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Abstract

Introduction: Institutional experience has been associated with 
improved outcomes for various malignancies, including testicular 
cancer. The present study evaluated whether institution at orchiec-
tomy was associated with outcomes on active surveillance (AS) for 
clinical stage (CS) I germ cell tumours (GCT).
Methods: 815 patients with CSI GCT managed with AS at the 
Princess Margaret Cancer Centre were identified. Princess Margaret 
is a tertiary academic institution with a multidisciplinary testicular 
cancer clinic involving radiation oncologists, medical oncologists, 
and urologists, and has research experience in testicular cancer 
care. The association between institution of orchiectomy (Princess 
Margaret vs. Other) and time to progression on AS was analyzed 
using multivariable Cox proportional hazards models. Academic vs. 
non-academic institutions were compared in a sensitivity analysis.
Results: Patients undergoing orchiectomy at Princess Margaret 
for non-seminoma GCT were significantly less likely to have 
pure embryonal carcinoma (EC) in orchiectomy pathology (odds 
ratio [OR] 0.33; p=0.008) and CSIB disease (OR 0.47; p=0.014). 
Seminoma characteristics did not differ significantly between insti-
tution groups. In non-seminoma GCT, median followup was 5.4 
years, 27% progressed on AS, and institution of orchiectomy was 
not associated with time to progression in either univariate (haz-
ard ratio [HR] 0.79; p=0.33) or multivariable analyses (HR 1.01; 
p=0.97). In seminoma, median followup was 4.7 years, 12% pro-
gressed on AS, and institution of orchiectomy was not associated 
with progression (univariate: HR 0.87; p=0.73; multivariable: HR 
0.98; p=0.96). Sensitivity analyses demonstrated similar results.
Conclusions: Among CSI GCT patients managed on AS at a spe-
cialized cancer centre, there appears to be no difference in onco-
logic outcomes based upon the institution where orchiectomy was 
performed. 

Introduction 

Following orchiectomy, progression occurs in approximately 
30% of patients with clinical stage I (CSI) non-seminoma 
germ cell tumours (NSGCT) and approximately 15% of 
patients with CSI seminoma.1,2 Given the low risk of relapse 
in CSI disease, active surveillance (AS) has become widely 
accepted for CSI seminoma and CSIA NSGCT, and is adopt-
ed by most centres for CSIB NSGCT. 

Several studies in various malignancies have demonstrat-
ed that institution characteristics, such as volume, special-
ization, and academic status, are associated with improved 
outcomes.3-8 However, it is unknown whether the institution 
at which an orchiectomy is performed is associated with 
outcomes on AS. Given that specialized centres tend to have 
longer wait times for surgery,9 and both institution experi-
ence and a physician’s specialization influence a patient’s 
choice of healthcare provider,10 evidence demonstrating 
comparable outcomes across institutions may help reassure 
patients to seek out a timely orchiectomy and reduce the 
anxiety related to a diagnosis of testicular cancer.11 On the 
other hand, if institution characteristics are independently 
associated with oncologic outcomes on AS, initiatives to 
improve the quality of orchiectomy at underperforming insti-
tutions may be needed. 

Therefore, the objective of this study was to compare 
outcomes of patients being managed with AS for CSI GCT 
after having undergone an orchiectomy at either an insti-
tution specializing in testicular cancer care or other aca-
demic/community institutions. The primary outcome of this 
study was to compare progression-free survival (PFS) and 
the secondary outcome was to compare extent of disease 
at progression. The hypothesis was that outcomes would be 
comparable across institutions. 
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Methods 

After obtaining Research Ethics Board approval, we obtained 
clinical and pathological data from our prospectively main-
tained surgical database. A total of 930 patients with CSI 
GCT managed with AS at the Princess Margaret Cancer 
Centre were identified. Of these, 464 patients underwent 
orchiectomy for NSGCT between 1980 and 2011, while 
466 patients underwent orchiectomy for seminoma between 
1998 and 2014. In the case of seminoma, institution of 
orchiectomy was not reliably recorded prior to 1998. Our 
AS followup protocols for NSGCT and seminoma have been 
previously reported.12,13 Progression was defined as imaging 
or physical examination evidence of metastases and/or ele-
vated tumour markers. 

Categorical variables were compared between groups 
using the Chi-square or Fisher’s exact test, while continu-
ous variables were compared using the t-test. 

The primary outcome assessing the association between 
orchiectomy institution and PFS was analyzed using Cox 
proportional hazards models. Covariates in these models 
were age at orchiectomy, institution at orchiectomy, year 
of orchiectomy, and depending on orchiectomy pathology, 
overall stage at presentation and pure embryonal carcin-
oma (EC) in orchiectomy pathology for NSGCT, and pri-
mary tumour size for seminoma. Pathology-specific covari-
ates were chosen based on prior studies demonstrating 
their independent association with progression on AS.14-18

To avoid collinearity, lymphovascular invasion was not 
included in the models for NSGCT, as this information is 
captured in the overall stage at presentation (i.e., IA vs. 
IB). The proportional hazards assumption was examined by 
evaluating cumulative score statistics.19 Kaplan-Meier curves 
were constructed, stratifying by institution at orchiectomy. 

The secondary outcome assessing the extent of disease 
at progression was analyzed using logistic regression mod-
els, adjusting for the same variables described for the Cox 
proportional hazard models. Extent of disease at progression 
was categorized as non-disseminated if visible disease was 

confined to the retroperitoneum and/or tumour markers were 
S0 or S1. All other progression was considered disseminated. 
Hosmer-Lemeshow goodness-of-fit tests were conducted to 
verify the appropriateness of each model.

Institution at orchiectomy was dichotomized between 
the Princess Margaret Cancer Centre and other academic 
or community institutions. Princess Margaret is a special-
ized tertiary academic institution with a multidisciplinary 
testicular cancer clinic involving radiation oncologists, med-
ical oncologists, and urologists, and has extensive research 
experience in testicular cancer care. Outside pathology 
specimens were reviewed by Princess Margaret genitourin-
ary pathologists in 90% of cases. When available, pathology 
review from Princess Margaret was used in the analysis.

As a sensitivity analysis, outcomes were evaluated by 
stratifying institutions based on academic status. An aca-
demic institution was defined as a university-affiliated hos-
pital where urology resident physicians trained routinely.

Statistical analyses were performed using SAS (version 
9.4, Cary, NC, U.S.). A two-sided p value of 0.05 was con-
sidered statistically significant.

Results 

NSGCT

Patient characteristics
Of the 464 patients with CSI NSGCT being managed at the 
Princess Margaret for AS, information regarding the institu-
tion at orchiectomy and pathology details were available 
in 460 (99%) cases. Patients undergoing an orchiectomy at 
non-specialized institutions were significantly more likely to 
have pure EC in the orchiectomy pathology (odds ratio [OR] 
3.06, 95% confidence interval [CI] 1.28–7.29; p=0.008) and 
significantly more likely to have CSIB disease (OR 2.13, 95% 
CI 1.15–3.94; p=0.014) compared to patients undergoing an 
orchiectomy at Princess Margaret (Table 1).

Table 1. Demographic data on 460 patients with CSI NSGCT managed with AS at the Princess Margaret Cancer Centre

Variable
Institution specializing in 

testicular cancer
Non-specializing institution p value

Non-seminoma (n=460) n=88 n=372

Year of orchiectomy (n (%)) 
1980–1995 
1996–2011

38 (43%)
50 (57%)

148 (40%)
224 (60%)

0.56

Age at orchiectomy (mean (SD)) 30.7 (7.2) 30.2 (8.9) 0.58

Left-sided orchiectomy (n (%)) 44 (50%) 161 (43%) 0.25

Pure EC in orchiectomy pathology (n (%)) 6 (6.8%) 68 (18.3%) 0.008
Overall stage at presentation

CSIA
CSIB

74 (84%)
14 (16%)

265 (71%)
107 (29%)

0.014

AS: active surveillance; CS: clinical stage; EC: embryonal carcinoma; NSGCT: non-seminoma germ cell tumours SD: standard deviation.
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Progression-free survival
Disease progression occurred in 123 (27%) patients with 
CS1 NSGCT. Age at orchiectomy, pure EC in orchiectomy 
pathology, and overall stage at presentation were significant-
ly associated with PFS in univariate and multivariable Cox 
proportional hazard models, while institution at orchiec-
tomy was not significant in either univariate or multivariable 
analyses (Fig. 1, Table 2). Sensitivity analyses demonstrated 
similar results in univariate (hazard ratio [HR] 0.76, 95% 
CI 0.50–1.14; p=0.18) and multivariable analyses (HR 0.90, 
95% CI 0.59–1.36; p=0.62) when comparing academic to 
non-academic institutions.

Extent of disease at progression
Of the 123 CSI NSGCT patients with disease progression, 30 
(24%) had disseminated disease. None of the pathological or 
clinical variables, including institution at orchiectomy, were 
associated with extent of disease progression in univariate or 
multiple logistic regression models (Table 3). Similar results 
were observed in the univariate (OR 1.11, 95% CI 0.43–2.8;
p=0.83) and multivariable (OR 1.00, 95% CI 0.38–2.61; 
p=0.99) sensitivity analyses when comparing academic to 
non-academic institutions.

Seminoma

Patient characteristics
Of the 466 patients with CSI seminoma being managed at 
Princess Margaret for AS, information regarding the institu-
tion at orchiectomy and pathology details were available 
in 355 (76%) cases. There was no significant difference in 
mean tumour size in the orchiectomy pathology between 
patients undergoing an orchiectomy at non-specialized insti-
tutions and at Princess Margaret (Table 4).

Progression-free survival
Disease progression occurred in 42 (12%) patients with CSI 
seminoma. Tumour size was significantly associated with 
PFS in univariate and multivariable. Age at orchiectomy, 
overall stage at presentation, and institution at orchiec-
tomy were not associated with PFS in either univariate or 
multivariable analyses (Fig. 2, Table 5). Similar results were 
observed in the univariate (HR 1.21, 95% CI 0.66–2.23; 
p=0.53) and multivariable (HR 1.46, 95% CI 0.78–2.72; 
p=0.24) sensitivity analyses when comparing academic to 
non-academic institutions.

Extent of disease at progression
Of the 42 patients experiencing progression on AS for CSI 
seminomas, 4 (9.5%) had non-regional metastatic disease. 
Given the limited number of progression events in sem-
inoma, extent of disease progression was not compared 
between groups.

Discussion 

The association between institutional experience and sur-
vival outcomes has been demonstrated for several malig-
nancies, including testicular cancer.3-8 The present study 
found no significant difference in PFS or extent of disease 
at progression between an orchiectomy performed at a spe-
cialized vs. non-specialized institutions, and academic vs. 

Fig. 1. Progression-free survival by institution at orchiectomy in clinical stage I 
non-seminoma germ cell tumours patients managed with active surveillance.

Table 2. Cox proportional hazard models for the association between clinical and demographic factors and progression-free 
survival for CSI NSGCT between specialized vs. non-specialized institutions

Univariate Multivariable

Variable HR (95% CI) p value HR (95% CI) p value
Age at orchiectomy (continuous) 0.97 (0.95–0.99) 0.009 0.97 (0.95–0.99) 0.039

Year of orchiectomy  
(1996–2011 vs. 1980–1995)

0.84 (0.59–1.20) 0.35 1.03 (0.71–1.48) 0.88

Pure EC in orchiectomy pathology  
(Yes vs. No)

2.26 (1.51–3.37) <0.0001 1.73 (1.14–2.62) 0.01

Overall stage at presentation  
(CSIB vs. CSIA)

2.96 (2.07–4.22) <0.0001 2.60 (1.79–3.77) <0.0001

Institution at orchiectomy (Specialized  
vs. non-specialized institutions)

0.79 (0.49–1.27) 0.33 1.01 (0.62–1.65) 0.97

CI: confidence interval; CS: clinical stage; EC: embryonal carcinoma; HR: Hazard ratio; NSGCT: non-seminoma germ cell tumour.
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non-academic institutions. This data can be used to help 
reassure patients and reduce the anxiety that is related to a
diagnosis of testicular cancer.11

A recent systematic review found that cancers associated 
with high-risk surgery, such as lung or pancreatic cancer, 
demonstrated large trends in improved risk-adjusted mortal-
ity in higher-volume hospitals.3 Potential theories supporting 
the volume-outcome association are that high-volume, spe-
cialized institutions are more likely to have effective inten-
sive care units, increased availability of fellowship-trained 
consultants, and improved hand-off of care for treatment in 
the adjuvant setting.3 This same systematic review found that 
cancers associated with low-risk surgery, such as surgery for 
colon or prostate cancer, had improved outcomes in higher-
volume centres, but the difference was modest compared to 
that seen in cancers associated with high-risk surgery. These 
findings suggest that the degree of improvement in outcomes 
at high-volume, specialized institutions may be related to 
the complexity of the surgery. 

While the present study demonstrates the oncologic out-
comes of orchiectomy, considered a simple, low-risk pro-
cedure, are comparable across institutions, several studies 
in advanced stages of testicular cancer have shown that 
higher-volume, specialized institutions have improved sur-

vival.4-8 The majority of these studies evaluated chemother-
apy as the intervention and one study was a randomized, 
controlled trial comparing primary retroperitoneal lymph 
node dissection vs. chemotherapy as adjuvant treatment for 
CSI NSGCT.7 This community-based trial had a relapse rate 
of 54% from primary retroperitoneal lymph node dissection, 
a relatively complicated, high-risk procedure. This rate of 
relapse is much higher than the experience from specialized 
centres, where the relapse rate is approximately 5‒20%.20-23

The authors of the study suggested that lower rates of local 
recurrence may have been observed if surgery was per-
formed by experienced surgeons at specialized institutions. 
Taken together, this supports the findings of the previously 
described systematic review, whereby the institution volume 
and specialization status are more important for high-risk, 
complicated procedures than for low-risk, relatively simple 
procedures.

Unlike procedures in other malignancies, whereby 
indicators of quality of surgical resection, such as margin 
status24,25 or node count,26,27 have been associated with out-
comes, no such technical factors have been identified in 
patients undergoing an orchiectomy. Rather, the findings 
of the present study support that the outcomes on AS are 
driven by pathological factors.

Table 3. Logistic regression models for the association between clinical and demographic factors and non-regional disease at 
progression for CSI NSGCT between specialized vs. non-specialized institutions

Univariate Multivariable

Variable OR (95% CI) p value OR (95% CI) p value
Age at orchiectomy (continuous) 1.01 (0.96–1.07) 0.66 1.01 (0.96–1.07) 0.71

Year of orchiectomy  
(1996–2011 vs. 1980–1995)

1.17 (0.51–2.69) 0.70 1.07 (0.45–2.54) 0.87

Pure EC in orchiectomy pathology  
(Yes vs. No)

0.78 (0.30–2.05) 0.62 0.79 (0.29–2.12) 0.64

Overall stage at presentation  
(CSIB vs. CSIA)

0.59 (0.25–1.38) 0.22 0.61 (0.26–1.45) 0.27

Institution at orchiectomy (Specialized vs. non-
specialized institutions)

1.87 (0.67–5.24) 0.23 1.73 (0.61–4.90) 0.30

CI: confidence interval; CS: clinical stage; EC: embryonal carcinoma; NSGCT: non-seminoma germ cell tumour; OR: odds ratio.

Table 4. Demographic data on 355 patients with CSI seminoma managed with AS at the Princess Margaret Cancer Centre

Variable
Institution specializing in 

testicular cancer
Non-specializing institution p value

Seminoma (n=355) n=67 n=288 0.36

Year of orchiectomy (n (%)) 
1998–2006
2007–2014

30 (45%)
37 (55%)

147 (51%)
141 (49%)

0.92

Age at orchiectomy (mean (SD)) 37.4 (9.7) 37.6 (9.8) 0.88

Left-sided orchiectomy (n (%)) 33 (49%) 139 (48%) 0.22

Tumour size (cm) (mean (SD)) 3.32 (1.98) 3.67 (2.18) 0.38

Overall stage at presentation
CSIA
CSIB

47 (70%)
20 (30%)

217 (75%)
71 (25%)

AS: active surveillance; CS: clinical stage; SD: standard deviation.
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The present study found that of all patients being man-
aged with AS at the specialized institution, those undergoing 
an orchiectomy for CSI NSGCT at non-specialized institu-
tions were more likely to have pure EC in orchiectomy path-
ology and have CS1B disease, both of which are risk factors 
for progression.14 This may represent a referral bias, whereby 
patients with orchiectomy features suggesting a high risk of 
progression are being referred to specialized centres. Despite 
this baseline difference in patient populations, unadjusted 
and adjusted analyses failed to demonstrate an association 
between institution at orchiectomy and PFS or extent of 
disease at progression. 

While a referral bias may have been present for NSGCT, 
this did not seem to occur in seminoma, as there were no 
clinical or pathological differences, including tumour size, 
which is a known risk factor for progression,15-17 in patients 
undergoing orchiectomy at a specialized vs. non-specialized 
institutions. This may be related to the overall lower risk 
of progression in CSI seminoma compared to NSGCT and, 
therefore, reflective of the relative comfort that clinicians 
outside specialized institutions have in managing CSI sem-
inoma patients. Similar to NSGCT, institution of orchiectomy 
was not an independent prognostic factor for outcomes on 
AS for seminoma patients. The overall lack of association 
between institution at orchiectomy and outcomes on AS 
are likely robust, given that they remained consistent when 
stratifying institutions based on academic status.

This study has limitations. First, due to its retrospective 
design there may have been factors that were not accounted 
for, which may have influenced the outcomes assessed. One 
potential explanation for the lack of difference between 
institutions is that we analyzed patients already selected 
as suitable for AS by Princess Margaret physicians. Thus, 
it could be that any orchiectomies with adverse outcomes 
(e.g., tumour spill, positive margin, scrotal violation) were 
treated with immediate adjuvant therapy or observed for a 
short period (not formal AS) and then received adjuvant ther-
apy. Therefore, it may be possible that in unselected patients 
with CSI GCT, oncologic outcomes after orchiectomy may 
differ across institutions. Second, the time frame of our study 
is over 30 years and thus practice patterns at institutions may 
have evolved over time, with the increasing emphasis on 
ensuring adequate cancer care by central quality assurance 
programs.28 However, given that there was no difference 
in outcomes among institutions, the improvement of care 
across all institutions only further suggests that orchiectomy 
outcomes are similar among institutions in the present day. 
Third, there were a limited number of events and, there-
fore, this study may have been underpowered. Population-
based studies may provide further insight on the association 
between institution of orchiectomy and outcomes on AS. 
Fourth, approximately one-quarter of seminoma patients did 
not have their institution of orchiectomy and pathology data 
available, which could represent a selection bias. However, 
considering that the progression rate in those without these 
data available was 10.4%, similar to the progression rates of 
both institution groups in the present study, a selection bias 
is unlikely. Last, all patients in this study were managed on 
AS at the Princess Margaret Cancer Centre. While not the 
focus of this study, future research should evaluate wheth-
er the centre managing AS is associated with outcomes. 
Despite these limitations, the present study is the first to 
compare outcomes on AS for CSI GCT between institutions 
and the findings are strengthened by extended followup in 
patients and consistent results in sensitivity analyses.

Fig. 2. Progression-free survival by institution at orchiectomy in in clinical stage 
I seminoma patients managed with active surveillance.

Table 5. Cox proportional hazard models for the association between clinical and demographic factors and progression-free 
survival for CSI seminoma between specialized vs. non-specialized institutions

Univariate Multivariable

Variable HR (95% CI) p value HR (95% CI) p value
Age at orchiectomy (continuous) 0.98 (0.95–1.01) 0.28 0.98 (0.94–1.01) 0.16

Year of orchiectomy  
(2007–2014 vs. 1998–2006)

1.09 (0.58–2.04) 0.79 1.01 (0.54–1.90) 0.98

Tumour size (cm) 1.17 (1.04–1.32) 0.008 1.19 (1.05–1.34) 0.006

Institution at orchiectomy (Specialized  
vs. non-specialized institutions)

0.87 (0.38–1.95) 0.73 0.98 (0.43–2.22) 0.96

CI: confidence interval; CS: clinical stage; HR: Hazard ratio.
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Conclusion 

Our study of patients managed by AS for CSI GCT at the 
Princess Margaret Cancer Centre demonstrates that the 
institution at which an orchiectomy is performed is not 
an independent prognostic factor for oncologic outcomes. 
These findings may help reassure patients and reduce anx-
iety related to a diagnosis testicular cancer.
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