
Evaluation of Adherence to Quality Measures for Prostate
Cancer Radiotherapy in the United States: Results from the
Quality Research in Radiation Oncology (QRRO) Survey

Michael J. Zelefsky, MDa,*, W. Robert Lee, MDb, Anthony Zietman, MDc, Najma Khalid, MSd,
Cheryl Crozier, RNd, Jean Owen, PhDd, and J. Frank Wilson, MDe

aDepartment of Radiation Oncology, Memorial Sloan-Kettering Cancer Center, New York, New
York
bDepartment of Radiation Oncology, Duke University Medical Center, Durham, North Carolina
cDepartment of Radiation Oncology, Massachusetts General Hospital, Boston, Massachusetts
dQuality Research in Radiation Oncology, American College of Radiology, Philadelphia,
Pennsylvania
eDepartment of Radiation Oncology, Medical College of Wisconsin, Milwaukee, Wisconsin

Abstract
Purpose—To test the feasibility of using proposed quality indicators to assess radiotherapy
quality in prostate cancer management based on a 2007 stratified random survey of treating
academic and non-academic US institutions.

Methods and Materials—414 patients with clinically localized prostate cancer treated with
external beam radiotherapy (EBRT) or brachytherapy were selected from 45 institutions.
Indicators used as specific measurable clinical performance measures to represent surrogates for
quality of radiotherapy delivery included established measures, such as the use of prescription
doses ≥75 Gy for intermediate- and high-risk EBRT patients and androgen-deprivation therapy
(ADT) in conjunction with EBRT for patients with high-risk disease, and emerging measures,
including daily target localization (image-guidance) to correct for organ motion for EBRT
patients.

Results—167 patients (47%) were treated with 6 MV photons, 31 (9%) were treated with 10
MV, 65 (18%) received 15 MV, and the remaining 90 (26%) 16–23 MV. For intermediate- plus
high-risk patients (n=181), 78% were treated to ≥75 Gy. Among favorable-risk patients, 72% were
treated to ≥75 Gy. Among high-risk EBRT patients, 60 (87%) were treated with ADT in
conjunction with EBRT and 13% (n=9) with radiotherapy alone. Among low- and intermediate-
risk patients, 10% and 42%, respectively, were treated with ADT plus EBRT. For 24% of EBRT
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patients (85/354), weekly electronic portal imaging was obtained as verification films without
daily target localization and the remaining 76% were treated with daily localization of the target
using various methods.

Conclusions—Adherence to defined quality indicators was observed in a majority of patients.
≈90% of high-risk patients are treated with ADT plus EBRT and ≈80% of intermediate- and high-
risk patients receive prescription doses >=75 Gy, consistent with the published results of
randomized trials.

Keywords
external beam radiotherapy; quality indicators; androgen deprivation therapy; dose escalation;
prostate cancer

Introduction
With societal demands for improving the quality of cancer care in the United States, the
importance of establishing quality indicators (QI) by which individual care can be assessed
and compared with national practice is critical. (1–3) Such QIs can be derived from
established clinical guidelines, results of clinical trials, expert consensus, and evolving QIs
based upon rapidly emerging technologies. These QIs form the basis for assessing the
quality of therapy and practice as well as the identification of deficiencies that could
potentially benefit from practice improvement.

Since 1973, the Patterns of Care Study conducted detailed retrospective surveys of national
radiation oncology practice. This unique quality-improvement initiative has had a major
positive impact on contemporaneous practice and has kept pace with dramatic alterations in
the radiation oncology structural base and clinical processes. (4–7) With an interest in
placing greater emphasis on quality of care, the Patterns of Care Study evolved into the
Quality Research in Radiation Oncology (QRRO) under the auspices of the American
College of Radiology. As part of this effort, QRRO investigators established QIs for various
disease subsites based upon published guidelines such as those from the National
Comprehensive Cancer Network (NCCN) as well as emerging QIs for processes involving
emerging technologies. QRRO then initiated a national process survey for various disease
sites to obtain the necessary benchmark data to facilitate the evaluation of quality of care in
radiation oncology as practiced in the United States.

The present study summarizes the results of a stratified random survey conducted by QRRO
of prostate cancer patients treated in 2007 with external beam radiotherapy or brachytherapy
collected from 45 academic and non-academic institutions in the United States. The purpose
of this survey was to test the feasibility of using proposed clinical performance measures to
estimate established and emerging quality indicators of radiotherapy treatment delivery in
the treatment of prostate cancer among institutions surveyed.

Methods and Materials
The survey design utilized a two-stage stratified random sampling of radiation oncology
facilities in the United States (first stage) and further random selection of treated patients for
localized prostate cancer (second stage) within that facility. Eligibility criteria for inclusion
in the survey were as follows: 1) patients with biopsy-proven adenocarcinoma of the
prostate; 2) treatment consisted of brachytherapy, external beam radiotherapy (EBRT), or
combination thereof; 3) patients received their treatment during one year (2007); 4) the use
of androgen-deprivation therapy in conjunction with radiotherapy was acceptable if started
no more than six months prior to initiation of radiation therapy; 5) patients who had a prior
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radical prostatectomy or were treated for recurrent/metastatic disease were excluded. Using
this design and criteria, 414 patients with clinically localized prostate cancer treated with
EBRT or brachytherapy were randomly selected from 45 institutions that participated out of
106 invited facilities.

Data were extracted on site at each of the facilities by highly trained QRRO research
associates. All medical records, and radiotherapy charts and records, were carefully
reviewed. Data collected included patient demographics and characteristics, clinical and
pathological factors, and treatment details including dosimetric information. For the
purposes of data collection and analysis, prognostic risk groups were defined according to
the criteria of the NCCN Guidelines. (8)

Prior to the survey the members of the Genitourinary Committee of QRRO identified six
QIs as specific measurable clinical performance measures (CPM) that would be surrogates
for quality of radiotherapy delivery for the treatment of prostate cancer. The methods used
for developing these CPMs have been previously reported. (9) At the time this study design
was conceived in 2006, we identified three CPMs that were considered established measures
of quality (based upon Level I evidence) and three emerging measures that also reflected
quality of treatment delivery based on data from peer-reviewed published references (see
Appendix 1: 2007 QRRO Clinical Performance Measures).

The CPMs (10) included the following:

1) Use of high-energy linear accelerators (≥6MV) in men with non-metastatic
prostate cancer treated with external beam radiotherapy (photons or protons)

2) Use of prescription doses of ≥75 Gy for intermediate- and high-risk patients
treated with EBRT (for this analysis patients treated with hypofractionation
regimens were excluded)

3) Use of androgen-deprivation therapy (ADT) in conjunction with EBRT for
patients with high-risk disease

4) Use of dose-volume histogram (DVH) evaluations of the target and normal
tissue structures in the planning for EBRT (Emerging Measure 1)

5) Dosimetric assessment of target coverage after brachytherapy using post-
implantation computed tomography (CT) scanning. (Emerging Measure 2)

6) Use of daily target localization (image-guidance) for correction of organ motion
for patients treated with EBRT (Emerging Measure 3)

The above CPMs were analyzed based upon the prognostic risk-group classification,
academic/non-academic strata and regional location in the USA (i.e., Northeast, South,
Central, and West). Results for CPMs are reported by unweighted case counts in each
category. Since the CPMs are computed for numerous small sub-sets of patients, they are
reported by un-weighted case counts in each category. Other descriptive results are also
reported by un-weighted case counts.

Although national averages are computed using weights reflecting the relative contribution
of each institution and each patient in the sample, results comparing small subsets of patients
are reported for the surveyed sample. Patients in academic facilities are more heavily
represented in the sample compared to those in non-academic facilities. Statistical analyses
were conducted using SAS software, version 9.2 of the SAS System for Windows
(Copyright 2002–2008 by SAS Institute Inc., Cary, NC, USA). Statistical comparisons were
made using Pearson Chi-Square test of significance.
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Results
Table 1 demonstrates the patient characteristics of the surveyed population. Thirty-one
(69%) of the institutions surveyed were non-academic settings and the remaining 14 (31%)
were academic centers. The median age of the surveyed population at the time of treatment
was 68 years (range, 46–89 years). The prognostic risk-group classification breakdown
(according to the NCCN classification) in these patients were favorable risk, 165 (40%);
intermediate risk, 171 (41%); and unfavorable risk, 76 (19%). The use of EBRT or
brachytherapy according to the prognostic risk groupings is shown in Figure 1.
Characteristics of patients receiving brachytherapy are shown in Table 2 and comparisons of
patients receiving EBRT and brachytherapy are shown in Table 3.

Clinical performance measure: use of high-energy linear accelerators for EBRT
Among the 354 patients treated with EBRT, the beam energy was recorded in 353 patients
and the distribution of energies used was as follows: 167 patients (47%) were treated with 6
MV photons, 31 patients (9%) were treated with 10 MV photons, 65 patients (18%) received
15 MV photons, and the remaining 90 patients (26%) were treated with energies ranging
from 16 to 23 MV, which included 7 patients treated with 250 MeV proton therapy. No
patient surveyed was treated with Cobalt-60 therapy. There were significant differences
observed in beam energy used based upon academic/non-academic stratification and by
regional differences in the US. Of the 353 patients for whom energy was recorded, 121
(34%) were treated at academic facilities and 232 (66%) at non-academic facilities. Among
patients treated in academic facilities 42% were treated with energy of 6 MV, 5% with
energy of 10 MV, 20% with energy with energy of 15 MV, and 33% with energy of 16–23
MV. On the other hand among patients treated in non-academic facilities the corresponding
percentages were 50%, 11%, 18%, and 22% respectively (p=0.038).

In the Northeast, 69% (29/42) of the patients received 6 MV whereas only 7% (3/42) were
treated with energies ranging from 16 to 23 MV. Proportions of patients treated with the
higher energies in the Midwest, South, and West were 31%, 24%, and 30%, respectively (p
< 0.0001).

Clinical performance measure: use of higher radiation doses for intermediate- and high-
risk patients

Prescription doses ranged from 2500 to 8100 cGy. In the cohort of intermediate- and high-
risk patients (n=181), the majority (n=141, 78%) were treated to dose levels of ≥75 Gy.
Within this high dose range, 138 patients (98%) were treated to 75–<80 Gy and 3 (2%) were
treated to ≥80 Gy. Only 11 (6%) and 29 (16%) patients were treated to dose levels of <72
Gy and 72–74 Gy, respectively.

An additional 14 patients with intermediate- and high-risk disease who were treated with
hypofractionated treatment schedules and received a dose per fraction of >200 cGy, were
excluded from this measure and analyzed separately. In this latter group, 2/14 (14%) were
treated to cumulative dose levels of 75 Gy; 7 (50%) and 5 (36%) received dose levels of <72
Gy and 72–74 Gy, respectively.

Although not included in this CPM, we observed among favorable-risk patients (n = 87) a
similar breakdown of prescription doses. Sixty-three patients (72%) were treated to dose
levels of ≥75 Gy, and 22 (25%) and 2 (2%) were treated to dose levels of 72–74 Gy and <72
Gy, respectively. There were no differences observed in the use of higher dose levels (≥75
Gy) based upon academic/non-academic stratification or regional variations in the United
States (p = 0.1).
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Clinical performance measure: use of ADT for high-risk patients
Among high-risk patients treated with EBRT, 87% (n = 60) were also treated with ADT and
13% (n = 9) were treated with radiotherapy alone. Among low- and intermediate-risk
patients, 10% and 42%, respectively, were treated with ADT in conjunction with EBRT.
Information regarding the planned duration of ADT was only available in 87 of 153 patients
who were treated with ADT (57%). Sixty-three percent (55/87) of patients were treated with
ADT regimens described as short duration or ≤6 months and the remaining 32 (37%)
patients were treated with longer regiments up to 36 months. Among these 32 patients
treated with longer ADT regimens, 23 (72%) of the patients were in the high-risk group, 9
(28%) were in the intermediate-risk group, and 1 was in the low-risk group (p < 0.0001). No
differences were found by academic/non-academic classification or by region of the United
States.

Emerging performance measure: use of DVH evaluations of the target and normal tissue
structures in the planning for EBRT

Among patients treated with EBRT, 95% (337/354) underwent treatment planning that
integrated DVH evaluations for assessment of rectum, bladder, and target dosing consistent
with three-dimensional conformal or intensity-modulated radiation therapy (IMRT)-based
treatment. Twelve percent of patients (39/337) were treated with three-dimensional
conformal treatment, 82% (276/337) were treated with IMRT-based treatment planning, and
the remaining 4% (13/337) were treated with regimens that combined three-dimensional
conformal radiation therapy and IMRT. Academic facilities were significantly more likely to
use DVH evaluation of the target structures compared to non-academic (p=0.11). Use of
DVH evaluation differed significantly by census region with the highest rate in the
Northeast (100%) and the lowest rate in the West (87%) (p=0.001). .

Emerging performance measure: use of CT-based post-implant dosimetric evaluation
Ninety-three patients were treated with brachytherapy and within this group 92% (86/93)
received low-dose rate brachytherapy. The characteristics of all the brachytherapy-treated
patients are shown in Table 2. The median dose for the patients treated with I-125
permanent implantation was 145 Gy and the median dose for the Pd-103 patients was 100
Gy, as this latter isotope was more often used as a boost during combined brachytherapy-
EBRT treatments.

Ninety-nine percent (85/86) of patients underwent post-implantation dosimetric evaluation,
which was obtained in 45% of treated cases 30 days after the implantation procedure.
Because almost all patients had this evaluation, we did not test for differences by type of
facility or region. The timing of post-implantation CT based evaluation ranged from day 0 to
beyond 40 days after implantation.

Emerging performance measure: use of daily target localization (image-guidance) for
correction of organ motion for patients treated with EBRT

For 35% of patients treated with EBRT (123/354), weekly electronic portal imaging was
obtained as verification films without daily target localization and for 3 patients this
information was not reported. The remaining 64% were treated with daily localization of the
target using the various methods indicated, as shown in Figure 2. Of patients treated in
academic facilities 73% had daily localization compared to 60% in non-academic facilities,
a significant difference (p=0.015). This measure was not found to be significantly different
by region.
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Discussion
This report is the first analysis of the QRRO survey for prostate cancer patients, and has
revealed important practice patterns across the United States in the management of the
disease. Dose escalation appears to be routinely utilized across all risk groups, with
approximately 75% of patients treated to dose levels of >=75 Gy. These findings suggest a
high penetration during the survey period of the results of published randomized trials
demonstrating improved tumor control outcomes with higher radiation dose levels, which
has been an observed benefit for all prognostic risk groups (11–14). Nevertheless it is
interesting to note that a small but significant percentage of patients (~25%) were treated to
dose levels that would be considered suboptimal for the treatment of intermediate- and high-
risk disease. It is possible that in some of these patients, lower dose levels may have been
used by the treating physician due to baseline medical comorbidities of the patient.
Nevertheless, we could not demonstrate that the use of lower doses by some practitioners
was associated with a particular region of the United States or based upon other variables
such as race, age, or socioeconomic status of the patient.

The other important observation noted in this survey is that nearly 90% of practitioners
utilized ADT in conjunction with EBRT for patients with high-risk disease, consistent with
the results of published randomized trials (15–19). An equally interesting observation in our
report was that there were significantly fewer patients (42%) with intermediate-risk disease
treated with ADT in conjunction with EBRT. This latter observation is also consistent with
the absence of a preponderance of Level 1 evidence at the time of this survey that ADT
improved tumor control outcomes for intermediate-risk patients. One randomized trial
demonstrating evidence for benefit for intermediate-risk patients was initially published in
2004 (20), and only recently further evidence has become available that supports a role for
ADT with EBRT in this cohort of patients (21). These trials did use low dose irradiation in
conjunction with ADT and may not demonstrate the necessity of this combined modality
program in the setting of escalated radiation dose levels. Nevertheless, we anticipate that, as
a result of this more recent trial, there will be a further increase in the use of ADT in
conjunction with EBRT for intermediate-risk disease. We also note, consistent with
appropriate standards of care, that only 10% of favorable-risk patients were treated with
ADT in conjunction with EBRT, and we speculate that these patients were likely selectively
treated with ADT for downsizing the prostate prior to initiation of EBRT. The low
percentage of patients treated with ADT for favorable-risk patients appears to be
significantly lower than we previously reported based on an earlier survey in 1998, when
approximately 31% of favorable-risk patients were treated with ADT (22). Unfortunately, in
the current report specific information regarding the duration of ADT given to these patients
was not routinely documented in the medical charts.

Finally, nearly all patients were treated with conformal treatment techniques and a high
percentage (82%) of the patients was treated with IMRT. These findings are consistent with
recently reported observations (23). It is interesting to note that approximately 75% of the
patients were treated with some form of daily image guidance as well. While the latter
practice is not based on Level I evidence even at the time of this report, it nevertheless
appears to be a significantly widespread practice for delivering image-guided therapy for
patients with clinically localized prostate cancer. In retrospect, however, the CPM of DVH
assessment as a surrogate for conformal based treatment planning (CPM 4) and the use of
dosimetric assessment of implantation quality based on the performance of a post-
implantation CT scan (CPM 5) were not likely robust measures of treatment quality. We
recognize that the simple performance of these studies or assessments without linking these
to a dosimetric measurement (such a target dose or normal tissue constraint) could be
inadequate. It may be more appropriate in the future to consider for EBRT the D95 for the
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target volume (dose delivered to 95% of the target volume) and the volume of the rectum
exposed to greater than 70 Gy as measures of quality of treatment delivery (24). For
brachytherapy quality assessment, appropriate quality indicators would include D90 (dose to
90% of the prostate) that should receive ≥140 Gy and the volume of the rectum exposed to
prescription doses ≤1 cm3 (25). In fact, these more specific evaluations of implant quality
have been performed on the brachytherapy patients in this current cohort based on an
external QRRO review of the post-implantation scans and these findings will be reported in
a separate publication.

In conclusion, adherence to proposed QRRO quality indicators was observed in a high
percentage of patients treated. Almost 90% of high-risk patients were treated with ADT plus
EBRT and approximately 80% of intermediate and high-risk patients were treated with
escalated dose levels of radiotherapy. A trend was noted for academic facilities to utilize
higher radiation energies for EBRT as well as a greater likelihood to utilize DVH evaluation
of target structures compared to non-academic centers. In addition and of interest was that
approximately two thirds of EBRT patients were treated with image-guided radiotherapy
using daily localization of the target. We also noted in this survey that of patients treated in
academic facilities, a higher percentage utilized daily target localization compared to non-
academic facilities.
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Figure 1.
Breakdown of patients according to treatment received.
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Figure 2.
Breakdown of external beam radiotherapy patients according to use of image-guided daily
localization.
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Table 1

Patient characteristics

Patient Characteristics Weighted Patients Number (%) Unweighted Patients (n=414) Number (%)

Age at start of RT

  ≤60 11,417 (17.8) 93 (22.4)

  61–70 25,223 (39.2) 170 (41.1)

  >70 27,693 (43.0) 151(36.5)

Stratum

 Academic 5,785 (9.0) 140 (33.8)

 Non-academic 58,548 (91.0) 274 (66.2)

Pretreatment PSA
a

  <10 46,259 (71.9) 309 (74.8)

  10–20 14,194(22.1) 75 (18.2)

  >20 3,839 (6.0) 29 (7.0)

Biopsy Gleason
b

  6 32,015 (49.8) 206 (49.9)

  7 23,548 (36.6) 155 (37.5)

  8–10 8,690 (13.5) 52 (12.6)

Risk group
c

  Favorable 25,011 (38.9) 165 (40.0)

  Intermediate 27,088 (42.1) 171 (41.5)

  Unfavorable 12,074 (18.8) 76 (18.5)

Use of ADT during or before treatment

  No 39,812 (61.9) 263 (63.5)

  Yes 24,521 (38.1) 151 (36.5)

ADT, androgen deprivation therapy; PSA, prostate-specific antigen.

a
Excluding 1 patient (weighted n=41) with missing Pretreatment PSA.

b
Excluding 1 patient (weighted n=80) with missing Gleason score.

c
Excluding 2 patients (weighted n=160) for whom risk group could not be determined.
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Table 2

Patients treated with brachytherapy

Characteristic (n=93) Patients Number (%)

Age at start of RT

 Median (66 years)

 Range (49–83 years)

Stratum

 Academic 23 (24.7)

 Non-academic 70 (75.3)

Risk group
a

 Low (favorable) 61 (66.3)

 Intermediate 23 (25.0)

 High (unfavorable) 8 (8.7)

Type of implant

 Iodine-125 72 (77.4)

 Palladium-103 14 (15.1)

 High dose rate 7 (7.5)

Endocrine manipulation

 No 76 (81.7)

 Yes 17 (18.3)

a
Excluding 1 patient for whom risk group could not be determined.

Pract Radiat Oncol. Author manuscript; available in PMC 2014 January 01.



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Zelefsky et al. Page 13

Table 3

Comparison of patients treated with external beam radiotherapy and brachytherapy

Characteristic EBRT (n=321) Brachytherapy
a

 (n = 93) Total (n=414) Chi-square p Value

Stratum 0.035

 Academic 117 (36%) 23 (25%) 140 (34%)

 Non-academic 204 (64%) 70 (75%) 274 (66%)

Region NS

 Northeast 41 (13%) 16 (17%) 57 (14%)

 Midwest 92 (29%) 24 (26%) 116 (28%)

 South 112 (35%) 39 (42%) 151 (36%)

 West 76 (24%) 14 (15%) 90 (22%)

Age at start of RT

 ≤60 years 71 (22%) 22 (24%) 93 (22%) 0.009

 61–70 years 121 (38%) 49 (53%) 170 (41%)

 >70 years 129 (40%) 22 (24%) 151 (36%)

EBRT: External Beam Radiation Therapy.

NS= not significant

a
Includes 33 patients who were treated with both EBRT and Brachytherapy.
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