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Abstract

Objectives: We report the results of an Associazione Italiana Ematologia Oncologia Pediatrica (AIEOP) study on the treatment of testic-

ular germ cell tumors (TGCT) with a pediatric PEB (pPEB) regimen (cisplatin 25 mg/m2 daily on days 1-4; etoposide 100 mg/m2 daily on

days 1-4; bleomycin 15 mg/m2 on day 2, once per cycle).

Methods and materials: Male patients under 18 years old with malignant TGCT were enrolled for a second national prospective proto-

col. All patients underwent orchiectomy at diagnosis. Those with Stage I received no chemotherapy; those with Stage II�III disease

received three cycles of pPEB; and those with Stage IV received four cycles. After chemotherapy, resection of radiologically-evident resid-

ual disease was recommended. The main study end-points were overall survival and relapse-free survival.

Results: Ninety-nine boys from 0.5 to 17.8 years old (median 15.4 years) were evaluable, and staged as follows: 58 Stage I (59%), 7

Stage II (7%), 14 Stage III (14%), and 20 Stage IV (20%). With a median follow-up of 59 months (range 4-165 months), 5-year relapse-free

survival (95% CI) was 73% (65%-83%) for the whole sample, 65% (53%-79%) for Stage I patients, and 86% (75%-98%) for Stage II-IV

patients. Five-year overall survival (95% CI) was 99% (97%-100%).

Conclusions: We confirmed a good prognosis for malignant TGCT in children and adolescents. Reducing the number of chemotherapy

cycles for Stage II-III disease does not seem to negatively affect survival outcomes. � 2018 Published by Elsevier Inc.
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1. Introduction

Testicular germ cell tumors (TGCT) are rare in children,

and histologically and genetically similar to extragonadal

tumors [1], whereas in adolescents they reveal genetic and

clinical patterns similar to the disease in adults. These dif-

ferences have led to TGCT being classified as type I for

children with yolk sac tumor (YST) and/or teratoma (T) or

type II for adolescents and young men with other, pure or

mixed, sub entities [2]. In a previous Italian study [3], 36

TGCT patients (�16 years old) underwent surgery, with or

without radiotherapy and carboplatin-based chemotherapy

(CT). Their event-free survival (EFS) and overall survival

(OS) were 84.5% and 100%, respectively. Based on this

experience, a new protocol was launched on malignant

germ cell tumors by the Associazione Italiana Ematologia

Oncologia Pediatrica (AIEOP), entitled “TCGM-AIEOP-

2004,” that extended the age at enrolment from �16 years

to � 18 years, and adopted a standard CT combination (cis-

platin, etoposide, and bleomycin), in dose adjusted the

dosage to limit late effects (pediatric cisplatin-etoposide-

bleomycin [pPEB]).
2. Methods

Patients with TGCT were registered for the protocol as

part of the TCGM-AIEOP-2004. The protocol was

approved by the local ethical committees.

Patients �18 years old were enrolled if they had histo-

logically-proven TGCT (seminoma [Sem] or non-semi-

noma [non-Sem], including pure forms or combinations of

YST, embryonal carcinoma [ECA], choriocarcinoma, Sem,

and T), or pathological serum a-fetoprotein (aFP) and/or
b-human chorionic gonadotropin (b-hCG) levels. Males

with pure T, or non�germ-cell component were excluded.

Patients were followed up with abdominal ultrasound and

chest X-rays, clinical examinations, aFP, and b-hCG assay

as described elsewhere [4]. Staging was done according to

the Children’s Oncology Group (COG) [5], modified sys-

tem (Table 1). Centralized pathology review was possible,

but not mandatory.
Table 1

Staging according to the children’s oncology group modified system

Stage I: tumor limited to testis, completely resected by high inguinal

incision; tumor markers negative after appropriate half-life decline;

retroperitoneal lymph node(s) negative at imaging; no clinical,

radiographic, or histologic evidence of disease beyond the testes.

Stage II: trans-scrotal orchiectomy with tumor violation; microscopical

residual or positive lymph nodes (<2 cm); microscopic disease in

scrotum or higher in spermatic cord; tumor markers positive or negative.

Stage III: retroperitoneal lymph node(s) involvement>2 cm; tumor

markers positive or negative.

Stage IV: distant metastases; which may include persistent elevation of the

tumor markers.
2.1. Treatment and response criteria

Patients underwent initial orchiectomy through a high

inguinal incision. Though, a transscrotal approach without

tumor violation was not consistent with the protocol,

patients treated this way were included. Subsequent treat-

ments depended on disease stage: patients in Stage I with

tumor markers returning to normal underwent surveillance

alone. The others received a pPEB regimen (cisplatin 25

mg/m2 daily on days 1�4 b; etoposide 100 mg/m2 daily on

days 1�4; bleomycin 15 mg/m2 on day 2, once per cycle),

every 21 days with 3 cycles for Stages II�III, and 4 cycles

for stage IV or persistently pathological markers. After CT,

resection of radiologically-evident residual disease was rec-

ommended, with unilateral nerve-sparing dissection

(RPLND) in the retroperitoneum for cases with a residual

mass >1 cm along its shorter axis. Bilateral disease was

managed surgically, sparing the less-involved testis to

avoid castration. Semen collection was suggested before

CT, depending on the patient’s age.

Response criteria were as reported elsewhere [4]. If

marker levels were high at diagnosis, cases were only clas-

sified as progressing if tumor growth coincided with further

increasing marker levels. Patients with a partial response

(PR) and residual tumor underwent surgical exploration,

and their histology was classified as fibronecrotic tissue

(FNT), residual T, or viable malignant cells (VMC).

2.2. Statistical analysis

The end-points were OS and relapse-free survival (RFS)

in patients with TGCT. RFS was considered instead of EFS

because only one event observed was not a relapse (contra-

lateral tumor). OS and RFS definitions and analyses are

provided in the supplementary statistical method [6]. Sub-

group analyses were performed by disease stage. The

median follow-up was estimated with the reverse

Kaplan�Meier method using OS data [7].

Univariable Cox models were performed to investigate

the association between RFS (in Stage I patients) and base-

line aFP levels (normal, low, intermediate or high), base-

line b-hCG levels (normal, low, intermediate, or high) [8],

age (both <11 vs �11 and <15 vs �15), primary tumor

size (pT2�3 vs pT1), lymphovascular invasion (LVI),

ECA, and histology (type II vs type I). Categorical covari-

ates were included using dummy variables. Statistical anal-

yses were performed with SAS (SAS Institute, Cary, North

Carolina) and R software (R Foundation for Statistical

Computing, Vienna, Austria).

3. Results

From March 2004 to December 2016, 113 cases of

TGCT were collected. Fourteen were not eligible (somatic

malignancy, adjuvant treatment for Stage I, CT with adult

bleomycin, etoposide, cisplatin [BEP] regimen, different
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CT regimen). The median age of the 99 eligible patients

was 15.4 years (range: 0.5�17.8 years): 23 patients were

<11, and 55 �15 years old, consistently with previous pub-

lished series [5,11]. In particular, our series included 23

children under 2 year old, 8 aged between 12 and 14, and

68 aged 15 or older. The median follow-up was 59 months

(range: 4�165 months). Patients were staged as follows: 58

Stage I (59%); 7 Stage II (7%), 14 stage III (14%), and 20

Stage IV (20%). The histotypes identified were: non-Sem

in 98 cases (29 type I, and 69 type II) and Sem in one. Cen-

tral pathology review was done in 53 cases, confirming the

original findings in all but one. Table 2 shows the baseline

tumor characteristics.

Stage I: Fifty eight patients (one Sem, 57 non-Sem); 7

patients (12%) treated via a trans-scrotal approach without

tumor violation. Twenty patients relapsed (2 with scrotal

violation), and one developed a contralateral tumor 42

months after surgery [9]: most relapses (70%) involved the

retroperitoneal lymph nodes and tumor markers were usu-

ally pathological (85%). Eighteen relapsed patients

received 4 cycles of pPEB (plus surgery in 6 cases), 2

received 6 cycles of pPEB (plus surgery in one case). Two

patients received a second-line CT, one for second relapse,

and one for a chondrosarcoma component emerging at his-

tology. On univariable Cox analysis, aFP levels, b-hCG

levels, and age [8,10,11] were not statistically significant,

whereas pT2-3, histology type II, LVI [12], and ECA were
Table 2

Baseline tumor characteristics overall, and by age at enrollment

Characteristic All patients Age at enrollme

n = 99 % (100) <11 years

n (23) % (2

aFP pathological level at diagnosis˚

High 6 6.1 4 66.7

Intermediate 15 15.2 9 60.0

Low 57 57.6 8 14.0

Normal 15 15.2 0 0.0

Unknown 6 6.1 2 33.3

b-hCG pathological level at diagnosis˚

High — — — —

Intermediate 6 6.1 0 0.0

Low 44 44.4 0 0.0

Normal 42 42.4 20 47.6

Unknown 7 7.1 3 42.9

LVI

Yes 57 66.3 10 17.5

No 29 33.7 8 27.6

Missing 13 13.1 3 42.9

Histology

Type I 29 29.3 23 79.3

Type II 70 70.7 0 0.0

Stage

I 58 58.6 21 36.2

II 7 7.1 0 0.0

III 14 14.1 2 14.3

IV 20 20.2 0 0.0

aFP = serum alpha-fetoprotein; b-hCG = beta-human chorionic gonadotropin; L
unfavorable prognostic factors for RFS (Supplementary

Table 1).

Stage II: Seven patients, all given scheduled pPEB. One

underwent RPLND due to tumor growth despite markers

returning to normal levels; histology revealed T. No

patients relapsed.

Stage III: Fourteen patients given the scheduled treat-

ment. Four achieved a complete response (CR). Ten

patients underwent RPLND. One had an extra CT cycle

due to persistently high aFP. Histology identified T in 5

cases, FNT in 4. One patient with bilateral tumor had neoa-

diuvant CT before orchiectomy of the most-involved testis

plus bilateral RPLND (T in the testis and T+VMC in lymph

nodes). He relapsed after 15 months (lungs and contralat-

eral testis). One patient relapsed in the diaphragmatic retro-

crural lymph nodes with no increase in tumor markers,

undergone surgery; histology identified T.

Stage IV: Twenty patients given 4 cycles of pPEB. Ten

achieved a CR, 10 a PR. The latter undergone RPLND. His-

tology revealed T in 8 cases, and T+VMC in two.

Two patients had second surgical procedures. All resid-

ual mediastinal and clavicular nodes were removed in one

(histology indicated T). Lung metastases were resected in

the other (FNT at histology). Eighteen months later, pro-

gression of residual left lung disease (with no increase in

tumor markers) was documented, and the patient died of

surgical complications. The pathology report indicated T.
nt

�11 years <15 years �15 years
3.2) n (76) % (76.8) n (44) % (44.4) n (55) % (55.6)

2 33.3 5 83.3 1 16.7

6 40.0 9 60.0 6 40.0

49 86.0 22 38.6 35 61.4

15 100 4 26.7 11 73.3

4 66.7 4 66.7 2 33.3

— — — — — —

6 100 2 33.3 4 66.7

44 100 15 34.1 29 65.9

22 52.4 22 52.4 20 47.6

4 57.1 5 71.4 2 28.6

47 82.5 23 40.4 34 59.6

21 72.4 12 41.4 17 58.6

4 57.1 9 69.2 4 30.8

6 20.7 24 82.8 5 17.2

70 100.0 20 28.6 50 71.4

37 63.8 31 53.4 27 46.6

7 100 0 0.0 7 100

12 85.7 5 35.7 9 64.3

20 100 8.0 40.0 12 60.0

VI = lymphovascular invasion; ˚ = categorized as in [8].
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Two patients relapsed in the bone and at primary site.

After surgical removal of the latter, histology indicated T.

Table 3 shows the characteristics of relapses in Stage III

to IV.

3.1. Overall and RFS

Five-year OS (95% CI) were 99.% (97%�100%) over-

all, 94% (83%�100%) in stage IV and 100% in the others.

Five-year RFS (95% CI) was 73% (65%�83%), overall,

and 65% (53%�79%), 100%, 85% (67%�100%), and 82%

(66%�100%), in Stages I to IV, respectively (Fig 1, panel

A and Supplementary Table 2). Twenty, stage II to IV

patients achieved a CR with CT, and 21 with CT plus sur-

gery; the 5-year RFS was 86% (95% CI: 75%�98%; Fig 1,

panel B and Supplementary Table 2).
3.2. Toxicity

The CT was well tolerated and there were no acute toxic

deaths or cases of secondary leukemia. No lung or acoustic

nerve impairments emerged during the follow-up. A child

fathered by one of the patients is reported in good health.
4. Discussion

We describe the second Italian series of TGCT. Com-

pared with the first [3], there was a higher number of cases,

especially involving older patients. The OS results were

similar. Adolescent cases are probably still under-reported
Table 3

History and characteristics of relapses in patients with stage III and IV tumor

Age

(years)

Primary tumor

histology

Stage and markers

at diagnosis

RFS

(months)

Site of and m

16 Type II III 14 Retro perito

aFP: Intermediate˚ Markers neg

b-hCG: Low ˚

16 Type II III (bilateral) 15 Lung

aFP: Low˚ Testis

Markers neg

14 Type II IV 30 Retroperiton

aFP: High˚ with pancre

b-hCG: Intermediate˚ Markers neg

17 Type II IV 18 Lung

aFP: Low˚ Markers neg

b-hCG: Low˚

16 Type I IV 5 Bone

aFP: Low˚ Markers dat

RFS = relapse-free survival; OS = overall survival; aFP = alfa-fetoprotein; b-hC

high dose chemotherapy; ECA = embryonal carcinoma; RT = radiotherapy; ˚ = cat
because they may be included in adult and pediatric

studies.

Five-year RFS in Stage I patients was 65%, but the

omission of adjuvant CT is not questioned in the pediatric

setting [12�15]: surveillance should be offered to all chil-

dren and adolescents with Stage I disease. RFS in Stage I

patients was associated not with age or tumor marker levels,

but with pathological features (pTsize, LVI, ECA, type II).

LVI and a predominance of ECA are the strongest predic-

tors of recurrence [16,17] in adults, but limited data on this

issue are available in pediatric and adolescent series. Cost

et al. [18] found occult metastatic disease in 58.3% of 23

patients with these high-risk factors, and in none of their

patients without them. Even in this high-risk group, how-

ever, the excellent results obtained after relapses support

avoiding adjuvant treatment. Pediatricians worry about the

long-term treatment sequela and try to avoid CT for the

sake of patients’ future health. Cisplatin is measurable in

the serum for years after exposure, and detectable in every

bodily organ at autopsy [19�21]. The cumulative incidence

of serious or life-threatening chronic health conditions in

pediatric cancer survivors by the time they are 45 years old

is reported as high as 80%, suggesting premature aging as a

consequence of cancer therapies [22]. The debate on sur-

veillance, adjuvant CT, and RPLND is still ongoing for

adult males with testicular cancer. Surveillance exposes

patients to the risk of recurrence, but almost all relapsing

patients are rescued with CT, with or without further sur-

gery, so the potential benefit might outweigh the risk. Our

patients who relapsed all received 4 cycles of CT, with the

associated cumulative morbidity. Their better risk
arkers at relapse Treatment relapse Relapse histology OS

(months)

neal lymph nodes Surgery Mature teratoma 127

ative

Orchiectomy ECA 43

CTè HD-CT

ative

eal mass Surgery Mature teratoma 34

atic involvement

ative

Surgery Mature teratoma 18*

ative

CT and RT Not done 101

a missing

G = beta-human chorionic gonadotropin; CT = chemotherapy; HD-CT =

egorized as in [8]; *exitus.
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stratification should enable the maximum number of cycles

to be administered only to those at highest risk.

Another issue for patients with TGCT concerns their

exposure to computed tomography scans for surveillance

purposes. Given the value of tumor markers for monitoring

purposes and the good prognosis of TGCT, our protocol

recommends strict follow-up with markers and ultrasound,

adding computed tomography only in selected cases.

Adolescents usually reveal the genetic and clinical pat-

terns typical of non-Sem in adults [23]. After extending the

age limit for enrolment in a pediatric protocol, and collect-

ing more older patients, we were surprised to find that age

was not statistically significant. Cost et al. [24] suggested a

worst EFS for adolescents than for children or adults. Ado-

lescents had more mixed histology, and more aggressive

disease, while children had more YST. Adolescents also

presented with significantly more advanced disease than

children or adults, possibly due to its different histology

(though their EFS was worse even after taking histology,

stage, and risk into account). The largest population-based

comparative analysis conducted on adults and adolescents

[25] recently confirmed that adolescents have more

advanced disease at diagnosis, but found their OS better OS

than in adults, and their EFS much the same. In our series,

stage I patients with type I (typically children) did better

than those with type II tumors (usually adolescents).

RFS was good in our few patients with Stages II to IV

disease, as in other published pediatric series. Mann et al.

[15] had a 100% 5-year EFS in 17 patients treated with car-

boplatin-based CT (only 3 were between 10 and 16 years

old). Lopes et al. [14] extended the age of accrual to 18

years and found a 10-year EFS of 84% in 32 stages II to III
patients (given at least 4 cycles of cisplatin + etoposide),

and 64% in 34 stage IV patients (given at least 4 cycles of

cisplatin + etoposide + ifosphamide). The COG had already

tried a compressed PEb regimen (cycles delivered in 3 days

with a single dose of bleomycin) instead of standard BEP

[5,11,26]. We delivered pPEB in 4 days with a single dose

of bleomycin and less etoposide, than in the standard (BEP)

or compressed (PEb) regimens. These dose reductions did

not seem to influence OS and RFS [4], though randomized

trials on adult male series found worse results after lower

doses of bleomycin and etoposide, and alternative combina-

tions did not achieve better results in terms of survival and

toxicity [27]. Fizazi et al. [28] reported a worse survival in

patients whose tumor markers dropped slowly after their

first BEP cycle. Standard BEP currently remains the gold

standard for adult TGCT [29]. The COG’s 3 cycles of PEb

obtained a 4-year EFS of 83% in 28 patients <15 years old

(89% in Stage II, 80% in Stage III, and 54% in Stage IV)

[26], which was lower than in two previous studies on

patients given 4 cycles [5,11]. Their Stage II patients’ 4-

year EFS was actually 100%, but they were all <11 years

old, and all but one had a YST [5]. The 6-year EFS for

patients in Stages III and IV were 100% and 89%, respec-

tively: this COG series included patients up to 21 years old,

but when only those �15 were considered, the results were

comparable with ours (83% in stage III and 84% in stage

IV) [11]. All our patients in Stages II to III received 3

cycles of pPEB. This schedule, achieved good survival

rates with low cumulative doses of etoposide and bleomy-

cin, and none of the patients have had severe late effects to

date. Randomized trials would be necessary to confirm

these results.



ARTICLE IN PRESS

6 M. Terenziani et al. / Urologic Oncology: Seminars and Original Investigations 00 (2018) 1�7
This study has some important limitations. It was a sin-

gle-arm study with a long accrual period due to the rarity of

disease and the dispersion of cases between pediatric and

adult centers; no stratification criteria were adopted [8,10]

other than stage, and some patients could not be included in

our analysis because they had received standard BEP at

their local center. An international cooperative clinical trial,

covering all age groups is ongoing [26].

5. Conclusions

Males with TGCT generally have a good outcome with a

low burden of CT-related and late sequelae. As pediatric

oncologists, we support surveillance for Stage I disease to

avoid CT if possible. Efforts should be made to harmonize

guidelines and protocols for adolescents with TGCT and to

devise a common risk stratification strategy. All patients

should be managed by experts at specialized centers [30].
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