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Background: Due to the scarcity of cases of testicular choriocarcinoma (CC), its clinicopathological
characteristics and prognosis have not been well summarized. Consequently, we conducted this population-
based case-control study to characterize the features of testicular CC.

Methods: The SEER database was used to extract qualified data. Dichotomous variables were compared
by Pearson’s Chi-squared or Fisher exact test. Survival variables were compared by Kaplan-Meier analyses
and log-rank tests. The univariable and multivariable Cox regression analyses were applied to figure out risk
factors for overall survival (OS) and cancer-specific survival (CSS). Propensity score matching (PSM) was
used to control confounding factors in the study.

Results: In total, 788 patients with CC and 19,571 patients with seminoma were identified. Significant
differences were found between two groups in terms of age (<30 years: 65.4% vs. 26.5%; >30 years: 34.6%
vs. 73.5%; P<0.001), marital status (28.8% wvs. 52.1%; P<0.001), laterality (proportion of bilateral tumors:
4.1% vs. 1.0%, P<0.001), tumors size (<4 cm: 40.2% vs. 49.3%; >4 cm: 45.8% vs. 43.0%; P<0.001), SEER
stage (localized: 43.9% vs. 79.1%; regional: 14.6% vs. 15.4%; distant: 41.0% vs. 4.7%; P<0.001), surgery
(92.4% vs. 98.2%; P<0.001) and chemotherapy (65.4% vs. 19.8%; P<0.001). However, no differences were
found between two groups after Propensity Score Matching (PSM). Furthermore, CC had worse outcomes
than seminoma in terms of 5-year rate of OS (85.5% vs. 97.3%) and 5-year rate of CSS (86.8% vs. 98.6%). In
univariable Cox hazard model, age, laterality, SEER stage (distant), surgery, chemotherapy and pathological
type were independent prognostic factors for OS and CSS. However, in multivariable Cox hazard model,
only age, SEER stage(distant) and surgery remained as the independent prognostic factor for OS and CSS.
Conclusions: Choriocarcinoma is exceedingly rare disease with metastases at initial diagnose and has poor
survival even after treatment. Old age and advanced tumor stage indicate a poor prognosis, while surgery
therapy can improve prognosis. Nevertheless, longer-term studies with larger population of patients are

needed to verify their biological behavior and therapeutic efficacy.
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Introduction

In 2020, it is estimated that about 9610 new cases with
testicular tumors will occur in the United States (1). Germ
cell tumors (GCT) occupy 95% of testicular tumors, which
can be divided into two histologic categories: seminoma
and non-seminoma (2). Choriocarcinoma (CC) is one of the
subtypes of non-seminoma, which only accounts for 7% to
8% of testicular tumors (3). Although the incidence is not
high, it is the most common solid tumor in men between
20 to 39 years old, and the median age of patients suffering
from testicular choriocarcinoma is only 29 years old (4).
Moreover, unlike other GCT, it’s very aggressive and spread
widely via hematogenous route, consequently with poor
prognosis. In aspect of therapy, the primary treatment is
radical inguinal orchiectomy, other various therapeutic
regimens including retroperitoneal lymph node dissection
(RPLND), chemotherapy and surveillance are applied
according to patient’s pathological report, disease histology,
stage and risk classification (5,6).

Due to the scarcity of cases and the complexity of the
disease, the clinical features and prognostic factors of
testicular choriocarcinoma are still not well characterized.
Thus, we searched the Surveillance, Epidemiology,
and End Results (SEER) database and summarized
clinicopathological characteristics and survival outcomes for
testicular choriocarcinoma in this study. Because seminoma
is the most common malignant tumor among testicular
tumors, we set it as a control group to show the clinical
features of choriocarcinoma.

We present the following article in accordance with the
STROBE reporting checklist (available at http://dx.doi.
org/10.21037/tau-20-1061).

Methods
Data extraction

The SEER database of the National Cancer Institute
collects cancer diagnosis, treatment, and survival data for
approximately 30% of the US population. SEER*Stat
software (version 8.3.6) was used for extracting data from
“Incidence-SEER 18 Regs Custom Data (with additional
treatment fields), Nov 2018 Sub (1975-2016 varying)”
database.

The patients who diagnosed as testicular choriocarcinoma
and seminoma from 1998 to 2016 based on the third edition
of the International Classification of Diseases for Oncology
(ICD-0-3) were included in this study. Histology codes for
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each disorder were following: 9100/3 (Choriocarcinoma),
9101/3 (Choriocarcinoma combined with other germ cell
elements) and 9061/3 (Seminoma). In the SEER database,
Surgery therapy of testicular malignancies include local
or partial excision of testicle, excision of testicle with or
without cord and radical orchiectomy.

There are three main principals to filter the cases.
Firstly, patients included in our study not only need be
confirmed their malignant status by histology, but also their
primary tumor limited to one site. Secondly, the cases lack
of detailed follow-up information and cause of death were
ruled out. Last but not the least, as radiotherapy is not
recommended for patients with non-seminoma, in order
to prevent selection bias, patients underwent radiation
treatment were excluded from the cohort. Detailed
screening process were shown in the flow diagram of
Figure 1.

The study was conducted in accordance with the
Declaration of Helsinki (as revised in 2013). Because the
original data came from the SEER database, the study
didn’t need to approved by ethics board of institution and
the participants didn’t need to give informed consent before
taking part.

Variables

The following SEER variables were selected for our
study: age, marital status, laterality, tumor size, SEER
stage, therapeutic methods (including: surgery and
chemotherapy). Age was divided into two groups: <30 and
>30 years; tumor size was categorized into two groups: <4
and >4 cm; SEER stages were classified into three groups
by combination of the most precise clinical and pathological
documentation recorded in the SEER program, which were
localized, regional and distant. Localized meant “within
organ”, regional defined by “extension to adjacent organs or
to regional lymph nodes” and distant determined by “direct
extension or metastasis”. Surgery was classified into “Yes”,
“No” and “Unknown”. Chemotherapy was classified into
“No/Unknown” and “Yes”. The primary survival outcomes
were overall survival (OS) which calculated from diagnosis
to any cause of death and cancer-specific survival (CSS)
which calculated from diagnosis to death caused by testis
carcinoma.

Statistical analysis

All the data were analyzed by R language (v4.0.0) software,
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radiotherapy (n=19,571)

Figure 1 Flow diagram for patients’ selection.

» o«

and the elementary packages were “gmodels”, “nonrandom”,
“survival” and “survminer”. Clinicopathological
characteristics for testicular choriocarcinoma and seminoma
were analyzed by using Chi-squared test or Fisher’s exact
test. Propensity score matching was applied to process the
analysis with a 1:2 ratio of choriocarcinoma to seminoma,
for balancing the confounding bias in the study. Kaplan-
Meier survival curves were used to show median survival
time, and log-rank tests were used to determine the
significance. The univariable and multivariable Cox
proportional hazards models were used to assess the impact
of related risk factors on OS and CSS. Two-sided tests were
used and P<0.05 was deemed as statistically significant.
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Results

Clinicopathological characteristics of testicular
choriocarcinoma patients and seminoma patients

In total, 788 patients with choriocarcinoma and 19,571
patients with seminoma were identified in the SEER
database. As shown in Table 1, In comparison with the
patients in seminoma group, patients in the choriocarcinoma
group had larger proportion of young people (<30 years:
65.4% vs. 26.5%; >30 years: 34.6% vs. 73.5%; P<0.001),
smaller proportion of getting married ( 28.8% vs. 52.1%;
P<0.001), larger proportion of bilateral tumors (4.1% vs.
1.0%, P<0.001), larger proportion of big tumors (<4 cm:
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Table 1 Clinicopathological characteristics of patients with testicular choriocarcinoma (CC) or seminoma

Characteristics Choriocarcinoma, n=788 (%) Seminoma, n=19,571 (%) P value
Age (years) <0.001
<30 515 (65.4) 5,177 (26.5)
>30 273 (34.6) 14,394 (73.5)
Marital status <0.001
Married 227 (28.8) 10,198 (52.1)
Not married® 529 (67.1) 8,290 (42.4)
Unknown 32 (4.1) 1,083 (5.5)
Laterality <0.001
Left or right 756 (96.0) 19,369 (99.0)
Bilateral 32 (4.1) 202 (1.0)
Tumor size (cm) <0.001
<4 317 (40.2) 9,645 (49.3)
>4 361 (45.8) 8,419 (43.0)
Unknown 110 (14.0) 1,507 (7.7)
SEER stage <0.001
Localized 346 (43.9) 15,476 (79.1)
Regional 115 (14.6) 3,008 (15.4)
Distant 323 (41.0) 920 (4.7)
Unknown 4 (0.5) 167 (0.9)
Surgery <0.001
No 58 (7.4) 328 (1.7)
Yes 728 (92.4) 19,215 (98.2)
Unknown 2(0.3) 28 (0.1)
Chemotherapy <0.001
No/unknown 273 (34.6) 15,690 (80.2)
Yes 515 (65.4) 3,881 (19.8)

a, not married included divorced, separated, single (never married), unmarried or domestic partner and widowed.

40.2% vs. 49.3%; >4 cm: 45.8% vs. 43.0%; P<0.001), larger
proportion of advanced SEER stage (localized: 43.9% uvs.
79.1%; regional: 14.6% vs. 15.4%; distant: 41.0% vs. 4.7 %;
P<0.001), smaller proportion of patients receiving surgery
(92.4% vs. 98.2%; P<0.001) and larger population accepted
chemotherapy (65.4% vs. 19.8%; P<0.001).

Due to the imbalance of variables between two groups,
selection bias and confounding variables probably affected
the results in the end. Consequently, in order to bring the
result close to the effects of randomized controlled studies,
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we applied propensity score matching (PSM) to balance the
confounding bias in the study. After PSM, no significant
differences were found between two groups (Table S1).

Survival rates of testicular choriocarcinoma patients and
seminoma patients

As shown in Figure 2, the choriocarcinoma group had worse
CSS and OS than the seminoma group (P<0.0001). We

used S-year survival rates instead of median survival time
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Figure 2 Kaplan-Meier estimate for patients with testicular choriocarcinoma or seminoma. (A) Cancer-specific survival (CSS) for all patients

with testicular choriocarcinoma (CC) or seminoma; (B) overall survival (OS) for all patients with testicular CC or seminoma.

in the study and found that survival outcomes in the SEER
database in both groups were over 50 percent, the 5-year
rate of CSS were 86.8% versus 98.6% and 5-year rate of OS
were 85.5% versus 97.3%, in the choriocarcinoma group
and seminoma group respectively. As shown in Figure 3,
CSS and OS after PSM, the choriocarcinoma group still
had worse outcomes than that in the seminoma group
(P<0.0001), 5-year rate of CSS were 90.0% versus 95.2%
and 5-year rate of OS were 89.0% versus 94.1%, in the
choriocarcinoma group and seminoma group respectively.

Prognostic factors for OS and CSS in testicular
choriocarcinoma patients

In univariate cox proportional hazards regression model,
we found that age >30, bilateral tumors, SEER stage
in distant and chemotherapy were negative prognostic
factors for testicular choriocarcinoma patients in terms
of OS and CSS (P<0.05). Surgery and mixed component
of tumor pathology were positive prognostic factors for
better OS and CSS (P<0.05) (Table S2). Further, we applied
multivariate cox proportional hazards regression model to
validate the results, found that age >30 and SEER stage in
distant were still negative prognostic factors in terms of OS

© Translational Andrology and Urology. All rights reserved.

and CSS, surgery was sole positive factor for better OS and
CSS (Table 2).

Discussion

Although testicular cancer is uncommon which only
accounts for less than 1% of all male tumors (7), the
incidence of testicular cancer has been rising in the past
20 years (8). As a part of GCT, choriocarcinoma is a rare
pathological type, whose pure form only accounts for
approximately 0.5% of all testis tumors (9). Due to scarcity
of cases, most of articles about it are case reports, hence,
the clinicopathological features of the disease have not been
well summarized so far. We collected 788 patients with
choriocarcinoma and 19,571 patients with seminoma by
searching SEER database. In our study, the patients in the
choriocarcinoma group were younger, the ratio of bilateral
tumors was higher, the size of tumors was larger, the SEER
stage was more advanced, the ratio of receiving surgery
was lower, the ratio of accepting chemotherapy was higher.
Alvarado-Cabrero et al. published a series study on pure
CC and predominant CC in GCT of the testis, 15 patients
were included (10) with median age of 29 years old, the
mean size of tumor was 6.5 cm, all of them presented
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Figure 3 Kaplan-Meier estimate for patients with testicular choriocarcinoma or seminoma. (A) Cancer-specific survival (CSS) after

propensity score matching (PSM) for matched patients with testicular choriocarcinoma (CC) or seminoma; (B) overall survival (OS) after

PSM for matched patients with testicular CC or seminoma.

with unilateral tumors and metastasized to distant sites.
The age, SEER stage and tumor size were similar to our
study, these features are indicators for worse prognosis of
choriocarcinoma. The difference in laterality might be
caused by limited sample size in Isabel’s study.

In our results, Distant metastasis accounted for 41.0 %
in all patients. High metastasis rate is a major feature of
CC. The ability of invading to host vessels make CC an
aggressive cancer which lead to a poor prognosis. Malek ez a/.
suggested that chromosomal anomalies such as gaining or
losing part of chromosome, e.g., 1 (12p) (11) might be the
cause of early invasion of the tumor. Moreover, several
studies indicated that vasculogenic mimicry, epithelial-to-
mesenchymal transition and G protein-coupled receptor 1
expression may also contribute to the character of early
vessel invasion (12,13).

In the survival outcomes, we found that 5-year rate of
CSS were 86.8% in CC and 5-year rate of OS in CC were
85.5%, which were worse than that of seminoma patients.
Stang et al. have done a research on different types of
GCT in testis, and reported that 5-year relative survival for
seminoma was close to 97.6%, non-seminoma was 93.3%,
choriocarcinoma was the lowest, about 80.1% (14). Their

© Translational Andrology and Urology. All rights reserved.

study also validated the fact that the prognosis of CC is
worse than that of seminoma. In addition, the results of our
multivariable cox proportional hazards model suggested that
age >30 and SEER stage in distant were adverse predictors
for OS and CSS. Surgery was positive predictor for OS and
CSS. Jiang et al. revealed that patients with 34 years old and
younger had significantly longer OS (15). Stephenson ez 4.
reported that by excluding clinical stage IIb non-seminoma
patients from testicular tumor, the 4-year progression-
free survival rate improved from 83% to 96%(16). which
in agreement with our results that patients in younger age
and localized tumor stage have better prognosis. Based on
symptoms, physical examinations, imaging examinations
on testes and serum tumor markers, all suspicious patients
are recommended to have radical inguinal orchiectomy or
inguinal exploration (2). Liu et /. analyzed various factors
for prognosis in non-gestational ovarian choriocarcinoma
patients and found that ovariectomy is a good prognostic
factor for OS (17). Once choriocarcinoma is confirmed,
subsequent treatment regimens such as: retroperitoneal
lymph node dissection (RPLND), chemotherapy and
surveillance are employed individually or in combination
according to TMN stage, S stage and clinical risk factors.
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Table 2 Multivariate Cox proportional hazards regression model analysis of overall survival and cancer-special survival for testicular

choriocarcinoma (CC) patients

Cancer-special survival

Overall survival

Characteristics

HR (95% Cl) P value HR (95% ClI) P value

Age

<30 years Reference - Reference -

>30 years 1.593 (1.066-2.380) 0.023 1.600 (1.100-2.326) 0.014
Laterality

Left or right Reference - Reference -

Bilateral 1.256 (0.640-2.464) 0.508 1.161 (0.599-2.248) 0.659
SEER stage

Localized Reference - Reference -

Regional 3.098 (0.971-9.885) 0.056 2.133 (0.789-5.762) 0.135

Distant 15.206 (5.627-41.094) <0.001 9.957 (4.392-22.573) <0.001
Surgery

No Reference - Reference -

Yes 0.429 (0.241-0.764) 0.004 0.476 (0.274-0.826) 0.008
Chemotherapy

None/unknown Reference - Reference -

Yes 0.874 (0.395-1.934) 0.739 0.932 (0.453-1.919) 0.849
Pathological type

Pure choriocarcinoma Reference - Reference -

Mixed type 0.724 (0.463-1.132) 0.157 0.677 (0.445-1.029) 0.068

a . . . . . . . .
, not married included divorced, separated, single (never married), unmarried or domestic partner and widowed.

Mazzone et al. compared RPLND to no RPLND after
primary treatment of stage I non-seminoma of testis, found
that RPLND was associated with lower cancer-specific
mortality (18). In our study, surgery is also regarded as a
positive factor for patients’ prognosis. However, with the
limitation of SEER database, not only RPLND wasn’t
included in the surgery therapy, but also lack of specific
analysis on different surgical methods (e.g., local or partial
excision of testicle, excision of testicle with or without cord
and radical orchiectomy). Consequently, more concrete
studies are needed to verify our conclusion.

Although chemotherapy was not associated with better
CSS and OS in our study, we still consider chemotherapy
is beneficial for patient’s survival time. Tandstad et al.
conducted a multicenter study on 745 patients with
clinical stage I non-seminoma and showed that 41.7% of
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vascular invasion patients relapsed in surveillance group,
but only 3.2% of vascular invasion patients relapsed in
BEP chemotherapy group (19) over period of time. Oliver
et al. studied survival events after adjuvant chemotherapy
for Stage I non-seminoma and found that the recurrence
rate of high-risk patients who accepted adjuvant treatment
decreased by 24%, however, those who accepted active
surveillance their recurrence rate declined only by 11% (20).
Both of them demonstrated that chemotherapy is
indispensable in the localized CC patients. In addition,
Stephenson et #/. found that with increasing patients
received chemotherapy over time , their relapse-free
survival were significantly improved from 84% to 98%
for clinical stage IIA and IIB nonseminomatous germ cell
testicular cancer (21).

NCCN guideline recommends radiotherapy to
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seminoma at stage la—IIb, but to non-seminoma, no specific
instruction is stated on this regard. Feldman ez 4/. have
done a research on brain metastases from GCT and found
out that patients with radiotherapy couldn’t change the
course of tumor development (22). Doyle et al. studied
the effect of whole brain radiation treatment on GCT
patients and found that RT was not innocuous and could
cause severe CNS toxicity (23). But no agreements were
reached on this matter in the field. Casey et a/. reported
that patients suffered from non-seminomatous germ cell
tumor (NSGCT) brain metastasis had a longer 4-year OS
after radiotherapy (24). Further studies evaluating radiation
therapy on NSGCT is in great need to clarify its efficacy.

There are several limitations in the study. First of all,
there are selective bias and other confounding factors in a
retrospective study. Next, data of chemotherapy coming
from SEER database have inevitable bias. Last but not the
least, comparison of efficacy between different treatment
regimens may be affected by other supplementary
therapeutic method applied in the process.

Conclusions

Choriocarcinoma is exceedingly rare disease with
metastases at initial diagnose and has poor survival even
after treatment. Old age and advanced tumor stage indicate
a poor prognosis, while surgery therapy can improve
prognosis. Nevertheless, longer-term studies with larger
population of patients are needed to verify their biological
behavior and therapeutic efficacy.
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Supplementary

Table S1 Clinicopathological characteristics of patients with testicular choriocarcinoma (CC) or seminoma after PSM

Choriocarcinoma, n=546(%) Seminoma, n=1089(%) P value
Age (years) 0.921
<30 years 325 (59.5) 651 (59.8)
>30 years 221 (40.5) 438 (40.2)
Marital status 0.882
Married 183 (33.5) 361 (33.1)
Not married® 363 (66.5) 728 (66.9)
Laterality 0.995
Left or right 538 (98.5) 1073 (98.5)
Bilateral 8 (1.5) 16 (1.5)
Tumor size (cm) 0.843
<4 248 (45.4) 489 (44.9)
>4 298 (54.6) 600 (55.1)
SEER stage 0.952
Localized 299 (54.8) 599 (55.0)
Regional 98 (18.0) 200 (18.4)
Distant 149 (27.3) 290 (26.6)
Surgery 0.708
No 20 (3.7) 36 (3.3)
Yes 526 (96.3) 1053 (96.7)
Chemotherapy 0.950
No/unknown 226 (41.4) 449 (41.2)
Yes 320 (58.6) 640 (58.8)

a, not married included divorced, separated, single (never married), unmarried or domestic partner and widowed.
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Table S2 Univariate Cox proportional hazards regression model analysis of overall survival and cancer-special survival for testicular

choriocarcinoma (CC) patients

Cancer-special survival

Overall survival

Characteristics
HR (95% Cl) P value HR (95% ClI) P value

Age

<30 years Reference - Reference -

>30 years 1.772 (1.194-2.629) 0.004 1.768 (1.224-2.554) 0.002
Marital status

Married Reference - Reference -

Not married® 1.251 (0.799-1.957) 0.328 1.23 (0.810-1.868) 0.331
Laterality

Left or right Reference - Reference -

Bilateral 5.928 (3.418-10.28) <0.001 5.041 (2.925-8.687) <0.001
Tumor size

<4 Reference - Reference -

>4 0.844 (0.534-1.336) 0.469 0.871 (0.571-1.329) 0.522
SEER stage

Localized Reference - Reference -

Regional 3.117 (1.005-9.667) 0.05 2.198 (0.837-5.775) 0.11

Distant 19.799 (8.652-45.310) <0.001 13.354 (6.959-25.625) <0.001
Surgery

No Reference - Reference -

Yes 0.127 (0.081-0.197) <0.001 0.147 (0.096-0.224) <0.001
Chemotherapy

None/unknown Reference - Reference -

Yes 5.521 (2.87-10.62) <0.001 4.85 (2.721-8.647) <0.001
Pathological type

Pure choriocarcinoma Reference - Reference -

Mixed type 0.223 (0.15-0.331) <0.001 0.228 (0.157-0.329) <0.001

a, not married included divorced, separated, single (never married), unmarried or domestic partner and widowed.
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