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Abstract: Objective: The purpose of this study was to explore the clinical value of metformin combined with proges-
terone in the treatment of early endometrial cancer (EC). Methods: A retrospective study was conducted involving
60 patients with early EC. According to the different treatment regimens, the patients were divided into the mono-
therapy group (n = 29, receiving progesterone monotherapy) and the combined treatment group (n = 31, receiving
metformin combined with progesterone therapy). The clinical efficacy, serum tumor marker levels, body mass index,
incidence of adverse reactions, and prognosis were compared between the two groups. Results: Compared to the
monotherapy group, the combined treatment group had a higher total effective rate (96.77% vs. 72.41%), lower
levels of connective tissue growth factor, angiogenin-2, carbohydrate antigen 125, vascular endothelial growth fac-
tor, carbohydrate antigen 19-9, and matrix metalloproteinase 9, and a lower BMI (between-group effect: F = 24,710,
time effect: F = 135.200, interaction effect: F = 20.490, all P < 0.001). The total incidence of adverse reactions was
lower in the combined treatment group (6.45% vs. 31.03%), and there was no significant difference in the recur-
rence rate between the two groups (x2 = 0.004, P = 0.953). Conclusion: Metformin combined with progesterone
exerts excellent clinical efficacy in the treatment of early EC. It can significantly reduce serum tumor marker levels
and BMI, and decrease the occurrence of adverse reactions.
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Introduction

Endometrial cancer (EC) is a common malig-
nant tumor of the female genital tract, classi-
fied into adenocarcinoma, adenosquamous
carcinoma, clear cell carcinoma, serous papil-
lary adenocarcinoma, and a few other uncom-
mon types. It affects predominantly perimeno-
pausal or postmenopausal women [1, 2]. EC is
often associated with insulin resistance, obe-
sity, and diabetes, which seriously threaten
patients’ health and life. In recent years, the
incidence of EC has been increasing annually,
and the age of onset has been shifting to a
younger age Currently, the EC pathogenesis
remains unclear [3]. Studies have shown that
early diagnosis and effective treatment can
prevent EC progression and reduce mortality
[4]. Clinically, the primary treatment for early
EC is surgery, followed by targeted therapy
based on the clinical stage and combined re-

currence risk factors. However, some patients
are insensitive or intolerant to chemotherapeu-
tic drugs in clinical practice, leading to poor
treatment compliance and a further increased
risk of death [5]. Therefore, it is urgent to ex-
plore new therapeutic strategies for early EC.
Progesterone is a commonly used drug in clini-
cal practice to preserve fertility in eligible pa-
tients but is prone to inducing adverse events
such as drug resistance, thrombosis, and
weight gain, thereby affecting therapeutic out-
comes [6]. Metformin is a first-line drug for the
clinical treatment of diabetes. Due to its anti-
tumor properties, it can directly act on EC cells,
delaying disease progression to a certain ex-
tent [7]. However, its efficacy is suboptimal
when used alone in some patients [8]. Few
studies have focused on the application of met-
formin combined with progesterone in EC tre-
atment. Moreover, most existing studies main-
ly assess the efficacy and pregnancy rate in
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patients with fertility requirements, without
analyzing serum tumor marker levels, treat-
ment safety, or long-term prognosis [8]. To ex-
plore further the therapeutic effect of metfor-
min combined with progesterone on EC, this
real-world study analyzed the effect of this
combination therapy on EC efficacy, serum
tumor marker levels, body mass index (BMI),
adverse reactions, and prognostic recurrence,
and was to provide new insight and data sup-
port for the clinical treatment of EC.

Materials and methods
Case selection

This study was approved by the Ethics Com-
mittee of Xiangnan University Affiliated Hos-
pital. A retrospective real-world study was con-
ducted on 60 patients with early EC admitted to
Xiangnan University Affiliated Hospital from
January 2021 to March 2024.
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lignant tumors other than EC;
(3) Known allergic to the study
therapeutic drugs; (4) Severe
liver or kidney dysfunction; (5)
Complicated with primary immunodeficiency;
(6) Incomplete clinical data.

According to the different treatment regimens,
patients who received progesterone monother-
apy were assigned to the monotherapy group
(n = 29), and those who received metformin
combined with progesterone therapy were as-
signed to the combined treatment group (n =
31). The study design is illustrated in Figure 1.

Interventions

All patients in both groups, who desired fertility
preservation, underwent hysteroscopic surgery
for pathologic confirmation.

The monotherapy group received oral meges-
trol acetate tablets (Shanghai Xinyi Tianping
Pharmaceutical Co., Ltd., National Medical Pro-
ducts Administration (NMPA) Approval No.:
H20053712; Specification: 160 mg) at a dose
of 160 mg once daily for 3 months.
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The combined treatment group was given
oral metformin hydrochloride tablets (Squibb
Pharmaceutical Co., Ltd., NMPA Approval No.:
H20023370; Specification: 0.5 g) in addition
to the same megestrol acetate regimen as the
monotherapy group, at a dose of 0.5 g twice
daily for 3 months.

Data collection

Primary indicators: 1. Clinical efficacy: Clinical
efficacy was evaluated based on the Respon-
se Evaluation Criteria in Solid Tumor (RECIST)
[10] during the 4-week follow-up after treat-
ment completion. Complete response (CR): All
target lesions disappeared, with no new lesions
detected for at least 4 weeks. Partial response
(PR): The sum of the maximum diameters of
target lesions decreased by > 30%, maintained
for at least 4 weeks. Progressive disease (PD):
The sum of the maximum diameters of target
lesions increased by > 20% (or the appeared of
new lesions). Stable disease (SD): The sum of
the maximum diameters of target lesions did
not meet the criteria for PR or PD. The total
effective rate was calculated as the sum of the
CR and PR rates. 2. Adverse reactions: Adverse
reactions included gastrointestinal reactions,
insomnia, headache, and weight gain. Weight
gain was defined as an increase of more than
2.5 kg after treatment compared with pre-treat-
ment body weight. 3. Prognosis: Patients were
followed up for 12 months after treatment to
assess tumor recurrence.

Secondary indicators: 1. Serum tumor mark-
ers: Serum levels of connective tissue growth
factor (CTGF), angiogenin (Ang-2), carbohydra-
te antigen 125 (CA125), vascular endothelial
growth factor (VEGF), CA19-9, and matrix me-
talloproteinase 9 (MMP9) were measured be-
fore and after treatment. 2. Ovarian function:
Detect the levels of estradiol (E2), follicle-stim-
ulating hormone (FSH), and luteinizing hormone
(LH) in ovarian function before and after treat-
ment. 3. Body mass index (BMI): BMI data were
collected from patients before treatment, 1
month, 2 months, and 3 months after treat-
ment. 4. Sample collection and detection me-
thods: Sample collection: Fasting venous blood
(10 mL) was collected from each patient. The
blood samples were routinely processed to
separate serum, then centrifuged at 3000 r/
min for 20 minutes (centrifugal radius: 5 cm)
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and stored at -80°C until detection. Detection
of CTGF, Ang-2, and MMP9: The expression lev-
els of CTGF, Ang-2, and MMP9 were detected by
enzyme-linked immunosorbent assay (ELISA).
Detection kits were purchased from Shanghai
Ruifan Biotechnology Co., Ltd. (batch number:
RF3154), and all operations were performed
strictly in accordance with the manufacturer’s
instructions. Detection of CA125 and CA19-9:
CA125 and CA19-9 levels were measured us-
ing an electrochemiluminescence immunoas-
say analyzer (Cobas €601, provided by Roche
Diagnostics). Detection kits were supplied by
Shanghai Enzyme Linked Technology Co., Ltd.,
and all operations followed the standard pro-
tocol.

Statistical methods

Data analysis was performed using SPSS 20.0
software. Quantitative data were expressed as
“mean + standard deviation (xtsd)”. Indepen-
dent samples t-test was used for comparisons
between two independent groups, and paired
samples t-test was applied for comparisons at
two different time points within the same gr-
oup. For comparisons of data at three or more
different time points among groups, repeated-
measures analysis of variance (ANOVA) fol-
lowed by LSD test was adopted. Qualitative
data were presented as n (%), and chi-square
test or rank sum test was used. When the theo-
retical frequency was < 1, the chi-square value
needed to be corrected. The significance level
of the test was set at oo = 0.05.

Results
Comparison of baseline data

Comparison of age, course of disease, and can-
cer type distribution between the monotherapy
group and the combined treatment group sh-
owed no significant differences (all P > 0.05),
as presented in Table 1.

Comparison of clinical efficacy

The clinical efficacy of the combined treatment
group was significantly higher than that of the
monotherapy group. The total effective rate of
the combined treatment group was 96.77%,
which was higher than 72.41% in the monother-
apy group (P < 0.05), as shown in Table 2.
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Table 1. Comparison of baseline data

Maximum Cancer types [n (%)]
Group Age Course of length of lesion Engd trial M
(xts, years) disease (xts, d) n qme ra U.COUS

(cm) carcinoma  carcinoma
Monotherapy group (n = 29) 34.56+2.82 1.85+0.42 2.65+0.61 23(79.31) 6(20.69)
Combined treatment group (n = 31) 34.71+2.35 1.89+0.27 2.73+0.67 26 (83.87) 5(16.13)
t/x? 0.224 0.392 0.482 0.208
P 0.823 0.696 0.631 0.648
Table 2. Comparison of curative effect [n (%)] was significantly lower than

Monotherapy Combined treatment

curative effect group (n = 29) group (n = 31)

31.03% in the monotherapy gr-

PD 3(10.34) 1(3.23)
SD 5 (17.24) 0 (0.00)
PR 10 (34.48) 9 (29.03)
CR 11 (37.93) 21 (67.74)
Total effective 21(72.41) 30 (96.77)

/% P oup (P < 0.05), as shown in

2661 0.008 Table.4. After targeted symp-
tomatic treatment, the adverse
reactions of the patients were
gradually relieved until resolu-
tion.

5.194 0.023

Not: PD: progressive disease; SD: stable disease; PR: partial response; CR:

complete response.

Comparison of tumor marker levels

After treatment, the levels of CTGF, Ang-2,
CA125, VEGF, CA19-9, and MMP9 in both the
monotherapy group and the combined treat-
ment group were lower than those before treat-
ment (all P < 0.05). Furthermore, the above
indicators in the combined treatment group
were significantly lower than those in the mo-
notherapy group (all P < 0.05), as shown in
Figure 2.

Comparison of ovarian function levels

The levels of E2, LH, and FSH in the combined
treatment group were higher than those in the
monotherapy group (all P < 0.05), as shown in
Figure 3.

Comparison of body mass index

Compared to the monotherapy group, the BMI
of the combined treatment group was signifi-
cantly lower (between-group effect: F = 24.710,
P < 0.001). The BMI of both groups increased
with time (time effect: F = 135.200, P < 0.001),
and there was an interaction effect between
group and time (interaction effect: F = 20.490,
P < 0.001), as shown in Table 3.

Comparison of adverse reactions

The total incidence of adverse reactions in the
combined treatment group was 6.45%, which
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Comparison of prognosis

Statistical analysis of follow-up

results showed 2 cases of re-
currence (6.90%) in the monotherapy group
and 1 case (3.21%) in the combined treatment
group. Comparison of the recurrence rates
between the two groups showed x2 = 0.004,
P =0.953, indicating no significant difference.

Discussion

The development of EC is associated with ge-
netics, obesity, diabetes, long-term estrogen
exposure, and other factors [11]. Once EC
occurs, it can cause irreversible harm to pa-
tients. Early diagnosis and effective treatment
are crucial to ensure therapeutic efficacy and
a favorable prognosis. Metformin and proges-
terone each have their own advantages and
disadvantages when used alone in EC treat-
ment. Therefore, it is necessary to explore the
therapeutic effect of their combination in the
management of EC.

The progesterone of choice in this study was
megestrol acetate. We found that the total eff-
ective rate of patients treated with metformin
combined with progesterone was 96.77%, whi-
ch was significantly higher than that of patients
treated with progesterone alone (72.41%). This
outcome differed from previous studies [12].
This discrepancy may be related to the differ-
ences in the inclusion and exclusion criteria
of the enrolled patients. Megestrol acetate, a
derivative of natural progesterone, mainly acts
on estrogen receptors in EC cells [13]. By bind-
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Figure 2. Comparison of Tumor marker levels. Note: * indicates comparison between two groups of data, P<0.05.
Note: CTGF: connective tissue growth factor; Ang-2: angiogenin-2; CA125: carbohydrate antigen 125; VEGF: vascu-
lar endothelial growth factor; CA19-9: carbohydrate antigen 19-9; MMP9: matrix metalloproteinase 9. After treat-
ment, the levels of CTGF, Ang-2, CA125, VEGF, CA19-9, and MMP9 in the monotherapy group and the combination
therapy group were lower than those before treatment, and the above indexes in the combination therapy group
were lower than those in the control group. A. The graph shows CTGF levels; B. The graph shows Ang-2 levels; C. The
graph shows CA125 levels; D. The graph shows VEGF levels; E. The graph shows CA19-9 levels; F. The graph shows

MMP9 levels.

ing to estrogen receptors and inhibiting estro-
gen secretion, megestrol acetate can effective-
ly suppress the proliferation and metastasis
of tumor cells, promote protein anabolism in
patients, enhance their appetite, and reduce
the risk of drug resistance [14]. Metformin is an
insulin sensitizer that not only promotes anaer-
obic glycolysis but also exerts anti-tumor bio-
logical activity. It can activate adenosine mo-
nophosphate-activated protein kinase (AMPK),
promote AMPK energy signal transduction, ma-
intain cellular energy balance, and inhibit the
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mammalian target of rapamycin (mTOR) path-
way. Through these mechanisms, metformin
inhibits cancer cell proliferation and tumor gr-
owth, further alleviates EC-related symptoms,
and improves therapeutic outcomes [15]. The
synergistic effect of megestrol acetate and
metformin can promote the regression of EC
lesions, thereby enhancing the overall thera-
peutic efficacy.

Tumor markers are characteristic biological
substances produced either directly by malig-
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Figure 3. Comparison of Estrogen levels. Note: * indicates comparison between two groups of data, P < 0.05. Not:
E2: estradiol; LH: luteinizing hormone; FSH: follicle-stimulating hormone. A. The graph shows E2 levels; B. The

graphshows LH levels; C. The graph shows FSH levels.

Table 3. Comparison of body mass index (X +s, kg/m?)

Time Monome:ra2pg)group Corgrt;iazd(r:rga;:rgent t p
before treatment 33.31+3.07 33.24+3.36 0.084 0.933
1 month after treatment 33.22+3.25° 29.62+3.27° 4.274 <0.001
2 months after treatment 33.01+3.343P 26.38+2.82% 8.327 <0.001
3 months after treatment 32.9243.28bc 24.62+2.2520° 11.490 <0.001

aCompared with the pre-treatment values within the same group, "compared with the values 1 month after treatment within
the same group, and ‘compared with the values 2 months after treatment within the same group-all comparisons were per-
formed using Bonferroni post-hoc test following analysis of variance (ANOVA). In the Monotherapy group, all P-values were >

0.05; in the Combined treatment group, all P-values were < 0.05.

Table 4. Comparison of adverse reactions [n (%)]

Monotherapy group Combined treatment

Adverse reaction (n = 29) group (n = 31) Z/%? P
Gastrointestinal reactions 2 (6.90) 1(3.23)

Insomnia 3(10.34) 0 (0.00)

Headache 2 (6.90) 1(3.23)

Weight gain 2 (6.90) 0 (0.00)

Total incidence of adverse reactions 9 (31.03) 2 (6.45) 4.517 0.034

nant tumor cells or by the host in response to
tumor stimulation. Changes in their levels can
reflect the occurrence, development, and pro-
gression of tumors [16]. CTGF and Ang-2 are
involved in the formation of tumor neovascular-
ization. Among them, CTGF can also promote
the proliferation and migration of tumor cells
[17]. CA125 and CA19-9 are membrane anti-
gens highly expressed in patients with EC, and
their serum levels can reflect the disease sever-
ity and prognosis of patients [18]. VEGF, a plate-
let-derived growth factor, can stimulate the divi-
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sion and proliferation of vascular endothelial
cells as well as the expression of cell genes,
thereby increasing microvascular permeability
and facilitating the growth, invasion, and me-
tastasis of tumor cells [19]. MMP9, on the oth-
er hand, can reflect the malignant potential of
tumors. It promotes the invasion and metasta-
sis of tumor cells mainly by degrading the ex-
tracellular matrix and basement membrane,
and its high expression in EC tissues is closely
associated with the depth of myometrial inva-
sion [20].
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In this study, the levels of tumor markers (CTGF,
Ang-2, CA125, VEGF, CA19-9, and MMP9) were
significantly reduced in both groups after tre-
atment, with a more pronounced reduction
observed in the combined treatment group.
These results suggest that metformin combin-
ed with progesterone can inhibit tumor growth,
progression, and metastasis in EC, which is
consistent with the research results of Zhang
et al. [21]. This may be attributed to the dual
effects of megestrol acetate (inhibiting tumor
cell growth and metastasis) and the anti-tumor
biological activity of metformin. Therefore, we
speculate that metformin combined with pro-
gesterone can reduce the tumorigenic activity
of EC, delay disease progression, and lower the
risk of death, which holds practical clinical guid-
ing significance [22]. This study also found that
the combination of metformin and progester-
one led to a significant reduction in BMI. This
suggested that the combined application of the
two drugs has certain advantages in reducing
the BMI of EC patients, which is consistent with
the findings of Yuan et al. [23]. Combined treat-
ment based on metformin exerts a significant
effect on reducing BMI, possibly because met-
formin inhibits the secretion of adipokines by
adipocytes, key driving factors for the increas-
ed risk of obesity-induced endometrial cancer
[24]. Studies have shown that a higher BMI is
associated with an increased incidence of ad-
verse surgical events after open or laparos-
copic surgery for early EC [25]. The significant
reduction in BMI among EC patients treated
with metformin combined with progesterone
may thus be more conducive to subsequent
treatment. The total incidence of adverse reac-
tions in the combined treatment group was
lower than that in the monotherapy group
(6.45% vs. 31.03%), and there was no signifi-
cant difference in the recurrence rate between
the two groups. This suggests that the com-
bination of metformin and progesterone has
good safety in EC treatment. Studies have
shown that metformin combined with proges-
terone can help prevent EC recurrence [26],
which is consistent with the results of this
study. Notably, combination therapy reduces
the incidence of adverse reactions without in-
creasing the risk of EC recurrence, indicating
that the treatment of EC with metformin com-
bined with progesterone is clinically feasible.
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Conclusion

Metformin combined with progesterone achi-
eved a higher total effective rate, significantly
reduced levels of tumor markers (CTGF, Ang-2,
CA125, VEGF, CA19-9, and MMP9), a lower
BMI, and a lower total incidence of adverse
reactions, with no significant change in the
recurrence rate. These findings indicate that
combined treatment had significant advantag-
es in the treatment of early EC making it worthy
of further research and clinical application.

Shortcomings of this study: There are several
limitations in this study. Since real-world stud-
ies were characterized by relying on large-scale,
multi-center sample data to ensure statistical
power, reduce random errors, and improve the
generalizability of results, the small sample
size in this clinical study was constrained by
clinical practice conditions (e.g., limited recruit-
ment scope, strict inclusion/exclusion criteria)
and could not have been further expanded.
This may have weakened the robustness of
the statistical analysis, limited the feasibility of
subgroup analyses for key influencing factors,
or affected the external validity of the study
conclusions, making it difficult to extrapolate
the findings to a broader population of early EC
patients. The hierarchical analysis of some in-
fluencing factors was limiting, and the results
may have been biased. Finally. the time of this
research was short, and there was no further
follow-up study. Therefore, further clinical re-
search needs to adopt a variety of data mining
methods to generate more robust evidence-
based data for TCM clinical practice.

To sum up, metformin combined with proges-
terone exerts excellent clinical efficacy in the
treatment of early EC. It can significantly reduce
serum tumor marker levels and BMI, as well as
decrease the incidence of adverse reactions,
with no significant increase in the recurrence
rate.
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