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ABSTRACT

Objectives: To examine patterns of care associated with the administration of proton versus photon
therapy for adult patients with primary brain tumors in a large national cohort from the United States.
Methods: The National Cancer Database (NCDB) was queried for newly diagnosed primary brain
tumors (2004-2014) in adult patients aged 18 and older receiving proton or photon radiotherapy.
Clinical features, patient demographics and treatment parameters were extracted. Differences between
groups were assessed using multivariable logistic regression analysis.

Results: In total, 73,073 patients were analyzed (n = 72,635 [99.4%] photon therapy, n = 438 [0.6%]
proton therapy). On multivariable analysis of photon versus proton therapy, several factors predicted
for receipt of proton therapy, including younger age (p = .041), highest income quartile (p = .007),
treatment at academic institutions (p < .001), in regional facilities outside the Midwest/South (p <
.001), diagnosis in more recent years (p = .003), fewer comorbidities (p < .001) and non-glioblastoma
histology (p < .001).

Conclusions: There are several significant socioeconomic variables that influence receipt of proton
therapy for primary brain tumors. Although not implying causation, the socioeconomic findings discov-
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ered herein should be taken into account when delivering cancer care to all patients.

Introduction

One of the fundamental and evolving themes of radiation
therapy (RT) is to develop the increasingly selective delivery
of radiation to tumor cells, in turn improving the therapeutic
ratio of treatment [1]. Since the discovery of the clinical use-
fulness of protons by Robert R. Wilson in 1946 [2], over
149,000 patients have been treated with protons worldwide
[3], and the number of clinical proton therapy facilities con-
tinues to increase. Currently, there are nearly 30 active facili-
ties and over 10 facilities under construction or in
development in the United States alone [4]. There is a grow-
ing interest in proton beam therapy (PBT) due to the poten-
tial for a more conformal dose distribution compared with
more traditional photon therapy, with the majority of energy
being deposited at the end of the proton’s Bragg’s peak [1].

PBT has been increasingly utilized to treat a variety of
cancers [5-18]; however, it has been shown to reduce unin-
tended radiation exposure to normal tissue in most cases, its
clinical advantages over photon therapy are still debated [3].
Previous studies have analyzed the application of proton and
photon therapy to pediatric medulloblastoma patients [4],
but there is a paucity of data regarding the influence of soci-
oeconomic factors and administration of either treatment
modality for other primary brain tumors in adults.

Although certain types of cancer have well-characterized
associations with a patient’s socioeconomic status (SES), the
association between primary brain tumors and SES has been
less defined. There have been studies suggesting that higher
SES [19,20] or white race [21] is associated with higher inci-
dences of glioma, which may be attributable to more readily
available access to health care. A 2001 study found an
increased risk of certain types of brain cancer within the
elderly, Caucasians, men and people living in urban/metro-
politan areas [22], particularly regarding glioblastoma (GBM),
oligodendroglioma, anaplastic astrocytoma, medulloblastoma
and mixed glioma.

A study by Shen et al. analyzed the application of photon
and proton therapy in pediatric patients [23], suggesting cor-
relations between delivered therapy and SES. In addition,
certain demographic factors such as race, age and marriage
status were demonstrated to have a negative impact on the
utilization of RT in GBM patients [24]. A study by Sherwood
et al. concluded significant race and insurance-related dis-
crepancies in the RT and chemotherapy treatment of astrocy-
tomas, possibly related to issues regarding access to surgical
intervention [25]. Another study concluded that glioma
patients with higher SES were more likely to receive surgery,
radiation and gross total resection (GTR), whereas those with
a lower SES had shorter survival times [26]. The same study
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concluded that when the parameters were calibrated for
treatment received, lower SES had a reduced but still signifi-
cant effect on survival rate. However, this topic is still
debated, with one study concluding that SES has no predict-
ive effect on prognosis in patients with newly diagnosed
GBM [27].

To the best of our knowledge, there remains limited data
on the impact of sociodemographics on the modality of
radiotherapy, namely proton versus photon therapy, in adult
gliomas. This is the first large-volume investigation into the
utilization of proton versus photon therapy in the treatment
of adult primary brain tumors in the United States. We
sought to analyze disparities and variations in patterns of
care in the use of either modality.

Material and methods

The National Cancer Database (NCDB) is a joint project of
the Commission on Cancer (CoC) of the American College of
Surgeons and the American Cancer Society, which consists of
de-identified information regarding tumor characteristics,
patient demographics and patient survival for ~70% of the
US population [28-34]. The NCDB contains information not
included in the Surveillance, Epidemiology and End Results
database, including details regarding chemotherapy and RT
dosage [5,6]. The American College of Surgeons and the CoC
have not verified and are neither responsible for the analytic
or statistical methodology used nor the conclusions drawn
from these data by the investigators. As all patient informa-
tion in the NCDB database is de-identified, this study was
exempt from institutional review board evaluation.

Criteria for this study included patients with histologically
confirmed, primary intracranial brain tumors: GBMs, medullo-
blastomas, ependymomas and mixed lower-grade gliomas
(as defined by NCDB codes 9380, 9382, 9391, 9392, 9400,
9401, 9420, 9421, 9440, 9441, 9442, 9450, 9451, 9470, 9471,
9473, 9506) treated with photon therapy (codes 23-27, 31,
32) or proton therapy (code 40). In accordance with the vari-
ables in NCDB files, captured variables on each patient
broadly included basic demographics, socioeconomic factors,
facility characteristics and tumor parameters.

All statistical tests were performed using SAS software
(Version 9.4; Cary, NC, USA). Comparisons between the treat-
ment groups and patient characteristics were based on
Pearson’s Chi-square test for categorical data and the
Wilcoxon rank-sum test for continuous data. Both univariate
and multivariate logistic regression analyses were performed
to investigate the patient characteristics were associated with
the utilization of proton versus photon therapy. The predictor
variables with significant amounts of missing values were
excluded in the multivariate models. The covariates that were
significant on the univariate logistic regression analyses at a
0.05 alpha level were entered into the multivariate model.
The least significant covariates were excluded at each step,
and the process continued until the model contained signifi-
cant covariates. Odds ratio (OR), p values, and 95% confidence
intervals (95% Cl) were presented. A p value less than .05 was
used as a threshold for statistical significance.
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Results

A complete flow diagram of patient selection is provided in
Figure 1. In total, 73,073 patients met study analysis criteria,
with 72,635 (99.4%) receiving photon therapy and 438 (0.6%)
receiving proton therapy. Figure 2 demonstrates the normal-
ized temporal trends in treatment paradigm, with a steady
rise in PBT after 2010.

Table 1 displays notable clinical characteristics of the ana-
lyzed patients. After univariable analysis was performed
(Table 2), multivariable analysis revealed that younger patient
age (p = .041), income of greater than $63,000 (p = .007),
treatment at academic centers (p < .001), a western facility
location (p < .001), year of diagnosis 2010 or later (p = .003),
a Charlson-Deyo score of 0 (p = .018) and non-GBM hist-
ology were independent predictors of proton therapy utiliza-
tion (Table 3).

From 2004 to 2014, the relative use of PBT increased from
just 0.44% of all patients to 1.30% in 2014 (Figure 2). When
displayed as the relative use of PBT per region (Figure 3),
there is a clear increased contribution of patients treated in
the West, with 2.33% of patients receiving PBT in 2004,
whereas in 2009 only 0.47% of patients in the West received
PBT. By 2014, there was more or less an even distribution of
the relative proportion of patients receiving PBT per region,
with a slight predominance of relative cases utilizing PBT in
the West and Northeast.

The same relative use trends were also investigated for
GBMs, the largest contributor of patients accounting for 142
of 428 (32.4%) of the total cohort receiving PBT. From 2004
to 2014, the relative use of PBT for GBM patients increased
from just 0.41% of all patients to 0.54% in 2014. However,
this trend is unclear, as with the omission of the year 2014
there would be an overall downward trend of the use of PBT
in GBM patients. When further analyzed by region (Figure 5),
the West predominated in early years, with 2.12% of patients
receiving PBT in 2004, whereas in 2010 only 0.11% of
patients in the West received PBT. By 2014, there was a
more even distribution of relative GBM cases receiving PBT
per region, with a slight prevalence of relative cases in the
West and Northeast.

Discussion

These patterns of care analysis of the NCDB evaluating
patients with primary brain tumors treated with photon or
PBT demonstrates relatively few patients (0.6%) were treated
with PBT over the past decade in the United States. This
study suggests that receipt of PBT from 2004 to 2014 for
adult primary brain tumors has at least doubled among
NCDB reporting intuitions, whereas the trend for GBMs is
less clear and may, in fact, be decreasing when the most
recent year (2014) is omitted. The use of PBT is influenced
by several variables, including younger age, fewer comorbid-
ities, higher income, treatment at academic facilities and hist-
ology. These data have implications on payers, referral
patterns and patients. Taken together, these findings indicate
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Figure 1. Final patient population with exclusion criteria.
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Figure 2. Percentage of reported primary brain tumor proton cases out of all
external beam radiation therapy (EBRT) cases of each diagnosis year.

the challenge of, delivering high-quality care for cancer treat-
ment for all patients in the United States.

Use of PBT was associated with younger patients com-
pared with photon therapy, likely because of greater longev-
ity in these patients. Proton therapy delivers less integral
doses to surrounding tissue, which may be associated with
secondary malignancies and other long-term consequences
of tissue damage. This theoretical advantage may be more
pronounced in younger patients and has been predicted in a
variety of tumors, including thymomas [35], seminomas [36]

and low-grade gliomas [37]. In addition, proton therapy was
predicted to decrease the risk of cardiac toxicity in breast
cancer patients as compared to photon therapy [38], demon-
strating further potential in avoiding late side effects in
younger patients. The association between proton therapy
use and decreased Charlson-Deyo scores may be a con-
founding issue, as younger patients likely have less comor-
bidities compared with older patients.

The link between a later year of diagnosis and proton
therapy may be correlated with the development and use of
proton therapy in the United States. Proton therapy has
been increasingly utilized over the years, and the rate at
which centers are being built and expanded is increasing.
Although the potential of proton therapy has been theorized
since the 1940s [2], its clinical use has been more recent,
with the first proton therapy center in the United States
opening in 1990. In terms of differences in regional utiliza-
tion of PBT, this study demonstrated an increased relative
proportion of patients treated with PBT in the West from
2004 to 2008 (Figure 3). This trend is not unique for primary
brain tumors, as it was also noted for in a recent NCDB pat-
tern of care study for external beam radiotherapy of the
prostate [39]. The dominant relative utilization of PBT in the
West receded in recent years, with the Northeast contribu-
ting the largest relative proportion of primary brain tumors
treated with PBT in 2014 (the latest year provided by the
NCDB for analysis at the time of this publication), which may
be due to the high density of proton therapy centers in the



Table 1. Patient characteristics by modality.
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Modality
Photon Proton
Predictor Level (n=72,635) (n=438) p value
Age® 59 [49-68] 45.5 [31-60] <.001
Distance from residence to reporting facility (miles)® 11.9 [5.2-27.4] 16.7 [7.8-39.1] <.001
Tumor size (millimeters)® 43 [31-56] 44 [32-55] 794
Sex Female 30,425 (41.9%) 202 (46.1%) .074
Male 42,210 (58.1%) 236 (53.9%)
Race Black 4202 (5.8%) 17 (3.9%) .003
White 65,661 (90.4%) 392 (89.5%)
Other 2772 (3.8%) 29 (6.6%)
Insurance Private 39,278 (54.8%) 300 (69%) <.001
Medicaid/other 6656 (9.3%) 44 (10.1%)
non-Medicare government
Medicare 22,786 (31.8%) 74 (17%)
Uninsured 2929 (4.1%) 17 (3.9%)
Income Quartile Less than $38,000 9891 (13.9%) 42 (9.8%) <.001
$38,000-547,999 16,100 (22.7%) 66 (15.3%)
$48,000-$62,999 19,948 (28.1%) 106 (24.7%)
$63,000+ 25,139 (35.4%) 216 (50.2%)
Charlson-Deyo Score 0 55,703 (76.7%) 382 (87.2%) <.001
1 10,716 (14.8%) 42 (9.6%)
2 6216 (8.6%) 14 (3.2%)
Facility type Academic 35,062 (54.9%) 192 (74.1%) <.001
Community 28,779 (45.1%) 67 (25.9%)
Urban rural Metro 57,777 (85.5%) 390 (94%) <.001
Rural 1311 (1.9%) 1 (0.2%)
Urban 8464 (12.5%) 24 (5.8%)
Facility location Northeast 14,252 (22.3%) 65 (25.1%) <.001
Midwest 17,854 (28%) 40 (15.4%)
South 20,160 (31.6%) 48 (18.5%)
West 11,575 (18.1%) 106 (40.9%)
Primary site Brainstem 1378 (1.9%) 31 (7.1%) <.001
Cerebellum 1221 (1.7%) 33 (7.5%)
Frontal 20,695 (28.5%) 133 (30.4%)
Occipital 2645 (3.6%) 15 (3.4%)
Other 19,554 (26.9%) 94 (21.5%)
Parietal 10,470 (14.4%) 42 (9.6%)
Temporal 16,672 (23%) 90 (20.6%)
Percentage of persons in zip code Less than 7% 20,156 (28.3%) 160 (37.1%) .001
without high school diploma 13%-20.9% 16,923 (23.8%) 97 (22.6%)
7%-12.9% 24,197 (34%) 122 (28.4%)
21% or more 9844 (13.8%) 51 (11.9%)
Histology Glioblastoma 51,828 (71.4%) 142 (32.4%) <.001
Oligodendroglioma 3237 (4.5%) 48 (11%)
Anaplastic ODG 1597 (2.2%) 16 (3.7%)
0ODG NOS 1640 (2.3%) 32 (7.3%)
Astrocytoma/mixed glioma 15,534 (21.4%) 181 (41.3%)
Mixed glioma (OA/AQA) 2490 (3.4%) 37 (8.4%)
Glioma NOS 1769 (2.4%) 28 (6.4%)
Astrocytoma NOS 3813 (5.2%) 55 (1.3%)
Anaplastic Astrocytoma 6,384 (8.8%) 55 (1.3%)
Fibrillary Astrocytoma 1194 (1.6%) 6 (1.4%)
Medulloblastoma/PNET 993 (1.4%) 39 (8.9%)
Ependymoma 845 (1.2%) 24 (5.5%)
Pilocytic astrocytoma 198 (0.3%) 4 (0.9)
Year of diagnosis 2009 or earlier 35,644 (49.1%) 124 (28.3%) <.001

2010-2014

36,991 (50.9%) 314 (71.7%)

“The median and [first quartile-third quartile] were reported. The non-parametric Wilcoxon sum-rank test for comparisons. Italicized values represent subsets

of histology.

ODG: oligodendroglioma; NOS: not otherwise specified; OA: Oligoastrocytoma; AOA: anaplastic oligoastrocytoma; PNET: primitive neuroendocrine tumor.

Significant p values are in bold.

Northeast. However, the increased trend for utilization of
protons in the West and Northeast in this study is not with-
out bias, as many proton therapy facilities are associated
with academic centers that may have a higher propensity to
be logged in the NCDB. Of the nearly 30 centers currently in
use in the United States as of the writing of this manuscript,
over half began operating after 2010 [40]. Correspondingly, it
is not surprising that this study demonstrated the relative

utilization of PBT per year to be increasing steadily in
this timeframe.

GBMs, which are known for in-field failures after RT, are
also less likely to be treated with proton therapy. There has
been little benefit to dose escalation in this disease [41]; add-
itionally, glioblastoma is traditionally treated with large fields,
and the potential advantages of proton therapy to decrease
treatment-related toxicities in the long term are not as likely
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Table 2. Univariate logistics regression analysis of factors predictive of proton therapy utilization.

95% odds ratio
Confidence limits

Predictor Class 0dds ratio Lower CL Upper CL p value
Age Continuous 0.95 0.95 0.96 <.001
Distance from residence to reporting Continuous 1.00 1.00 1.00 <.001
facility (miles)
Tumor size (millimeters) Continuous 1.00 1.00 1.00 261
Sex Female Ref
Male 0.84 0.70 1.02 .073
Race Black Ref
White 1.44 0.89 232 .500
Other 2.56 141 4.63 .001
Insurance Private Ref
Medicaid/other non- 0.87 0.63 1.19 .190
Medicare government
Medicare 0.43 0.33 0.55 <.001
Uninsured 0.76 0.47 1.24 816
Income quartile Less than $63,000 Ref
(2 level) $63,000+ 1.84 1.53 2.23 <.001
Charlson-Deyo score 2 Ref
0 3.05 1.79 5.19 <.001
1 1.74 0.95 3.19 .989
Facility type Academic Ref
Community 0.43 0.32 0.56 <.001
Urban/rural Urban Ref
Rural 0.27 0.04 1.99 .083
Metro 238 1.58 3.60 .003
Facility location Northeast Ref
Midwest 0.49 0.33 0.73 <.001
South 0.52 0.36 0.76 <.001
West 2.01 1.47 2.74 <.001
Primary site (4 levels) Others Ref
Frontal 0.92 0.73 1.16 .088
Parietal 0.56 0.41 0.81 .007
Temporal 0.77 0.60 1.00 718
Percentage of persons in zip code 21% or more Ref
without high school diploma Less than 7% 1.53 1.12 2.10 <.001
7%-12.9% 0.97 0.70 1.35 .067
13%-20.9% 1.10 0.79 1.55 787
Histology Astrocytoma/mixed glioma Ref
Oligodendroglioma 127 0.92 1.75 .997
Glioblastoma 0.23 0.18 0.29 <.001
Ependymoma 244 1.58 3.75 .001
Medulloblastoma/ PNET 3.37 237 4.79 <.001
Pilocytic astrocytoma 1.73 0.64 472 467
Histology Others Ref
(3 levels) Glioblastoma 0.12 0.10 0.16 <.001
Astrocytoma/mixed glioma 0.53 0.42 0.68 <.001
Year of diagnosis 2009 or earlier Ref
2010-2014 243 1.98 3.00 <.001

Significant p values are in bold.

to have a significant impact in these patients who have a
relatively poor prognosis compared with other tumor
types. Of the 51,975 GBM patientss treated with photon or
proton therapy, only 142 patients (0.27%) received PBT.
Although there was clearly a trend of increasing relative pro-
portion for all patients receiving PBT in the years 2010 and
later (Figure 2), the trend in the subset of GBM is less clear
(Figure 4). First, 0.41% of GBM patients received PBT in the
years 2004-2005, with each subsequent year failing to dem-
onstrate a higher relative number. Indeed, there was an over-
all decreasing trend in the utilization of in subsequent years
with the exception of an isolated value of 0.54% in the year
2014. When analyzed by the relative proportion of GBM
patients receiving PBT by region (Figure 5), perhaps the
bimodal-like distribution in Figure 4 can be explained by the
large proportion of patients treated with protons in the West

initially, with a steadily decreasing trend thereafter until
2011. Of note, the average proportion for patients treated
with GBMs in any region never reached above 1% after the
year 2008, including the West, further suggesting overall
decreased utilization of PBT in GBM patients. Nevertheless,
the use of PBT should be questioned in the absence of pro-
spective data demonstrating superiority over traditional pho-
ton beam therapy in the treatment of GBM.

The advent of the WHO staging system update in 2016
underscored the importance of molecular subtyping, as geno-
type can now trump histological phenotype in staging [42]. In
fact, a large subset of tumors is now defined based on pres-
ence or absence of 1p/19q codeletion and IDH mutation,
which one could largely expect the diagnosis of anaplastic oli-
goastrocytomas to largely disappear [43]. Of the 2527 oligoas-
trocytoma and anaplastic oligoastrocytoma patients in this
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Table 3. Multivariate logistics regression analysis of factors predictive of proton therapy utilization.

95% Odd ratio
Confidence limits

Odds
Predictor Level ratio Lower CL Upper CL p value
Age 0.99 0.98 1.00 .041
Percentage of persons in zip code 7%-12.9% Ref
without high school diploma Less than 7% 117 0.83 1.63 460
13%-20.9% 1.69 117 2.43 .021
21% or more 137 0.87 2.15 666
Income quartile Less than $63,000 Ref
(2 levels) $63,000+ 1.57 1.13 2.16 .007
Facility type Academic Ref
Community 0.45 0.34 0.60 <.001
Facility location Northeast Ref
Midwest 0.54 0.36 0.80 <.001
South 0.57 0.39 0.83 <.001
West 2.09 1.52 2.88 <.001
Year of diagnosis 2009 or earlier Ref
2010-2014 1.69 1.30 2.19 .003
Charlson-Deyo score 2 Ref
0 2.27 1.16 4.44 .018
1 1.97 0.94 4.13 279
Histology Glioblastoma Ref
(3 levels) Astrocytoma/mixed glioma 3.01 2.27 3.98 .007
Others 4.27 2.96 6.15 <.001
Significant p values are in bold.
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Figure 3. Percentage of reported primary brain tumor proton cases out of all
external beam radiation therapy (EBRT) cases of each diagnosis year by region.
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Figure 4. Percentage of reported glioblastoma proton cases out of all external
beam radiation therapy (EBRT) cases of each diagnosis year.
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Figure 5. Percentage of reported glioblastoma proton cases out of all external
beam radiation therapy (EBRT) cases of each diagnosis year by region.
Northeast (CT, MA, ME, NH, RI, VT, NJ, NY and PA); South (DC, DE, FL, GA, MD,
NG, SC, VA, WV, AL, KY, MS, TN, AR, LA, OK and TX); Midwest (IL, IN, MI, OH, WI,
IA, KS, MN, MO, ND, NE and SD); West (AZ, CO, ID, MT, NM, NV, UT, WY, AK, CA,
HI, OR and WA).

study, only 537 (21.3%) had information on 1p/19q deletion.
However, the frequency of molecular information in regards
to 1p/19q codeletion improved in the latter years, with 528 of
1242 of cases (42.5%) containing this information in the years
2010 or later, suggesting improvement of coding in more
recent years. In fact, dropping 2004-2009 from the dataset
only loses 9 patients who had 1p/19q codeletion status for
the subset of oligoastrocytoma and anaplastic oligoastrocy-
toma patients in this study. Isocitrate dehydrogenase (IDH)
status is not tabulated in the NCDB. Therefore, this study was
unable to tease out differences in utilization of proton therapy
for WHO Il versus WHO Il gliomas in the modern era due to
inherent limitations related to the coding of molecular status
within the NCDB. Accordingly, future studies utilizing the
NCDB wishing to investigate patterns of care in the molecular
era should be aware of the paucity of molecular information
before the year 2010.
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Patients with high incomes were more likely to receive
proton therapy, likely related to the cost of proton therapy
for both the patient and the institution. A 2013 study indi-
cated that the median amount reimbursed by Medicare was
$32,428 for proton therapy, compared with $18,575 for
intensity-modulated radiation therapy (IMRT) [44]. As such,
certain non-Medicare insurances may be less likely to cover
PBT. For pediatric patients, insurance policies have previously
denied coverage over a certain age, or in specific pediatric
tumors [45]. In adults, insurance coverage is non-uniform,
with private insurance agencies largely being involved with
the assessment of PBT coverage [46]. However, it has been
argued that previous models of cost-effectiveness are not
applicable to the current landscape of PBT given the changes
in the field in the last decade, including the expansion of
centers across the United States and changes in technology
[47-49]. Additional factors explaining the demonstrated
income disparity in treatment modalities may include an
association between proton therapy center location and local
income level, though this possible association must be fur-
ther investigated. Certain confounding variables may also
have an impact; though insurance was not was not found to
be significant on multivariate analysis, it was significant on
univariate analysis and may be related to income level. In
addition, younger patients, a demographic less likely to
receive Medicare, are also more likely to receive proton ther-
apy. The NCDB provides a wealth of data for investigating
disparities in photon and proton therapy utilization.
However, this study has limitations. As this study investigates
several primary brain tumors, it is unable to divulge more
specifically how discrepancies in treatment modalities play
out in each type of brain tumor, nor would a survival ana-
lysis be prudent given the vast differences in prognosis.
Therefore, this study did not examine how socioeconomic
variables, histology and treatment affected overall survival as
it would not be suited for such analysis due to the hetero-
geneity of brain tumor types. Next, not all CoC facilities con-
tribute data to the NCDB, which may limit the database’s
representation of the whole population. Referral patterns to
proton facilities of these patients may also not necessarily
represent those of other parts of the United States or the
world. In addition, state insurance coverage of various radi-
ation modalities varies, further modifying how it factors into
the spread of modalities. Coverage is also dynamic over
time, a factor that cannot be assessed by this work. In add-
ition, the most recent year of data captured by the NCDB is
2014, which may misrepresent contemporary trends from
2015 to 2018; because these trends could be different from
prior years given the exponential rise in proton therapy, fur-
ther analyses in the future are recommended. Lastly,
although the NCDB is the largest known comprehensive
database in the United States, the estimated 30% of the rele-
vant population that does not contribute cases could skew
the data in several ways; because academic facilities (which
are more likely to have proton centers) are more likely to
report data to the NCDB than small, community centers
without proton facilities, the patterns of care herein would

naturally be tilted in favor of proton therapy and those
receiving therapy at larger, academic centers.

This study suggests that receipt of PBT for adult primary
brain tumors is rising over time, and is influenced by several
variables, including younger age, fewer comorbidities, higher
income, treatment at academic facilities and histology. These
data have implications on payers, referral patterns and
patients. Taken together, these findings add to our known
knowledge of the challenge of, delivering equality of health
care for cancer treatment for all patients in the
United States.
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