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Abstract
Purpose: Palliative radiation therapy (RT) can improve quality of life but also incurs time and fi-
nancial costs. The aim of this study was to evaluate factors associated with use and intensity of
palliative RT for incurable non-small cell lung cancer (NSCLC).
Methods and materials: This was a retrospective analysis of Medicare’s Surveillance, Epidemi-
ology and End Results data. We identified patients who were diagnosed with incurable (American
Joint Committee on Cancer 6th edition stage IIIB with malignant effusion or stage IV) NSCLC between
2004 and 2011. Univariable and multivariable logistic regressions were used to identify factors as-
sociated with the receipt of palliative RT and the use of >10 fractions during the first course of
radiation. Among patients who were treated with radiation, freestanding versus hospital-based center
information was collected on the basis of the location of the RT delivery claim.
Results: Among 55,258 patients with incurable NSCLC, 38% (21,053 patients) received pallia-
tive RT during the first year after diagnosis. Among patients who received RT, 56% (11,717 patients)
received >10 fractions. On multivariable analysis, factors associated with greater RT use included
younger age group (overall P < .01), lower modified Charlson comorbidity score (overall P < .01),
female sex (odds ratio [OR]: 1.1; P < .01), marital status (OR: 1.1; P < .01), and chemotherapy use
(OR: 3.6; P < .01). Predictors for >10 fractions were chemotherapy use (OR: 1.7; P < .01) and treat-
ment at a freestanding versus hospital-based facility (58% vs 43%; OR: 1.7; P < .01).
Conclusions: More than a third of patients diagnosed with incurable lung cancer receive pallia-
tive RT and 56% received >10 fractions. The use of RT varied by region and patient characteristics,
and patients treated at freestanding RT centers were more likely to receive >10 fractions. Further
research into factors that influence treatment decisions including potential financial incentives may
contribute to the high value and strategic utilization of palliative RT.
© 2018 The Author(s). Published by Elsevier Inc. on behalf of the American Society for
Radiation Oncology. This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/).

Introduction

Nearly half of patients who present with non-small cell
lung cancer (NSCLC) have incurable disease at the time
of diagnosis and harbor a 5-year survival of <5%.1 The goals
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of care focus primarily on the prolongation of survival and
palliation of symptoms rather than curing.2,3 Palliative ra-
diation therapy (RT) is frequently employed in patients with
incurable NSCLC, and the most common radiation treat-
ment sites are the brain, thorax, and bone.4 Despite its ability
to stabilize or improve symptoms,3 prior studies have shown
significant variations in the use of palliative RT that ranged
from 31% to 66% in patients with incurable disease.4-10 Even
in instances when palliative RT is employed, RT fraction-
ation schemes vary and are not always well-supported by
randomized data.4,11,12

Over the past decade, there have been several signifi-
cant clinical developments with the potential to influence
the use of palliative RT including new radiation technolo-
gies such as stereotactic radiosurgery and stereotactic body
radiation therapy. New biologically targeted therapies also
can alter the timing and need for conventional palliative
RT. Prior studies4,8,13 that investigated RT receipt among pa-
tients with incurable NSCLC largely included only patients
diagnosed prior to adoption of these new treatment ad-
vances. Even less is known about the factors that influence
the number of radiation fractions used in patients with in-
curable NSCLC. On the basis of the results of multiple trials
that showed no difference in pain control between single
fraction and longer radiation courses for patients with bone
metastases,14-18 the American Society for Radiation Oncol-
ogy Choosing Wisely Campaign recommended against the
routine use of extended fractionation schemes (>10 frac-
tions) for palliation of bone metastases.19 Additionally,
although 1 meta-analysis found that higher dose sched-
ules (30 Gy per ≥10 fraction-equivalent) were associated
with small improvements in symptom control and sur-
vival at the cost of increased short-term side effects,20,21 the
general consensus is that shorter courses should be con-
sidered for patients with a poor prognosis or performance
status.18,21 Because the use of extended RT courses is as-
sociated with increased cost of care and inconvenient for
patients with a significant disease burden and limited life
expectancy,22,23 understanding the factors that influence their
use is critical.

The goal of our study was to elucidate palliative RT prac-
tice patterns and identify patient and health care service
factors associated with the use of palliative RT and ex-
tended fractionation (>10 fractions) among patients with
incurable NSCLC.

Methods and materials

Sources of data

We used data from the National Cancer Institute’s Sur-
veillance, Epidemiology and End Results (SEER) cancer
registries linked to Medicare claims data. The SEER da-
tabase consists of tumor registries across the United States
and provides a near representative sample of approxi-
mately 28% of the U.S. population.24 SEER registries include
data on patient demographics, cancer site, stage, histol-
ogy, and dates of diagnosis and death. SEER data for patients
diagnosed between January 1, 2004 and December 31, 2011
were linked to inpatient and outpatient Medicare claims data
through December 31, 2012.24

Study cohort

Our cohort included Medicare-enrolled patients age >65
years diagnosed with incurable lung cancer (defined as stage
IIIB with malignant effusion [wet IIIB] or stage IV NSCLC
[American Joint Committee on Cancer 6th Edition]) between
2004 and 2011 in a SEER surveillance area. NSCLC had
to be pathologically confirmed and diagnosed prior to death
as the first cancer diagnosis. Subjects were continuously
enrolled in Medicare Parts A and B and not in a health main-
tenance organization from the time of diagnosis to death.
Patients with a prior history of cancer who were enrolled
in Medicare due to end stage renal disease or cancer that
was diagnosed at the time of an autopsy were excluded
(Fig 1).

Figure 1 Flowchart of cohort selection. NSCLC, non-small cell lung cancer.
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Definition of outcomes variables

We identified patients who had at least 1 Medicare claim
for radiation delivery for conventional RT (2-dimensional,
3-dimensional, or intensity modulated RT [IMRT]) or ste-
reotactic radiation surgery and stereotactic body RT within
1 year of diagnosis. Conventional palliative RT was defined
as external beam 2-dimensional, 3-dimensional, or IMRT
on the basis of the common procedural terminology (CPT)
or Healthcare Common Procedure Coding System (HCPCS)
codes 77401-77416, 77418, 0073T, and G0174 (Table A1).
Stereotactic RT was defined separately from conventional
palliative RT and based on CPT/HCPCS codes 77371-
77373, G0173, G0243, G0251, G0339, and G0340.

Among the patients who received conventional pallia-
tive RT, we determined whether the RT delivery code had
an associated International Classification of Diseases 9th
Revision (ICD-9) diagnosis code of brain metastases (198.3),
bone metastases (198.5), or other (nonbrain, nonbone). Pa-
tients with multiple ICD-9 codes were first assigned to brain
metastases, then bone, then lung or other sites (nonbrain,
nonbone). Fractionation by associated ICD-9 code was cal-
culated. Furthermore, among patients who received
conventional palliative RT, we also calculated the number
of RT fractions delivered during the first course of treat-
ment on the basis of the number of RT delivery codes for
conventional RT. RT courses were considered separate if
there was more than a 14-day break between treatment de-
liveries. Extended fractionation for this study was defined
as >10 fractions, which corresponds to about 2 weeks of
daily treatment.

Definition of explanatory variables

Demographic variables including age, sex, race, and
marital status were obtained from the SEER data and cat-
egorized as shown in Table 1. Patients were categorized
in income quartiles on the basis of the median household
income in the ZIP code of residence. A modified Charlson
comorbidity index was determined using Deyo’s imple-
mentation of the Charlson score applied to both inpatient
and outpatient claims over the 12 months prior to the di-
agnosis month as suggested by Klabunde.25,26 Treatment
factors included use of any hospice service or chemo-
therapy during the first year after diagnosis. Patients who
had any claims in the SEER-Medicare Hospice file24 were
categorized as having received hospice services. Receipt
of chemotherapy was defined by the CPT/HCPCS codes
listed in Table A1.

The health service characteristics included urban resi-
dence, SEER region, and density of radiation oncology
providers. Urban residence was obtained from the SEER
data. SEER registries were grouped geographically into the
following regions: West (San Francisco, San Jose, Los
Angeles, Greater California, Hawaii, New Mexico, Seattle,

and Utah), Midwest (Detroit and Iowa), South (Atlanta, rural
Georgia, Kentucky, Louisiana, and Oklahoma), and North-
east (Connecticut and New Jersey). On the basis of the 2011
state and county data, the Center for Medicare and Medi-
cate Services (CMS) Area Resource File27 was utilized to
ascertain the density of radiation oncologists, which was
defined as the number of radiation oncologists (per 100,000
population) who practiced within each patient’s county of
residence. The density of radiation oncologists was
reported by top, middle, and bottom tertiles, which corre-
sponded to ≥1.5, 1 to 1.5, or <1 radiation oncologist per
100,000 population.

Among patients who were treated with palliative radia-
tion, freestanding versus hospital-based center information
was collected. Patients were assigned as receiving RT in
a hospital-associated outpatient clinic if the RT delivery
claims were only present in the SEER-Medicare outpa-
tient data file.24 Patients who received RT in a freestanding
RT center were assigned if the RT delivery claim was only
in the SEER-Medicare carrier claims file.24 Patients who
had RT delivery claims in both the outpatient and carrier
files were categorized as having received RT at a free-
standing center.

Statistical methods

χ2 tests were used to compare categorical baseline de-
mographic and clinical characteristics between patients
treated with conventional palliative RT and those who were
not. Univariable and multivariable fixed-effects logistic re-
gressions were used to identify patient, treatment and health
care system factors associated with receipt of RT and number
of treatment fractions received with a correction for clus-
tering at the county level. All variables that were included
in the univariable analysis were included in the multivari-
able analysis. SAS software version 9.4 (SAS Institute, Cary,
NC) was used for the analyses.

Results

Among the 55,258 patients diagnosed with incurable
NSCLC, the median age was 76 years, 53% were male, and
84% were white. The remaining characteristics of the patient
cohort are described in Table 1.

Use of radiation therapy in patients with
incurable non-small cell lung cancer

Overall, 38% (21,053 patients) received conventional pal-
liative RT within 1 year of diagnosis. Among these patients,
3% received a single fraction and 56% received >10 frac-
tions for their first course. Use of conventional RT trended
downward from 40% in 2004 to 35% in 2011 (χ2 trend test
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P < .01) but the use of stereotactic RT increased from 0.8%
in 2004 to 5% in 2011 (χ2 trend test P < .01; Fig 2).

Among patients who received conventional palliative RT,
26% of courses were associated with a brain metastasis,
18% with bone metastases, and 57% with lung or other di-
agnosis codes. Among patients who received radiation
associated with brain or bone metastasis diagnosis codes,
>50% received ≤10 fractions (Table 2). Among those who
received radiation associated with lung or other metasta-
ses, close to two-thirds received >10 fractions and 35%
received >20 fractions.

Predictors of conventional palliative radiation
therapy receipt

On multivariable analysis, demographic factors associ-
ated with use of conventional palliative RT included marital
status (married vs unmarried; 42% vs 35%; P < .01), younger
age group (48% vs 43% vs 37% vs 27% for age groups
65-69, 70-75, 76-80, and 80 + years; overall P < .01), and
female sex (38% vs 39%; P < .01). Clinical and treat-
ment factors that were associated with the receipt of RT
were a lower modified Charlson comorbidity score (42%
vs 38% vs 34 % vs 29% for modified Charlson 0, 1, 2, and
3 + , respectively; overall P < .01) and receipt of chemo-
therapy (57% vs 25%; P < .01).

In terms of regional and health service factors associ-
ated with the use of RT, patients in the West were less likely
to receive RT relative to patients in the Northeast, Midwest,
or South of the United States (36% vs 39% vs 40% vs 41%;
overall P < .01). There appeared no clear trend in the per-
centage of patients who received RT between patients living
in counties with low, middle, and high densities of radia-
tion oncologists (39% vs 37% vs 40% for lowest, middle,
and top tertiles). Race, urban residence, median census
income quartile, and use of hospice services were not sig-
nificant predictors of RT receipt. Table 3 lists the univariable
and multivariable predictors of conventional RT use.

Predictors of receipt of extended fractionation
(>10 fractions)

None of the demographic factors (sex, marital status, race,
year of diagnosis, and median ZIP code income) in our
model was associated with the use of extended fraction-
ation RT on multivariable analysis and there was no
consistent age-related trend. The receipt of chemotherapy
in the year after diagnosis (54% vs 39%; P < .01) was as-
sociated with use of extended fractionation but the modified
Charlson comorbidity score was not a significant predic-
tor of extended fractionation.

With regard to health system factors, radiation oncolo-
gist density, urban residence, and SEER region were not
significant predictors of receiving extended fractionation.

Table 1 Baseline characteristics among patients with incur-
able non-small cell lung cancer (2004-2011)

N %

Demographic
Age at time of diagnosis (years)
65-69 13,904 25%
70-74 13,904 25%
75-79 12,773 23%
>80 14,677 27%
Sex
Female 25,966 47%
Male 29,292 53%
Race
White 47,359 86%
Black 4993 9%
Asian/Pacific Islander 2654 5%
Other 252 1%
Marital status
Not married 27,840 50%
Married 27,418 50%
Diagnosis year
2004-2005 15,165 27%
2006-2007 14,413 26%
2008-2009 13,234 24%
2010-2011 12,446 23%
Median income quartile (percentile)*
≤25th 13,549 25%
25th-50th 13,547 25%
50th-75th 13,589 25%
>75th 13,598 25%
Clinical and treatment
Modified Charlson comorbidity score†

0 28,449 51%
1 14,211 26%
2 6129 11%
>3 6469 12%
Radiation treatment‡

No 33,506 62%
Yes 20,435 38%
Chemotherapy‡

No 31,812 58%
Yes 23,446 42%
Hospice services‡

No 28,926 52%
Yes 26,332 48%
Regional and health care services
SEER region
Northeast 10,300 19%
South 15,798 28%
Midwest 7544 14%
West 21,616 39%
Living in urban area
No 6537 12%
Yes 48,721 88%
Radiation oncologist density§

Lowest tertile 18,230 33%
Middle tertile 20,054 36%
Highest tertile 16,968 31%

SEER, Surveillance, Epidemiology and End Results.

* By ZIP code.
† Measured using the Klabunde modification.
‡ Within 1 year of diagnosis.
§ Number of radiation oncologists (per 100,000 population) practicing within

each patient’s county of residence, divided into top (>1.5), middle (1-1.5), and

bottom (<1) tertiles.
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However, we found that patients treated at freestanding RT
facilities were more likely to receive extended fraction-
ation compared with those treated at hospital-based facilities
(58% vs 44%; P < 0.01). Table 4 lists the univariable and
multivariable predictors of extended fractionation.

Discussion

This study characterizes the delivery of RT among pa-
tients diagnosed with incurable NSCLC including factors
that influenced the use of conventional palliative RT and
choice of extended RT fractionation in the year after di-
agnosis. Although we observed decreases in the use of
conventional palliative RT between 2004 and 2011, this was
offset by a synchronous increase in the utilization of ste-
reotactic RT.

A combination of patient and treatment factors were as-
sociated with the use of conventional RT. Younger age,
female sex, lower modified Charlson comorbidity score,
marital status, and chemotherapy use were associated with
greater conventional RT use, which is consistent with prior
studies8,9 Chemotherapy receipt may be a surrogate for a
preference for higher intensity of care and patients fit enough
to receive chemotherapy may also have a higher chance of
receiving RT.

More than 50% of patients with incurable NSCLC re-
ceived >10 fractions of palliative RT including 42% who
received RT associated with a bone metastasis diagnosis
code despite national guidelines that suggest shorter

courses.19 This is consistent with findings from other
studies28-30 and suggests that there may be opportunities to
streamline or consolidate care by implementing programs
to evaluate whether and when shorter courses of radiation
are appropriate.

Furthermore, a proportion of patients in our study likely
received palliative radiation directed to the chest. Prior
studies suggest that approximately 20% of patients with
metastatic lung cancer receive palliative chest RT.4,31 Al-
though several RCTs failed to find a statistically significant
benefit to prolonged courses of RT to the chest,20,32-34 an
exploratory meta-analysis suggested that more aggressive
radiation schedules (greater than 30 Gy/10 fractions) was
associated with modest improvements in survival,21 though
with greater acute side effects. In our cohort, 22% of pa-
tients received radiation associated with a nonmetastatic
diagnosis code, many of whom likely received RT di-
rected to the chest. In this group, approximately 28% of
patients received >10 fractions and 9% received >15 frac-
tions. Many patients who received >10 fractions may also
have good overall performance or were treated more ag-
gressively for oligometastatic disease.

We found that many of the patient factors such as sex,
comorbidity, and marital status, which predicted a patient
receiving conventional RT, did not influence the choice
of fractionation scheme. Once the decision to deliver pal-
liative RT is made, other factors appear to influence the
fractionation schedule. Patients who received any chemo-
therapy and those treated at a freestanding RT facility were
respectively 1.79 and 1.74 times more likely to receive >10
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Figure 2 Percent of patients with incurable non-small cell lung cancer who received conventional and stereotactic radiation therapy
by year of diagnosis.

Table 2 Number of palliative radiation therapy fractions by site of metastases

1 fraction 2-5 fractions 6-10 fractions 11-15 fractions 16-20 fractions >20 fractions

Brain 132 (2%) 623 (12%) 2042 (38%) 1767 (33%) 458 (8%) 393 (7%)
Bone 152 (4%) 595 (16%) 1400 (38%) 968 (26%) 340 (9%) 262 (7%)
Lung and other 298 (3%) 1364 (11%) 2730 (23%) 2234 (19%) 1104 (9%) 4191 (35%)
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Table 3 Predictors of receipt of RT among patients with incurable non-small cell lung cancer

Univariable Multivariable

Predictors RTYes RT No OR 95% CI P-value OR 95% CI P-value

Demographic
Age at time of diagnosis (years)
65-69 48% 52% ref < .01 ref < .01
70-74 43% 57% 0.82 0.79-0.86 0.88 0.84-0.93
75-79 37% 63% 0.64 0.61-0.67 0.74 0.70-0.79
>80 27% 73% 0.41 0.39-0.43 0.60 0.56-0.64
Sex
Female 38% 62% ref .54 ref < .01
Male 39% 61% 1.01 0.98-1.05 0.93 0.89-0.97
Race
White 39% 61% ref < .01 ref .12
Black 36% 64% 0.89 0.84-0.94 0.93 0.87-1.00
Asian/Pacific Islander 35% 65% 0.84 0.78-0.92 1.02 0.90-1.14
Other 32% 68% 0.74 0.57-0.97 0.78 0.58-1.07
Marital status
Not married 35% 65% ref < .01 ref < .01
Married 42% 58% 1.38 1.34-1.43 1.15 1.10-1.20
Diagnosis year
2004-2005 40% 60% ref < .01 ref .03
2006-2007 39% 61% 0.98 0.93-1.02 1.02 0.97-1.07
2008-2009 38% 62% 0.94 0.89-0.98 0.97 0.91-1.04
2010-2011 37% 63% 0.89 0.85-0.93 0.92 0.87-0.98
Median income quartile (percentile)*
≤25th 38% 62% ref .06 ref .90
25th to 50th 38% 62% 1.04 0.99-1.09 1.00 0.93-1.07
50th-75th 39% 61% 1.08 1.00-1.10 1.00 0.93-1.07
>75th 39% 61% 1.07 1.02-1.12 1.02 0.95-1.10
Clinical and treatment
Modified Charlson comorbidity score†

0 42% 58% ref < .01 ref < .01
1 38% 62% 0.88 0.85-0.92 0.91 0.87-0.95
2 34% 66% 0.73 0.69-0.77 0.81 0.75-0.88
3 + 29% 71% 0.58 0.55-0.61 0.69 0.64-0.74
Chemotherapy‡

No 25% 75% ref < .01 ref < .01
Yes 57% 43% 3.98 3.84-4.13 3.57 3.42-3.72
Hospice services‡

No 41% 59% ref < .01 ref .23
Yes 36% 64% 0.83 0.80-0.86 1.02 0.98-1.07
Regional and health care services
SEER region
Northeast 39% 61% ref < .01 ref < .01
South 41% 59% 1.12 1.07-1.18 1.14 1.04-1.24
Midwest 40% 60% 1.06 1.00-1.13 1.08 1.00-1.18
West 36% 64% 0.89 0.85-0.94 0.91 0.83-0.99
Living in urban area
No 40% 60% ref < .01 ref .41
Yes 38% 62% 0.92 0.88-0.97 0.97 0.89-1.05
Radiation oncology county density§

Lowest tertile 39% 61% ref < .01 ref < .01
Middle tertile 37% 63% 0.95 0.91-0.99 1.14 1.05-1.23
Highest tertile 40% 60% 1.04 0.99-1.08 1.14 1.05-1.22

CI, confidence interval; OR, odds ratio; ref, reference group; RT, radiation therapy; SEER, Surveillance, Epidemiology and End Results.

* By ZIP code.
† Measured using the Klabunde modification.
‡ Within 1 year of diagnosis.
§ Number of radiation oncologists (per 100,000 population) practicing within each patient’s county of residence, divided into top (>1.5), middle (1-1.5), and

bottom (<1) tertiles.
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Table 4 Predictors of receipt of >10 fractions of RT among patients who received conventional RT

Univariable Multivariable

Predictors >10 fractions ≤10 fractions OR 95% CI P-value OR 95% CI P-value

Demographic
Age at time of diagnosis (years)
65-69 50% 50% ref < .01 .02
70-74 49% 51% 0.97 0.90-1.04 1.02 0.95-1.10
75-79 47% 53% 0.89 0.83-0.96 0.98 0.91-1.06
>80 47% 53% 0.89 0.82-0.96 1.13 1.04-1.23
Sex
Female 48% 52% ref .70 .63
Male 49% 51% 1.01 0.96-1.07 0.99 0.93-1.05
Race
White 49% 51% ref .04 .16
Black 46% 54% 0.88 0.80-0.97 0.92 0.81-1.04
Asian/Pacific Islander 48% 52% 0.93 0.82-1.06 0.97 0.66-1.44
Other 48% 52% 1.25 0.81-1.93 1.51 1.00-2.30
Marital status
Not married 47% 53% ref < .01 .46
Married 49% 51% 1.10 1.04-1.16 1.02 0.97-1.08
Diagnosis year
2004-2005 48% 52% ref .65 .68
2006-2007 48% 52% 1.00 0.93-1.08 1.03 0.97-1.10
2008-2009 48% 52% 1.02 0.94-1.10 1.02 0.94-1.10
2010-2011 49% 51% 1.05 0.97-1.13 1.05 0.96-1.14
Median income quartile (percentile)*
≤25th 49% 51% ref .11 .23
25th-50th 49% 51% 1.02 0.94-1.10 1.07 0.94-1.21
50th-75th 47% 53% 0.93 0.87-1.01 0.96 0.85-1.09
>75th 48% 52% 0.96 0.89-1.03 1.03 0.91-1.17
Clinical and treatment
Modified Charlson comorbidity score†

0 49% 51% ref .30 .57
1 49% 51% 1.00 0.94-1.07 1.00 0.93-1.08
2 47% 53% 0.94 0.86-1.04 0.95 0.85-1.07
3 + 47% 53% 0.93 0.84-1.02 0.95 0.87-1.04
Chemotherapy‡

No 39% 61% ref < .01 < .01
Yes 54% 46% 1.79 1.69-1.89 1.74 1.61-1.88
Hospice services‡

No 52% 48% ref < .01 < .01
Yes 44% 56% 0.73 0.69-0.77 0.77 0.73-0.82
Regional and health care services
SEER region
Northeast 43% 57% ref .09 .07
South 50% 50% 1.34 1.24-1.45 1.19 1.02-1.39
Midwest 49% 51% 1.27 1.15-1.39 1.23 1.04-1.46
West 49% 51% 1.29 1.19-1.39 1.13 0.97-1.33
Living in urban area
No 50% 50% ref .09 .40
Yes 48% 52% 0.93 0.86-1.01 1.06 0.93-1.20
Radiation oncologist density§

Lowest tertile 50% 50% ref < .01 .63
Middle tertile 47% 53% 0.90 0.84-0.96 0.96 0.85-1.09
Highest tertile 48% 52% 0.92 0.86-0.99 1.01 0.90-1.13
RT facility type
Hospital-based 44% 56% ref < .01 < .01
Freestanding 58% 43% 1.74 1.65-1.84 1.74 1.60-1.89

CI, confidence interval; OR, odds ratio; ref, reference group; RT, radiation therapy; SEER, Surveillance, Epidemiology and End Results.

* By ZIP code.
† Measured using the Klabunde modification.
‡ Within 1 year of diagnosis.
§ Number of radiation oncologists (per 100,000 population) practicing within each patient’s county of residence, divided into top (>1.5), middle (1-1.5), and bottom

(<1) tertiles.
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fractions. Although unobserved differences in patient char-
acteristics or preferences could account for some of this
variation, differences in reimbursement of radiation or own-
ership structure by facility type may also be contributing
factors. Prior studies have shown that radiation oncolo-
gists are overwhelmingly likely to recommend treatment
once a patient is referred to them,35 which suggests that prac-
tice type may be more likely to influence decisions about
radiation intensity than decisions about whether to treat.

Previous work has shown a nearly two-fold differen-
tial in the reimbursement for IMRT between freestanding
centers versus hospital-based outpatient clinics.36 Al-
though the reimbursement gap has decreased over time,
another study has shown more a rapid adoption of IMRT
at freestanding versus hospital-based centers.37 Addition-
ally, Mitchell et al. reported a 29% increase in the use of
IMRT for patients with prostate cancer among physician-
owned practices compared with nonphysician-owned
practices38 but data on practice ownership by freestanding
versus hospital-based facility type are not readily available.

Further research is needed to determine the relative
impact of financial incentives on the choice of treatment
schema and develop effective strategies to properly align
incentives. One possible solution may be the implemen-
tation of bundled payments that are piloted currently by the
CMS and other insurers in close collaboration with pro-
viders and hospitals.39 Even though the American Society
for Radiation Oncology Choosing Wisely campaign’s initial
recommendations were released in 2013, data in support
of these recommendations existed well before then. Fur-
thermore, our data can serve as a baseline from which to
evaluate the impact of the campaign.

Our study has several limitations. First, SEER-Medicare
data are observational and lack the clinical granularity
needed to identify radiation specifics including radiation
treatment fields and doses. In addition, RT delivered in the
inpatient setting is not captured in claims data.40 SEER-
Medicare data also do not directly provide information on
treatment site but we expect that radiation that is admin-
istered to patients with incurable disease would be palliative
in intent.

In our patient cohort, patients possibly received RT to
the primary or a metastatic site. Although we attempted to
glean potential treatment site by determining the associ-
ated ICD-9 code with the radiation delivery claim, diagnosis
codes do not necessarily indicate the site of treatment and
physicians may bill according to the primary rather than
the secondary diagnosis code even when treating a meta-
static site. Furthermore, we do not have information on
symptom burden or performance status, which may influ-
ence decisions about palliative RT and the delivery of long
or short courses of treatment.

Second, our analysis is limited to fee-for-service
Medicare-insured patients who lived in SEER regions; there-
fore, the study results may not be generalizable to all patients
with incurable NSCLC. However, since a majority of the

lung cancer diagnoses occurred in patients age >65 years
and more than 95% of Americans age >65 years are covered
by Medicare, our cohort’s experiences are likely to repre-
sent typical patterns of care for NSCLC. In addition, the
SEER-Medicare population has been shown to be reason-
ably representative of the general U.S. adult population.41,42

Finally, although we controlled for available demo-
graphic and clinical characteristics in our models, the
possibility of additional confounding from other patient char-
acteristics exists.

Conclusions

Our study characterizes the use of RT for patients with
incurable NSCLC and identifies factors associated with the
use of conventional palliative RT and extended fraction-
ation. Although there are potential clinical scenarios when
extended fractionation may be warranted, in most pallia-
tive settings, radiation treatments can safely and effectively
be given in ≤10 fractions. Further research into the under-
lying factors, including potential financial incentive, that
shape treatment decisions will allow for development of
effective policies aimed at improving access and efficient
administration of RT in an era when high-value care for
patients is the focus.

Acknowledgments

This study used the linked SEER-Medicare database. The
interpretation and reporting of these data are the sole re-
sponsibility of the authors. The authors acknowledge the
efforts of the National Cancer Institute; the Office of Re-
search, Development and Information, CMS; Information
Management Services, Inc.; and the SEER Program tumor
registries in the creation of the SEER-Medicare database.
Jennifer Wind provided exceptional project management.

Supplementary data

Supplementary material for this article (https://
doi.org/10.1016/j.adro.2018.04.005) can be found at
www.practicalradonc.org.

References

1. Howlader N, Noone A, Krapcho M, et al. SEER cancer statistics
review, 1975-2012. National Cancer Institute. Available at: http://
seer.cancer.gov/csr/1975_2012/, based on November 2014 SEER data
submission.

2. Lutz S, Korytko T, Nguyen J, Khan L, Chow E, Corn B. Palliative
radiotherapy: When is it worth it and when is it not? Cancer J.
2010;16:473-482.

Advances in Radiation Oncology: July/September 2018 Radiation therapy and fractionation in incurable non-small cell lung cancer 389

https://doi.org/10.1016/j.adro.2018.04.005
https://doi.org/10.1016/j.adro.2018.04.005
http://www.practicalradonc.org
http://refhub.elsevier.com/S2452-1094(18)30068-X/sr0010
http://seer.cancer.gov/csr/1975_2012/
http://seer.cancer.gov/csr/1975_2012/
http://refhub.elsevier.com/S2452-1094(18)30068-X/sr0015
http://refhub.elsevier.com/S2452-1094(18)30068-X/sr0015
http://refhub.elsevier.com/S2452-1094(18)30068-X/sr0015


3. Lutz ST, Jones J, Chow E. Role of radiation therapy in palliative care
of the patient with cancer. J Clin Oncol. 2014;32:2913-2919.

4. Chen AB, Cronin A, Weeks JC, et al. Palliative radiation therapy prac-
tice in patients with metastatic non-small-cell lung cancer: A Cancer
Care Outcomes Research and Surveillance Consortium (CanCORS)
Study. J Clin Oncol. 2013;31:558-564.

5. Bekelman JE, Epstein AJ, Emanuel EJ. Single- vs multiple-fraction
radiotherapy for bone metastases from prostate cancer. JAMA.
2013;310:1501-1502.

6. Guadagnolo BA, Liao KP, Elting L, Giordano S, Buchholz TA, Shih
YC. Use of radiation therapy in the last 30 days of life among a large
population-based cohort of elderly patients in the United States. J
Clin Oncol. 2013;31:80-87.

7. Guadagnolo BA, Huo J, Liao KP, Buchholz TA, Das P. Changing
trends in radiation therapy technologies in the last year of life for
patients diagnosed with metastatic cancer in the United States. Cancer.
2013;119:1089-1097.

8. Hayman JA, Abrahamse PH, Lakhani I, Earle CC, Katz SJ. Use of
palliative radiotherapy among patients with metastatic non-small-
cell lung cancer. Int J Radiat Oncol Biol Phys. 2007;69:1001-1007.

9. Murphy JD, Nelson LM, Chang DT, Mell LK, Le QT. Patterns of
care in palliative radiotherapy: a population-based study. J Oncol Pract.
2013;9:e220-e227.

10. Wong J, Xu B, Yeung HN, et al. Age disparity in palliative radia-
tion therapy among patients with advanced cancer. Int J Radiat Oncol
Biol Phys. 2014;90:224-230.

11. Haddad P, Wong RKS, Pond GR, et al. Factors influencing the use
of single vs multiple fractions of palliative radiotherapy for bone me-
tastases: a 5-year review. Clin Oncol (R Coll Radiol). 2005;17:430-
434.

12. Bradley NME, Husted J, Sey MSL, et al. Review of patterns of prac-
tice and patients’ preferences in the treatment of bone metastases with
palliative radiotherapy. Support Care Cancer. 2007;15:373-385.

13. Kapadia NS, Mamet R, Zornosa C, Niland JC, D’Amico TA, Hayman
JA. Radiation therapy at the end of life in patients with incurable
nonsmall cell lung cancer. Cancer. 2012;118:4339-4345.

14. Steenland E, Leer JW, van Houwelingen H, et al. The effect of a single
fraction compared to multiple fractions on painful bone metastases:
a global analysis of the Dutch Bone Metastasis Study. Radiother Oncol.
1999;52:101-109.

15. Chow E, Zeng L, Salvo N, Dennis K, Tsao M, Lutz S. Update on
the systematic review of palliative radiotherapy trials for bone me-
tastases. Clin Oncol (R Coll Radiol). 2012;24:112-124.

16. Fairchild A, Barnes E, Ghosh S, et al. International patterns of prac-
tice in palliative radiotherapy for painful bone metastases: evidence-
based practice? Int J Radiat Oncol Biol Phys. 2009;75:1501-1510.

17. Hartsell WF, Scott CB, Bruner DW, et al. Randomized trial of short-
versus long-course radiotherapy for palliation of painful bone me-
tastases. J Natl Cancer Inst. 2005;97:798-804.

18. Lutz S, Berk L, Chang E, et al. Palliative radiotherapy for bone me-
tastases: an ASTRO evidence-based guideline. Int J Radiat Oncol Biol
Phys. 2011;79:965-976.

19. Hahn C, Kavanagh B, Bhatnagar A, et al. Choosing wisely: the Ameri-
can Society for Radiation Oncology’s top 5 list. Pract Radiat Oncol.
2014;4:349-355.

20. Rodrigues G, Videtic GMM, Sur R, et al. Palliative thoracic radio-
therapy in lung cancer: an American Society for Radiation Oncology
evidence-based clinical practice guideline. Pract Radiat Oncol.
2011;1:60-71.

21. Fairchild A, Harris K, Barnes E, et al. Palliative thoracic radio-
therapy for lung cancer: a systematic review. J Clin Oncol.
2008;26:4001-4011.

22. Hanly P, Céilleachair AÓ, Skally M, O’Neill C, Sharp L. Direct costs
of radiotherapy for rectal cancer: a microcosting study. BMC Health
Serv Res. 2015;15:184.

23. Hayman JA, Lash KA, Tao ML, Halman MA. A comparison
of two methods for estimating the technical costs of external

beam radiation therapy. Int J Radiat Oncol Biol Phys. 2000;47:461-
467.

24. National Cancer Institute. Surveillance, epidemiology, and end results
program: SEER data. Available at: http://healthcaredelivery.cancer.gov/
seermedicare/. Accessed July 15, 2014.

25. Deyo RA, Cherkin DC, Ciol MA. Adapting a clinical comorbidity
index for use with ICD-9-CM administrative databases. J Clin
Epidemiol. 1992;45:613-619.

26. Klabunde CN, Potosky AL, Legler JM, Warren JL. Development of
a comorbidity index using physician claims data. J Clin Epidemiol.
2000;53:1258-1267.

27. U.S. Department of Health and Human Services. Health resources
and services administration health professions: Area resource file (ARF)
national county-level health resource information database. Avail-
able at: http://arg.hrsa.gov. Accessed July 15, 2014.

28. Rutter CE, Yu JB, Wilson LD, Park HS. Assessment of national prac-
tice for palliative radiation therapy for bone metastases suggests marked
underutilization of single-fraction regimens in the United States. Int
J Radiat Oncol Biol Phys. 2015;91:548-555.

29. Conway JL, Yurkowski E, Glazier J, et al. Comparison of patient-
reported outcomes with single versus multiple fraction palliative
radiotherapy for bone metastasis in a population-based cohort.
Radiother Oncol. 2016;119:202-207.

30. McDonald R, Chow E, Lam H, Rowbottom L, Soliman H. Interna-
tional patterns of practice in radiotherapy for bone metastases: a review
of the literature. J Bone Oncol. 2014;3:96-102.

31. Koshy M, Malik R, Mahmood U, Husain Z, Weichselbaum RR, Sher
DJ. Prevalence and predictors of inappropriate delivery of palliative
thoracic radiotherapy for metastatic lung cancer. J Natl Cancer Inst.
2015;107:djv278.

32. Stevens R, Macbeth F, Toy E, Coles B, Lester JF. Palliative radio-
therapy regimens for patients with thoracic symptoms from non-
small cell lung cancer. In: Stevens R, ed. Cochrane Database of
Systematic Reviews, Vol. 1. Chichester, UK: John Wiley & Sons; 2015.

33. Lester JF, Macbeth F, Toy E, Coles B. Palliative radiotherapy regi-
mens for non-small cell lung cancer. In: Lester JF, ed. Cochrane
Database of Systematic Reviews. Chichester, UK: John Wiley & Sons;
2006.

34. Macbeth F, Toy E, Coles B, Melville A, Eastwood A. Palliative ra-
diotherapy regimens for non-small cell lung cancer. In: MacBeth F,
ed. The Cochrane Database of Systematic Reviews. Chichester, UK:
John Wiley & Sons; 2001.

35. Coia LR, Owen JB, Maher EJ, Hanks GE. Factors affecting treat-
ment patterns of radiation oncologists in the United States in the
palliative treatment of cancer. Clin Oncol. 1992;4:6-10.

36. Smith BD, Pan IW, Shih YCT, et al. Adoption of intensity-modulated
radiation therapy for breast cancer in the United States. J Natl Cancer
Inst. 2011;103:798-809.

37. Shen X, Showalter TN, Mishra MV, et al. Radiation oncology ser-
vices in the modern era: evolving patterns of usage and payments
in the office setting for Medicare patients from 2000 to 2010. J Oncol
Pract. 2014;10:e201-e207.

38. Mitchell JM. Urologists’ use of intensity-modulated radiation therapy
for prostate cancer. N Engl J Med. 2013;369:1629-1637.

39. Falit BP, Chernew ME, Mantz CA. Design and implementation of
bundled payment systems for cancer care and radiation therapy. Int
J Radiat Oncol Biol Phys. 2014;89:950-953.

40. Mundt AJ, Roeske JC. Intensity Modulated Radiation Therapy: A Clini-
cal Perspective, Vol. 1. Raleigh, NC: PMPH-USA; 2005.

41. American Cancer Society: Detailed guide: Lung cancer (non-small
cell). Available at: http://www.cancer.org/Cancer/LungCancer
-Non-SmallCell/DetailedGuide/non-small-cell-lung-cancer-key
-statistics. Accessed July 15, 2014.

42. Nattinger AB, McAuliffe TL, Schapira MM. Generalizability of the
surveillance, epidemiology, and end results registry population: Factors
relevant to epidemiologic and health care research. J Clin Epidemiol.
1997;50:939-945.

Advances in Radiation Oncology: July/September 2018390 M.B. Lam et al.

http://refhub.elsevier.com/S2452-1094(18)30068-X/sr0020
http://refhub.elsevier.com/S2452-1094(18)30068-X/sr0020
http://refhub.elsevier.com/S2452-1094(18)30068-X/sr0025
http://refhub.elsevier.com/S2452-1094(18)30068-X/sr0025
http://refhub.elsevier.com/S2452-1094(18)30068-X/sr0025
http://refhub.elsevier.com/S2452-1094(18)30068-X/sr0025
http://refhub.elsevier.com/S2452-1094(18)30068-X/sr0030
http://refhub.elsevier.com/S2452-1094(18)30068-X/sr0030
http://refhub.elsevier.com/S2452-1094(18)30068-X/sr0030
http://refhub.elsevier.com/S2452-1094(18)30068-X/sr0035
http://refhub.elsevier.com/S2452-1094(18)30068-X/sr0035
http://refhub.elsevier.com/S2452-1094(18)30068-X/sr0035
http://refhub.elsevier.com/S2452-1094(18)30068-X/sr0035
http://refhub.elsevier.com/S2452-1094(18)30068-X/sr0040
http://refhub.elsevier.com/S2452-1094(18)30068-X/sr0040
http://refhub.elsevier.com/S2452-1094(18)30068-X/sr0040
http://refhub.elsevier.com/S2452-1094(18)30068-X/sr0040
http://refhub.elsevier.com/S2452-1094(18)30068-X/sr0045
http://refhub.elsevier.com/S2452-1094(18)30068-X/sr0045
http://refhub.elsevier.com/S2452-1094(18)30068-X/sr0045
http://refhub.elsevier.com/S2452-1094(18)30068-X/sr0050
http://refhub.elsevier.com/S2452-1094(18)30068-X/sr0050
http://refhub.elsevier.com/S2452-1094(18)30068-X/sr0050
http://refhub.elsevier.com/S2452-1094(18)30068-X/sr0055
http://refhub.elsevier.com/S2452-1094(18)30068-X/sr0055
http://refhub.elsevier.com/S2452-1094(18)30068-X/sr0055
http://refhub.elsevier.com/S2452-1094(18)30068-X/sr0060
http://refhub.elsevier.com/S2452-1094(18)30068-X/sr0060
http://refhub.elsevier.com/S2452-1094(18)30068-X/sr0060
http://refhub.elsevier.com/S2452-1094(18)30068-X/sr0060
http://refhub.elsevier.com/S2452-1094(18)30068-X/sr0065
http://refhub.elsevier.com/S2452-1094(18)30068-X/sr0065
http://refhub.elsevier.com/S2452-1094(18)30068-X/sr0065
http://refhub.elsevier.com/S2452-1094(18)30068-X/sr0070
http://refhub.elsevier.com/S2452-1094(18)30068-X/sr0070
http://refhub.elsevier.com/S2452-1094(18)30068-X/sr0070
http://refhub.elsevier.com/S2452-1094(18)30068-X/sr0075
http://refhub.elsevier.com/S2452-1094(18)30068-X/sr0075
http://refhub.elsevier.com/S2452-1094(18)30068-X/sr0075
http://refhub.elsevier.com/S2452-1094(18)30068-X/sr0075
http://refhub.elsevier.com/S2452-1094(18)30068-X/sr0080
http://refhub.elsevier.com/S2452-1094(18)30068-X/sr0080
http://refhub.elsevier.com/S2452-1094(18)30068-X/sr0080
http://refhub.elsevier.com/S2452-1094(18)30068-X/sr0085
http://refhub.elsevier.com/S2452-1094(18)30068-X/sr0085
http://refhub.elsevier.com/S2452-1094(18)30068-X/sr0085
http://refhub.elsevier.com/S2452-1094(18)30068-X/sr0090
http://refhub.elsevier.com/S2452-1094(18)30068-X/sr0090
http://refhub.elsevier.com/S2452-1094(18)30068-X/sr0090
http://refhub.elsevier.com/S2452-1094(18)30068-X/sr0095
http://refhub.elsevier.com/S2452-1094(18)30068-X/sr0095
http://refhub.elsevier.com/S2452-1094(18)30068-X/sr0095
http://refhub.elsevier.com/S2452-1094(18)30068-X/sr0100
http://refhub.elsevier.com/S2452-1094(18)30068-X/sr0100
http://refhub.elsevier.com/S2452-1094(18)30068-X/sr0100
http://refhub.elsevier.com/S2452-1094(18)30068-X/sr0105
http://refhub.elsevier.com/S2452-1094(18)30068-X/sr0105
http://refhub.elsevier.com/S2452-1094(18)30068-X/sr0105
http://refhub.elsevier.com/S2452-1094(18)30068-X/sr0105
http://refhub.elsevier.com/S2452-1094(18)30068-X/sr0110
http://refhub.elsevier.com/S2452-1094(18)30068-X/sr0110
http://refhub.elsevier.com/S2452-1094(18)30068-X/sr0110
http://refhub.elsevier.com/S2452-1094(18)30068-X/sr0115
http://refhub.elsevier.com/S2452-1094(18)30068-X/sr0115
http://refhub.elsevier.com/S2452-1094(18)30068-X/sr0115
http://refhub.elsevier.com/S2452-1094(18)30068-X/sr0120
http://refhub.elsevier.com/S2452-1094(18)30068-X/sr0120
http://refhub.elsevier.com/S2452-1094(18)30068-X/sr0120
http://refhub.elsevier.com/S2452-1094(18)30068-X/sr0120
http://refhub.elsevier.com/S2452-1094(18)30068-X/sr0125
http://healthcaredelivery.cancer.gov/seermedicare/
http://healthcaredelivery.cancer.gov/seermedicare/
http://refhub.elsevier.com/S2452-1094(18)30068-X/sr0130
http://refhub.elsevier.com/S2452-1094(18)30068-X/sr0130
http://refhub.elsevier.com/S2452-1094(18)30068-X/sr0130
http://refhub.elsevier.com/S2452-1094(18)30068-X/sr0135
http://refhub.elsevier.com/S2452-1094(18)30068-X/sr0135
http://refhub.elsevier.com/S2452-1094(18)30068-X/sr0135
http://refhub.elsevier.com/S2452-1094(18)30068-X/sr0140
http://refhub.elsevier.com/S2452-1094(18)30068-X/sr0140
http://refhub.elsevier.com/S2452-1094(18)30068-X/sr0140
http://arg.hrsa.gov
http://refhub.elsevier.com/S2452-1094(18)30068-X/sr0145
http://refhub.elsevier.com/S2452-1094(18)30068-X/sr0145
http://refhub.elsevier.com/S2452-1094(18)30068-X/sr0145
http://refhub.elsevier.com/S2452-1094(18)30068-X/sr0145
http://refhub.elsevier.com/S2452-1094(18)30068-X/sr0150
http://refhub.elsevier.com/S2452-1094(18)30068-X/sr0150
http://refhub.elsevier.com/S2452-1094(18)30068-X/sr0150
http://refhub.elsevier.com/S2452-1094(18)30068-X/sr0150
http://refhub.elsevier.com/S2452-1094(18)30068-X/sr0155
http://refhub.elsevier.com/S2452-1094(18)30068-X/sr0155
http://refhub.elsevier.com/S2452-1094(18)30068-X/sr0155
http://refhub.elsevier.com/S2452-1094(18)30068-X/sr0160
http://refhub.elsevier.com/S2452-1094(18)30068-X/sr0160
http://refhub.elsevier.com/S2452-1094(18)30068-X/sr0160
http://refhub.elsevier.com/S2452-1094(18)30068-X/sr0160
http://refhub.elsevier.com/S2452-1094(18)30068-X/sr0165
http://refhub.elsevier.com/S2452-1094(18)30068-X/sr0165
http://refhub.elsevier.com/S2452-1094(18)30068-X/sr0165
http://refhub.elsevier.com/S2452-1094(18)30068-X/sr0165
http://refhub.elsevier.com/S2452-1094(18)30068-X/sr0170
http://refhub.elsevier.com/S2452-1094(18)30068-X/sr0170
http://refhub.elsevier.com/S2452-1094(18)30068-X/sr0170
http://refhub.elsevier.com/S2452-1094(18)30068-X/sr0170
http://refhub.elsevier.com/S2452-1094(18)30068-X/sr0175
http://refhub.elsevier.com/S2452-1094(18)30068-X/sr0175
http://refhub.elsevier.com/S2452-1094(18)30068-X/sr0175
http://refhub.elsevier.com/S2452-1094(18)30068-X/sr0175
http://refhub.elsevier.com/S2452-1094(18)30068-X/sr0180
http://refhub.elsevier.com/S2452-1094(18)30068-X/sr0180
http://refhub.elsevier.com/S2452-1094(18)30068-X/sr0180
http://refhub.elsevier.com/S2452-1094(18)30068-X/sr0185
http://refhub.elsevier.com/S2452-1094(18)30068-X/sr0185
http://refhub.elsevier.com/S2452-1094(18)30068-X/sr0185
http://refhub.elsevier.com/S2452-1094(18)30068-X/sr0190
http://refhub.elsevier.com/S2452-1094(18)30068-X/sr0190
http://refhub.elsevier.com/S2452-1094(18)30068-X/sr0190
http://refhub.elsevier.com/S2452-1094(18)30068-X/sr0190
http://refhub.elsevier.com/S2452-1094(18)30068-X/sr0195
http://refhub.elsevier.com/S2452-1094(18)30068-X/sr0195
http://refhub.elsevier.com/S2452-1094(18)30068-X/sr0200
http://refhub.elsevier.com/S2452-1094(18)30068-X/sr0200
http://refhub.elsevier.com/S2452-1094(18)30068-X/sr0200
http://refhub.elsevier.com/S2452-1094(18)30068-X/sr0205
http://refhub.elsevier.com/S2452-1094(18)30068-X/sr0205
http://refhub.elsevier.com/S2452-1094(18)30068-X/sr0210
http://www.cancer.org/Cancer/LungCancer-Non-SmallCell/DetailedGuide/non-small-cell-lung-cancer-key-statistics
http://www.cancer.org/Cancer/LungCancer-Non-SmallCell/DetailedGuide/non-small-cell-lung-cancer-key-statistics
http://www.cancer.org/Cancer/LungCancer-Non-SmallCell/DetailedGuide/non-small-cell-lung-cancer-key-statistics
http://refhub.elsevier.com/S2452-1094(18)30068-X/sr0215
http://refhub.elsevier.com/S2452-1094(18)30068-X/sr0215
http://refhub.elsevier.com/S2452-1094(18)30068-X/sr0215
http://refhub.elsevier.com/S2452-1094(18)30068-X/sr0215

	 Palliative radiation and fractionation in medicare patients with incurable non-small cell lung cancer
	 Introduction
	 Methods and materials
	 Sources of data
	 Study cohort
	 Definition of outcomes variables
	 Definition of explanatory variables
	 Statistical methods

	 Results
	 Use of radiation therapy in patients with incurable non-small cell lung cancer
	 Predictors of conventional palliative radiation therapy receipt
	 Predictors of receipt of extended fractionation (>10 fractions)

	 Discussion
	 Conclusions
	 Acknowledgments
	 Supplementary data
	 References


