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Abstract

Purpose: The presence of brain metastases (BM) in patients with non-seminomatous germ cell 

tumor (NSGCT) is associated with poor prognosis. While radiation therapy (RT) is an important 

treatment for patients with NSGCT BM, there is a paucity of data on the optimal regimen. We 

sought to investigate the impact of RT on clinical outcomes in patients with NSGCT BM.

Methods: Patients with NSGCT BM who received RT at our institution from 2002–2017 were 

included. Sixty-three consecutive patients were identified. Clinical factors associated with 

intracranial control (ICC) and overall survival (OS) were evaluated using Cox regression analysis 

and Kaplan Meier method.

Results: Median age was 31 years and number of BM was 3. Fifteen patients presented with BM 

at diagnosis, while 48 developed BM at a median time of 8.4 months from diagnosis. At a median 

follow-up of 3.6 years, ICC and OS were 39.7% and 30.1%. On multivariate analysis, ICC (hazard 

ratio [HR]=0.93, p=0.03) and OS (HR=0.93, p=0.005) were both significantly associated with 

biologically effective dose (BED) of RT. The 4-year OS of patients who received BED <39Gy, 

39Gy, 40–50 Gy, and ≥50 Gy were 0%, 14.7%, 34.1%, and 70.0%, respectively. Patients who 

achieved intracranial control after RT were able to achieve long-term survival (4-year OS 68.1% 

vs. 0%, p<0.0001).

Conclusions: Our data supports that a higher BED is required for durable ICC, and that ICC is 

needed for patients with NSGCT to achieve long-term survival. Prospective studies evaluating 

radiation dose-escalation for the treatment of NSGCT BM should be considered.
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INTRODUCTION

Although most patients with advanced non-seminomatous germ cell tumors (NSGCT) can 

achieve long-term survival, patients with NSGCT and brain metastases (BM) have been 

considered to have poor prognosis [1, 2]. Due to the rarity of developing BM from NSGCT 

(1% at diagnosis and 0.4–4% subsequently) [2–4], there is a paucity of data defining the 

optimal treatment regimen in this population. While some patients are treated with multi-

modality therapy, others are treated with systemic therapy alone or with local therapy alone 

[5–12].

Despite BM being a defining feature of poor prognosis in NSGCT, retrospective studies have 

suggested the possibility of long-term cure in select patients, especially in patients who 

received radiation therapy (RT) for BM [1, 4, 8]. For example, in a small series from Indiana 

University Medical Center, 6 of 14 patients with NSGCT BM treated with curative intent 

became long-term survivors, all of whom had received high doses of whole brain RT [8]. 

Nevertheless, despite evidence that RT plays a critical role for patients with NSGCT BM [4, 

8], little is known regarding the optimal technique and dose of RT needed to maximize 

intracranial control and survival; various modalities and doses of RT have been employed 

ranging from purely palliative approaches to curative attempts. Given the possibility of cure 

in this young patient population, it is essential to identify those patients with NSGCT BM 

that may benefit most from an aggressive approach, and what exactly this approach should 

entail. As such, we sought to evaluate the impact of RT on intracranial control and survival 

in patients with NSGCT BM, with the goal of identifying the necessary dose and technique 

of RT needed for long-term cure.

METHODS

Study population

This is a retrospective study of all patients diagnosed with NSGCT and BM at our institution 

from 2/2002–8/2017. Institutional Review Board approval was obtained for this study. Sixty-

three consecutive patients were identified. Patient and tumor characteristics were collected, 

including date of diagnosis, histology, primary tumor site, first-line chemotherapy received, 

date of development of BM, extent of systemic disease at time of BM, number of BM, size 

of largest BM, surgical resection for BM, chemotherapy at time of BM, tumor markers at the 

time of BM (including AFP, beta hCG, and LDH), RT fields (whole brain radiation therapy 

[WBRT], stereotactic radiosurgery [SRS]), dose and fractionation of RT, the use of steroids 

during RT, and acute and late toxicity from RT.
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Statistical Analysis

The primary endpoints were intracranial control (ICC) and overall survival (OS). ICC was 

calculated as the time from RT to intracranial relapse. Imaging at the time of intracranial 

relapse was compared with baseline imaging at the time of RT to determine the location of 

the recurrence in relation to prior intracranial involvement. OS was calculated as the time 

from RT to death. The Kaplan-Meier method was used to estimate ICC and OS following 

RT. Univariate and multivariate cox proportional hazard modeling was utilized to assess the 

impact of clinical factors including histology (mixed vs. embryonal vs. yolk sac vs. 

choriocarcinoma), primary tumor site (testicular vs. mediastinal), chemotherapy (before RT 

vs. concurrent vs. after RT), surgery, number of BM, extent of systemic disease at time of 

brain RT (brain only vs. lung vs. liver vs. bone), RT fields (WBRT +/−SRS), biologically 

effective dose (BED) of RT, and use of steroids (yes vs. no) on ICC and OS. For the BED 

analysis, α/β ratio of 10 was used for calculation, and only patients who received WBRT as 

a part of their treatment were included. Variables with a p value ≤0.05 on univariate analysis 

were included in the multivariate analysis for ICC and OS.

RESULTS

Patient Population

Table 1 details the baseline patient and tumor characteristics. The median age at diagnosis of 

BM was 31 years (range=14–62 years) and median KPS was 80 (range=60–100); only 5 

patients had a KPS <80. Fifteen patients (24%) presented with BM synchronous at initial 

diagnosis while 48 (76%) developed BM metachronous at relapse. For patients in the latter 

group, the median time to development of brain metastases from initial diagnosis was 8.4 

months (range=3.7–222.9). Other systemic disease at the time of BM included lung (n=39), 

liver (n=20), and bone (n=8). Median number of BM at the time of RT was 3; specifically, 

14 patients (22%) had 1 BM at time of RT; 33 (52%) had 2–5; and 16 (25%) had >5. Median 

size of BM was 1.8cm (range=0.4–6.3cm). Of the 15 patients with BM >3.0cm, 9 (60%) 

underwent surgical resection prior to RT. Mean AFP, beta hCG, and LDH at time of BM 

were 1800 ng/ml, 47873 miU/ml, and 400 U/L, respectively. Thirty-eight patients (60%) 

received steroids during their course of RT.

Treatment of Brain Metastases

All patients but one who presented with BM ultimately received RT. RT fields consisted of 

WBRT alone in 45 patients (71%), SRS alone in 7 (11%), WBRT+SRS or a boost in 9 

(14%), and partial brain RT in 1 (2%). WBRT doses varied but included most commonly 30 

Gy in 10 fractions (n=22) and 50 Gy in 25–28 fractions (n=10). Of the 48 patients who 

developed BM at the time of relapse, 26 (54%) received chemotherapy: 6 before RT, 15 after 

the completion of RT, and 5 concurrently with RT. Of the 15 patients who presented at 

diagnosis with BM, all received chemotherapy: 9 before RT, and 6 concurrently. 

Chemotherapy regimens varied at the time of BM diagnosis and included paclitaxel, 

ifosfamide, and cisplatin (n=17); bleomycin, etoposide and cisplatin (n=9); paclitaxel, 

ifosfamide, carboplatin, and etoposide (n=4); etoposide, ifosfamide and cisplatin (n=4); and 

temozolomide (n=1). Sixteen patients (25%) underwent surgical resection of BM prior to 

RT, of which half were gross total resections and half subtotal resections.
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Intracranial Control

The median follow up was 3.6 years (range=1.5 months-15.8 years). The 4-year ICC rate 

among the entire cohort was 39.7% (95% confidence interval [CI], 26.1–53.3%). On 

univariate analysis, ICC was significantly associated with primary tumor site, number of 

BM, RT fields, BED of RT, and receipt of steroids during RT; but not with histology, time of 

diagnosis of BM, systemic extent of disease at time of BM, receipt of surgery for BM, and 

receipt or timing of chemotherapy (before, concurrent, or after RT) (Table 2). Specifically, 

ICC was improved in patients who received a combination of WBRT with a focal SRS boost 

or cone-down compared to patients who received SRS or WBRT alone (4-year ICC 74.1% 

vs. 32.8%). There was also a dose-response relationship seen with respect to ICC: the 4-year 

ICC was 0% in those who received a BED of <39 Gy; 17.9% in those who received a BED 

of 39 Gy (equivalent to 30 Gy in 10 fractions); 55.0% in those who received a BED of 40–

50 Gy; and 75% in those who received a BED ≥ 50 Gy (Figure 1a). On MVA, only higher 

BED remained significantly associated with ICC (hazard ratio [HR] = 0.93, p=0.03).

Of the 26 patients who developed intracranial recurrence after WBRT alone, 54% recurred at 

previously treated sites; 25% developed new brain metastases; and 17% recurred at 

previously treated sites as well as developed new brain metastases. Of the 4 patients who 

developed intracranial recurrence after SRS, 75% (3 of 4) recurred at previous sites, and 1 

patient developed new brain metastases. Of the 2 patients who failed intracranially after 

receiving WBRT and a SRS boost, 1 developed new brain metastases, and 1 recurred at the 

previously treated site as well as developed new brain metastases.

Overall Survival

Among the entire cohort, the 4-year OS rate was 30.1% (95% CI, 18.2–42.0%). On 

univariate analysis, OS was significantly associated with systemic extent of disease at the 

time of BM (lungs and/or bone), number of BM, BED of RT, and receipt of steroids during 

RT; but not with histology, primary tumor site, time of diagnosis of BM, receipt of surgery 

for BM, receipt or timing of chemotherapy for BM, or RT fields (Table 2). On MVA, 

patients with systemic disease in bone continued to have significantly worse OS, while 

patients who received higher BED of RT continued to have significantly better OS 

(HR=3.01, p=0.03 and HR=0.93, p=0.005, respectively, Table 3). There was a strong dose-

response relationship with respect to OS: the 4-year OS was 0% in those who received a 

biologically effective dose (BED) of <39 Gy; 14.7% in those who received a BED of 39 Gy; 

40.0% in those who received a BED of 40–50 Gy; and 66.7% in those who received a BED 

≥ 50 Gy (Figure 1b). Importantly, patients with intracranial control after RT were able to 

achieve long-term survival (4-year OS 68.1% vs. 0% in those who relapsed in the brain, 

p<0.0001).

Toxicity

Acute toxicity (defined as toxicity developed during and within 30 days of RT) from RT was 

minimal. Five patients experienced grade ≥2 acute toxicity, including 2 patients with grade 2 

fatigue; 1 with grade 2 nausea; 1 with grade 3 dermatitis after 50 Gy in 25 fractions; and 1 

with grade 4 hemorrhage from the tumor after 30.5 Gy in 15 fractions. Documented late 
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toxicity in the 19 long-term survivors consisted of short-term memory loss (n=3) and RT 

necrosis (n=2).

DISCUSSION

BM in NSGCT remain a clinically challenging entity. Although potentially curable, there is 

a paucity of data evaluating the necessary dose and role of RT for patients with NSGCT BM. 

In addition, given the heterogeneity in treatment of NSGCT BM, it is difficult to decipher 

the optimal treatment regimen for these patients from various retrospective series. As such, 

we sought to investigate the specific role of RT in NSGCT BM. To our knowledge, we 

present the largest series to date evaluating the impact of RT on intracranial control and 

survival in patients with NSGCT BM.

Our data suggests that the BED of RT is the most important factor affecting both ICC and 

OS. In addition, we show that a BED of 39 Gy (equivalent to 30 Gy in 10 fractions, the 

typical dose used for WBRT) does not seem to provide durable ICC or long-term survival in 

patients with NSGCT BM. This is in concordance with results from Indiana University 

Medical Center including 24 patients with NSGCT BM that suggested a WBRT dose of 40–

50 Gy in fractions of 2 Gy (BED 48–60 Gy using α/β ratio of 10) may be necessary for 

long-term control [8]. The lack of response to a BED of 39 Gy is likely due to NSGCT being 

more radioresistant in comparison to other diseases such as seminoma. Importantly, we also 

found that patients with brain relapse in our cohort had a 0% long-term cure, compared to a 

4-year survival of 68% in patients with intracranial control. Unlike other diseases like breast 

and lung cancer in which patients typically receive WBRT with a palliative intent, patients 

with NSGCT are potentially curable, further emphasizing the need to use a RT dose that 

achieves durable disease control. From our results, we concluded that a BED of 50 Gy or 

higher is needed to achieve durable ICC and OS in patients with NSGCT BM.

Regarding RT fields, patients who received WBRT with a boost to radiographically evident 

tumors either in the form of a cone-down or SRS had improved ICC on univariate analysis 

but not on MVA. As BED was the only significant factor on MVA, we concluded that the 

total dose to the tumor, rather than RT fields, is the most significant contributing factor to 

intracranial control. Of the patients who developed intracranial recurrence after RT, only 

25% developed new brain metastases without failure at previously treated sites. We therefore 

speculate that while a high BED is necessary to achieve disease control of radiographically 

evident BM, a lower BED dose is needed to prevent development of new brain metastases. 

As such, a lower dose WBRT followed by a SRS boost to known metastases may be a 

feasible strategy to improve the therapeutic ratio by ensuring tumor control while limiting 

high dose RT to normal brain tissue, therefore reducing the risk of RT toxicities in this 

young patient population. We believe this approach should be evaluated in a prospective 

manner to determine the optimal dose of WBRT needed when given in combination with 

SRS. Lastly, as we only had 7 patients in our cohort treated with SRS alone, we were not 

able to evaluate whether SRS alone is adequate to achieve durable ICC. Although SRS alone 

is the favored approach in many disease sites for patients with limited number of brain 

metastases, there is little data evaluating this approach in NSGCT; further studies evaluating 

the role of SRS alone in NSGCT are needed. However, given the high recurrence rates in the 
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brain even after WBRT, it is likely that patients who receive SRS will need multiple courses 

over their lifetime.

Only 16 patients in our cohort underwent surgical resection; although we did not see 

improved ICC with such an approach, surgery is both appropriate and necessary for patients 

with large or symptomatic BM. Similar to surgery, the receipt of chemotherapy did not affect 

ICC or survival in our cohort. It is important to note that the majority of our cohort included 

patients who developed BM at the time of relapse rather than at diagnosis. As such, the 

benefit of cisplatin-based chemotherapy, which plays a critical role in newly diagnosed 

metastatic NSGCT, could not be evaluated. In addition, given the limited number of patients 

in our cohort who presented with BM at diagnosis, we were unable to observe a difference 

in outcomes between patients with BM at diagnosis compared to those with BM at relapse, 

as has been shown in other series [1, 4]. However, it is likely that patients who develop BM 

after the exposure to frontline chemotherapy represent a more unfavorable group with 

chemo-resistant cell clones. Therefore, for patients who present with BM at relapse, we 

agree that a multi-modality approach including RT is critical [1, 4]. Furthermore, we 

observed 8 long-term survivors in our cohort who had systemic disease in the lung, liver 

and/or bones at the time of brain relapse and received brain RT. Therefore, unlike what has 

been concluded in previous series [4, 8], we believe durable disease control is still 

achievable in some patients with systemic and intracranial relapse; not all patients with 

extracranial disease at the time of brain relapse should be treated with a purely palliative 

approach.

Although toxicity in our cohort was minimal, our study was not designed to address late 

morbidity from RT and only captured documented late effects. Five patients from the 

Indiana series who received a total of 40–50 Gy in 18–28 fractions along with concurrent 

cisplatin-based chemotherapy developed symptoms consistent with progressive multifocal 

leukoencephalopathy at a median time of 72 months from WBRT [13]. Although we did not 

see this among our survivors treated with 40–50 Gy, we did see RT necrosis and short-term 

memory loss in patients that received high doses of WBRT. Consideration of late morbidity 

further supports the use of a lower dose of WBRT followed by a SRS boost to balance 

disease control with neurologic toxicity. In addition, hippocampal sparing WBRT can be 

considered given the potential to spare short memory loss as was seen on RTOG 0933 [14].

There are several limitations of our study. Given the retrospective nature, patients were not 

randomized to receive one dose of RT or the other, and thus there may be confounding 

clinical factors affecting choice of RT dosing and therefore our results. However, as only 5 

patients in our cohort had a KPS <80, performance status was not likely to be a significant 

factor affecting the RT dose utilized. In addition, on multivariate analysis, BED remained 

significant after accounting for baseline patient and tumor characteristics.

In summary, we found that RT plays an important role in achieving durable ICC and 

improving long-term survival in patients with BM from NSGCT. Furthermore, an aggressive 

approach with a higher BED of RT (≥ 50 Gy) is needed for durable disease control in the 

brain. Prospective studies evaluating WBRT with a SRS boost for the treatment of NSGCT 

BM should be considered.
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Figure 1. 
a) Intracranial control and b) overall survival by the biologically effective dose (BED) of 

radiation therapy
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Table 1.

Patient and tumor characteristics

N (%)

Age (years)

 Median (range) 31 (14–62)

Primary site of origin

 Testicular 52 (83)

 Mediastinal 11 (17)

IGCCG Risk Group

 1 5 (8)

 2 13 (21)

 3 45 (71)

Metastatic to brain at diagnosis

 Yes 15 (24)

 No 48 (76)

Metastatic involvement at time of brain relapse

 Lung 41 (63)

 Liver 21 (33)

 Bone 8 (13)

 Brain 63 (100)

Number of brain metastases

 1 14 (22)

 2–5 33 (52)

 >5 16 (25)

Size of largest brain metastases (cm)

 Median (range) 1.8 (0.4–6.3)

Surgery for brain metastases

 Yes 16 (25)

 No 47 (75)

Chemotherapy for treatment of brain metastases

 Concurrent 11 (17)

 Before RT 14 (22)

 After RT 10 (16)

Radiation field

 WBRT 45 (71)

 SRS 7 (11)

 WBRT + SRS / Cone-down 9 (14)
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N (%)

 Partial brain 1 (2)

 No RT 1 (2)
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Table 3.

Multivariate analysis of overall survival

Variable Hazard Ratio (95% CI) P-value

Number of brain metastases

 1 vs 2–5 0.91 (0.19–4.40) 0.90

 1 vs >5 1.36 (0.26–7.08) 0.71

Systemic disease in the lungs

 No vs Yes 1.17 (0.47–2.92) 0.73

Systemic disease in the bone

 No vs Yes 3.01 (1.13–8.02) 0.03

Radiation dose (BED, continuous) 0.93 (0.88–0.98) 0.005

Steroids during radiation

 No vs Yes 1.49 (0.57–3.93) 0.42
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