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Abstract

Objective—To evaluate the association of technological capacity with prostate cancer quality of
care. Technological capacity was conceptualized as a market’s ability to provide prostate cancer
treatment with new technology, including robotic prostatectomy and intensity-modulated
radiotherapy (IMRT).

Methods—In this retrospective cohort study, we used data from the Surveillance Epidemiology
and End Results (SEER) — Medicare linked database from 2004—-2009 to identify men with newly
diagnosed prostate cancer (n=46,274). We measured technological capacity as the number of
providers performing robotic prostatectomy or IMRT per population in a healthcare market. We
used multilevel logistic regression to assess the association of technological capacity with
receiving quality care according to a set of nationally endorsed quality measures, while adjusting
for patient and market characteristics.

Results—Overall, our findings were mixed with only subtle differences in quality of care when
comparing high-tech to low-tech markets. High robotic prostatectomy capacity was associated
with better adherence to some quality measures, such as avoiding unnecessary bone scans (79.8%
vs. 73.0%, p=0.003) and having follow-up with urologists (67.7% vs. 62.6%, p=0.023). However,
for most measures, neither high robotic prostatectomy nor high IMRT capacity were associated
with significant increases in adherence rates. In fact, for one measure (treatment by a high-volume
provider), high IMRT capacity was associated with lower performance (23.4% vs. 28.5%,
p<0.001).

Conclusion—Our findings suggest that new technology is not clearly associated with higher
quality of care. To improve quality, more specific efforts will be needed.

Correspondence: Brent K. Hollenbeck, MD, MS, Divisions of Health Services Research and Urologic Oncology, Department of
Urology, University of Michigan, Bldg 16, First floor, 2800 Plymouth Rd, Ann Arbor, MI 48109, Phone: 734-936-7030, Fax:
734-232-2400; bhollen@med.umich.edu.

Disclosures: Dr. Skolarus is a paid consultant for ArborMetrix, Inc.
Disclaimer: The views expressed in this article do not reflect the views of the federal government.



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

1duosnuely Joyny vd-HIN

Schroeck et al.

Keywords

Page 2

prostate cancer; technology; quality of care; prostatectomy; IMRT

Introduction

Methods

New technology has transformed prostate cancer treatment over the last decade. For
example, the proportion of radical prostatectomy procedures performed with robotic
assistance increased from less than ten percent in 2004 to 67% in 2010.1 Similarly, intensity-
modulated radiotherapy (IMRT) has largely supplanted more traditional treatment with three
dimensional radiotherapy, with a more than tenfold increase in the use of IMRT from 2001
to 2007.2 Although these new technologies come at a significant investment cost of $2-3
million, they offer the promise of increased effectiveness and decreased toxicity. For
example, IMRT delivers higher treatment doses with similar or less side effects.3->

However, the dissemination of these new technologies may have additional indirect effects
on the quality of care for men with prostate cancer. It is widely perceived that physicians at
the forefront of technological innovation deliver the highest quality care.5=° This perception
is likely due to the fact that these physicians practice at specialized, high-volume
hospitals,10:11 which also tend to be associated with quality. For instance, patients
undergoing prostatectomy at high volume hospitals have shorter length of stay, fewer
postoperative urinary complications, and lower in-hospital mortality.12:13 These associations
suggest that physicians at specialized technologically advanced centers are more compliant
with important processes of care. However, as technology disseminates more widely, the
link between technology and quality may not persist. While new technology may increase a
provider’s focus on prostate cancer and thus heighten awareness of guidelines, the pressure
to recoup high upfront investment costs may also lead to overuse of well-reimbursed
services (e.g. imaging) and decreased use of less lucrative care (e.g. follow-up visits).

For these reasons, we evaluated the extent to which technological capacity — conceptualized
as a market’s ability to provide prostate cancer treatment with new technology — is
associated with prostate cancer quality of care. Understanding this association provides
valuable information for patients, who are interested in where they can obtain the highest
quality care. Policymakers will appreciate a better understanding of the downstream effects
of technology dissemination as they consider regulation of other new technologies.

Study population

We used Surveillance, Epidemiology, and End Results (SEER) — Medicare data for the years
2004 through 2009 to identify patients with newly diagnosed localized prostate cancer. We
only included patients 66 years of age and older to allow for accurate measurement of
baseline comorbidity status during the year preceding the diagnosis. Further, only patients in
the fee-for-service program eligible for Parts A and B of Medicare for at least 12 months
before and after prostate cancer diagnosis were included. Finally, we limited our study
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population to patients treated with radiotherapy or prostatectomy, because the quality
measures only apply to these patients.1415 Using these criteria, our study population
consisted of 46,274 patients who were followed through December 31, 2010.

Measuring technological capacity

As previously described, we measured technological capacity at the level of the healthcare
market.18:17 Healthcare markets were defined as Hospital Referral Regions (HRRS), which
represent geographical areas in which Medicare beneficiaries typically receive their tertiary
care.18 Patients and physicians (urologists and radiation oncologists) were assigned to their
respective HRR based on their ZIP code. We then defined technological capacity as the
number of urologists or radiation oncologists per population offering treatment with robotic
prostatectomy or IMRT, respectively. Urologists and radiation oncologists offering
treatment with robotic prostatectomy or IMRT were identified based on the Medicare claims
submitted by these physicians. Technological capacity was calculated separately for each
HRR and year. Finally, HRRs were categorized as low, medium, or high technological
capacity based on tertiles of the continuous technological capacity measure (Figure 1).16:17
To validate the measure of robotic capacity, we assessed the correlation between our claims-
based measure and data on the number of robotic surgeons retrieved from historical Intuitive
Surgical websites (the sole manufacturer of the DaVinci Robot) and found a high level of
agreement (r=0.81).16.17

Measuring quality of care

As previously described,1® we used a set of nationally endorsed prostate cancer quality of
care measures to provide a comprehensive view of prostate cancer care (see column headers
in Table 1). These measures were initially developed by RAND in 2000,2021 and several of
them were subsequently endorsed by the National Quality Forum (NQF) and the Physician
Consortium for Performance Improvement (PCPI1).14.15 They encompass structure and
outcome measures as originally defined by Donabedian.?2 According to Donabedian,
structure measures assess the setting in which care takes place, while process measures
evaluate whether what is known to be “good” medical care has been 22 Specifically, applied.
we assessed (1) the proportion of patients seen by both a urologist and a radiation oncologist
between diagnosis and start of treatment (RAND process measure), (2) the proportion of
patients with low-risk cancer avoiding receipt of a non-indicated bone scan (PCPI process
measure endorsed by NQF), (3) the proportion of patients with high-risk cancer receiving
adjuvant androgen deprivation therapy while undergoing radiotherapy (PCPI process
measure endorsed by NQF), (4) the proportion of patients treated by a high volume provider
(RAND structure measure), and (5) the proportion of patients having at least two follow-up
visits with a treating radiation oncologist or urologist (RAND process measure).19

Statistical analyses

We calculated the proportion of patients receiving care that adhered to the quality measures
according to patient characteristics (age in years, race, comorbidity,23 D’ Amico risk
group,24 year of diagnosis, socioeconomic status2>, and urban residence) and market
characteristics (number of urologists, number of radiation oncologists, and number of
hospital beds per 100,000 men aged 65 and older; Medicare managed care penetration).
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Market characteristics were obtained from the Health Resources and Services
Administration’s Area Resource File. We assessed the statistical significance of these
bivariate associations using Chi-Square tests.

For each of the quality measures described above, we fit multilevel logistic regression
models to evaluate the association of technological capacity with adherence. For these
models, our primary binary outcome was whether or not a patient received care according to
the quality measure. The models allowed us to account for the nested structure of our data
(i.e., patients nested within HRRs) by introducing an HRR-level random effect. We adjusted
these models for patient and market covariates as well as for provider volume. The measures
of robotic prostatectomy and IMRT capacity were introduced as separate continuous
variables. We also included an interaction term between these two variables, but this was
only statistically significant in the model assessing the quality measure “treatment by a high
-volume calculate the adjusted probability of to provider.” Lastly, we used these models to
calculate the adjusted probability of receiving care compliant with the quality measure for
markets with low versus high technological capacity.

Because of concerns that we may not have captured all providers offering treatment with
robotic prostatectomy or IMRT in HRRs that are partially outside of the SEER catchment
areas, we performed sensitivity analyses excluding these markets (n=21). In addition, we
performed sensitivity analyses not including provider volume as a covariate to assure that
this covariate did not mask any effect of technological capacity. Results from these
sensitivity analyses were not materially different from those of the main analyses, so only
our main findings are presented.

We performed all analyses using Stata version 12SE and SAS version 9.3. All tests were 2-
tailed and we set the probability of a Type 1 error at 0.05 or less. The University of
Michigan Medical School Institutional Review Board exempted this study from review.

Technological capacity increased significantly over the study period, both for robotic
prostatectomy and IMRT (p<0.001 for time-trends, Figure 1). Table 1 summarizes the
bivariate associations of patient and market characteristics with adherence to the quality
measures. While many associations reached statistical significance, only few seem clinically
relevant. For example, the association of socioeconomic status with pretreatment counseling
was statistically significant, but adherence among patients of high socioeconomic status was
only slightly higher than adherence among patients of low socioeconomic status (54%
versus 50%). In contrast, the association of age with the adjuvant androgen deprivation
therapy and pretreatment counseling measures was much more clinically relevant, with
adherence being 12% to 20% higher for older patients. In bivariate analyses, high robotic
prostatectomy capacity was associated with worse adherence to the pretreatment counseling
and adjuvant ADT measures, but better adherence to the provider volume measure. High
IMRT capacity was associated with worse adherence to the bone scan and provider volume
measures, but better adherence to the pretreatment counseling and follow-up with radiation
oncology measures (Table 1).
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In multivariable analyses, associations between technological capacity and adherence to the
quality measures remained mixed. High robaotic prostatectomy capacity was associated with
better adherence to some of the quality measures, such as avoiding unnecessary bone scans
(79.8% vs. 73.0%, p=0.003) and having follow-up with urologists (67.7% vs. 62.6%,
p=0.023, Figure 2). However, for most measures, high robotic prostatectomy capacity was
not associated with significant increases in adherence rates (Figure 2). Similarly, high IMRT
capacity was not associated with better adherence to the quality measures (Figure 3). In fact,
for one measure (treatment by a high-volume provider), high IMRT capacity was associated
with lower performance (23.4% vs. 28.5%, p<0.001, Figure 3).

Discussion

We found no consistent associations between technological capacity and adherence to
nationally endorsed prostate cancer quality of care measures. While higher capacity for
robotic prostatectomy was associated with better adherence to two measures (avoidance of
unnecessary bone scans and recommended follow-up with the treating urologist), higher
technological capacity for IMRT was associated with worse adherence to another measure
(treatment by a high-volume provider). In addition, the better adherence to the two measures
in markets with high robotic prostatectomy capacity was fairly small and likely not clinically
meaningful.

There are several potential reasons for these findings. First, it is possible that new
technology affects the details of what happens in the operating room or radiotherapy facility,
as opposed to more broadly impacting the processes of care evaluated in this study. Second,
the general perception that new technology is associated with higher quality of care may be
due to the fact that this technology is typically first acquired by high-volume centers, which
often are perceived as centers of excellence.19.11 However, the link between advanced
technology and quality may disappear after it disseminates more widely. Third, new
technology may increase a provider’s focus on prostate cancer, but increased awareness of
guidelines may not directly translate into adherence to them. In fact, even after increasing
knowledge of guidelines, additional multilevel interventions are often needed to increase
measurable adherence to them, including patient education, improving access to specific
care (e.g., access to a radiation oncologist for counseling), and decreasing facility level
barriers to recommended care (e.g., opening up a sufficient number of follow-up visit slots
in providers’ clinic schedules).26

Our current study is the first to evaluate the association between the dissemination of a new
surgical technology and quality of care. Regarding other healthcare technologies, a recent
systematic review concluded that adoption of healthcare information technology was
associated with improvements in guideline concurrent care. However, this association was
limited to four benchmark institutions. Data from a broader set of institutions did not support
this association,2” which is in line with our findings. In another study which used rise in
healthcare spending as a proxy for technology dissemination among patients with acute
myocardial infarction, higher spending was associated with worse performance on a quality
index and worse survival.28 Taken together, these studies imply that dissemination of new
technology does not necessarily lead to improvements in the quality of care patients receive.
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There are several limitations of our current study that are worth mentioning. First, we had to
limit our analyses to patients diagnosed between 2004 and 2009, because several of the
quality measures require adequate prostate cancer risk assessment, which is not possible
within SEER prior to 2004. However, by 2004, dissemination of robotic prostatectomy and
IMRT was well under way.216 Therefore, we cannot exclude an association of early
technology adoption with high adherence to quality of care measures. Second, our measure
of technological capacity may not have captured all providers offering treatment with new
technology in HRRs that are partially outside of the SEER areas. Therefore, we performed
sensitivity analyses excluding these HRRs (n=21), which confirmed our main findings.
Third, given the nature of claims data and the relatively short follow-up, we were unable to
assess outcomes of prostate cancer treatment such as quality of life and survival. Finally, the
process of care measures examined in this study do not capture the full breadth of prostate
cancer care patients receive. Thus, it is possible that some aspects of prostate cancer care
were superior in markets with higher technological capacity in ways that could not be
assessed in this study. However, the measures used in our study were developed based on
expert consensus and several of them have been nationally endorsed by the PCPI and
NQF.14.15 |n fact, several of them have already been incorporated into systematic
performance measurement by the Centers for Medicare and Medicaid Services.2?

These limitations notwithstanding, our findings suggest that new technology is not clearly
associated with better adherence to recommended processes of care. Further, these data
provide valuable information for patients, who are naturally interested in where they can
obtain the highest quality care. Policymakers will appreciate a better understanding of the
downstream effects of technology dissemination as they consider regulation of other new
technologies. While technology may increase a provider’s focus on prostate cancer, this
does not appear to have a meaningful impact on established quality of care measures.
Therefore, we believe that more specific efforts will be needed to improve quality of care in
the future. For example, regional collaboratives of urologists were able to make important
strides towards better care for prostate cancer patients by implementing a systematic system
of provider education, quality measurement, and data feedback.30
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Categorization of Technological Capacity
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Figure 1.

Healthcare markets (defined by Hospital Referral Regions) were categorized into those with
low, intermediate, or high technological capacity, based on the number of providers offering
robotic prostatectomy or intensity-modulated radiotherapy (IMRT) per population.
Technological capacity increased significantly over the study period from 2004 to 2009
(p<0.001 for time-trends). Vertical bars represent 95% confidence intervals.
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Adherence rates to a set of nationally endorsed quality measures comparing markets with
low to those with high technological capacity for robotic prostatectomy (“low tech” vs.
“high tech”). Adherence rates were calculated based on multivariable multilevel logistic
regression models, adjusting for patient and market characteristics. * indicates p<0.05. ADT:
androgen deprivation therapy; RadOnc; radiation oncologist.
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Figure 3.
Adherence rates to a set of nationally endorsed quality measures comparing markets with

low to those with high technological capacity for intensity-modulated radiotherapy (“low
tech” vs. “high tech”). Adherence rates were calculated based on multivariable multilevel
logistic regression models, adjusting for patient and market characteristics. * indicates
p<0.05. ADT: androgen deprivation therapy; RadOnc; radiation oncologist.
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