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Abstract. The present study investigated the clinical signifi-
cance afforded by locoregional surgery in improving the 
prognosis of primary metastatic testicular cancer (pMTC). 
The population‑based Surveillance, Epidemiology and End 
Results database was used as the primary source of data in the 
present study. Stratification analysis was employed to identify 
the effects of testicular surgery on testicular cancer‑specific 
survival and overall survival. Propensity score matching 
and Cox regression models were then employed to find and 
evaluate the extent of improvements to the survival of patients 
with pMTC by testicular surgery. The median testicular 
cancer‑specific survival and overall survival in the surgery 
group were 10% higher than those in the group without 
surgery. Testicular surgery was demonstrated to have provided 
a survival advantage for patients with a single metastasis in 
the bone or brain, but not in the liver or lung. When combined 
with radiotherapy and chemotherapy, surgery significantly 
improved the survival of patients. However, according to the 
surgical outcome based on molecular subtypes, when deciding 
on the surgery for patients with metastatic testicular cancer, 
only human chorionic gonadotropin and lactate dehydrogenase, 
and not α‑fetoprotein should be considered. Surgery serves a 
significant role in the management of non‑seminoma, whereas 
its role in the management of seminoma is far more limited. 
The effects of locoregional surgery have been neglected when 
treating patients with pMTC. Surgical procedures should be 
considered more seriously when planning combination treat-
ments for patients with pMTC with a single bone or brain 
metastasis.

Introduction

Testicular cancer represents 5% of all urological tumors 
worldwide. According to the GLOBOCAN 2018 database, the 
global age‑standardized incidence rate (ASIR) of testicular 
cancer is 1.7 cases per 100,000 individuals, with the highest 
ASIRs in Europe (6.2 in 100,000) and Oceania (5.4 in 
100,000) and the lowest in the Africa (0.35 in 100,000) (1). 
Recent increases in the availability of effective treatments 
have subsequently led to a rise in the likelihood of patients 
being successfully cured from testicular cancer. Although the 
incident rates of testicular cancer appear to be low, effective 
treatment for patients is nonetheless important. Research 
aimedtime consolidating the data from different treatments 
may help to pave the way for more efficient treatments and 
higher cure success rates.

Patients diagnosed with stage I and II testicular cancer 
are typically informed of all the available treatments. 
These include surveillance, adjuvant chemotherapy and 
radiotherapy after orchiectomy. Orchiectomy is the default 
treatment administered to low stage patients. Chemotherapy, 
however, is recommended to patients with stage Ⅲ testicular 
cancer.

Records from the Surveillance, Epidemiology & End 
Results (SEER) database reveal that approximately 11.6% 
of testicular cancer patients during the years 2000 to 2015 
were reported to have stage III of the disease with distant 
metastasis as their initial diagnosis. Although some studies 
identify preclinical and clinical factors as markers for treat-
ment outcomes (2‑4); no prior study has been conducted to 
evaluate the effectiveness of surgical treatment to the primary 
lesion of patients with stage Ⅲ testicular cancer, but the effec-
tiveness of locoregional surgery has been reported in other 
types of cancer, such as breast cancer (5). For further insight 
into the effects of removing a primary tumor, we conducted a 
population‑based study using data from the National Cancer 
Institute's SEER program database.

Patients and methods

Data acquisition and population study. The SEER database 
used in this study contains data that represents approximately 
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28% of the population of the United States of America. 
The database was used to obtain comprehensive data on 
54,944 men diagnosed with testicular cancer between 1973 
and 2015. Patients staged at M1 (M1a and M1b) based on the 
7th AJCC staging system were included in this study. The 
final cohort included 1,577 primary metastatic testicular 
cancer (pMTC) patients diagnosed from 2010 to 2015. And 
we held a retrospective analysis on them. These data were 
obtained from SEER datasets on 16th May, 2019 by SEER 
Statistics Software.

Patient records were then categorized into two groups viz; 
surgery and non‑surgery, based on whether the patient had 
undergone locoregional surgery after their diagnosis. The data 
was then further sub‑categorized according to the patients' age, 
race, marital status, T stage, lymph node status, histological 
type, molecular subtypes, distant metastasis status, radiation 
and chemotherapy recode.

The demographic sub‑categories included: i) Fourty-five 
and older than 45 and younger than 45 ; ii) white and non‑white 
and iii) married and others.

Based on the 7th AJCC staging system, the T stage catego-
ries used were T1+T2, T3+T4 and TX+T0.

In addition to the patients at a N stage, patients staged at N0 
were categorized as lymph node negative with the remaining 
records as lymph node positive.

Pathological type was divided into two groups, seminoma 
and non‑seminoma.

Molecular subtypes (AFP, HCG and LDH) were divided 
based on the whether the value was normal or not.

Distant metastasis was divided into the metastatic organs 
that were identified in the SEER database.

Lastly, the radiation therapy and chemotherapy categories 
were divided into groups that had received the treatment and 
those that did not.

Statistical analysis. The distribution differences between 
locoregional surgery and demographic information were 
analyzed using the Chi‑square test. Kaplan-Meier survival 
curves were used to describe differences in predicting the 
probability of testicular cancer specific survival (TCSS) and 
overall survival (OS) whilst log‑rank tests were used to deter-
mine statistical significance.

Univariate analysis was conducted using the log‑rank test 
and 95% confidence intervals (95% CIs) were calculated. 
For variables that emerged as statistically significant in the 
univariate analysis; multivariate Cox's proportion hazard 
regression analysis was employed to evaluate the statistical 
significance for the survival probability of each substage. To 
further compensate for potential baseline bias, 1:2 propen-
sity score matching (PSM) was performed by R package. 
All statistical analyses were performed using SPSS  22 
(IBM Corp.) software. P<0.05, was considered to be statisti-
cally significant.

Results

Characteristics of the patients. Of the 1,577 patients who were 
diagnosed with pMTC between 2010 and 2015, 1,285 (81.5%) 
of them underwent testicular surgery, while 292 (18.5%) did 
not. As can be seen from Table I, the median age of patients in 

the sample diagnosed with testicular cancer is 59, indicating 
diagnosis at neither a young nor very senior age. Analysis on 
race and marital status reveals non‑white and married groups 
as the minority.

Based on 7th AJCC staging records, the number of 
patients assigned to the T1+T2 group is > the number 
assigned to the T3+T4 group. Most patients in both T1+T2 
and T3+T4 groups, however, were recorded as having had 
surgery. Compared with the group of patients who received 
surgery, the non‑surgery group had fewer patients that were 
lymph node negative.

A greater proportion of non‑seminoma pathological type 
patients appear to have had surgery compared to those in 
the seminoma group. Although molecular subtypes for about 
half of the data are unknown, there is an equal number of 
normal and abnormal subtypes among the known cases.

Most patients did not undergo the radiation therapy, while 
nearly 90% of them had chemotherapy. Although, PSM was 
conducted to reduce the potential bias of the baseline, the 
statistically significant differences could not be completely 
eliminated with baseline characteristics due to the limited 
number of cases available.

Analysis of TCSS and OS. The 5‑year OS of testicular cancer is 
76.68% for the surgery group and 62.36% for the non‑surgery 
group. The 5‑year TCSS is 82.35% for the surgery group and 
72.13% for the non‑surgery group. The survival trends of the 
two groups are the same in OS and TCSS (Fig. 1A and B).

Data were divided based on the distant organs involved 
(bone, liver, lung and brain) in order to decrease the bias 
of the site‑specific metastasis on survival analysis. Local 
orchiectomy of pMTC patients with bone and brain metas-
tasis is found to prolong the TCSS (P=0.0458; P<0.0001) 
(Fig.  1C  and  F). The survival outcome of patients with 
lung and liver metastasis, however, is not affected by 
surgery (Fig. 1D and E).

We next analyzed the effects of radiotherapy or chemo-
therapy together with local surgery on the survival of 
patients with pMTC (Fig. 2). Expectedly, TCSS appears to 
be prolonged for patients who receive surgery as well chemo-
therapy (P<0.0001) (Fig. 2A and B). Receiving surgery alone, 
however, seems to be more favorable to the survival outcomes 
of patients as opposed to radiotherapy or radiotherapy in 
addition to surgery (Fig. 2C and D).

Data stratified on the basis of molecular subtypes shows 
that when the values of HCG and LDH are in the abnormal 
range, surgery can help to prolong the survival of a patient 
(P=0.0014; P=0.0003) (Fig. 3B and C). Unfortunately, the 
value of AFP does not have any significance when it comes 
to the metastatic testicular cancer disease (Fig. 3A).

When it comes to pathological type, we have found that 
surgery may be beneficial to the survival outcome of patients 
with non‑seminoma pMTC (Fig.  3E). For patients with 
seminoma pMTC, however, surgery may not prolong the 
survival (Fig. 3D).

Univariate and multivariate analysis. In order to reduce the 
potential confounding and selection bias, 1:2 PSM proce-
dure was performed, and 872  patients were enrolled into 
the propensity model with 292 non‑surgery cases and 584 
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surgery cases. We then carried out univariate and multivariate 
analyses to evaluate the effects of the subdivided factors on 

TCSS (Table II). It can be seen that the risk of pMTC‑related 
death increased with age (P<0.001).

Table I. Characteristics of patients diagnosed with primary metastatic testis cancer included in SEER database between 2010 with 2015.

	 Before PSM	 After PSM
	‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑	‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑  -‑‑‑‑‑‑‑‑‑‑‑‑‑‑
Characteristics	 All, n	 No surgery, n	 Surgery, n	 P‑value	 All, n	 No surgery, n	 Surgery, n	 P‑value

Age, years								      
  <45	 1,263	 198	 1,065	 <0.001	 631	 198	 433	 0.055
  ≥45	 314	 94	 220		  245	 94	 151	
Ethnicity								      
  White	 1,427	 255	 1,172	 0.047	 779	 255	 524	 0.305
  Others	 150	 37	 113		  97	 37	 60	
Marital status								      
  Others	 1,129	 192	 937	 0.018	 628	 192	 436	 0.007
  Married	 448	 100	 348		  248	 100	 148	
T stage								      
  T1+T2	 914	 0	 914	 <0.001	 213	 0	 213	 <0.001
  T3+T4	 298	 18	 280		  298	 18	 280	
  TX+T0	 365	 274	 91		  365	 274	 91	
Lymph node status								      
  Negative	 446	 88	 358	 0.430	 247	 88	 159	 0.381
  Positive	 1,131	 204	 927		  629	 204	 425	
Histological type								      
  Seminoma	 493	 145	 348	 <0.001	 306	 145	 161	 <0.001
  Non‑seminoma	 1,084	 147	 937		  570	 147	 423	
AFP								      
  Normal	 428	 59	 369	 <0.001	 190	 59	 131	 0.003
  Unnormal	 401	 41	 360		  173	 41	 132	
  Unknown	 748	 192	 556		  513	 192	 321	
HCG								      
  Normal	 357	 26	 331	 <0.001	 137	 26	 111	 <0.001
  Unnormal	 460	 67	 393		  205	 67	 138	
  Unknown	 760	 199	 561		  534	 199	 335	
LDH								      
  Normal	 258	 14	 244	 <0.001	 96	 14	 82	 <0.001
  Unnormal	 435	 64	 371		  195	 64	 131	
  Unknown	 884	 214	 670		  585	 214	 371	
Distant metastasis								      
  Multiple sites	 292	 82	 210	 <0.001	 199	 82	 117	 <0.001
  Bone only	 37	 12	 25		  26	 12	 14	
  Liver only	 61	 21	 40		  41	 21	 20	
  Lung only	 676	 67	 609		  318	 67	 251	
  Brain only	 6	 3	 3		  5	 3	 2	
Radiation								      
  No	 1,487	 281	 1,206	 0.125	 836	 281	 555	 0.495
  Yes	 90	 11	 79		  40	 11	 29	
Chemotherapy								      
  No	 139	 49	 90	 <0.001	 128	 49	 79	 0.223
  Yes	 1,438	 243	 1,195		  748	 243	 505	

PSM, propensity score matching; AFP, α‑fetoprotein; HCG, human chorionic gonadotropin; LDH, lactate dehydrogenase.
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Based on the molecular subtype, compared to the normal 
range of HCG, the abnormal group showed a higher mortality 
risk (P=0.005). Interestingly, compared to multiple distant 
metastasis, patients are at a lower mortality risk when the 
metastatic organ is only the lung (P<0.001).

Chemotherapy and local surgery can reduce mortality 
risk (P<0.001, P<0.001). Only radiotherapy, however, may 
accelerate mortality (P<0.001). After PSM, lung metastasis, 
chemotherapy and local surgery are still the independent 
predictive factors of pMTC. Local testicular surgery dramati-
cally improved the survival of patients, reducing the 
MTC‑related mortality rate by about 64%. After PSM, the rate 
of MTC‑related mortality is reduced by nearly 66% with local 
surgery. Meanwhile, chemotherapy seems to be as effective as 
surgery.

Discussion

Patients diagnosed with metastatic testicular cancer have 
a poorer survival rate than those with a localized disease. 
This difference, however, disappears for patients after having 
survived 3 years from diagnosis (6). The age‑adjusted five‑year 
survival has been calculated to be 97.3% in Europe  (7). 
The International Germ Cell Cancer Collaborative Group 
(IGCCCG) classified the metastatic testicular cancer into good, 
intermediate and poor‑risk groups. The five‑year survival rates 
of these groups were reported as 90, 75 and 45%, respec-
tively (8). In our study, the five‑year TCSS rate is 82.35% in 
the surgery group and 72.13% in the non‑surgery group.

There are well‑established risk factors for testicular cancer, 
including a history of cryptorchidism, personal or family 

Figure 1. Survival of patients with primary metastatic testicular cancer. Survival curves showing (A) TCSS and (B) OS in the surgery and no surgery groups. 
TCSS curves classified by distant involved organs, which were (C) brain only, (D) lung only, (E) liver only and (F) bone only. TCSS, testicular cancer‑specific 
survival; OS, overall survival.
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Figure 2. Survival of patients with primary metastatic testicular cancer treated with chemotherapy or radiotherapy. Survival curves showing (A) TCSS and 
(B) OS in the chemotherapy and surgery group. Survival curves showing (C) TCSS and (D) OS in the radiotherapy and surgery group. TCSS, testicular 
cancer‑specific survival; OS, overall survival.

Figure 3. Testicular cancer‑specific survival curves stratified by molecular and pathological type. TCSS curves classified by molecular subtypes; (A) AFP 
abnormal, (B) HCG abnormal and (C) LDH abnormal. TCSS curves stratified by pathological type; (D) seminoma and (E) non‑seminoma. AFP, α‑fetoprotein; 
HCG, human chorionic gonadotropin; LDH, lactate dehydrogenase.
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history of testicular cancer disease, age and ethnicity  (9). 
Based on our findings however, ethnicity seems to not be a risk 
factor in contracting metastatic testicular cancer. In addition, 
infertility and infection with the human immunodeficiency 
virus/AIDS increases the risk of testicular cancer (9,10). In the 
present study, only lung metastasis, chemotherapy and local 
surgery are predictive factors for cancer specific survival. 
Compared to multiple metastasis, patients with only lung 
metastasis showed better prognosis.

Obvious symptoms allow for testicular cancer to 
be diagnosed at an early stage. Chest radiography and 
abdominal/pelvic computed tomography (CT) should however, 
be performed to check for metastasis. Experienced physicians 
always take metastasis into consideration.

Chemotherapy is generally the first treatment choice of 
physicians when dealing with metastatic patients. Appropriate 
treatment is defined as three cycles of bleomycin, etoposide, 
and cisplatin (BEP), four cycles of etoposide and cisplatin 
(EP), or three cycles of etoposide, ifosfamide, and cisplatin 
(VIP) chemotherapy for men with good IGCCC risk classifica-
tion, and four cycles of either BEP or VIP chemotherapy for 
intermediate or poor IGCCC risk classification (11,12).

Chemotoxicity, however, is an inevitable complication. This 
may manifest as cardiovascular disease, pulmonary toxicity, 
nephrotoxicity, ototoxicity or peripheral neuropathy  (13). 
Fung et al (14) found a five‑fold increase in the risk of cardio-
vascular mortality within the first year after chemotherapy 
compared with orchiectomy alone.

Radiotherapy has been recognized as a risk factor for 
secondary cancers. There is a reported three‑fold increase 
in the risk of leukemia among patients with testicular cancer 
after radiotherapy (14). In this study, radiotherapy appears as 
a risk factor for mortality among metastatic testicular cancer 
patients. To our knowledge, the accelerated mortality may 
either be linked to a second primary cancer or it may be that 
radiotherapy is not effective in controlling the tumor growth. 
In this study, local resection was found to be a better choice for 
metastatic patients.

Surgery was found to prolong the survival of patients 
better than chemotherapy alone. Although the difference is not 
very apparent, the combination of surgery and chemotherapy 
provided better results compared to surgery alone. Taking into 
consideration patients with brain and bone and metastasis, 
surgery can be conducted.

Based on the IGCCCC criteria, the long‑term survival 
among brain metastatic patients is 30‑40%, and chemo-
therapy and radiotherapy are recommended (15). However, 
we considered whether local resection combined with brain 
radiotherapy would provide a better prognosis for brain meta-
static patients. Spine metastasis is common in bone metastatic 
patients. Previous studies have shown that the management 
method for bone metastatic disease can be chosen based on the 
pathological type of the testicular cancer (16,17). Resection of 
bone metastases seem to be conducted if there is a significant 
histology with teratoma and vital carcinoma. In the case of 
seminomatous histology, however, radiotherapy on bone is 
an option that has shown positive results (15). Patients with 
liver and lung metastatic disease may not benefit from orchi-
ectomy. To our knowledge, the combination of the resection 
of local and metastatic lesions may be helpful in improving 

the treatment outcomes for liver and lung metastatic testicular 
cancer patients.

We compared the surgical outcome based on molecular 
subtypes and pathological types. Although AFP, HCG 
and LDH are the cornerstones of clinical management 
for testicular cancer; based on this study, only HCG and 
LDH may be considered in the decision of treatment for 
patients with metastatic testicular cancer. Serum levels 
of microRNA miR‑371a‑3p is found to be more sensitive 
and specific than classical ones, expressing by 88.7% (18). 
Limited by the SEER database, we cannot obtain the data 
of miR‑371a‑3p needed to assess the prognosis with meta-
static disease. To our knowledge, surgery plays a large role 
in the management of non‑seminoma, and its role in the 
management of seminoma is much more limited. Although 
physicians have demonstrated the significant role of surgery 
during stage II seminoma testicular cancer, it is remains 
to be seen whether surgery is an effective treatment for 
metastatic seminoma testicular cancer. Most clinicians 
suggest chemotherapy after orchiectomy during stage II. It 
is assumed that the same route of treatment may be effec-
tive for patients diagnosed at a higher stage. In our study, 
we divided our pathological type into two groups, however, 
in non‑seminoma group, there is mixed‑cell tumors, which 
has a worse outcome.

As discussed above, the effect of locoregional surgery has 
been neglected in pMTC patients. Although orchiectomy is 
the preferred first choice treatment for patients at a lower stage, 
it is also good for selected patients at a higher stage. Based on 
our study, orchiectomy has some positive effects on metastatic 
testicular cancer. Although the data was acquired from a large 
sample size, further investigation needs to be conducted on 
this topic. Furthermore, we believe that an RCT consisting 
of patients with solo distant metastasis, except lung and liver 
metastasis, should be initiated to compare the difference 
between surgery and non‑surgery. And we hope more research 
will be held to answer why locoregional treatment can benefit 
metastasis and why chemotherapy or radiotherapy can affect, 
and what are the underling mechanisms.
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