.ygyno.2004.11.036
https://doi.org//10.1016/j.ygyno.2005.06.002
https://doi.org//10.1200/JCO.2005.16.139
https://doi.org//10.1155/2008/412503
https://doi.org//10.1016/j.ygyno.2005.03.018
https://doi.org//10.1016/j.ygyno.2005.03.018
https://doi.org//10.1016/j.ygyno.2008.02.024
https://doi.org//10.1016/j.ygyno.2008.03.010
https://doi.org//10.1016/j.ygyno.2008.03.010
https://doi.org//10.1016/j.ygyno.2009.09.011
https://doi.org//10.1200/JCO.2008.20.4495
https://doi.org//10.1200/JCO.2008.20.4495

mll_wl LEY_Cancer Medicine

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

IJAZ ET AL.

or refractory advanced soft tissue sarcoma: a phase II study
from the European Organisation for Research and Treatment
of Cancer-soft tissue and bone sarcoma group (EORTC study
62043). J Clin Oncol. 2009;27(19):3126-3132. doi:10.1200/
JCO0.2008.21.3223

Judson IR, Blay J, Chawla SP, et al. Trabectedin (Tr) in the treat-
ment of advanced uterine leiomyosarcomas (U-LMS): results
of a pooled analysis of five single-agent phase II studies using
the recommended dose. J Clin Oncol. 2010;28(15_suppl):10028.
doi:10.1200/jc0.2010.28.15_suppl.10028

Sanfilippo R, Grosso F, Jones RL, et al. Trabectedin in advanced
uterine leiomyosarcomas: a retrospective case series analysis
from two reference centers. Gynecol Oncol. 2011;123(3):553-
556. d0i:10.1016/j.ygyno.2011.08.016

Monk BJ, Blessing JA, Street DG, Muller CY, Burke JJ, Hensley
ML. A phase II evaluation of trabectedin in the treatment
of advanced, persistent, or recurrent uterine leiomyosar-
coma: a gynecologic oncology group study. Gynecol Oncol.
2012;124(1):48-52. d0i:10.1016/j.ygyno.2011.09.019

Mackay HIJ, Buckanovich RJ, Hirte H, et al. A phase II study
single agent of aflibercept (VEGF trap) in patients with recur-
rent or metastatic gynecologic carcinosarcomas and uterine
leiomyosarcoma. A trial of the Princess Margaret Hospital,
Chicago and California Cancer Phase II Consortia. Gynecol
Oncol. 2012;125(1):136-140. d0i:10.1016/j.ygyno.2011.11.042
Yoo HJ, Lim MC, Lim S, et al. Phase II study of paclitaxel in
combination with carboplatin for patients with recurrent or per-
sistent uterine sarcoma. Arch Gynecol Obstet. 2012;286(6):1529-
1535. doi:10.1007/s00404-012-2466-4

Pautier P, Floquet A, Penel N, et al. Randomized multicenter
and stratified phase II study of gemcitabine alone versus gem-
citabine and docetaxel in patients with metastatic or relapsed
leiomyosarcomas: a Federation Nationale Des Centres De Lutte
Contre Le Cancer (FNCLCC) French Sarcoma Group. Oncologist.
2012;17(9):1213-1220. d0i:10.1634/theoncologist.2011-0467
Takano T, Niikura H, Ito K, et al. Feasibility study of gemcit-
abine plus docetaxel in advanced or recurrent uterine leio-
myosarcoma and undifferentiated endometrial sarcoma in
Japan. Int J Clin Oncol. 2014;19(5):897-905. doi:10.1007/
$10147-013-0627-5

Hadoux J, Rey A, Duvillard P, et al. Multimodal treatment with
doxorubicin, cisplatin, and ifosfamide for the treatment of ad-
vanced or metastatic uterine leiomyosarcoma: a unicentric ex-
perience. IntJ Gynecol Cancer. 2015;25(2):296-302. doi:10.1097/
1GC.0000000000000344

Yamagami W, Susumu N, Ninomiya T, et al. A retrospective
study on combination therapy with ifosfamide, adriamycin and
cisplatin for progressive or recurrent uterine sarcoma. Mol Clin
Oncol. 2014;2(4):591-595. d0i:10.3892/mc0.2014.272

Duska LR, Blessing JA, Rotmensch J, et al. A phase II evalua-
tion of ixabepilone (IND #59699, NSC #710428) in the treat-
ment of recurrent or persistent leiomyosarcoma of the uterus:
an NRG oncology/gynecologic oncology group study. Gynecol
Oncol. 2014;135(1):44-48. d0i:10.1016/j.ygyno.2014.07.101
Pautier P, Floquet A, Chevreau C, et al. Trabectedin in combina-
tion with doxorubicin for first-line treatment of advanced uter-
ine or soft-tissue leiomyosarcoma (LMS-02): a non-randomised,
multicentre, phase 2 trial. Lancet Oncol. 2015;16(4):457-464.
doi:10.1016/S1470-2045(15)70070-7

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

Seddon B, Scurr M, Jones RL, et al. A phase II trial to assess the
activity of gemcitabine and docetaxel as first line chemother-
apy treatment in patients with unresectable leiomyosarcoma.
Clin Sarcoma Res. 2015;5:13. d0i:10.1186/s13569-015-0029-8
Benson C, Ray-Coquard I, Sleijfer S, et al. Outcome of uterine
sarcoma patients treated with pazopanib: a retrospective anal-
ysis based on two European Organisation for Research and
Treatment of Cancer (EORTC) Soft Tissue and Bone Sarcoma
Group (STBSG) clinical trials 62043 and 62072. Gynecol Oncol.
2016;142(1):89-94. d0i:10.1016/j.ygyno.2016.03.024

Hensley ML, Patel SR, von Mehren M, et al. Efficacy and
safety of trabectedin or dacarbazine in patients with advanced
uterine leiomyosarcoma after failure of anthracycline-based
chemotherapy: subgroup analysis of a phase 3, randomized
clinical trial. Gynecol Oncol. 2017;146(3):531-537. doi:10.1016/j.
ygyno.2017.06.018

Gelderblom H, Judson IR, Benson C, et al. Treatment pat-
terns and clinical outcomes with pazopanib in patients with
advanced soft tissue sarcomas in a compassionate use setting:
results of the SPIRE study. Acta Oncol. 2017;56(12):1769-1775.
doi:10.1080/0284186X.2017.1332779

Hyman DM, Sill MW, Lankes HA, et al. A phase 2 study of
alisertib (MLN8237) in recurrent or persistent uterine leio-
myosarcoma: an NRG oncology/Gynecologic Oncology Group
study 0231D. Gynecol Oncol. 2017;144(1):96-100. doi:10.1016/j.
ygyno.2016.10.036

Kim HJ, Kim Y, Lee SJ, Lee J, Park SH. Pazopanib monother-
apy in the treatment of pretreated, metastatic uterine sar-
coma: a single-center retrospective study. J Gynecol Oncol.
2018;29(1):e3. doi:10.3802/jg0.2018.29.e3

Gadducci A, Grosso F, Scambia G, et al. A phase II randomised
(calibrated design) study on the activity of the single-agent
trabectedin in metastatic or locally relapsed uterine leio-
myosarcoma. Br J Cancer. 2018;119(5):565-571. doi:10.1038/
$41416-018-0190-y

Sunar V, Korkmaz V, Akin S, et al. Efficacy of pazopanib in
patients with metastatic uterine sarcoma: a multi-institutional
study. J BUON. 2019;24(6):2327-2332. http://www.ncbi.nlm.
nih.gov/pubmed/31983102

Leslie KK, Sill MW, Fischer E, et al. A phase II evaluation of
gefitinib in the treatment of persistent or recurrent endometrial
cancer: a Gynecologic Oncology Group Study. Gynecol Oncol.
2013;129(3):486-494. doi:10.1016/j.ygyno.2013.02.019

Judson I, Verweij J, Gelderblom H, et al. Doxorubicin alone
versus intensified doxorubicin plus ifosfamide for first-line
treatment of advanced or metastatic soft-tissue sarcoma: a ran-
domised controlled phase 3 trial. Lancet Oncol. 2014;15(4):415-
423. doi:10.1016/S1470-2045(14)70063-4

Zalupski M, Metch B, Balcerzak S, et al. Phase III comparison
of doxorubicin and dacarbazine given by bolus versus infu-
sion in patients with soft-tissue sarcomas: a southwest oncol-
ogy group study. JNCI J Natl Cancer Inst. 1991;83(13):926-932.
doi:10.1093/jnci/83.13.926

Seddon B, Strauss SJ, Whelan J, et al. Gemcitabine and
docetaxel versus doxorubicin as first-line treatment in pre-
viously untreated advanced unresectable or metastatic soft-
tissue sarcomas (GeDDiS): a randomised controlled phase
3 trial. Lancet Oncol. 2017;18(10):1397-1410. doi:10.1016/
S1470-2045(17)30622-8


https://doi.org//10.1200/JCO.2008.21.3223
https://doi.org//10.1200/JCO.2008.21.3223
https://doi.org//10.1200/jco.2010.28.15_suppl.10028
https://doi.org//10.1016/j.ygyno.2011.08.016
https://doi.org//10.1016/j.ygyno.2011.09.019
https://doi.org//10.1016/j.ygyno.2011.11.042
https://doi.org//10.1007/s00404-012-2466-4
https://doi.org//10.1634/theoncologist.2011-0467
https://doi.org//10.1007/s10147-013-0627-5
https://doi.org//10.1007/s10147-013-0627-5
https://doi.org//10.1097/IGC.0000000000000344
https://doi.org//10.1097/IGC.0000000000000344
https://doi.org//10.3892/mco.2014.272
https://doi.org//10.1016/j.ygyno.2014.07.101
https://doi.org//10.1016/S1470-2045(15)70070-7
https://doi.org//10.1186/s13569-015-0029-8
https://doi.org//10.1016/j.ygyno.2016.03.024
https://doi.org//10.1016/j.ygyno.2017.06.018
https://doi.org//10.1016/j.ygyno.2017.06.018
https://doi.org//10.1080/0284186X.2017.1332779
https://doi.org//10.1016/j.ygyno.2016.10.036
https://doi.org//10.1016/j.ygyno.2016.10.036
https://doi.org//10.3802/jgo.2018.29.e3
https://doi.org//10.1038/s41416-018-0190-y
https://doi.org//10.1038/s41416-018-0190-y
http://www.ncbi.nlm.nih.gov/pubmed/31983102
http://www.ncbi.nlm.nih.gov/pubmed/31983102
https://doi.org//10.1016/j.ygyno.2013.02.019
https://doi.org//10.1016/S1470-2045(14)70063-4
https://doi.org//10.1093/jnci/83.13.926
https://doi.org//10.1016/S1470-2045(17)30622-8
https://doi.org//10.1016/S1470-2045(17)30622-8

IJAZ ET AL.

.. 13911
Cancer Medicine _ “WI LEYJ—

67.

68.

69.

70.

71.

72.

73.

D'Ambrosio L, Touati N, Blay JY, et al. Doxorubicin plus dacar-
bazine, doxorubicin plus ifosfamide, or doxorubicin alone as a
first-line treatment for advanced leiomyosarcoma: a propen-
sity score matching analysis from the European Organization
for Research and Treatment of cancer soft tissue and. Cancer.
2020;126(11):2637-2647. do0i:10.1002/cncr.32795

Pautier P, Floquet A, Chevreau C, et al. A single-arm multicentre
phase II trial of doxorubicin in combination with trabectedin
in the first-line treatment for leiomyosarcoma with long-term
follow-up and impact of cytoreductive surgery. ESMO Open.
2021;6(4):100209. doi:10.1016/j.esmo0p.2021.100209

George S, Feng Y, Manola J, et al. Phase 2 trial of aromatase
inhibition with letrozole in patients with uterine leiomyosar-
comas expressing estrogen and/or progesterone receptors.
Cancer. 2014;120(5):738-743. doi:10.1002/cncr.28476

Ben-Ami E, Barysauskas CM, Solomon S, et al. Immunotherapy
with single agent nivolumab for advanced leiomyosarcoma of
the uterus: results of a phase 2 study. Cancer. 2017;123(17):3285-
3290. doi:10.1002/cncr.30738

Rosenbaum E, Jonsson P, Seier K, et al. Clinical outcome of
leiomyosarcomas with somatic alteration in homologous re-
combination pathway genes. JCO Precis Oncol. 2020;4:1350-
1360. doi:10.1200/P0.20.00122

Seligson ND, Kautto EA, Passen EN, et al. BRCA1/2 functional
loss defines a targetable subset in leiomyosarcoma. Oncologist.
2019;24(7):973-979. doi:10.1634/theoncologist.2018-0448

Xing DT, Khor R, Gan H, Wada M, Ermongkonchai T, Ng SP.
Recent research on combination of radiotherapy with targeted
therapy or immunotherapy in head and neck squamous cell
carcinoma: a review for radiation oncologists. Cancers (Basel).
2021;13(22):5716. doi:10.3390/cancers13225716

74.

75.

76.

Albano D, Zizioli V, Treglia G, Odicino F, Giubbini R, Bertagna
F. Role of 18F-FDG PET/CT in restaging and follow-up of pa-
tients with uterine sarcomas. Rev Esp Med Nucl Imagen Mol.
2019;38(1):10-16. d0i:10.1016/j.remn.2018.04.006

Kantidakis G, Litiére S, Neven A, et al. Efficacy thresholds for
clinical trials with advanced or metastatic leiomyosarcoma pa-
tients: a European Organisation for Research and Treatment
of Cancer Soft Tissue and Bone Sarcoma Group meta-analysis
based on a literature review for soft-tissue sarcoma. Eur J
Cancer. 2021;154:253-268. doi:10.1016/j.ejca.2021.06.025

Look KY, Sandler A, Blessing JA, Lucci JA 3rd, Rose PG;
Gynecologic Oncology Group (GOG) Study. Phase II trial of
gemcitabine as second-line chemotherapy of uterine leiomyo-
sarcoma: a Gynecologic Oncology Group (GOG) Study. Gynecol
Oncol. 2004;92(2):644-647. d0i:10.1016/j.ygyno.2003.11.023

SUPPORTING INFORMATION

Additional supporting information can be found online
in the Supporting Information section at the end of this
article.

How to cite this article: I[jaz I, Shahzad MN,
Hosseinifard H, et al. Evaluation of the efficacy of
systemic therapy for advanced uterine
leiomyosarcoma: A systematic review, meta-
analysis, and meta-regression analysis. Cancer Med.
2023;12:13894-13911. doi:10.1002/cam4.5930



https://doi.org//10.1002/cncr.32795
https://doi.org//10.1016/j.esmoop.2021.100209
https://doi.org//10.1002/cncr.28476
https://doi.org//10.1002/cncr.30738
https://doi.org//10.1200/PO.20.00122
https://doi.org//10.1634/theoncologist.2018-0448
https://doi.org//10.3390/cancers13225716
https://doi.org//10.1016/j.remn.2018.04.006
https://doi.org//10.1016/j.ejca.2021.06.025
https://doi.org//10.1016/j.ygyno.2003.11.023
https://doi.org/10.1002/cam4.5930

	Evaluation of the efficacy of systemic therapy for advanced uterine leiomyosarcoma: A systematic review, meta-­analysis, and meta-­regression analysis
	Abstract
	1|INTRODUCTION
	2|MATERIALS AND METHODS
	2.1|Research strategy and study identification
	2.2|Inclusion and exclusion criteria
	2.3|Data collection
	2.4|Quality assessment
	2.5|Meta-­regression analysis
	2.6|Statistical analysis

	3|RESULTS
	3.1|Literature search and characteristics of selected studies
	3.2|Quality assessment
	3.3|Meta-­analysis outcomes
	3.3.1|Overall efficiency of systemic therapy
	3.3.2|Subgroup analyses

	3.4|Meta-­regression analysis outcomes
	3.4.1|Effects of clinicopathologic factors on the overall response rate
	3.4.2|Effects of clinicopathologic factors on the disease control rate

	3.5|Publication bias

	4|DISCUSSION
	5|CONCLUSIONS
	AUTHOR CONTRIBUTIONS
	ACKNOWLEDGMENTS
	CONFLICT OF INTEREST STATEMENT
	DATA AVAILABILITY STATEMENT

	FUNDING STATEMENT
	ETHICS STATEMENTS
	REFERENCES


