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Abstract

Objectives: Primary tumor size (PTS) is the main prognostic factor for relapse in clinical stage 

(CS) IA testicular seminoma (T1N0M0S0) and the 8th edition of the Tumor-Node-Metastasis 

staging system now subcategorizes pT1 tumors into pT1a and pT1b based on PTS (<3 cm and ≥3 

cm, respectively). We attempted to assess PTS as a prognosticator for overall survival (OS) in CS 

IA seminoma and to evaluate the comparative effectiveness of active surveillance (AS) versus 

adjuvant therapy (AT) in patients with large primary tumors (LPT).

Methods and materials: In the National Cancer Database (2004–2014), 2455 (47.7%) and 

2685 (52.3%) patients with CS IA seminoma were treated with AS and AT, respectively. AT was 

defined as the receipt of chemotherapy or radiation within 3 months after orchiectomy. A cut-point 

analysis was performed to determine the optimal PTS threshold predicting OS at 5 years after 

orchiectomy. Inverse-probability of treatment weighting (IPTW)-adjusted Kaplan-Meier curves 

and Cox regression analyses were used to compare OS of patients with LPT (using the optimal 

PTS cut-point) treated with AS versus AT.

Results: In adjusted analysis, pathologic T-stage (pT1a vs. pT1b) did not predict OS and no OS 

benefit was noted in pT1b patients treated with AT. The optimal PTS cut-point was 4.5 cm. In 

multivariable analysis, patients with LPT (≥4.5 cm) had an increased risk of overall mortality (HR 

= 1.87, P = 0.003). Kaplan-Meier curves revealed that OS was superior in patients with LPT 

treated with AT (IPTW-adjusted log-rank P = 0.029). In IPTW-adjusted Cox regression analysis, 

AT was associated with an OS benefit in patients with LPT (HR = 0.59, 95%CI: 0.39–0.91, P = 

0.017).
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Conclusions: In this National Cancer Database analysis, PTS was a predictor of OS in CS IA 

seminoma. An OS benefit was noted for individuals with LPT (defined as PTS ≥4.5 cm) managed 

with AT. These findings may warrant refinement of Tumor-Node-Metastasis staging system.
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1. Introduction

Testicular cancer is an uncommon malignancy that accounts for less than 1% of cancers in 

men in the United States [1]. Yet, with 9,310 new cases estimated in 2018, it remains the 

most common solid tumor diagnosed among men aged 20 to 34 years. Survival outcomes are 

overall excellent in testicular seminoma, the most common type of testicular germ cell tumor 

[1,2]. In clinical stage (CS) I seminoma patients, 5-year disease-specific survival from 

centers of excellence reaches 99% while 5-year relapse rates range between 10–20% after 

orchiectomy [3,4].

Two prognostic factors are used to identify patients at greater risk of relapse and guide 

decision-making regarding adjuvant therapies in CS I seminoma: primary tumor size and 

rete testis invasion [5,6]. Patients with one or both of these risk features are at a higher risk 

of relapse compared to those without risk factors [4]. A primary tumor size ≥4 cm was first 

identified as a risk factor for relapse in a surveillance series reported in the early 1990s, and 

although widely studied, its predictive power remains unclear [4,7–16]. Other size 

thresholds including 3, 6 and 7-cm have also been examined [8,14,17–19]. The 8th edition 

of the American Joint Commission on Cancer (AJCC) Cancer Staging Manual now 

subcategorizes CS IA (pT1cN0M0S0) pure seminoma into pT1a and pT1b based on a 3-cm 

primary tumor size cut-point [20].

Most CS IA seminoma patients with pT1a and pT1b primary tumors are cured with 

orchiectomy alone and will not relapse [12]. Due to the favorable prognosis of CS IA 

disease, management has shifted to a non-risk-adapted surveillance strategy [21]. 

Nonetheless, clinical management of seminoma patients with risk features such as large 

primary tumor size remains controversial [5]. The primary endpoint of the study was to 

assess primary tumor size as a prognosticator for overall survival (OS) using the National 

Cancer Data Base (NCDB). Secondary endpoints were to determine an optimal primary 

tumor size cut-point that predicts 5-year OS following radical orchiectomy and to evaluate 

the comparative effectiveness of active surveillance (AS) vs. adjuvant therapy (AT) for 

patients with large primary tumors.

2. Material and methods

2.1. Data source and patient selection

The NCDB is a hospital-based registry established by the Commission on Cancer (CoC), the 

American College of Surgeons and the American Cancer Society that captures 

approximately 70% of newly diagnosed malignancies in the United States each year at more 

Azizi et al. Page 2

Urol Oncol. Author manuscript; available in PMC 2021 January 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



than 1,500 participating CoC-accredited institutions [22]. Institutional review board approval 

was not required for the study in accordance with institutional regulation when dealing with 

deidentified collected data.

Data was extracted on 61,167 patients aged 18 years or older diagnosed with testicular 

cancer between 2004 and 2014. Using the 3rd edition of the International Classification of 

Diseases for Oncology (ICD-O) codes, we identified 33,818 patients with testicular 

seminoma (codes 9061–9063). Only individuals with AJCC CS IA (pT1N0M0S0) pure 

seminoma (code 9061) were considered (N = 5,554). Patients with missing primary tumor 

size information were excluded (N = 209). A total of 5,345 individuals met the study 

criteria. Patients were grouped according to pathologic T stage (pT1a and pT1b) by using 

the 3 cm cut-point from the 8th edition of the AJCC Tumor-Node-Metastasis (TNM) staging 

system. pT1 patients with available treatment strategy data were further dichotomized into 

AS vs. AT groups (Fig. 1).

2.2. Study measures, definitions, and outcomes

The primary endpoint was OS from the date of initial testicular cancer diagnosis to the date 

of death or last follow-up. Treatment modalities were categorized into AS (observation) and 

AT (chemotherapy or radiation within 3 months after orchiectomy). The AT group is 

unlikely to include early salvage therapy cases since the treatment information provided in 

the NCDB is limited to the initial treatment course (before disease progression or 

recurrence).

Patient-level and socioeconomic variables included years of diagnosis, age at diagnosis, 

race, Charlson-Deyo score, insurance type, county type, income level, and education level. 

Facility covariates included distance from residence, location and type. Pathologic features 

included primary tumor size and surgical margins status.

2.3. Statistical analyses

The t test and the χ2 test were used to compare continuous and categorical variables, 

respectively. Medians and interquartile ranges were reported for continuous variables. 

Categorical variables were reported as frequencies and proportions. Temporal treatment 

trends for CS IA seminoma were estimated with annual percent change (APC) in the receipt 

of AT vs. AS by using linear regression. Univariable and multivariable logistic regression 

analyses were used to identify independent predictors of AT receipt.

Unadjusted Kaplan-Meier curves and log-rank testing were used to compare OS in CS IA 

seminoma patients stratified by pathologic T stage (pT1a vs. pT1b) and to compare OS in 

pT1b patients stratified by treatment strategy (AS vs. AT). Univariable and multivariable 

Cox regression analyses were performed to determine independent predictors of OS (using 

backward elimination).

An optimal cut-point value for primary tumor size was then determined by methods 

previously described by Contal and O’Quigley [23]. We performed receiver operator 

characteristic curve analysis using time-dependent Cox proportional-hazards regression 
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comparing different primary tumor size cut-points for OS at 5 years post orchiectomy. 

Predictive accuracy was evaluated by areas under the curve.

The optimal primary tumor size cut-point value was subsequently used to dichotomize 

patients into those with small vs. large primary tumors. The standardized differences 

approach was used to compare covariates between patients with large primary tumors 

managed with AS vs. AT. A standardized difference greater than 10% for a given covariate 

was considered a significant imbalance. Differences in baseline characteristics between 

patients with large primary tumors managed with AS vs. AT were controlled for with inverse 

probability of treatment weighting (IPTW) adjusted analyses in order to limit selection bias 

[24]. IPTW-adjusted Kaplan-Meier curves with IPTW-adjusted log-rank testing were used to 

compare OS for patients with large primary tumors treated with AT vs. AS [25]. IPTW-

adjusted Cox regression analysis was used to calculate the IPTW-adjusted hazard ratio (HR) 

of the AT effect on OS in patients with large primary tumors. Statistical analyses were 

performed using SAS 9.4 (SAS Institute Inc., Cary, N.C.). Two-sided statistical significance 

was defined as P < 0.05.

3. Results

There were 2,534 (47.4%) pT1a and 2811 (52.6%) pT1b patients. Overall, 2,455 (47.7%) 

and 2,685 (52.3%) CS IA seminoma patients were treated with AS and AT, respectively. In 

the AT group, 671 (25.0%) men were treated with adjuvant chemotherapy and 2014 (75.0%) 

with adjuvant radiation.

Unweighted baseline patient characteristics stratified according to pathologic T stage are 

reported in Table 1. There were significant differences between groups with respect to 

several patient-level, socioeconomic and facility characteristics. pT1b patients had a larger 

median primary tumor size (4.9 cm vs. 2.0 cm, P < 0.001) and more often received AT 

(55.3% vs. 49.1%, P < 0.001) compared to pT1a patients.

3.1. Treatment trends

Management trends for CS IA seminoma are shown in Fig. 2. Compared to AS, the use of 

AT decreased over the time period (annual percent change = −2.2; 95% CI: −3.0 to −1.4, P < 

0.001). In regression multivariable logistic analysis, pT1b patients had increased odds of 

receiving AT (OR=1.29; 95% CI: 1.15–1.46, P < 0.001; Table 2). Other independent 

predictors of AT receipt are shown in Table 2.

3.2. Predictors of survival

Median follow-up for CS IA seminoma patients was 53.9 months (interquartile ranges, 

28.9–83.3 months). There were 95 deaths during the study period (4,781 men with survival 

data were included in the models). Five-year OS was 98.3% and 97.5% for pT1a and pT1b 

patients, respectively (log-rank P = 0.005; Supplementary Fig. 1). In unadjusted Cox 

regression analysis, pT1b patients had an increased risk of overall mortality (HR = 1.76, 

95% CI: 1.18–2.65, P = 0.006), though this association did not reach significance in 

multivariable analysis (HR = 1.49, 95% CI: 0.97–2.28, P = 0.069) (Table 3). Independent 

predictors of OS are shown in Table 3.
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Five-year OS in pT1b patients was 97.8% and 96.4% in the adjuvant and the surveillance 

groups, respectively (log-rank P = 0.078; Supplementary Fig. 2). Likewise, there was no 

significant difference in OS between pT1b patients managed with AT compared to AS in 

Cox regression analyses (P = 0.19).

3.3. Primary tumor size cut-point analysis

The optimal primary tumor size cut-point for 5-year OS was 4.5 cm (Q statistic = 2.20, P < 

0.001). Patients were further dichotomized based on this threshold (<4.5 cm vs. ≥4.5 cm). 

Supplementary Figure 3 illustrates the receiver operator characteristic curves predicting OS 

at 5 years following orchiectomy for different primary tumor size thresholds. areas under the 

curve were 0.572, 0.627, 0.643, 0.585 and 0.563 for the 3.0 cm, 4.0 cm, 4.5 cm, 6.0 cm and 

7.0 cm cut points, respectively.

Five-year OS was 98.5% and 96.0% for patients with small and large primary tumors (≥4.5 

cm), respectively (log-rank P < 0.001; Fig. 3). In multivariable analysis, patients with large 

primary tumors had an increased risk of overall mortality (HR = 1.87, 95% CI: 1.24–2.82, P 
= 0.003).

3.4. Effectiveness of adjuvant therapy for large primary tumors

After IPTW adjustment, all standardized differences of weighted comparisons were <10% 

indicating that the distribution of the measured baseline characteristics in patients with large 

primary tumors was similar between the adjuvant and the surveillance groups 

(Supplementary Table 1).

IPTW-adjusted Kaplan-Meier curves revealed that 5-year and 10-year OS in patients with 

large primary tumors were 97.2% and 93.5% in the AT group vs. 93.7% and 89.0% in the 

AS group (IPTW-adjusted log-rank P = 0.029; Fig. 4). In IPTW-adjusted Cox regression 

analysis AT was associated with a significant OS benefit in patients with large primary 

tumors (HR = 0.59, 95% CI: 0.39–0.91, P = 0.017).

4. Discussion

The prognostic value of primary tumor size in pure testicular seminoma remains 

controversial. Using a hospital-based registry capturing over 70% of incident cancers in the 

US, we attempted to assess primary tumor size as a prognosticator for OS in CS IA 

seminoma [20]. We then determined an optimal primary tumor size cut-point and evaluated 

the comparative effectiveness of AS vs. AT in individuals with large T1 seminomas.

Our study revealed several noteworthy findings. First, using the AJCC 3 cm cut-point to 

subdivide CS IA seminoma patients, we did not find a significant difference in OS between 

pT1a and pT1b individuals. Second, we found that pT1b patients had greater odds of 

receiving AT compared to their pT1a counterparts. However, AT did not provide a survival 

benefit in pT1b patients when compared to AS. Third, we found that a primary tumor size of 

≥4.5 cm was an independent predictor of inferior OS in CS IA patients. Finally, IPTW-

adjusted analyses revealed a significant survival benefit for AT in patients with large primary 

tumors. Individuals with large T1 seminomas managed with adjuvant radiation or 
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chemotherapy vs. observation had a 41% decrease in overall mortality translating into a 

3.5% and 4.5% absolute improvement in OS at 5 and 10 years, respectively.

There are several reports on the prognostic significance of primary tumor size on the risk of 

relapse in patients with CS I seminoma. Warde et al. originally used a 4 cm cut-point to 

demonstrate a non-significant difference in 5-year relapse-free rates: 88% vs. 73% for ≤4 cm 

vs. >4 cm tumors, respectively (P = 0.12). A recent systematic review by a Testicular Cancer 

Guidelines Panel assessed 20 studies and concluded that there was a lack of evidence to 

justify a 4-cm cut-off although the authors did not perform a meta-analysis due to data 

heterogeneity [5].

The AJCC TNM staging system now subcategorizes pT1 seminoma into pT1a and pT1b 

using a 3 cm cut-point for patients with CS IA seminoma [20]. Three previous studies have 

reported outcomes using a 3 cm primary tumor size cut-point [8,14,17]. von der Maase et al. 

first reported primary tumor size as an independent prognosticator in a Danish cohort of 261 

men with 4-year relapse-free survivals of 94, 82 and 64% for tumors <3, ≥3 to <6 and ≥6 

cm, respectively (P < 0.001) [8]. The authors concluded that men with tumors ≥6 cm would 

be managed with adjuvant radiation while those with tumors <6 cm would be offered 

surveillance. Similarly, a study on 685 patients by Chung et al. evaluating various cut-points 

revealed a HR for relapse of 1.87 (95% CI: 1.15–3.06; P = 0.01) in individuals with 

testicular seminomas ≥3 cm14. More recently, Nayan et al. reported a 5-year conditional risk 

of relapse at diagnosis of 12.2% vs. 20.3% for ≤3 cm vs. >3 cm tumors (P value not 

reported) [17].

Per National Comprehensive Cancer Network (NCCN) Clinical Practice Guidelines, 

management options for men with CS IA pure seminoma include post-orchiectomy 

surveillance (category 1), adjuvant chemotherapy with 1–2 cycles of single-agent 

carboplatin or adjuvant radiation with 20 Gy (preferred) or 25.5 Gy. In light of the potential 

long-term complications of AT compared to the low risk of recurrence, the National 

Comprehensive Cancer Network Panel prefers AS for CS I seminoma patients able to 

comply with observation strategies [26]. The potential harms of adjuvant therapies need to 

be disclosed to patients when making recommendations regarding management of CS IA 

seminoma. Several noncontemporary series have reported a significant increased risk of 

secondary malignancies in seminoma patients treated with radiotherapy [27,28]. Adjuvant 

radiation may also be associated with an increased risk of cardiovascular disease in this 

patient population [28,29]. Secondary cancers and cardiovascular events were also reported 

in testicular germ cell tumor patients treated with adjuvant platinum-based chemotherapy 

although it is unknown whether a single-agent carboplatin regimen increases such risks [29].

There is growing evidence to suggest a nonrisk-adapted approach in the management of 

patients with CS I testicular cancer to minimize overtreatment and avoid long-term 

complications associated with chemotherapy and radiation [21]. However, our findings show 

a near 5% absolute OS improvement at 10 years in CS IA seminoma patients with large 

primary tumors managed with AT vs. AS. Although the magnitude of the survival benefit 

may seem marginal, it is similar to that observed in other disease settings for which 

neoadjuvant and/or adjuvant therapies are advocated, such as with neoadjuvant 
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chemotherapy in invasive bladder cancer and adjuvant hormonal therapy in breast cancer 

[30,31].

This study is not without limitations. There is potential for missing data, data miscoding and 

unmeasured confounding factors. We performed propensity score-weighted analyses to 

address and limit the inherent treatment-related selection biases. The NCDB does not 

capture treatment information such as chemotherapy regimen or number of cycles (1 vs. 2 

cycles of single-agent Carboplatin vs. other regimens) or radiation dosing (20 vs. 25.5 Gy or 

more). Moreover, cancer control outcomes including cancer-specific mortality, recurrence 

and relapse management are not reported in the NCDB. Furthermore, the NCDB does not 

include information on rete testis invasion; however two recent systemic reviews concluded 

that its prognostic significance is limited in stage I seminoma [5,6]. With the lack of data on 

relapse-free survival, we investigated OS as an endpoint to assess the prognostic significance 

of primary tumor size. Similarly, several recently published studies on stage I testicular 

seminoma have used OS as a primary endpoint [32–34]. These limitations mandate caution 

in the interpretation of our findings especially for a malignancy with such an excellent 

prognosis.

Despite these limitations, our study contributes to the understanding of the prognostic value 

of primary tumor size in CS IA seminoma and more so the potential impact of AT on 

survival in individuals with large primary tumors while recognizing the trend towards a non-

risk adapted surveillance. Additionally, our study is the first attempt to validate the 8th 

edition of the TNM staging system for CS IA seminoma.

5. Conclusions

In this NCDB analysis, primary tumor size (using a 4.5 cm threshold) was an independent 

predictor of OS in CS IA testicular seminoma. The receipt of AT after orchiectomy in 

patients with large primary tumors (≥4.5 cm) was associated with a significant OS benefit. 

These findings may warrant refinement of the AJCC staging system.
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Fig. 1. 
Flowchart describing the selection of clinical stage IA testicular seminoma patients in the 

National Cancer Data Base, 2004 to 2014.
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Fig. 2. 
Temporal treatment trends for clinical stage IA testicular seminoma patients in the National 

Cancer Database, 2004 to 2014.
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Fig. 3. 
Unadjusted Kaplan-Meier analysis of overall survival in stage IA testicular seminoma 

patients stratified by primary tumor size (small vs. large primary tumors using a 4.5 cm 

threshold).
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Fig. 4. 
Inverse-probability of treatment weighting-adjusted Kaplan-Meier analysis of overall 

survival in stage IA testicular seminoma patients with large primary tumors (≥4.5 cm) 

managed with active surveillance vs. adjuvant therapy.
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