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Abstract

Background: A considerable number of prostate cancer (PCa) patients eligible for expectant management receive definitive treatment.
We aimed to investigate the hospital-level contribution to overtreatment in the United States.

Methods: Using the National Cancer Database we identified two nonoverlapping cohorts: (1) men with a life expectancy <10 years har-
bouring low or intermediate risk PCa (2) men with life expectancy >10 years with low-risk PCa. Multivariable mixed models with patient
characteristics as fixed and hospital-level intercept as random effect were used to assess the hospital-level risk-adjusted probability of defin-
itive treatment in both groups. Pearson’s correlation coefficient was calculated to investigate the correlation between the hospitals probabili-
ties of treating patients of both cohorts.

Results: We found 33,431 men with a life expectancy <10 years and 122,514 men with a life expectancy >10 years and low-risk PCa. In
the latter, the probability of treatment ranged from 29.0% in the bottom to 90.0% in the top decile and from 35.0% to 88.0% for men with a
life expectancy <10 years. Age and race were independent predictors of low-value treatment in both cohorts. The correlation between
1,225 hospitals treating men of both cohorts was strong (Pearson’s r=0.66, P < 0.001).

Conclusion: There is wide hospital-level variability in low-value treatment of men with limited life expectancies and low-risk PCa. Hos-
pitals more likely to treat men with limited life expectancies were more likely to treat men with low-risk PCa and vice versa. Identifying
drivers and modifying practice at these hospitals may represent an effective tool for reducing overtreatment. © 2019 Elsevier Inc. All rights
reserved.
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1. Introduction

Prostate cancer (PCa) often represents indolent disease,
as the majority of men diagnosed will die with PCa rather
than of PCa. Aiming to balance harms and benefits of PCa
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treatment, active surveillance and watchful waiting became
standard of care for men with low-risk disease [1] and for
men with a life expectancy of less than 10 years, respec-
tively [2,3]. While the use of active surveillance has gener-
ally increased in the past decade [4], many men continue to
receive definitive treatment with significant hospital level
variability [5—7]. Overtreatment of men unlikely to die
from PCa leads to both treatment-associated morbidity and
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is also associated with significant costs with minimal medi-
cal benefit [8,9].

Factors influencing the choice of active surveillance ver-
sus definitive treatment are manifold ranging from the
patients’ personal preference, anxiety, and social environ-
ment to general health status and healthcare organization
[10]. In terms of provider’s contribution to variation in use
of active surveillance, Loppenberg et al. showed a high
practice and hospital level variation in the use of active sur-
veillance for men with low-risk PCa [11].

To further characterize the role of hospitals as a potential
catalyst for overtreatment in PCa, we aimed to investigate
the hospitals’ contribution to variation of definitive treat-
ment for men eligible for active surveillance with localized
PCa. We therefore evaluate the hospital-level variation of
probability of definitive treatment for men with life expec-
tancy of <10 years and low or intermediate risk PCa and
for men with life expectancy >10 years diagnosed with
low-risk PCa. Finally, we investigate correlation of the hos-
pitals’ probability of treating patients in either group.

2. Materials and methods

2.1. Data source

We obtained data from the National Cancer Database,
which was established by the Commission on Cancer of the
American Cancer Society [12]. All patients who were seen
at any stage of their cancer diagnosis or treatment at one of
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1,500 approved hospitals are included. It captures around
60 percent of PCa cases of the United States of America
[13]. Trained data abstractors gather the data utilizing stan-

dardized methodology.

2.2. Study population

We identified men diagnosed with adenocarcinoma of
the prostate between 2010 and 2015 using the International
Classification of Diseases for Oncology, Third Edition,
topography codes C.61. We then selected men who are eli-
gible for expectant management for their disease and
divided them into 2 cohorts according to their life expec-
tancy and risk profile based on the d’Amico risk stratifica-
tion for PCa [14]. Group 1: Men with a life expectancy
<10 years harbouring low- or intermediate-risk PCa; group
2: men with life expectancy >10 years with low-risk PCa.
If the cumulative incidence of other cause mortality within
10 years exceeded 50%, men were considered having a lim-
ited life expectancy. This was calculated accounting for age
and Charlson Comorbidity Index (CCI) as previously
described: age 66 to 69 years and a CCI >2, age 70 to
74 years and a CCI >1, or age >75 years [15,16]. Men with
missing PSA, Gleason, TNM staging or treatment informa-
tion were excluded, as well as men with nodal positive or
metastatic disease. We also excluded men aged <40 years
due to censoring by the National Cancer Data Base

(NCDB) for confidentiality purposes (Fig. 1).

Men diagnosed with prostate cancer within the National Cancer Database between 2004 and 2015

N = 1,380,357
»{ Year of diagnosis <2010 N=734425 |
VI Hlslology other than adenocarcinoma N =16,312 |
I Missing information about PSA or Gleason Score N =92,808 |

Men with unknown TNM-stage or clinically positive nodal or metastatic

EXCLUSION

|Men with life expectancy <10 years N =61,727

Locally advanced and high risk prostate cancer
N = 28,296

Men with life expectancy <10 years, diagnosed with low- and intermediate
risk prostate cancer between 2010 and 2015 and complete staging and
treatment information

N= 33,431

INCLUSION

staging N =78,580
»| Missing information about treatment N=19.803 |
v{ Age =40 years N =243 |

Men with life expectancy 210 years N= 376,459

Risk other than low risk N = 253,045

Men with life expectancy =10 years, diagnosed with low risk prostate
cancer between 2010 and 2015 and complete staging and treatment
information

N= 122,514

Fig. 1. Cohort selection.
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2.3. Covariates

Patient level data were abstracted including age at diagno-
sis, race (White, Black, other, or unknown), year of diagno-
sis, CCI (categorized into 0,1, >2) as well as TNM staging
information based on the American Joint Committee on Can-
cer 7th edition, PSA level (in ng/ml), and Gleason Score at
diagnosis. Sociodemographic covariates included primary
insurance carrier (private, Medicare, Medicaid, other gov-
ernment payer [TRICARE, Military, VA and Indian/Public
Health Service], uninsured, and unknown), percentage of
adults within patient’s ZIP code without a high school
diploma (<7%, 7—12.9%, 13—20.9%, >21%), ZIP code
level median household income per year (<$38,000,
$38,000—$47,999, $48,000—$62,999, or >$63,000), County
type (metropolitan, urban, rural, or unknown), census geo-
graphical region, and distance to the hospital. Commission
on Cancer (CoC) facility type was categorized as Commu-
nity Cancer Program (CCP), Comprehensive Community
Cancer Program (CCCP), Academic/Research Program
(ACAD), Integrated Network Cancer Program (INCP), or
Other/Unknown. Facility caseload was defined as the mean
of the total volume of patients with PCa treated at the treating
facility in the year of the patient’s diagnosis using a previ-
ously described method, accounting for variation in facility
caseload over time [17,18].

2.4. Main outcome measure

Our main outcome measure was the receipt of definitive
treatment within 180 days of diagnosis. Receipt of treat-
ment was defined as surgery (radical prostatectomy) or
radiation therapy (e.g. external beam radiation therapy,
brachytherapy) of the prostate and pelvis. Men, who
received treatment beyond 180 days of diagnosis were con-
sidered observed, as their treatment may be due to upgrad-
ing or upstaging procedures during active surveillance.

2.5. Statistical analysis

Descriptive statistics were reported using frequencies
and proportions for categorical variables. Chi square tests
with a Rao-Scott adjustment to account for clustering were
applied to compare differences between men who received
treatment and those who did not [19,20]. Multivariable
logistic regression analysis was used to account for
confounding due to patient demographic and clinical varia-
bles [18].

We fit multivariable mixed-effects models for both
cohorts to detect the association between treatment and
patient characteristics as fixed effects and hospital-level
intercept as random effect. The hospital level random inter-
cept allowed us to estimate the contribution of unmeasured
hospital level random effects. The random effect intercepts
allowed us to estimated probabilities of receipt of treatment
and 95% confidence intervals (ClIs) for each hospital,
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whereas the fixed effects were held at their frequency in the
overall population. Thus, we estimated each hospital’s pre-
dicted rate of receipt of treatment based on the hospital
level random intercepts. All hospitals were ranked from
least- to most-likely to treat their patients and plotted
against the probability of definitive treatment, using a pre-
viously used method [21,22]. The mean estimated probabil-
ity of treatment in the top and bottom deciles with 95% Cls
were compared.

We then assessed the correlation of the hospital’s proba-
bility of treating men with limited life expectancy and low-
risk PCa. Each hospital’s estimated probability of treating
patients with limited life expectancy and low- or intermedi-
ate-risk PCa were plotted against hospitals’ probability of
treating patients with high life expectancy harbouring low-
risk PCa. Pearson’s correlation coefficient was calculated
to investigate the correlation between the hospitals.

All statistical analyses were performed using Stata
v.13.0 (StataCorp, College Station, TX). Two-sided statisti-
cal significance was defined as P < 0.05. An institutional
review board waiver was obtained before the study was
conducted.

3. Results

3.1. Baseline characteristics

We identified a total of 33,431 men diagnosed with low-
and intermediate-risk localized PCa with a life expectancy
of less than 10 years; 22,772 (68.1%) of these received
either surgery or radiation therapy and 10,659 (31.9%)
were observed. There were 122,514 men with a life expec-
tancy >10 years, diagnosed with low-risk PCa, 84,140
(68.7%) received definitive treatment and 38,374 (31.3%)
had active surveillance. In this cohort, almost 50% of the
treated men were treated in 2010 and 2011. A summary of
baseline characteristics of all PCa patients is available in
Table 1.

3.2. Factors associated with receipt of treatment

In the cohort of men with a life expectancy <10 years,
men with higher Gleason Scores were more likely to
receive treatment (Gleason 7: Odds Ratio [OR] 3.06 95%
CI 2.85—3.28, P < 0.001). In the cohort of men with a life
expectancy >10 years, higher CCI (CCI > 2: OR 1.24 95%
CI 1.08—1.41, P=0.002) and tumor stage cT2a (OR 1.26
95% CI 1.13—1.39, P < 0.001) were associated with higher
odds of receipt of treatment.

In both cohorts older age and black race (group 1: OR
0.77 95% CI 0.69—0.85, P < 0.001|group 2: OR 0.85 95%
CI 0.79—-0.91, P < 0.001) were independently associated
with lower odds of receipt of treatment. Comprehensive
community cancer programs were associated with higher
odds of receipt of definitive treatment compared to aca-
demic hospitals in both cohorts (Table 2).
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Table 1

Baseline characteristics of men diagnosed with localized prostate cancer between 2010 and 2015
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Men with life expectancy <10 years

Men with life expectancy >10 years and low risk prostate cancer

Active Definitive Total P value* Active Definitive Total P value*
surveillance treatment N=33,431 surveillance treatment N=122,514
N=10,659 N=22772 (100%) N=38,374 N =284,140 (100%)
(31.9%) (68.1%) (31.3%) (68.7%)
Age group
<55 -/- -/- -/- <0.001 6,657 (17.4) 19,861 (23.6) 26,518 (21.6) <0.001
56—65 -/- -/- -/- 18,543 (48.3) 42,326 (50.3) 60,869 (49.7)
66—75 3,990 (37.4) 10,993 (48.3) 14,983 (44.8) 13,174 (34.3) 21,953 (29,1) 35,127 (28.7)
76—85 6,287 (59.0) 11,578 (50.8) 17,865 (53.4) -/- -/- -/-
> 85 382 (3.6) 201 (0.9) 583 (1.7) -/- -/- -/-
Race
White 8,832 (82.9) 19,500 (86.0) 28,422 (85.0) <0.001 31,011 (80.8) 70,072 (83.3) 101,083 (82.5) <0.001
Black 1,329 (12.5) 2,328 (10.2) 3,657 (10.9) 5,473 (14.3) 11,136 (13.2) 16,609 (13.6)
Other 498 (4.7) 854 (3.8) 1,352 (4.0) 1,890 (4.9) 2,932 (3.5) 4,822 (3.9)
CCI
0 6,733 (63.2) 12,918 (56.7) 19,651 (58.8) <0.001 34,588 (90.1) 72,833 (86.6) 107,421 (87.7) <0.001
1 2,824 (26.5) 7,070 (31.1) 9,894 (29.6) 3,391 (8.8) 10,253 (12.2) 13,644 (11.1)
>2 1,102 (10.3) 2,784 (12.2) 3,886 (11.6) 395 (1.0) 1,054 (1,3) 1,449 (1.2)
PSA
<10 8,077 (75.8) 18,058 (79.3) 26,135 (78.2) <0.001
10—-20 2,582 (24.2) 4,714(20.7) 7,296 (21.8)
Gleason
<6 5,730 (53.8) 6,685(29.4) 12,415(37.1) <0.001
7 4,929 (46.2) 16,087 (70.6) 21,016 (62.9)
Clinical T-stage
cT1 9,009 (84.5) 17,946 (78.8) 26,955 (80.6) <0.001 35,397 (92.2) 76,270 (90.7) 111,667 (91.2) 0.002
cT2a 1,214 (11.6) 3,233 (14.2) 4,474(13.4) 2,977 (7.8) 7,870 (9.4) 10,847 (8.9)
cT2b 409 (3.8) 1,593 (7.0) 2,002 (6.0) -/- -/- -/-
Year of diagnosis
2010 1,920 (18.0) 4,415(19.4) 6,335(19.0) <0.001 6,057 (15.8) 19,581 (23.3) 25,638 (20.9) <0.001
2011 2,017 (18.9) 4,649 (20.4) 6,666 (19.9) 6,967 (18.2) 19,559 (23.3) 26,526 (21.7)
2012 1,586 (14.9) 3,489 (15.3) 5,075(15.2) 5,922 (15.4) 13,797 (16.4) 19,719 (16.1)
2013 1,794 (16.8) 3,405 (15.0) 5,199 (15.6) 6,288 (16.4) 11,917 (14.2) 18,205 (14.9)
2014 1,474 (13.8) 3,200 (14.1) 4,674 (14.0) 6,197 (16.2) 10,149 (12.1) 16,346 (13.3)
2015 1,868 (17.5) 3,614 (15.9) 5,482(16.4) 6,943 (18.1) 9,137 (10.9) 16,080 (13.1)
Insurance
Medicaid 193 (1.8) 258 (1.1) 451 (1.4) <0.001 1,123 (2.9) 1.685 (2.0) 2,808 (2.3) <0.001
Medicare 8,905 (83.5) 19,200 (84.3) 28,105 (84.1) 13,342 (34.8) 24,202 (28.8) 37,544 (30.6)
Other Gov’t 102 (1.0) 307 (1.4) 409 (1.2) 681 (1.8) 1,913 (2.3) 2,594 (2.1)
Private 1,226 (11.5) 2,664 (11.7) 3,890 (11.6) 21,794 (56.8) 54,501 (64.8) 76,295 (62.3)
No insurance 71(0.7) 87 (0.4) 158 (0.5) 823 (2.1) 961 (1.1) 1,784 (1.5)
Unknown 162 (1,5) 256 (1.1) 418 (1.3) 611 (1.6) 878 (1.0) 1,489 (1.2)
Income*
>$63,000 3,442 (32.3) 7,599 (33.4) 11,041 (33.0) 0.523 15,660 (40.8) 31,368 (37.3) 47,028 (38.4) 0.008
$48,000—$62,999 2,931 (27.5) 6,286 (27.6) 9,217 (27.6) 9,812 (25.6) 22,682 (27.0) 32,494 (26.5)
$38,000—$47,999 2,462 (23.1) 5,213 (22.9) 7,675(23.0) 7,522 (19.6) 17,668 (21.0) 25,190 (20.6)
<$38,000 1,789 (16.8) 3,609 (15.9) 5,398 (16.2) 5,258 (13.7) 12,209 (14.5) 17,467 (14.3)
Unknown 35(0.3) 65 (0.3) 100 (0.3) 122 (0.3) 213 (0.3) 335(0.3)
Education™
Highest >21% 1,651 (15.5) 3,266 (14.3) 4,917 (14.7) 0.305 5,137 (13.4) 22,056 (13.1) 16,193 (13.2) <0.001
13-20.9% 2,571 (24.1) 5,461 (24.0) 8,032 (24.0) 8,184 (21.3) 19,698 (23.4) 27,882 (22.8)
7—12.9% 3,540 (33.2) 7,758 (34.1) 11,298 (33.8) 12,556 (32.7) 28,199 (33.5) 40,755 (33.3)
Lowest <7% 2,867 (26.9) 6,237 (27.4) 9,104 (27.2) 12,401 (32.3) 25,012 (29.7) 37,413 (30.5)
Unknown 30(0.3) 50(0.2) 80 (0.2) 96 (0.3) 175 (0.2) 271 (0.2)
Distance to hospital
First 6,201 (58.2) 13,247 (58.2) 19,448 (58.2) 0.543 19,406 (50.6) 40,184 (47.8) 59,590 (48.6) 0.029
Second 3,352 (31.5) 7,314(32.1) 10,666 (31.9) 13,232 (34.5) 29,820 (35.4) 43,072 (35.2)
Third 1,079 (10.1) 2,165 (9.5) 3,244 (9.7) 5,625 (14.7) 13,920 (16.5) 19,545 (16.0)
Unknown 27 (0.3) 46 (0.2) 73 (0.2) 91 (0.2) 216 (0.3) 307 (0.3)

Mean caseload"

(continued)
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Table 1 (Continued)
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Men with life expectancy <10 years

Men with life expectancy >10 years and low risk prostate cancer

Active Definitive Total P value* Active Definitive Total P value*
surveillance treatment N=33,431 surveillance treatment N=122,514
N=10,659 N=22772 (100%) N=38,374 N =284,140 (100%)
(31.9%) (68.1%) (31.3%) (68.7%)
1st Quartile 3,358 (31.5) 7,446 (32.7) 10,804 (32.3) <0.001 8,428 (22.0) 19,387 (23.0) 27,815 (22.7) <0.001
2nd Quartile 2,388 (22.4) 5,977 (26.3) 8,365 (25.0) 7,339 (19.1) 21,005 (25.0) 28,344 (23.1)
3rd Quartile 2,524 (23.7) 5,497 (24.1) 8,021 (24.0) 9,343 (24.4) 20,735 (24.6) 30,078 (24.6)
4th Quartile 2,389 (22.4) 3,852(16.9) 6,241 (18.7) 13,264 (34.6) 23,013 (27.4) 36,277 (29.6)
County
Metro 8,424 (79.0) 18,025 (79.2) 26,449 (79.1) 31,827 (82.9) 67,945 (80.8) 99,772 (81.4) 0.009
Urban 1,754 (16.5) 3,707 (16.3) 5,461 (16.3) 5,029 (13.1) 12,579 (15.0) 17,608 (14.4)
Rural 261 (2.5) 528 (2.3) 789 (2.4) 611 (1.6) 1,596 (1.9) 2,207 (1.8)
Unknown 220 (2.1) 512 (2.3) 732 (2.2) 907 (2.4) 2,020 (2.4) 2,927 (2.4)
Location
Northeast 2,364 (22.2) 4,711 (20.7) 7,075 (21.2) 10,721 (27.9) 17,418 (20.7) 28,139 (23.0) <0.001
South 3,374 (31.7) 7,954 (34.9) 11,328 (33.9) 11,644 (30.3) 31,833 (37.8) 43,477 (35.5)
Midwest 3,243 (30.4) 6,690 (29.4) 9,933 (29.7) 2,652 (25.2) 23,746 (28.2) 33,398 (27.3)
West 1,678 (15.7) 3,417 (15.0) 5,095 (15.2) 6,357 (16.6) 11,143 (13.2) 17,500 (14.3)
Facility type
Academic 3,957 (37.1) 6,882(30.2) 10,839 (32.4) <0.001 20,157 (52.5) 32,876 (39.1) 53,033 (43.3) <0.001
Community Cancer 1,338 (12.6) 2,320 (10.2) 3,658 (10.9) 2,938 (7.7) 5,565 (6.6) 8,503 (6.9)
Program
Comprehensive Community 4,418 (41.5) 11,354 (49.9) 15,772 (47.2) 12,161 (31.7) 36,962 (43.9) 49,123 (40.1)
Cancer Program
Integrated Network 946 (8.9) 2,216 (9.7) 3,162 (9.5) 3,118 (8.1) 8,737 (10.4) 11,855 (9.7)
Cancer Program

4 ZIP-code level variable.

® Percentage of residents in home county with no high school degree from 2012 American County Survey Data.
¢ Facility caseload was calculated as the mean of the total volume of patients with prostate cancer treated at the treating facility in the year of the patient’s
diagnosis (Cases/Year: st quartile:1—82; 2nd quartile: 83—153; 3rd quartile: 154—277; 4th quartile: 278—1472).Abbreviations: CCI = Charlson Comor-

bidity Index; PSA = prostate specific antigen.

3.3. Hospital-level probability of treatment

We found 1,230 unique hospitals where men with a life
expectancy of less than 10 years received care for localized
PCa (Fig. 2a). The hospitals’ adjusted mean probability of
treatment ranged from 35.0% (95% CI 33.8%—36.2%) in
the bottom decile to 88.0% (95% CI 87.5%—89.3%) in the
top decile.

1,287 unique hospitals cared for men with a life expec-
tancy >10 years and a diagnosis of low-risk PCa (Fig. 2b).
The adjusted mean of their probability of treatment was
more than three-fold higher in the top decile (90.0% 95%
CI 89.7%—90.4%) compared to the bottom decile (29.0%
95% CI 27.7%—30.2%).

3.4. Correlation of hospitals’ probability of treatment for
men with low-risk PCa and men with life expectancy <10
years

We identified 1,225 hospitals that cared for both patient
groups (Fig. 3). The correlation between hospitals treating
men with a life expectancy of less than 10 years and those
treating men with a life expectancy >10 years diagnosed

with low-risk PCa is strong and statistically significant
(Pearson’s Rho 0.66, P < 0.001).

4. Discussion

Our study demonstrated significant hospital-level vari-
ability in treatment of men unlikely to die from PCa. This
encompassed both men with life expectancy less than
10 years, and men with life expectancy of 10 or more years,
but with low-risk PCa. In addition to significant between-
hospital variability, we found that there was correlation
across these 2 categories. Facilities more likely to treat men
with short life expectancies were also more likely to treat
men with normal life expectancies and low-risk PCa, and
vice versa.

The institution’s contribution to overtreatment of PCa
cannot simply be explained by different patient demo-
graphics. Indeed, our methods are specifically designed to
control for patient characteristics and create estimates based
only on hospital level effects. These findings further
strengthen the hypothesis that hospital-level factors play a
significant role in explaining variations in PCa manage-
ment. These results echo findings from earlier research: In
a previous retrospective, CoC-accredited hospital-based
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Table 2

Multivariable logistic regression predicting definitive treatment of men diagnosed with localized prostate cancer between 2010 and 2015
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Men with life expectancy <10 years

Men with life expectancy >10 years and low risk prostate cancer

Odds ratio 95% confidence P value Odds 95% confidence P value
interval ratio interval

Age group
<55 -/- -/- -/- Ref.
56—65 -/- -/- -/- 0.74 0.70—0.78 <0.001
66—75 Ref. 0.56 0.52—0.61 <0.001
76—85 0.61 0.57—0.66 <0.001 -/- -/- -/-
>85 0.15 0.12—-0.18 <0.001 -/- -/- -/-
Race
White Ref. Ref.
Black 0.77 0.69—0.85 <0.001 0.85 0.79—-0.91 <0.001
Other 0.86 0.70—1.06 0.161 0.82 0.72—0.93 0.002
ccl
0 Ref. Ref.

1.05 0.96—1.14 0.280 1.38 1.29—1.48 <0.001
>2 1.02 0.92—1.15 0.630 1.24 1.08—1.41 0.002
PSA
<10 Ref.
10-20 0.85 0.80—0.90 <0.001
Gleason
<6 Ref.
7 3.06 2.85-3.28 <0.001
Clinical T-stage
cT1 Ref. Ref.
cT2a 1.26 1.13—-1.36 <0.001 1.26 1.13—1.39 <0.001
cT2b 1.62 1.42—1.84 <0.001 -/- -/- -/-
Year of diagnosis
2010 Ref. Ref.
2011 0.99 0.91-1.07 0.752 0.87 0.82—0.91 <0.001
2012 0.86 0.78—0.95 <0.001 0.69 0.65—0.73 <0.001
2013 0.72 0.66—0.80 <0.001 0.56 0.52—0.60 <0.001
2014 0.80 0.72—0.88 <0.001 0.48 0.44—0.53 <0.001
2015 0.70 0.63—0.77 <0.001 0.40 0.36—0.43 <0.001
Insurance
Medicaid Ref. Ref.
Medicare 1.51 1.22—-1.87 <0.001 1.22 1.09—-1.37 0.001
Other Gov’t 1.84 1.31-2.58 <0.001 1.45 1.24—1.69 <0.001
Private 1.56 1.23—1.96 <0.001 1.41 1.26—1.58 <0.001
No insurance 0.94 0.63—1.41 0.774 0.62 0.50—0.76 <0.001
Unknown 1.13 0.82—1.55 0.445 0.85 0.68—1.07 0.171
Income"
>$63,000 Ref. Ref.
$48,000—$62,999 0.92 0.84—1.01 0.097 0.99 0.90—1.08 0.762
$38,000—$47,999 0.93 0.81—1.06 0.267 0.93 0.82—1.05 0.226
<$38,000 0.94 0.79—-1.12 0.450 0.98 0.85—1.12 0.721
Unknown 0.99 0.34—2.88 0.980 0.64 0.34—1.22 0.176
Education™®
Highest >21% Ref. Ref.
13—20.9% 1.03 0.92—1.14 0.617 1.04 0.97—1.12 0.288
7-12.9% 1.04 0.91-1.18 0.567 0.99 0.89—1.09 0.795
Lowest <7% 1.01 0.87—1.18 0.887 0.93 0.82—1.06 0.268
unknown 0.75 0.21-2.71 0.656 0.85 0.34-2.16 0.740
Distance to hospital
First Ref. Ref.
Second 1.00 0.93—1.09 0.885 1.13 1.07—-1.20 <0.001
Third 1.00 0.83—1.20 0.974 1.41 1.23—1.60 <0.001
unknown 0.94 0.43-2.05 0.875 1.45 0.64—3.30 0.372
Mean caseload®
1st quartile Ref. Ref.
2nd quartile 0.99 0.86—1.15 0.933 1.11 0.98—1.27 0.098

(continued)
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Table 2 (Continued)

Men with life expectancy <10 years

Men with life expectancy >10 years and low risk prostate cancer

Odds ratio 95% confidence P value Odds 95% confidence P value
interval ratio interval
3rd quartile 0.89 0.74—1.07 0.222 0.90 0.77—1.05 0.172
4th quartile 0.72 0.57—0.91 0.005 0.80 0.63—1.02 0.067
County
Metro Ref. Ref.
Urban 0.94 0.81—-1.11 0.500 0.93 0.83—1.04 0.185
Rural 0.90 0.69—1.18 0.457 0.84 0.70—1.01 0.062
unknown 1.08 0.87—1.35 0.488 1.07 0.90—1.27 0.450
Location
Northeast Ref. Ref.
South 1.17 0.98—1.40 0.079 1.47 1.17—-1.84 0.001
Midwest 1.02 0.86—1.21 0.810 1.39 1.10—1.74 0.005
West 0.92 0.74—1.15 0.477 0.92 0.67—1.25 0.579
Facility type
Academic Ref. 0.75—-1.21 0.708 Ref. 0.90—1.40 0.293
Community Cancer 0.96 1.13
Program
Comprehensive Community 1.33 1.11-1.60 0.002 1.68 1.41-2.00 <0.001
Cancer Program
Integrated Network 1.19 0.94—1.51 0.155 1.54 1.21-1.96 <0.001
Cancer Program

#ZIP-code level variable.

® Percentage of residents in home county with no high school degree from 2012 American County Survey Data.
¢ Facility caseload was calculated as the mean of the total volume of patients with prostate cancer treated at the treating facility in the year of the patient’s
diagnosis (Cases/Year: 1st Quartile:1-82; 2nd Quartile: 83-153; 3rd Quartile: 154-277; 4th Quartile: 278-1472).Abbreviations: CCI, Charlson Comorbid-

ity Index; PSA, prostate specific antigen.

cohort of men diagnosed with PCa between 2010 and 2014,
91% of the unexplained variations in the use of active sur-
veillance were attributable to facility-related factors such as
the facility type, facility volume, and institution [7,11]. In
2013, Baldwin et al. looked at differences in treatment rates
between patients treated in rural and urban hospitals and
observed that adjusted definitive treatment rates were lower
for rural than urban patients [23].

Past efforts have focused on selective screening, patient
education, physician education, and adoption of guidelines.
Hospital-level factors, as demonstrated by our study, could
be the target of such initiatives seeking to further optimize
care. These include hospital culture, financial solvency,
reimbursement incentives, practice patterns, legal fears,
and other organizational factors. For example, in a retro-
spective cohort study, Hoffman et al. found that men were
more likely to receive definitive therapy if the physicians
billed for the treatment [24] — although this impacts physi-
cian variation, this remains hospital-level and system-level
policy. Similarly, increased use of radiation therapy was
observed at institutions owning integrated intensity-modu-
lated radiation therapy devices, possibly attributable to the
fixed costs associates with the purchase of these devices
[25]. Then again, the ownership of expensive devices is
influenced by regional competition. For instance, the risk
ratio of undergoing robotic surgery for prostate cancer was
2.64 in highly competitive markets compared to noncom-
petitive markets [26].

Our work provides further evidence for the role of hospi-
tal factors in treatment variability. Further investigation is
needed to determine which specific features influence hos-
pital-level attitudes regarding PCa treatment.

Our findings must be considered within the context of
the study design. A limitation is the possibility of unmea-
sured patient confounders including physician-level contri-
bution to overtreatment of PCa. These limitations are
always a factor in retrospective research. Our use of a mul-
tilevel model with a hospital-level random intercept should
account for unmeasured hospital characteristics at the level
of the hospital or hospital-level differences in patient popu-
lations receiving definitive therapy or not. Although the
NCDB captures a majority of patients with PCa in the
United States, it relies on reports from 1,500 CoC-accred-
ited US hospitals which may not be representative of the
reality of other hospitals. For example, if the database
underrepresents poor-performing rural hospitals, then our
results might underestimate the differences in low-value
definitive therapy for PCa management. Furthermore, we
did not include hormonal treatment in our analyses for 2
reasons: (1) It is not considered definitive treatment for
localized PCa and (2) the NCDB does not capture the spe-
cific type or duration of hormonal therapy. Finally, we did
not use the code for active surveillance in NCDB, because
it does not distinguish between active surveillance and
watchful waiting. Patients who were treated within
180 days from diagnoses were considered being over
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Fig. 2. (A—B) Risk-Adjusted hospital-level probability of treatment. (A) Patients with low- and intermediate-risk prostate cancer and a life expectancy
<10 years. (B) Patients with low-risk prostate cancer and life expectancy >10 years.

treated; however, variation amongst active surveillance
protocols may be an important contributor to hospital level
variation seen in our study. For example, some would advo-
cate for immediate confirmatory testing with MRI, genetic
panels, re-biopsy after diagnosis of low-risk disease and
often result in upgrading in risk within 180 days.

5. Conclusion
We found a wide variation of treatment pattern for men

with localized PCa between hospitals and a strong correla-
tion of hospitals treating men with low-risk and with a

limited life expectancy. Underlying hospital factors may
represent a modifiable target for interventions to reduce
low-value care in PCa.
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