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Abstract
Background. SEGA is a rare, slow-growing CNS neoplasm that has historically been treated by surgical resection. 
However, the advent of a mammalian target of rapamycin complex-1 inhibitor, everolimus, has shown promising 
results in recent clinical trials. We sought to provide an analysis of epidemiological and survival risk factors in this 
rare tumor entity, while comparing trends in surgical management before and after introduction of everolimus in 
SEGAs.
Methods. Patients with SEGA were queried from the National Cancer Database between 2004 and 2015. Standard 
statistical analysis was conducted to assess variables associated with the odds of performing surgery and survival, 
while controlling for confounding variables.
Results. A total of 460 patients were diagnosed with SEGA. Multivariable analysis of survival demonstrated that in-
creased age was associated with decreased survival (HR, 1.05; P < .0001). Multivariable analysis of surgery showed 
increased age (odds ratio [OR], 1.02, P = .04) and tumor size 20 mm or larger (OR, 9.52-16.75, P < .0001 for all) to be 
associated with higher odds of performing surgery. The use of radiotherapy (OR, 0.12, P = .008) or chemotherapy 
(OR, 0.21, P = .008) was associated with lower odds of surgery. A comparison of surgical rates between 2004 and 
2010 and 2011 and 2015 was found to be significantly different, with a lower rate of surgery seen after 2011 (60.63% 
vs 48.06%, P = .007).
Conclusion. Our analysis of SEGAs demonstrated that age was the only variable affecting overall survival. Surgical 
resection was performed in older patients with larger tumors (> 20 mm) as a primary mode of treatment, without 
chemoradiotherapy. Expectedly, rates of surgical resection were found to have decreased since 2011, after FDA ap-
proval of everolimus for SEGA treatment.
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Trends in survival and treatment of SEGA: National 
Cancer Database Analysis

  

SEGA has been characterized as a rare, benign neoplasm 
(World Health Organization grade I) that is almost exclusively 
associated with TSC.1–4 These astrocytic tumors arise within 
the ventricular system often in close proximity with the fo-
ramen of Monro, thereby disrupting the flow and absorption 
of cerebrospinal fluid (CSF). This disruption presents clinically 
as obstructive hydrocephalus, which can have a gradual or 
sudden course; in rare cases acute hydrocephalus or acute 

worsening in the backdrop of gradually progressive obstruc-
tive hydrocephalus can lead to sudden death.1,2,4–8 Additional 
modes of clinical presentation in patients with SEGAs include 
seizures and intratumoral hemorrhage.9–11 SEGAs are com-
monly seen in the younger population, particularly within 
the first 2 decades of life.2,5,8,12 Currently, gross total resec-
tion of the tumor is the standard of treatment because it ad-
dresses hydrocephalus, seizures, as well as potential tumor 
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recurrence.7,8,13,14 Given the eloquent structures at risk with 
intraventricular tumor resection in a young patient popu-
lation, efforts have been focused on alternative modes of 
management. Recent study of molecular targeted therapy, 
via mammalian target of rapamycin (mTOR) inhibitors, 
has been shown to be beneficial in treating SEGAs by re-
ducing tumor volume, alleviating the source of hydro-
cephalus, and reducing seizures in patients with TSC.15–19 
These promising results provide evidence for an alterna-
tive to patients who may not be candidates for surgical 
resection.16–18,20

Owing to the rare nature of SEGAs, the majority of 
studies have been limited to case series or small cohort 
studies, with the largest having 228 patients.1 We used the 
National Cancer Database to analyze the largest number of 
SEGA patients to date to better characterize this population 
as it pertains to demographics, complications, treatment 
modalities, and outcomes. It is crucial to examine whether 
management decision tendencies in SEGA, across the 
national landscape, has changed in recent practice with the 
US FDA approval of everolimus for SEGA in late 2010. This 
recent development could potentially result in molecular-
targeted therapies gaining traction as a nonsurgical or 
adjunctive option to the historical standard of radical 
resection.

Methods

The National Cancer Database (NCDB) is a nationwide, 
hospital-based registry that captures approximately 70% 
of all patients newly diagnosed with cancer, who received 
care at cancer centers that are accredited by the American 
College of Surgeons Commission on Cancer (CoC). The 
NCDB receives more than 1  million cancer case reports 
annually from more than 1430 hospitals and portrays the 
majority of cancer cases nationwide.21 All patients with 
a histologically confirmed diagnosis of SEGAs between 
2004 and 2015 were identified, as classified by the third 
edition of the International Classification of Diseases for 
Oncology: 938.4/1. Variables collected included age at di-
agnosis, sex, race, insurance status, tumor size, treatment 
modality, type of surgery performed, treatment with ra-
diation, radiation-surgery sequence, and survival from 
time of diagnosis. NCDB data are publicly available and 
deidentified, and thus did not require review from our in-
stitutional review board.

Statistical Analysis

The outcome variable used in this study was survival 
status, defined as living or deceased at the time of eval-
uation (death from any cause, ie, all-cause mortality). All 
the aforementioned variables were analyzed with respect 
to survival status. The t test was used for the comparison 
of continuous variables. For categorical variables, the χ 2 
test was used. Survival time was determined as the in-
terval, described in months, between diagnosis and death 
or last follow-up reported in NCDB. Kaplan-Meier curves 

were generated for descriptive visualization of survival by 
different variables such as age, sex, race, treatment reg-
imen, and tumor size. A Cox proportional hazards model 
was used to evaluate the effect of demographics, tumor 
size, treatment, and year of diagnosis on survival. A mul-
tiple logistics regression model was used to evaluate the 
effect of such variables on the odds of performing surgery. 
Both models were adjusted for potentially interacting and 
confounding covariates. The significance level was set at 
α = .05, and odds ratios (OR), hazard ratios (HR), 95% CIs, 
and P values were calculated. Statistical analysis was per-
formed using R statistical software (version 3.4.0, 2017; R 
Foundation for Statistical Computing). This study complies 
with Strengthening the Reporting of Observational Studies 
in Epidemiology guidelines.

Results

Baseline Characteristics

A total of 460 patients were identified in the NCDB as 
having histologically identified SEGAs during 2004 to 
2015 (Table 1). The study population had a mean age of 
18.38 ± 14.90  years (range, 0-71  years) and a compa-
rable distribution of males (n = 247, 53.7%) and females 
(n = 213, 46.3%). The racial spread in order of descending 
frequency consisted of: White (n = 332, 72.2%), Black 
(n = 92, 20.0%), other (n = 28, 6.1%), and unknown race 
(n = 8, 1.7%). The majority of tumors were smaller than 
40 mm (n = 301, 65.4%), 39 (8.48%) were greater than or 
equal to 4  cm, and 120 (26.09%) had no size recorded. 
Half the patients were treated with surgery (n = 253, 
55.0%), whereas radiation (n = 11, 2.39%) and chemo-
therapy were rarely used (n = 26, 5.65%). Chemotherapy 
use increased from 2011 to 2015 compared to 2004 to 
2010 (n = 19 vs n = 7, respectively). A total of 424 patients 
were alive, and 36 patients had died at the time of data 
collection. Age at diagnosis (P < .0001) and insurance 
status (P < .001) were found to be different between pa-
tients who were alive and dead.

Survival Analysis

Kaplan-Meier log-rank testing revealed no association 
between race, sex, surgery, tumor size, chemotherapy or 
radiotherapy, and overall survival (see Supplementary 
Material). Multivariable analysis (Table  2) revealed in-
creased age at diagnosis to be associated with an in-
creased hazard risk (HR 1.05; 95% CI, 1.02-1.07; P < .0001). 
All other factors, including the use of chemotherapy (HR 
0.83; 95% CI, 0.11-6.33; P = .86) or radiation (OR 1.39; 95% 
CI, 0.29-6.59; P = .68), were not shown to be associated 
with increased survival.

Analysis of Surgery Risk

Multivariable analysis identified several characteristics that 
affected the odds of performing surgery (Table 3). Increased 

http://academic.oup.com/nop/article-lookup/doi/10.1093/nop/npaa060#supplementary-data
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age at diagnosis (OR 1.02; 95% CI, 1.00-1.03, P = .04) and 
larger tumor sizes of 20 to 29 mm (OR 9.52; 95% CI, 5.04-
17.99, P < .0001), 30 to 39 mm (OR 12.73; 95% CI, 5.16-31.40, 
P < .0001), and 40  mm or larger (OR 16.57; 95% CI, 6.10-
45.98, P < .0001) were correlated with higher odds of surgery. 
Surgery was rarely performed when either chemotherapy 
(OR 0.21; 95% CI, 0.06-0.66, P = .008) or radiation (OR 0.12; 
95% CI, 0.02-0.57, P = .008) was involved in the treatment plan.

The annual rates of SEGAs that were treated surgically 
during 2004 to 2015 are described in Figure 1. A compar-
ison of rates of surgery between 2004 to 2010 and 2011 
to 2015 showed that rates decreased after 2011 (χ 2 = 7.26, 
P = .007). This observation was not seen to have inter-
actions with other variables, such as size of the tumor, 
which suggests that the effects of other variables on odds 
of surgery were the same before and after 2011.

  
Table 1. Baseline Characteristics

Parameter Total (n = 460) Alive (n = 424) Dead (n = 36) P

Age at diagnosis, mean (SD), y 18.38 (14.90) 17.41 (14.23) 29.92 (17.75) < .001

Sex, n (%)    .25

 Male 247 (53.7) 231 (54.48) 16 (44.44)  

 Female 213 (46.3) 193 (45.52) 20 (55.56)  

Race, n (%)    .93

 White 332 (72.17) 307 (72.41) 25 (69.44)  

 Black 92 (20.0) 84 (19.81) 8 (22.22)  

 Other 28 (6.09) 26 (6.13) 2 (5.56)  

 Unknown 8 (1.74) 7 (1.65) 1 (2.78)  

Insurance status, n (%)    < .001

 Private insurance 218 (47.39) 205 (48.35) 13 (36.11)  

 Medicaid 159 (34.56) 150 (35.38) 9 (25.0)  

 Medicare 41 (8.91) 31 (7.31) 10 (27.78)  

 Other government insurance 6 (1.30) 6 (1.42) 0 (0.0)  

 Not insured 22 (4.78) 20 (4.72) 2 (5.56)  

 Unknown 14 (3.04) 12 (2.83) 2 (5.56)  

Tumor size, n (%), mm    .81

 < 40 301 (65.43) 281 (66.27) 20 (55.56)  

 ≥ 40 39 (8.48) 36 (8.49) 3 (8.33)  

 Unknown 120 (26.09) 107 (25.24) 13 (36.11)  

Surgery, n (%)    .18

 Performed 253 (55.0) 237 (55.9) 16 (44.44)  

 Not performed 207 (45.0) 187 (44.1) 20 (55.56)  

Radiation, n (%)    .20

 No 444 (96.52) 410 (96.70) 34 (94.44)  

 Yes 11 (2.39) 9 (2.12) 2 (5.56)  

 Unknown 5 (1.09) 5 (1.18) 0 (0.0)  

Chemotherapy, n (%)    .41

 No 418 (90.87) 383 (90.33) 35 (97.22)  

 Yes 26 (5.65) 25 (5.90) 1 (2.78)  

 Unknown 16 (3.48) 16 (3.77) 0 (0.0)  

Chemotherapy, 2004-2010    .69

 No 237 (97.13) 214 (97.27) 23 (95.83)  

 Yes 7 (2.87) 6 (2.73) 1 (4.17)  

Chemotherapy, 2011-2015    .25

 No 181 (90.50) 169 (89.89) 12 (100.0)  

 Yes 19 (9.50) 19 (10.11) 0 (0.0)  

Survival, mo, mean (SD) 63.36 (42.81) 66.28 (42.22) 28.99 (34.27) < .001
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Discussion

The present study set out to analyze the largest-to-date 
sample of patients with SEGAs, a tumor entity that had 
previously been restricted to case series and smaller study 
cohorts.1,2,22–25 We found that SEGA patients had a mean 
age of 18  years, exhibited a slight male predominance, 
and occurred mostly in the White population. The study 
sample discussed here is comparable to those reported 
in other studies in terms of distribution of age, sex, and 
race.1 A  univariate comparison between patient groups 
who were alive vs dead showed mean age to be different 
between the 2 groups. This was echoed on multivariable 
analysis that showed increased age to be associated with a 
higher hazard risk. This finding is consistent with previous 
studies that found younger age to be associated with better 
overall survival and lower rates of long-term complications 
after surgery.1,22 Despite improved survival outcomes at 
younger age, serial neuroradiological imaging of pediat-
rics vs adult SEGAs revealed that pediatric SEGAs have sig-
nificantly higher growth rates and thus benefit from more 
frequent, routine surveillance.26 The closer surveillance of 
pediatric SEGA patients may in turn be a factor that leads 
to early progression detection and contributes to improved 

survival rates seen in this population. Regardless, mor-
tality was generally low in patients with SEGA; however, 
a study of 355 patients with TSC revealed SEGA patients 
to have decreased survival compared with the general 
population.27 Deaths in these patients are largely due to 
TSC-related comorbidities such as renal complications, 
cardiac rhabdomyomas, lung lymphangiomyomatosis, 
aortic aneurysm, bronchopneumonia, and neurological 
complications that are commonly attributed to intracranial 
abnormalities encompassing tumors, seizures, and severe 
mental handicaps.27

The main treatment for SEGAs has historically been sur-
gical resection because of the lack of responsiveness from 
other modalities such as chemotherapy and radiotherapy.28 
Furthermore, surgery carries the advantage of addressing 
the issue of acute hydrocephalus and tumor resection, as 
well as potentially eliminating an imminent cause of seiz-
ures. Surgical treatment is provided for SEGAs that present 
with obstructive hydrocephalus or demonstrate growth on 
serial imaging.6 There is limited and variable evidence on 
the timing and efficacy of surgery, especially regarding 
which specific subpopulations may benefit most from sur-
gical tumor resection.13,29,30 We attempted to describe char-
acteristics that were related to the odds of surgery through 

  
Table 3. Multivariable Analysis of Surgery and Tumor 
Characteristics

Parameter OR 95% CI P

Age at diagnosis, y 1.02 1.00-1.03 .04

Sex    

 Male (Reference)

 Female 0.70 0.44-1.09 .12

Race    

 White (Reference)

 Black 1.00 0.57-1.74 .99

 Other 1.38 0.53-3.56 .51

Tumor size, mm    

 < 20 (Reference)

 20-29 9.52 5.04-17.99 < .001

 30-39 12.73 5.16-31.40 < .001

 ≥ 40 16.75 6.10-45.98 < .001

 Unknown 3.32 1.92-5.74 < .001

Chemotherapy    

 No (Reference)

 Yes 0.21 0.06-0.66 .008

 Unknown 2.04 0.53-7.89 .30

Radiation    

 No (Reference)

 Yes 0.12 0.02-0.57 .008

Year of diagnosis    

 2011-2015 (Reference)

 2004-2010 1.40 0.88-2.20 .15

Abbreviation: OR, odds ratio.

  

  
Table 2. Multivariable Analysis of Survival and Tumor 
Characteristics

Parameter HR 95% CI P

Age at diagnosis, y 1.05 1.02-1.07 < .001

Sex    

 Male (Reference)

 Female 1.18 0.59-2.37 .65

Race    

 White (Reference)

 Black 1.41 0.62-3.19 .41

 Other 1.43 0.33-6.17 .64

Tumor size, mm    

 < 20 (Reference)

 20-29 1.44 0.51-4.05 .49

 30-39 1.49 0.42-5.21 .54

 ≥ 40 1.30 0.34-4.99 .70

 Unknown 1.71 0.69-4.23 .24

Chemotherapy    

 No (Reference)

 Yes 0.83 0.11-6.33 .86

Radiation    

 No (Reference)

 Yes 1.39 0.29-6.59 .68

Year of diagnosis    

 2011-2015 (Reference)

 2004-2010 0.93 0.42-2.05 .86

Abbreviation: HR, hazard ratio.
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a multivariable analysis to observe trends in surgical 
decision making.

Our analysis showed that increased age was associated 
with higher odds of receiving surgery. Many SEGAs may 
remain indolent and thus may remain undetected be-
fore becoming symptomatic secondary to growth, which 
may explain our observation of targeted surgery in the 
higher age spectrum. In addition, a previous study dem-
onstrated that more surgery-related complications were 
seen in patients younger than 3 years compared to older 
patients because of the higher likelihood of bilateral 
SEGAs, rapidly growing tumors, more severe TSC pres-
entation, and innate complication profiles associated with 
high-risk pediatric surgery, such as blood loss.31 Although 
rapid tumor growth strongly prompts surgery, severe TSC 
comorbidities may complicate the decision of optimal 
surgical candidacy.

Odds of surgery demonstrated a positive correlation 
with increased tumor size. Larger SEGAs have a higher 
chance of obstructing the foramen of Monro and present 
with neurological symptoms pertaining to hydroceph-
alus and its sequelae, thus requiring surgical resection 
of the mass. Once a mass has reached a critical volume 
to present with obstructive hydrocephalus, options for 
treatment aside from alleviating tumor burden and me-
chanical obstruction become limited. Simultaneously, 
at such critical tumor mass, the risks of surgery such as 
motor deficit, hydrocephalus, hemorrhage, cognitive 
and memory decline, as well as incomplete resection 
increase.31 Accordingly, it has been shown that earlier 
intervention for smaller tumors is associated with im-
proved outcomes. One such study of 57 SEGA patients 
demonstrated that surgical treatment of SEGAs larger 
than 3  cm resulted in 67% of adverse events, whereas 
patients undergoing surgery for SEGAs smaller than 

2 cm were not affected by any complications.31 Several 
smaller studies have also shown similar results, in which 
treatment of larger, symptomatic tumors are associated 
with a higher risk of postoperative complications.7,32 
Select clinicians recommend that SEGAs as small as 
5 mm and located near the foramen of Monro should be 
removed as soon as growth is confirmed through serial 
imaging.6

Everolimus, an mTOR complex 1 inhibitor, has been ap-
proved for use in the treatment of SEGAs not amenable to 
surgery since late 2010. This was following positive results 
from an open-label phase 2 trial,19 making everolimus, 
along with other mTOR inhibitors such as rapamycin, the 
only systemic agents approved to date. In the aforemen-
tioned trial, 75% of patients treated with everolimus had a 
volumetric response of 30% or more during the 6-month 
treatment period and a clinically relevant reduction in the 
overall frequency of seizures.19 The efficacy and safety of 
everolimus for subependymal giant cell astrocytomas as-
sociated with tuberous sclerosis complex (EXIST-1) trial, a 
double-blind, placebo-controlled phase 3 trial conducted 
shortly after the previous study, reproduced the efficacy 
of everolimus treatment, in which 57.7% of treated pa-
tients achieved a volumetric response of 50% or greater.15 
These results suggest that everolimus may provide an 
effective means of reducing the clinical complications of 
SEGA through volume reduction and avoidance of inva-
sive surgery, as well as management of other manifest-
ations of TSC, such as seizures, cardiac rhabdomyomas, 
angiomyolipomas, and skin lesions.33,34

Development of an effective systemic therapy has im-
portant implications for the surgical management of 
SEGAs against the backdrop of TSC. Everolimus can be 
a valid option for high-risk patients because of systemic 
disease burden, bilaterally located SEGAs, and tumors in 
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very young patients as demonstrated by previous case 
studies.35,36 In these cases, the patients either presented 
with multiple, recurrent lesions or significant TSC-related 
comorbidities that excluded them from being surgical 
candidates. Furthermore, the reduction in tumor volume 
seen with everolimus, even in patients treated for recur-
rent tumors after initial resection, suggested that it may 
be useful as an adjuvant therapy to improve outcomes 
with surgery.8,37 Most exciting, however, is the notion that 
everolimus may play a larger role in select small tumors 
that show progression on serial imaging, where surgery 
would pose a higher risk of complication. Inevitably, 
everolimus will not be an optimal choice for patients who 
suffer from very large tumors with obstructive hydroceph-
alus in the acute setting, maintaining the role of surgery 
in select cases. In addition, because TSC afflicts multiple 
organ systems, systemic therapy such as everolimus pro-
vides the benefit of addressing several manifestations of 
TSC simultaneously, including SEGAs. The development 
of this systemic therapy allows for more careful decision 
making in a pathology, which has previously been re-
stricted to solely surgical interventions. Indeed, our study 
revealed that the collective rates of surgical resection de-
creased after 2010, when everolimus was approved by 
the FDA for SEGA treatment. The temporal association 
of the reduction of surgery rates with the introduction of 
everolimus lends credence to the idea that everolimus 
may have played a role in modifying treatment approach 
to reducing surgery. Collectively, everolimus’s role in 
treatment and optimal situations for its use remain to be 
elucidated.6

Our study has several limitations that must be taken 
into account during the interpretation of our presented re-
sults. First, the present study used the NCDB; as such, it is 
suspect to many limitations that arise from using registry-
based data. For example, there may be confounding 
factors such as primary indications for surgical treat-
ment, the specific chemotherapeutic agent and length 
of therapy, treatment sequence, the presence of specific 
comorbidities related to TSC, the severity of other TSC-
related symptoms, and the specific cause of patient death, 
which were not available from this database but may have 
an impact on the assessment of survival or surgical candi-
dacy. The NCDB may not be entirely representative of all 
cancer care across the United States; therefore, potential 
selection biases that result from differences between re-
porting institutions, which are accredited by the CoC, and 
non-CoC accredited hospitals may exist. CoC-accredited 
hospitals are more likely to be in urban locations and 
exhibit a higher degree of oncology-related specializa-
tion.38 Although there may be potential differences be-
tween the 2 in terms of patient demographics, the data 
set was deemed relevant for the purposes of our study, 
given that treatment of SEGAs and tuberous sclerosis 
complex is multidisciplinary in nature and would most 
likely be referred to a center with higher levels of cancer 
specialization. The low mortality rate of SEGA patients did 
not allow us to identify risk factors that affect survival in 
a meaningful way. The presence and status of TSC muta-
tions were unavailable, which may have important effects 

both on survival and surgical decision making. Although 
histologically confirmed SEGAs are considered pathogno-
monic for TSC, there have been reports of SEGAs without 
other manifestations of TSC, which have been shown to 
be histologically different from those that arise in asso-
ciation with TSC.5,12,39,40 It has been shown that patients 
harboring a TSC2 mutation, one of the tumor-suppressor 
genes that are mutated in this condition, develop more 
aggressive SEGAs at a younger age compared to those 
with a TSC1 mutation.26,31 A quarter of our sample did not 
have recorded tumor sizes, which may have a large influ-
ence on our observed association between tumor size and 
odds of performing surgery. Most important, limitations 
inherent to using registry-based data such as the NCDB 
do not allow us to draw strong, causal relationships be-
tween the FDA approval of everolimus and rates of sur-
gical resection in SEGA patients. Our analysis was limited 
to elucidating temporal associations with the rates of 
surgery in this large, national database. Therefore, sub-
stantial confounders that explain this decrease in surgery 
rates may exist. Despite these drawbacks, our study pro-
vides a description of the largest sample of SEGA patients 
to date. Furthermore, the NCDB collects data from mul-
tiple centers across the United States, which allows for a 
more representative view of this condition compared to 
smaller, single-institution reports.

Conclusion

In an analysis of 460 patients with SEGAs, factors that 
contributed to improved survival and increased odds 
of surgical intervention were assessed, while com-
paring rates of surgery before and after the approval of 
everolimus as a treatment option. Increased age was as-
sociated with an increased hazard risk, while no other 
variables significantly affected survival. Surgery was 
performed commonly in older patients with larger tu-
mors 20  mm or larger as a primary treatment, without 
multimodal chemotherapy and radiotherapy. Rates 
of performing surgery were found to have decreased 
since 2011, after FDA approval of everolimus for SEGA 
treatment.
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