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ABSTRACT
Malignant extracranial germ cell tumors (GCT) are uncommon in the pediatric population. Most affected children 
can achieve cure using conventional chemotherapy combined with appropriate local control. The role of high-dose 
chemotherapy with autologous stem cell transplantation (HDCT/ASCT) in GCT has been studied mainly in adult cohorts. 
In this article, we reviewed the current evidence and indications for HDCT/ASCT in the management of pediatric GCT.
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INTRODUCTION
Malignant extracranial germ cell tumors (GCT) are rare tumors in pediatric patients1,2. About 80% of 
children with extracranial GCTs can be cured with conventional treatment, consisting of cisplatin-based 
chemotherapy combined with appropriate local control3–6. Although rare, in cases of relapse or refractory 
tumors, second-line therapies are required. Salvage therapies include conventional chemotherapy and 
high-dose chemotherapy with autologous stem cell transplantation (HDCT/ASCT)7. However, there are 
limited data on the salvage treatment and prognostic factors of pediatric patients with relapsed/refractory 
(R/R) GCT8–10.

HIGH-DOSE CHEMOTHERAPY WITH AUTOLOGOUS STEM CELL TRANSPLANTATION INDICATIONS IN EXTRACRANIAL 
GERM CELL TUMORS
HDCT/ASCT is a therapeutic option mainly investigated in adult patients with GCT, either as first-line or 
salvage treatment. There are only a few data on its use in pediatric patients with GCT10–14.
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HIGH-DOSE CHEMOTHERAPY WITH AUTOLOGOUS STEM CELL TRANSPLANTATION AS FIRST-LINE THERAPY
In adult patients, HDCT/ASCT as first-line treatment for high-risk patients had shown survival benefits in early 
reports, but four large and randomized studies showed no improvement in survival results15–18. However, in 
one of these trials, there was a trend towards better response with HDCT/ASCT in patients with unsatisfactory 
tumor marker decline17. Based on this result, the current protocol of the Latin American Germ Cell Pediatric 
Oncology Cooperative Group19 has suggested considering HDCT/ASCT for those patients with high-risk 
metastatic GCT, with a slow decline in tumor markers after the first two cycles of chemotherapy.

Recently, a retrospective analysis of the large database of patients with primary mediastinal non-seminoma 
germ cell tumor registered in the European Society for Blood and Marrow Transplantation (EBMT) showed 
that HDCT/ASCT may represent a therapeutic option for these patients, after the first relapse or even as a 
front-line treatment20.

HIGH-DOSE CHEMOTHERAPY WITH AUTOLOGOUS STEM CELL TRANSPLANTATION AS SALVAGE THERAPY
The standard rescue treatment for R/R GCT includes either conventional dose chemotherapy (CDCT) or HDCT/
ASCT. One of the most used CDCT for salvage is the TIP regimen (paclitaxel, ifosfamide and cisplatin)21.

For adult patients, HDCT/ASCT is the second-line treatment of choice in many institutions, despite the lack 
of positive randomized trials. The most meaningful data regarding HDCT/ASCT for patients with R/R GCT 
come from retrospective studies7. There is only one phase III trial comparing HDCT/ASCT versus CDCT in 
relapsed GCT that showed no difference in disease-free or overall survival22. However, this study has been 
criticized by the methodology and the toxic conditioning regimen utilized. Superiority of HDCT versus CDCT 
is currently being analyzed in a multicentric randomized trial—Alliance A031102 TIGER trial (Clinical Trials 
NCT02375204)—, which compares CDCT with TIP and HDCT/ASCT using mobilizing paclitaxel plus ifosfamide 
followed by high-dose carboplatin and etoposide (TI-CE) as first salvage treatment in relapsed or refractory 
GCT. This trial will hopefully answer the question about differences in efficacy and toxicities of CDCT versus 
HDCT salvage treatment23.

Reports by the Indiana University and the Memorial Sloan Kettering Cancer Center showed good answers 
with HDCT/ASCT even in third-line and platinum-refractory patients, suggesting that in the absence of safety 
concerns, no subgroup of patients is so unfavorable that consideration of HDCT/ASCT should be excluded24,25.

PEDIATRIC PATIENTS
Studies with HDCT/ASCT in pediatric patients with GCT are still scarce and mostly retrospective. De Giorgi 
et al.11 reviewed the EBMT experience with HDCT/ASCT in 23 children with relapsed extragonadal GCT, 
including nine patients with GCT of the central nervous system, and described a median follow-up of 66 
months, in which 8/14 (57%) patients with extracranial GCT remained in remission. HDCT protocols reported 
in the analysis were variable, and no toxic deaths were observed. More recently, Ussowicz et al.12 reported a 
series of 18 children with GCT who underwent HDCT/ASCT after relapse or unsatisfactory response to first-
line chemotherapy. Chemotherapy regimens MEC1 (carboplatin 1,500 mg/m2, etoposide 1,800 mg/m2, and 
melphalan 140 mg/m2) and MEC2 (carboplatin 800 mg/m2, etoposide 800 mg/m2, and melphalan 140 mg/m2) 
were each used in nine patients. No deaths related to toxicity were reported, but due to severe mucositis 
with life threatening bleeding or sepsis following the MEC1 protocol, HDCT dose was reduced (MEC2). The 
five-year overall survival and event-free survival (EFS) were of 76 and 70.8%, respectively. Regarding overall 
survival or EFS, no statistically significant difference was noted between MEC1 and MEC2 protocols12.

Recently, our group reported the experience of two Brazilian pediatric centers with HDCT/ASCT in 34 children 
and adolescents with extracranial GCT. Most patients (73%) received carboplatin, etoposide and melphalan 
(CEM) as HDCT regimen. The five-year overall survival considering all patients was 47.1%. However, it is 
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important to note that 10/34 patients had progressive disease before starting HDCT/ASCT, for whom the five-
year EFS was 0%. Regarding only patients who achieved disease control (complete or partial remission) before 
HDCT/ASCT, the five-year overall survival was 62.5%. HDCT/ASCT-related toxicity was high using this approach, 
pointing to the need for less toxic conditioning regimens. In conclusion, in our experience, heavily pretreated 
children and adolescents with extracranial GCT achieved considerable survival rates with HDCT/ASCT 
since at least partial control of their disease was possible before starting HDCT/ASCT13. The HDCT/ASCT 
indications for children with GCT are described in Table 1.

Table 1. Indications for hematopoietic stem cell transplantation in pediatric germ cell tumors.

Autologous Allogeneic

First-line therapy
Consider for patients with high-risk metastatic germ cell tumors, with a slow decline 

in tumor markers after two cycles of chemotherapy
Not recommended

Salvage therapy
Should be offered as the second- or third-line therapy, even in patients with 

platinum-refractory disease*
Not recommended

*However, in the Brazilian experience, HDCT/ASCT with a single conditioning regimen was not effective for children with progressive disease before starting transplant. 
Source: Elaborated by the authors. 

Table 2. Conditioning regimens recommendations in pediatric germ cell tumors.

Standard

Sequential carboplatin and 
etoposide13,22 

(three cycles, each 21 days)

Carboplatin* 500 mg/m2/day or 16.7 mg/kg/day (< 2 years old or < 12 kg): D-4, D-3, D-2 
Etoposide 400 mg/m2/day or 13.3 mg/kg/day (< 2 years old or < 12 kg): D-4, D-3, D-2

Alternatives

Carboplatin, etoposide and 
melphalan13

Carboplatin 425 mg/m2/day or 14.2 mg/kg/day (< 2 years old or < 12 kg) or dosed with Calvert formula 
with AUC 4.1 (lower dosed used): D-6, D-5, D-4, D-3

Etoposide 337.5 mg/m2/day or 11.3 mg/kg/day (< 2 years old or < 12 kg): D-6, D-5, D-4, D-3
Melphalan 140 mg/m2/day or 4.7 mg/kg/day (< 2 years old or < 12 kg): D-1

MEC212

Carboplatin 200 mg/m2/day or 6.7 mg/kg/day (< 2 years old or < 12 kg): D-6, D-5, D-4, D-3
Etoposide 200 mg/m2/day or 6.7 mg/kg/day (< 2 years old or < 12 kg): D-6, D-5, D-4, D-3

Melphalan 140 mg/m2/day or 4.7 mg/kg/day (< 2 years old or < 12 kg): D-1

*In the TIGER trial AUC = 8. Source: Elaborated by the authors. 

CONDITIONING REGIMENS FOR EXTRACRANIAL GERM CELL TUMORS
According to reports on adult patients, there is a tendency to increasingly use sequential HDCT/ASCT in GCT, 
although prospective data from adequately powered randomized trials are still lacking to define the optimal 
number of cycles15,18,23–25. A randomized trial of the German group compared one cycle of HDCT/ASCT with 
three cycles. A third drug was added to the group that received one cycle, but the mortality was significantly 
higher, and the study was halted26. Gössi et al.27, in a retrospective study, have not found differences in outcomes 
between two or three cycles of HDCT/ASCT, while one cycle seemed to yield inferior results. In subgroup 
analysis, the third cycle of HDCT/ASCT seemed to benefit patients who achieved a complete response after 
the first cycle. A systematic review suggested that at least two cycles of HDCT/ASCT should be offered, and 
a single cycle should not be used28. In the TIGER trial that is under way, patients assigned to the HDCT/ASCT 
arm will receive three cycles of carboplatin and etoposide23. Conditioning regimens recommendations for 
children with GCT are described in Table 2.

POST-HIGH-DOSE CHEMOTHERAPY WITH AUTOLOGOUS STEM CELL TRANSPLANTATION RESIDUAL MASS
Although local control should be performed whenever possible before HDCT/ASCT, for patients who undergo 
HDCT/ASCT with residual tumor, surgical resection of residual masses plays an important role, contributing 
to the cure29,30. In a retrospective analysis, viable tumor cells were found in 46% of the patients, and they had 
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a significantly inferior outcome after surgery compared with patients with necrosis and/or mature teratoma, 
even if all cancer was completely resected29.

Although radiotherapy has so far played a limited role in the treatment of extracranial GCT, the biological 
rationale for its use and potential implementation with systemic therapies exist and should be worthy of 
investigation in clinical trials31. The Brazilian Germ Cell Pediatric Oncology Cooperative Group has suggested 
consolidation with radiotherapy after HDCT/ASCT for some patients in whom complete surgical resection is 
not possible, especially in sacrococcygeal tumors13.

CONFLICT OF INTEREST
Nothing to declare.

DATA AVAILABILITY STATEMENT
Data sharing is not applicable.

AUTHORS’ CONTRIBUTIONS
Substantive scientific and intellectual contributions to the study: Villela NC, Ikeuti PS, Klinger PHS, 
Zanette A, Castro Junior CG and Lopes LF. Conception and design: Villela NC and Lopes LF. Manuscript 
writing: Villela NC, Ikeuti PS, Klinger PHS, Zanette A, Castro Junior CG and Lopes LF. Final approval: Villela 
NC and Lopes LF.

FUNDING 
Not applicable.

ACKNOWLEDGEMENTS 
Not applicable.

REFERENCES
1.	 Poynter JN, Amatruda JF, Ross JA. Trends in incidence and survival of pediatric and adolescent patients 

with germ cell tumors in the United States, 1975 to 2006. Cancer. 2010;116(20):4882–91. https://doi.
org/10.1002/cncr.25454

2.	 Olson TA, Murray MJ, Rodriguez-Galindo C, Nicholson JC, Billmire DF, Krailo MD, Dang HM, Amatruda JF, Thornton 
CM, Arul GS, Stoneham SJ, Pashankar F, Stark D, Shaikh F, Gershenson DM, Covens A, Hurteau J, Stenning SP, 
Feldman DR, Grimison PS, Huddart RA, Sweeney C, Powles T, Lopes LF, dos Santos Agular S, Chinnaswamy G, 
Khaleel S, Abouelnaga S, Hale JP, Frazier AL. Pediatric and adolescent extracranial germ cell tumors: the road 
to collaboration. J Clin Oncol. 2015;33(27):3018–28. https://doi.org/10.1200/JCO.2014.60.5337

3.	 Lopes LF, Macedo CR, Pontes EM, Dos Santos Aguiar S, Mastellaro MJ, Melaragno R, Vianna SM, Lopes 
PA, Mendonça N, de Assis Almeida MT, Sonaglio V, Ribeiro KB, Santana VM, Schneider DT, de Camargo 
B. Cisplatin and etoposide in childhood germ cell tumor: brazilian pediatric oncology society protocol 
GCT-91. J Clin Oncol. 2009;27(8):1297–303. https://doi.org/10.1200/JCO.2008.16.4202

4.	 Lopes LF, Macedo CR, Aguiar Sdos S, Barreto JH, Martins GE, Sonaglio V, Milone M, Lima ER, Almeida MT, 
Lopes PM, Watanabe FM, D’Andrea ML, Pianovski MA, Melaragno R, Vianna SM, Moreira ME, Bruniera P, 
de Oliveira CZ. Lowered cisplatin dose and no bleomycin in the treatment of pediatric germ cell tumors: 
results of the GCT-99 protocol from the Brazilian Germ Cell Pediatric Oncology Cooperative Group. J Clin 
Oncol. 2016;34(6):603-10. https://doi.org/10.1200/JCO.2014.59.1420



Hematopoietic stem cell transplantation for extracranial germ cell tumors

5 J Bone Marrow Transplant Cell Ther, Vol 6 N1, e291, 2025

5.	 Terenziani M, De Pasquale MD, Bisogno G, Biasoni D, Boldrini R, Collini P, Conte M, Dall’Igna P, Inserra 
A, Melchionda F, Siracusa F, Spreafico F, Barretta F, D’Angelo P. Malignant testicular germ cell tumors in 
children and adolescents: The AIEOP (Associazione Italiana Ematologia Oncologia Pediatrica) protocol. 
Urol Oncol. 2018;36(11):502.e7–e13. https://doi.org/10.1016/j.urolonc.2018.07.001

6.	 Prior D, Yang J, Nuño MM, Shaikh F, Frazier AL, Pashankar F. Standard-dose versus high-dose cisplatin for 
intermediate/poor-risk extracranial malignant germ cell tumors: re-analysis of pediatric oncology group 
9049 and children’s cancer group 8882 trial using updated MaGIC risk stratification. Pediatr Blood Cancer. 
2025;72(6):e31665. https://doi.org/10.1002/pbc.31665

7.	 Lorch A, Bascoul-Mollevi C, Kramar A, Einhorn L, Necchi A, Massard C, De Giorgi U, Fléchon A, Margolin 
K, Lotz JP, Germà-Lluch JR, Powles T, Kollmannsberger C, Beyer J. Conventional-dose versus high-dose 
chemotherapy as first salvage treatment in male patients with metastatic germ cell tumors: evidence from 
a large international database. J Clin Oncol. 2011;29(16):2178–84. https://doi.org/10.1200/JCO.2010.32.6678

8.	 Faure-Conter C, Orbach D, Cropet C, Baranzelli MC, Martelli H, Thebaud E, Vérité C, Rome A, Fasola S, 
Corradini N, Rocourt N, Frappaz D, Kalfa N, Patte C. Salvage therapy for refractory or recurrent pediatric 
germ cell tumors: the French SFCE experience. Pediatr Blood Cancer. 2014;61(2):253–9. https://doi.
org/10.1002/pbc.24730

9.	 Pashankar F, Frazier AL, Krailo M, Xia C, Pappo AS, Malogolowkin M, Olson TA, Rodriguez-Galindo C. 
Treatment of refractory germ cell tumors in children with paclitaxel, ifosfamide, and carboplatin: A report 
from the Children’s Oncology Group AGCT0521 study. Pediatr Blood Cancer. 2018;65(8):e27111. https://
doi.org/10.1002/pbc.27111

10.	De Pasquale MD, D’Angelo P, Crocoli A, Boldrini R, Conte M, Bisogno G, Spreafico F, Inserra A, Biasoni D, 
Dall’Igna P, Siracusa F, Miele E, Terenziani M. Salvage treatment for children with relapsed/refractory germ 
cell tumors: The Associazione Italiana Ematologia Oncologia Pediatrica (AIEOP) experience. Pediatr Blood 
Cancer. 2020;67(3):e28125. https://doi.org/10.1002/pbc.28125

11.	De Giorgi U, Rosti G, Slavin S, Yaniv I, Harousseau JL, Ladenstein R, Demirer T, Dini G; European Group for 
Blood and Marrow Transplantation Solid Tumours and Paediatric Disease Working Parties. Salvage high-
dose chemotherapy for children with extragonadal germ-cell tumours. Br J Cancer. 2005;93(4):412–7. 
https://doi.org/10.1038/sj.bjc.6602724

12.	Ussowicz M, Mielcarek-Siedziuk M, Musiał J, Stachowiak M, Węcławek-Tompol J, Sęga-Pondel D, Frączkiewicz 
J, Trelińska J, Raciborska A. Melphalan, etoposide, and carboplatin megatherapy with autologous stem 
cell transplantation in children with relapsing or therapy-resistant extracranial germ-cell tumors-A 
retrospective analysis. Cancers (Basel). 2020;12(12):3841. https://doi.org/10.3390/cancers12123841

13.	Villela NC, Seber A, Macedo CRPD, Zecchin VG, Guimarães RFDC, Faria TMV, Vidal DO, Jorge GEM, Navarro 
G, Lopes LF. High-dose chemotherapy with autologous stem cell transplantation for patients with 
extracranial germ cell tumors - experience of two Brazilian pediatric centers. Pediatr Hematol Oncol. 
2023;40(6):539–53. https://doi.org/10.1080/08880018.2023.2187497

14.	Lew CZ, Liu HC, Hou JY, Huang TH, Yeh TC. Pediatric extracranial germ cell tumors: review of clinics and 
perspectives in application of autologous stem cell transplantation. Cancers (Basel). 2023;15(7):1998. 
https://doi.org/10.3390/cancers15071998 

15.	 Necchi A, Mariani L, Di Nicola M, Lo Vullo S, Nicolai N, Giannatempo P, Raggi D, Farè E, Magni M, Piva L, 
Matteucci P, Catanzaro M, Biasoni D, Torelli T, Stagni S, Bengala C, Barone C, Schiavetto I, Siena S, Carlo-Stella C, 
Pizzocaro G, Salvioni R, Gianni AM. High-dose sequential chemotherapy (HDS) versus PEB chemotherapy as 
first-line treatment of patients with poor prognosis germ-cell tumors: mature results of an Italian randomized 
phase II study. Ann Oncol. 2015;26(1):167–72. https://doi.org/10.1093/annonc/mdu485



Villela NC, Ikeuti PS, Klinger PHS, Zanette A, Castro Junior CG and Lopes LF

6J Bone Marrow Transplant Cell Ther, Vol 6 N1, e291, 2025

16.	Droz JP, Kramar A, Biron P, Pico JL, Kerbrat P, Pény J, Curé H, Chevreau C, Théodore C, Bouzy J, Culine S; Genito-
Urinary Group of the French Federation of Cancer Centers (GETUG). Failure of high-dose cyclophosphamide 
and etoposide combined with double-dose cisplatin and bone marrow support in patients with high-
volume metastatic nonseminomatous germ-cell tumours: mature results of a randomised trial. Eur Urol. 
2007;51(3):739–46; discussion 747–8. https://doi.org/10.1016/j.eururo.2006.10.035

17.	Motzer RJ, Nichols CJ, Margolin KA, Bacik J, Richardson PG, Vogelzang NJ, Bajorin DF, Lara PN Jr, Einhorn 
L, Mazumdar M, Bosl GJ. Phase III randomized trial of conventional-dose chemotherapy with or without 
high-dose chemotherapy and autologous hematopoietic stem-cell rescue as first-line treatment for 
patients with poor-prognosis metastatic germ cell tumors. J Clin Oncol. 2007;25(3):247–56. https://doi.
org/10.1200/JCO.2005.05.4528

18.	Daugaard G, Skoneczna I, Aass N, De Wit R, De Santis M, Dumez H, Marreaud S, Collette L, Lluch JRG, 
Bokemeyer C, Schmoll HJ. A randomized phase III study comparing standard dose BEP with sequential 
high-dose cisplatin, etoposide, and ifosfamide (VIP) plus stem-cell support in males with poor-prognosis 
germ-cell cancer. An intergroup study of EORTC, GTCSG, and Grupo Germinal (EORTC 30974). Ann Oncol. 
2011;22(5):1054–61. https://doi.org/10.1093/annonc/mdq575

19.	Grupo Cooperativo Latinoamericano de Tratamento dos Tumores de Células Germinativas em Crianças e 
Adolescentes. Protocolo TCG-GALOP-2017 [Internet]. Grupo Cooperativo Latinoamericano de Tratamento 
dos Tumores de Células Germinativas em Crianças e Adolescentes; 2018 [cited Mar 25, 2025]. Available at: 
https://cipe.org.br/novo/wp-content/uploads/2020/05/PROTOCOLO_TCG_2017.pdf

20.	Secondino S, Badoglio M, Rosti G, Labopin M, Delaye M, Bokemeyer C, Seidel C, Kanfer E, Metafuni E, Finke 
J, Bouhris JH, Kosmas C, Malard F, Pagani A, Kuball J, Koehl U, Ruggeri A, De Giorgi U, Pedrazzoli P; EBMT 
Cellular Therapy & Immunobiology WP. High-dose chemotherapy with autologous stem cell transplants 
in adult primary non-seminoma mediastinal germ-cell tumors. A report from the Cellular Therapy and 
Immunobiology working party of the EBMT. ESMO Open. 2024;9(9):103692. https://doi.org/10.1016/j.
esmoop.2024.103692

21.	Motzer RJ, Sheinfeld J, Mazumdar M, Bains M, Mariani T, Bacik J, Bajorin D, Bosl GJ. Paclitaxel, ifosfamide, 
and cisplatin second-line therapy for patients with relapsed testicular germ cell cancer. J Clin Oncol. 
2000;18(12):2413–8. https://doi.org/10.1200/JCO.2000.18.12.2413

22.	Pico JL, Rosti G, Kramar A, Wandt H, Koza V, Salvioni R, Theodore C, Lelli G, Siegert W, Horwich A, 
Marangolo M, Linkesch W, Pizzocaro G, Schmoll HJ, Bouzy J, Droz JP, Biron P; Genito-Urinary Group of the 
French Federation of Cancer Centers (GETUG-FNCLCC), France; European Group for Blood and Marrow 
Transplantation (EBMT). A randomised trial of high-dose chemotherapy in the salvage treatment of patients 
failing first-line platinum chemotherapy for advanced germ cell tumours. Ann Oncol. 2005;16(7):1152–9. 
https://doi.org/10.1093/annonc/mdi228

23.	Feldman DR, Huddart R, Hall E, Beyer J, Powles T. Is high dose therapy superior to conventional dose 
therapy as initial treatment for relapsed germ cell tumors? The TIGER Trial. J Cancer. 2011;2:374–7. 
https://doi.org/10.7150/jca.2.374

24.	Feldman DR, Sheinfeld J, Bajorin DF, Fischer P, Turkula S, Ishill N, Patil S, Bains M, Reich LM, Bosl GJ, Motzer 
RJ. TI-CE high-dose chemotherapy for patients with previously treated germ cell tumors: results and 
prognostic factor analysis. J Clin Oncol. 2010;28(10):1706–13. https://doi.org/10.1200/JCO.2009.25.1561 

25.	Adra N, Abonour R, Althouse SK, Albany C, Hanna NH, Einhorn LH. High-dose chemotherapy and autologous 
peripheral-blood stem-cell transplantation for relapsed metastatic germ cell tumors: the Indiana University 
Experience. J Clin Oncol. 2017;35(10):1096–102. https://doi.org/10.1200/JCO.2016.69.5395



Hematopoietic stem cell transplantation for extracranial germ cell tumors

7 J Bone Marrow Transplant Cell Ther, Vol 6 N1, e291, 2025

26.	Lorch A, Kleinhans A, Kramar A, Kollmannsberger CK, Hartmann JT, Bokemeyer C, Rick O, Beyer J. Sequential 
versus single high-dose chemotherapy in patients with relapsed or refractory germ cell tumors: long-
term results of a prospective randomized trial. J Clin Oncol. 2012;30(8):800–5. https://doi.org/10.1200/
JCO.2011.38.6391

27.	Gössi F, Spahn M, Zweifel M, Panagiotis S, Mischo A, Stenner F, Hess U, Berthold D, Bargetzi M, Schardt J, 
Pabst T. Comparison of three or fewer high-dose chemotherapy cycles as salvage treatment in germ cell 
tumors in first relapse. Bone Marrow Transplant. 2017;52(2):334–6. https://doi.org/10.1038/bmt.2016.285

28.	Bin Riaz I, Umar M, Zahid U, Husnain M, Iftikhar A, McBride A, Bilal J, Javed A, Akbar S, Singh P, Ali Z, Sipra 
QUAR, Gondal FR, Ahman F, Anwer F. Role of one, two and three doses of high-dose chemotherapy with 
autologous transplantation in the treatment of high-risk or relapsed testicular cancer: a systematic review. 
Bone Marrow Transplant. 2018;53(10):1242–54. https://doi.org/10.1038/s41409-018-0188-3

29.	Rick O, Bokemeyer C, Weinknecht S, Schirren J, Pottek T, Hartmann JT, Braun T, Rachud B, Weissbach L, 
Hartmann M, Siegert W, Beyer J. Residual tumor resection after high-dose chemotherapy in patients 
with relapsed or refractory germ cell cancer. J Clin Oncol. 2004;22(18):3713–9. https://doi.org/10.1200/
JCO.2004.07.124

30.	Miller MI, Feifer A, Feldman DR, Carver BS, Bosl GJ, Motzer RJ, Bajorin DF, Sheinfeld J. Surgical 
management of patients with advanced germ cell tumors following salvage chemotherapy: Memorial 
Sloan Kettering Cancer Center (MSKCC) experience. Urology. 2019;124:174–8. https://doi.org/10.1016/j.
urology.2018.09.024

31.	Francolini G, Trodella LE, Marvaso G, Matrone F, Nicosia L, Timon G, Ognibene L, Vinciguerra A, Franzese C, 
Borghetti P, Arcangeli S. Radiotherapy role in non-seminomatous germ cell tumors, radiobiological and 
technical issues of an unexplored scenario. Int J Clin Oncol. 2021;26(10):1777–83. https://doi.org/10.1007/
s10147-021-01989-7 


