1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuey Joyiny

Author manuscript
Int J Radiat Oncol Biol Phys. Author manuscript; available in PMC 2017 June 01.

-, HHS Public Access
«

Published in final edited form as:
Int J Radiat Oncol Biol Phys. 2016 June 1; 95(2): 605-616. doi:10.1016/j.ijrobp.2016.01.059.

Trends in Local Therapy Utilization and Cost for Early-Stage
Breast Cancer in Older Women: Implications for Payment and
Policy Reform

Shervin M Shirvani, MD MPH12, Jing Jiang, PhD3, Anna Likhacheva, MD MPHY2, Karen E
Hoffman, MD, MPHZ, Simona F Shaitelman, MD, MEd?, Abigail Caudle, MD, MS#, Thomas A
Buchholz, MD?, Sharon H Giordano, MD, MPH3, and Benjamin D Smith, MD-3

Shervin M Shirvani: smshirvani@mdanderson.org; Jing Jiang: jjiang@mdanderson.org; Anna Likhacheva:
alikhacheva@mdanderson.org; Abigail Caudle: ascaudle@mdanderson.org; Thomas A Buchholz:
tbuchhol@mdanderson.org; Sharon H Giordano: sgiordan@mdanderson.org

1Department of Radiation Oncology, University of Texas MD Anderson Cancer Center, Houston,
X

2Department of Radiation Oncology, Banner MD Anderson Cancer Center, Gilbert, AZ

SDepartment of Health Services Research, University of Texas MD Anderson Cancer Center,
Houston, TX

“Department of Surgical Oncology, University of Texas MD Anderson Cancer Center, Houston, TX

Abstract

Purpose—OIlder women with early-stage disease comprise the most rapidly growing breast
cancer demographic, yet it is not known which local therapy strategies are most favored by this
population in the current era. Understanding utilization trends and cost of local therapy is
important for informing design of bundled payment models as payers migrate away from fee-for-
service. We therefore utilized the SEER-Medicare database to determine patterns of care and costs
for local therapy among older women with breast cancer.

Materials and Methods—Treatment strategy and covariables were determined in 55,327
women age=66 with Tis-T2 NO-1 MO breast cancer who underwent local therapy between 2000
and 2008. Trends in local therapy were characterized using Joinpoint. Polychotomous logistic
regression determined predictors of local therapy. Median aggregate cost over the first 24 months
after diagnosis was determined from Medicare claims through 2010 and reported in 2014 dollars.

Results—Median age was 75. Local therapy distribution was as follows: 27,896 (50.3%)
lumpectomy with external beam radiation; 18,356 (33.1%) mastectomy alone; 6,159 (11.1%)
lumpectomy alone; 1,488 (2.7%) mastectomy with reconstruction; and 1,455 (2.6%) lumpectomy
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with brachytherapy. Mastectomy alone declined from 39.0% in 2000 to 28.2% in 2008 while use
of breast conserving local therapies rose from 58.7% to 68.2%. Mastectomy with reconstruction
was more common among the youngest, healthiest patients, whereas mastectomy alone was more
common among patients living in rural, low income regions. By 2008, cost was $36,749 for
lumpectomy with brachytherapy, $35,030 for mastectomy with reconstruction, $31,388 for
lumpectomy with external beam radiation, $21,993 for mastectomy alone, and $19,287 for
lumpectomy alone.

Conclusions—The use of mastectomy alone in older women declined in favor of breast
conserving strategies between 2000 and 2008. Using these cost estimates, price points for local
therapy bundles can be constructed to incentivize treatment strategies which confer the highest
value.

Introduction

Older women with early breast cancer comprise the most rapidly growing breast cancer
demographic, with an estimated 114,000 cases annually and 57% growth forecast from 2010
to 2030 (1). Historically, the most common local-regional treatments for such women were
lumpectomy followed by approximately 6 weeks of external beam radiation or mastectomy
without reconstruction. However, recent literature suggests that many older women may be
appropriate candidates for either brachytherapy, which conveniently decreases the radiation
treatment course to 1 week, or complete omission of any radiation, which confers even more
convenience (2-4). Despite increasing support for these convenient options for breast
conservation, recent patterns of care studies have demonstrated increasing use of
mastectomy in the overall breast cancer population, potentially driven by greater availability
and utilization of breast reconstruction (5-9).

For older women with early breast cancer, it is not known whether the increasing availability
of more convenient breast conservation strategies has led overall to increased use of breast
conservation, or whether increasing availability of breast reconstruction has led to increased
use of mastectomy. Understanding utilization and cost trends in this large and growing
population of older women with early breast cancer is critically important for promoting
value, defined as the quality of outcomes achieved per dollar spent, as payers migrate away
from fee-for-service reimbursement toward bundled care payment models (10-12). We
therefore used the SEER-Medicare cohort to characterize population trends in local therapy
utilization and to characterize predictors and cost of local therapy for older women with
early breast cancer who are Medicare beneficiaries.

Methods

Data Source
The SEER-Medicare database captures clinical, pathological, and insurance claims data for
incident cancers diagnosed in Medicare beneficiaries who reside within one of 16
geographic areas that account for 26% of the US population. The case ascertainment rate is
approximately 98% (13). In this study, demographic and tumor characteristics for incident
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malignancies diagnosed from January 1, 2000 to December 31, 2008 were linked to
Medicare treatment claims from January 1, 1999 to December 31, 2010.

Study Sample

Outcomes

From 2000-2008, 195,217 women age = 66 years were diagnosed with invasive or in situ
breast cancer and reported in the SEER-Medicare cohort. We applied standard exclusions as
outlined in eTable 1 to create an analytic cohort of 55,327 patients with early stage disease
(Tis-T2 NO-1). We required that all patients maintain fee-for-service Medicare coverage
from 12 months prior through 24 months after diagnosis to permit ascertainment of
comorbid illness before diagnosis and delayed breast reconstruction after diagnosis.

The primary outcome for this study was type of local treatment, defined as one of the
following: (1) lumpectomy followed by external beam radiation, (2) mastectomy without
reconstruction within 2 years of diagnosis, (3) mastectomy with reconstruction within 2
years of diagnosis, (4) lumpectomy followed by brachytherapy, or (5) lumpectomy with no
adjuvant radiation therapy. For patients treated with mastectomy, we also required that they
did not receive radiation within 12 months of surgery, as use of post-mastectomy radiation
would likely indicate a more advanced cancer. Type of surgery (lumpectomy vs.
mastectomy) was determined using both SEER data and Medicare claims within 12 months
of diagnosis, with the most extensive surgery coded by either source considered to be the
definitive surgery. Patients were considered to have received breast reconstruction if any
claim for reconstruction was present within 24 months of diagnosis (eTable 2).

Baseline Covariables

Patient characteristics from the SEER data included age at diagnosis, race, sex, and year of
diagnosis. Modified Charlson comorbidity index with Klabunde modification was
determined from claims spanning an interval of 12 months to one month prior to diagnosis
(14,15). Tumor characteristics extracted from SEER included T- and N-stage, grade,
histology, estrogen receptor (ER) status, and laterality. Lymphovascular space invasion and
margin status are not reported. Area-level characteristics included urban/rural residence,
median income, educational attainment, and county-level surgeon and radiation oncologist
density determined using the Area Resource File (16).

Determination of cost

Costs for each patient were calculated from a payer perspective using all inpatient,
outpatient, and carrier claims within 2 years of diagnosis and were divided by calendar
month to evaluate trends over time related to date of diagnosis. Costs were adjusted for
geographic variation using the geographic adjustment factor for Part A claims and the
geographic practice cost index for Part B claims and for inflation using the Prospective
Pricing Index for Part A claims and the Medicare Economic Index for Part B claims (17,18).
Costs were also adjusted for differences in use of chemotherapy by normalizing costs of
each local therapy to the utilization rate of chemotherapy in patients treated with
lumpectomy plus external beam radiation. All costs are reported in 2014 dollars.
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Statistical Analysis

Results

Baseline characteristics across treatment strata were compared with Pearson’s 2 test. Trends
in treatment utilization by calendar year quarter were determined using Joinpoint linear
regression models (Joinpoint v3.4.3). Adjusted associations between baseline characteristics
and treatment strategy were estimated using polychotomous logistic regression.
Lumpectomy followed by external beam radiation served as the referent group for this
model, as it was the most commonly used strategy and its use was relatively stable over
time. Covariables were selected for inclusion in this model a prioribased on clinical
relevance or if associated with the outcome in univariate analysis at P<0.20. The model was
iteratively refined to optimize fit.

To determine trends in costs, total median 2-year costs by treatment strategy and year of
diagnosis were calculated. Linear regression was used to determine direction and magnitude
of cost growth over time. The trend line for lumpectomy and brachytherapy started at 2002
to ensure adequate numbers for meaningful regression; the Food and Drug Administration
first approved balloon brachytherapy for breast cancer in 2002.

All statistical tests were 2-sided with P < 0.05 and conducted using SAS v. 9.3 (Cary, NC).
Our institutional review board granted this study exempt status.

Baseline Characteristics

Of 55,327 women, median age was 75 years and 48,792 (88.5%) were white. The humber of
patients receiving each treatment was as follows: 27,896 (50.3%) lumpectomy with external

beam radiation; 18,356 (33.1%) mastectomy alone; 6,159 (11.1%) lumpectomy alone; 1,488
(2.7%) mastectomy with reconstruction; and 1,455 (2.6%) lumpectomy with brachytherapy

(Table 1).

Trends in Local Therapy

During the study interval, the proportion of patients undergoing mastectomy alone declined
from 39.0% in 2000 to 28.2% in 2008 while use of breast conserving local therapies rose
from 58.7% to 68.2% (Figure 1A). Specifically, lumpectomy plus external radiation rose
from 47.9% in 2000 to a peak of 52.6% in 2003 before declining modestly to 50.4% of cases
in 2008. This later decline was accompanied by a rise in breast conservation utilizing
brachytherapy. This strategy increased from less than 0.3% of cases in 2000 and 2001 to
6.1% of cases in 2008, which represented the fastest growth among all treatment options.
Mastectomy followed by reconstruction accounted for 2.2% of cases in 2000 and 3.6% of
cases in 2008, with most of this increase occurring during the final two years of the interval.
Finally, utilization of lumpectomy alone rose slightly, from 10.6% to 11.7% of cases during
the study period.

When limited to only those patients for whom all of these treatments are considered
guideline-concordant (i.e. age 70 and older, stage TLNO, ER+), similar trends in local
therapy strategies were observed, with the exception that there was a much more pronounced
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increase in use of lumpectomy alone, with the percent of patients treated with this strategy
stable between 2000 to 2003 at 12.9%, then increasing to a high of 18.7% in 2006, and
subsequently falling slightly to 16.8% in 2008 (Figure 1B).

Predictors of Treatment

Polychotomous logistic regression employing lumpectomy plus external radiation as the
referent was used to identify predictors for use of the other four treatment strategies (Table
2). The youngest patients and those with minimal comorbidities were more likely to undergo
mastectomy with reconstruction. In contrast, older patients and those with more
comorbidities were more likely to undergo shorter treatment strategies such as mastectomy
alone, lumpectomy alone, or lumpectomy with brachytherapy. Additionally, lumpectomy
with brachytherapy was strongly associated with a later year of diagnosis as well as tumor
features including smaller size, lower grade, ER-positivity, node negativity, and ductal,
rather than lobular, histology. Socioeconomic factors also correlated with treatment (Table
2). One notable finding was a correlation between regions with low incomes or rural settings
and the use of mastectomy alone.

Cost of Treatment

For the year 2008, median total costs for each treatment strategy, from highest to lowest, are
ranked as follows: lumpectomy with brachytherapy ($36,749), mastectomy with
reconstruction ($35,030), lumpectomy with external beam radiation ($31,388), mastectomy
alone ($21,993), and lumpectomy alone ($19,287). The majority of costs were accrued
during the treatment phase (0-6 months following diagnosis) regardless of the chosen
therapy (Figure 2A & B). However, qualitative differences were preserved during the period
associated with managing complications (6—24 months), with combination therapies
attendant with higher costs (Figure 2C). Cost of all treatment strategies grew at a rate faster
than inflation with the exception of lumpectomy with brachytherapy, whose cost was stable
over time (Figure 3).

Discussion

We utilized the SEER-Medicare database to characterize trends in local therapy and
associated costs for older women with early-stage breast cancer diagnosed between 2000
and 2008 in the SEER-Medicare cohort. The main trend we observed was a steady decline in
the use of mastectomy alone during this time frame, with increasing utilization of breast
conserving strategies, particularly driven by increasing utilization of lumpectomy with
brachytherapy and lumpectomy alone. Though lumpectomy with brachytherapy was the
most costly intervention prior to 2007, its inflation-adjusted cost was roughly stable over
time in contrast to the other strategies whose growth in cost regularly exceeded inflation.

The groundbreaking National Surgical Adjuvant Breast and Bowel Project B-6 study
demonstrated that patients diagnosed with early-stage breast cancers had statistically
equivalent survival whether they were treated with mastectomy or lumpectomy followed by
adjuvant radiation (19). After the study’s publication in 1985, a steady rise in breast
conservation was observed in the United States (20-22). Patients benefited from less

Int J Radiat Oncol Biol Phys. Author manuscript; available in PMC 2017 June 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Shirvani et al.

Page 6

extensive surgeries requiring shorter hospital stays, fewer operative complications, and likely
better cosmetic outcomes. Costs during this era were comparable between the two
approaches as savings from reduced length of hospitalization and faster surgical recovery
were offset by the cost of radiotherapy among those who underwent breast conservation
(23,24).

In 2004, two landmark randomized clinical trials were published that sought to evaluate the
need for whole breast irradiation specifically in older women with stage I, estrogen receptor
positive breast cancer (25,26). These studies found that whole breast irradiation conferred a
small (<5%) absolute reduction in risk of local recurrence at 5 years for older women,
without an accompanying benefit in overall breast preservation or survival. Entry criteria for
one of these trials, the Cancer and Leukemia Group B (CALGB) 9343, were subsequently
incorporated into the National Comprehensive Cancer Network guidelines to define a group
of older patients for whom radiation could be omitted (27), specifically women age 70 and
older with clinical T1 NO, estrogen receptor positive disease resected with negative margins.
Omission of radiation continues to be debated, however, with some experts arguing that the
modest local control benefit conferred by radiation may justify its use for older patients with
longer life expectancy (28).

Yet despite the research demonstrating the safety of breast conservation, by the 2000s, the
trend favoring adoption of breast conservation reversed in several single-institution and
population-based studies (5-9). The reasons for the renewed popularity of mastectomy were
unclear, but possibilities included better techniques for breast reconstruction and improved
access to reconstruction after the passage of the Women’s Health and Cancer Rights Act in
1998 (29). Psychological factors favoring mastectomy may have included patient anxieties
over the malignant potential of residual breast tissue and the carcinogenicity of radiation.
Advances in breast imaging, including the widespread use of breast MRI, may also have
contributed to these concerns (30). Finally, the logistics of conventional radiotherapy, which
requires 6 weeks of therapy, may have steered some patients to shorter interventions (31).

In contrast, among the older Medicare population, we identified a trend in the opposite
direction, with an 11% decline in the proportion of patients opting for mastectomy alone
accompanied by a 10% rise in use of breast conserving strategies. This finding is similar to
recent analyses of the National Cancer Database (32) and the SEER-Medicare database (33).
A unique contribution of this manuscript, however, is the incorporation of data about use of
breast reconstruction following mastectomy and the accompanying cost data. For example,
our data indicate that for each patient who chooses lumpectomy plus external beam radiation
over mastectomy plus reconstruction, approximately $3,600 is saved. This vital information
serves as an important reminder of the practical benefits of organ preservation facilitated by
radiation.

Notably we did observe shifts over time in the relative proportions of the different breast
conservation strategies used in the community. Breast conservation utilizing external beam
radiation declined modestly after 2003 in favor of strategies employing lumpectomy alone or
brachytherapy. The use of lumpectomy alone rose markedly after 2004, especially among
favorable risk patients who fit CALGB 9343 entry criteria (25) . This observation is in
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accordance with a prior study by Soulos et al, which also reported a modest trend towards
the omission of radiation after the CALGB trial was published (34). However, another
unique finding of the current study is that brachytherapy also rose significantly after 2004
among favorable risk patients (Figure 1B). This suggests that some practitioners, rather than
omit radiation, may have instead selected brachytherapy, perhaps in an effort to garner the
local control benefits of radiation while avoiding the toxicities and inconvenience of whole
breast treatment.

In the larger cohort of patients not limited by CALGB criteria, there was also observed a
movement in favor of breast brachytherapy in later years which appeared to be at the
expense of external radiation (Figure 1A). The time and effort required of the patient for
several weeks of traditional external radiotherapy as well as its inferior reimbursement
relative to brachytherapy may have influenced the adoption of the latter after its approval for
use in the United States by the FDA.

Our second objective was to determine predictors of treatment strategy. We found that the
youngest patients and those with the least comorbidities were more likely to receive
mastectomy with reconstruction, echoing the findings of previously published studies that
examined younger cohorts (5-9). We also found that patients with the least aggressive
tumors (smaller size, lower grade, ER-positive, node-negative) were the most likely to
undergo brachytherapy instead of conventional radiation, which may reflect published
consensus statements and general caution employing a new technology during its early-
adoption phase (3,35,36). A later year of diagnosis was very strongly correlated with
brachytherapy, which, in similar fashion, implies improving physician comfort with this
newer technique. Another important observation is that factors signifying lower
socioeconomic status such as low area-level income and rural residence were associated
with the use of mastectomy alone in lieu of combination strategies employing radiation or
reconstruction. This finding reiterates an oft-described failure in the United States to diffuse
innovations in breast cancer care to the least advantaged (37-39).

Our third objective was to examine costs of these treatments. Lumpectomy plus
brachytherapy was associated with the highest cost. However, examination of trends
revealed that brachytherapy exhibited stable cost during the study period in contrast to other
treatments whose cost curves consistently exceeded inflation. The relative stability in the
cost of brachytherapy may be attributable to predictable Medicare fee schedules and a
limited number of procedure codes. Declines in reimbursement for brachytherapy may have
also offset inflationary trends. In contrast, costs associated with lumpectomy and
conventionally delivered radiation grew at a rate exceeding inflation. This trend is likely due
to adoption of 3-dimensional conformal and intensity modulated radiation techniques over
the study period (40,41). In the future, the cost curve for external beam radiation may more
closely track with inflation as a result of bundled payments prompted by the Accountable
Care Act and the publication of convincing studies supporting the use of hypofractionation
in postmenopausal women (41-43).

This highlights a larger point: policymakers, payers, and physicians can control costs by
promoting payment structures that encourage high value interventions such as
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hypofractionation (44). For example, a potential policy intervention based on this data would
be to develop a bundle for local therapy for older women with early breast cancer amenable
to breast conserving therapy. Setting a price point comparable to the cost of lumpectomy
plus hypofractionated whole breast irradiation in patients with life expectancy greater than
ten years could incentivize this high value treatment while discouraging more expensive
treatment. Setting a price point comparable to lumpectomy alone in patients with life
expectancy less than 10 years and estrogen receptor positive disease could incentivize this
high value treatment in patients unlikely to benefit from radiation. Importantly, the use of
qualifiers such as life expectancy or other pertinent characteristics can help ensure that
bundled payments do not fail to account for meaningful differences among individual
patients.

We used a combination of SEER data plus Medicare billing claims to classify treatment,
thereby reducing the likelihood of misclassification bias when compared to studies that rely
only on SEER coding (45,46). Nevertheless, our study has certain limitations. First, the
study cohort is limited to fee-for-service Medicare patients and may not generalize to
younger patients or those covered by private insurance. Second, our cost analysis only
measures expenses for which claims data are available. It does not include lost work time or
discretionary health care expenses. Third, the period of time studied for cost calculations
captures treatment-related costs as well as the costs of complications over the medium term.
Since differences in disease-free survival emerge later in the course of treated early-stage
breast cancer, it is possible that expenses attributable to salvage therapy could change the
relative cost profiles observed in our study. Cost of salvage therapy is expected to
approximate initial costs of therapy, for example cost of salvage mastectomy is likely to be
similar to the cost of mastectomy alone. However, as risk of local recurrence is low, and
difference in local recurrence risk between treatments is small (4,26), the overall impact of
salvage therapies on cost differences is expected to be minimal. Fourth, claims for external
beam partial breast irradiation are indistinguishable from claims for whole breast irradiation,
and thus we did not attempt to distinguish between these two treatments. However, other
studies indicate that utilization of external beam partial breast irradiation was quite low
during this time interval, and thus our findings regarding lumpectomy followed by external
beam radiation likely primarily reflect the experience with delivering whole breast
irradiation. Fifth, costs of endocrine therapy were not included and can vary widely, from as
little as $600 for five years of tamoxifen to as much as approximately $36,000 for five years
of letrozole (47). Notably, given the expense of aromatase inhibitors, hypofractionated
radiation may be a higher value alternative for those at very low risk of distant recurrence,
for whom the primary intent of adjuvant therapy is to improve local disease control in the
breast (41,48). Finally, our discussion of value and bundled payments assumes that costs are
defined by reimbursement dollars. Other models for calculating costs, such as time-driven
activity-based costing, are also under investigation. Such diligence by health economists and
policymakers is necessary when creating value-based payment models in order to ensure that
those models benefit patients rather than deny needed care.
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Conclusion

In this population-based cohort of older women with early breast cancer, use of mastectomy
decreased, accompanied by increases in breast conserving approaches, including both
standard external beam radiation and newer treatment strategies such as lumpectomy with
brachytherapy or lumpectomy alone. Although mastectomy with reconstruction has become
more popular in younger women, it has not yet gained significant traction among the
population studied here. Using the cost estimates provided in this manuscript, price points
for local therapy bundles can be constructed to incentivize treatment strategies which confer
the highest value to patients.
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Summary

A population-based database of 55,327 older women with early-stage breast cancer
treated during 2000-2008 was utilized to determine trends in local therapies and their
associated costs. During this interval, the use of mastectomy in the elderly declined in
favor of breast conserving strategies. Mastectomy with reconstruction was infrequently
utilized. Costs generally grew faster than inflation and varied substantially by chosen
local therapy, suggesting that policies encouraging high value care are needed.
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Figure 1.
A. Proportion of Medicare patients who received each treatment for each annual quarter

between 2000 and 2008. B. Limited to favorable risk patients with T1 NO estrogen receptor
positive breast cancer age 70 and older at diagnosis.
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Figure 2.

A. Median total cost by month of each treatment strategy during the first 24 months
following diagnosis. B and C highlight trends during the first 6 months and between months
7 and 24, respectively.
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Figure 3.
Trends in median total cost for each treatment during the study interval. The lumpectomy

and brachytherapy trend line starts in 2002 when FDA approval of a balloon-based breast
brachytherapy occurred.

Int J Radiiat Oncol Biol Phys. Author manuscript; available in PMC 2017 June 01.



Page 19

Shirvani et al.

%6'0T €009 %07CT 0Ov. %6CT 181 %T'0T 0ST %' 0T 1981 %0'TT  290€ §S002

%ETT  8¥C9 %C'TT 069 %66 Vvl %C'TT 99T %0'TT  ST0¢ %9'TT  €ECE 7002

%TTT  T1CT9 %6 LS %09 /8 %cC'0T  ¢ST %ETT  ¢80¢ %9'TT  €¢cE €002

%ETT  8¢C9 %9'0T €99 %9'C 8€ %T'0T 0ST %ECT 29¢C %C'TT  GCT€ ¢00¢

%Y'TT €829 %v'0T 0¥9 %1> 11> %TT> 0LT> %9'€T  20S¢ %L°0T 8L6¢ T00¢

T000> %S0T G649 %66 19 %c> 0¢> %6> 091> %ECT ¢9¢C %007 LLLC 0002
sisoufelq J0 Jeap

%S¥T 6008 '€ 60C ¥'L 80T Tve 8SE ¢9T 8.6¢ L'ST  9SEV SOA

T000> %S'S8 GLlly 996 L¥6S 9¢6  LVET 6'GL O0€TT 8'¢8 G9eqT 7'v8  98vEC ON
Adesayrowsyn

%v'c TvET %9'€ ¢ %00 0 %ST € %€ 919 %L'T 08y ajg|dwodu]

%9'TT  T6€9 %L9T 0€0T %T0T L¥vT %L'9 00T %8ET  6¢5¢ %€'6 G8GC <

%E'EC  988¢T %0'SC ¢vST %C'€C  LEE %0'0¢ 86¢ %T'SC 665y %6'T¢ 0119 T

T000> %LC9 60LVE %9VS G9EE  %L'99 TL6 %L'TL /90T %8S <1901 %T'L9 ¥698T 0
Xapu| Aup1gaowo) uosjreyd

%T'S  LEBC %EY  ¥9¢ %Se 1S %1€ 9 %19 VIl %6V CSET umouxun/Isyio

%v'9 8TSE %S9  00% %S 6L %09 V. %6°L vSv1 %v'S STST 2%elg

T000> %G'88 <CL68F %C'68 SG6VS  HET6  6CET %676 89ET %098  8LLST %.'68 200S¢ SHUM
aoey

%0°0T 0955 %LEE  €L0C %C'9 06 %07¢C 0€ %LTT  vST¢ %v'y  ETCT +G8

%6'9T EVE6 %T1'9¢ 8097 %C'ST  T¢C %y €9 %E6T  EVSE %0'¥T  806€ ¥8-08

%TvZ LCEET  %B8'8T  6STT %0vZ 6vE %6'ST  9€¢ %V'Sc  v99Y %8vC 6169 6.-GL

%09¢ <COVPT  %9CT V.. %c¢'8¢ 0TI %STE 69V %L've SESY %S'6¢  v1c8 v.-0L

T000> %6'¢Cc S69¢T %88 SG¥S %G'9¢  G8E %9y 069 %887 09v€ %€'Le  GT9L 69-99
by
5101064 JUBWILAI] pUE JUdNed

L2€'35=N 659T9=N SSYT=N 887T=N 95€'8T=N 698',2=N
d sjualed ||v auoly AdesayiAyoedg  uOIONIISUOIFY  BUO|Y AWOIIBISEN  UOIIeIpeY [eulalxd
Awoyoadwn 79 Awooadwing 79 AW01091SeIN 79 AwoloadwinT

Author Manuscript

T alqeL

Author Manuscript

Author Manuscript

sonsLaloRIRyD auljaseg

Author Manuscript

Int J Radiat Oncol Biol Phys. Author manuscript; available in PMC 2017 June 01.



Page 20

Shirvani et al.

T00'0> %968 <¢6S967 %T1'06 0995 %16 69ET %EC6 ELET %EY8  LLVST %L'C6 €¢8S¢ ueqin
80UBPISaY JUdIIed JO dAL
5103064 |aA9]-ealy

%cC'¢T 0919 %8'ST 96 %0°L 20T %LTT  vLT %.L'9T  990€ %88 cvve paytoadsun

%0¢T 1999 %9'L  99Y %¥'L 80T %E'ST  8¢C %0'vT  89S¢ %8'TT  16¢€ R<El

T000> %.L'SL  906Ty %9'9L LTV %9'G8 Gicl %0°€L 980T %E69 <cclil %v'6L 9ETCC +4d3
sme1s 101dadey usboaisy

%S'L vy %88 ¢¥S %6'€ LS %16 GET %16 6991 %C9  6ELT umouxun/isyio

%8€C  99TET  %V'LT 6907 %E'ST  €¢¢ %8'8C 8¢ %9'8¢  6¥¢S %c'ce L1619 ubiH

T000> %.'89 61086 %BEL 8YSF %808 GLIT %C'C9  GC6 %EC9  BEVIT %S'TL  €EE66T deIPaWIBIUI-MOT]
apeso

%0'v 90¢¢ %v'e 0T¢ %0€ Vv %80T 09T %6'S 80T %S¢ 80L S10d

%LvT 0ET8 %0'ST €26 %97¢T ¥81 %S'LT  09¢ %E'ST 08¢ %CYT  696€ SAISBAUL J1BYIO

%L'8 CE8Y %8'L 087 %6y 1L %Yv'CcT  v81 %66 S18T %C'8  ¢8¢C JeinqoT

T000> %9¢. 69107 %8EL 9vSy  %S'6L 9STT %v'6S 1788 %689  €59¢T %T'SL  0¢60¢ snouldnw ‘rengni ‘rena
ABojoIsiH

%0'ST 6128 %v'Ss CEE %Iy 69 %891 0S¢ %00 6.9€ %Vl 6S6€ TN d160ojoyed

%GCT  6€69 %05 060€ %S9 G6 %TE 9 %S9 V8Tl %16 IS¢ ON [e21UlD

T000> %S¢, 60107 %v'vy LELC %1'68 TOET %108 ¢6TT %NS'EL  EBVET %L'9L  98ETC ON [ea160joyred
SNJelS [epoN

%80 TSP %0T 69 %80 1T %ET 61 %60 Vo1 %L0 86T paij1oads 10N

%T'€C  6LLZT %961 ¢0CT %16 CET %86 Evy %SYE  9¢E9 %8'9T 9.9 (wo0g-T2) 2L

T000> %T'9L L60Cy %S6. 8687  %C06 CIET %069  920T %979  998TT %G8  966CC (wo0z-00TL
971 Jown |
5103964 Jowny

%v'TT 0829 %6'TT  GEL %C'9¢ 18€ %e'ST  Lic %96 TLLT %v'TT  99T€ 800¢

%ETT  ¥EC9 %6'TT  €EL %0'€C  VEE %0vT  60¢ %0°0T GEBT %C'TT  €C1E L00C

%T'TT  SET9 %9¢T  6LL %1'8T €9¢ %6'6 8YT %96 €91 %V1T  <8T¢E 900¢

12€'S5=N 65T9=N SSYT=N 88YT=N 9G€'8T=N 698°22=N
d sjusned ||v auoly AdesapAyoeldg  UOIONIISUOIDY  BUO|Y AWOIIRISEIN  UoNBIpRY [BuI81X]
Aworadwn 7 AwoyoadwinT 79 AWO01931SeIN 79 AwoyoadwnT

Author Manuscript

Author Manuscript

Author Manuscript

Author Manuscript

Int J Radiat Oncol Biol Phys. Author manuscript; available in PMC 2017 June 01.



Page 21

Shirvani et al.

*2Je01PAIN--H IS Wody sauljapInd yim soueploade Ul passaiddns usag aney TT > $8zIs |80 “(101da0as usB0.1sa) YT ‘(NHIS Ul BLIOUIDIRD [810NDP) S1DA SUONRIABIGAY

%0'GC CEBET  %0'SCc TYST %S'TE  8SY %0'SE  T1¢S %V'LT G8TE %C'6C  LZT8 (z1€'29%<) 2111END Uiy

%0'GCc TEBET %v've SOST %V'SC  69€ %6've TLE %S'Cce  SETY %L'9¢  1SYL (TT€'29% — 095'9¥$) alend pig

%0'GC 0E8ET  %E'GC  LSGT %v'Sc  0LE %eTe  L1€ %T'Le 196V %8'€C 6199 (695'97$ — ¥GF'GES) a1end puz

T000> %0'Gc VEBET %E'SGC 995T  %.L'LT  8SC %8'8T  6/C %T'€E 6909 %¥'0c L9 (e5v'se$ — 0%) a1end st
1987 BW0dU|

%0'GC 9¢8ET  %8'GC /89T %V'6T 8¢ %S'6T 06¢ %6'T€ 0989 %8'0¢  L08S (%T'v2<) alend uy

%0'G¢  9€8ET  %v'¥C 00ST %C'1¢  80€ %861  V6¢ %T'LC  6L6YV %C've  §GL9 (%072 — G'¥T) 8|end pig

%9'vC [8SET  %8VC LcST %8'GC  GLE %0'9¢  /[8€ %v'cec 80Ty %8'Gc  06TL (%' ¥T — %2'8) alend pug

T000> %v'SCc 8LOVT %T'SCc SPST %L'EE 06V %Lve LTS %9'8T 60¥E %T'6C L118 (%1°8 — 0) 811end 15T
uoiyeanp3 abs]10D BWOS UMM SjuspIsay

%0'GC 8¢8ET %V EC Ovvl %1'SCc  99€ %6'G5¢  G8E %N9'€C  LEEY %c¢'9¢  TOEL 8|1end yuno4

%L'vZ 989ET  %L'9C ¢VIT %G'0C  86¢ %L'SC  C8E %S'0C  ¥9.E %€'Le 0091 a|end payL

%€'GC  9T0PT  %L'GC  ¢8ST %S'T€  8SY %V'9C  €6€ %L'ce 19Ty %99¢ 9TvL 3|iend puodss

T000> %6'VC L6LET %EVC S6VT %0'€C VEE %0¢c 8¢E %C'€E 8809 %6'6T  ¢9SS a|nend 1saybiH
s1s160]00UQ uonRIpERY JO ANsusQ

%0'GC  9¥8ET  %8EZ 99T  %C'SC L9€ %6'9¢  TOY %EET  view %€9¢ 8EEL a|iend yuno4

%CvZ E€6EET  %S'GC  699T %c'cC  €CE %C'Se  SLE %S'TC  Cv6E %8'Gc  ¥8TL a|end payL

%8'GC €SCPT  %8'Lc  TTLT %G8 ViV %Sve  19€ %l've TvSy %6'SC  ¢cclL 3|1end puodss

T000> %0'Gc GEBET %W6CC ETVT  %IvC T1SE %v'€C  8YE %G'0€ 865G %0C¢ G219 aj1uend 1saybiH
suoabung jo Alisusg

> TI> %00 O %00 O %00 O %00 O > TI> umouxun

G<  G2lS< %6'6 609 %6'S 98 %L, STT %/L'ST  6.8¢C G<  Ge0e< leiny

12€'S5=N 65T9=N SSYT=N 88YT=N 9G€'8T=N 698°22=N
d sjusned ||v auoly AdesapAyoeldg  UOIONIISUOIDY  BUO|Y AWOIIRISEIN  UoNBIpRY [BuI81X]
Aworadwn 7 AwoyoadwinT 79 AWO01931SeIN 79 AwoyoadwnT

Author Manuscript

Author Manuscript

Author Manuscript

Author Manuscript

Int J Radiat Oncol Biol Phys. Author manuscript; available in PMC 2017 June 01.



Page 22

Shirvani et al.

T000> ¢6'T-S¥'T /9T T000> ¥'9E-¥'¢l G2'T1¢ €200 S9'T-¥0'T TE€T TO00> 8L0-990 1.0 L00¢
T000> ¢0CV¥ST 9.7 T000"> 9¢'8¢—99'6  v¥'91 050 8T'T-¢/'0 ¢60 T000> GL'0-€90 690 9002
T000> T6T-S¥'T /9T T000> 06'0¢—00'L 60°¢CT 0.0 ¢¢’'1-G/'0 S6'0 TO00O> ¢80-690 S.O §S00¢
T000> ¢9T1-€CT 1T T000> S8'V1-¢6'v G5'8 €L°0 €€'T-¢80 SO'T TO00> G8'0-TL0 8.0 7002
S6°0 ST'1-98°0 T T000"> G8'8-68'C 20'S 180 GZ'T-/.'0 860 TO00> G80—CL0 8.0 €002
89000 OV'T-90T TCT 86000 LTV-T1CT §S¢e 180 S¢'T-LL0 860 ¢v00 66'0-78'0 ¢6°0 ¢00¢
¢s0 02'T-160 SO0'T 8600 ST'T-6T°0 90 FA4) 07'7-98°0 60T LE0 ET'T-960 V0T T00¢
T T T T 0002

sisoufelq J0 Jeap
T000> STv—¥8¢ EVE G/G8°0 82'T-T'1 6T'T FA4) ¢€'1-99°0 §8'0 TO00> 9LT-VET ¥S'T a19(dwoou]
VN VN VN 90020 G2'1-98°0 0T 1200 96'0-€9°0 8.0 TO00> ¢9T¢Vr'T <C9T <
T000> 8L T-8¢Y'T €971 L0€9°0 8T'T-16'0 €0'T §¢0 90'T-180 ¢6'0 TO00> TET-6TT GCT T
T T T T 0

xapu| A}pIgIoWoD uos|reyD
980 ST'T-980 660 69000 6°0-90 190 60000 180-¥¥0 90 T000> ¢LT-vv'T LST umouxun/Isyio
680°0 6¢'T-86'0 ¢TIT 8€0 Y 1-18°0 Tl [424] TT-990 G680 T000> 6C'T-60T 8TT Aoeld
T T T T SHUM

aoey
T000> €VI-€TT 69¢T  €0000 00¢—¢C'T 99T T000> S¥'0-T¢’'0 T€0 TOOO> TI8V—VOVv V¥ +G8
T000> OLVv-LL€ TICV 8€ET0 9€'71-96'0 VT T000'> G2'0—ST'0 670 TO00O> [€¢C-80C ¢¢C°¢ ¥8-08
T000> 6¢¢€8T S0¢C ¥S.€°0 S¢'1-¢6°0 10T T000> 9¥'0—¥€0 ¥O0 T000>  L9T-6V'T LS'T 6/-SL
T000> ¥¥'I-¥T'T 8CT T192°0 8T'T-68°0 0T T000> €.°0-/90 S90 TO0O> TETI-LTT €21 ¥.-0L
T T T T 69-99

aby

s1039e4 JUdlled

anjeA-d4 10 %56 dH anjeA-d4 10 %56 dH anjen-d4 10 %56 dH  9njeA-d 10 %S6 dH

auo|y Awoloadwin

AdesayiAyoeag 7 AworoadwinTg

UoI19NIISU0I9Y
79 Awoloalse

8uo|Yy AWwo1091sBIN

‘dnoJo

JU2J3)aY Se pareubisa@ uoneipey weag [eusaix3 snjd AwoidadwinT yum uolssalbioy 21151607 snowoloydkjod Buisn ABsrellS quswieal] JO S1019Ipaid

Author Manuscript

¢ dlqeL

Author Manuscript

Author Manuscript

Author Manuscript

Int J Radiat Oncol Biol Phys. Author manuscript; available in PMC 2017 June 01.



Page 23

€500 €11 T €000°0 8'0-81'0 290 €L0 ¢CT-9/0 960 TO00> CSTE€T V7T ueljodoulaw-uoN
T T T T ueyjodona\
30UBpPISaY JuUdIled JO 8dAL

SJ0]0eH |9A8T]-Baly

1000>  8T-6v'T  ¥91 9000 99'T-80'T el T100  T9T-90T 9¢'T 1000> v6'1-TLT <871 paiy1oadsun
T000>  /80-690 1.0 T000> 8'0-¢S°0 590 ¢e00  TPT-¢0T ¢T  TO00> LgT-¢T'T 6TT =E|
T T T T +43

snye1s J101daoay usboais3

600  8ZT-TOT ¥T'T  89T0  60T-2¢90 ¢80 200 8ST-90T 62T T000> €ET-ETT €27 UMOUNUN/ISUIO
T000> 98°0-2.0 6.0  S0000  880-¥90 G0 /200 €€T-20T 9TT T000> ¢CT-0TT OTT ubIH
T T T T SJeIPaWIAUI-MOT]

apels
T000> ¢67-80C LvZ  TVOS0  €ZT-S90 60  TO00> 96v-€€E€ 90F TO00> €STV0T LTT s10a
290  CUT-¥60 20T  ¥¥8T0  SOT-9L0 60  TO00> LLT—2€T €ST T000> ¥ZT-TTT LTT aAISEAUL 13LDO
v€000 6070 €80  TO00>  690-¢r0  ¥S0  TO00> €TC-ST 6LT T000> 9ET-8TT /[ZT Jejngo
T T T T snoulonw c_m_znzu »_Eo:D

ABojo1siH
T000> 6.0-290 L0  T000>  9€0-TZ0 820 120  [TT-S60 TT T000> OVI-SZT C€T +N [ed1fojoyred
T000> T9-G2'S 996 8100 96'0-29'0 /L0  TO00> G90-GE0 870 T000> €S0-G0 60 ON [e21u11D
T T T T ON [ed1Bojoyped

SN1elS |epoN
850  [ZT-S90 160  89T0 TT-S€0 G9'0  2€00  8L2S0T TLT T0O00> ¥TTLET TLT paiy109ds 10N
€60  €TT-960 ¥0T  TO00™> L'0-87°0 850  TO00> LZ¢8LT T10C T000> 8ET-LTTC LTT (wo06-T2) 2L
T T T T (wo0z-00) TL

9ZIS Jown|

s4010€e4 Jown|

T000> S0¢-SS'T 8.1 T000> ¥'0r-8'€T 8G'¢¢c 18000 €LT-60T LET T000> ¥.0—¢90 890 800¢

Shirvani et al.

aneA-d 10 %56 dH anjeA-d 10 %56 gH anfeA-d  10%S6  dH  8neAd 10 %56 dH

auo|y Awoloadwin AdesayiAyoeag 7 Aworoadwing uonINIISU0IaY 3UO|Y Aw01991seIN
79 Awoloaisel

Author Manuscript Author Manuscript Author Manuscript Author Manuscript

Int J Radiat Oncol Biol Phys. Author manuscript; available in PMC 2017 June 01.



Page 24

onel prezey) yH ‘(101dadal usbouisa) Y3 ‘(NNIS Ul eWOUIDIRD [219NP) S1DA ‘(JeAIIUl BOUSPIUOD) [ SUOIRINRIAY

v20'0  860-920 980 10850  8TT-S.0  ¥60 ov0  8€T-88°0 TT  T000> ¥90-¥S0 650 (21€'29%<) 111end uiy
¥8000 96'0-220 980 80860  ZTT¥.0 160 980  TZT-80 860 T000> 6.0-690 V.0 (TT€'29% — 095'9¥$) 8111end pig
0,0 80T-680 860 TLETO  8ET-960  GSIT 2,0  9TT-80 /60 TO00> 26'0-280 .80 (655'9v$ - ¥S'SES) BlMENd pug
T T T T (esv'se$ — 0%) a11end IST

|9A8] WodU|
820  TZT-60 L0T /5000  T60-650  #.0  [900 <20T-990 ¢80 TO00> €T-ITT CT (%T'vz<) a1end uw
¥20  SOT-¥80 ¥6'0  T000>  €8'0-/50 690  TOO0  88'0-T90 €0 TO00 TZT-SOT <TT (%072 = §¥T) 81end pig
850  L0T-880 .60  8T00  L60-TL0 €80  +OT'0 €0T-9.0 880 820  TT-L60 +OT (%71 - %2'8) 81send pug
T T T T (%1°8 - 0) 8111eNd 1sT

uonenp3g wmw__oo 3WOS Ylim s1usplssy
T000> €8°0-¥90 €0  T000>  890—¥r0 G50  SIO0  S6'0-290 9.0 T000> I80-L0 SO 3|1end yuno
78000 960-920 S80  TO00>  G90-€¥0 €S0 Y9000 ¢60-Z90 9.0 TO00> 2Z90¥S0 850 alnend payL
75000 S6'0-220 980 €800  20T-220 980 €600 €0T-TZ0 S80 T000> €L0-€90 890 a|1uend puodss
T T T T alnend 1s8ybiH

515160]00UQ UoIIRIpRY JO AJISUsQ
¥9'0  9TT-T60 €0T 80000  vLT-9TT  Z¥'T  T1€920 L€T-260 2ZU'T 2000 660980 260 a|1end yuno
€10 TZT-860 60T 9TTZ0  GET-¥60  €TT Y10 v21-980 €0T IS0  96°0-¥80 60 al1end payL
2000 82T-90T 9TT  T€O0  TYI-T0T  6TT  TE00  ¢IT-80 S60 TO00> G6'0-G80 60 a|1end) puodss
T T T T ajiend 1saybiH

suoabins Jo AlisuaQg

Shirvani et al.

aneA-d 10 %56 dH anjeA-d 10 %56 gH anfeA-d  10%S6  dH  8neAd 10 %56 dH

auo|y Awoloadwin AdesayiAyoeag 7 Aworoadwing uonINIISU0IaY 3UO|Y Aw01991seIN
79 Awoloaisel

Author Manuscript Author Manuscript Author Manuscript Author Manuscript

Int J Radiat Oncol Biol Phys. Author manuscript; available in PMC 2017 June 01.



	Abstract
	Introduction
	Methods
	Data Source
	Study Sample
	Outcomes
	Baseline Covariables
	Determination of cost
	Statistical Analysis

	Results
	Baseline Characteristics
	Trends in Local Therapy
	Predictors of Treatment
	Cost of Treatment

	Discussion
	Conclusion
	References
	Figure 1
	Figure 2
	Figure 3
	Table 1
	Table 2

