1duosnue Joyiny vd-HIN 1duosnue Joyiny vd-HIN

1duosnuely Joyny Yd-HIN

o NATIG,

R HE

N WS)))\

D)

NS

NIH Public Access

Author Manuscript

Published in final edited form as:
Cancer. 2014 October 1; 120(19): 3089-3096. doi:10.1002/cncr.28856.

Low Rates of Adjuvant Radiation in Patients With Nonmetastatic
Prostate Cancer With High-Risk Pathologic Features

Anusha Kalbasi, MD, Samuel Swisher-McClure, MD12, Nandita Mitra, PhD%34, Robert
Sunderland, MS1, Marc C. Smaldone, MD®, Robert G. Uzzo, MD®, and Justin E. Bekelman,
MD1’2‘3’6

1Department of Radiation Oncology, Perelman School of Medicine at the University of
Pennsylvania, Philadelphia, Pennsylvania

2Leonard Davis Institute of Health Economics, Perelman School of Medicine at the University of
Pennsylvania, Philadelphia, Pennsylvania

SDepartment of Biostatistics and Epidemiology, Perelman School of Medicine at the University of
Pennsylvania, Philadelphia, Pennsylvania

4Center for Clinical Epidemiology and Biostatistics, Perelman School of Medicine at the University
of Pennsylvania, Philadelphia, Pennsylvania

SDivision of Urologic Oncology, Department of Surgery, Fox Chase Cancer Center, Temple
University Health System, Philadelphia, Pennsylvania

6Abramson Cancer Center, Perelman School of Medicine at the University of Pennsylvania,
Philadelphia, Pennsylvania

Abstract

BACKGROUND—The 2013 American Urological Association/American Society for Radiation
Oncology consensus guidelines recommend offering adjuvant radiotherapy (RT) after radical
prostatectomy in patients with high-risk pathologic features for recurrence. In the current study,
the authors examined practice patterns of adjuvant RT use in patients with elevated pathologic risk
factors over a time period spanning the publication of supporting randomized evidence.

METHODS—Using the National Cancer Data Base, a total of 130,681 patients were identified
who underwent surgical resection for prostate cancer between 2004 and 2011 with at least 1 of the
following pathologic risk factors for early biochemical failure: pT3a disease or higher, positive
surgical margins and/or lymph node-positive disease. Using multivariable logistic regression, the
authors examined factors associated with adjuvant RT use including patient, clinical,
demographic, and temporal characteristics.
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RESULTS—Adjuvant RT was administered to 9.9% of the patients with at least 1 pathologic risk
factor. Use of adjuvant RT did not change over the study period (P = .23). On multivariable
analysis, we found that patients treated at high-volume surgical facilities were less likely to
receive adjuvant RT (15.9% vs 7.8%; odds ratio, 0.58 [95% confidence interval, 0.50-0.65]; P<.
0001). Older age, comorbidities, black race, lower income, and lower population density were also
associated with lower rates of adjuvant RT.

CONCLUSIONS—Use of adjuvant RT is uncommon and remained unchanged between 2004
and 2011. Patients treated at high-volume surgical facilities are less likely to receive adjuvant RT,
irrespective of margin status.
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prostate cancer; adjuvant; radiation; patterns of care; surgical volume

INTRODUCTION

Three cooperative group randomized clinical trials compared the use of adjuvant
radiotherapy (RT) versus observation with optional salvage RT for patients with prostate
cancer with high-risk pathologic features.2> Adjuvant RT resulted in improved biochemical
outcomes in all 3 trials and improved clinical outcomes (metastasis-free survival and
freedom from hormonal therapies) in 2 of the 3 trials. Based on the 2013 American
Urological Association/ American Society for Radiation Oncology (AUA/ASTRO)
guidelines, “physicians should offer adjuvant RT to patients with adverse pathologic
findings at prostatectomy including seminal vesicle invasion, positive surgical margins, or
extraprostatic extension because of demonstrated reductions in biochemical recurrence, local
recurrence and clinical progression.”®

Recently published studies on the patterns of adjuvant RT use in the United States have
suggested an overall underuse compared with what might be expected given the randomized
data.”~19 However, these studies are limited because they only included men aged >65 years
who underwent prostatectomy before 2007 (whereas randomized clinical trial results were
published between 2005-2012) and they used data from the Surveillance, Epidemiology,
and End Results (SEER) program, which is confined to 17 SEER geographies that only
represent 26% of the US population.11

The National Cancer Data Base (NCDB) is a joint project of the Commission on Cancer of
the American College of Surgeons and the American Cancer Society and tracks oncology
outcomes on 71% of newly diagnosed cancer cases nationwide.12 The NCDB is a registry
data set that is complementary to SEER and SEER-Medicare but augments these important
resources with more detailed information from a broad set of hospitals that are accredited by
the Commission on Cancer.13 Therefore, we conducted an observational study to examine
the patterns of adjuvant RT use in men with prostate cancer and at least 1 high-risk
pathologic feature between 2004 and 2011 with the hypothesis that adjuvant RT use should
have increased over the study period.
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MATERIALS AND METHODS

Data Source and Cohort Definition

To test our hypothesis, we used data from the NCDB, which collects information on patients
with newly diagnosed cancers at 1508 institutions accredited by the Commission on Cancer
of the American College of Surgeons.12 In addition to patient demographics, cancer
characteristics, staging, first course of treatment, and survival from time of diagnosis, which
are also collected by SEER, the NCDB records variables including insurance status, facility
volume, practice setting, RT details (eg, site of treatment and dose), and the use of hormone
therapy and immunotherapy.14

We identified 130,681 patients with prostate cancer reported to the NCDB using
International Classification of Diseases for Oncology, 3 edition codes for site of origin.
Figure 1 illustrates how exclusions were applied to these patients to define the study cohort.
The study period was limited to patients with diagnostic confirmation between 2004 and
2011. After exclusions, we identified 856,285 patients with nonmetastatic prostate cancer
assignable to treatment, and then excluded 448,121 patients who received treatments other
than surgery. If patients received multiple definitive treatments, they were assigned to the
group consistent with the first definitive treatment. We included 408,164 patients who
received surgery.

From this group, we excluded 277,483 patients without at least 1 high-risk pathologic factor
(pathologic T3a or higher disease, pathologic lymph node-positive disease, and/or positive
surgical margins). Of these 277,483 excluded patients, 20,247 (7%) had unknown pathologic
T classification and 82,453 (29.7%) had unknown pathologic N classification. The final
study cohort included 130,681 patients.

Patients in the study cohort were classified as receiving adjuvant RT if RT was administered
within 12 months after surgery.1® 16 The NCDB captures all radiation treatment to primary
or metastatic sites within the first course of treatment. We chose 12 months as a cutoff for
adjuvant RT because 88% of patients received RT within 1 year of surgery in the NCDB
data set, with a sharp decrease after 1 year. Other studies have used 6 months as a cutoff for
adjuvant RT, but the distribution of patients receiving RT in our data set did not change
dramatically between 91 and 180 days after surgery (39%) and 181 and 270 days after
surgery (34%). The NCDB does not track postoperative prostate-specific antigen (PSA)
values, and therefore this definition of adjuvant RT may include some men with detectable
PSA levels. The final cohort included 117,696 patients in the surgery-alone group and
12,985 patients in the group receiving adjuvant RT.

Analytic Variables

The primary outcome was use of adjuvant RT. Use of adjuvant RT was determined by
finding the quotient of patients receiving adjuvant RT and the total number of patients in the
cohort. We were principally interested in temporal trends of adjuvant RT use from 2004 to
2011.
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We were secondarily interested in the association between clinical-level, patient-level,
demographic-level, and facility-level variables and adjuvant RT use. Clinical variables
included surgical margin status, pathologic T classification, pathologic N classification, and
Gleason score. Patient variables included age (< 50 years, 50-64 years, 65-79 years, and
>79 years), race (white, black, or other), and Charlson/Deyo comorbidity index.
Demographic variables included income, insurance type, and urban/rural residence. Facility
variable included facility surgical volume and practice setting.

We defined the surgical volume of each facility as the number of patients treated with
definitive surgery for nonmetastatic prostate cancer annually.1” We then categorized
facilities into quartiles by annual surgical volume. Facilities in the quartile with the highest
surgical volume were grouped as “high” volume, and the remaining facilities were grouped
as “low” volume. Prior studies have used high and low categorization of facilities by
surgical volume, and although our approach is not identical, the lower limit of annual
prostatectomy volume in our high-volume category is consistent with data from earlier
studies. 17+ 18 Using category classifications assigned to each facility by the Commission on
Cancer Accreditation Program, we defined facility practice setting as academic,
comprehensive, or community.

Statistical Analysis

We performed univariate and multivariable logistic regression to evaluate temporal trends
and use of adjuvant RT over the study period. To evaluate the temporal trend of adjuvant RT
use, year of diagnosis was included in the multivariable model as a continuous variable. We
evaluated statistical interactions between facility volume and each of the following
variables: facility type, surgical margin status, pathologic T classification, pathologic N
classification, and Gleason score. We used generalized estimating equations to account for
clustering of outcomes within the facility assuming an independent correlation structure with
robust variance estimates. We report odds ratios for the use of adjuvant RT with 95%
confidence intervals. Statistical analysis was performed using SAS statistical software
(version 9.2; SAS Institute Inc, Cary, NC). Associations were considered statistically
significant when P<.05; all tests were 2-tailed.

RESULTS

Characteristics of the Study Cohort

As shown in Table 1, the majority of patients were aged <65 years and privately insured
with surgical margin-positive (65.5%), lymph node-negative (94.5%), Gleason score 7
(60.1%), and T2 to T3a (76%) disease. More patients in the cohort were treated at high-
volume surgical facilities compared with low-volume facilities (73.6% vs 26.4%) (Table 1).

Overall Use and Temporal Trends

Of the 130,681 patients with nonmetastatic prostate cancer with at least 1 pathologic risk
factor after prostatectomy, 12,985 (9.9%) received adjuvant RT. In adjusted analyses, we did
not find a statistically significant change in the use of adjuvant RT during the study period
(adjusted P =.07) (Fig. 2).
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Facility Factors Predicting Adjuvant RT Use

In adjusted analyses accounting for 2-way interactions between facility volume and surgical
margin status, pathologic T and N classification, and Gleason score, patients in the cohort
treated at high-volume surgical facilities were statistically significantly less likely to receive
adjuvant RT compared with patients treated at low-volume facilities (7.8% vs 15.9%;
adjusted odds ratio, 0.58 [95% confidence interval, 0.50-0.65]; P<.0001). Adjuvant RT rates
declined steadily between facilities in the lowest and highest quartiles of surgical volume
(Fig. 3). We identified significant interactions between facility volume and surgical margin
status, as well as facility volume and Gleason score.

Clinical Factors Predicting Adjuvant RT Use

Patients with positive surgical margins, higher pathologic T classification, lymph node-
positive disease, or higher Gleason score were more likely to receive adjuvant RT. We
observed low rates of adjuvant RT use (5.2%) in patients with pathologic T2 disease in the
cohort (who by definition had either surgical margin-positive or lymph node-positive
disease). Patients with Gleason score 6 disease and at least 1 pathologic risk factor also
received low rates of adjuvant RT (4.6%). Patients with >T3b disease and Gleason score 8
or higher disease received the highest rates of adjuvant RT (21.6% and 20.7%, respectively).
Table 2 shows the odds ratios and 95% confidence intervals.

Patient Factors Predicting Adjuvant RT Use

Compared with patients aged <50 years, patients aged 50 years to 64 years, 65 to 79 years,
and >79 years received incrementally lower rates of adjuvant RT (11.4%, 10.8%, 8.9%, and
5.5%, respectively; P<.0001). Comorbidity scores of 1 and 2 were also statistically
significantly associated with a decreased use of adjuvant RT on multivariate analysis (Table
2).

DISCUSSION

The current study was undertaken to examine trends in the use of adjuvant RT in patients
with at least 1 pathologic risk factor between 2004 and 2011. Given the publication of
randomized trials demonstrating a benefit for adjuvant RT among patients with pathologic
risk factors, we hypothesized an increase in the use of adjuvant RT over the study period.

We observed overall low rates (9.9%) of adjuvant RT in the study cohort, which remained
unchanged between 2004 and 2011. This finding is consistent with and expands on the
existing literature for patterns of adjuvant RT use, which report only through 2007 using
SEER and SEER-Medicare data. One group reported that 10.8% of patients with prostate
cancer diagnosed through 2006 with pathologic risk factors received postoperative RT
within 6 months of surgery.” Another study reported 6.1% and 7.4%, respectively, of
patients identified from 2004 through 2006 with either positive surgical margins or T3a
disease received adjuvant RT.8

Although important, these studies did not include patients treated after publication of the
Southwest Oncology Group (SWOG) 8794 study in 2009, which demonstrated a survival
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benefit from adjuvant RT.2 A vigorous and healthy debate continues about the necessity of
adjuvant versus salvage RT; to that end, the 2013 AUA/ ASTRO guidelines recommend that
all patients with high-risk pathologic features should be offered adjuvant RT.® The data from
the current study, including patients treated through 2011, highlight a potential discordance
between existing evidence and practice patterns; future analysis will determine how 2013
guidelines affect practice patterns.

We also found that patients treated at high-volume surgical facilities were substantially less
likely to receive adjuvant RT than patients treated at low-volume surgical facilities (7.8 vs
15.9%). This volume-quality discrepancy is contrary to the literature, which has shown that
low-volume facilities, rather than high-volume ones, are less likely to provide guideline-
based care.19-2! The discrepancy we found between high-volume and low-volume facilities
persisted after adjusting for surgical margin status (a surrogate for surgical quality) and
pathologic features. One explanation for these data are that factors inherent to high-volume
surgical facilities, apart from surgical quality or disease characteristics, reduce the
propensity to refer for adjuvant RT. An alternative explanation is that surgeons at low-
volume facilities may be more likely to refer patients who may not derive as much benefit
from immediate adjuvant therapy.

We also found that adjuvant RT rates declined significantly in older patients and patients
with comorbidities. The decline in adjuvant RT use in older populations may reflect
uncertainty regarding the benefits of treatment in patients with a shorter life expectancy, as
highlighted by the European Organization for Research and Treatment of Cancer (EORTC)
22911 trial.* However, we observed a stepwise decline in adjuvant RT use between men
aged <50 years and men aged 50 years to 64 years, a group for whom EORTC 22911
reported benefits in both biochemical and clinical recurrence-free survival. Given the safety
and efficacy of adjuvant RT, these data highlight the need for a better discussion of adjuvant
RT with men aged >50 years.

The current study has limitations. The NCDB does not capture postoperative PSA data. As a
result, we were not able to use elevated or rising postoperative PSA as a means to exclude
patients receiving salvage RT from the current study cohort. Second, the NCDB gathers data
from Commission on Cancer-approved facilities and is not a population-based data set,
which limits its generalizability. Facilities approved by the Commission on Cancer are larger
and more urban, and provide more dedicated cancer services than non-approved facilities.2
Third, we included patients with lymph node-positive disease, although the indications for
adjuvant RT in these patients are controversial. Nonetheless, these results were similar with
or without the exclusion of patients with lymph node-positive disease (data not shown).
Fourth, although the report of differential rates of adjuvant RT based on facility volume are
hypothesis-generating, a causal link cannot be established. This finding may also be
impacted by differential reporting of adjuvant RT by facility, although we might expect the
bias to favor higher adjuvant RT use in high-volume surgical facilities. Lastly, we cannot
ascertain patient preferences or the nature of referrals between urologist and radiation
oncologists.23-25
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The data from the current study confirm that the use of adjuvant RT in men with at least 1
pathologic risk factor remains uncommon. Although the AUA/ASTRO guidelines
recommend that physicians offer adjuvant RT to this population, to our knowledge there is
no normative standard for what the overall rate of adjuvant RT should be. However, the
rates of adjuvant RT in the current study are low enough to question the extent to which
preference-based and participatory decision-making is occurring in routine clinical care
among physicians and patients with prostate cancer after prostatectomy.2%
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Reason for Exclusion

Diagnosis years not in 2004-2011

History of prior malignancy

Pathologically confirmed metastasis

Lack of diagnostic confirmation

Histology codes not consistent with adenocarcinoma or its variants
Clinically confirmed metastasis

Non-Invasive disease (in-situ)

Ebrt treatment
Expectant Management
Brt treatment

Ebrt and Brt treatment
Primary ADT

Did not have one of the following:
a. NCDB Pathologic T codes: 3, 3a, 3b, 4
b. NCDB Pathologic N codes: 1m, 1

c. NCDB Positive surgical margin codes: 1, 2, 3

*Surgery+EBRT defined as EBRT < 12 months after surgery

Definition of the study cohort is shown. NCDB indicates National Cancer Data Base; EBRT,
external beam radiotherapy; BRT, brachytherapy; ADT, androgen deprivation therapy.
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TABLE 1

Characteristics of the Study Cohort (n = 130,681)

Characteristic No. Per cent
Year of diagnosis
2004 13,983 10.7
2005 13,185 10.1
2006 15,171 11.6
2007 16,938 13.0
2008 17,272 13.2
2009 17,905 13.7
2010 17,846 13.7
2011 18,381 14.1
Facility
Surgical volume
Low volume 34,520 26.4
High volume 96,161 73.6
Type
Academic 52,334 40.0
Comprehensive 69,098 52.9
Community 8305 6.4
Unknown 944 0.7
Clinical
Surgical margin
Negative 44,234 33.8
Positive 85,619 65.5
Unknown 828 0.6
Pathologic T classification
T2 51,408 39.3
T3a 47,992 36.7
T3b 23,249 17.8
T3x 5914 45
T4 2118 1.6
Pathologic N classification
NO/Nx 123,503 94.5
N1 7178 55
Gleason score
<6 24,721 18.9
7 78,515 60.1
8-10 24,868 19.0
Unknown 2577 2.0
Patient

Age at diagnosis, y
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Characteristic No. Per cent
<50 7005 5.4
50-64 78,392 60.0
65-79 45,029 345
>79 255 0.2

Race
White 108,081 82.7
Black 15,668 12.0
Other 3644 2.8
Unknown 3288 2.5

Charlson/Deyo comorbidity index

0 108,838 83.3
1 19,416 14.9
2 2427 1.9

Demographic

Income
<$30,000 13,793 10.6
$30-34,999 20,481 15.7
$35-45,999 34,291 26.2
=>$46,000 56,251 43.0
Unknown 5865 4.5
Insurance
Private or managed care 84,367 64.6
Medicare or Medicare with supplementary 40,620 31.1
Medicaid 1686 13
Not insured 4008 31
County size
Metro areas >250,000 86,901 66.5
<250,000 37,185 28.5
Unknown 6595 5.0

SAS statistical software (version 9.2; SAS Institute Inc, Cary, NC). Associations were considered statistically significant when P<.05; all tests were
2-tailed.
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