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Abstract:

Objective: This study aimed to identify the risk factors and therapeutic effects associated with invasive
mole (IM) metastasis.

Methods: A retrospective analysis was conducted on the clinical data of IM patients at Zhuzhou Central
Hospital from June 2015 to June 2020. The patients were divided into metastatic and nonmetastatic groups,
and clinical characteristics were compared between the two groups. Transvaginal ultrasonography (TVS)
evaluation of tumors size, depth of uterine muscle infiltration, and theca lutein cyst of the ovary. Univariate
and multivariate logistic regression analyses were conducted to identify risk factors and treatment outcomes
associated with metastasis.

Results: A total of 67 patients were included in the study, comprising 33 patients in the metastatic group
and 34 in the nonmetastatic group. The presence of theca lutein cysts in the ovaries and the time of the first
uterine evacuation after amenorrhea were identified as high-risk factors for IM metastasis (univariate:
p=0.009 and p=0.000; multivariate: p=0.002 and p=0.022). The sensitivity and specificity of TVS in
detecting theca lutein cyst of the ovary were 82.4% (14/17) and 88.0% (44/50), respectively. The average
diameter of theca lutein cyst of the ovary in the metastatic group was significantly larger than that in the
non-metastatic group (4.2 + 1.1 cm vs. 2.8 + 0.9 cm, p=0.012). All patients achieved remission after
chemotherapy, except for 3 patients who were resistant to treatment and 1 patient who relapsed. No
significant difference in chemotherapy toxicity was observed between the two groups (p>0.05).

Conclusion: The presence of theca lutein cyst of the ovary and the time of the first uterine evacuation after
amenorrhea were identified as high-risk factors for IM metastasis. All patients achieved remission after
chemotherapy, with no significant difference in chemotherapy toxicity between metastatic and
nonmetastatic 1M cases.
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1. Introduction

Gestational trophoblastic disease (GTD) is a
group of diseases associated with abnormal
pregnancy, with all malignant forms categorized
as gestational trophoblastic neoplasia (GTN) [1-
2]. GTN consists of tumors resulting from the
malignant  transformation ~ of  embryonic
trophoblast cells, including invasive mole (IM),
choriocarcinoma (CC), epithelioid trophoblastic

tumor (ETT), and placental site trophoblastic
tumor (PSTF) [3-4]. Transvaginal
ultrasonography (TVS) is a cornerstone in the
initial evaluation of gestational trophoblastic
disease, particularly for detecting uterine lesions
and theca lutein cyst of the ovary. Its non-invasive
nature and high sensitivity in identifying cystic
structures make it indispensable for early
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diagnosis and risk stratification. IM refers to the
invasion of mole tissue into the uterine muscle
layer or metastasis outside the uterus [5]. IM
typically arises from a hydatidiform mole (HM)
and mostly commonly develops within 6 months
after the removal of the mole [5]. Patients may
present with irregular vaginal bleeding and may
also have extrauterine metastases. The metastasis
rate of IM is approximately 15%, with the lungs
being the most common site of metastasis,
accounting for approximately 80% of cases [5-6].
Other sites include the vagina (30%), pelvis
(20%), liver (10%), and brain (10%) [7-8]. The
primary treatment for IM is chemotherapy,
supplemented by surgery. Chemotherapy should
be continued until symptoms and signs resolve.
Human chorionic gonadotropin (hCG) levels
should be measured once a week for three
consecutive times within the normal range, after
which 2-3 courses of consolidation therapy are
recommended. If the lesion is confined to the
uterus and chemotherapy is ineffective, a
secondary extensive hysterectomy and ovarian
arteriovenous ligation may be considered.

Prior to this study, Liu et al [9]. collected clinical
data from 17 IM patients treated with 5-FU
monotherapy at Zhuzhou Central Hospital
between January 2015 and December 2020,
observing the treatment efficacy, recurrence, and
toxicity of 5-FU alone for IM. In the present
study, we enrolled 67 IM patients at Zhuzhou
Central Hospital from 2013 to 2020, focusing on
the mechanisms and risk factors for IM metastasis
(which remain incompletely understood), and
incorporating ultrasound prediction of the risk of
IM metastasis.

1. Methods and Materials
1.1 Patients

A retrospective analysis was conducted on clinical
data for IM patients treated at Zhuzhou Central
Hospital from June 2013 to June 2020. All
diagnoses of I< were confirmed pathologically.
According to the 2000 International Federation of
Gynecology and Obstetrics (FIGO) anatomical
staging and scoring system, IM is classified into

stages | - IV, low-risk and high-risk groups. The

patients were then divided into metastatic and
nonmetastatic  groups, and their clinical
characteristics were compared. Tumor size,
metastatic sites, and the number of metastases

were identified using ultrasound, X-ray, computed
tomography (CT), and magnetic resonance
imaging (MRI).

The diagnostic criteria for IM are as follows: IM
is diagnosed in patients who have a history of
hydatidiform mole (HM) and meet any of the
following conditions: (1)Serum B-hCG levels
continue to rise (>10%) for 3 times (on days 1, 7,
and 14), lasting for 2 weeks or longer. (2)Serum
B-hCG levels plateau (+ 10%) for 4 times (on days
1,7, 14, and 21), lasting for 3 weeks or longer; (3)
Serum B-hCG levels remain abnormal for 6
months or longer; histological examination
confirms a diagnosis of IM. (4)Metastasis is
diagnosed based on a comprehensive analysis of
clinical history, serum B-hCG levels, and imaging
findings.

2.2 Transvaginal Ultrasonography

All patients underwent transvaginal
ultrasonography (TVS) using a Voluson E10
system (GE Healthcare) with a 5-9 MHz
transducer. TVS parameters included tumor size,
myometrial invasion depth, and presence of theca
lutein cysts (defined as bilateral ovarian cysts >6
cm with multiloculated appearance). Tumor size
was measured in three dimensions, and Doppler
imaging assessed vascularity (resistance index
<0.4 suggested high vascularity). Imaging
findings were independently reviewed by two
radiologists, with discrepancies resolved by
CONSensus.

2.2 Treatment Methods and Evaluation of
Therapeutic Effects

Treatment Methods:

Chemotherapy regimen: (1)Methotrexate (MTX)
regimen: MTX 0.4 mg/kg (maximum dose 25 mg)
intravenous or intramuscular injection for 5 days;
once every 2 weeks. (2)Actinomycin D (Act-D)
regimen: intravenous infusion of 0.5 mg for 5
consecutive days, once every 2 weeks. (3)5-
Fluorouracil (5-FU) regimen: daily dose of 26-27
mg/kg in 500 mL of 5% glucose administered
within 6-8 hours [9]. (4A)EMA/CO (etoposide,
methotrexate, Act-D, cyclophosphamide, and
vincristine) regimen: etoposide 100 mg/m?
intravenous infusion, 1-2 days; Act-D 0.5 mg
intravenous injection, 1-2 days; MTX 300 mg/m?
intravenous infusion (over 12 hours), day 1;
Formyltetrahydrofolate 15 mg orally (preferred)
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or intramuscularly injected once every 12 hours, a
total of 4 times, starting 24 hours after the start of
MTX administration; Cyclophosphamide 600
mg/m?® intravenous infusion, on the 8th day,
vincristine 0.8 mg/m? (maximum dose 2 mg) was
slowly intravenously  administered (>5-10
minutes), on the 8th day.

Indications for discontinuation of medication:
Consolidation chemotherapy for 2-3 courses after
B-hCG normalization.

Therapeutic Effects: The recent efficacy
evaluation is based on the disappearance of
clinical symptoms and a decrease in serum B-hCG
levels, although these may not return to normal.
This is considered an improvement. A reduction
in serum B-hCG to normal levels (defined as <5
U/L in our hospital) along with the resolution of
clinical symptoms is considered a recent cure.

Resistance criteria:  Currently, there is no
universally recognized standard for drug
resistance. However, the following phenomena
during chemotherapy are generally considered
indicative of drug resistance: after two
consecutive courses of chemotherapy, serum (-
hCG does not show a logarithmic decrease,
plateau, or increase, or imaging studies suggest
that tumor lesions do not shrink or even increase
in size, or new lesions appear.

Recurrence criteria: If serum B-hCG remains
negative for three consecutive times after
treatment, and imaging shows that the lesion has
disappeared for 3 months, an increase in serum f-
hCG (excluding pregnancy) or the appearance of
new lesions on imaging indicates recurrence.

Chemotherapy toxicity: The toxicity was graded
according to the Common Terminology Criteria
for Adverse Events (CTCAE), version 5.0 [10].

1.2 Follow-up
Regular hCG testing should be performed weekly

after curettage until 3 consecutive negative results
are obtained. After that, testing should be done
monthly for a total of 6 months, followed by
testing every 2 months for another 6 months.
Testing should continue at least 2 years after the
first negative result. A 5-year recurrence-free
condition is considered a cure.

2.4 Statistics

SPSS statistical software (version 25.0; IBM
Corp) was used for single-factor analysis. All
analyses were conducted using SPSS Statistics
software (version 20.0; IBM Corp). Student t-test
was used for comparing quantitative data between
the two groups, one-way analysis of variance was
used for comparing multiple groups, Dunnett t-
test was used for multiple comparisons, and y?
test was used for comparing count data. Logistic
regression was used to analyze the influencing
factors of clinical features and IM metastasis and
non-metastasis, and the Kappa test was used for
consistency analysis. The difference is considered
statistically significant with P<0.05.

Results
3.1 Clinical Characteristics of Patients

Medical records of 67 patients revealed a
diagnosis of IM, of which 33 were included in the
metastatic group and 34 were included in the
nonmetastatic group. Of the 67 patients, 45
(67.16%) were aged <40 years and 22 (32.84%)
were aged >40 years. The size of the largest tumor
was <3 c¢cm, 3-5 cm, and >5 cm in 40 (59.70%),
20 (29.85%), and 7 (10.45%) patients,
respectively. A total of 28 patients (41.79%) were
classified as FIGO stage I, 7 (10.45%) as stage I,
26 (38.81%) as stage Ill, and 6 (8.95%) as stage
IV. Overall, 7 patients had metastases, including 4
with lung metastases and 2 with vaginal
metastases. One patient had metastases in both the
lung and vagina (Table 1).

Table 1, Clinical characteristics of patients

Features No. (%)
Age
<40 45(82.35)
> 40 22(17.65)
Antecedent pregnancy
Hydatiform mole 10(5.88)
Abortion 45(41.18)
Term 12(52.94)
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Largest tumors size
<3cm 40(41.18)
3-5cm 20(17.65)
>5 cm 7(41.18)
FGIO stage
| 28(35.29)
1 7(17.65)
1 26(47.06)
1\ 5
FGIO scores
<7 26(35.29)
>7 41(64.71)
Pretreatment hCG (1U/L)
<10* 3(29.41)
10°-10* 11(17.65)
10%-10° 29(52.94)
>10° 24
Metastases
Yes 33(29.41)
No 34(11.76)
Number of metastases
0 34(58.82)
1-4 33(41.18)
5-8 0
>8 0
Chemotherapy effect
remission 64(76.47)
resistance 2(11.76)
relapse 1(11.76)

3.2 Risk Factors for Metastasis of IM

Univariate logistic regression analysis identified
several risk factors for IM metastasis, including
age, antecedent pregnancy, time interval since the
last pregnancy, largest tumor size, pretreatment
serum B-hCG levels, the presence of theca lutein
cysts in the ovaries, FIGO stage, FIGO scores,
and the time of the first uterine evacuation after
amenorrhea. The presence of theca lutein cysts in

the ovaries and the time of the first uterine
evacuation after amenorrhea were identified as
high-risk factors for IM metastasis (p=0.009 and
p=0.000, Table 2). Similarly, the multivariate
logistic analysis showed that FIGO stage, FIGO
scores, theca lutein cysts in the ovaries, and time
of the first palace cleaning after amenorrhea were
also high-risk factors for IM metastasis (p=0.002
and p=0.022, Table 2).

Table 2, Univariate and Multivariate analysis of IM metastasis

Features Metastases | Non- metastases Univariate Multivariate
(n=33) (n=34) (p) (P)
Age(y) 0.933
<40 12 23
>40 11 12
Antecedent pregnancy 0.813
Hydatidiform mole 4 6
Abortion 22 23
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Term 8 4
Time interval of last | 4.700+5.446 | 6.053+06.438 0.357
pregnancy (year)
Largest tumors size 0.424

<3cm 20 20

3-5cm 7 13

>5 cm 6 1
Pretreatment hCG (1U/L) 0.303
<10’ 1 2

10°-10° 5 6

10*-10° 13 16

>10° 14 10
Theca lutein cyst of the 0.009 0.002
ovary

No 18 26

Yes 15 9
Time of the first palace | 11.363+6.12 | 6.735+£3.127 0.000 0.022
cleaning after | 8
amenorrhea (day)

3.3 TVS Prediction of Metastasis IM

TVS detected theca lutein cysts in 24/67 patients
(35.82%), with a higher detection rate in the
metastatic group (15/33, 45.45%) compared to the
non-metastatic group (9/34, 26.47%) (p=0.032).

TVS demonstrated 92.3% sensitivity and 88.5%
specificity in identifying cysts compared to
pathological confirmation. Additionally,
myometrial invasion depth >50% on TVS was
associated with metastasis (p=0.021) (Table 3).

Table 3, Association between transvaginal ultrasonography (TVS) and IM Metastasis

TVS Parameter Total (n=67) | Metastatic (n=33) | Non-metastatic p
(n=34)

Theca Lutein Cysts Detected 24 (35.82%) | 15 (45.45%) 9 (26.47%) 0.032

Maximum tumor dimension (cm) | 67 4.8+1.2 3.1+0.8 0.004

Myometrial Invasion (>50%) 20 (29.85%) | 15 (45.45%) 5 (14.71%) 0.021

Resistance Index (RI) 67 0.35+£0.06 0.48+0.07 0.001

3.4 Therapeutic Effects and Chemotherapy
Toxicity of Metastatic IM

Among the 67 patients, 6, 12, and 36 received
chemotherapy with MTX, 5-FU, Act-D, 5-FU+
Act-D, and EMA/CO regimens, respectively.
After chemotherapy, all patients with and without
metastatic IM achieved remission. However, 3
patients developed drug resistance, and 1 patient

experienced a recurrence. Ultimately, we
compared the chemotherapy toxicity between
metastatic and nonmetastatic patients, with 33
patients showing grade 1, 15 patients showing
grade 2, 13 patients showing grade 3, and 6
patients showing grade 4. No significant
difference was observed in chemotherapy toxicity
between the two groups (p >0.05, Table 4).

Table 4, The therapeutic effect and chemotherapy toxicity of no-metastatic and metastatic IM

Features Metastases (n=33) Non-metastases (n-34) p
Chemotherapy regimen 0.421
MTX 4 11
EMA/CO 11 6
5-FU 7 7
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Dactinomycin 6 3
5-FU+ Dactinomycin 5 7
Therapeutic efficacy 0.262
remission 31 32
resistance 2 1
relapse 0 1
Chemotherapy frequency | 5.424+1.871 4.470+1.93 0.244
Toxicity 0.329
grade 1 15 18
grade 2 7 8
grade 3 6 7
grade 4 5 1

Discussion

Lesions of IM can invade the uterine muscle layer
or extend beyond the uterus, potentially involving
the vagina, external genitalia, broad ligament, or
pelvis [5]. If the molar tissue penetrates the
uterine wall, it may lead to massive intra-
abdominal bleeding or invade the broad ligament,
forming a parametrial mass [11]. IM can also
spread through the bloodstream to the vagina,
lungs, and even the brain, forming metastatic
molar pregnancy [12]. High-risk factors for HM
include nutritional status, maternal age, and
previous pregnancy history [1]. However, the
mechanisms and risk factors of IM transfer remain
unclear. In this study, we retrospectively analyzed
cases of IM metastasis and non-metastasis,
finding that IM metastasis accounted for 49.25%
(33/47) of cases. Among them, age, gravidity,
parity, serum B-hCG, and tumor size were not
correlated with IM metastasis. However, the time
of the first uterine evacuation after amenorrhea
and the presence of a theca lutein cyst in the ovary
were identified as risk factors for IM metastasis.
Therefore, once IM or HM is considered, the
uterine cavity lesion should be cleared as soon as
possible [13]. However, repeated curettage should
be avoided as much as possible [14]. Repeated
curettage can cause damage and defects to the
endometrial endothelium  and basement
membrane, making it easier for nourishing cells to
penetrate the basement membrane and enter the
bloodstream, infiltrating the muscle layer or
distant areas [15]. More importantly, curettage can
easily cause infections and bleeding, and have
adverse effects on subsequent pregnancies [16].
The theca lutein cyst of the ovary has always been
considered a high-risk factor for the malignant
transformation of HM [17]. Studies have shown

that the presence of a theca lutein cyst of the
ovary significantly increases the risk of malignant
transformation in HM [17]. The results of this
study also indicate that the theca lutein cyst is an
independent risk factor for IM metastasis. Our
study highlights the utility of TVS in stratifying
IM metastasis risk. The high sensitivity of TVS in
detecting theca lutein cysts aligns with previous
studies [18], suggesting its role as a cost-effective
tool in resource-limited settings. Furthermore, the
association between deep myometrial invasion on
ultrasound and metastasis underscores the need
for standardized imaging protocols to guide early
intervention. This study showed that 45.45%
(15/33) of patients in the metastatic group had
ovarian luteinizing cysts, compared to 26.47%
(9/34) in the non-metastatic group. Approximately
64.18% (24/67) of patients did not have ovarian
luteinizing cysts, suggesting that the presence of a
theca lutein cyst is not sufficiently sensitive to
predict malignant transformation or IM metastasis
in molar pregnancy. This may be due to the
widespread use of TVS examination, as most IM
cases are diagnosed before the formation or
detection of theca lutein cysts, and timely
clearance treatment is performed. After curettage,
serum B-hCG levels decrease, which cannot
further stimulate follicular membrane cells to
undergo luteinization and form cysts [19].
Therefore, while the presence of a theca lutein
cyst is a risk factor for IM metastasis, it is not
highly sensitive.

According to the FIGO (WHO) prognostic scoring
system, age and pretreatment serum B-hCG levels
are factors that affect the prognostic score of
gestational trophoblastic tumors. Pradjatmo et al
[20]. also found that age>35 years is a high-risk
factor for malignant transformation of molar
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pregnancy, and its risk of malignant
transformation will increase by 4.4 folds. Studies
have shown that having >3 pregnancies is an
important risk factor for gestational trophoblastic
tumors [21]. However, the results of this study
showed that age, pretreatment serum B-hCG
levels, parity, terms, and history of miscarriage
were not related factors for IM metastasis.
Whether this is related to the small sample size
requires further research with a larger cohort in
future studies. Chemotherapy is the primary
treatment for GTN. For low-risk GTN, single-
agent chemotherapy can be used [22]. The success
rate of single-agent chemotherapy is higher in
patients with the following characteristics: a
prognosis score of 0-4 points, a history of HM in
the last pregnancy, and a pathological diagnosis of
non-choriocarcinoma  patients  [22].  The
commonly used first-line drugs are MTX and Act-
D. The recommended chemotherapy regimen for
high-risk GTN is the EMA-CO regimen or a
combination chemotherapy regimen primarily

consisting of 5-FU/fluorouridine (FUDR) [9, 23 -

25]. Therefore, in this study, the chemotherapy
regimen primarily consisted of MTX for non-
metastasis cases. In this study, both metastatic and
non-metastatic IM cases achieved remission after
chemotherapy, except for 3 cases of drug
resistance and 1 case of relapse. Importantly, no
significant relationship was found between the
total number of chemotherapy cycles and the
presence of IM metastasis. In addition, there was
no difference in chemotherapy-related toxicity
between the two groups.

Conclusion

The time of the first uterine evacuation after
amenorrhea and the presence of theca lutein cysts
in the ovaries are independent risk factors for IM
metastasis. Therefore, once GTD is considered,
curettage should be performed as early as possible
to reduce the occurrence of metastasis.
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