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R E S E A R C H A R T I C L E

Clinical features and demographic characteristics of
gestational trophoblastic neoplasia: Single center
experience and the SEER database
Yue-min Hou , Pei-pei Li , Hui Yu , Fang Feng , Xin-yi He , Bi-han Chen , Jia-ling Li , Hao-yan Yao , and Rui-fang An ∗

The aim of this study was to analyze the clinical features and demographic characteristics of gestational trophoblastic neoplasia (GTN)
patients, specifically choriocarcinoma (CC), placental site trophoblastic tumor (PSTT), and epithelioid trophoblastic tumor (ETT). We
utilized data from a local hospital and the Surveillance, Epidemiology, and End Results database (SEER), as well as survival outcomes of
CC in the SEER database. Additionally, we used multiple risk factors to create a prognostic nomogram model for CC patients. The study
included GTN patients from the SEER database between 1975 and 2016 as well as those from the First Affiliated Hospital of Xi’an
Jiaotong University between January 2005 and May 2022. Related factors of patients were compared using the chi-square (χ 2) or
Fisher’s exact test. For assessing overall survival, we employed the Kaplan–Meier method and log-rank test. To construct the
nomogram, we used Cox regression. Statistically significant differences were found between CC and PSTT/ETT patients in terms of
surgery in local hospital, as well as age and year of diagnosis in the SEER database. Moreover, significant differences were observed
between low and high (HR)/ultra-high risk (UHR) groups regarding FIGO stage, surgery, and chief complaint at the local hospital, and
FIGO stage, surgery, and unemployment in the SEER database. The Cox regression analysis confirmed that age, race, surgery, marital
status, FIGO stage, and unemployment were correlated with CC prognosis. Furthermore, the analysis showed that patients aged
40 years or older and those with FIGO stage III/IV were independent prognostic factors of CC. The study indicates that atypical
symptoms or signs may be the main reasons for HR/UHR patients to seek medical treatment. Therefore, providing multidisciplinary
care is recommended for CC patients experiencing psychological distress due to unfavorable marital status or unemployment.
Keywords: Gestational trophoblastic neoplasia (GTN), clinical features, demographic characteristics, prognosis, SEER, survival
analysis.

Introduction
Gestational trophoblastic neoplasia (GTN) is a relatively rare
malignancy arising from the placenta. It frequently occurs after
pregnancy and is more common after pregnancy with hydatid-
iform mole [1–3]. It consists of invasive mole, choriocarcinoma
(CC), placental site trophoblastic tumor (PSTT), and epithelioid
trophoblastic tumor (ETT) [1, 4]. Invasive mole has a lower
grade of malignancy and a better prognosis. The incidence of CC
is low (1–9/40,000 pregnancies), while PSTT and ETT are even
less common [1]. The lesion site of GTN is mainly in the uterus,
but it can also involve surrounding tissues, such as the fallopian
tubes and ovaries [4]. It can metastasize to the lungs, vagina,
brain, and liver [1, 4, 5]. The clinical features of GTN depend
on the type of disease, the lesion site, and the patient’s general
condition before the disease [4, 6]. Abnormal vaginal bleeding
is the most common symptom because trophoblastic tumor has
fragile vessels [7]. Distant metastases of GTN may present with
cough, hemoptysis, chest and abdominal pain, headache, and

other symptoms [8]. Chemotherapy is the main treatment for
GTN, and surgery may be an adjuvant procedure [1, 9, 10].

The FIGO/WHO defined several prognostic risk factors for
CC [1, 11]. FIGO scores ranged from 0 to 6 for low risk, ≥ 7 for HR,
and ≥13 for ultra-high risk UHR [11–13]. Limited information
has been available on the UHR subgroup because it is rare.
Methotrexate (MTX) or actinomycin-D (Act-D) can be used
to treat low-risk GTN. Patients with resistance to monother-
apy are treated with multi-agent chemotherapy [14]. Non-
metastatic, low-risk GTN patients who do not require fertility
preservation may also opt for hysterectomy [3]. Approximately
1/4 of patients develop resistance or toxic reactions to initial
single-agent chemotherapy [11]. Up to 70%–80% of patients with
a score of 5 or 6 have the highest rate of resistance to initial
single-agent chemotherapy [3]. Therefore, the current ques-
tion is whether GTN patients should be reclassified without
compromising treatment efficacy, to minimize chemotherapy
resistance and toxicity. Others have proposed to determine
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new prognostic risk factors to redefine the FIGO/WHO scoring
system [4].

PSTT and ETT consist of intermediate trophoblastic cells in
the placental region and share several common features [15].
Both types of tumors grow very slowly and can occur after
several types of previous pregnancies [4, 16]. They produce very
little beta-human chorionic gonadotropin (β-hCG) and metas-
tasize at later stages [4, 17]. In general, both tumors are less
sensitive to chemotherapy than CC. There are three indepen-
dent poor prognostic factors for PSTT and ETT: mitotic index of
tumor cells >5–10 high power fields (HPF), two or more years
after last pregnancy, and FIGO stage IV. Currently, there are
no uniform guidelines for the treatment of patients with PSTT
and ETT. The primary treatment for most patients with PSTT
or ETT consists of hysterectomy and resection of all suspicious
pelvic and retroperitoneal lymph nodes. And HR patients with
PSTT or ETT should receive multi-agent chemotherapy on this
basis. When there are no metastases, the disease survival rate
is more than 90%, and when there are metastases, it drops to
50%–60% [4, 18].

Some studies suggest that patients with GTN usually suffer
from various psychological complaints, such as distress, depres-
sion, and anxiety [19, 20]. Because GTN is a rare neoplasm, there
are few studies that address these risk factors, and many of them
involve only a small number of cases. The SEER database is a
cancer database that captures approximately 30% of the pop-
ulation data in the United States. It contains several data that
indirectly reflect the psychosocial outcomes, such as marital
status, education, income, unemployment, and smoking habits.
In this study, we extracted data on patients diagnosed with GTN
between 1975 and 2016 from the SEER database to examine clini-
cal features, demographics, and survival data. We also collected
and reviewed the medical records of patients with a histopatho-
logical diagnosis of GTN at the First Affiliated Hospital of Xi’an
Jiaotong University between January 2005 and May 2022. It is
known that no previous study has combined clinical and demo-
graphic characteristics to predict the survival probability of
patients with CC, which limited the identification of risk factors
for death occurrence. Therefore, we investigated this question.
Nomograms can quantify prognostic risk factors by using line
segments with scales and predict the risk of disease occurrence
more intuitively and individually. It is known that there is no
nomogram that combines psychosocial factors specifically to
predict the survival rate of CC patients. Therefore, we created a
nomogram for CC patients using the SEER database to evaluate
the 5-year and 10-year survival rates of CC patients. The data
from this study may provide valuable information to reduce
deaths from GTN.

Materials and methods
Selection of patients
We obtained primary data from two databases: 1) SEER
database: the SEER ∗ Stat version 8.3.9 was used to capture
the required GTN patients (ICD-O-3, C58.9-placenta) between
1975 and 2016; and 2) First Affiliated Hospital of Xi’an Jiaotong
University. All patients pathologically diagnosed with GTN at
First Affiliated Hospital of Xi’an Jiaotong University between

January 2005 and May 2022 were recorded using computerized
databases.

Processing of data
SEER database

We collected these data: age at diagnosis, year at diagnosis,
race, FIGO stage and prognosis score, marital status (married
and unmarried [single, divorced, separated, and widowed]),
surgery (including hysterectomy, uterine wedge resection,
resection of a solitary pulmonary metastasis or other metastatic
site, excluding suction evacuation, curettage, and selective
uterine artery embolization), chemotherapy, median house-
hold income (< 50% [<US$55.886], ≥ 50% [≥US$55.886]),
unemployment (< 50% [<8.48%], ≥ 50% [≥ 8.48%]), for coun-
try percentage at least bachelor’s degree (< 50% [29.60%], ≥
50% [≥29.60%]), county percentage current smokers (age≥18)
(< 50% [18.59%], ≥ 50% [≥18.59%]), county percentage current
smoker (age≥18) (< 50% [42.97%], ≥ 50% [≥42.97%]), vital sta-
tus, and survival time. In the SEER database, median household
income, education level, unemployment, and smokers are not
recorded as individual-level data, so data were analyzed at the
county level. Patients for whom the FIGO stage was unknown,
as well as race and surgery were excluded. Overall survival
(OS) is the time of death from any cause. Finally, 862 patients
were eligible for analysis from the first Affiliated Hospital of
Xi’an Jiaotong University. The following medical history was
reviewed and collected: age at diagnosis, year at diagnosis,
chief complaint, previous pregnancy, previous abortion, FIGO
stage and prognosis score, surgeries (including total hysterec-
tomy, lesion resection + uterine repair [perforation and bleed-
ing], lesion enucleation [uterine drug resistant], or extrauter-
ine drug-resistant lesion resection [failed to absorb due to
multiple chemotherapy], excluding suction evacuation, curet-
tage, and selective uterine artery embolization), chemotherapy,
unemployment, bachelor’s degree, body mass index (BMI), and
marital status. Finally, 175 patients were eligible for analysis.
This study was performed according to the flowchart shown in
Figure 1.

Ethical statement
Institutional Review Board approval is not required for
data used in the SEER database, which is a public research
resource. The data used in the First Affiliated Hospital of
Xi’an Jiaotong University were approved by the Ethics Commit-
tee of the First Affiliated Hospital of Xi’an Jiaotong University
(No. XJTU1AF2022LSK-353).

Statistical analysis
The clinical and demographic characteristics of the different
types of GTN patients (CC and PSTT/ETT), the prognosis score
of low-risk, and HR/UHR were compared using the chi-square
test (χ2) in two data sources. Cox regression analyses were used
to identify predictors associated with survival. Kaplan–Meier
curves and the log-rank test were performed to evaluate the OS
of CC patients. A visualized survival probability was generated
using a nomogram, and its accuracy was assessed using the
concordance index (C-index). Predicted and actual consistency
was assessed by calibration. SPSS (22.0) and R (3.6.3) were used
to analyze the data. P < 0.05 was considered significant.
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Figure 1. Flowchart of patient selection from the SEER database and local hospital. GTN: Gestational trophoblastic neoplasia; CC: Choriocarcinoma;
PSTT/ETT: Placental site trophoblastic tumor; SEER: Surveillance, Epidemiology, and End Results.

Results
Patient characteristics in the database of the local hospital
and SEER
Baseline characteristics of GTN patients stratified by differ-
ent types are summarized in Tables S1 and S2. At the local
hospital, 166 patients were CC and nine were PSTT/ETT
patients; in the SEER database, 763 were CC and 99 were
PSTT/ETT patients. There was a statistically significant dif-
ference between the CC and PSTT/ETT groups in surgery at
the local hospital and in age and year of diagnosis in the
SEER database. Age under 40 years, low education level, nor-
mal BMI, FIGO III/IV stage, high chemotherapy rate, mar-
ried, three or more pregnancies, two or less miscarriages, and
chief complaint of vaginal bleeding constituted the majority
of each group in the local hospital. Similarly, age less than
40 years, white race, FIGO III/IV stage, ohigh surgery rate,
high chemotherapy rate, and married constituted the major-
ity of each group in the SEER database. At the local hospital,
CC patients tended to be under 40 years old, highly unem-
ployed, with normal BMI, married, and had vaginal bleeding as
their chief complaint. CC patients tended to be under 40 years
old, diagnosed between 1975 and 1998, with FIGO I/II stage,
high unemployment rate, and low education level in the SEER
database.

Comparison of low-risk and HR/UHR patients in local hospital
and SEER databases
The comparison of low-risk and HR/UHR patients at the local
hospital and in the SEER database is shown in Tables 1 and 2.
There were 82 low-risk patients and 84 patients with HR/UHR
at the local hospital, 44 low-risk patients and 117 patients with
HR/UHR in the SEER database. There was a statistically sig-
nificant difference between the low-risk and HR/UHR groups
in the FIGO stage, surgery, and chief complaint in the local
hospital and in the FIGO stage, surgery, and unemployment in
the SEER database. Age under 40 years, high chemotherapy

rate, low education level, normal BMI, married, three or more
pregnancies, two or fewer abortions, and chief complaint of
vaginal bleeding constituted the majority of each group at the
local hospital. Similarly, age less than 40 years, white race,
high chemotherapy rate, married, and low income constituted
the majority of each group in the SEER database. At the local
hospital, HR/UHR patients tended to be 40 years old or older,
were diagnosed between 2017 and 2022, had a high surgery rate,
FIGO III/IV stage, and complained mainly of abdominal pain,
bloating, and other symptoms; while HR/UHR patients from the
SEER database were mainly those diagnosed between 2005 and
2015, FIGO III/IV stage, low surgery rate, unmarried, and high
unemployment rate.

Survival-related factors in the SEER database
In univariate Cox analysis, the following factors were asso-
ciated with survival: age, race, surgery, marital status, FIGO
stage, and unemployment. Multivariate Cox analysis showed
that patients older than 40 years (HR 2.094; 95% CI 1.327–3.305)
had a worse prognosis than younger patients. In addition,
patients with FIGO III/IV stage had worse survival compared
with patients with FIGO I/II (HR 1.660; 95% CI 1.082–2.545)
(Table 3).

Kaplan–Meier curves were performed to analyze the
effects of prognostic factors on OS of CC patients. OS curves
stratified by age are shown in Figure 2A. Significant statistical
differences in OS were observed between groups younger
than 40 and 40 years or older (10-year OS 88.8% vs 70.3%).
OS curves stratified by surgery are shown in Figure 2B.
Significant statistical differences in OS occurred between
surgery and non-surgery groups (10-year OS 89.2% vs 83.9%).
OS curves stratified by marital status are shown in Figure 2C;
significant statistical differences in OS were found between
married and nonmarried patients (10-year OS 89.4% vs
83.7%). OS curves stratified by the FIGO stage are shown in
Figure 2D; significant statistical differences were observed in
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Table 1. The comparison of low-risk and HR/UHR patients in local hospital

Total (%)
(N = 166)

Low risk (%)
(N = 82)

HR/UHR (%)
(N = 84) P-value

Age (years)

Mean (range) 33.08 (16–55) 32.24 (18–52) 33.93 (16–55)
<40 126 (75.90) 66 (80.49) 60 (71.43) 0.205
≥40 40 (24.10) 16 (19.51) 24 (28.57)

Year of diagnosis

2005∼2010 26 (15.66) 17 (20.73) 9 (10.71) 0.122
2011∼2016 73 (43.98) 37 (45.12) 36 (42.86)
2017∼2022 67 (40.36) 28 (34.15) 39 (46.43)

Surgery

Yes 73 (43.98) 27 (32.93) 46 (54.76) 0.005
No 93 (56.02) 55 (67.07) 38 (45.24)

Chemotherapy

Yes 158 (95.18) 77 (93.90) 81 (96.43) 0.347
No/Unknown 8 (4.82) 5 (6.10) 3 (3.57)

Unemployment

No 79 (47.59) 36 (43.90) 43 (51.19) 0.356
Yes 87 (52.41) 46 (56.10) 41 (48.81)

Bachelor’s degree

Yes 19 (11.45) 10 (12.20) 9 (10.71) 0.811
No 147 (88.55) 72 (87.80) 75 (89.29)

BMI (kg/m2)

<18.5 26 (15.66) 14 (17.07) 12 (14.29) 0.450
18.5–23.9 105 (63.26) 47 (57.32) 58 (69.05)
24.0–27.9 26 (15.66) 16 (19.51) 10 (11.90)
≥28 9 (5.42) 5 (6.10) 4 (4.76)

FIGO stage

I/II 75 (45.18) 52 (63.41) 23 (27.38) <0.001
III/IV 91 (54.82) 30 (36.59) 61 (72.62)

Marital status

Married 152 (91.57) 75 (91.46) 77 (91.67) 1.000
Unmarried/Divorced/Separated/Single/Widowed 14 (8.43) 7 (8.54) 7 (8.33)

Number of pregnancies

≤2 64 (38.55) 30 (36.59) 34 (40.48) 0.635
≥3 102 (61.44) 52 (63.41) 50 (59.52)

Number of abortions

≤2 113 (68.07) 55 (67.07) 58 (69.05) 0.868
≥3 53 (31.93) 27 (32.93) 26 (30.95)

Chief complaint

Abnormal ultrasonic/β-hCG abnormal 45 (27.11) 27 (32.93) 18 (21.43) 0.003
Vaginal bleeding 108 (65.06) 54 (65.85) 54 (64.29)
Abdominal pain/abdominal distension/other symptoms 13 (7.83) 1 (1.22) 12 (14.28)

Bolded values are statistically significant (P < 0.05). HR/UHR: High/ultra-high risk; BMI: Body mass index; β-hCG: Beta human
chorionic gonadotropine.

OS between the FIGO I/II and FIGO III/IV groups (10-year
OS 91.2% vs 83.6%). OS curves stratified by unemployment
are shown in Figure 2E; significant statistical differences in
OS were found between low and high unemployment groups
(10-year OS 89.8% vs 84.5%).

Construction of a nomogram model and calibration chart for OS
of CC patients in the SEER database
A nomogram for the survival of CC patients was created in
the SEER database to evaluate 5- and 10-year survival rates
(Figure 3). The C-index of the nomogram was 0.674. In addition,
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Table 2. The comparison of low-risk and HR/UHR patients in the SEER database

Total (%)
(N = 161)

Low risk (%)
(N = 44)

HR/UHR (%)
(N = 117) P-value

Age (years)

Mean (range) 31.60 (16–59) 31.60 (17–53) 31.38 (16–59)
<40 134 (83.23) 37 (84.09) 97 (82.91) 1.000
≥40 27 (16.77) 7 (15.91) 20 (17.09)

Year of diagnosis

1999∼2004 6 (3.73) 2 (4.55) 4 (3.42) 0.554
2005∼2010 77 (47.83) 18 (40.91) 59 (50.43)
2011∼2016 78 (48.44) 24 (54.55) 54 (46.15)

Race

White 118 (73.29) 33 (75.00) 85 (72.65) 0.702
Black 24 (14.91) 5 (11.36) 19 (16.24)
Other 19 (11.80) 6 (13.64) 13 (11.11)

FIGO stage

I/II 32 (19.75) 22 (50.00) 10 (8.55) <0.001
III/IV 129 (80.12) 22 (50.00) 107 (91.45)

Surgery

Yes 57 (35.40) 25 (56.82) 32 (27.35) 0.001
No 104 (64.60) 19 (43.18) 85 (72.65)

Chemotherapy

Yes 152 (94.41) 40 (90.91) 112 (95.73) 0.258
No/Unknown 9 (5.59) 4 (9.09) 5 (4.27)

Marital status

Married 91 (56.52) 28 (63.64) 63 (53.85) 0.289
Unmarried/Divorced/Separated/Single/Widowed 70 (43.48) 16 (36.36) 54 (46.15)

County-level median household income

<50% 85 (52.80) 25 (56.82) 60 (51.28) 0.597
≥50% 76 (47.20) 19 (43.18) 57 (48.72)

County percentage unemployed

<50% 79 (49.07) 28 (63.64) 51 (43.59) 0.033
≥50% 82 (50.93) 16 (36.36) 66 (56.41)

County percentage with bachelor’s degree

<50% 91 (56.52) 26 (59.09) 65 (55.56) 0.724
≥50% 70 (43.48) 18 (40.91) 52 (44.44)

County percentage current smokers (age ≥ 18)

<50% 77 (47.83) 22 (50.00) 55 (47.01) 0.860
≥50% 84 (52.17) 22 (50.00) 62 (52.99)

County percentage ever smokers (age ≥ 18)

<50% 73 (45.34) 19 (43.18) 54 (46.15) 0.289
≥50% 88 (54.66) 25 (56.82) 63 (53.85)

Bolded values are statistically significant (P < 0.05). HR/UHR: High/ultra-high risk; SEER: Surveillance, Epidemiology, and End
Results.

calibration charts were created to evaluate the consistency of
the nomogram (Figure 4).

Discussion
Although the cure rate of GTN is high in developed coun-
tries (almost 100%), the mortality rate (20%) is still high in

underdeveloped countries [21]. Since most studies on GTN are
based on hospital studies with small samples, it is difficult
to estimate their incidence. Compared with Western coun-
tries, the incidence of GTN is higher in Southeast Asia and
Africa [21, 22]. Our hospital is the GTN treatment center in
Northwest China. Many cases are referred to our center by
secondary hospitals. However, due to non-standard treatment
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Table 3. Univariate and multivariate survival analysis of OS in CC patients in the SEER database

Univariable analysis Multivariable analysis
Variable Hazard ratio (95% CI) P-value Hazard ratio (95% CI) P-value

Age (years)

<40 1 (Reference) 1 (Reference)
≥40 1.942 (1.244–3.033) 0.003 2.094 (1.327–3.305) 0.002

Race

White 1 (Reference)
Black 1.718 (1.101–2.680) 0.017
Other 1.019 (0.579–1.794) 0.948

Surgery

No 1 (Reference)
Yes 0.601 (0.404–0.893) 0.012

Chemotherapy

No/Unknown 1 (Reference)
Yes 0.682 (0.415–1.12 2) 0.132

Marital status

Married 1 (Reference)
Unmarried/Divorce/Separated/Single/Widowed 1.538 (1.043–2.268) 0.030

FIGO stage

I/II 1 (Reference) 1 (Reference)
III/IV 1.826 (1.213–2.748) 0.004 1.660 (1.082–2.545) 0.020

County-level median household income

<50% 1 (Reference) 0.132
≥50% 1.350 (0.914–1.994) 0.003

County percentage unemployed

<50% 1 (Reference)
≥50% 1.559 (1.051–2.31 4) <0.027

County percentage with bachelor’s degree

<50% 1 (Reference)
≥50% 1.440 (0.974–2.129) 0.068

County percentage current smokers (age ≥ 18)

<50% 1 (Reference)
≥50% 1.170 (0.796–1.720) 0.424

County percentage ever smokers (age ≥ 18)

<50% 1 (Reference)
≥50% 1.160 (0.789–1.705) 0.450

Bolded values are statistically significant (P < 0.05). HR/UHR: High/ultra-high risk; SEER: Surveillance, Epidemiology, and End Results; OS: Overall survival.

in primary hospitals, there are more cases of chemotherapy
resistance. In our previous study, the incidence of invasive mole
and CC decreased from 9.0 to 2.7 per 1000 deliveries in 15 years
(from 1994 to 2009) [22]. Despite this continuous decrease, the
number of these cases was still higher than in some developed
countries [21, 22].

GTN has the ability to invade locally and metastasize [10].
The tumor can cause various clinical symptoms, of which vagi-
nal bleeding remains the most common [21]. Our study confirms
this observation. In the case of metastatic disease, other symp-
toms may occur. Lungs are the most common site of metastasis,
but it can also spread to the vagina, liver, brain, and intestinal

tract [4, 23–25]. Lung lesions may present with symptoms, such
as cough and chest pain. Vaginal metastases may be accompa-
nied by vaginal bleeding. Invasion of the central nervous system
may cause mild neurological symptoms such as headache [4].
Analyzing data from the local hospital, we found that HR/UHR
patients were more likely to have symptoms of metastases.
These patients usually visit the physician with some atypical
symptoms or signs in addition to ultrasound abnormalities and
persistently elevated β-hCG levels or plateaus, which may be the
main reason for misdiagnosis and mistreatment.

GTN has a high mortality rate until effective chemotherapy
is developed. Studies have shown that GTN had a mortality

Hou et al.
Clinical features and demographic characteristics of GTN 181 www.biomolbiomed.com

http://www.biomolbiomed.com
http://www.biomolbiomed.com


Age<40
1.00

0.75

0.50

O
ve

ra
ll 

Su
rv

iv
al

0.25

0.00

p = 0.0029

Months from Diagnosis
Number at risk

Months from Diagnosis

0 100 200 300 400 500

0 100 200 300 400 500

Age≥40

Age<40
Age≥40

639 359 172 85 36 1
124 62 20 9 1 0

Non-surgery
1.00

0.75

0.50

O
ve

ra
ll 

Su
rv

iv
al

0.25

0.00

p = 0.011

Months from Diagnosis
Number at risk

Months from Diagnosis

0 100 200 300 400 500

0 100 200 300 400 500

Surgery

Non-surgery
Surgery

322 147 45 6 0 0
441 274 147 88 37 1

Married
1.00

0.75

0.50

O
ve

ra
ll 

Su
rv

iv
al

0.25

0.00

p = 0.028

Months from Diagnosis
Number at risk

Months from Diagnosis

0 100 200 300 400 500

0 100 200 300 400 500

Non-married

Married
Non-married

435 262 128 72 33 1
328 159 64 22 4 0

FIGO= �/��
FIGO=  ���/�V

1.00

0.75

0.50

O
ve

ra
ll 

Su
rv

iv
al

0.25

0.00

p = 0.0035

Months from Diagnosis
Number at risk

Months from Diagnosis

0 100 200 300 400 500

0 100 200 300 400 500

345 205 96 57 25 1
418 216 96 37 12 0

FIGO= �/�� FIGO=  ���/�V 1.00

0.75

0.50

O
ve

ra
ll 

Su
rv

iv
al

0.25

0.00

p = 0.027

Months from Diagnosis
Number at risk

Months from Diagnosis

0 100 200 300 400 500

0 100 200 300 400 500

401 209 74 26 10 0
362 212 118 66 27 1

High unemployment Low unemployment

High unemployment
Low unemployment

A B

C D E

Figure 2. Kaplan–Meier curves for OS among CC patients: (A) age; (B) surgery; (C) marital status; (D) FIGO stage; (E) unemployment. OS: Overall
survival; CC: Choriocarcinoma.
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Figure 3. Nomograms to predict 5- and 10-year overall surivival for
choriocarcinoma patients.

rate of up to 75% before the advent of chemotherapy [21]. It
has been reported that prophylactic administration of either
MTX or Act-D chemotherapy during or immediately after
molar removal can reduce the incidence of postmolar GTN
to 3%–8% [9]. Currently, chemotherapy in combination with
surgery improves the prognosis of patients [1]. Although
complete remission is achieved in most patients, some of
them develop resistance to chemotherapy [1]. Therefore, some
researchers recommend that all women with an FIGO risk score

of five or six receive first-line therapy with multiple agents,
which is much more toxic than single-agent therapy [26]. Flox-
uridine, Act-D, etoposide, and vincristine (FAEV) and etopo-
side, MTX, Act-D (EMA)/cyclophosphamide, and vincristine
(CO) are commonly used multi-agent chemotherapy regimens
for high-risk patients. The main toxicity of FAEV and EMA/CO
chemotherapy involves the blood and gastrointestinal tract,
with the symptom of grade 4 neutropenia being most prominent
with FAEV [27]. Although the medical outcomes of GTN have
been extensively studied, we need to explore new influencing
factors to more accurately stratify patients for treatment.
Previous studies have shown that people with GTN often
have a variety of psychological complaints, including anxi-
ety, depression, and reproductive problems [19, 20]. In addi-
tion, the emotional burden of patients is further increased
by long-term treatment and follow-up. Unfortunately, these
symptoms are not taken seriously enough and are not treated
promptly.

The SEER database contains the largest population-based
cohort of GTN. In this study, we extracted data on mar-
riage, education, income, unemployment, and smoking habits
of patients diagnosed with GTN in the SEER database between
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Figure 4. The calibration plot established for the nomogram among
CC patients. CC: Choriocarcinoma.

1975 and 2016 to better understand the psychosocial impact
of GTN. Our study found marital status had an impact on the
prognosis of patients with CC. Married patients had longer
survival than unmarried patients, probably because marriage
means higher emotional and financial support [28]. As a result,
they are more likely to undergo surgery and chemotherapy
and thus have access to good health care and hygiene [1, 29].
Other studies have shown that educational level and socioeco-
nomic status are positively correlated with life satisfaction in
CC patients [19, 30]. Our study found that employed patients
were less likely to get worse. We hypothesize that strong finan-
cial power makes it easier for them to access expensive ther-
apies, and therefore their disease is less likely to worsen [31].
In future treatment, we should pay special attention to the
unemployed and unmarried group, adjust the treatment plan
in time, and strive for more favorable conditions to improve
patients’ survival. Previous studies have shown that older age at
diagnosis and advanced disease stage are associated with worse
outcomes, which was confirmed by our own results. In addi-
tion, our data suggest that Black patients have poorer survival
compared with non-Black patients [32]. We also constructed a
prognostic nomogram. Factors that contributed to high scores
included 40 years or older, black race, FIGO III/IV, non-surgery,
high unemployment rate, and unmarried family status. Unfor-
tunately, the data of β-hCG and patients’ blood type are not
included in the SEER database. Previous studies have shown
that blood type A is the most common in GTN patients (49.35%)
and the β-hCG level is 50,000–100,000 mIU/mL [33]. Neverthe-
less, we need to pay attention to the weak associations between

factors and patient prognosis caused by selection bias and
inadequate control of confounding factors (OR less than 2) [34].
In our future clinical work, we need to verify the authen-
ticity of these conclusions through continuous analysis and
practice.

At the local hospital, our study showed a statistical differ-
ence in surgery between CC and PSTT/ETT. It is well known
that PSTT/ETT does not respond to MTX and Act-D, so surgery
plays a particularly vital role, not only in biopsy of the tis-
sue to confirm the disease but also in prognosis [1, 35]. In
the SEER database, we found statistical differences in age and
year of diagnosis between CC and PSTT/ETT. The data show
that most patients with PSTT/ETT are 40 years old or older
and that the number of diagnosed cases increased over time.
This is probably related to the slow growth of the tumor
and the lack of diagnostic experience in the early years [36].
In addition, we found a statistically significant difference in
surgery between low-risk and HR/UHR CC patients. This is
because most low-risk patients are cured with monotherapy
or hysterectomy, whereas HR/UHR patients often require mul-
tiagent chemotherapy, alone or in combination with surgery
or radiotherapy [10]. Many patients with HR/UHR metas-
tases require additional surgery even with high-intensity
chemotherapy to control bleeding from metastatic site, elim-
inate chemotherapy resistance, or treat complications during
treatment.

To our knowledge, this is the most comprehensive and
detailed study of clinical features and demographic charac-
teristics of GTN. The study has some limitations: (1) the
SEER database does not provide detailed information about
adjuvant therapy, treatment decisions, or pregnancy-related
issues; (2) due to the insufficient description of the data in
the SEER database, we can only include FIGO III and IV
in the same group, which may result in a low OS of FIGO
III. In addition, we assume that in the SEER database, the
malignancy level of the invasive mole is lower than CC and
the prognosis is better, so the corresponding data are not
included. Given the rarity of GTN, we focused on CC with
many cases for a thorough analysis. Although this study has
retrospective limitations, several prognostic factors related to
socioeconomic status were included, filling the gaps of previous
studies and providing new insights for clinical management of
patients.

Conclusion
In this study, we extracted data on marriage, education, income,
unemployment, and smoking habits of patients diagnosed with
GTN from the SEER database between 1975 and 2016 to bet-
ter understand the psychosocial impact of GTN. In conclusion,
in addition to some of the currently identified prognostic risk
factors, we should improve our understanding of GTN from a
socioeconomic perspective and provide effective social support
by assessing patients’ clinical and demographic characteristics.
Our study might contribute to a rational formulation of the
treatment method of GTN and to improve the prognosis of the
disease.
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Supplemental data

Table S1. Baseline characteristics of eligible GTN patients in local hospital

Total (%)
(N = 175)

CC (%)
(N = 166)

PSTT/ETT (%)
(N = 9) P-value

Age (years)

Mean (range) 33.03 (16–55) 33.08 (16–55) 33.23 (21–47)
<40 134 (76.57) 126 (75.90) 8 (88.89) 0.33
≥40 41 (23.43) 40 (24.10) 1 (11.11)

Year of diagnosis

2005∼2010 27 (15.43) 26 (15.66) 1 (11.11) 0.342
2011∼2016 75 (42.86) 73 (43.98) 2 (22.22)
2017∼2022 73 (41.71) 67 (40.36) 6 (66.67)

Unemployment

No 85 (48.57) 79 (47.59) 6 (66.67) 0.221
Yes 90 (51.43) 87 (52.41) 3 (33.33)

Bachelor’s degree

Yes 20 (11.43) 19 (11.45) 1 (11.11) 0.632
No 155 (88.57) 147 (88.55) 8 (88.89)

BMI (kg/m2)

<18.5 30 (17.14) 27 (16.27) 3 (33.33) 0.342
18.5–23.9 107 (61.15) 104 (62.65) 3 (33.33)
24.0–27.9 29 (16.57) 26 (15.66) 3 (33.33)
≥28 9 (5.14) 9 (5.42) 0 (0.00)

FIGO stage

I/II 79 (45.14) 75 (45.18) 4 (44.44) 1.000
III/IV 96 (54.86) 91 (54.82) 5 (55.56)

Surgery

Yes 83 (47.43) 74 (44.58) 9 (100.00) 0.001
No 92 (52.57) 92 (55.42) 0 (0.00)

Chemotherapy

Yes 167 (95.43) 158 (95.18) 9 (100.00) 0.650
No 8 (4.57) 8 (4.82) 0 (0.00)

Marital status

Married 159 (90.86) 152 (91.57) 7 (77.78) 0.193
Unmarried/Divorced/Separated/Single/Widowed 16 (9.14) 14 (8.43) 2 (22.22)

Pregnancy

≤2 66 (37.71) 64 (38.55) 2 (22.22) 0.271
≥3 109 (62.29) 102 (61.45) 7 (77.78)

Abortion

≤2 122 (69.71) 116 (69.88) 6 (66.67) 0.548
≥3 53 (30.29) 50 (30.12) 3 (33.33)

Chief complaint

Abnormal ultrasonic/hCG abnormal 27 (15.43) 24 (14.46) 3 (33.33) 0.253
Vaginal bleeding 108 (61.71) 104 (62.65) 4 (44.45)
Abdominal pain/abdominal distension/ other symptoms 40 (22.86) 38 (22.89) 2 (22.22)

Bolded values are statistically significant (P < 0.05). GTN: Gestational trophoblastic neoplasia; CC: Choriocarcinoma;
PSTT/ETT: Placental site trophoblastic tumor.
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Table S2. Baseline characteristics of eligible GTN patients in SEER database

Total (%)
(N = 862)

CC (%)
(N = 763)

PSTT/ETT (%)
(N = 99) P-value

Age (years)

Mean (range) 30.75 (14–59) 30.74 (14–59) 31.11 (16–53)
<40 713 (82.71) 639 (83.75) 74 (74.75) 0.033
≥40 149 (17.29) 124 (16.25) 25 (25.25)

Year of diagnosis

1975∼1998 249 (28.89) 242 (31.72) 7 (7.07) <0.001
1999∼2004 198 (22.97) 173 (22.67) 25 (25.25)
2005∼2010 222 (25.75) 185 (24.25) 37 (37.37)
2011∼2016 193 (22.39) 163 (21.36) 30 (30.30)

Race

White 560 (64.97) 501 (65.66) 59 (59.60) 0.490
Black 168 (19.49) 146 (19.33) 22 (22.22)
Other 134 (15.54) 116 (15.20) 18 (18.18)

FIGO stage

I/II 382 (44.32) 345 (45.22) 37 (37.37) 0.162
III/IV 480 (55.68) 418 (54.78) 62 (62.63)

Surgery

Yes 494 (57.31) 441 (57.80) 53 (53.54) 0.450
No 368 (42.69) 322 (42.20) 46 (46.46)

Chemotherapy

Yes 726 (84.22) 648 (84.93) 78 (78.79) 0.141
No/Unknown 136 (15.78) 115 (15.07) 21 (21.21)

Marital status

Married 494 (57.31) 435 (57.01) 59 (59.60) 0.667
Unmarried/Divorced/Separated/Single/Widowed 368 (42.69) 328 (42.99) 40 (40.40)

County-level median household income

<50% 446 (51.74) 397 (52.03) 49 (49.49) 0.670
≥50% 416 (48.26) 366 (47.97) 50 (50.51)

County percentage unemployed

<50% 419 (48.61) 362 (47.44) 57 (57.58) 0.069
≥50% 443 (51.39) 401 (52.56) 42 (42.42)

County percentage with bachelor’s degree

<50% 440 (51.04) 397 (52.03) 43 (43.43) 0.110
≥50% 422 (48.96) 366 (47.97) 56 (56.57)

County percentage current smokers (age ≥ 18)

<50% 431 (50.00) 375 (49.15) 56 (56.57) 0.200
≥50% 431 (50.00) 388 (50.85) 43 (43.43)

County percentage ever smokers (age ≥ 18)

<50% 428 (49.65) 377 (49.41) 51 (51.52) 0.749
≥50% 434 (50.35) 386 (50.59) 48 (48.48)

Bolded values are statistically significant (P < 0.05). GTN: Gestational trophoblastic neoplasia; CC: Choriocarcinoma;
PSTT/ETT: Placental site trophoblastic tumor.
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