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Objectives. Primary mediastinal seminoma (PMS) was an uncommon carcinoma, and the appropriate treatment remained
controversial due to the low incidence. We aimed to investigate the demographics and tumor biological characteristics to
determine the potential effective treatment and predict the prognosis. Methods. Patients diagnosed with PMS were selected
between 1975 and 2016 from Surveillance, Epidemiology, and End Results (SEER) database. Kaplan-Meier analysis and Cox
proportional hazard model were conducted to determine the prognostic factors, and nomograms were employed to visually
predict the prognosis. Concordance index (C-index), calibration curve, and receiver operating characteristic (ROC) curve were
conducted to validate the prediction model. Results. A total of 476 patients were included with a median age of 31 years (range,
2-76 years), and a median size of the tumor was 11.6 cm (range, 0.2-24.0 cm). The 5- and 10-year overall survival (OS) rates were
70.4% and 68.4%, respectively. Age, the extent of the primary site, metastatic status, and surgery performance were independent
prognostic factors. Not received surgery was considered a poor prognostic factor for OS (HR, 1.86; 95% CI, 1.13-3.03; P = 0.013).
The C-index was 0.733 (95% CI, 0.685-0.781) and 0.819 (95% CI, 0.737-0.901) for internal and external validation for predicting
OS, respectively. The area under the ROC curve (AUC) was 0.743 (95% CI, 0.681-0.804) for predicting OS (sensitivity, 0.532;
specificity, 0.887) in the training cohort. Conclusions. The nomogram could efficiently predict the survival of patients with PMS.
Surgery was the potential effective treatment, and chemotherapy was strongly recommended for patients over 40 years.

1. Introduction

Primary mediastinal seminoma (PMS), first reported in 1955, is
a comparatively rare subtype of extragonadal germ cell tumor
(EGCT) but ranked second of germ cell tumors (GCTs) in the
anterior mediastinum, just next to mature teratoma [1-3]. The
EGCT histologically contained the same tissues found in the
gonadal tissues, while no mass was found in testis among
patients with PMS [4, 5]. The common extragonadal positions
were mediastinum and retroperitoneum [6], and the incidence
of EGCT was around 0.18/100,000 [7]. PMS ranged 37% of all

mediastinal GCTs [3], while malignant mediastinal GCTs only
accounted for less than 5% of mediastinal tumors [8].

PMS mainly occurred in young males, while fewer in fe-
males [8]. The mean age at diagnosis ranged from 25 to 35 years,
and there was no increased incidence reported in males but it
decreased in females [9]. The 5-year survival of PMS was over
80% [5, 10], while it was around 50% in patients with non-
seminomatous germ cell tumors (NSGCTs) [5]. It was found
that the tumors, whose primary site was not genital organs, were
more relevant to progression or death compared with testicular
primary [11]. Age [12-14], metastatic status [6, 15], and
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operation performance [16] were potential prognostic factors.
The appropriate treatment remained controversial, while
platinum-based chemotherapy combined with surgery is now
the recommended treatment [1, 5, 8, 17].

Due to the low incidence, there would not be a large
prospective or single-center retrospective study that showed
the prognosis and prognostic factors of PMS among a big
crowd [5, 8]. Besides, the individualized treatment strategies
and prediction of survival are still not clear. To investigate
the demographics and clinical characteristics and determine
the effective treatment of PMS, we conducted a population-
based cohort based upon the Surveillance, Epidemiology,
and End Results(SEER) database.

2. Methods

2.1. Patient Selection. The SEER program has been operated
since 1973 by the National Cancer Institute, which consisted
of 18 cancer registries and covered approximately 34.6% of
the population in the United States. SEER* Stat (version
8.3.6; http://www.seer.cancer.gov) was used for our analysis
and obtained in February 2020 [18]. Patients diagnosed with
mediastinal seminoma between 1975 and 2016 were selected
(International Classification of Diseases-10 site code: C38.1-
C38.3; International Classification of Disease for Oncology
histology code: 9061/3-9062/3, 9064/3) [7]. Since the TNM
staging system (the seventh edition) was applied in 2010, the
patients involved were identified using the extent of disease
(EOD) coding system, which was compatible with the
American Joint Committee on Cancer’s Manual (the third
edition). The inclusion and exclusion criteria are shown in
the flowchart in Figure 1. We excluded patients with un-
defined tumor characteristics (n=61), multiple cancer
(n=42), and inactive follow-up (n=1). Thus, a primary
cohort was selected, randomly divided into a training group
and a validation group with a ratio of 7:3.

2.2. Demographics and Variables. In the study, demographic
variables included sex, age, year of diagnosis, race, and
marital status. Tumor-associated variables included EOD,
the extent of the primary site, lymph nodes involved,
metastatic status, and tumor size. Treatment associated
variables included surgery, radiation, and chemotherapy
performance. The age was divided into four groups, <20,
20-40, 40-60, and >60 years. The year of diagnosis was
separated by 2004. The race was divided into three groups:
white, black, and other (Asian or Pacific Islander, American
Indian/Alaska native, and unknown). The marital status was
divided into three groups: single (never married), married,
and others (divorced, separated, widowed, and unknown).
The tumor characteristics between 1988 and 2003 were based
on the EOD-10-digit system, the data between 2004 and 2015
on collaborative stage data collection system, and the data in
2016 on TNM classification (the seventh edition). The EOD
was divided into four stages: localized, regional (regional by
direct extension only, regional lymph nodes involved only,
or regional by both direct extension and lymph node in-
volvement), distant (distant sites/nodes involved), and
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unknown. The primary site’s extent was divided into six
phases: invasive tumor confined to the site of origin, lo-
calized (not otherwise specified, NOS), invaded to adjacent
connective tissue, invaded to adjacent organs/structures,
further contiguous extension, and unknown. The tumor size
was divided into three groups: <10cm, >10cm, and un-
known. The procedures, radiation, and chemotherapy details
were not available in the database. Follow-up time was
defined as a period from the time of diagnosis to death or last
follow-up.

2.3. Statistical Analysis. Categorical variables were described
with frequency and proportion. The difference of demo-
graphic characteristics, tumor, and treatment characteristics
between the training cohort and validation cohort was
described by the y” test and log-rank test. The Kaplan-Meier
method was conducted to evaluate overall survival (OS) and
cancer-specific survival (CSS) in univariate analysis, and
survival curves would be employed to show the difference.
Cox proportional hazards model was conducted in multi-
variate analysis to identify independent prognostic factors. A
P value of less than 0.05 was identified with a statistically
significant level.

Nomograms were adopted to visualize the multivariate
regression analysis and predict 1-, 5-, and 10-year OS and
CSS rates. The concordance index (C-index) and calibration
curve were conducted to validate the precision of the pre-
diction model. The C-index evaluates the discrimination of a
survival model, indicating a better prediction when it goes to
1 and a worse forecast when it goes to 0.5 [19]. The cali-
bration curve shows the difference between actual survival
and predicted survival, with 1000 resamples of boot-
strapping. Afterward, the receiver operating characteristic
(ROC) curve was used to validate the concordance of the
model, and then the value of the area under curve (AUC)
would be given as an assessment indicator. The statistical
analyses above were performed by R 3.6.1 (The R Foundation
for Statistical Computing) and R packages (stats, plyr, rms,
survival, Hmisc, ROCR).

3. Results

3.1. Descriptive Characteristics. A total of 476 patients were
selected between 1988 and 2016 as a primary cohort, which
was then divided into a training cohort (333 patients) and a
validation cohort (143 patients). Among the primary cohort,
the median age was 31 years (range, 2-76 years), and the
follow-up time was 92 months (95% CI, 84-100 months). In
total, 462 (97.1%) were male and 387 (81.3%) were white. The
demographics and clinical characteristics of the primary
cohort, training cohort, and validation cohort are shown in
Table 1.

3.2. Demographics and Survival. Age, extent of the primary
site, metastatic status, and surgery performance were in-
dependent prognostic factors (Table 2). Age and year of
diagnosis were all significantly correlated with OS (Figure 2),
while sex was not associated with OS (P = 0.445) or CSS
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Patients diagnosed with mediastinal
seminoma between 1975 and 2016
in SEER database
(1 = 580)

Excluded:

Patients without definitive tumor characteristics (1975-1987) (n = 61)

Patients with definitive tumor characteristics
(n=519)

Excluded:

Patients with four in situ/malignant tumors (n = 1)
Patients with three in situ/malignant tumors (n = 5)
Patients with two in situ/malignant tumors (n = 32)

PMS was first of two or more primaries (n = 4)

Patients with primary mediastinal
seminoma and without multiple cancer
(n=477)

Excluded:

Patients without active follow-up or unknown survival months (n = 1)

Study population
(n=476)

FiGUre 1: Flowchart describing the inclusion and exclusion criteria in detail and the selection from Surveillance, Epidemiology, and End

Results database.

(P = 0.404). Compared to patients with less than 20 years,
patients with more than 60 years had a poor prognosis in OS
(HR=5.26; 95% CI, 1.75-15.81; P =0.003) and CSS
(HR=7.93; 95% CI, 2.22-28.32; P = 0.001), and those be-
tween 40 and 60 years had an even lower OS (HR =2.64; 95%
CL, 1.09-6.41; P = 0.032). Moreover, the year of diagnosis
was not associated with either CSS (P = 0.370) or OS
(P =0.075).

3.3. Tumor Characteristics and Survival. The extent of the
primary site involved lymph nodes and metastasis were all
significantly associated with OS and CSS (P <0.001). The
unknown infringed extent of primary tumor was associated
with poor OS (HR=2.56; 95% CI, 1.07-6.13; P = 0.034) and
CSS (HR=3.36; 95% CI, 1.21-9.31; P = 0.020). Meanwhile
unknown metastasis status was a protective factor for OS
(HR=0.34; 95% CI, 0.13-0.93; P = 0.035) and CSS (HR = 0.14;
95% CI, 0.03-0.56; P =0.006). In the primary cohort, the
median size of the tumor was 11.6cm (range, 0.2-24.0 cm),
apart from those unknown cases. However, the tumor size was
not associated with OS (P =0.246) or CSS (P = 0.202).
Furthermore, no significant difference was observed in the
training cohort and validation cohort in baseline variables.

3.4. Treatment and Survival. In the primary cohort, 113
(23.7%) patients received surgery, 94 (19.7%) received ra-
diation, and 407 (85.5%) received chemotherapy. The 5-year
and 10-year OS rates were 70.4% and 68.4%, respectively. 5-
year and 10-year CSS were 74.8% and 74.1%, respectively.
Patients without surgery were associated with poor OS
(HR=1.86; 95% CI, 1.13-3.03; P =0.013) and CSS
(HR=1.84; 95% CI, 1.02-3.31; P = 0.041). It was compa-
rable in survival for radiation and chemotherapy. While
among patients aged no less than 40, chemotherapy led to a
favorable outcome in OS (HR=0.20; 95% CI, 0.10-0.41;
P<0.001) and CSS (HR=0.20; 95% CI, 0.09-0.49;
P <0.001).

3.5. Construction and Validation of the Nomogram.
Nomograms were conducted to predict the 1-, 5-, and 10-year
OS and CSS and visualize the prediction models (Figure 3). C-
index was 0.733 (95% CI, 0.685-0.781) and 0.775 (95% CI,
0.718-0.831) for OS and CSS in the training cohort (internal
validation), respectively. C-index was 0.819 (95% CI,
0.737-0.901) and 0.860 (95% CI, 0.784-0.936) for OS and CSS
in the test cohort (external validation), respectively. The vali-
dation of 5-year survival showed a preferable prediction power
via calibration curves (Figure 4).
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TasLE 1: Clinical characteristics of patients with primary mediastinal seminoma in the primary cohort, training cohort, and validation
cohort.

Primary cohort Training cohort Validation cohort
Variable (n=476) (n=333) (n=143) P value
Number % Number % Number %

Sex 1.000
Male 462 97.1 323 97.0 139 97.2
Female 14 2.9 10 3.0 4 2.8

Age (years) 0.495
<20 47 9.9 30 9.0 17 11.9
20~40 299 62.8 209 62.8 90 62.9
40~60 112 23.5 79 23.7 33 23.1
>60 18 3.8 15 4.5 3 2.1

Year of diagnosis 0.316
<2004 213 44.7 154 46.2 59 41.3
>2004 263 55.3 179 53.8 84 58.7

Race 0.438
White 387 81.3 268 80.5 119 83.2
Black 42 8.8 33 9.9 9 6.3
Other * 47 9.9 32 9.6 15 10.5

Marital status 0.285
Single 245 51.5 164 49.2 81 56.6
Married 188 39.5 136 40.8 52 36.4
Other# 43 9.0 33 9.9 10 7.0

Extent of disease 0.702
Localized 155 32.6 107 321 48 33.6
Regional 134 28.1 99 29.7 35 24.5
Distant 131 27.5 89 26.7 42 29.4
Unknown 56 11.8 38 11.4 18 12.6

Extent of primary site 0.986
CSO 101 21.2 70 21.0 31 21.7
LNOS 92 19.3 64 19.2 28 19.6
ACT 28 5.9 20 6.0 8 5.6
AO/S 106 22.3 74 22.2 32 224
FCE 22 4.6 17 5.1 5 3.5
Unknown 127 26.7 88 26.4 39 27.3

Lymph nodes involved * 0.606
Yes 107 22.5 79 23.7 28 19.6
No 268 56.3 185 55.6 83 58.0
Unknown 101 21.2 69 20.7 32 22.4

Metastasis 0.770
Yes 131 27.5 89 26.7 42 294
No 288 60.5 205 61.6 83 58.0
Unknown 57 12.0 39 11.7 18 12.6

Size of tumor (cm) 0.383
<10 101 21.2 65 19.5 36 25.2
>10 201 42.2 144 43.2 57 39.9
Unknown 174 36.6 124 37.2 50 35.0

Surgery 0.036
Performed 113 23.7 88 26.4 25 17.5
NP/NA 363 76.3 245 73.6 118 82.5

Radiation 0.574
Performedt 94 19.7 68 20.4 26 18.2
NP/NA 382 80.3 265 79.6 117 81.8

Chemotherapy 0.836
Performed 407 85.5 284 85.3 123 86.0
NP/NA 69 14.5 49 14.7 20 14.0

CSO, confined to site of origin; LNOS, localized (not of specified); ACT, extend to adjacent connective tissue; AO/S, adjacent organs/structures; FCE, further
contiguous extension; NP/NA, not performed or unknown. *: Asian or Pacific Islander, American Indian/Alaska native, unknown. #: divorced, separated,
widowed, and unknown. f: beam radiation and radiation (not otherwise specified method or source not specified).
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TaBLE 2: Univariate analysis and multivariate analysis of overall survival and cancer-specific survival in the training cohort.
Overall survival Cancer-specific survival
Variable Univariate analysis Multivariate analysis Univariate analysis Multivariate analysis
P value HR (95%CI) P value P value HR (95%CI) P value

Sex 0.004 0.002

Male Ref. Ref.

Female 1.43 (0.57-3.61) 0.445 1.55 (0.55-4.32) 0.404
Age (years) <0.001 <0.001

<20 Ref. Ref.

20~40 1.56 (0.70-3.51) 0.279 1.67 (0.65-4.29) 0.284

40~60 2.64 (1.09-6.41) 0.032 2.67 (0.94-7.58) 0.065

>60 526 (1.75-15.81)  0.003 793 (2.22-28.32)  0.001
Year of diagnosis 0.036 0.370

<2004 Ref. Ref.

>2004 0.70 (0.44-1.11) 0.131 1.00 (0.59-1.69) 0.989
Race 0.291 0.967

White Ref. Ref.

Black 0.77 (0.38-1.54) 0.461 0.42 (0.16-1.06) 0.067

Other 0.89 (0.42-1.90) 0.760 1.01 (0.44-2.35) 0.974
Marital status 0.075 0.149

Single Ref. Ref.

Married 0.74 (0.46-1.22) 0.239 0.57 (0.32-1.03) 0.064

Other 1.29 (0.68-2.47) 0.438 1.11 (0.51-2.40) 0.789
Extent of primary site <0.001 <0.001

CSO Ref. Ref.

LNOS 1.14 (0.53-2.42) 0.736 1.03 (0.40-2.65) 0.944

ACT 2.55 (0.94-6.87) 0.065 2.54 (0.76-8.51) 0.130

AO/S 1.86 (0.93-3.74) 0.080 1.79 (0.77-4.14) 0.173

FCE 1.75 (0.59-5.21) 0.313 2.87 (0.86-9.58) 0.087

Unknown 2.56 (1.07-6.13) 0.034 3.36 (1.21-9.31) 0.020
Lymph nodes involved <0.001 <0.001

No Ref. Ref.

Yes 1.16 (0.68-1.99) 0.585 1.68 (0.90-3.15) 0.105

Unknown 1.02 (0.54-1.92) 0.946 1.48 (0.70-3.15) 0.304
Metastasis <0.001 <0.001

No Ref. Ref.

Yes 2.05 (1.12-3.75) 0.020 1.88 (0.94-3.75) 0.073

Unknown 0.34 (0.13-0.93) 0.035 0.14 (0.03-0.56) 0.006
Tumor size (cm) 0.246 0.202

<10 Ref. Ref.

>10 1.07 (0.61-1.88) 0.821 1.01 (0.52-1.98) 0.967

Unknown 0.98 (0.56-1.74) 0.955 1.02 (0.53-1.96) 0.955
Surgery 0.012 0.029

Performed Ref. Ref.

NP/NA 1.86 (1.14-3.03) 0.013 1.84 (1.02-3.31) 0.041
Radiation 0.339 0.677

Performed Ref. Ref.

NP/NA 1.11 (0.70-1.74) 0.664 1.28 (0.74-2.23) 0.375
Chemotherapy 0.383 0.679

Performed Ref. Ref.

NP/NA 1.56 (0.90-2.68) 0.112 1.70 (0.86-3.38) 0.128

HR, hazard ratio; CI, confidence interval; Ref., reference; CSO, confined to site of origin; LNOS, localized (not otherwise specified); ACT, extend to adjacent
connective tissue; AO/S, adjacent organs/structures; FCE, further contiguous extension; NP/NA, not performed or unknown.

3.6. Construction and Validation of ROC Curve. We also
conducted ROC curves to evaluate the prediction ability
(Figure 5). In the training cohort, ROC curve showed a
moderate performance in OS (AUC, 0.743; 95% CI,
0.681-0.804; sensitivity, 0.532; specificity, 0.887) and CSS

(AUC, 0.784; 95% CI, 0.719-0.849; sensitivity, 0.637; spec-
ificity, 0.850). The validation cohort also showed a medium
prediction power in OS (AUC, 0.709; 95% CI, 0.600-0.817;
sensitivity, 0.459; specificity, 0.925) and CSS (AUC, 0.708;
95% CI, 0.584-0.832; sensitivity, 0.594; speciﬁcity, 0.847).
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F1GURE 2: Kaplan-Meier curves comparing survival concerning age ((a) overall survival; (b) cancer-specific survival) and year of diagnosis
((c) overall survival; (d) cancer-specific survival) in the training cohort.

4., Discussion

PMS is not a common malignancy, and single-center ret-
rospective studies were not likely to conclude practical
clinical decisions. We described the demographics and
baseline characteristics of PMS between 1988 and 2016 and
went over the treatment strategies via the SEER database.
Then we identified the prognostic factors via univariate and
multivariate analysis and established the prediction model

for 1-, 5-, and 10-year OS and CSS showed by nomogram. In
our study, the 5-year OS and CSS rates were 70.4% and
74.8%, respectively, which was comparable with previous
research. A multicenter retrospective study reviewed the
patients between 1975 and 1996 at 11 cancer centers and
indicated that the 5-year OS rate was 88%, in which 51
patients were diagnosed [5]. To our knowledge, this is the
first most extensive population-based study to describe the
clinical characteristics and treatment strategies regarding
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survival ((c) training cohort; (d) validation cohort) used by internal and external validation in patients with primary mediastinal seminoma.

PMS, and it may provide some practical suggestions on
clinical decisions.

In this research, we found that PMS mostly occurred in
young men with a median age of 31, which was in line with
previous researches [5, 8, 13]. Patients under 40 years held a
majority of the entire population, while the survival of which
was superior to those over 40 years, and it was even poorer in
those over 60 years. Thus, young age was associated with
favorable survival, and similar findings had been proved in
prior studies [13, 14]. Patients under 40 years had a higher
10-year OS rate than the older (100% versus 66%, P = 0.013)
[13]. Even though only 2.9% of the females were diagnosed
with PMS, we found no distinction in survival concerning
gender. Furthermore, black patients and married patients

seem to perform well and obtain a long-term CSS, but with
no statistical significance (black, HR=0.42, P =0.067;
married, HR=0.57, P = 0.064).

With slow growth and inconspicuous symptoms,
seminoma was found to be of a large size when diagnosed
[5]. In our analysis, the median tumor size was 11.6cm,
similar to Dechaphunkul’s study [20], but much larger than
the 5 cm reported before [5]. We found that the tumor size
was not associated with either OS (P =0.821) or CSS
(P =0.967). However, the extension of tumors at the pri-
mary site would significantly affect both OS and CSS, which
was also illustrated in Liu’s study [17].

Previous studies indicated that those with PMS were
treated with radiotherapy and proved effective [21-23]. A
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FIGURE 5: Receiver operating characteristic (ROC) curve for predicting overall survival (a) and cancer-specific survival (b) in the validation

cohort.

retrospective study showed that nine of eleven patients with
PMS were locally controlled after radiotherapy and pro-
posed that PMS was radiosensitive, compared with non-
seminomatous carcinoma [22]. Moreover, it was noted that
they all received high-dose radiotherapy, with a median of at
least 4,000 cGy [22, 23], whereas another retrospective study
included 13 cases in 50 years and showed that those with
surgery and postoperative radiotherapy might have a relapse
in the lung or other distant sites, which were not in the
radiation area [8]. Prior studies figured out that chemo-
therapy was effective in PMS, and several studies pointed out
that radiotherapy may not be necessary [5, 20, 24]. In our
research, 85.5% of patients received chemotherapy, while no
distinction was noticed in survival regarding chemotherapy.
However, multivariate analysis was conducted among pa-
tients over 40 years in the primary cohort, which showed
improved survival for chemotherapy in both OS and CSS
(P<0.001). Cisplatin-based chemotherapy was recom-
mended in the initial management, in contrast to the salvage
therapy after radiotherapy when met with an unsatisfactory
response [1, 20, 25]. Furthermore, the initial management of
radiotherapy might lead to a higher relapse rate [1, 26]. Due
to the SEER database’s inherent limitation, disease-free
survival (DFS) and progression-free (PFS) were not available
for analysis. Adjuvant chemotherapy was considered to
improve PFS, but not OS [27], and chemotherapy may
improve DEFS or PES rather than radiotherapy [1, 5, 28].
In most cases, radical surgery played an essential role in
patients without metastatic lesions [16, 20, 29, 30]. A de-
finitive conclusion has not been concluded previously
concerning the potential benefit of surgery as an initial
treatment [31]. At the same time, we found that surgery was
associated with improved OS and CSS in the training cohort.
Nevertheless, the surgery modalities and surgery margin
have not been investigated, just that we could not identify
the surgery details in the SEER database. Thus, more ag-
gressive procedures may be preferred to decrease the

potential relapse and metastasis further. Systemic chemo-
therapy and salvage operation could be taken into consid-
eration for unresectable cases [32]. A retrospective study
focused on treatment strategies indicated that patients with
three modalities of treatments (including chemotherapy,
radiotherapy, and operation) would have poorer survival
than those with two modalities of treatments. It might result
from treatment-related toxicities, and besides, they proposed
that a single modality of treatment was not sufficient to
thoroughly remove the tumor cells [17].

We constructed nomograms to predict the survival,
and the 1-, 5-, and 10-year OS and CSS rates could be
calculated visually. C-index, calibration curve, and ROC
curve were employed to identify the model’s prediction
power, which was evaluated by C-index and AUC
quantitatively. Our prediction model showed a moderate
prediction power in internal and external validation, for
whose AUC values were all over 0.7. A prognostic factor-
based staging system has been established by the Inter-
national Germ-Cell Cancer Collaborative Group
(IGCCCG) only for metastatic seminoma. In the re-
search, the predominant evaluation indicator was the
presence of nonpulmonary visceral metastases, and
seminoma was then divided into two groups: good
prognosis (5-year OS, 86%) and intermediate prognosis
(72%) [10]. IGCCCG proposed another prognostic model
of metastatic GCTs with first-line treatment failure in
2010, in which seminomas were only included in the
validation cohort, and Harrell’s C statistic was 0.661 and
referred to a low prediction power [15]. The primary site
of the tumor, the response of prior treatment, serum
tumor biomarkers, and metastasis were included quali-
tatively in the prediction model, while it only focused on
metastatic seminoma, and other demographics or tumor
biological characteristics was not involved. Notably, our
research cared about mediastinal seminoma specifically,
and included all stages and more clinical characteristics.
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There are several limitations in our study, including the
inherent limitations of a retrospective study. For the sake of
the seventh edition of TNM staging system which has been
employed since 2010, the EOD staging system was adopted
for analysis, which was comparable with the third edition of
TNM staging. Furthermore, several potential prognostic
factors were not available in the SEER database, including
physical status, some details of the treatment, serum tumor
biomarkers, and response to therapy. Thus, our findings
were supposed to be interpreted carefully and called for
more validations in multicenter studies.

5. Conclusion

PMS was uncommon and mainly occurred in young men,
while those under 40 years would have better survival than
those over 40 years. Surgery was the potential effective
treatment rather than radiotherapy, and those over 40 years
would benefit from chemotherapy. The prediction model
with nomogram could effectively predict the long-term
survival of PMS and help clinicians to make clinical
decisions.
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