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A B S T R A C T

Purpose: To report demographic and clinical characteristics of patients who were more likely to receive proton
beam therapy (PBT) than photon therapy from facilities with access to proton centers.
Materials and Methods: We utilized the national cancer database to identify the facilities with access to PBT
between 2004 and 2015 and compared the relative usage of photons and PBT for demographic and clinical
scenarios in breast, prostate, and nonsmall cell cancer.
Results: In total, 231 facilities with access to proton centers accounted for 168 323 breast, 39 975 lung, and 77
297 prostate cancer patients treated definitively. Proton beam therapy was used in 0.5%, 1.5%, and 8.9% of
breast, lung, and prostate cases. Proton beam therapy was correlated with a farther distance traveled and longer
start time from diagnosis for each site (P < .05).

For breast, demographic correlates of PBT were treatment in the west coast (odds ratio [OR] = 4.81), age
< 60 (OR = 1.25), white race (OR = 1.94), and metropolitan area (OR = 1.58). Left-sided cancers
(OR = 1.28), N2 (OR = 1.71), non-ER+/PR+/Her2Neu− cancers (OR = 1.24), accelerated partial breast
irradiation (OR = 1.98), and hypofractionation (OR = 2.35) were predictors of PBT.

For nonsmall cell cancer, demographic correlates of PBT were treatment in the south (OR = 2.6), me-
tropolitan area (OR = 1.72), and Medicare insurance (OR = 1.64). Higher comorbid score (OR = 1.36), later
year treated (OR = 3.16), and hypofractionation (not SBRT) (OR = 3.7) were predictors of PBT.

For prostate, correlates of PBT were treatment in the west coast (OR = 2.48), age <70 (OR = 1.19), white
race (OR = 1.41), metropolitan area (OR = 1.25), higher income/education (OR = 1.25), and treatment at an
academic center (OR = 33.94). Lower comorbidity score (OR = 1.42), later year treated (OR = 1.37), low-risk
disease (OR = 1.45), definitive compared to postoperative (OR = 6.10), and conventional fractionation
(OR = 1.64) were predictors of PBT.
Conclusion: Even for facilities with established referrals to proton centers, PBT utilization was low; socio-
economic status was potentially a factor. Proton beam therapy was more often used with left-sided breast and
low-risk prostate cancers, without a clear clinical pattern in lung cancer.

Introduction

Although its clinical merits remain widely debated, the dosimetric
advantages and reduced integral dose of proton beam therapy (PBT)
relative to external beam photon radiotherapy (XRT) have been con-
sistently demonstrated for various malignancies.1 Perhaps for this
reason, protons are an attractive treatment modality for many cancer
patients, although utilization is quite limited due to the scarcity of
centers. Indeed, for every PBT clinic in America, there are

approximately 80 XRT clinics.2 Therefore, geography is a natural bar-
rier to PBT access, and consequently so are various socioeconomic
factors. Several studies indicate that PBT is disproportionately offered
to affluent, white patients with the means to travel to the large me-
tropolitan regions that typically house proton centers.3-5

However, given the strongly confounding geographical selection
bias, it can be difficult to draw conclusions regarding PBT utilization,
clinical indications/referral patterns, and socioeconomic disparities.
Herein, we attempted to control for geographic bias by exploring the
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utilization of PBT relative to XRT only from clinics with established
links to proton centers. Specifically, we analyzed the clinical and de-
mographic characteristics associated with PBT utilization from these
centers for the 3 most common noncutaneous malignancies: breast,
nonsmall cell lung cancer (NSCLC), and prostate cancer. Presumably,
these clinics have similar access to both photon and proton therapy.

In the absence of level 1 clinical evidence to support proton use in
definitive breast/lung/prostate cancer, the jury is still out as to who the
appropriate candidates for PBT are. Nevertheless, PBT is the newer and
more expensive technology and therefore may be more desirable for
some patients. With that said, disparities in PBT utilization appear to be
a reflection of the disparities in the health care system as a whole.6

Several studies have made these revelations previously, but to our
knowledge, none have isolated their analyses to centers with access to
photons and protons alike.

Methods

Patient selection

The national cancer database (NCDB) was queried between the
years 2004-2015 to identify facilities with access to PBT, defined as
institutions from which a breast, NSCLC, or prostate cancer diagnosis
was made and subsequently had at least 1 patient treated with PBT.
Among 1343 facilities that included radiotherapy, 231 had a referral
pattern to both PBT and XRT. Within these 231 facilities, we only in-
cluded nonmetastatic cases for which radiotherapy was an aspect of
definitive management, yielding 287 353 breast, 52 213 NSLSC, and
123 650 prostate cases. For all disease sites, cases were then excluded if
the radiation dose and timing were unknown, palliative doses, bra-
chytherapy was involved, and nonadenocarcinoma histology (except
squamous cell carcinoma for lung). Specific to breast, patients were
excluded if they did not receive surgery, Tumor, Nodal, Metastasis stage
unknown, receptor status unknown, or laterality unknown. Nonsmall
cell lung cancer patients were excluded for unknown Tumor, Nodal,
Metastasis stage and unknown laterality. Prostate patients were ex-
cluded if prostate specific antigen, Gleason score, or T stage were not
available. Ultimately, complete data were available for analysis in 168
323 breast, 39 975 NSCLC, and 77 297 prostate patients, respectively.

Statistics

In order to control for the disease-specific clinical characteristics on
multivariable regression analysis, we did not combine the data from
each disease site and instead performed a separate analysis for breast,
NSCLC, and prostate. We then compared the relative usage of PBT and
XRT for various demographic and clinical scenarios via multivariable
binomial regression analysis. Variables included for all sites include
location, facility type, race, age, insurance, regional population, in-
come, regional education level, distance traveled, time from diagnosis
to treatment, year treated, fractionation scheme, and use of systemic
therapy. Variables specific to the breast group include T/N/group stage,
laterality, hormone receptor status, lumpectomy or mastectomy, and
use of a boost. Variables specific to lung include T/N/group stage, la-
terality, histology, and definitive versus adjuvant treatment. Exclusive
variables in the prostate analysis include risk group, and definitive or
postoperative setting. Odds ratios (OR) were used to denote the relative
utilization of PBT compared to XRT, with 95% confidence intervals (CI)
to indicate statistical significance. Statistics were performed via
MedCalc v 19.1.

We also investigated the proportion of payers for PBT within each
geographical region. In accordance with NCDB coding, the following
states were included in their corresponding region: Connecticut,
Massachusetts, Maine, New Hampshire, Rhode Island, Vermont in “New
England”; New Jersey, New York, Pennsylvania in “Middle Atlantic”;

District of Columbia, Delaware, Florida, Georgia, Maryland, North
Carolina, South Carolina, Virginia, and West Virginia in “South
Atlantic”; Illinois, Indiana, Michigan, Ohio, and Wisconsin in “East
North Central”; Alabama, Kentucky, Missouri, and Tennessee in “East
South Central”; Iowa, Kansas, Minnesota, Montana, North Dakota,
Nebraska, and South Dakota in “West North Central”; Arizona,
Louisiana, Oklahoma, and Texas in “West South Central”; Arizona,
Colorado, Idaho, Montana, New Mexico, Nevada, Utah, and Wyoming
in “Mountain”; and Alaska, California, Hawaii, Oregon, and
Washington in “Pacific.” For the purposes of multivariable analysis,
however, “Middle Atlantic” and “South Atlantic” were combined to
form the “Southeast,” “East North Central, East South Central, and West
North Central” combined to form the “Midwest,” and “West South
Central” was relabeled as “South.”

Results

Utilization

Among the 231 facilities with access to PBT, 168 323 breast, 39 975
lung, and 77 297 prostate cases were treated with radiotherapy. PBT
was used in 0.5%, 1.5%, and 8.9% of breast, lung, and prostate cases,
respectively. PBT use varied by primary tumor site but was consistently
employed most often in the west coast, at a utilization rate of 1.5% for
breast, 5.0% for NSCLC and 30.2% for prostate. A composite regional
PBT utilization rate, adjusted for the total number of cases for each site,
is depicted in Figure 1.

Depending on the region, private insurance covered 45% to 74% of
breast, 13% to 37% of NSCLC, and 24% to 47% of prostate cases.
Medicare covered virtually all remaining PBT cases. The only region
where the majority of proton breast cases were covered by Medicare
instead of private insurance was the “East South Central,” and the in-
verse was true for prostate cases (Figure 2).

On average, PBT was initiated 6, 13, and 9 days later from diagnosis
compared to XRT for breast, lung, and prostate cases, respectively (each
statistically significant on multivariable binomial regression). The
median distance traveled for treatment was 9.1 miles for breast, 15.1
miles for lung, and 293 miles for prostate. For the prostate group, the
distance was highly skewed by the number of patients traveling to the
west coast for treatment (median 378.7 miles). If these patients were to
be excluded, the median distance traveled for prostate patients was
12.8 miles. For each disease site, further distance traveled correlated
with PBT utilization, OR 1.26 (95% CI 1.09-1.46), OR 1.92 (95% CI
1.57-2.34), OR 5.47 (95% CI 4.93-6.07) for breast, NSCLC, and pros-
tate, respectively. With the exception of the west coast in prostate
cancer, there was no statistically significant difference in median dis-
tance traveled for PBT between regions for any disease site.

Clinical predictors

Predictors of PBT utilization for each disease site are summarized in
the Table. For breast, independent predictors of PBT receipt were
treatment in the west coast (OR=4.8, 95% CI 3.81-6.07), age under 60
years (OR=1.25, 95% CI 1.12-1.59), white race (OR=1.94, 95% CI
1.37-2.70), metropolitan area (OR=1.58 95% CI 1.16-2.13), left-sided
tumors (OR=1.28, 95% CI 1.12-1.47), N2 disease (OR=1.71, 95% CI
1.26-2.32), non-ER+/PR+/Her2Neu− status (OR=1.24, 95% CI
1.01-1.59), partial breast irradiation (OR=1.98, 95% CI 1.37-2.87),
and hypofractionation (OR=2.35, 95% CI 1.92-2.87). There was no
difference according to education level, insurance, income, lum-
pectomy/mastectomy, or boost/no-boost cases (Figure 3a).

For NSCLC, treatment in the south (OR=2.61, 95% CI 1.90-3.57),
metropolitan area (OR=1.72, 95% CI 1.27-2.33), Medicare
(OR=1.64, 95% CI 1.30-2.06), higher comorbid score (OR=1.36,
95% CI 1.05-1.75), later year treated (OR=3.16, 95% CI 2.48-4.04),
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and use of hypofractionation (but not SBRT) (OR=3.7, 95% CI 2.74-
4.99) were independent predictors of PBT usage. There was no differ-
ence according to education level, gender, race, income, laterality, or
stage (Figure 3b).

For prostate, factors significantly associated with PBT receipt were
treatment in the west coast (OR=19.8, 95% CI 17.7-22.1), age under
70 years (OR=1.58, 95% CI 1.47-1.72), white race (OR=1.41, 95%
CI 1.23-1.72), private insurance (OR=1.30, 95% CI 1.23-1.37), me-
tropolitan area (OR=1.25, 95% CI 1.12-1.41), higher income/educa-
tion (OR=1.38, 95% CI 1.18-1.62), lower comorbidity score
(OR=1.42 95% CI 1.08-1.90), treatment after 2011 (OR=1.37, 95%
CI 1.25-1.50), nonhigh risk disease (OR=4.35, 95% CI 3.84-4.76),
intact prostate (OR=6.10, 95% CI 4.76-8.13), and conventional frac-
tionation (OR=1.64, 95% CI 1.37-1.89) (Figure 3c).

Discussion

Regardless of location, the overall utilization for proton therapy re-
mains quite low, even among clinics with a presumed link to proton
centers. This is less true in prostate cancer, for which PBT has been a
familiar and promoted modality for decades. Additionally, unlike breast
cancer and NSCLC where a multimodality approach is almost always re-
quired, the majority of prostate cases can be managed solely by a radiation
oncologist. Therefore, prostate patients are more likely to seek out PBT
themselves rather than rely on a referring physician. That is not to suggest
that PBT is necessarily underutilized, as the role of proton therapy in the
oncology landscape is still subject to accumulating data and is thus far
unclear. With 9 randomized controlled trials comparing photons with
protons currently accruing data, the level 1 evidence is on its way.7-15

Figure 1. Combined (weighted by disease site) proton beam therapy utilization rate by region. Abbreviation: PBT, proton beam therapy.

Figure 2. Proportion of proton beam therapy covered by private insurance by region and disease site. Abbreviations: NSCLC, nonsmall cell cancer; PBT, proton beam
therapy.
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Figure 3. (a) Forest plot depicting the odds ratios (ORs) for receiving XRT or PBT following multivariable analysis in breast cancer. (b) Forest plot depicting the ORs
for receiving XRT or PBT following multivariable analysis in NSCLC. (c) Forest plot depicting the ORs for receiving XRT or PBT following multivariable analysis in
prostate cancer. Abbreviations: APBI, accelerated partial breast irradiation; NSCLC, nonsmall cell cancer; PBT, proton beam therapy; SBRT, stereotactic body
radiotherapy; and XRT, photon radiotherapy.

S. Hasan, V. Verma, S. Abel et al. International Journal of Particle Therapy 11 (2024) 100005

5



The paucity of data, however, has not curtailed the demand for
proton therapy. On the contrary, the number of proton centers in the
United States grew from 14 to 34 in just 5 years.4,16 This may come with
some pushback from payers, as the historical cost per fraction of proton
therapy is roughly twice that of intensity modulated radiotherapy.17

Perhaps, this is why the majority of prostate and NSCLC PBT cases, as
reflected in this analysis, are paid for by Medicare rather than private
insurance. Interestingly, the majority of breast cancer cases treated with
PBT, regardless of geographic region, were covered by private in-
surance, although the reasons are unclear. The increasingly important
economics regarding proton therapy might change in the near future
given the affordability of newer cyclotrons and implementation of the
oncology care model, with potentially significant implications for PBT
utilization.

Of course, if level I evidence does emerge to suggest a clinical
benefit for PBT, the health care system will have to facilitate increased
utilization, regardless of the costs. To that end, there are some notable
clinical correlations with PBT utilization observed in this study. In
breast cancer, PBT patients were more likely to have greater disease
burden and more aggressive receptor status. Presumably, these patients
were more likely to receive comprehensive nodal irradiation, where
PBT has demonstrated a 75% reduction in mean heart dose (left side)
and 50% reduction in V20 of the ipsilateral lung.18 Similarly, left-sided
lesions were also independent predictors of PBT utilization likely due to
the dramatic reduction in mean heart dose, which can range from 1 to
7 Gy, per multiple dosimetric studies.18-21

Similar clinical patterns were not observed in NSCLC, where disease
burden and laterality did not predict for PBT. Interestingly, the lone
clinical predictor for PBT in lung cancer was a higher comorbidity
score. This can partially be explained by the higher correlation with
Medicare, and thereby older patients on average. Some physicians may
also figure that any additional dose to the lungs and heart, which have
shown to be lower in PBT,22 in patients who are sicker at baseline might
make a difference in the ultimate outcome.

Proton beam therapy was more likely to be used in nonhigh risk
disease for prostate cancer likely because the vast majority of these
cases were completed at academic centers, and early PBT clinical trials
largely excluded high-risk disease, but this is no longer the case for new
trials.11,23 Although most prostate patients receiving PBT were treated
at an academic center, they were also less likely to receive hypo-
fractionation, which is presumably adopted quicker among academic
facilities. We speculate that these centers were waiting for the toxicity
data from conventional fractionation in PBT to mature prior to con-
verting to hypofractionated courses. However, a recent prospective trial
of prostate patients undergoing PBT to 70 to 72 Gy (RBE) in 28 to 29
fractions demonstrated biochemical control rates well over 90% with
< 2% late grade 3 toxicity.24 This is currently being validated by
NCT03561220 (COMPPARE),23 and since hypofractionation has been
endorsed as the standard of care by several national guidelines with
photon therapy, PBT is likely to follow suit.25

Social inequities have always existed in health care, and several
studies link ethnic minorities and lower income patients with poorer
cancer outcomes.6,26,27 Recent NCDB studies, using similar data to what
we present here, also highlight racial and income inequities as it per-
tains to PBT utilization for breast, lung, and prostate cancer.3-5 Notably,
after mitigating the geographic bias as we have done in this study,
nearly all of the previously reported socioeconomic discrepancies dis-
appear for breast cancer and NSCLC, with the exception of race in
breast cancer. With the substantially greater patient population and
farther distance traveled, prostate PBT patients did exhibit several so-
cioeconomic disparities in our study, albeit to a considerably less extent
than previously described. For instance, Mahal et al4 reported that the
OR for PBT among black patients, those from zip code with lower in-
come, and those from nonmetropolitan areas were 0.20, 0.67, and 0.30,
respectively. By contrast, after mitigating the geographic selection bias
in our study, those same parameters had an OR of 0.69, 0.72, and 0.80.

If future studies do in fact reveal a benefit for PBT, our study suggests
that geographic access to proton therapy can go a long way in re-
medying the disparities that exist currently.

Limitations

This study is novel in design and reveals data not previously re-
ported in the literature; however, it is subject to the natural selection
biases of a large retrospective dataset, regardless of the statistical tools
used to control for confounding variables. Furthermore, although the
investigators utilized the most up to date data from the NCDB at the
time of analysis, there is a several year lag between when the data
are collected and released. Thus, this study documents proton utiliza-
tion up until 2016 and since that time, almost twice as many proton
centers have opened in the United States. Reporting the utilization
trends preceding the current era is still noteworthy; however, it will be
even more important to document the trends thereafter. Additionally,
facilities with access to PBT as we defined it are likely overrepresented
because of patients with the means to travel far for treatment. This
might appear to be especially true for prostate cancer, where the
median distance traveled for PBT was significantly higher than breast or
NSCLC; however, the 231 unique facilities with presumed access to
both photons and protons were a consistent number among each dis-
ease site. Furthermore, the ratio of unique NCDB facilities with access
to photons (1343) to the number of operational proton facilities at the
time these data were collected (14) mirrors the approximately 80:1
ratio of photon to proton centers published in other studies independent
of NCDB data, so that the methodology appears to be corroborated.

Conclusion

Despite limiting our PBT utilization analysis to facilities with es-
tablished links to both XRT and PBT, the employment of PBT for breast
and NSCLC was exceedingly low, at least in the first decade captured by
the NCDB. Even though the number of proton centers in the country is
growing, proton use will likely continue to trail behind conventional
external beam radiation until more randomized data matures. As the
debate regarding the role of proton therapy in our health care system
progresses, it should be noted that the previously reported socio-
economic disparities in prostate PBT, while still present, are con-
siderably attenuated in this study, and nearly absent in breast cancer
and NSCLC. This may be related to limiting analysis only to facilities
with PBT access, suggesting that geographic availability could go a long
way in mitigating the well-documented disparities in cancer care.
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