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Abstract

Objective: To systematically review the existing literature in order to analyze the impact of
previously identified pathologic risk factors on harboring occult metastatic disease (OMD) in
patients with Clinical Stage | TSTs.

Methods: A literature search using PubMed was conducted using the terms: "testicular stromal

tumors," "testicular Leydig cell tumors,” "testicular Sertoli tumors,"” "testicular interstitial
tumors,"” "testicular granulosa tumor," and "testicular sex cord tumors." For analysis we included
only studies with data on available recurrence, survival, and time-to-event. We hypothesized
patients with >2 risk factors would experience lower Syr OMD-Free Survival (OMDFS) than

those with <2 risk factors.
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Results: 292 patients from 47 publications were included with a median age at diagnosis of
35yrs (range 12—76). 5yr OMD-Free survival (OMDFS) and overall survival in patients with
Stage | TSTs were 91.2% and 93.2%, respectively. When comparing those who harbored OMD
to those who did not, we observed an increased risk of OMD for each additional risk factor
(p<0.001). 5yr OMDFS was 98.1% for those with <2 risk factors vs. 44.9% for those with >2
risk factors (p<0.001).

Conclusions: The existing literature on pathologic risk factors for OMD in this population is
insufficient to make broad clinical recommendations. However, these factors appear to risk-
stratify patients and may be useful for future research investigating adjuvant therapy in higher-

risk patients. This review indicates that such a stratification system has a rational basis.

Introduction

Testicular stromal tumors (TSTSs) are rare, arising from non-germinal cell lines of the male testis.
They represent 3-5% of all primary testicular masses, and across all age groups, about 10%
demonstrate malignant behavior.» Puberty and its requisite changes in the hormonal milieu have
been traditionally felt to alter the natural history of TSTs, portending an increased risk of
malignant behavior.® While germ cell tumors in adolescents appear to behave like their adult
counterparts and have been advocated to be treated in a similar manner, only small case reports
and case series have elucidated current clinical knowledge of management and known outcomes
of adolescents and adults who present with TSTs.* As a result, there has been varied guidance on
how best to treat and follow individual patients, particularly those who present with localized,
clinical stage | disease (TMN stage pT1-4 NO MO), about 10% of whom will go on to develop

recurrent disease after orchiectomy.>>®
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Previous studies have demonstrated that certain histologic findings found in radical orchiectomy
specimens may portend a malignant phenotype, including large tumor size (> 5 cm), increased
number of mitoses per high-powered field, positive margins, rete testis invasion, lymphovascular
invasion (LV1), cellular atypia, and necrosis.”™ These features were initially elucidated in series
of Leydig cell tumors and then Sertoli cell tumors, but have since been used for all sub-types of
TSTs.? The presence or absence of these pathologic criteria can aid the clinician in determining
malignant potential, but the presence of any particular feature has not been noted to predict
metastatic behavior.! Young et al first suggested a cutoff of two or more pathologic risk factors
to determine malignant potential of TSTs, which might allow for earlier intervention to alter the

natural course of the disease.’

Patients that recur after complete excision of the primary tumor likely had occult microscopic
metastases that were not detectable at initial staging with cross-sectional imaging (as opposed to
de novo lesions). Additionally, as TSTs do not typically respond well to conventional
chemotherapy regimens nor radiotherapy. Surgery (most typically in the form of a
retroperitoneal lymph node dissection, RPLND) remains one of the few interventions that offers
curative potential to patients with recurrence.® To date, the best approach and management of
patients with TSTs has remained controversial given the lack of data, experience and unknown

natural history.

We sought to systematically review the existing literature to analyze the impact of known
pathologic risk factors on the presence of occult metastatic disease (OMD) in post-pubertal

patients (> 13 years old or documented pubertal status) with clinical stage [ TSTs. In doing so,
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we aimed to clarify questions regarding risk of malignant and metastatic potential of this disease
process and determine what factors most contribute to risk of harboring OMD. We hypothesized
that patients with > 2 pathologic risk factors would experience a lower 5-year OMD-Free
Survival (OMDEFS) than those with 0 or 1 risk factors. Similarly, we hypothesized that older age
(> 50 years old) would result in lower 5-year OMDES as compared to younger patients (< 50

years old).

Material and Methods

Study identification

A systematic literature search of the PubMed database was conducted on December 1, 2014 to
identify human studies using the terms: “testicular stromal tumors,” “testicular Leydig cell

2 e

tumors,” “testicular Sertoli tumors,” or “testicular interstitial tumors.” The methodology used to
identify and select studies for patient inclusion in the quantitative synthesis was performed
according to the Preferred Reporting Items for Systematic Reviews and Meta-Analyses

(PRISMA\) statement.'? Duplicate studies were identified and removed.

Studies were included if they contained post-pubertal patients greater than or equal to 13 years
old (or documented pubertal status) with clinical stage | TSTs. Clinical stage | disease is defined
as disease clinically confined to the testis, completely removed at orchiectomy with negative
staging imaging that at minimum includes cross sectional imaging of the retroperitoneum, the
most common site of metastasis.>**** TSTs are classified into several subtypes, including Leydig

cell tumors, Sertoli cell tumors, large cell calcifying Sertoli cell tumors, sclerosing Sertoli cell
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tumors, Sertoli-Leydig tumors, interstitial cell tumors, granulosa cell tumor, mixed stromal

tumors, unclassified stromal tumors, and testicular interstitial cell tumors.

Study exclusion criteria were those published prior to 1980, non-English language articles,
individual patients within series less than 13 years old, individual patients with > clinical stage 11
disease at time of diagnosis, and articles with inadequate data on initial clinical stage, data on
presence of pathologic risk factors, or post-orchiectomy follow up. The pathologic risk factors
were: largest tumor > 5 cm, > 3 mitoses per high-powered field, positive margins, rete testis
invasion, lymphovascular invasion, cellular atypia, and necrosis. If length of follow up was not
specifically assigned in the published series to an individual patient, then median or mean length
of follow up for the series was assigned to that patient. In patients with bilateral disease, the
largest tumor size was recorded. If pathologic risk factors were present, each was recorded

regardless of laterality.

Unique articles returned in the literature search were screened, and those that did not meet
inclusion criteria were excluded. Of the full-text articles that remained, references were further
analyzed to locate any studies not returned in the original search, and these were also screened.
Finally, full-text articles were assessed for eligibility based on the stated inclusion and exclusion
criteria, leaving studies with patients for final quantitative analysis (Supplementary Table 1 and

Supplementary Figure 1).

For analysis, we included only those patients with data available on recurrence, survival, and

time-to-event. In reviewing patients in published studies, the main outcome of interest was
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presence of occult metastatic disease, defined as (1) any new metastasis detected during
surveillance after orchiectomy for apparent clinical stage | disease, or (2) positive lymph nodes

found at primary RPLND in patients with apparent clinical stage | disease.

Statistical Analysis

Descriptive analyses of the patients from the identified studies are reported in median values
(range). For time-dependent analyses, log-rank analysis was used, and patients were censored at
the mention of the last time they were disease free or still surviving. Univariate and multivariate
logistic regressions for survival analysis using a Cox Proportional Hazards Model were

performed to determine effects of covariates on the development of OMD. Log-rank analysis

was performed to compare 5-year OMDFS with regards to number of pathologic risk factors, age

by decile (13-20, 21-30, 31-40, 41-50, 51-60, and > 60 years) and age by dichotomy (< 50 and >
50 years). We further examined the time intervals between orchiectomy and identification of
those with OMD. Comparisons of categorical variables were performed using the Fisher’s exact
test or Chi-squared test, whereas comparisons of continuous variables were performed using the
Mann-Whitney U test. In all analyses, two-sided p values < 0.05 or a 95% confidence interval

(CI) not crossing 1.0 were considered significant.

Results

Of the 4,827 studies located during the literature search, 47 studies met screening and eligibility
criteria for inclusion. Supplementary Figure 1 shows the PRISMA schematic for how these
studies were identified for inclusion and patient extraction. Included studies are listed within

Supplementary Table 1. Within these 47 studies, 292 patients with clinical stage | TSTs with
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available data were abstracted for this quantitative analysis. Demographics are listed in Table
1A. Median patient age was 37 years old (range 12—76) with a median tumor size of 1.5 cm
(range 0.5-13 cm). Median follow up across all patients was 47 months (range 1-249 months).
Primary tumor management was clearly stated in the reports on 204 (69.9%) patients, of these
148 (72.5%) underwent radical orchiectomy and 56 (27.5%) were managed with partial
orchiectomy (testis sparing surgery). Primary RPLND was performed in 25 patients (8.6%) with
positive lymph nodes in 2 patients (0.7% of all patients or 8.0% of patients who underwent
RPLND). Overall, 27 (9.2%) patients were noted to have OMD. As for the anatomic site of
disease, 81.5% of patients with OMD had disease in the retroperitoneum, followed by lungs

(14.8%). Overall survival was 91.5% across all patients and 44.1% in those with OMD.

Tables 1B and 1C provide a breakdown of tumor histology, pathologic risk factors, and numbers
of risk factors present. The most common histology was Leydig cell tumor, in 169 (69.8%)
patients, followed by Sertoli cell tumor, in 51 (21.1%) patients. In terms of the number of
pathologic risk factors, 216 (74%) patients had zero risk factors, and 253 (86.6%) had zero or 1
risk factor. The most common pathologic risk factor was > 3 mitoses per HPF (34 of 242 patients

or 14%).

Comparison of patients with and without OMD is presented in Table 2. Age and tumor size were
significantly different between the two groups (p < 0.001). Patients with OMD were older
(median 52 years old) and had larger tumors (median 5.4 cm) than patients without OMD (37

years old, 1.5 cm). The tumor sub-types were significantly different between the two groups as
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well (p = 0.008). Similarly, the breakdown of pathologic risk factors present and number of risk

factors per patient was significantly different between the two groups (p < 0.001).

When examining 5-year OMDFS by age, histology, and risk factors, there were significant
differences noted, as shown in Table 3. We examined 5-year OMDFS for different age-cut offs.
When comparing OMDEFS in patients less than 50 years age (94.5%, 95% CI 90.8-98.2%) to
those greater than 50 years old (79.5%, 95% CI 65.8-93.2%), differences were significant (p <
0.001). Univariate and multivariate analyses were also performed. On univariate logistic
regression analysis of covariate predictors of 5-year OMDFS, age, classic Sertoli cell and
undifferentiated histologies, and all seven pathologic risk factors were statistically significant.
However, on multivariate analysis, age and histology fell out in this multivariate model as
predictors of 5-year OMDFS and only presence of LVI (HR 8.563, 95% CI 1.788-41.013, p =
0.007) and tumor size > 5 cm (HR 10.951, 95% CI 2.786-43.047, p = 0.001) predicted lower 5-
year OMDFS. Further on the importance of these two risk factors specifically, in the 37 patients
with only one risk factor, 3 (8.1%) harbored OMD and of these two had LVI and one had a

tumor >5cm.

As for our primary study objective, comparing the 5-year OMDFS in patients with 0-1
pathologic risk factor to those with 2 or more, we observed a significant difference (98.3% vs.
48.1%, p < 0.001). A Kaplan-Meier curve demonstrating this difference is shown in Figure 1A.
Figure 1B demonstrates the increasing risk of OMD with each additional pathologic risk factor.
The latency between radical orchiectomy and detection of OMD was also determined for all

study patients. Supplementary Figure 2 shows that while the majority of patients with OMD are
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identified within the first 5 years, detection of OMD has been reported as late as 17 years after

initial diagnosis.

Comment

TSTSs are rare entities compared to germ cell tumors, and the vast majority (>90%) of post-
pubertal patients with clinical stage | disease do well and are cured with orchiectomy alone.
However, OMD present at the time of diagnosis and undetectable on cross-sectional staging
imaging can be pernicious and later harm the patient. This analysis shows that patients who are
found to have OMD tend to be older with larger-diameter primary tumors with a greater
proportion of classic Sertoli cell and undifferentiated tumor histology. Furthermore, patients with
OMD were more likely to have 2 or more pathologic risk factors present in the orchiectomy

specimen.

In TSTs, the association of pathologic risk factors and patients with poor clinical outcomes was
first noted by Kim et al.” In previous pathologic reports, the presence of mitoses alone was used
to denote malignant behavior. We would argue, as others have, that utilizing the entire clinical
picture including an array of pathologic risk factors from the orchiectomy specimen can help
personalize decisions about disease management.'* The use of these risk factors to stratify
patients with and without malignant TSTs (presumably patients harboring OMD at time of
orchiectomy) was previously proposed by Young et al.” From our quantitative analysis of

patients in the literature, this stratification scheme appears to hold up well.

10
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Puberty and its changes in various hormone levels have been felt to be responsible for the change
in clinical behavior of TST, namely that TST in pre-pubertal patients are virtually never
malignant while up to 10% of those in adults can be. A separate analysis from our group throws
this assumption into question. We found that no patients aged 13 to 21 years-old with clinical
stage | TSTs and median follow up of 45.6 months developed OMD. Even the presence of
pathologic risk factors was rare in this age group.'®> While the patho-physiologic mechanisms in
the development of TST may well still be dependent on a post-pubertal hormonal milieu, patients

under 21 years-old appear to be at decreased risk of malignant behavior.

Regardless of age at diagnosis, latent detection up to 17 years out has been reported (see Figure 3
for histogram of time to detection of OMD), highlighting the difficulty in recommending a
standardized follow up regimen and duration of follow up that maximizes safety and minimizes
cost and potential morbidity of repeated ionizing cross-sectional imaging. Judicious use of non-
ionizing MRI over CT imaging would allow for low-impact evaluation for retroperitoneal
metastasis. Chest imaging (either in the form of chest radiograph or chest CT) might also be
advised periodically given that 14.8% of OMD recurrences were noted in the lungs. Due to the
low risk of OMD observed in patients with few or no risk factors, strong consideration should be
given to a lower impact follow-up regimen that balances the risk of recurrence and assumed
benefits of early detection with risks and costs of imaging. Previous reports varied greatly in
their recommendations for patient follow up (some of which pertain to higher initial stages of

disease).>1

11
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While a systematic review provides a robust picture of post-pubertal patients with TSTs, our
study is not without limitations. Publication bias and the centering of reports at tertiary care
institutions may omit certain cases. Follow up regimens were not standardized nor explicitly
stated in many instances. With longer follow up, the outcomes may well be different. This
review does not attempt to answer whether primary RPLND selectively applied in this clinical
stage | population would alter the natural course of the disease, while noting that such aggressive
surgery (metastectomy) likely remains the only current form of therapy that offers the possibility

of durable cure in the setting of metastatic disease.

Conclusions

Approximately 10% of patients with clinical stage | TSTs develop OMD. Identifying those at
risk of OMD is but a first step toward altering the natural history of this disease by allowing for
design of surveillance mechanisms and possible earlier interventions, strong recommendations
for which are beyond the scope of this paper. However, risk-stratification using age and
pathologic risk factors may be useful for future research investigating adjuvant therapy (i.e.,
RPLND) for patients with apparent clinical stage | TSTs. Prospective study of these patients is
needed, and entry into a tumor registry such as the International Ovarian and Testicular Stromal

Tumor Registry (www.otstregistry.org) is key to learning more about these rare entities.

Key of Definitions for Abbreviations
CT - computed tomography
LV1 - lymphovascular invasion

MRI - magnetic resonance imaging

12
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OMD - occult metastatic disease

OMDES - occult metastatic disease free survival

RPLND - retroperitoneal lymph node dissection

TST - testis stromal tumor

References

1.  Dilworth JP, Farrow GM and Oesterling JE: Non-germ cell tumors of testis. Urology 1991;
37:399-417.

2. Acar C, Gurocak S and Sozen S: Current Treatment of Testicular Sex Cord-stromal
Tumors: Critical Review. Urology 2009; 73: 1165-1171.

3. J.S. Valla for the Group D'Etude en Urologie Pédiatrique: Testis-sparing surgery for benign
testicular tumors in children. J Urol 2001; 165: 2280-2283.

4.  Ross JH: Prepubertal Testicular Tumors. Urology 2009; 74: 94-99.

5. Thomas JC, Ross JH and Kay R: Stromal testis tumors in children: a report from the
prepubertal testis tumor registry. J Urol 2001; 166: 2338-2340.

6. Risk MC and Porter CR: Management of non-germinal testicular tumors. World J Urol
2009; 27: 507-512.

7. Kim I, Young RH and Scully RE: Leydig cell tumors of the testis. A clinicopathological
analysis of 40 cases and review of the literature. Am J Surg Path 1985; 9: 177-192.

8.  Goswitz JJ, Pettinato G and Manivel JC: Testicular sex cord-stromal tumors in children:
clinicopathologic study of sixteen children with review of the literature. Pediatr Pathol Lab
Med 1996; 16: 451-470.

13

Page 13 of 25



10.

11.

12.

13.

14.

15.

16.

17.

18.

14

Young RH, Koelliker DD and Scully RE: Sertoli Cell Tumors of the Testis, Not Otherwise
Specified: A Clinicopathologic Analysis of 60 Cases. Am J Surg Path 1998; 22: 709.
Kratzer SS, Ulbright TM, Talerman A, et al: Large cell calcifying Sertoli cell tumor of the
testis: contrasting features of six malignant and six benign tumors and a review of the
literature. Am J Surg Path 1997; 21: 1271-1280.

Kolon TF and Hochman HI: Malignant Sertoli cell tumor in a prepubescent boy. J Urol
1997; 158: 608-609.

Mobher D, Liberati A, Tetzlaff J, et al: Preferred Reporting Items for Systematic Reviews
and Meta-Analyses: The PRISMA Statement. PLoS Med 2009; 6: e1000097.

Farkas LM, Szekely JG, Pusztai C, et al: High frequency of metastatic Leydig cell
testicular tumours. Oncology 2000; 59: 118-121.

Mosharafa AA, Foster RS, Bihrle R, et al: Does retroperitoneal lymph node dissection have
a curative role for patients with sex cord-stromal testicular tumors? Cancer 2003; 98: 753—
757.

Rove KO, Maroni PD, Cost CR, et al: Pathologic Risk Factors in Pediatric and Adolescent
Patients With Clinical Stage | Testicular Stromal Tumors. J Pediatr Hematol Oncol 2015;
37: e441-6.

Madsen EL and Hultberg BM: Metastasizing Sertoli Cell Tumours of the Human Testis—a
Report of Two Cases and a Review of the Literature. Acta Oncol 1990; 29: 946-949.

Kao C-S, Kum JB, Idrees MT, et al: Sclerosing Sertoli cell tumor of the testis: a
clinicopathologic study of 20 cases. Am J Surg Path 2014; 38: 510-517.

Silberstein JL, Bazzi WM, Vertosick E, et al: Clinical Outcomes of Local and Metastatic

Testicular Sex Cord-Stromal Tumors. J Urol 2014; 192: 415-419.

Page 14 of 25



19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

15

Cost NG, Maroni P and Flaig TW: Metastatic relapse after initial clinical stage | testicular
Leydig cell tumor. Oncology (Williston Park, N.Y.) 2014; 28: 211-214.

Miliaras D, Anagnostou E and Moysides I: Adult type granulosa cell tumor: a very rare
case of sex-cord tumor of the testis with review of the literature. Case Rep Pathol 2013;
2013: 932086-4.

Brunocilla E, Pultrone CV, Schiavina R, et al: Testicular sclerosing Sertoli cell tumor: an
additional case and review of the literature. Anticancer Res 2012; 32: 5127-5130.

Sénmez N, Ton O, Arisan S, et al: Bilateral Leydig cell tumor of the testis: a case report.
Contemp Oncol (Pozn) 2012; 16: 356—359.

Hanson JA and Ambaye AB: Adult testicular granulosa cell tumor: a review of the
literature for clinicopathologic predictors of malignancy. Arch Pathol Lab Med 2011; 135:
143-146.

Vasilakaki T, Michalis L, Skafida E, et al: An unusual case of unilateral malignant leydig
cell tumour of the testis. Case Rep Oncol 2011; 4: 132-135.

Sengupta S, Chatterjee U, Sarkar K, et al: Leydig cell tumor: a report of two cases with
unusual presentation. Indian J Pathol Microbiol 2010; 53: 796-798.

Di Tonno F, Tavolini IM, Belmonte P, et al: Lessons from 52 patients with leydig cell
tumor of the testis: the GUONE (North-Eastern Uro-Oncological Group, Italy) experience.
Urologia Int 2009; 82: 152-157.

Gupta A, Mathur SK, Reddy CP, et al: Testicular granulosa cell tumor, adult type. Indian J
Pathol Microbiol 2008; 51: 405-406.

Lin K-H, Lin S-E and Lee L-M: Juvenile granulosa cell tumor of adult testis: a case report.

Urology 2008; 72: 230.e11-3.

Page 15 of 25



29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

16

Carmignani L, Colombo R, Gadda F, et al: Conservative surgical therapy for leydig cell
tumor. J Urol 2007; 178: 507—11- discussion 511.

Ditonno P, Lucarelli G, Battaglia M, et al: Testicular granulosa cell tumor of adult type: a
new case and a review of the literature. Urol Oncol 2007; 25: 322-325.

Giannarini G, Mogorovich A, Menchini Fabris F, et al: Long-Term Followup After
Elective Testis Sparing Surgery for Leydig Cell Tumors: A Single Center Experience. J
Urol 2007; 178: 872-876.

Liu SY-W, Ng C-F, Lai FM-M, et al: Undifferentiated sex cord-stromal tumor in a young
adult. Int Urol Nephrol 2007; 39: 561-564.

Arzola J, Hutton RL, Baughman SM, et al: Adult-type testicular granulosa cell tumor: case
report and review of the literature. Urology 2006; 68: 1121.e13-6.

Hisano M, Souza FMM, Malheiros DMAC, et al: Granulosa cell tumor of the adult testis:
report of a case and review of the literature. Clinics 2006; 61: 77—78.

Conkey DS, Howard GCW, Grigor KM, et al: Testicular sex cord-stromal tumours: the
Edinburgh experience 1988-2002, and a review of the literature. Clin Oncol (R Coll Radiol)
2005; 17: 322-327.

De Raeve H, Schoonooghe P, Wibowo R, et al: Malignant large cell calcifying Sertoli cell
tumor of the testis. Pathol. Res. Pract. 2003; 199: 113-117.

Demir A, Onol FF and Turkeri L: Case report: malignant Sertoli cell tumor of the testis in
an adult. Int Urol Nephrol 2003; 35: 515-516.

Giglio M, Medica M, De Rose AF, et al: Testicular sertoli cell tumours and relative sub-

types. Analysis of clinical and prognostic features. Urologia Int 2003; 70: 205-210.

Page 16 of 25



39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

17

Koksal IT, Usta M, Ciftcioglu A, et al: Sex cord tumour of the adult testis. Int Urol
Nephrol 2003; 35: 365-367.

Peschel R, Gettman MT, Steiner H, et al: Management of adult Leydig-cell testicular
tumors: assessing the role of laparoscopic retroperitoneal lymph node dissection. J
Endourol 2003; 17: 777-780.

Maeda T, Itoh N, Kobayashi K, et al: Elevated serum estradiol suggesting recurrence of
Leydig cell tumor nine years after radical orchiectomy. Int J Urol 2002; 9: 659-661.
Al-Bozom IA, El-Fagih SR, Hassan SH, et al: Granulosa cell tumor of the adult type: a
case report and review of the literature of a very rare testicular tumor. Arch Pathol Lab
Med 2000; 124: 1525-1528.

Gulbahce HE, Lindeland AT, Engel W, et al: Metastatic Leydig cell tumor with
sarcomatoid differentiation. Arch Pathol Lab Med 1999; 123: 1104-1107.

McCluggage WG, Shanks JH, Arthur K, et al: Cellular proliferation and nuclear ploidy
assessments augment established prognostic factors in predicting malignancy in testicular
Leydig cell tumours. Histopathology 1998; 33: 361-368.

Allen DC and Moorehead RJ: Mixed sex-cord stromal tumour of the testis. Ulster Med J
1997; 66: 54-56.

Wegner HE, Dieckmann KP, Herbst H, et al: Leydig cell tumor--comparison of results of
radical and testis-sparing surgery in a single center. Urologia Int 1997; 59: 170-173.
Zeitlin SI, Hakim LS and Crowley AR: Malignant Sertoli cell tumor of the testicle in a
black man. J Urol 1996; 156: 2006.

Anderson GA: Sclerosing Sertoli cell tumor of the testis: a distinct histological subtype. J

Urol 1995; 154: 1756-1758.

Page 17 of 25



49,

50.

51.

52.

53.

54.

55.

56.

S7.

18

Plata C, Algaba F, Andujar M, et al: Large cell calcifying Sertoli cell tumour of the testis.
Histopathology 1995; 26: 255-259.

Redgrave NG, Allan P and Johnson WF: Large cell calcifying Sertoli cell tumour. Br J
Urol 1995; 75: 411-412.

Dieckmann KP and Loy V: Response of metastasized sex cord gonadal stromal tumor of
the testis to cisplatin-based chemotherapy. J Urol 1994; 151: 1024-1026.

Gohji K, Higuchi A, Fujii A, et al: Malignant gonadal stromal tumor. Urology 1994; 43:
244-247.

Radhi JM and Garston RG: Large cell, calcifying, Sertoli cell tumour: a case report. Can J
Surg 1994; 37: 500-502.

Jimenez-Quintero LP, Ro JY, Zavala-Pompa A, et al: Granulosa cell tumor of the adult
testis: a clinicopathologic study of seven cases and a review of the literature. Human Path
1993; 24: 1120-1125.

van der Hem KG, Boven E, van Hennik MB, et al: Malignant Leydig cell tumor of the
testis in complete remission on o,p'-dichlorodiphenyl-dichloroethane. J Urol 1992; 148:
1256-1259.

Tetu B, Ro JY and Ayala AG: Large cell calcifying Sertoli cell tumor of the testis. A
clinicopathologic, immunohistochemical, and ultrastructural study of two cases. Am J Clin
Pathol 1991; 96: 717-722.

Lindegaard Madsen E and Mgrck Hultberg B: Metastasizing Sertoli cell tumours of the
human testis--a report of two cases and a review of the literature. Acta Oncol 1990; 29:

946-949.

Page 18 of 25



58. Schwarzman MI, Russo P, Bosl GJ, et al: Hormone-secreting metastatic interstitial cell
tumor of the testis. J Urol 1989; 141: 620-622.

59. Godec CJ: Malignant Sertoli cell tumor of testicle. Urology 1985; 26: 185-188.

Figure Legends:

Supplementary Figure 1. Schematic of systematic review of literature using Preferred

Reporting Items for Systematic Review and Meta-Analyses (PRISMA) to identify,

screen, determine eligibility and ultimately include in final quantitative synthesis.

Supplementary Figure 2. Histogram of time to detection of occult metastatic disease

(OMD) demonstrating that while most patients with OMD have disease detected early

after orchiectomy, detection has been documented as late as 17 years out.

Figure 1. a) Kaplan-Meier curve demonstrating worse occult metastatic free survival

(OMDFS) in patients with 2 or more pathologic risk factors as opposed to those with

only 0 to 1 risk factor. Difference in 5-year OMDFS between the curves significant to p-

value < 0.001 by log-rank comparison. b) Kaplan-Meier curve demonstrating worse

occult metastatic free survival (OMDFS) in patients with increasing numbers of risk

factors. Difference in 5-year OMDFS between the curves significant to p-value < 0.001

by log-rank comparison.
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Tables 1A, 1B, 1C. A) Demographic, clinical, and outcome variables for 292 patients
included in this analysis from 47 separate publications identified. B) Breakdown of tumor
histology (when available) and patients with pathologic risk factors (a single patient can
have more than one risk factor). C) Number of patients with various numbers of risk
factors, and cumulative number of patients with n or more risk factors. OMD = occult

metastatic disease

A. Demographic and clinical variables

Number of patients

292 (% of Total N)

Median age (range) 37 years (Range = 12-76)
Median tumor size, largest diameter 1.5¢cm (Range = 0.5-13)
Primary RPLND 25 8.6%
Positive lymph nodes at RPLND 2 8.0%
Patients with OMD 27 9.2%
Location of first site of metastasis
Retroperitoneum 22 81.5%
Lungs 4 14.8%
Inguinal lymph nodes 1 3.7%
Death 19/292 8.5%
Death from disease 15/292 5.1%
Overall survival in patients with OMD 12/27 44.4%
Median Follow Up 47 mo (Range = 1-249 mo)
B. Tumor histology (when listed) N % of Total
Leydig cell tumor 169 69.8%
Sertoli cell tumors 51 21.1%
Classic SCT 20 8.3%
Large cell calcifying 14 5.8%
Sclerosing 17 7.0%
Granulosa cell tumor 14 5.8%
Mixed 3 1.2%
Undifferentiated 5 21%
Pathologic risk factors
= 3 Mitoses per HPF 34/242 14.0%
Positive margins 7/230 3.0%
Rete testis invasion 8/230 3.5%
LVI 13/242 5.4%
Cellular atypia 32/242 13.2%
Necrosis 13/242 5.4%
Largest tumor diameter > 5 cm 21/240 8.8% :
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C. Patients with # of risk factors

Patients with n or more risk factors

N % of Total N % of Total

Zero risk factors 216 74.0% |Zero risk factors 216 74.0%
1 risk factor 37 12.7% |1 or more risk factor 76 26.0%
2 risk factors 15 5.1% |2 or more risk factors 39 13.4%
3 risk factors 14 4.8% |3 or more risk factors 25 8.6%
4 risk factors 5 1.7% |4 or more risk factors 10 3.4%
5 risk factors 3 1.0% |5 or more risk factors 5 1.7%
6 risk factors 2 0.7%

0—1 risk factors 253 86.6%

2 or more risk factors 39 13.4%
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Table 2. Comparison of patient characteristics, histologies, and pathologic risk factors of
those with and without occult metastatic disease (OMD). RFs = risk factors.

Note: * Mann-Whitney-U test, * Log-rank test

Patients with

Patients Patients with # of .
without OMD OMD pathologic P-value
RFs who
have OMD
Number of patients 265 (90.7%) 27 (9.3%)
Median age (range) ?zzy_e;g)s 5(§9y_e7aor)s — <0.001*
Median tgmor size, 1.5cm 5.4 cm o <0.001 *
largest diameter (range) | (0.5-13.0) (2.0-12.0)
Median follow up (range) 4z1T§2§)1S 4?;‘;82;8 — 0.402 *
Tumor histology (Denominator for % is all patients with listed histology)
Leydig cell tumor 160 (91.4%) 15 (8.6%)
Sertoli cell tumors 46 (86.8%) 7 (13.2%)
Classic SCT 17 (77.3%) 5 (22.7%)
Large cell calcifying 12 (85.7%) 2 (14.3%) . 0.008
Sclerosing 17 (100.0%) 0 (0.0%)
Granulosa cell tumor 13 (86.7%) 2 (13.3%)
Mixed 3 (100%) 0 (0.0%)
Undifferentiated 6 (66.7%) 3 (33.3%)
Pathologic risk factors
= 3 mitoses per HPF 18/219 (8.2%) | 16/23 (69.6%) — <0.001*%
Positive margins 2/210 (1.0%) | 5/20 (25.0%) — <0.001*%
Rete testis invasion 4/210 (1.9%) | 4/20 (20.0%) — <0.001*%
LVI 3/219 (1.4%) [10/23 (43.5%) — <0.001*
Cellular atypia 21/219 (9.6%) | 11/23 (47.8%) — <0.001*
Necrosis 4/219 (1.8%) | 9/23 (39.1%) — <0.001 %
Tumor diameter >5 cm 9/219 (4.1%) [12/21 (57.1%) — <0.001*%
Patients with n risk factors
Patients with
Patients Patients with # of .
without OMD OMD pathologic P-value
RFs who
have OMD
Number of patients 265 (N/265) 27 (N/27)
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Zero risk factors 214 (80.8%) 2 (7.4%) 2/216 (0.9%)
1 risk factor 34 (12.8%) 3 (11.1%) 3/37 (8.1%)
2 risk factors 8 (3.0%) 7 (25.9%) | 7/15(46.7%)
3 risk factors 6 (2.3%) 8 (29.6%) | 8/14 (57.1%) <0.001*
4 risk factors 3 (1.1%) 2 (7.4%) 2/5 (40.0%)
5 risk factors 0 (0.0%) 3(11.1%) | 3/3 (100.0%)
6 risk factors 0 (0.0%) 2 (7.4%) 2/2 (100.0%)
Patients with n or more risk factors
Patients with
Patients | Patients with #of
without OMD OMD ps’lt:hologlc P-value
s who
have OMD
Number of patients 265 (N/265) 27 (N/27)
1 or more risk factor 51 (19.2%) 25 (92.6%) |25/76 (32.9%)
2 or more risk factors 17 (6.4%) 22 (81.5%) |22/39 (56.4%)
3 or more risk factors 10 (3.8%) 15 (55.6%) |15/25 (60.0%)| <0.001*
4 or more risk factors 3 (1.1%) 7 (25.9%) | 7/10 (70.0%)
5 or more risk factors 0 (0.0%) 5(18.5%) | 5/5(100.0%)
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Table 3. 5-year occult metastatic disease free survival (OMDFS) for studied covariates. Univariate and multivariate hazard ratios are
shown for tested age ranges, tumor histologies and pathologic risk factors. Only the presence of LVI and tumor size > 5 cm in greatest
dimension were significant predictors of lower 5-year OMDFS. CI = confidence interval, NS = non-significant.

Note: ¥ Log-rank test

Multivariate HR (95%

5-year OMDFS (95% CI) | P-value Univariate HR (95% CI, P-value) Cl, P-value)
97.3% (93.9-100.0%) vs. 1
> -
<40 vs. 2 40 years age 84.3% (76.5-92.1%) <0.001 6.897 (2.326-20.447, p < 0.001) NS
94.5% (90.8-98.2%) vs. 1
> -
< 50 vs. 2 50 years age 79.5% (65.8-93.2%) <0.001 5.762 (2.523-13.162, p < 0.001) NS
Tumor Histology
Leydig cell tumor 92.1% (87.4—96.8%) 1 (reference) NS
Sertoli cell tumors
Classic SCT 79.3% (60.7-97.9%) 3.035 (1.073-8.588, p = 0.036) NS
Large cell calcifying 92.3% (77.8-100.0%) 0.008 NS —
Sclerosing 100.0% ' NS —
Granulosa cell tumor 90.0% (71.4-100.0%) NS —
Mixed 100.0% NS —
Undifferentiated 71.1% (35.8—-100.0%) 6.762 (1.885-24.254, p = 0.003) NS
Pathologic risk factors
= 3 mitoses per HPF 46.6% (26.0—67.2%) <0.001*| 20.374 (8.338-49.781, p < 0.001) NS
Positive margins 42.9% (6.2-79.6%) <0.001*| 15.555 (5.425-44.958, p < 0.001) NS
Rete testis invasion Not Reached <0.001*%| 19.457 (5.924-63.907, p < 0.001) NS
LVI 21.1% (0—46.4%) <0.001*%| 23.541 (10.075-55.004, p < 0.001) 8.563 (1:'70836%1'013' P
Cellular atypia 58.9% (36.6—-81.2%) <0.001*| 9.131(3.945-21.134, p < 0.001) NS
Necrosis 49.2% (19.0-79.4%) <0.001*| 17.234 (7.218-41.149, p < 0.001) NS
Largest tumor size > 5 cm 68.9% (41.1-89.7%) <0.001*| 17.898 (7.262-44.107, p < 0.001) 10'951)(3'8806&433'047’
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Patients with n risk factors

Zero risk factors

98.5% (96.5-100.0%)

1 risk factor

96.3% (89.2-100.0%)

2 risk factors

69.6% (44.7-94.5%)

3 risk factors

41.6% (8.3-81.5%)

4 risk factors

40.0% (0-98.2%)

5 risk factors 0.0% —
6 risk factors 0.0% —
Patients with n or more risk factors
) 98.3% (95% CI 96.3%—
0 or 1 risk factors 100.0%) ,
< 0.001
2 or more risk factors 48.1% (95% CI29.9-
66.3%)
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