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Outcomes of stereotactic radiosurgery of brain 
metastases from neuroendocrine tumors

Neuroendocrine tumors can originate from any organ 
in the body and present with different clinical features 
depending on the primary site. Small cell lung carcinoma 
(SCLC) is recognized as highly aggressive with a poor 

prognosis,1–3 while extrapulmonary small cell carcinoma 
and other neuroendocrine tumors are considered differ-
ent clinical entities due to their relatively lower metastatic 
potential.4–6
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Abstract
Background: Stereotactic radiosurgery (SRS) is an established treatment for brain metastases, yet little is known 
about SRS for neuroendocrine tumors given their unique natural history.
Objective: To determine outcomes and toxicity from SRS in patients with brain metastases arising from neuroen-
docrine tumors.
Methods: Thirty-three patients with brain metastases from neuroendocrine tumors who underwent SRS were ret-
rospectively reviewed. Median age was 61 years and median Karnofsky performance status was 80. Primary sites 
were lung (87.9%), cervix (6.1%), esophagus (3%), and prostate (3%). Ten patients (30.3%) received upfront SRS, 7 
of whom had neuroendocrine tumors other than small cell lung carcinoma. Kaplan-Meier survival and Cox regres-
sion analyses were performed to determine prognostic factors for survival.
Results: With median follow-up after SRS of 5.3 months, local and distant brain recurrence developed in 5 patients 
(16.7%) and 20 patients (66.7%), respectively. Median overall survival (OS) after SRS was 6.9 months. Patients with 
progressive disease per Response Assessment in Neuro-Oncology-Brain Metastases (RANO-BM) criteria at 4 to 6 
weeks after SRS had shorter median time to developing recurrence at a distant site in the brain and shorter OS than 
patients without progressive disease: 1.4 months and 3.3 months vs 11.4 months and 12 months, respectively (both 
P < .001). Toxicity was more likely in lesions of small cell histology than in lesions of other neuroendocrine tumor 
histology, 15.7% vs 3.3% (P = .021). No cases of grade 3 to 5 necrosis occurred.
Conclusions: SRS is an effective treatment option for patients with brain metastases from neuroendocrine tumors 
with excellent local control despite slightly higher toxicity rates than expected. Progressive disease at 4 to 6 weeks 
after SRS portends a poor prognosis.
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The brain is one of the most common metastatic sites in 
SCLC.7,8 Prophylactic cranial irradiation (PCI) reduces the 
incidence of brain metastases and improves survival in 
SCLC,7–13 but 14% to 43% of patients still develop intrac-
ranial tumors.7–10,12 With more frequent and advanced 
brain imaging as well as effective local and systemic 
treatments, the incidence of brain metastasis is increas-
ing.14 Possible treatments include surgery, whole brain 
radiation (WBRT), and stereotactic radiosurgery (SRS). 
Surgery may not be appropriate in the setting of multiple 
brain metastases, and some patients cannot receive addi-
tional WBRT. Thus, local treatment using highly conformal 
SRS is an option for these patients, allowing tumor dose 
escalation for local control while minimizing dose to the 
normal brain.

Because these tumors have a high propensity for mul-
tiple metastases, the utility of focal radiation is debated. 
It is also unclear if patients with neuroendocrine tumors 
other than SCLC should be treated with WBRT upfront or 
if they can be treated with initial SRS without compromis-
ing neurological and survival outcomes. Due to the rarity 
of brain metastasis from neuroendocrine tumors, there are 
few case reports on SRS treatment in these patients and no 
specific treatment guidelines have been documented.15–17 
Thus, we performed this study to determine treatment out-
comes and toxicity from SRS in patients with brain metas-
tases from neuroendocrine tumors.

Materials and Methods

Patient Selection

We retrospectively reviewed 33 patients with brain metas-
tases from neuroendocrine tumors from any primary site 
consecutively treated with Gamma Knife radiosurgery at 
our institution between August 2009 and February 2014. 
All patients underwent contrast-enhanced magnetic reso-
nance imaging (MRI) for the diagnosis and evaluation of 
brain metastases. Informed consent was waived as this 
study was approved by the institutional review board as a 
retrospective study.

Radiosurgical Treatment

A total of 147 lesions were treated with the Leksell Gamma 
Knife (Perfexion model). MRI was the standard imaging 
technique for the initial evaluation and treatment planning 
in every patient. Using a 1.5 T GE Healthcare (Milwaukee, 
Wisconsin) MRI machine following a stereotactic head 
frame fixation on the day of SRS, axial postcontrast 
3-dimensional fast spoiled gradient echo (3D FSPGR) 
images (1-mm-slice thickness, no spacing) were obtained. 
The target volume was defined as the contrast-enhancing 
lesion without margin. No clinical target volume or plan-
ning target volume was used. SRS dose was prescribed 
according to RTOG 90-05: 20 to 24 Gy for lesions up to 20 
mm in diameter, 18 Gy for lesions 21 to 30 mm in diameter, 
and 15 Gy for lesions 31 to 40 mm in diameter.

SRS was performed as one of the following: 1)  sal-
vage treatment in patients who received PCI initially and 

developed brain metastases (post PCI group); 2)  salvage 
treatment after brain failure in patients who received prior 
WBRT for brain metastasis (post WBRT group); or 3) initial 
treatment in patients with limited brain metastasis (upfront 
SRS group).

Treatment Response Assessment

During the follow-up period, clinical examination and 
a contrast-enhanced MRI were performed 4 to 6 weeks 
after SRS treatment and every 2 to 3  months thereafter. 
Recent criteria proposed by The Response Assessment in 
Neuro-Oncology Brain Metastases (RANO-BM) working 
group classifies response as complete response, partial 
response, stable disease, or progressive disease.18 Patients 
were evaluated for SRS response using the RANO-BM 
criteria at first follow-up 4 to 6 weeks after SRS. Criteria 
for progressive disease included any of the following: at 
least a 20% increase in the sum of the longest diameters of 
central nervous system (CNS) target lesions, unequivocal 
progression of existing enhancing non-target CNS lesions, 
new lesion(s), unequivocal progression of existing tumor-
related non-enhancing (T2/FLAIR) CNS lesions, or wors-
ening clinical status. For cases where imaging changes at 
4 to 6 weeks were equivocal, follow-up scans were used 
to confirm the nature of the changes. If tumor progres-
sion was confirmed on subsequent scans, then the date of 
progression was recorded as the date of the MRI at 4 to 6 
weeks after SRS. Local recurrence was defined as a lesion 
reappearing within 1 cm from the original lesion whereas 
distant brain recurrence was defined as a metachronous 
remote metastasis in an area that contained no previous 
tumor. Toxicities including hemorrhage, necrosis, and 
edema requiring steroids were evaluated by MRI and 
clinical follow-up. Necrosis was graded according to the 
Common Terminology Criteria for Adverse Events (CTCAE) 
version 4.0.

Statistical Analysis

Measures of association in frequency tables were 
assessed with Fisher’s exact test and the equality of 
means for continuous variables was assessed using the t 
test. Survival time was calculated from the date of SRS to 
the occurrence of the considered event using the Kaplan-
Meier method.19 The log-rank test was used to assess the 
equality of survival across groups. Predictors of survival 
and distant brain recurrence were assessed using the 
Cox regression analysis. All factors with a P value of ≤.25 
on univariate analysis were included in the multivariate 
analysis, with each factor eliminated in a step-wise man-
ner until the most significant variables were identified. The 
Wald test was used to assess the role of covariates in the 
model. Logistic regression analysis was used to examine 
the influence of patient, tumor, and other factors on the 
occurrence of an event. All tests were two-sided and a 
P value of less than .05 was considered statistically sig-
nificant. Statistical analyses were performed using SPSS 
version 17.0 (SPSS Inc., Chicago, IL) and Stata/MP 14.0 
(StataCorp, College Station, TX).
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Results

Baseline patient and disease characteristics are shown in 
Table 1. At initial diagnosis, 22 patients presented with met-
astatic disease: 3 patients had brain metastases only, 14 
patients had extracranial metastases only, and 5 patients 
had brain and extracranial metastases.

Prior to SRS, 11 patients had PCI to a median dose of 25 
Gy in 10 fractions, 12 patients had WBRT to a median dose 

of 30 Gy in 10 fractions, and 10 patients had no cranial radi-
ation. Of 10 patients in the upfront SRS group, 7 had neu-
roendocrine tumors other than small cell carcinoma, 1 had 
small cell carcinoma of the cervix, and 2 had SCLC with an 
asymptomatic solitary brain metastasis. The median inter-
val between cranial irradiation and SRS was 10 months in 
the post PCI group and 8.2 months in the post WBRT group.

Prior to SRS, 6 patients underwent surgical resection of 
their brain metastases due to mass effect. Four of these 
patients received delayed SRS after experiencing a tumor 

Table 1 Baseline Characteristics Classified by Treatment Group

All patients
(N = 33)

Post-PCI
Group (n = 11)

Post-WBRT
Group (n = 12)

Upfront SRS
Group (n = 10)

P value

Age, median (range) 61 (30–76) y 65 (53–76) y 62 (45–75) y 48 (30–62) y <.001

KPS, median 80 (60–90) 80 (70–90) 80 (60–90)  90 (80–90) .081

Sex .281

 Male 18 (54.5%) 4 (36.4%) 7 (58.3%) 7 (70%)

 Female 15 (45.5%) 7 (63.6%) 5 (41.7%) 3 (30%)

Race .051

 Caucasian 25 (75.7%) 10 (90.9%) 7 (58.3%) 8 (80%)

 Black 3 (9.1%) 0 3 (25%) 0

 Hispanic 3 (9.1%) 1 (9.1%) 0 2 (20%)

 Asian 2 (6.1%) 0 2 (16.7%) 0

Primary site .047

 Lung 29 (87.9%) 11 (100%) 11 (91.7%) 7 (70%)

 Cervix 2 (6.1%) 0 0 2 (20%)

 Esophagus 1 (3.0%) 0 0 1 (10%)

 Prostate 1 (3.0%) 0 1 (8.3%) 0

Primary histology .006

 Small cell 23 (69.7%) 10 (90.9%) 10 (83.3%) 3 (30%)

Other NETs 10 (30.3%) 1 (9.1%) 2 (16.7%) 7 (70%)

Baseline RPA41 .164

 RPA class I 13 (39.4%) 2 (18.2%) 5 (41.7%) 6 (60%)

 RPA class II 19 (57.6%) 9 (81.8%) 6 (50%) 4 (40%)

 RPA class III 1 (3.0%) 0 1 (8.3%) 0

Baseline DS-GPA42 .032

 0–1.0 4 (12.1%) 1 (9.1%) 2 (16.7%) 1 (10%)

 1.5–2.5 23 (69.7%) 10 (90.9%) 9 (75%) 4 (40%)

 3.0 2 (6.1%) 0 1 (8.3%) 1 (10%)

 3.5–4.0 4 (12.1%) 0 0 4 (40%)

Baseline SIR43 .312

 4–7 25 (75.8%) 10 (90.9%) 9 (75%) 6 (60%)

 8–10 8 (24.2%) 1 (9.1%) 3 (25%) 4 (40%)

Active extracranial metastasis at diagnosis of 
brain metastasis

11 (33.3%) 3 (27.3%) 4 (33.3%) 4 (40%) .899

Median number of brain metastatic lesions (range) 3 (1–24) 3 (1–8) 3 (1–24) 3 (1–10) .603

Median interval between NET diagnosis and brain 
metastasis diagnosis, months (range)

8.2 (0–33.3) 14.2 (8.2–33.3) 5.5 (0–17.8) 6.4 (0–31) .017

Abbreviation: DS-GPA, disease-specific grade prognostic assessment; KPS, Karnofsky performance status; PCI, prophylactic cranial irradiation; 
NETs, neuroendocrine tumors; RPA, recursive partitioning analysis; SIR, score index for radiosurgery; SRS, stereotactic radiosurgery; WBRT, whole 
brain radiation therapy; y, years.
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bed recurrence. The other 2 patients underwent planned 
SRS after surgery; one of these patients developed a tumor 
bed recurrence at the time of SRS and one did not. Four 
of these 6 patients subsequently developed distant brain 
metastases but not local recurrences.

SRS Treatment

The median prescription dose was 20 Gy (range, 12–24 
Gy) in one fraction. All lesions had 100% coverage with a 
median prescription isodose line of 50% (range, 45%–88%). 
The median number of brain metastases treated with SRS 
per patient was 3 (range, 1–24). The mean tumor volume 
was 1414 mm3 (range, 3–27 100 mm3).

Treatment Response and Patterns of Failure

Median follow-up time after SRS was 5.3 months (range, 
0.5–52.9 months) for all patients and 16.5 months (range, 
9.9–54.9 months) for the 3 patients alive at last follow up. 
Follow-up with clinical and MRI evaluations was available 
in 30 patients. For 131 lesions treated in these 30 patients, 
the local tumor control rate (complete response, partial 
response and stable disease) was 99.2% at 4 to 6 weeks 
after SRS. Of 30 evaluable patients, 19 patients had com-
plete response, partial response or stable disease and 11 
patients had progressive disease per RANO-BM criteria at 
4 to 6 weeks after SRS (Table 2). Of the 11 patients with pro-
gressive disease, 1 had local tumor progression and 10 had 
new distant brain metastasis.

With longer follow-up, local recurrence developed in 
5 patients: 1 in the post-PCI group, 1 in the post-WBRT 

group, and 3 in the upfront SRS group (Table 2). Median 
time from SRS to local recurrence was not reached in post-
PCI and post-WBRT group and was 20.5  months (range, 
1.4–27.1 months) in the upfront SRS group (P = .91).

Twenty patients (66.7%) developed distant brain 
metastases with a median time of 3.5  months (range, 
1–27.1 months); 6 patients in each of the post-PCI (60%) and 
WBRT groups (60%) and 8 patients (80%) in the upfront SRS 
group (P = .65), with a median time of 3.1 months (range, 
1–24.9 months), 10.7 months (range, 1–12.4 months), and 
3.7 months (range, 1.4–38 months), respectively (P = .76). 
The complete response rate at 4 to 6 weeks was signifi-
cantly higher in the upfront SRS groups, at 50%, compared 
with 10% in the post-PCI group and 0% in the post-WBRT 
group (P  =  .03). When classified by histological subtype, 
the complete response rate was significantly higher for 
patients with neuroendocrine tumors other than small cell 
carcinoma, at 50%, compared with 5% for patients with 
small cell carcinoma (P = .01). Treatment response and pat-
terns of failure are shown in Table 2.

Salvage WBRT was delivered to 4 patients: 2 patients who 
developed numerous distant brain recurrences after PCI and 
SRS and 2 patients after upfront SRS. Salvage SRS was com-
bined with WBRT in 1 patient in the upfront SRS group who 
developed limited small-volume distant brain recurrence 
7 months after initial SRS. Salvage surgery was performed 
in 1 patient who had suspected disease progression but sur-
gical pathology revealed treatment effect. No patient had 
leptomeningeal disease prior to SRS; leptomeningeal dis-
ease developed in 2 patients who received upfront SRS at 
3.5 months after SRS and was managed with salvage WBRT.

Platinum-based chemotherapy was administered prior 
to SRS in 30 patients and after SRS in 9 patients. Thirty 

Table 2 Treatment Response, Pattern of Failure, and Toxicities Classified by Treatment Group

All (n = 30) Post-PCI  
group (n = 10)

Post-WBRT  
group (n = 10)

Upfront SRS  
group (n = 10)

P value

Patterns of response (RANO-BM) at 4 to 6 weeks after SRS

Complete response 6 (20%) 1 (10%) 0 5 (50%) .027

Partial response 10 (33.3%) 2 (20%) 5 (50%) 3 (30%) .573

Stable disease 3 (10%) 2 (20%) 1 (10%) 0 .492

Progressive disease 11 (36.7%) 5 (50%) 4 (40%) 2 (20%) .510

Patterns of failure in long-term follow-up

Local recurrence 5 (16.7%) 1 (10%) 1 (10%) 3 (30%) .574

Distant brain recurrence 20 (66.7%) 6 (60%) 6 (60%) 8 (80%) .649

Leptomeningeal recurrence 2 (6.7%) 0 0 2 (20%) .310

Toxicity

Overall toxicity * 8 (26.7%) 3 (30%) 3 (30%) 2 (20%) 1.000

Hemorrhage 1 (3.3%) 0 1 (10%) 0 1.000

Radiation necrosis 6 (20%) 2 (20%) 2 (20%) 2 (20%) 1.000

Symptomatic edema 5 (16.7%) 3 (30%) 2 (20%) 0 .321

Abbreviation: PCI, prophylactic cranial irradiation; RANO-BM, Response Assessment in Neuro-Oncology Brain Metastases; SRS, stereotactic radio-
surgery; WBRT, whole brain radiation therapy.
*Some patients experienced more than one toxicity.
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of 33 patients (90.9%) died by the time of analysis. Ten 
patients died from progressive neurological disease, 10 
patients died from progressive systemic disease, and the 
remaining 10 patients died from unknown causes.

Toxicities

Overall, toxicity was observed in 8 patients (26.7%), 
including hemorrhage (3.3%), necrosis (20%), and edema 
requiring steroids (16.7%). Grade 1 or 2 radiation necrosis 
occurred in 1 (3.3%) and 5 (16.7%) patients, respectively. 
There were no cases of grade 3 or higher radiation necrosis. 
Two patients were asymptomatic but developed inciden-
tally detected intralesional hemorrhage and necrosis on 
follow-up MRI that spontaneously resolved. Seven patients 
presented with clinical symptoms including fatigue (n = 3), 
headache (n = 2), altered mental status (n = 2), and neu-
rological deficits (n  =  4), which resolved after steroid 
administration. No difference in the toxicity rate was found 
between patients treated with prior radiation therapy com-
pared to the upfront SRS groups. Toxicities observed for 
the different treatment groups are shown in Table 2.

When toxicity associated with individual lesions was 
analyzed, patients with small cell tumors experienced 
more overall toxicity than those with other neuroendocrine 
tumors: the overall toxicity for small cell lesions was 15.7% 
vs 3.3% for other neuroendocrine tumors (P = .02), with a 
trend toward a higher rate of radiation necrosis at 10% ver-
sus 1.7% (P = .07).

Considering the development of radiation necrosis after 
SRS, there was no difference in the baseline patient charac-
teristics between those who experienced radiation necro-
sis (n = 6) and those who did not (n = 24). However, the 
tumor volume, prescription dose, and number of Gamma 
Knife radiosurgery shots were significantly different. 
The median tumor volume was significantly larger in the 
patients who experienced radiation necrosis at 5110 mm3 
(range, 78–27 100  mm3) compared to 339.5  mm3 (range, 
3.8–8980 mm3) in the patients who did not. Consequently, 
lesions that developed radiation necrosis were treated 
with a lower median prescription dose, 16.5 Gy vs 20 Gy, 
and with a higher median number of Gamma Knife radio-
surgery shots, 18.5 shots vs 3 shots (P < .001 for all).

Survival Outcomes

Median OS after SRS for the entire cohort was 6.9 months 
(range, 0.5–54.9 months). The longest median OS was in the 
upfront SRS group at 11.9 months (range, 1.6–54.9 months) 
compared to 6.6 months (range, 0.5–13.1 months) in the 
post-PCI group and 3.4  months (0.7–16.5  months) in the 
post-WBRT group (P  =  .02), as shown in Fig. 1A. Overall 
6-month and 1-year OS were 54.5% and 26.7%, which were 
also highest in the upfront SRS group at 80% and 48%, 
respectively. Moreover, patients in this group also had the 
longest survival after their cancer diagnosis at 29 months 
compared with 19 months in the other two groups. Median 
OS of patients with small cell carcinoma was not signifi-
cantly different from that of patients with other neuroen-
docrine tumors, 5.3  months (range, 0.5–30.4  months) vs 
9.6 months (range, 1.6–54.9 months) (P = .11, Fig. 1B).

Median local recurrence-free survival was not reached in 
the post-PCI and post WBRT-groups but was 20.5 months 
(range, 1.4–27.1  months) in the upfront SRS group. One-
year local recurrence-free survival rates were 100% in the 
post-WBRT group, 75% in the post-PCI group, and 75% in 
the upfront SRS group. Median distant-brain-recurrence-
free survival (DBRFS) after SRS was 3.5  months (range, 
1–27.1  months) overall. Median DBRFS was 3.1  months 
(range, 1–24.9 months) in the post-PCI group, 10.7 months 
(range, 1–12.4  months) in the post-WBRT group, and 
3.7  months (range, 1.4–38.3  months) in the upfront SRS 
group (P  =  .76). Overall, the DBRFS rate was 29.3% at 
1 year.

When patients were classified according to RANO-BM 
response, both DBRFS and OS were significantly lower in 
patients who had progressive disease at 4 to 6 weeks after 
SRS. The median DBRFS and OS rates were 1.4  months 
and 3.3 months for patients with progressive disease com-
pared with 11.4 months and 12 months for patients without 
progressive disease at 4 to 6 weeks after SRS, respectively 
(P < .001 both) (Fig. 1C and D).

Median OS from diagnosis of brain metastases was 
significantly longer in the post-WBRT group, 18  months 
(range, 4.1–35.2 months) compared with 7.4 months (range, 
1.7–14.6  months) in the post-PCI group and 12.3  months 
(range, 1.9–56 months) in the upfront SRS group (P = .001). 
Considering histology, there was no difference in OS after 
diagnosis of brain metastases between small cell carci-
noma and other neuroendocrine tumors (P = .40), but there 
was a trend toward higher OS of patients with tumors of 
pulmonary origin compared with extrapulmonary origin 
(13.8 vs 8.9 months, P = .06).

Overall median OS from cancer diagnosis was 
25.4 months. This was significantly higher in the group of 
patients that developed radiation necrosis, 34.2  months 
(range, 27–56  months) vs 19.3  months (range, 8.6–
42  months) in non-radiation necrosis group (P  =  .046). 
Otherwise, there was no statistically significant difference 
in OS from cancer diagnosis between treatment groups 
(P =  .19), histologic subtypes (P =  .87), or primary tumor 
site (P = .99).

Predictors of Outcomes

Univariate analyses demonstrated that upfront SRS was 
prognostic for better OS after SRS (P = .01) and that prior 
PCI (P = .047), prior chemotherapy (P = .04), a single course 
of SRS (P = .04), and RANO-BM progressive disease at 4 to 
6 weeks (P < .001) were prognostic for worse OS after SRS. 
On multivariate analysis, RANO-BM progressive disease at 
4 to 6 weeks after SRS was significantly predictive of worse 
OS and DBRFS (P < .001; hazard ratio [HR] = 8.36; 95% con-
fidence interval [CI], 2.62–26.66 and P < 0.001; HR = 9.84; 
95% CI, 2.82–34.33, respectively) (Tables 3 and 4).

Discussion

SRS can be performed as primary or salvage treatment 
for patients with brain metastases from neuroendocrine 
tumors with good outcomes. Toxicity, including radiation 
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necrosis, was more likely to occur in patients with small 
cell histology rather than other neuroendocrine tumors. 
RANO-BM progressive disease at 4 to 6 weeks after SRS 
was significantly predictive of worse OS and DBRFS.

The risk of brain metastasis from SCLC ranges from 25% 
to 65% and can be as high as 18% at the time of diagno-
sis,7,8 whereas the incidence is only 1.5% to 5.9% in patients 
with non-SCLC neuroendocrine tumors.20,21A recent meta-
analysis confirmed that PCI significantly reduces the inci-
dence of brain metastasis at 1 year with a pooled relative 
risk of 0.45 (95% CI, 0.35–0.58) as well as providing a sur-
vival benefit with a pooled relative risk of 0.87 (95% CI, 
0.79–0.97).13 This supports the importance of PCI in patients 
with SCLC but not other neuroendocrine tumors.4,22

Reirradiation with WBRT was the historic mainstay of 
treatment after PCI and improved symptoms in 27% to 80% 
of patients with limited median survival of 2 to 5.2 months 
and time to progression of 2.6 to 2.8  months.23–28 More 
recently, several studies have established the role of SRS in 
patients with SCLC, both as salvage and upfront treatment, 
with local control rates of 54% to 96.4% and distant brain 
control rate of 22.4% to 77.8% at 1 year with median OS of 
3 to 9.1 months, as shown in Table 5.29–40 Median time to 

distant brain recurrence ranged from 3 to 7 months, similar 
to our study.

The efficacy of SRS as upfront treatment in patients with 
brain metastases from SCLC has been discussed in sev-
eral studies. Serizawa et al34 studied 245 patients with 2374 
brain metastasis from lung cancers, in which 34 patients 
had SCLC. Overall, median age was 65.5 years and 79.4% 
of patients had active extracranial disease. Local control 
was 94.5% at 1 year and median survival was 9.1 months. 
Recently, Yomo et  al36 reported on SRS as upfront treat-
ment in patients with brain metastases from SCLC in 41 
patients with 121 lesions. The median age was 69  years 
and 61% of patients had active extracranial disease. They 
demonstrated a 1-year local-recurrence-free survival rate 
of 86% and a median survival time of 8.1 months. In our 
study, the local control rate in the upfront SRS group was 
comparable with these trials with a slightly increased OS. 
This is likely due to the younger age of our patient popula-
tion (median age of 48 years), non-SCLC neuroendocrine 
tumor histology, and the lower rate of uncontrolled extrac-
ranial disease at the time of SRS (33.3%).

The rate of radiation necrosis in our patients was higher 
than expected but no differences were found between 

Fig. 1 (A) Overall survival by treatment group. (B) Overall survival by histology. (C) Distant-brain-recurrence free survival by RANO-BM progres-
sion at 4 to 6 weeks after SRS. (D) Overall survival by RANO-BM progression at 4 to 6 weeks after SRS. Abbreviations: NET, neuroendocrine tumor; 
PCI, prophylactic cranial irradiation; RANO-BM, Response Assessment in Neuro-Oncology-Brain Metastases; SRS, stereotactic radiosurgery; 
WBRT, whole brain radiation therapy.
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the treatment groups. Overall, 5 patients (16.7%) experi-
enced symptomatic radiation necrosis requiring steroids, 
compared with 1.8% to 6% in other trials of SRS in SCLC 
despite similar SRS doses.29,31,36

The limitations of this study include the small number 
of patients and its retrospective nature. Although patients 
treated with upfront SRS had better OS, 11.9 months, com-
pared with 8.1 to 9.1 months in other upfront SRS stud-
ies,33,35 patients in this group were young and had an 
excellent performance status. Moreover, patients with 
neuroendocrine tumors other than SCLC were more likely 
to receive upfront SRS, as shown in Table 1. Another draw-
back is the short follow-up time due to limited survival 
from disease. The strength of this study is the use of MRI 
as the standard imaging modality for diagnosis, treat-
ment, and follow-up, as well as the uniform radiosurgery 
technique, with all patients treated over a time period of 
5 years. Patients in our study were diagnosed accurately 

and promptly with brain metastases and evaluated for 
treatment response and toxicity using the most recent cri-
teria. Furthermore, our series is unique in including neu-
roendocrine tumors and small cell carcinoma from any 
primary site.

Conclusion

SRS is an effective option as initial and salvage treatment 
for patients with brain metastases from NETs with excel-
lent local control despite slightly higher rates of toxicity 
than expected. RANO-BM progressive disease at 4 to 6 
weeks after SRS was a significant predictor for worse OS 
and DBRFS.

Table 3 Predictors of Overall Survival After Stereotactic 
Radiosurgery

Univariate analysis P value Hazard ratio (95% CI)

Age (≥65 years) .212 1.75 (1.00–1.07)

KPS (>70) .733 1.19 (0.45–3.15)

Sex (male) .837 1.00 (0.96–1.05)

Histology (NETs vs SCC) .120 0.52 (0.23–1.19)

Extracranial disease (active) .879 0.94 (0.43–2.06)

Initial brain metastases .083 0.42 (0.16–1.12)

Number of brain metastasis 
(continuous variable)

.408 1.03 (0.95–1.12)

Prior PCI vs no prior PCI .047 2.26 (1.01–5.07)

Prior WBRT vs no prior WBRT .637 0.84 (0.41–1.73)

Prior chemotherapy .035 8.87 (1.16–67.77)

Upfront SRS .012 0.28 (0.11–0.76)

Post-SRS chemotherapy .277 0.62 (0.27–1.46)

Single course SRS vs  
multiple courses of SRS

.043 2.78 (1.03–7.47)

RANO-BM progressive dis-
ease at 4 to 6 weeks  
after SRS

<.001 6.34 (2.3–17.25)

Local recurrence .191 0.49 (0.17–1.43)

Distant brain recurrence .398 0.71 (0.32–1.58)

Multivariate analysis P value Hazard ratio (95%CI)

Age (≥65 years) .178 2.05 (0.72–5.82)

Histology (NETs vs. SCC) .230 1.84 (0.68–5.00)

Initial brain metastases .131 0.40 (0.12–1.32)

Upfront SRS .064 0.33 (0.10–1.07)

RANO-BM progressive  
disease at 4 to 6 weeks  
after SRS

<.001 8.36 (2.62–26.66)

Abbreviation: KPS, Karnofsky performance status; NETs, neuroen-
docrine tumors; PCI, prophylactic cranial irradiation; RANO-BM, 
Response Assessment in Neuro-Oncology Brain Metastases; SCC, 
small cell carcinoma; SRS, stereotactic radiosurgery; WBRT, whole 
brain radiation therapy.

Table 4 Predictors of Distant-brain recurrence-free Survival

Univariate analysis P value Hazard ratio (95% CI)

Age (≥65 years) .702 0.78 (0.23–2.72)

KPS (>70) .924 0.95 (0.31–2.89)

Sex (male) .942 0.97 (0.39–2.39)

Histology (NETs vs. SCC) .988 0.99 (0.39–2.53)

Extracranial  
disease (active)

.581 1.32 (0.50–3.48)

Initial brain metastases .276 1.68 (0.66–4.30)

Number of brain  
metastases  
(continuous variable)

.005 1.15 (1.05–1.27)

Prior PCI vs no prior PCI .602 1.30 (0.49–3.44)

Prior WBRT vs  
no prior WBRT

.995 1.0 (0.40–2.48)

Prior chemotherapy .854 0.89 (0.26–3.09)

Upfront SRS .618 0.79 (0.31–2.02)

Post-SRS chemotherapy .918 1.05 (0.41–2.71)

Single course SRS vs  
multiple courses of SRS

.397 0.67 (0.26–1.70)

RANO-BM progressive  
disease at 4 to  
6 weeks after SRS

<.001 11.53 (3.60–36.91)

Local recurrence .702 0.81 (0.27–2.45)

Distant brain recurrence — —

Multivariate analysis P value Hazard ratio (95% CI)

Age (≥65 years) .987 0.99 (0.27–3.67)

Histology (NETs vs SCC) .659 0.78 (0.25–2.40)

Number of brain  
metastases  
(continuous variable)

.065 1.11 (0.99–1.25)

RANO-BM progressive  
disease at 4 to 6 weeks  
after SRS

<.001 9.84 (2.82–34.33)

Abbreviation: KPS, Karnofsky performance status; NETs, neuroen-
docrine tumors; PCI, prophylactic cranial irradiation; RANO-BM, 
Response Assessment in Neuro-Oncology Brain Metastases; SCC, 
small cell carcinoma; SRS, stereotactic radiosurgery; WBRT, whole 
brain radiation.
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