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Abstract
Background: The 2010 Affordable Care Act aimed at reducing healthcare costs, improving healthcare quality and expanding health insurance coverage
among uninsured individuals in the United States. We examined trends in utilization of radiation therapies and stereotactic radiosurgery before and after its
implementation among U.S. adults hospitalized with brain metastasis.

Methods: Interrupted time-series analyses of data on 383934 2005-2014 Nationwide Inpatient Sample hospitalizations were performed, whereby yearly and
quarterly cross-sectional data were evaluated and Affordable Care Act implementation was considered the main exposure variable, stratifying by patient and
hospital characteristics.

Results: We observed consistently declining trends in radiation therapy over time and post-Affordable Care Act status with variability in level of utilization
among speci�c sub-groups. Stereotactic radiosurgery prevalence increased over time among Hispanics, elective admissions, Midwestern hospitals, non-
teaching hospitals and hospitals with medium bed size. Post-Affordable Care Act was associated with increased stereotactic radiosurgery prevalence among
African-Americans, non-elective and weekend admissions, with changes in slope in the context of weekend admissions and hospitals with large bed size.  

Conclusions: Whereas hospitalized adults in the United States utilized less radiation therapy and slightly more stereotactic radiosurgery over the ten-year
period, utilization levels and trends were not consistent among distinct sub-groups de�ned by patient and hospital characteristics, with some traditionally
underserved populations more likely to receive healthcare services post-Affordable Care Act implementation. The Affordable Care Act may be helpful at
reducing the need for radiation therapy and closing the gap in access to technological advances such as stereotactic radiosurgery for treating brain
metastases.

Background
With nearly 200,000 incident cases per year, brain metastases are the most frequently diagnosed intracranial cancers among adults in the United States.
Treatment of brain metastases frequently involves radiation therapy(1), as the standard treatment has been whole brain radiation therapy (WBRT) with or
without surgical resection(2). When treated with supportive care and corticosteroids (median survival: 1–2 months) or WBRT (median survival: 3–6 months),
brain metastases are known to exhibit poor prognosis(3). Available since the 1980s, stereotactic radiosurgery (SRS) is a minimally invasive procedure that is
considered an alternative to WBRT that can quickly deliver ablative doses of radiation while minimizing radiation exposure to normal brain tissue and risks
of cognitive side-effects and/or neurologic compromise(1–5). SRS may offer a one-day treatment course with prolonged treatment planning while avoiding
or delaying side-effects; by contrast, WBRT is a less expensive option that reduces intracranial relapse and allows faster initiation of radiation treatment(2).

Previously conducted studies have provided evidence for increasing popularity of SRS among cancer patients, in general, and among those with brain
metastases, in particular(3, 6, 7). Guadognolo and colleagues analyzed claims data from Surveillance, Epidemiology, and End Results (SEER)–Medicare and
Texas Cancer Registry–Medicare (2000–2009) databases on utilization of radiation therapy among 13488 patients diagnosed with lung, breast, prostate,
colorectal, melanoma, and pancreas cancers within their last 30 days of life(7). Results suggested a shift towards technologically advanced treatments, with
a decrease in utilization of two-dimensional radiation therapy (74.9%(2000) to 32.7%(2009)), and an increase in utilization of three-dimensional radiation
therapy (27.2%(2000) to 58.5%(2009), intensity modulated radiation therapy (0%(2000) to 6.2%(2009)) and SRS (0%(2000) to 5.0%(2009))(7). Halasz and
colleagues performed analyses of SEER-Medicare data on 7684 elderly patients with non-small cell lung cancer (NSCLC) diagnosed with brain metastases
and treated initially with radiation therapy within two months of their diagnosis between 2000 and 2007(2). Whereas 469 (6.1%) patients had billing codes
for SRS, SRS utilization increased from 3.0% (2000) to 8.2% (2005) and varied by registry site. Predictors of SRS utilization included increasing year of
diagnosis, SEER registry, higher socioeconomic status, admission at teaching hospital, no history of participation in low-income state buy-in programs, no
extracranial metastases, and longer interval from NSCLC diagnosis(2). Haque and colleagues analyzed data on 2,312 patients (813 SRS and 1,499 non-SRS)
from 2005–2014 National Cancer Database (NCD) to evaluate utilization of intracranial radiotherapy for renal cell carcinoma; SRS utilization increased from
27% in 2005 to 44% in 2014, and was more frequent among patients whose place of residence was away from the facility, those who were treated at
academic centers and/or had chemotherapy and/or nephrectomy (P < 0.05). SRS was less frequent among those with lower income and who were
uninsured/had Medicaid(1).

Recently, trends in SRS and non-SRS radiation therapies for brain metastases were likely in�uenced by the 2010 Affordable Care Act (ACA) which was signed
into law to reduce healthcare costs, improve healthcare quality and expand health insurance coverage among uninsured individuals in the United States(8–
21). The ACA had several provisions facilitating access to cancer-related procedures among previously underserved populations(8–21). To date, studies
focused on the impact of the ACA on utilization of procedures aimed at prevention, diagnosis and treatment of cancers have been scarce and have yielded
inconsistent �ndings(8–21). Moreover, studies examining time trends in SRS utilization for treating brain metastases among U.S. adults have mainly
originated from SEER-Medicare and NCD and none speci�cally examined the potential role of ACA using an all-payer database at the national level. The
main objective of this retrospective study is to perform interrupted time-series (ITS) analyses to examine variations in time trends pertaining to utilization of
radiation therapies, in general, and SRS, in particular, among hospitalized U.S. adults diagnosed with brain metastasis over a 10-year period between 2005
and 2014. We hypothesized that levels and trends in utilization differed before and after ACA implementation and, that patient and hospital-level
characteristics modi�ed the difference and/or change in utilization pre- and post-implementation of the ACA.

Methods
We performed secondary analyses of existing data from the Agency for Healthcare Research and Quality (AHRQ), Healthcare Cost and Utilization Project
(HCUP), Nationwide Inpatient Sample (NIS). The AHRQ HCUP NIS is the largest publicly available, all-payer inpatient care database of community hospitals
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in the United States. It consists of ≈ 5–8 million hospital discharge records sampled annually from ≈ 1000 hospitals since 1988. Each year, a 20% strati�ed
probability sample of hospitals (before 2012) or hospital discharge records (since 2012) is selected from all participating HCUP states. NIS data elements
included patient demographics, up to 15 diagnoses and 15 procedures as well as hospital course and outcomes. This study was conducted in accordance
with the Declaration of Helsinki and was determined to be research not involving human subjects by Fort Belvoir Community Hospital.

The study population consists of hospital discharge records from 2005–2014 NIS databases that met inclusion criteria: (1) Age ≥ 18 years; (2) Primary or
secondary diagnosis of brain metastases based on ICD-9-CM codes (191 (malignant neoplasm brain), 191.7 (malignant neo brain stem), 191.8 (malignant
neo brain nec), 191.9 (malignant neo brain nos), 198.3 (sec mal neo brain/spine)). Hospital discharge records were excluded if they corresponded to patients
with missing data on patient- and hospital-level characteristics.

Eligible discharge records were identi�ed as corresponding to patients receiving radiation therapy if 1 + of up to 15 ICD-9-CM procedure codes were the
following: SRS (92.3(stereotact radiosurgery*), 92.30(stereo radiosurgery nos), 92.39(stereo radiosurgery nec)) or non-SRS (92.2(therap radiol & nucl med*),
92.21(super�cial radiation), 92.22(orthovoltage radiation), 92.23(radioisot teleradiother), 92.24(teleradio using photons), 92.25(electron teleradiotherap),
92.26(particul teleradioth nec), 92.27(radioactive elem implant), 92.29(radiotherapeut proc nec), 92.31(sing source radiosurgery), 92.32(multisource
radiosurgery), 92.33(particulate radiosurgery)). Records that did not satisfy these criteria were identi�ed as corresponding to patients who did not receive
SRS and/or non-SRS therapies during their hospitalization. Subsequently, prevalence of radiation therapy among hospitalized patients was de�ned as
proportion of eligible records that corresponded to patients who underwent SRS and/or non-SRS treatments and prevalence of SRS was de�ned as
proportion of eligible radiation therapy records that corresponded to patients who received SRS.

Prevalence rates were examined over a 10-year study period (2005–2014) as well as before (2005–2010) and after (2011–2014) ACA implementation.
Twenty-four pre-intervention (before quarter 1 of 2011) and sixteen post-intervention (since quarter 1 of 2011) time points were generated using year and
quarter of hospital discharge, and time trends were examined before and after stratifying by patient and hospital characteristics. Patient-level characteristics
were sex, age, race/ethnicity, Charlson comorbidity index (CCI), admission type, admission quarter, weekend admission and primary health insurance.
Hospital-level characteristics were hospital region, location/teaching status and bed size.

All statistical analyses were conducted using STATA version 15 (StataCorp, College Station, TX), taking into account complex survey design. Bivariate
associations were examined using uncorrected Chi-square and design-based F-tests, as appropriate. First, logistic regression models were constructed for
comparing distributions of patient and hospital characteristics among hospitalizations that occurred pre-post ACA implementation. Second, prevalence rates
of radiation therapies and SRS were evaluated at each point in time, and trend analyses were performed by year and quarter using logistic regression. We
used time point-speci�c prevalence rates to perform comparative ITS analyses by examining differences in levels and slopes over time between periods pre-
post ACA implementation, before and after stratifying by patient or hospital characteristics(20). ITS analysis is a robust quasi-experimental method for
evaluating the impact of population-level interventions through estimation of change in outcome around the time of an intervention while avoiding
individual-level unmeasured confounding and controlling for pre-existing time trends prior to that intervention(10, 15, 20). All ITS models included indicator
variables for time point (year and quarter coded as 51,…,144), post-intervention status and an interaction term between time point and post-intervention
status(18). We applied post-estimation to calculate change in intercept and slope for pre-post ACA prevalence rates(11, 21), and calculated Newey-West
standard errors to adjust for autocorrelation(10, 15, 20). We also constructed Poisson regression models whereby each patient and hospital characteristic,
post-ACA status and their interactions were examined as predictors of prevalent radiation therapy and SRS. Statistical tests were two-sided and p < 0.05 was
considered statistically signi�cant.

Results
Of 388174 hospitalizations identi�ed among U.S. adults with primary or secondary diagnosis of brain metastases from 2005–2014 NIS databases, 383934
were study-eligible because they had no missing data on baseline characteristics. Of those, 228567 were pre-ACA and 155367 were post-ACA records.
Similarly, 35928 underwent any type of radiation therapy with 2833 undergoing SRS and 34406 undergoing non-SRS therapies (Fig. 1).

Table 1 compares patient and hospital characteristics of eligible records pre-post ACA implementation. Whereas pre-ACA and post-ACA records did not differ
by patient sex or admission quarter, we observed small but statistically signi�cant differences for all remaining patient and hospital characteristics.
Compared to pre-ACA records, post-ACA records were more likely to correspond to older, minority patients with CCI > 2 admitted on weekends to Midwestern,
Southern or Western urban-teaching hospitals, and less likely to correspond to non-Medicare patients electively admitted to urban, non-teaching hospitals
with medium or large bed sizes.
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Table 1
Characteristics of Brain Metastasis Patients Before and After the Affordable Care Act

  Weighted % cOR (95% CI) aOR (95% CI)

  Total

(n = 383,934)

Pre-ACA

2005–2010

(n = 228,567)

Post-ACA

2011–2014

(n = 155,367)

   

Sex:   P = 0.056    

Male 48.9 49.1 48.7 Ref. Ref.

Female 51.0 50.9 51.3 1.01 (0.99, 1.02) 1.01 (0.99, 1.02)

Age (years):   P < 0.0001    

18–39 6.9 7.1 6.7 Ref. Ref.

40–64 50.5 51.1 49.8 1.03 (1.01, 1.06) 1.06 (1.04, 1.09)

65+ 42.4 41.8 43.4 1.11 (1.07, 1.14) 1.04 (1.01, 1.08)

Race/Ethnicity:   P < 0.0001    

White 65.3 61.5 70.9 Ref. Ref.

African American 9.6 8.5 11.1 1.14 (1.11, 1.16) 1.03 (1.00, 1.05)

Hispanic 5.6 5.2 6.4 1.06 (1.03, 1.09) 1.05 (1.02, 1.08)

Other 4.7 4.2 5.4 1.09 (1.06, 1.013) 1.09 (1.05, 1.12)

Unknown 14.8 20.6 6.2 0.26 (0.25, 0.26) 0.21 (0.20, 0.22)

Charlson comorbidity index:   P < 0.0001    

≤2 14.4 14.8 13.8 Ref. Ref.

3–9 83.3 83.3 83.3 1.06 (1.04, 1.08) 1.02 (1.00, 1.04)

≥10 2.3 1.9 2.9 1.58 (1.52, 1.66) 1.41 (1.34, 1.48)

Admission type:   P < 0.0001    

Non-Elective 79.9 78.9 81.4 Ref. Ref.

Elective 20.0 21.1 18.6 0.85 (0.84, 0.87) 0.86 (0.85, 0.88)

Admission quarter:   P = 0.18    

1st quarter 24.9 25.0 24.9 Ref. Ref.

2nd quarter 24.9 24.9 24.8 1.00 (0.98, 1.02) 0.99 (0.98, 1.01)

3rd quarter 25.0 24.9 25.1 1.01 (0.99, 1.03) 1.01 (0.99, 1.03)

4th quarter 25.1 25.0 25.3 1.02 (0.99, 1.03) 1.01 (0.99, 1.03)

Weekend admission status:   P < 0.0001    

Monday-Friday 80.7 81.0 80.2 Ref. Ref.

Saturday-Sunday 19.3 18.9 19.8 1.06 (1.04, 1.07) 1.04 (1.02, 1.06)

Primary health insurance:   P < 0.0001    

Medicare 44.2 42.9 46.0 Ref. Ref.

Medicaid 11.8 11.3 12.5 1.02 (1.00, 1.05) 0.96 (0.93, 0.98)

Private insurance 37.9 39.6 35.4 0.84 (0.82, 0.85) 0.83 (0.81, 0.84)

Self-pay/No pay/Other 6.2 6.2 6.2 0.93 (0.91, 0.96) 0.88 (0.86, 0.91)

Hospital region:   P < 0.0001    

Northeast 21.9 22.6 20.9 Ref. Ref.

Midwest 23.2 23.4 22.9 1.06 (1.04, 1.07) 1.77 (1.75, 1.79)

South 36.9 36.1 37.9 1.13 (1.12, 1.14) 1.37 (1.35, 1.38)

West 17.9 17.9 18.0 1.08 (1.07, 1.09) 1.32 (1.30, 1.34)
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  Weighted % cOR (95% CI) aOR (95% CI)

Hospital location/teaching status:   P < 0.0001    

Rural 8.3 9.1 7.1 Ref. Ref.

Urban –Non-Teaching 32.3 35.2 28.1 1.01 (0.99, 1.03) 0.93 (0.92, 0.95)

Urban –Teaching 59.4 55.7 64.8 1.48 (1.46, 1.51) 1.48 (1.46, 1.52)

Hospital bed size:   P < 0.0001    

Small 10.2 9.8 10.7 Ref. Ref.

Medium 20.9 20.3 21.9 0.99 (0.98, 1.01) 0.96 (0.94, 0.98)

Large 68.9 69.9 67.4 0.88 (0.88, 0.89) 0.89 (0.88, 0.90)

Abbreviations: ACA=Affordable Care Act; CI=Con�dence Intervals; OR=Odds Ratio.

Table 2 presents trends in utilization of radiation therapy and SRS. In general, 9.34% of brain metastasis patients underwent radiation therapies and 7.83% of
brain metastasis patients who underwent radiation therapies underwent SRS. There were statistically signi�cant trends by year and/or quarter in radiation
therapy and SRS prevalence rates. Whereas trend in radiation therapy declined over time, that of SRS is less clear-cut.

Table 2
Time Trends in Utilization of Radiation Therapies and Stereotactic Radiosurgery for Brain Metastasis

  % Radiation Therapy a % Stereotactic Radiosurgery b

  Quarter 1 Quarter 2 Quarter 3 Quarter 4 Quarter 1 Quarter 2 Quarter 3 Quarter 4

2005 11.71 11.94 11.10 11.0 7.41 6.65 4.95 7.08

2006 12.16 11.51 11.43 10.90 9.44 9.28 7.88 6.21

2007 11.12 11.18 10.49 10.61 7.87 7.51 7.67 7.32

2008 10.42 9.83 9.62 9.76 9.04 8.59 6.61 7.20

2009 10.32 9.25 9.39 8.80 7.52 6.32 6.12 7.71

2010 9.05 8.80 8.89 8.51 9.47 8.60 9.35 5.83

2011 8.80 9.09 8.59 8.58 9.99 8.17 7.36 7.75

2012 8.58 8.38 8.09 8.04 8.15 6.61 7.53 7.51

2013 8.14 7.61 7.67 7.52 7.51 7.64 8.80 9.48

2014 7.27 7.07 6.77 6.73 8.50 9.70 8.47 10.52

Total 9.34 7.83

P trend (Year) < 0.0001 0.013

P trend (quarters) < 0.0001 0.008

P trend (Year & quarters) < 0.0001 0.002

a Of all hospitalizations corresponding to patients who were diagnosed with brain metastases; b Of all hospitalizations corresponding to patients who
were diagnosed with brain metastases and underwent radiation therapies.

Table 3 presents ITS and Poisson regression analyses for ACA as a predictor of prevalent radiation therapy and SRS. Overall, prevalence of radiation therapy
declined over time, with signi�cant increase in prevalence (change in intercept) around the time of ACA implementation, and no signi�cant change in slope
post-ACA (Fig. 2). There was no signi�cant change in intercept or slope with respect to SRS prevalence over time, suggesting no signi�cant effect of ACA on
SRS prevalence among radiation therapy recipients (Fig. 3). Poisson regression models suggested a negative relationship between post-ACA status and
radiation therapy (Incidence Rate Ratio (IRR) = 0.77, 95% Con�dence Interval (CI): 0.76, 0.78) and a weak but positive relationship between post-ACA status
and SRS (IRR = 1.09, 95% CI: 1.02, 1.18).

Table 3. Interrupted Time Series and Poisson Regression for Radiation Therapy and Stereotactic Radiosurgery Utilization
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  Radiation Therapy a

 

Stereotactic Radiosurgery b

 

  ITSA

β (95% CI)

PR ITSA

β (95% CI)

PR

  _t _x111 _x_t111 IRR (95%
CI)

P interact

_t _x111 _x_t111 IRR (95% CI)

P interact

Total -0.0005876

(-0.0006893,
-0.0004858)

0.0057787
(0.0021209,
0.0094366)

-0.0000186

(-0.0001516,
0.0001144)

0.77
(0.76,
0.78)

 

0.0001294

(-0.0002191,
0.0004779)

-0.0028808

(-0.0199838,
0.0142222)

0.0002599

(-0.0003722,
0.000892)

10.09 (10.02,
1.18)

Sex:                

  Male -0.0005697

(-0.0006869,
-0.0004526)

0.0045067

(-0.0001133,
0.0091267)

0.0000369

(-0.0001345,
0.0002083)

0.77
(0.75,
0.79)

Ref.

0.0001567

(-0.0002992,
0.0006127)

-0.0024153

(-0.0244049,
0.0195743)

0.0001599

(-0.0004606,
0.0007804)

10.09 (0.98, 1.21)

Ref.

  Female -0.0006019
(-0.000724,
-0.0004799)

0.0068577
(0.0014591,
0.0122562)

-0.0000727

(-0.0002573,
0.0001118)

0.77
(0.75,
0.79)

0.804

0.0000993

(-0.0003332,
0.0005319)

-0.0029964

(-0.02334,
0.0173471)

0.0003499

(-0.0004782,
0.001178)

10.09 (0.99, 1.22)

0.950

Age (years):                

  18-39 -0.0004489

(-0.000723,

-0.0001748)

0.0121922
(0.0007603,
0.023624)

-0.0001827

(-0.0007689,
0.0004035)

0.81
(0.73,
0.88)

Ref.

0.0005132

(-0.0006543,
0.0016806)

-0.0280496

(-0.0947041,
0.0386049)

0.0011782

(-0.001746,
0.0041024)

1.14 (0.89, 1.46)

Ref.

  40-64 -0.0004611

(-0.0005616,

-0.0003605)

0.0017223

(-0.0029789,
0.0064236)

-0.0000759

(-0.0002382,
0.0000864)

0.79
(0.77,
0.81)

0.680

0.0002121

(-0.0002433,
0.0006675)

-0.0072218

(-0.0313832,
0.0169397)

-0.0000104

(-0.0009374,
0.0009166)

10.04 (0.94, 1.15)

0.482

  65+ -0.0007671

(-0.0009341,

-0.0006001)

0.0095095
(0.0035584,
0.0154606)

0.0000941

(-0.0001515,
0.0003397)

0.74
(0.72,
0.77)

0.136

-0.0000161

(-0.0003611,
0.000329)

0.0048715

(-0.0150786,
0.0248216)

0.0005076

(-0.0003607,
0.001376)

1.17 (10.04, 1.32)

0.847

Race/Ethnicity:                

  White -0.000553

(-0.0006734,

-0.0004326)

0.0049148

(-0.0001796,
0.0100091)

-0.0000157

(-0.0001946,
0.0001631)

0.77
(0.75,
0.79)

Ref.

0.0000306

(-0.0004324,
0.0004936)

-0.0044736

(-0.0265235,
0.0175764)

0.0004462

(-0.0002873,
0.0011797)

10.04
(0.96,
1.14)

Ref.

  African
American

-0.00063

(-0.0010712,

-0.0001888)

0.0080009

(-0.0091001,
0.0251018)

-0.0002553

(-0.000812,
0.0003015)

0.80
(0.76,
0.85)

0.291

-0.0001931
(-0.0007036,
0.0003174)

0.0253202
(0.0058034,
0.0448371)

0.0003061

(-0.000464,
0.0010762)

1.52
(1.17,
1.99)

00.008

  Hispanic -0.0002661

(-0.0007323,
0.0002001)

-0.0178086
(-0.0337701,
-0.0018471)

-0.0002545

(-0.0008252,
0.0003163)

0.66
(0.60,
0.72)

00.001

0.0013095
(0.0003997,
0.0022193)

0.006235

(-0.0638439,
0.0763139)

-0.0033457

(-0.0062731,

-00.0004184)

1.22
(0.94,
1.57)

0.282

  Other -0.0010128

(-0.0016214,

-0.0004041)

0.0120473

(-0.0068166,
0.0309112)

0.0004902

(-0.000326,
0.0013063)

0.73
(0.66,
0.80)

0.256

0.0003647

(-0.0006091,
0.0013385)

-0.0030949

(-0.0538316,
0.0476419)

-0.000435

(-0.0027238,
0.0018538)

1.14
(0.81,
1.61)

0.607

  Unknown -- -- -- 0.79
(0.74,
0.85)

0.555

-- -- -- 10.06
(0.83,
1.37)

0.889
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Charlson
comorbidity
index:

  ≤2 -0.0003402

(-0.000469,

-0.0002114)

0.0042873

(-0.0013229,
0.0098975)

0.0001067

(-0.0001005,
0.000314)

0.70
(0.64,
0.78)

Ref.

0.0001474

(-0.0017997,
0.0020945)

-0.082355

(-.1924038,
0.0276938)

0.0046514

(-0.0002966,
0.0095994)

0.98
(0.84,
1.14)

Ref.

  3-9 -0.0006299

(-0.0007463,

-0.0005135)

0.0045373
(0.0000757,
0.008999)

-0.0000306

(-0.0002008,
0.0001396)

0.76
(0.74,
0.77)

0.124

0.0002095

(-0.0000873,
0.0005063)

0.0000498

(-0.0153025,
0.0154022)

-0.0000586

(-0.0006743,
0.000557)

1.14
(10.05,
1.24)

00.080

  ≥10 -0.0014818

(-0.002198,

-0.0007655)

0.0615762
(0.0332573,
0.089895)

-0.0000477

(-0.0009786,
0.0008831)

0.95
(0.85,
10.07)

<00.0001

-0.000659

(-0.001567,
0.000249)

0.0214923

(-0.0201997,
0.0631842)

0.0026537
(0.0006757,
0.0046317)

2.17
(1.18,
3.99)

00.013

Type of
admission:

               

  Elective -0.0007357

(-0.0009787,

-0.0004928)

0.0033605

(-0.0072935,
0.0140144)

0.0001221

(-0.0002302,
0.0004743)

0.79
(0.77,
0.80)

Ref.

0.0018591
(0.0005552,
0.003163)

-.1039817

(-.1762625,

-0.0317009)

0.0000293

(-0.0036463,
0.0037049)

0.94
(0.85,
10.06)

Ref.

  Non-Elective -0.0005618

(-0.0006493,

-0.0004743)

0.0065739
(0.002555,
0.0105927)

-0.000071

(-0002319,
0.0000899)

0.65
(0.62,
0.69)

<00.0001

-0.0000744

(-0.0003229,
0.0001741)

0.0158522
(0.005305,
0.0263995)

0.0004508
(0.0001112,
0.0007904)

1.42
(1.29,
1.56)

<00.0001

Admission
quarter:

               

  1st quarter -- -- -- 0.76
(0.73,
0.79)

Ref.

-- -- -- 10.02 (0.88, 1.17)

Ref.

  2nd quarter -- -- -- 0.77
(0.74,
0.80)

0.558

-- -- -- 10.02 (0.88, 1.18)

0.971

  3rd quarter -- -- -- 0.77
(0.74,
0.80)

0.754

-- -- -- 1.13 (0.97, 1.31)

0.321

  4th quarter -- -- -- 0.78
(0.75,
0.81)

0.446

-- -- -- 1.26 (10.08, 1.46)

00.037

Weekend
admission
status:

               

  Monday-
Friday

-0.0006352

(-0.0007601,
-0.0005102)

0.005331
(0.0010727,
0.0095893)

0.0000585

(-0.0000884,
0.0002054)

0.76
(0.74,
0.78)

Ref.

0.000209

(-0.0001878,
0.0006059)

-0.009793

(-0.0316774,
0.0120915)

0.0002213

(-0.000604,
0.0010465)

10.04 (0.96, 1.13)

Ref.

  Saturday-
Sunday

-0.0003808

(-0.0004951,
-0.0002666)

0.0074733

(-0.0027994,
0.017746)

-0.0003339

(-0.0007438,
0.000076)

0.82
(0.78,
0.86)

00.006

-0.0001375

(-0.0004831,
0.0002081)

0.0288493
(0.0120985,
0.0456)

0.0002812

(-0.0006933,
0.0012558)

1.60 (1.30, 1.96)

<00.0001

Primary health
insurance:
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  Medicare -0.0008394
(-0.0010039,

-0.000675)

0.0114842
(0.0055055,
0.0174629)

0.0001623

(-0.0000891,
0.0004138)

0.74
(0.72,
0.76)

Ref.

-0.0000486

(-0.0003595,
0.0002622)

0.0002031

(-0.0172791,
0.0176854)

0.0007014

(-0.0000317,
0.0014345)

1.12 (10.00, 1.26)

Ref.

  Medicaid -0.0003131

(-0.0004865,
-0.0001396)

0.0050678

(-0.0037625,
0.013898)

-0.000596

(-0.0009537,
-0.0002382)

0.83
(0.78,
0.87)

<00.0001

-0.0002999

(-0.001019,
0.0004192)

0.0259187

(-0.0099386,
0.061776)

0.00037

(-0.001016,
0.001756)

1.30 (10.06, 1.60)

0.221

  Private
insurance

-0.0003918

(-0.0004903,
-0.0002933)

-0.002866

(-0.0083102,
0.0025782)

0.0000137

(-0.0001948,
0.0002223)

0.77
(0.75,
0.80)

00.068

0.0004478

(-0.0001163,
0.001012)

-0.0154042

(-0.0429707,
0.0121624)

-0.0001583

(-0.001129,
0.0008124)

10.04 (0.93, 1.17)

0.386

  Self-pay/No
pay/Other

-0.0006988

(-0.0010599,
-0.0003377)

0.020173
(0.0047719,
0.035574)

-0.0002168

(-0.0007284,
0.0002947)

0.82
(0.76,
0.89)

00.021

0.0003893

(-0.00051,
0.0012886)

0.0016599

(-0.0511885,
0.0545083)

-0.0004993

(-0.0024409,
0.0014423)

1.18 (0.86, 1.64)

0.741
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Hospital region:                

  Northeast -0.000183

(-0.000384,
0.0000181)

-0.0115514

(-0.0231198,
0.0000169)

-0.0003083

(-0.0007614,
0.0001448)

0.79
(0.76,
0.82)

Ref.

-0.0001349

(-0.001105,
0.0008352)

-0.0270346

(-0.0682845,
0.0142153)

0.0011506

(-0.0002096,
0.0025108)

0.82
(0.70,
0.95)

Ref.

  Midwest -0.0006922

(-0.0009179,

-0.0004664)

0.0153239
(0.0080416,
0.0226063)

0.0000413

(-0.0002486,
0.0003312)

0.82
(0.78,
0.86)

0.206

0.0009955
(0.0004157,
0.0015753)

-0.0245319

(-0.0510817,
0.0020178)

-0.0006917

(-0.0016173,
0.000234)

1.24
(10.05,
1.45)

<00.0001

  South -0.0005641

(-0.0007274,

-0.0004008)

0.0046105

(-0.002617,
0.0118381)

-0.0001032

(-0.0003507,
0.0001443)

0.76
(0.74,
0.79)

0.159

0.0001402

(-0.0003511,
0.0006316)

0.0076084

(-0.017319,
0.0325357)

0.0004799

(-0.0004077,
0.0013676)

1.32
(1.17,
1.48)

<00.0001

  West -0.0009943

(-0.0012488,

-0.0007399)

0.0189184
(0.0102924,
0.0275444)

0.0004228
(0.000105,
0.0007406)

0.69
(0.66,
0.74)

00.001

-0.0007519

(-0.0018053,
0.0003014)

0.0463469

(-0.0038763,
0.09657)

-0.0003994

(-0.0023635,
0.0015648)

10.00
(0.84,
1.20)

00.092

Hospital
location/teaching
status:

               

  Rural 0.0003967
(0.0001488,
0.0006446)

-0.0274169

(-0.0405148,

-0.0143191)

-0.0006766

(-0.0010602,

-0.000293)

0.69
(0.66,
0.74)

Ref.

0.0011802
(0.0004477,
0.0019127)

-0.0623366

(-0.1084894,

-0.0161837)

-0.0009277

(-0.0022133,
0.0003578)

10.00
(0.84,
1.20)

Ref.

  Urban –Non-
Teaching

-0.0007415

(-0.0008881,

-0.000595)

0.0162992
(0.0092004,
0.023398)

-0.0002277

(-0.0004992,
0.0000437)

0.73
(0.67,
0.81)

0.848

0.0006459
(0.0001461,
0.0011458)

-0.0067011

(-0.0359347,
0.0225325)

-0.0006939

(-0.0019489,
0.0005611)

0.52
(0.29,
0.90)

00.001

  Urban –
Teaching

-0.000724

(-0.0008464,

-0.0006017)

0.0057822

(-0.000209,
0.0117734)

0.0000952

(-0.0001343,
0.0003248)

0.74
(0.71,
0.77)

0.566

-0.0003339

(-0.0008084,
0.0001406)

0.0074095

(-0.0124293,
0.0272484)

0.000628

(-0.0001396,
0.0013955)

1.37
(1.15,
1.63)

00.021

Hospital bed size:                

  Small -0.0006084

(-0.000833,

-0.0003839)

0.0063257

(-0.0043283,
0.0169797)

0.0001727

(-0.0001905,
0.000536)

0.75
(0.69,
0.80)

Ref.

-0.0006939

(-0.0030342,
0.0016463)

0.0324438

(-0.028774,
0.0936617)

-0.0006291

(-0.00338,
0.0021218)

0.80
(0.63,
10.02)

Ref.

  Medium -0.0005753

(-0.0008217,

-0.0003289)

0.003114

(-0.0066312,
0.0128593)

0.0001367

(-0.0002968,
0.0005701)

0.74
(0.70,
0.78)

0.819

0.0007184
(0.0000561,
0.0013808)

-0.0054802

(-0.0556636,
0.0447033)

-0.0015508

(-0.0034093,
0.0003076)

10.08
(0.90,
1.28)

00.049

  Large -0.000584

(-0.0006839,

-0.0004841)

0.0056636
(0.000873,
0.0104542)

-0.0000206

(-0.0001839,
0.0001428)

0.79
(0.77,
0.81)

0.146

0.0001169

(-0.0003076,
0.0005414)

-0.0064868

(-0.024428,
0.0114544)

0.000772
(0.0001842,
0.0013598)

1.14
(10.05,
1.24)

00.006

a Of all hospitalizations corresponding to patients who were diagnosed with brain metastases; b Of all hospitalizations corresponding to patients who were
diagnosed with brain metastases and underwent radiation therapies; Abbreviations: IRR = Incidence Rate Ratio; ITSA = Interrupted Time Series Analysis; PR =
Poisson Regression; _t = Time point effect; _x111 = Post-ACA effect; _x_t111 = Post-ACA by time effect.
We observed ITS disparities after stratifying by each patient and hospital characteristic. Although declining trend in radiation therapy was consistently
observed in all sub-groups, post-ACA status only impacted patients who were female, 18–39 or ≥ 65 years of age, those with CCI > 2, non-elective
admissions, weekday admissions, Medicare, self-pay, no pay or other insurance, and those admitted to Midwestern, Western urban, non-teaching or large
hospitals, with a negative effect of post-ACA status on rural hospitals. Strati�ed ITS analyses for radiation therapy showed no statistically signi�cant time by
post-ACA status interaction effects, suggesting trends were similar pre-post ACA. ITS analyses of SRS showed that SRS prevalence increased over time
among Hispanics and in the context of elective admissions, Midwestern hospitals, non-teaching hospitals and hospitals with medium bed size. Furthermore,
we observed a positive impact of ACA on SRS utilization among African-Americans, non-elective and weekend admissions, with signi�cant change in slope
among weekend admissions and hospitals with large bed size. Similar disparities by patient and hospital characteristics were observed in the context of
strati�ed Poisson regression models.
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Discussion
In this series of cross-sectional studies, we used multiple time points de�ned based on year and quarter of hospital admission from NIS (2005–2014) and
ITS analyses to examine whether ACA had an impact on time trends in utilization of radiation therapies and SRS among hospitalized U.S. adult patients
diagnosed with brain metastases. Key �ndings were as follows: (1) There was a decline in radiation therapy utilization with no change in rate of decline pre-
post ACA; (2) Post-ACA, radiation therapy utilization shifted downwards for rural hospitals and upwards for certain patient (females, 18–39 or ≥ 65 years of
age, CCI > 2, non-elective admissions, weekday admissions, Medicare, self-pay, no pay or other insurance) and hospital (Midwestern or Western urban-non-
teaching and large hospitals) sub-groups; (3) There was no clear trend in SRS utilization, except for Hispanics, elective admissions, Midwestern, non-teaching
and medium bed-size hospitals; (4) Post-ACA, African-Americans, non-elective and weekend admissions experienced upward shift in SRS utilization; (5) Post-
ACA, weekend admissions and large bed-size hospitals experienced increasing SRS rates.

Previously conducted ITS analyses focused on the potential role of ACA on utilization of healthcare services have examined speci�c ACA provisions,
including Medicaid expansion(9, 10, 12, 13, 16, 21), elimination of cost-sharing expenses for preventive services(8, 17, 18, 20) and overall ACA
implementation(8, 11, 15, 17, 19, 20). Given the complexity of this issue, few studies speci�cally focused on cancer diagnosis, prevention and treatment pre-
post ACA and these studies yielded inconsistent �ndings, with evidence for improved healthcare access among underserved populations(8, 10, 11, 14, 15,
17–21). For instance, Carlos and colleagues used patient-level analytic �les on 1763959 commercially insured women aged 40 to 74 years from the 2004–
2014 Clinformatics Data Mart to evaluate changes in mammography cost sharing and utilization pre-post ACA, while comparing these outcomes by age
group, and found limited impact of ACA on cost-sharing and utilization due to simultaneous revision of USPSTF guidelines(11). By contrast, Haakenstaad
performed ITS analyses using 2009–2012 data on commercially-insured and Medicare bene�ciaries 50–75 years from the Maine Health Data Organization
All-Payer Claims Database to estimate ACA impact on trends in rural-urban disparities in colonoscopy rates and costs, and found decline in urban-rural
disparities that was attributed to ACA implementation(14). Using data on 44343 insured individuals, 50–64 years, who participated in 2007–2015 Medical
Expenditure Panel Survey, Mbah and colleagues performed ITS to estimate the impact of ACA cost-sharing provision on ethnic disparities in colorectal
cancer screening and found increased utilization that was not signi�cantly different between Hispanics with non-Hispanic patients (17). An ITS analysis was
conducted by Steenland and colleagues using Massachusetts All-Payer Claims Database (2009–2012) to evaluate changes in cost and utilization trends for
breast, cervical and colorectal cancer screenings post-ACA implementation(20). Whereas ACA was associated with decline in weekly copayment for
preventive breast and cervical cancer screenings, the likelihood of copayment for colon cancer screening declined throughout the study period, with decline
rate slowing after ACA(20). There was, however, only weak evidence for ACA impact on increased rates of cancer screening(20). Lu and colleagues
performed ITS analyses using JPS Center for Cancer Care institutional registry data on 4808 urban, underserved, adult patients diagnosed with a �rst
primary invasive solid tumor between 2008 and 2015, to examine the impact of ACA implementation on stage at diagnosis in Texas, a Medicaid non-
expansion state(15). Their results suggested that ACA implementation decreased the prevalence of uninsured cancer patients but had little effect on cancer
stage at diagnosis(15). Moss and colleagues examined the impact of the ACA Medicaid expansion (2008–2010 vs. 2011–2014 and 2014 vs. 2011–2013)
on insurance rates among 181866 women diagnosed with cervical, uterine or ovarian cancer using 2008–2014 SEER data(19). The study found a signi�cant
increase in Medicaid enrollment after 2011, and a signi�cant decrease in uninsured rates for all cancer types between 2011 and 2014(19). After January
2014, uninsured rates decreased by 50% for uterine and ovarian cancer and by 25% for cervical cancer(19). These changes were noted only among U.S.
States that expanded Medicaid coverage(19).

To our knowledge, this study is the �rst to examine the potential role of ACA implementation on utilization of radiation therapy and SRS using an all-payer
database at the national level. Study �ndings should, nevertheless, be interpreted with caution and in light of several limitations. First, we relied on an
administrative database consisting of discharge records with limited scope and granularity. Particularly, hospital location was identi�ed as U.S. region rather
than U.S. State, precluding our ability to stratify discharge records according to implementation of the ACA Medicaid expansion as well as our ability to
compare the time before and after its implementation. Furthermore, unlike the SEER-Medicare and NCD databases, the HCUP NIS database does not collect
detailed information on cancer diagnosis, staging and treatment. Second, complete subject analysis was performed with potential for selection bias because
of missing data. Third, many study variables, including brain cancer diagnosis and treatment, were de�ned using ICD-9 codes, potentially leading to
misclassi�cation bias. Fourth, although ITS may be considered as a quasi-experimental method, residual confounding may have led to biased differences in
outcome among distinct sub-groups. Fifth, the role of chance cannot be eliminated given the limited number of patients who underwent radiation therapy
and SRS. Sixth, the cross-sectional design of each wave of NIS does not allow establishment of temporality or causal relationships between variables of
interest. Finally, study results can only be generalized to hospitalized patients within the period of interest, whose characteristics may differ from those who
sought outpatient care for SRS and/or non-SRS radiation therapies at later time points.

Conclusions
In conclusion, hospitalized U.S. adults with brain metastases utilized less radiation therapy and slightly more SRS over time between 2005 and 2014.
However, utilization levels and trends were not consistent among distinct sub-groups de�ned by patient and hospital characteristics, with some traditionally
underserved populations more likely to receive healthcare services post-ACA implementation. These results are consistent with some of the previously
published studies and with the idea that the ACA may be helpful at reducing the need for radiation therapy as well as closing the gap in access to
technologically advanced treatments for brain metastases such as SRS. Delays in cancer diagnosis and treatment may be responsible for health disparities
whereby racial and ethnic minorities are more likely to present at later cancer stages to the healthcare system and to experience higher cancer-related
morbidity and mortality rates as compared to whites. Future research are needed to explore the question of whether the ACA and its speci�c provisions can
promote earlier diagnosis and treatment of brain metastases, thus reducing morbidity and mortality risks among minorities and other underserved
populations.
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Figure 1

Study �owchart – Nationwide Inpatient Sample (2005-2014)

Figure 2

Interrupted time-series analyses for prevalence of radiation therapies – Nationwide Inpatient Sample (2005-2014) Note: 111 represents the 1st quarter of the
year 2011.

Figure 3
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Interrupted time-series analyses for prevalence of stereotactic radiosurgery – Nationwide Inpatient Sample (2005-2014) Note: 111 represents the 1st quarter
of the year 2011.


