L))

Check for
updat

Original Article

Development and validation of a nomogram to predict survival in
patients with metastatic testicular germ cell tumors

Dong-Dong Yu'", Dong Hui**, Wei-Kang Chen", Yun-Bei Xiao', Zhi-Gang Wu', Qin-Quan Wang',
Chao-Feng Zhou', Zhi-Xia Chen', Cheng-Di Li', Jian Cai'

'Department of Urology, The First Affiliated Hospital of Wenzhou Medical University, Wenzhou 325000, China; ‘Department of Respiratory
Medicine, The First Affiliated Hospital of Wenzhou Medical University, Wenzhou 325000, China

Contributions: (I) Conception and design: DD Yu, D Hui, WK Chen; (IT) Administrative support: None; (III) Provision of study materials or patients:
J Cai; (IV) Collection and assembly of data: ZX Chen, QQ Wang; (V) Data analysis and interpretation: YB Xiao, ZG Wu, CD Li, CF Zhou; (VI)
Manuscript writing: All authors; (VII) Final approval of manuscript: All authors.

"These authors contributed equally to this work.

Correspondence to: Prof. Dr. Jian Cai. Department of Urology, The First Affiliated Hospital of Wenzhou Medical University, Wenzhou 325000, China.
Email: ¢jhospital@yeah.net.

Background: To develop a nomogram to predict cancer-specific survival (CSS) in patients with metastatic
testicular germ cell tumors (mTGCTs).

Methods: Data were obtained from the Surveillance, Epidemiology, and End Results database. Univariate
and multivariate Cox regression models were used to identify factors associated with CSS. Survival times
between different groups were compared using Kaplan-Meier survival curves and the log-rank test. A
nomogram visualization model was established using the R language to predict survival rates. Harrell’s
concordance index (C-index), the area under the receiver operating characteristic curve (AUC) and
calibration plots were used to assess the performance of the model.

Results: We analyzed the data of 949 patients. The median follow-up time was 32 months (range 0 to
83 months), and 224 (23.60%) patients died before the last follow-up, of whom 193 (20.33%) died of
mTGCTs. The site of distant metastases was an independent prognostic factor for CSS. Compared
to patients without involvement of the corresponding organ, patients with bone, brain, liver, and lung
involvement had worse CSS. We also found that age, histological type, surgery, radiation therapy,
chemotherapy, metastatic site and insurance status affected the CSS of patients with mTGCTs. We used
these prognostic factors to construct our nomogram. Harrell’s C-index for CSS was 0.739. The AUC and
calibration plots indicated good performance of the nomogram.

Conclusions: A nomogram for predicting CSS in patients with mTGCTs has been developed, which can

help patients and clinicians accurately predict mortality risk and recommend personalized treatment modalities.
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Introduction over the last 60 years (3,4). In the United States (US), an

estimated 9,560 new patients with testicular cancer will
Testicular germ cell tumors (TGCTs) are the most common be diagnosed in 2019, resulting in 410 deaths (2). Poor
solid tumors in men between the ages of 20 and 34 years outcomes in patients with TGCTs are driven primarily by
(1,2), and their incidence has been steadily increasing distant metastatic involvement (5). The most common sites
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of metastatic TGCTs (nTGCTT5) include the lymph nodes
and lungs (6). Sometimes, distant metastatic sites such as
the liver, bone, and brain may be involved (6-9).

In the field of medicine, patients with their medical
providers are faced with making multiple decisions based on
the estimated probability of a particular event occurring in
the future (10). Generally, the American Joint Committee on
Cancer tumor—-node-metastasis (I NM) staging system and
the International Germ Cell Consensus Classification Group
(IGCCCQG) classification are strongly related to survival;
however, different outcomes have also been noted in patients
at the same stage. For this reason, a more accurate method of
predicting individualized survival outcomes in patients with
mTGCTs is required and use of a nomogram is a suitable
method for this purpose. Nomograms have been widely
used to facilitate the diagnosis and prognosis of diseases
(11-14). However, as far as we know, there are no predictive
nomograms for patients with mTGCTs. Therefore, in
this study, we developed a nomogram to predict survival
in patients with mTGCTs using data from the National
Cancer Institute’s Surveillance, Epidemiology, and End
Results (SEER) program. Our results may provide additional
information to medical providers and patients to assist in the
decision-making process.

Methods

Our data were obtained from the National Cancer Institute’s
SEER program, which covers approximately 28% of the
U.S. population. Patients diagnosed between 2010 and 2015
were included in the study because the metastatic site code
was only available from 2010. We used the International
Classification of Diseases ninth edition codes to identify
seminomatous germ cell tumors (SGCTs; 9061-9063) and
non-SGCTs (NSGCTs; 9064, 9070-9071, 9080-9085,
9100-9102). Other inclusion criteria included (I) age 18 years
or older and diagnosis of primary testicular germ cell cancer;
(II) definite distant lymph node, lung, liver, brain and bone
metastases; (III) testicular cancer was the first of multiple
primaries; (IV) information about cancer-specific survival
(CSS) and survival months was available; (V) diagnosis by
histologic confirmation. Patients diagnosed from only clinical
presentation, radiography, or autopsy were excluded.

Statistical analysis

Continuous variables such as age are presented as means
and standard deviations (SDs) and categorical variables such
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as race are presented as counts and percentages. Survival
rates were calculated using Kaplan-Meier curves, and the
log-rank test was computed to compare the curves. We
used univariate analysis to identify potential risk factors.
After the factors were selected, multivariate analyses were
performed to select the optimal model. The risk factors
considered in the model are those that were considered
to be significantly associated with mTGCTs. Harrell's
concordance index (C-index), the area under the receiver-
operating characteristic curve (AUC) as well as calibration
plots were used to assess the performance of the model. All
statistical tests were 2-sided, and the significance level was
P<0.05. Data were analyzed using the statistical package R
(the R foundation; http://www.r-project.org;version3.4.3).

Results
Characteristics of the study patients

A total of 949 patients were included in the analysis
according to the aforementioned criteria (Figure I). The
demographic and clinicopathological characteristics of the
study patients are presented in 7ible 1, and the distribution
of patients was roughly uniform from 2010 to 2015.

The median age was 30 years (range, 18-92 years), The
majority of the patients (783, 82.51%) had NSGC's, and
864 (91.04%) were White and 636 (67.02%) had never
married. The median follow-up time was 32 months (range,
0-83 months), and 224 (23.60%) patients died before the
last follow-up, 193 (20.34%) of whom died due to mTGCT.

Distribution of distant metastatic sites

The distribution of distant metastatic sites is summarized
in Figure 2. The distant lymph nodes (709, 74.71%) were
the most common location for metastasis, followed by the
lungs (670, 70.60%), liver (151, 15.91%) brain (68, 7.17%)
and bone (63, 6.64%). Most patients (406, 42.78%) had two
sites of distant metastases, followed by a single site (405,
42.68%), three sites (111, 11.60%), four sites (24, 2.53%),
and five sites (3, 0.32%). Compared with NSGCTTs, patients
with SGCTs had a higher proportion of liver (+ lung/lymph
node), brain (+ lung/lymph node), and multiple non-lung/
lymph node metastases (P=0.014).

Treatment

In total, 914 patients (96.31%) underwent surgery at the
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Patients with testis cancer diagnosed
between 2010 and 2015 within the
SEER database(n=14,962)

Y
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Y

Patients with metastatic tumor of the
testis(n=1,697)

Exclusion
- MO0,Mxpatients (n=13,223)
- age<18 (n=42)

Y

Patients with metastatic germ cell
tumor of the testis (n=1,538: n=1,162
non-seminoma; =376 seminoma)

Exclusion:

- Non germ cell tumors (n=147)

- Autopsy diagnosis (n=1)

- without histology confirmation (n=12)

Y

Patients with metastatic germ cell
tumor of the testis(n=949: n=783
non-seminoma; n=166 seminoma)

Figure 1 Flow-chart of the participants’ selection.

primary site, and 95 (10.01%) had underwent surgery for
distant lymph node(s) or other tissue(s) or organ(s) beyond
the primary site. Most patients (886, 93.36%) received
chemotherapy; the remaining 63 (6.64%) patients either
did not receive chemotherapy or their chemotherapy status
was unknown. Of the patients who underwent surgery,
most (856, 93.65%) received chemotherapy, while 58
patients (6.35%) neither underwent surgery nor received
chemotherapy. A small proportion of patients (54, 5.69%)
received radiation treatment. The proportion of patients
with NSGCTs who underwent surgery at the primary site
was higher than that of patients with SGCTs (96.93% wvs.
93.37%, P=0.039). No significant differences were found in
chemotherapy, radiation, or surgery beyond the primary site
between patients with NSGCTs and SGCTTs.

The impact of site-specific distant metastases on overall
survival

CSS was compared based on different metastatic sites
(Figure 3). Kaplan—Meier analyses revealed that among
patients with mTGCT, a greater number of metastatic
sites (Figure 3B); non-lung/lymph node metastases (Figure

© Translational Cancer Research. All rights reserved.

Y

Exclusion:

- unknow metastatic site (n=130)

- not the first malignancy (n=54)

- lacked information about marital status, race
and survival time, laterality, therapy(n=405)

3C); and lung (with vs. without: P=0.0008, Figure 3E), liver
(with vs. without: P<0.0001, Figure 3F), bone (with vs.
without: P<0.0001, Figure 3G), and brain metastases (with
vs. without: P<0.0001, Figure 3H) were associated with
significantly poorer survival. For patients with single-site
metastases, Kaplan-Meier analyses showed that patients
with only distant lymph node metastases had a relatively
better CSS rate than that in patients with lung-only, liver-
only, and bone-only metastases (P=0.035 for CSS; Figure
3A4). Patients with distant lymph node metastases had
similar survival outcomes to those in patients without
distant lymph node metastases (Figure 3D).

In the entire mTGCT cohort (n=949), based on
univariate Cox analysis, age, surgery of primary site,
chemotherapy, radiation, site of distant metastases were
statistically significant factors of prognosis (Tuble 2).

Multivariate Cox regression analysis for all patients
included in this study revealed that the sites of distant
metastases were an independent prognostic factor for CSS
(Table 3). Compared to those without the corresponding
sites of metastases, patients with lung metastases [with vs.
without lung metastases: hazard ratio (HR), 1.60; 95%
confidence interval (CI), 1.09-2.35; P=0.0157], bone
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Table 1 Clinical characteristics of the 949 patients with testicular germ cell tumor
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Variable Total (n=949) SGCT (n=166) NSGCT (n=783) P value
Year of diagnosis, No. (%) 0.2200
2010 156 (16.44) 25 (15.06) 131 (16.73)
2011 159 (16.75) 38 (22.89) 121 (15.45)
2012 148 (15.60) 25 (15.06) 123 (15.71)
2013 189 (19.92) 33 (19.88) 156 (19.92)
2014 149 (15.70) 26 (15.66) 123 (15.71)
2015 148 (15.60) 19 (11.45) 129 (16.48)
Age at diagnosis, median (IQR), year 30 (24-40) 40 (32-50) 29 (24-36) <0.001***
Laterality 0.8800
Left 458 (48.26) 81 (48.80) 377 (48.15)
Right 491 (51.74) 85 (51.20) 406 (51.85)
Lymphovascular invasion, No. (%) <0.001**
Absent 511 (53.85) 109 (65.66) 402 (51.34)
Present 438 (46.15) 57 (34.34) 381 (48.66)
Surgery reg/dis, No. (%) 0.1100
Yes 95 (10.01) 11 (6.63) 84 (10.73)
No 854 (89.99) 155 (93.37) 699 (89.27)
Surgery primary site, No. (%) 0.0390*
Yes 914 (96.31) 155 (93.37) 759 (96.93)
No 35 (3.69) 11 (6.63) 24 (3.07)
Radiation, No. (%) 0.8690
No/unknow 895 (94.31) 157 (94.58) 738 (94.25)
Yes 54 (5.69) 9 (5.42) 45 (5.75)
Chemotherapy, No. (%) 0.1720
No/unknow 63 (6.64) 15 (9.04) 48 (6.13)
Yes 886 (93.36) 151 (90.96) 735 (93.87)
Bone metastasis, No. (%) 0.1720
No 886 (93.36) 151 (90.96) 735 (93.87)
Yes 63 (6.64) 15 (9.04) 48 (6.13)
Brain metastasis, No. (%) 0.0220*
No 881 (92.83) 161 (96.99) 720 (91.95)
Yes 68 (7.17) 5(3.01) 63 (8.05)
Liver metastasis, No. (%) 0.0830
No 798 (84.09) 147 (88.55) 651 (83.14)
Yes 151 (15.91) 19 (11.45) 132 (16.86)

Table 1 (continued)
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Table 1 (continued)

Variable Total (n=949) SGCT (n=166) NSGCT (n=783) P value
Lung metastasis, No. (%) <0.001**
No 279 (29.40) 115 (69.28) 164 (20.95)
Yes 670 (70.60) 51 (30.72) 619 (79.05)
Lymph node metastasis, No. (%) 0.0020**
No 240 (25.29) 26 (15.66) 214 (27.33)
Yes 709 (74.71) 140 (84.34) 569 (72.67)
Metastasis site, No. (%) 0.0140"
Lung/lymph node 712 (75.03) 129 (77.71) 583 (74.46)
Bone (+ lung/lymph node) 45 (4.74) 14 (8.43) 31 (3.96)
Liver (+ lung/lymph node) 110 (11.59) 17 (10.24) 93 (11.88)
Brain (+ lung/lymph node) 40 (4.21) 4(2.41) 36 (4.60)
Multiple nonlung/lymph node sites 42 (4.43) 2 (1.20) 40 (5.11)
Insurance status, No. (%) 0.5490
Uninsured 104 (10.96) 16 (9.64) 88 (11.24)
Insured 845 (89.04) 150 (90.36) 695 (88.76)
Marital status, No. (%) <0.001***
Married 246 (25.92) 59 (35.54) 187 (23.88)
Never married 636 (67.02) 89 (53.61) 547 (69.86)
Other® 67 (7.06) 18 (10.84) 49 (6.26)

*P<0.05, *P<0.01, **P<0.001. Other® includes divorced, separated, widowed and unmarried or domestic partner. IQR, interquartile range;
NSGCT, nonseminomatous germ cell tumor; Surgery Reg/Dis, surgical removal of distant lymph node(s) or other tissue(s) or organ(s)
beyond the primary site.
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Figure 2 Venn diagram of the distribution of distant metastatic sites in patients with seminoma (A), NSGCT (B) and in the entire mTGCT
cohort (B).
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Figure 3 Kaplan-Meier curves of cancer-specific survival for patients with only one site of distant metastasis (A); according to the number of

metastatic sites (B); for patients grouped by primary site of metastasis (C); and according to whether or not patients had distant lymph node
(D), lung (E), liver (F), bone (G) and brain (H) metastases.
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Table 2 Univariate Cox regression analysis of prognostic factors for cancer specific survival in mTGCTs

Variable Level HR 95% ClI P value

Year of diagnosis

2010 156 (16.44%) Reference

2011 159 (16.75%) 1.12 0.70-1.80 0.6252

2012 148 (15.60%) 1.18 0.73-1.91 0.4937

2013 189 (19.92%) 1.18 0.75-1.86 0.4834

2014 149 (15.70%) 1.06 0.64-1.75 0.8322

2015 148 (15.60%) 0.85 0.48-1.53 0.5911
Age at diagnosis (years) 30 (24-40) 1.02 1.01-1.03 0.0006™**
Laterality

Left 458 (48.26%) Reference

Right 491 (51.74%) 1.32 0.99-1.76 0.0567
Histologic type

Seminoma 166 (17.49%) Reference

NSGCT 783 (82.51%) 1.30 0.87-1.94 0.2009

Lymphovascular invasion

Absent 511 (53.85%) Reference

Present 438 (46.15%) 0.85 0.64-1.13 0.2541
Surgery reg/dis

Yes 95 (10.01%) Reference

No 854 (89.99%) 1.61 0.92-2.83 0.0974

Surgery primary site

Yes 914 (96.31%) Reference

No 35 (3.69%) 3.77 2.29-6.21 <0.0001***
Radiation

No/unknow 895 (94.31%) Reference

Yes 54 (5.69%) 4.03 2.74-5.93 <0.0001**
Chemotherapy

No/unknow 63 (6.64%) Reference

Yes 886 (93.36%) 0.32 0.21-0.48 <0.0001**

Bone metastasis

No 886 (93.36%) Reference

Yes 63 (6.64%) 2.40 1.57-3.68 <0.0001***
Brain metastasis

No 881 (92.83%) Reference

Yes 68 (7.17%) 3.70 2.54-5.38 <0.0001***

Table 2 (continued)
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Table 2 (continued)
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Variable Level HR 95% ClI P value
Liver metastasis

No 798 (84.09%) Reference

Yes 151 (15.91%) 2.96 2.17-4.02 <0.0001***
Lung metastasis

No 279 (29.40%) Reference

Yes 670 (70.60%) 1.57 1.12-2.21 0.0089**
Lymph node metastasis

No 240 (25.29%) Reference

Yes 709 (74.71%) 0.81 0.59-1.11 0.1853
Metastasis site

Lung/lymph node 712 (75.03%) Reference

Bone (+ lung/lymph node) 45 (4.74%) 2.36 1.33-4.21 0.0035**

Liver (+ lung/lymph node) 110 (11.59%) 2.75 1.88-4.02 <0.0001***

Brain (+ lung/lymph node) 40 (4.21%) 3.95 2.37-6.61 <0.0001***

Multiple nonlung/lymph node sites 42 (4.43%) 6.27 4.01-9.80 <0.0001***
Insurance status

Uninsured 104 (10.96%) Reference

Insured 845 (89.04%) 0.69 0.46-1.04 0.0790
Marital status

Married 246 (25.92%) Reference

Never married 636 (67.02%) 1.24 0.88-1.75 0.2157

Other® 67 (7.06%) 1.25 0.69-2.29 0.4641

*P<0.05, **P<0.01, **P<0.001. Other” includes divorced, separated, widowed and unmarried or domestic partner. Cl, confidence interval;
HR, hazard ratio; NSGCT, nonseminomatous germ cell tumor; Surgery reg/dis, surgical removal of distant lymph node(s) or other tissue(s)

or organ(s) beyond the primary site.

metastases (with vs. without bone metastases: HR, 2.03;
95% CI, 1.29-3.21; P=0.0023), brain metastases (with vs.
without brain metastases: HR, 1.98; 95% CI, 1.28-3.06;
P=0.0022), and liver metastases (with vs. without liver
metastases: HR, 2.27; 95% CI, 1.63-3.17; P<0.0001)
revealed worse CSS, while distant lymph node metastases
were not an independent prognostic indicator (HR, 1.15;
95% CI, 0.83-1.61; P=0.4003).

When they were grouped according to the primary site
of metastasis, patients with bone + lung/lymph node (HR,
2.03; 95% CI, 1.12-3.68; P=0.0189), liver = lung/lymph
node (HR, 2.59; 95% CI, 1.74-3.84; P<0.0001), brain +
lung/lymph node (IR, 2.61; 95% CI, 1.47-4.63; P=0.0011),

© Translational Cancer Research. All rights reserved.

and multiple non-lung/lymph node (HR, 4.92; 95% CI,
2.99-8.09; P<0.0001) metastases revealed worse prognosis.
The histological type (HR, 1.74; 95% CI, 1.11-2.71;
P=0.0147 for patients with NSGCs) became statistically
significant in model 2, which was due mostly to adjustments
for different groups of metastatic sites. In addition,
multivariate Cox analysis indicated that chemotherapy was
associated with better CSS in the entire cohort (Table 3).
Moreover, patients who had received radiation therapy
exhibited worse CSS compared to patients who did not
receive radiation therapy (7zble 3), even after adjusting
for the year of diagnosis, age, surgery, TNM stage, and
chemotherapy values.
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Table 3 Multivariate Cox regression analysis of prognostic factors for cancer specific survival in mTGCTs

Model 1 Model 2
Variable Level
HR 95% ClI P value HR2 95% CI P value

Age at diagnosis (years) 30 (24-40) 1.03 1.01-1.04 <0.0001*** 1.03 1.01-1.04 <0.0001***
Laterality

Left 458 (48.26%)  Reference Reference

Right 491 (51.74%) 1.40 1.04-1.88 0.0272* 1.38 1.03-1.86 0.0328*
Histologic type

Seminoma 166 (17.49%) Reference Reference

NSGCT 783 (82.51%) 1.45 0.91-2.32 0.1189 1.74 1.11-2.71 0.0147*
Lymphovascular invasion

Absent 511 (53.85%) Reference Reference

Present 438 (46.15%) 0.93 0.68-1.28 0.6684 1.00 0.74-1.36 0.9926
Surgery reg/dis

Yes 95 (10.01%) Reference Reference

No 854 (89.99%) 1.61 0.91-2.86 0.1048 1.61 0.91-2.85 0.1022
Surgery primary site

Yes 914 (96.31%)  Reference Reference

No 35 (3.69%) 2.46 1.44-4.20 0.0009*** 247 1.45-4.22 0.0009***
Radiation

No/unknow 895 (94.31%)  Reference Reference

Yes 54 (5.69%) 2.64 1.68-4.12 <0.0001*** 2.39 1.52-3.76 0.0002**
Chemotherapy

No/unknow 63 (6.64%) Reference Reference

Yes 886 (93.36%) 0.28 0.17-0.44 <0.0001*** 0.29 0.19-0.46  <0.0001***
Bone metastasis - - -

No 886 (93.36%)  Reference - - -

Yes 63 (6.64%) 2.03 1.29-3.21 0.0023** - - -
Brain metastasis - - -

No 881 (92.83%) Reference - - -

Yes 68 (7.17%) 1.98 1.28-3.06 0.0022** - - -
Liver metastasis - - -

No 798 (84.09%) Reference - - -

Yes 151 (15.91%) 2.27 1.63-3.17 <0.00071*** - - -
Lung metastasis - - -

No 279 (29.40%)  Reference - - -

Yes 670 (70.60%) 1.60 1.09-2.35 0.0157* - - -

Table 3 (continued)
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Table 3 (continued)
Model 1 Model 2
Variable Level
HR 95% Cl P value HR2 95% ClI P value

Lymph node metastasis - - -

No 240 (25.29%) Reference - - -

Yes 709 (74.71%) 1.15 0.83-1.61 0.4003 - - -
Metastasis site

Lung/lymph node 712 (75.03%) - - - Reference

Bone (+ lung/lymph node) 45 (4.74%) - - - 2.03 1.12-3.68 0.0189*

Liver (+ lung/lymph node) 110 (11.59%) - - - 2.59 1.74-3.84 <0.0001***

Brain (+ lung/lymph node) 40 (4.21%) - - - 2.61 1.47-4.63 0.0011**

Multiple nonlung/lymph node sites 42 (4.43%) - - - 4.92 2.99-8.09 <0.0001***
Insurance status

Uninsured 104 (10.96%) Reference Reference

Insured 845 (89.04%) 0.69 0.45-1.05 0.0862 0.78 0.50-1.20 0.2571

*P<0.05, **P<0.01, **P<0.001. Multivariable Cox regression hazards models were also adjusted for diagnosis year. Cl, confidence interval;
HR, hazard ratio; Surgery Reg/Dis, surgical removal of distant lymph node(s) or other tissue(s) or organ(s) beyond the primary site.

Development and validation of a nomogram

Variables considered to be significantly associated with
prognosis were used to develop a nomogram to predict the
1- and 3-year CSS in patients with mTGCT5, as shown in
Figure 4.

Harrell’s C-index for CSS was 0.739. The AUC values
(0.736 and 0.727 for 1- and 3-year CSS, respectively)
indicated the good discriminative ability of the nomogram,
as shown in Figure 54,B. Calibration plots showed that the
predicted 1- and 3-year survival rates were similar to the
actual observations as shown in Figure 6A4,B.

Discussion

Previous study indicated that the patient prognosis of
several malignancies differs according to the distribution
of metastatic involvement (15-20). In this study, using data
from a large, nationwide, population-based database, we
evaluated the influence of specific metastatic sites on survival
in patients with TGCTs, identified independent prognostic
factors, and established a nomogram to predict survival.
Accurate evaluation of disease prognosis is an important
reference value for disease management. The traditional
TNM staging system and IGCCCG classification cannot

accurately and individually predict patient prognosis because

© Translational Cancer Research. All rights reserved.

it contains limited prognostic factors (11). Our nomogram
can personalize patient outcomes, which can help patients
and clinicians choose different management strategies, such
as intensified upfront chemotherapy for high-risk patients
(21,22). The prognostic factors of mTGCTs are not yet
clear. In our study, we found that distant lymph nodes were
the most common site of metastases, followed by the lung
and liver. Brian and bone metastases were relatively rare.
The distribution of distant metastases is consistent with that
in previous studies (6,23).

In the survival analysis, we found that patients with
distant lymph node metastases revealed the best survival
outcomes (although the results were not statistically
significant), followed by those with lung, brain, and bone
metastases. The prognosis of patients with liver metastasis
was the worst. When patients were grouped by primary
site of metastasis, non-lung/lymph node metastases were
associated with worse prognosis. Patel ez 4/. reported that
primary brain metastases confer the worst prognosis (HR
=3.24, P<0.01) (6). However, in our study, patients with
brain and liver metastases appeared to have similar CSS
rates (HR =2.61, P=0.0011 for brain metastases and HR
=2.59, P<0.0001 for liver metastases). This result may
be explained by the fact that we included patients with
only distant lymph node metastases, and we also adjusted

Transl Cancer Res 2020;9(4):2402-2415 | http://dx.doi.org/10.21037/tcr.2020.03.59
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Figure 6 Cancer-specific survival calibration plots. Relationship between the predicted survival probabilities and actual values.

for the influence of treatment regimens in multivariate
Cox regression analysis. One possible reason for poor
prognosis in patients with metastasis is tumor’s resistance to
conventional treatment (9,23-25).

Our nomogram used the following prognostic factors,
which were shown in previous studies to be associated with
survival in patients with mTGCT: age at diagnosis (26);
surgical status of primary site and metastatic site (8);
chemotherapy (27); radiotherapy; insurance status (28) and
whether has liver (23,24), lung (28), bone (23), and brain (23)
metastasis, lymphovascular invasion (29), and histology (29).
As far as we know, this is the first study in which a nomogram
to predict CSS for patients with mTGCTs. The AUC values
for 1- and 3-year CSS were 0.736 and 0.727, respectively,
indicating the good discriminative ability of the nomogram.

We acknowledge that there are some limitations to our
research. First, our study was retrospective in nature, with
inevitable selection bias. Second, the SEER database only
captured lung, liver, bone, brain, and lymph node distant
metastatic sites. Therefore, we were unable to compare
survival rates associated with other metastatic sites, although
for patients with TGC'Ts, these are the most common
metastatic sites. Third, there was a lack of information
about treatment strategies, family history, serum tumor
markers and the size of metastatic lesions, which may cause
bias. Fourth, a previous study indicated that there are some
errors regarding TNM staging in SEER database (30).
However, these errors were largely due to the S and N
categories, and we had already avoided those factors in this
study. Finally, external validation is essential to prove the
accuracy and clinical utility of our models. However, this

© Translational Cancer Research. All rights reserved.

was a real-world study based on a large sample size, and
these limitations do not weaken our conclusions.

Conclusions

In summary, the site of distant metastasis is an independent
prognostic factor for cancer specific survival. We developed
a nomogram to predict the 1- and 3-year CSS of patients
with mTGCTs, which can help patients and clinicians
accurately predict mortality risk and recommend a
personalized treatment modality.
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