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Introduction

Germ cell tumors (GCT) (seminomatous germ cell 
tumors, SGCT; and non-seminomatous germ cell tumors, 
NSGCT) arise in the testes in most cases and commonly 
metastasize to the regional lymph nodes, lungs, and 
other sites. Although cisplatin-containing chemotherapy 
significantly improved outcomes for patients with metastatic 
GCT, prognosis remains relatively poor for patients 
with nonpulmonary visceral metastases including brain 
metastases (1-3). Brain metastases occur in approximately 
1 percent of men with disseminated GCT at the time 
of diagnosis, and approximately 4 percent develop brain 

metastases after initial treatment (1,4-6). Most brain 
metastases are in patients with NSGCT (7). 

Patients with GCT are not routinely screened for brain 
metastases at diagnosis but select patients should undergo 
brain MRI. Advanced tumor stage and multiple or bulky 
lung metastases have been identified as risk factors for the 
development of brain metastases from GCT (4). Loriot 
et al. (8) showed that involvement of the brain was more 
common among patients previously treated with high-dose 
chemotherapy (HDCT) (29%) vs. bleomycin, etoposide and 
cisplatin (BEP) (12%). Brain metastases more commonly 
occur in the setting of disseminated disease but can occur 
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as the only site of relapse in poor-prognosis GCT (7-9).  
A prediction model was developed to identify patients 
at high risk of having brain metastasis. Characteristics 
implicating higher risk of presence of brain metastasis 
included: age ≥40, pre-chemotherapy beta-human chorionic 
gonadotropin (beta-HCG) ≥5,000, choriocarcinoma 
predominant histology, presence of pulmonary metastasis, 
and presence of bone metastasis. The risk of having 
brain metastasis was substantially higher in patients with 
pulmonary metastases ≥3 cm compared to <3 cm (10). For 
GCT, brain magnetic resonance imaging (MRI) is clinically 
indicated per the National Comprehensive Cancer Network 
(NCCN) guidelines in the presence of neurological 
symptoms, beta-HCG levels >5,000 IU/L, non-pulmonary 
visceral metastases, or extensive lung metastases. Additional 
indications for NSGCT include choriocarcinoma histology 
or alpha fetoprotein (AFP) >10,000 ng/mL (11). 

Survival outcomes vary depending on timing of brain 
metastases detection; patients with GCT who present 
with brain metastases at diagnosis have better prognosis 
than those who develop them at relapse (12-17). Long-
term survival probability for patients that have brain 
metastases at diagnosis ranges from 30–40%. Patients 
that develop brain metastases after a less than complete 
response (CR) to chemotherapy and surgery or who 
develop both brain and extracranial metastases during or 
after completion of chemotherapy have a cancer-specific 
survival of approximately 2–26% (13-18). Isolated cerebral 
relapse after complete remission has been associated with 
improved outcomes among those with relapsed disease, 
although this is a rare group (19). An analysis from the 
Global Germ Cell Cancer Group (GGCCG) of 523 men 
with brain metastases from a GCT collected retrospectively 
at 46 centers demonstrated that adverse prognostic factors 
include multiple brain metastases and liver or bone 
metastases (for patients with brain metastases at diagnosis 
or relapse), primary mediastinal seminoma (for patients 
with brain metastases at diagnosis), and serum beta-HCG 
≥5,000 IU/L or AFP ≥100 ng/mL (for patients with brain 
metastases at relapse) (7). Patients with multiple brain 
metastases have worse survival outcomes than patients with 
a single metastasis (14,15). Choriocarcinoma histology is 
also associated with worse prognosis (9). 

In this review article, we discuss the treatment of brain 
metastases from GCT, including the role of chemotherapy, 
surgery, and radiation therapy. We present the following 
article in accordance with the Narrative Review reporting 

checklist (available at https://cco.amegroups.com/article/
view/10.21037/cco-21-127/rc).

Methods

PubMed was searched using the terms ‘CNS metastases’ or 
‘brain metastases’ and ‘germ cell’ from 2011 through August 
2021. Review articles and randomized clinical trials related 
to the treatment of brain metastases in GCT were included. 
Additional hand searches were done of the article references 
and clinical practice guidelines for testicular cancer or GCT 
including the NCCN guidelines, UpToDate, European 
consensus guidelines, and Canadian consensus guidelines. 

Management 

No prospective data adequately address the optimal 
treatment sequence for brain metastases in GCT; thus, 
management decisions are generally based on institutional 
experience and expert opinion. GCT patients with brain 
metastases are a unique and rare population given the 
young average age at diagnosis and high probability for long 
term survival. European consensus guidelines and NCCN 
guidelines recommend immediate upfront chemotherapy at 
initial diagnosis, but there is not a consensus on additional 
surgery or radiation (11,20). For patients relapsing with 
brain metastases, the majority recommend full salvage 
chemotherapy (20). The NCCN guidelines recommend 
primary cisplatin-based chemotherapy ± radiation therapy 
± surgery (11). Canadian consensus guidelines recommend 
that patients receive 4 cycles of BEP (21). 

Role of chemotherapy—initial treatment

For patients with brain metastases at initial diagnosis, 
systemic chemotherapy is often administered alone for 
initial treatment. In selected cases, chemotherapy may 
be used in combination with radiation therapy and/or 
surgical resection if clinically indicated, primarily when 
patients are significantly symptomatic (11). Cisplatin and 
etoposide penetrate the brain to a reasonable degree; thus, 
standard-dose systemic chemotherapy [BEP, or etoposide, 
ifosfamide, and cisplatin (VIP)] is used initially prior to 
any consideration for resection or radiation therapy (22). 
If repeat brain imaging following completion of first-line 
chemotherapy shows a CR, careful observation without 
further brain-directed treatment is our institutional 
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preference. If there is a limited amount of residual 
tumor following chemotherapy, surgical excision and/or 
focal radiation therapy can be used to eradicate residual  
disease (22).

Role of chemotherapy—intensification 

HDCT has been investigated for upfront therapy. 
Kollmannsberger et al. (9) reported outcomes of patients 
with GCT brain metastases at initial diagnosis enrolled on 
a German multicenter trial between January 1993 and July 
1998, where all 22 patients received first-line HDCT with 
VIP (one cycle of standard-dose, followed by 3–4 cycles 
with dosages escalated over seven dose levels) followed by 
autologous stem-cell transplantation. Whole brain radiation 
therapy (WBRT) to 30–50 Gy (±10 Gy boost) was applied 
in patients with symptomatic disease or as consolidation 
for residual brain metastases. Two early deaths occurred, 
one with central nervous system (CNS) bleeding, and one 
from sepsis. Twenty patients (91%) had a response in the 
brain [55% CR/36% partial response (PR)]. Two-year 
progression-free survival (PFS) and overall survival (OS) 
were 72% and 81%, respectively. 

However, a randomized phase 3 trial of 219 patients 
from the United States comparing conventional BEPx4 
vs. 2 cycles of BEP followed by 2 cycles of HDCT 
(carboplatin 600 mg/m2, etoposide 600 mg/m2, and 
cyclophosphamide 50 mg/kg) and subsequent stem cell 
rescue as first-line treatment for poor prognosis GCT 
did not show an improvement in the primary endpoint of 
1-year durable CR (52% CR after BEP + HDCT vs. 48% 
CR with BEP alone, P=0.53). For the subset of 67 patients 
with unsatisfactory serum tumor marker decline (half-life  
>7 days for AFP and/or half-life >3.5 days for beta-HCG) 
during the first two cycles of chemotherapy, the 1-year 
durable CR was 61% for patients who received HDCT vs. 
34% for patients with BEP alone (P=0.03), suggesting a 
benefit for this population (23). 

A phase III study of 137 patients from 27 European 
oncology centers that randomized patients with poor-
prognosis GCT to BEPx4 vs. HDCT with one cycle of 
standard dose VIP and then high-dose VIPx3 (etoposide 
1,500 mg/m2, ifosfamide 12 g/m2, and standard-dose 
cisplatin) followed by stem cell infusion was also negative 
for the primary endpoint of failure-free survival (FFS). 
The intention to treat analysis included 131 patients and 
found hazard ratio (HR) for FFS of 0.62, in favor of HDCT 

[95% confidence interval (CI): 0.38–1.02; P=0.057]. The 
lack of statistical significance was noted to likely be due to 
premature study termination for slow accrual. The 1-year 
FFS rate was 48% (95% CI: 35.5–59.5%) after BEP and 
66.1% (95% CI: 53.1–76.2%) after HDCT, P=0.035. FFS 
rate at 2 years and OS did not demonstrate a statistically 
significant difference. In contrast to the US intergroup 
study, there was a suggestion for a greater benefit from 
HDCT in patients with satisfactory marker decline in a 
post hoc subgroup analysis. Toxicity was increased with 
HDCT, and of the three patients that died from toxicity, 
two patients were on the HDCT arm (24). 

GETUG-13 was a phase III randomized trial primarily 
conducted in France where poor-prognosis GCT patients 
received one cycle of BEP after which AFP and beta-HCG 
levels were assessed and then patients with a favorable 
decline in both tumor markers (based on a logarithmic 
formula) received BEPx3, while patients with an unfavorable 
decline were randomized to either BEPx3 or a dose-dense 
regimen. Dose-dense chemotherapy is another way to 
escalate therapy by shortening the interval between the 
doses. This regimen consisted of paclitaxel (175 mg/m2) on 
day 1 prior to BEPx3 plus oxaliplatin (130 mg/ m2 on day 10 
for 2 cycles), followed by 2 cycles of cisplatin (100 mg/m2),  
ifosfamide (2 g/m2), and bleomycin (25 units/day by 
continuous infusion for 5 days) with granulocyte colony-
stimulating factor (G-CSF) support. The study enrolled 
263 patients, among which 203 were randomized due to 
unfavorable tumor marker decline (105 to dose-dense arm, 
and 98 to standard BEP arm) and found 3-year PFS of 
59% in the dose-dense arm vs. 48% in the standard BEP 
arm [P=0.05; HR =0.66 (95% CI: 0.44–1.00)]. PFS was 
significantly improved for patients with a favorable decline 
in tumor markers that were not randomized and received 
BEPx3 compared to those with an unfavorable decline that 
were randomized to BEP with 3-year PFS of 70% in the 
favorable arm (95% CI: 57–81%). OS difference was not 
statistically significant. Higher rates of toxicity occurred in 
the dose-dense arm, with more hematologic effects and grade 
3–4 neurotoxicity, but no excess febrile neutropenia or deaths 
due to toxicity. A post hoc analysis suggested isolated brain 
progression may be more common in patients treated with 
dose-dense chemotherapy compared to standard BEP (25). 

For patients with IGCCG poor risk disease including 
patients with brain metastasis, first-line BEPx4 or VIPx4 
remains standard, but treatment intensification may be 
considered on an individual basis. Per the German GCT 
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guidelines, HDCT is not generally recommended for 
all poor-prognosis patients, but those with mediastinal 
NSGCT should undergo HDCT and HDCT should be 
considered on an individual basis for other GCT patients 
that have an insufficient tumor marker decline after 1 
or 2 cycles of cisplatin-based first-line therapy (grade B, 
moderate quality of evidence) (26). GCT are vascular 
(especially choriocarcinoma) and thus treatment with 
chemotherapy (especially with HDCT) in the setting of 
brain metastases requires very close monitoring of platelets 
and monitoring for neurologic symptoms (22).

Role of chemotherapy—relapse

For patients with brain metastases at relapse after first-line 
chemotherapy, standard treatment involves salvage HDCT 
or standard-dose chemotherapy followed by consideration 
for resection of residual masses. If residual masses are 
not amenable to resection, then these patients should be 
evaluated for either stereotactic radiosurgery (SRS) or 
WBRT (27). The GGCCG reported that multimodality 
treatment was associated with improved survival in 
comparison with a single modality for patients with brain 
metastases at relapse (HR =0.51; P<0.001), as was high-
dose compared with standard-dose chemotherapy (HR 
=0.41; 95% CI: 0.24–0.70; P=0.001) (7). A retrospective 
analysis by Kalra et al. (28) reported outcomes of 25 patients 
with relapsed GCT and progressive brain metastases who 
received multimodality therapy at Indiana University from 
2006 to 2016 including HDCT with stem cell support alone 
or combined with surgery and/or SRS or WBRT. HDCT 
consisted of carboplatin 700 mg/m2 on days 1 to 3 with 
etoposide 750 mg/m2 on days 1 to 3, followed by peripheral 
blood stem cell transplantation on day 5 for 2 cycles. Three 
patients received only 1 course of HDCT, and two patients 
died of complications during therapy from fungemia and 
septic shock. Most patients did not undergo radiation after 
HDCT except for 2 patients that underwent consolidative 
WBRT and 2 that underwent SRS. At median follow-up of 
24.5 months, 44% of patients were alive without evidence 
of disease, demonstrating cure of a subset of patients 
with historically poor prognosis (28). A study by Oechsle  
et al. (29) reported that an interdisciplinary approach of 
HDCT, brain radiation (in 90% of patients) and surgery 
led to long-term survival in 60% of patients with brain 
metastases at diagnosis and 26% relapsing with brain 
metastases.

Role of chemotherapy—oligometastatic disease

Some patients relapse with a solitary brain metastasis 
with no other systemic disease. In these situations, 
a multidisciplinary approach is important, and our 
institutional preference is resection of solitary brain 
metastasis if feasible. Given relapse with brain metastasis 
usually heralds a systemic relapse, we usually recommend 
systemic adjuvant chemotherapy after local therapy to the 
brain. 

Role of surgery 

There is considerable debate about the role of surgery 
and prospective trials are lacking. Due to the rarity of 
GCT brain metastases, it is very challenging to provide 
strong recommendations. Surgical excision is generally 
reserved for the setting of limited amount of residual tumor 
following chemotherapy or in the setting of relapse for men 
with a solitary brain metastasis as the only site of relapse. A 
solitary brain metastasis relapse can alternatively be treated 
by further chemotherapy followed by either resection  
or SRS.

In NSGCT, post-chemotherapy residual disease may 
be recommended for resection depending on factors such 
as location and size of residual disease, whether residual 
disease is symptomatic, whether tumor markers normalized 
after chemotherapy, and others. Our institutional 
preference is surveillance for patients who achieve a post-
chemotherapy residual mass <1 cm based on long-term data 
confirming the safety of this approach, acknowledging most 
of the data is on residual retroperitoneal disease, with few 
brain metastases patients included (30,31). 

Surgical resection is advocated for cases of large 
metastases (>3 cm)  and those causing significant mass 
effect or brain shift (14). There are proponents for 
surgical resection of brain metastases with significant 
elements of choriocarcinoma that may have been defined 
by pathology at another body site or high levels of serum 
beta-HCG (32). This recommendation may be warranted 
as there is an increased tendency for choriocarcinoma to 
spontaneously bleed, and surgical resection can help avoid 
a potential life-threatening intracranial hemorrhage. Fosså 
et al. (5) reported that use of neurosurgery was correlated 
significantly with improved prognosis for patients with 
brain metastases at diagnosis, with a 2-year survival of 80% 
for patients that underwent neurosurgery (n=10) vs. 49% 
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for patients that did not (n=46), P=0.021. For patients that 
underwent neurosurgical resection for brain metastases that 
developed after cisplatin-based chemotherapy, neurosurgical 
resection was significantly related to improved 2-year 
survival (P<0.001) but was not significant on multivariate 
analysis (5).

Role of radiation

Radiation may be indicated for patients with numerous 
brain metastases that do not resolve with chemotherapy 
or highly symptomatic patients who are not candidates 
for resection. No prospective studies have investigated 
the use of radiation. Fosså et al. (5) demonstrated no 
improvement in prognosis with use of brain radiation for 
brain metastases present at diagnosis in a retrospective 
analysis. However, the study did show an improvement in 
prognosis for brain metastases that developed after patients 
underwent cisplatin-based chemotherapy—59 patients 
underwent radiation with 2-year survival of 18% and 24 did 
not undergo radiation with 2-year survival of 8%, P=0.042. 
Feldman et al. (7) retrospectively looked at 523 men with 
GCT brain metastases (228 patients with brain metastases 
at diagnosis and 295 patients with brain metastases at the 
time of relapse); 55% of patients in the brain metastasis at 
diagnosis group received multimodality treatment including 
neurosurgical resection and/or radiation in addition to 
chemotherapy. This approach showed an improved outcome 
compared to single modality treatment, but this benefit 
was lost when adjusted for the prognostic groups defined in 
the paper based on a scoring system incorporating adverse 
prognostic factors. However, WBRT was not associated 
with significant improvement in OS. In patients with 
relapsed brain metastases, all treatment modalities including 
chemotherapy alone, HDCT alone, surgery alone, and 
radiation therapy alone were associated with improved OS 
in univariate analysis, but only multimodality treatment 
and HDCT improved OS in multivariate analysis. Subset 
analyses stratified by prognostic groups showed the 
intermediate risk group benefited the most from multimodal 
treatment. 

Concurrent WBRT and cisplatin-based chemotherapy 
has also been tried in the past. A study by Bokemeyer  
et al. (33) demonstrated that patients who received combined 
chemotherapy and radiation with or without surgery had 
the highest chance of long-term survival, P<0.03. However, 
this finding is likely biased by the fact that patients with 

worse performance status or disease status were more likely 
to receive single modality treatment. A report from Indiana 
University described 24 GCT treated with this approach; 
however, the sample size was small and only 6 of 24 patients  
were alive and at risk of delayed toxicity at time of 
publication (13). An updated report revealed that 5 patients 
who underwent WBRT to 40–50 Gy in 18–28 fractions 
concurrent with cisplatin all developed delayed symptoms 
including seizures, cranial neuropathy, headaches, and 
dementia with imaging changes consistent with a diagnosis 
of progressive multifocal leukoencephalopathy. One patient 
developed a secondary malignant glioma within an area of 
radiation necrosis (17). 

Biologically effective dose (BED) is another factor that 
is important in terms of the success of radiation treatment. 
BED is a measure of the true biological dose delivered by 
a combination of the dose per fraction and total dose to 
a tissue, with each tissue having a characteristic α/β ratio. 
The significance of BED was shown by Casey et al. (34) in a 
retrospective review of patients at MSKCC from 2002–2017 
including 63 patients with NSGCT and brain metastases 
(15 patients with tumor at diagnosis and the rest developing 
metastases later). The radiation technique used in this 
study was WBRT (71%), SRS (11%), WBRT + SRS/boost 
(14%), and partial brain radiation (1%). The 4-year OS 
rate was 30.1%. This study showed an association between 
OS and BED (with α/β ratio of 10). BED less than 39 Gy 
(equivalent to 30 Gy in 10 fractions, the typical dose used 
for WBRT) was associated with 0% 4-year OS and the OS 
increased to 66.7% when BED was more than 50 Gy. The 
lack of response to WBRT with a BED of 39 Gy is likely 
due to NSGCT being more radioresistant in comparison to 
other histologies such as SGCT. Unlike other diseases like 
lung cancer in which patients typically receive WBRT with 
a palliative intent, patients with NSGCT potentially can 
be cured, emphasizing the need to use a radiation dose that 
both achieves durable disease control and minimizes long 
term toxicity. Another important factor in this study that 
correlated with long-term survival was intracranial control 
after finishing radiation (34). 

As mentioned in the above studies, SRS is an option 
for treating these patients and Gamma Knife (GK) can be 
used in this setting. In a study by Nicolato et al. (35), GK 
was used to treat patients with NSGCT from 1995–2001. 
This case series included three patients who received 
cisplatin-based chemotherapy and WBRT followed by GK. 
Indications for GK were tumor volume <20 cm3, refusal 
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of surgery and microsurgery too risky. The mean dose was 
17.3 Gy with a range of 15–21 Gy. After a median follow-
up of 63 months, all patients were alive. In this study, an 
algorithm was proposed. If patients had ≤4 lesions with  
<20 cc overall volume SRS was recommended. If there 
were >4 lesions and >20 cc, WBRT with and without 
microsurgery was suggested (35). 

Given that GCT patients are young with a potentially 
curable disease even in the presence of brain metastasis, 
the late effects of radiation in addition to chemotherapy 
± surgery are important to consider. When radiation is 
indicated, our strong institutional preference is to avoid 
WBRT and treat with localized radiation. However, 
surveillance is a strong consideration as well. A study 
by Gremmer et al. (16) evaluated results of treatment of 
patients with GCT brain metastases over a period at a single 
institution that initially included but later excluded WBRT. 
Patients were divided into three groups; group 1 (n=10) 
consisted of patients with brain metastases at diagnosis, 
with CR achieved in five of ten patients with follow-up 
of 49–245 months (one of five patients that underwent 
WBRT, and four of five patients without WBRT with 
two of these receiving additional HDCT). Group 2 (n=2) 
were patients who relapsed with brain metastases after CR 
following induction chemotherapy, both patients underwent 
neurosurgical resection (one patient received additional 
HDCT with WBRT, and the other HDCT without 
WBRT) and both patients had CR and remained without 
disease at follow-up of 146 and 211 months. Group 3 (n=10) 
were patients who developed brain metastases after failing 
to achieve a CR at induction chemotherapy, one patient 
underwent neurosurgical resection, seven patients received 
WBRT, and four patients had additional HDCT, and one 
of ten patients achieved CR after HDCT and WBRT 
(follow-up 107 months) (16). Another study by Hardt  
et al. (36) assessed the outcome in GCT patients with brain 
metastases after the introduction of GAMEC chemotherapy 
(14-day cisplatin, high-dose methotrexate, etoposide, and 
actinomycin-D) and cessation of the routine use of brain 
radiation, which showed a 3-year OS rates of 69% for those 
who presented with brain metastases at diagnosis, 21% for 
those who developed metastases after initial chemotherapy, 
and 0% for those who developed metastases while receiving 
chemotherapy. These results demonstrate that long-term 
cure is possible without radiation. 

WBRT may still be utilized in a palliative setting. For 
example, in patients with neurologic symptoms such as 
headache, nausea, vomiting, or focal neurologic deficit, 

especially in the setting of extensive brain disease in a poor 
surgical candidate, palliative WBRT may result in stable or 
improved neurologic symptoms in a subset of patients (37). 
Best supportive care including dexamethasone is another 
option (38). 

Conclusions

Since brain metastasis from GCT are rare, there are no 
consensus recommendations to guide physicians. In this 
review, all available articles were discussed to help physicians 
make appropriate therapeutic decisions tailored to each 
patient’s clinical situation. MRI of the brain is important to 
consider at GCT diagnosis for patients with neurological 
symptoms and/or high-risk features including beta-HCG 
levels >5,000 IU/L, non-pulmonary visceral metastases, 
extensive lung metastases, choriocarcinoma histology, or 
AFP >10,000 ng/mL. After appropriate diagnostic work-
up and staging, multi-agent chemotherapy is the first-line 
therapy for these patients with brain metastases at diagnosis. 
Intensification of chemotherapy with high-dose or dose-
dense regimens is non-standard but can be considered in 
specific cases, such as insufficient tumor marker decline 
during standard chemotherapy. Further research may clarify 
subsets of patients that would benefit most from more 
intense regimens. Patients who present with symptomatic 
disease and need urgent CNS-directed therapy should be 
considered for CNS-directed therapy, with chemotherapy 
to be initiated shortly thereafter.

In the setting of residual brain metastasis after 
chemotherapy,  mult idisc ipl inary discuss ion with 
neurosurgery and radiation oncology is indicated to 
determine appropriate adjuvant/salvage treatment. Based 
on the study by Feldman et al. (7), multimodality treatment 
can improve outcomes. Therefore, surgical resection with 
or without radiation treatment should be discussed with 
patients. It is important to remember that a higher BED 
can improve OS and thus SRS should be considered on an 
individual basis (34). 

In patients with metachronous brain metastases, it 
is important to evaluate extracranial disease burden. If 
the patient has metastases in the brain only, treatment 
options include (I) surgical resection ± radiation; or (II) 
SRS alone. SRS can be used in 1–4 lesions or when the 
cumulative volume is less than 20 cc. SRS can also be 
considered in more than four lesions on a case-by-case 
basis. If not, WBRT is an option for these patients. Our 
recommendations are summarized in Figure 1.
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