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Abstract

Purpose: Recent trends in payer and patient preferences increasingly incentivize time-efficient
(<2-week treatment time) prostate cancer treatments.

Methods and Materials: National Medicare claims from January 1, 2011, through December
31, 2014, were analyzed to identify newly diagnosed prostate cancers. Three “radical treatment”
cohorts were identified (prostatectomy, brachytherapy, and stereotactic body radiation therapy
[SBRT]) and matched to an active surveillance (AS) cohort by using inverse probability treatment
weighting via propensity score. Total costs at 1 year after biopsy were calculated for each cohort,
and treatment-specific costs were estimated by subtracting total 1-year costs in each radical
treatment group from those in the AS group.

Results: Mean 1-year adjusted costs were highest among patients receiving SBRT ($26,895),
lower for prostatectomy ($23,632), and lowest for brachytherapy ($19,980), whereas those for AS
were $9687. Costs of radical modalities varied significantly by region, with the Mid-Atlantic and
New England regions having the highest cost ranges (>$10,000) and the West South Central and
Mountain regions the lowest range in costs (<$2000). Quantification of toxic effects showed that
prostatectomy was associated with higher genitourinary incontinence (hazard ratio [HR] = 10.8
compared with AS) and sexual dysfunction (HR = 3.5), whereas the radiation modalities were
associated with higher genitourinary irritation/bleeding (brachytherapy HR = 1.7; SBRT HR = 1.5)
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and gastrointestinal ulcer/stricture/fistula (brachytherapy HR = 2.7; SBRT HR = 3.0). Overall
mean toxicity costs were highest among patients treated with prostatectomy ($3500) followed by
brachytherapy ($1847), SBRT ($1327), and AS ($1303).

Conclusions: Time-efficient treatment techniques exhibit substantial variability in toxicity and
costs. Furthermore, geographic location substantially influenced treatment costs.

Introduction

Prostate cancer is the most common malignancy and second leading cause of cancer-related
death among men in the United States.> With an aging population and improved treatments
for cardiac disease and stroke, the mortality, morbidity, and associated costs of prostate
cancer are expected to increase.? Recent advances in treatment delivery, surgical techniques,
and use of ancillary devices (eg, SpaceOAR) have contributed to increased acceptance of
new time-efficient radiation techniques, specifically stereotactic body radiation therapy
(SBRT) and high-dose-rate (HDR) brachytherapy, and improvements in the more established
low-dose-rate (LDR) brachytherapy and prostatectomy.3> These time-efficient radiation
modalities, which facilitate treatment completion in <2 weeks, provide a menu of expedient,
effective, and cost-effective treatment options. In contrast, timeintensive treatments (eg,
intensity modulated radiation therapy [IMRT] and proton therapy) are known to be more
costly than time-efficient techniques; however, few data have compared time-efficient
techniques.6-10

Understanding the landscape of nationwide costs for these time-efficient treatment strategies
in the current fee-for-service environment is crucial for informing the transition to value-
based payments, as exemplified by the recently announced Radiation Oncology—
Alternative Payment Model (RO-APM).11 Furthermore, the unique technical expertise,
equipment, and infrastructure requirements for each time-efficient technique mean that
individual institutions often preferentially develop proficiency in only a subset of these
techniques. The divergent evolution of technical expertise has often created strong
institutional preferences that make randomized comparisons difficult. We therefore sought to
analyze costs and adverse events after an initial diagnosis of prostate cancer, with a focus on
time-efficient treatments. The goal of this study was to leverage the scope of national
Medicare data to comprehensively compare these time-efficient techniques.

Methods and Materials

Analysis population
We analyzed national Medicare claims data from January 1, 2011, through December 31,
2014, with the inclusion criterion of an associated prostate biopsy from 2012 to 2013, to
allow =12 months of claims before and after diagnosis. During the 12 months before the
initial prostate biopsy, patients must not have had any cancerassociated claim. The date of
this first biopsy was considered to be the date of initial diagnosis. This algorithm to identify
the initial date of prostate cancer diagnosis has been validated with the Surveillance,
Epidemiology, and End Results (SEER) database and found to exhibit 99.8% specificity.12:13
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Additional exclusion criteria were age <66 years at the time of first biopsy, death within 1
year after the initial diagnosis, and continuous enrollment in Medicare parts A and B (Table
E1). This study was reviewed and found to be exempt by the appropriate institutional review
board.

Defining treatment groups

Patients were grouped according to primary treatment: (1) active surveillance (AS), (2)
prostatectomy, (3) brachytherapy monotherapy, and (4) SBRT. Prostatectomy, brachytherapy,
and SBRT were considered “radical treatment” groups.

Patients were included in the AS group if they had no prior androgen deprivation therapy or
definitive cancer treatment in the year after initial diagnosis. This rubric for identifying AS
was found to have the highest sensitivity among a number of algorithms in a Medicare
cohort (sensitivity of 88.2% and specificity of 93.5%).12 Patients were included in the
prostatectomy group if they had received definitive prostatectomy, regardless of approach.
Patients were included in the brachytherapy cohort if they had received LDR or HDR
brachytherapy. Patients were included in the SBRT cohort if they had received =3 fractions
of SBRT within 30 days of starting radiation. The diagnostic and treatment codes used to
define treatment cohorts are presented in Table E2.

Defining patient variables and outcomes

Adverse events were defined a priori by using a set of established International
Classification of Diseases, Ninth Revision, Clinical Modification diagnostic and procedure
codes based on expert opinion and the published literature (Table E3).7-914-16 Total costs
were calculated from all Medicare claims regardless of association and adjusted to 2015 US
dollars.1” Medicare claims analyzed include inpatient, outpatient, and carrier claims charges
and did not include Part D drug costs. Prostatectomy costs included all prostatectomy
patients in aggregate and were not separately analyzed based on different types of
prostatectomy (eg, robotic, laparoscopic, open). Claims filed within 1 year before initial
diagnosis were used to calculate a baseline Charlson comorbidity score.1® Toxicity-
associated costs were defined as all costs incurred on days toxic effects were coded.

Statistical analysis

The inverse probability treatment weighted method was used to adjust for potential selection
bias. Three separate logistic regression models were used to adjust the probability of
selecting each radical treatment group against the AS group.19 By using the propensity score
(PS), patients in the radical treatment groups were assigned weights of PS/ (1 — PS),
whereas patients in the AS group were assigned a weight of 1.1° The following covariates
were used to calculate the PS: year of biopsy, age, race, Charlson score, region, state buy-in,
county radiation oncologist density, county median income, and baseline toxic effects.

For all cost analyses, a generalized linear model was used to estimate costs, comparing each
radical treatment group against the AS group. To assess toxicity burden, multivariate Cox
proportional hazards models were implemented to evaluate associations between treatment
group and time-to-toxicity, with the AS group used as the reference group. Proportional
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hazards assumptions were confirmed by inspection of the log(-log[survival]) curves. To
assess early toxicity, administrative censoring was implemented at 12 months. To assess late
toxicity, only those events that occurred after 12 months were considered. For each radical
treatment group, hazard ratios (HR) for toxicity incidence were referenced to those for the
AS group. Cell sizes of fewer than 11 patients were suppressed as stipulated by the Centers
for Medicare and Medicaid Services privacy policy. Statistical analyses were done with SAS
version 9.3 (SAS Institute, Cary, NC), and R version 3.5.1.

Patient characteristics

A total of 24,843 men met the study criteria, of whom 11,877 (48%) were in the AS group,
9509 (38%) in the prostatectomy group, 2679 (11%) in the brachytherapy group, and 778
(3%) in the SBRT group. Within the brachytherapy group, 2479 (93%) patients received
LDR and 153 (7%) received HDR with a median of 2 fractions (interquartile range, 2-3).
The median number of SBRT fractions was 5 (interquartile range, 5-5). The median follow-
up time from initial diagnosis was 25 months (range, 12-36 months; Table 1). All unadjusted
comparisons were significant (all £<.001); however, after adjustment, all variables achieved
balance, with standardized difference <10%.

Total costs by treatment groups

Total raw mean costs by treatment group are presented in Figure 1A and Table 2. Adjusted
total costs at 1 year after diagnosis were lowest in the AS group (mean $9687; 95%
confidence interval [Cl], $9528-$9848). Among the 3 radical treatment groups, the lowest 1-
year cost was seen in the brachytherapy group ($19,980; 95% ClI, $19,652-$20,313). The
prostatectomy (mean $23,632; 95% CI, $23,243-$24,028) and SBRT (mean $26,895; 95%
Cl, $26,460-$27,337) groups had higher total 1-year costs than brachytherapy (both 2
<.001). A sensitivity analysis with multivariate adjustment for all available covariates in
addition to inverse probability treatment weighted identified similar results.

When brachytherapy was separated into LDR and HDR, the mean adjusted total 1-year cost
for the HDR group was $26,019 (95% Cl, $24,316-$27,841), which was significantly higher
than that for the LDR group ($19,723; 95% ClI, $19,386-$20,065; A< .001; Table 2, Fig
1B). At 2 years, a similar trend emerged (LDR mean: $27,162 vs HDR mean: $40,105, P
<.001). Total 1-year costs for the HDR group were not significantly different from those for
the most expensive treatment group, SBRT (P =.35). Finally, to estimate treatment-specific
costs, the adjusted total 1-year cost in the AS cohort was subtracted from the 1-year cost in
each of the active treatment cohorts: SBRT = $17,208, HDR brachytherapy = $16,332,
prostatectomy = $13,945, and LDR brachytherapy = $10,036.

Overall costs by geographic region

Mean total costs 1 year after diagnosis stratified by US Census Bureau division is presented
in Figure 2. In all regions except 2, costs were highest for the SBRT group (range, $21,504-
$36,667). In the West South Central and Mountain regions, prostatectomy was the most
expensive; however, in both regions the difference in total 1-year cost between SBRT and
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prostatectomy was minimal (<$1000). Furthermore, these 2 regions exhibited the lowest
range in cost between active treatment modalities (Fig 2). In contrast, the New England and
Middle Atlantic regions had the largest range in costs between radical treatments (Fig 2). In
these 2 regions, the difference between the most expensive (SBRT) and least expensive
(brachytherapy) radical treatments was $12,580 in New England and $16,286 in the Middle
Atlantic. In all regions, brachytherapy had the lowest costs (range, $17,500-$21,648) of the
3 radical treatment groups.

Treatment-associated toxic effects

Patients in the prostatectomy group had the highest rate of genitourinary (GU) toxicity (HR
=2.0vs AS, 1-year incidence 80%), followed by brachytherapy (HR = 1-year incidence
74%) and SBRT (HR = 1.4, 1-year incidence 60%). Mean GU toxicity—associated costs
reflected this trend, with the highest cost in the prostatectomy group ($2811; 95% ClI,
$2684-$2938) followed by the brachytherapy group ($1579; 95% CI, $1227-$1930; Table
3). Mean GU toxicity—associated costs at 1 year were similar to those of the AS group
($1113; 95% CI, $1015-$1210) and SBRT group ($1073; 95% ClI, $786-$1360; Table 3).
Urinary incontinence accounted for most of the GU toxicity in the prostatectomy group (HR
= 1-year incidence 50%). In contrast, patients receiving radiation exhibited a higher
frequency of bleeding/irritation and obstruction/retention. Comparing brachytherapy with
SBRT, brachytherapy was associated with higher GU obstruction/retention (HR = 1.9 vs 1.1,
1-year prevalence 41% vs 21%, P < .001) and stricture (HR = 2.5 vs 1.3, 1-year prevalence
5% vs 2%, P< .001). Separating brachytherapy into HDR (n = 153) and LDR (n = 2479),
the incidence and costs of GU toxicity was found to be substantially lower in patients
receiving HDR (HR = 1.1 vs 1.8, 1-year incidence 55% vs 75%, £ < .001; Table 3 and 4).

Erectile dysfunction (ED) was more prevalent among patients in the prostatectomy group
compared with the AS cohort (HR = 3.5,1-year prevalence 49%). Compared with AS, the
incidence of ED was also higher in patients receiving SBRT (HR = 1.4, 1-year prevalence
20%) and brachytherapy (HR = 1.4, 1-year prevalence 19%; Table 4). ED-associated costs
followed this same ranking (Table 3). The prevalence of Gl toxicity was generally low for all
groups (1-year prevalence in all groups <10%). The highest rates were observed among
patients in the brachytherapy group (HR = 1.8, 1-year prevalence 8%, £ < .001) and the
SBRT group (HR = 1.8, 1-year prevalence 9%, £ < .001; Table 4). In contrast, prostatectomy
was not associated with a difference in Gl toxicity prevalence (HR = 1.1, 1-year prevalence
6%, P=.16). Separating brachytherapy into HDR and LDR, the incidence of Gl toxicity in
the HDR subgroup was substantially lower than that in the LDR group (HR = 1.2 vs 1.8, 1-
year incidence 4% vs 9%). Gl toxicity—associated costs at 1 year were similar among all
treatment groups (Table 3).

Examination of early versus late toxicities revealed differences in the temporal patterns of
each toxicity domain (Table E4). For GU toxicity, late incidence was similar among all
radical treatment groups. For GU toxicity, the incidence of late toxicity was lower than that
of early toxicity in all 3 groups (prostatectomy 52% vs 79%, brachytherapy 56% vs 73%,
and SBRT 54% vs 57%), suggesting improvement with time. For ED, the incidence of early
and late toxicity was equivalent (prostatectomy 47% vs 41%, brachytherapy 17 vs 22%, and
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SBRT 19 vs 20%), suggesting stabilization. Finally, for Gl toxicity, late incidence was
higher than early incidence in both the brachytherapy and SBRT groups (both 8% late vs
11% early), suggesting a worsening over time (Fig E1). Treatment-specific costs, calculated
by subtracting toxicity costs from the 1-year unadjusted costs, identified the costs for SBRT,
prostatectomy, brachytherapy, and AS to be following: $25,548, $20,132, $18,133, and
$8284, respectively.

Discussion

Treatment costs are often presented in 2 ways: total cost over a specific timeframe or
treatment-specific costs associated with specific Current Procedural Terminology codes. In
the present analysis, the total adjusted 1-year cost for patients undergoing prostatectomy was
$23,632 (95% CI , $23,243-$24,028) in 2015 dollars, which was similar to prior estimates of
1-year postdiagnosis costs estimated from SEER-Medicare data ($16,469-$29,988 in 2008
dollars).® Furthermore, in the present analysis, total 1-year cost for patients who received
prostatectomy was $13,945 more than that incurred by AS. This cost difference is
attributable to oncologic care and is similar to estimates by Herrel et al ($14,614).10 With
regard to SBRT, total adjusted 1-year SBRT cost in the present analysis was $26,895 (95%
Cl, $26,460-$27,337), which is similar to past estimates of 1-year postdiagnosis costs
estimated from SEER-Medicare data ($27,145 in 2012 dollars).” The adjusted 1-year SBRT
cost in the present study was $17,208 more than that of the AS cohort and approximates
cancer treatment-related costs identified by Yu et al for SBRT patients ($16,608 in 2011
dollars).® Thus, there is excellent agreement between the presented costs and total and
cancer-specific costs identified in external analyses. Of note, AS costs and toxicities are
likely a mix of baseline health care utilization and those incurred by additional cancer
monitoring.

Less is known about treatment costs associated with brachytherapy. To the best of our
knowledge, this is the first report of HDR brachytherapy costs based on Medicare claims.
Total adjusted 1-year brachytherapy costs were $19,980 (95% ClI, $19,652-$20,313), an
amount similar to the 1-year postdiagnosis costs identified by Nguyen et al ($17,076-
$21,117) and Halpern et al ($17,183).57 This reduced cost of brachytherapy seems to be
driven largely by LDR patients (total 1-year cost $19,723), who formed the bulk of this
cohort (n = 2479, 93%). HDR brachytherapy was associated with higher cost, with a total 1-
year cost of $26,019 (95% Cl, $24,316-$27,841), a cost similar to that of SBRT. We thus
estimate the treatment-specific costs to be $10,036 for LDR brachytherapy and $16,332 for
HDR. For reference, IMRT and proton therapy for prostate cancer have been shown in
external analyses to have significantly higher total (IMRT $31,574-$37,418, proton therapy
$57,244) and treatment-specific (IMRT $21,023 and proton therapy $32,428) costs.6:8:9.15
The current RO-APM proposes a national base rate for prostate cancer radiation treatment to
be $3228 for professional fees and $19,852 for technical fees,1 which approximates
estimates of treatment-specific IMRT cost but is higher than the current estimate for time-
efficient techniques and more than double current reimbursement for LDR brachytherapy.

Given the national scope of the Medicare claims data, the present analysis allowed a unique
evaluation of regional cost variations. In most regions, the total 1-year cost range between
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definitive treatment modalities was approximately $6000 (Fig 2). The highest range was in
the New England and Mid-Atlantic regions (>$10,000), and the lowest range was noted in
the West South Central and Mountain regions, which showed nearly identical costs between
modalities (range <$2000). Because the 1-year total costs for the AS cohort was uniform
across regions at about $10,000 (Fig 2), it is unlikely that the observed regional variations
can be fully attributed to differences in general population health and the cost of
nononcologic care. Explanations for these observed variations include differences in the
pattern and intensity of oncologic care, a finding that has been observed for diagnostic
practices,20 and differences in the Medicare geographic adjustment factors, which is driven
by cost of living, malpractice, and practice cost/expense. These findings are noteworthy
because they suggest that cost-effectiveness analyses for prostate cancer treatment may
reach divergent conclusions in different regions, and thus they underscore the challenge of
determining which treatment(s) confer optimal value on a national level. For example, a
formal cost-effectiveness analysis may conclude that SBRT as practiced and compensated in
the mid-Atlantic region is not cost-effective at a certain societal willingness-to-pay
threshold, whereas SBRT as practiced and compensated in the Mountain region could be
highly cost-effective at the same threshold.

With regard to relative toxicity, the quality of life analysis from the Prostate Testing for
Cancer and Treatment (ProtecT) phase 3 trial in addition to the 2 large recent quality-of-life
registries identified prostatectomy as associated with worse sexual function and urinary
incontinence and improved urinary and bowel irritative symptoms compared with radiation
modalities.1®: 21. 22 However, these analyses generally present limited comparisons among
radiation modalities. The present series involved relatively large SBRT and brachytherapy
cohorts to assess not only the frequency of toxicity-related encounters (Table 4) but also the
toxicity-specific costs (Table 3). The present analysis identified the prostatectomy cohort as
having a higher incidence of ED (HR = 3.5, £<.001) and GU incontinence (HR = 10.8, P
<.001), with correspondingly high costs associated with ED (mean $888) and GU toxicity
(mean $2811). Brachytherapy and SBRT patients had higher rates of any Gl toxicity (HR =
1.8 for both, £<.001); however, given the relative infrequency of Gl toxicity, the mean
associated cost was only minimally higher (Table 3). Comparing radiation modalities,
brachytherapy and SBRT had similar frequencies of Gl toxicity (HR = 1.8 for both) and ED
(HR = 1.4 for both), with similar associated toxicity costs (Tables 3 and 4). GU toxicity was
both more frequent for brachytherapy than for SBRT (HR = 1.8 brachytherapy and HR = 1.4
SBRT) and more costly ($1579 and $1073), a finding consistent with past analyses.’
Compared with LDR, HDR brachytherapy is a newer technique in which radiation dose is
modified based on catheter placement to reduce toxicity.23:24 The present data suggest that
the use of HDR is limited nationally (n = 153), although HDR was associated with
decreased toxicity across all domains (Tables 3 and 4). Notably, the toxicity-associated costs
for HDR were substantially lower than those for AS (GU/GI/ED: $355 vs $1303),
suggesting that the HDR cohort may represent highly selected patients with minimal
baseline comorbidity.

Various limitations deserve mention. First, the analyzed data span a 4-year timeframe, and
thus we are unable to assess truly long-term toxic effects.2> Second, SBRT and especially
HDR brachytherapy represent newer techniques with which only limited numbers of
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selected patients have been treated. Thus, uncontrolled patient selection biases may exist
when assessing this modality. Third, we chose to focus our analysis on total costs with
comparison to a contemporary AS cohort. Although advantages to this approach exist, our
approach may be influenced by differences in baseline health care utilization between
cohorts. Fourth, although the utilization of national Medicare data allows for a more
comprehensive view of national health care expenditures, unlike SEER-Medicare data, no
information is available on patient stage. Fifth, patients were only included in this analysis if
they were enrolled in fee-for-service Medicare, thus excluding patients from programs such
as Medicare Advantage plans. Finally, analyses that examine time to incidence of first
complication inherently bias against surgical procedures, in which toxicities occur early and
patients eventually recover. To account for this, we performed secondary analyses assessing
only late and early toxicities (Table E4).

Conclusions

Time-efficient prostate cancer treatment modalities offer trade-offs in terms of costs and
toxicities. The estimated treatment-specific Medicare reimbursement of time-efficient
treatments varies widely by geography but is generally less than the reimbursement rates
proposed by the RO-APM. Additional data including personnel costs will be important for
estimating institutional costs. Ultimately this analysis presents strong justification for
prospective trials comparing time-efficient techniques, especially because these treatments
may become further incentivized with bundled payment models.
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Mean patient costs at 1 year after diagnosis for each of the 4 treatment groups by geographic
region. Abbreviation. SBRT = stereotactic body radiation therapy.
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