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Section I: Introduction
Comparative Effectiveness Research (CER) is a method of evaluation that compares the
effectiveness of two or more medical treatments by assessing comparative health outcomes.
Historically, there has been a lack of implementation of the findings from CER. Typically, the
approval process for a new treatment judges it on the criterion of whether it works efficaciously
with little to no consideration of the relative effectiveness with existing treatments [1]. This
process for approving new treatments fails to measure how treatments of a similar type perform
relative to one another and does not account for the costs of alternative treatments.
More recently, there has been a growing movement towards advancing CER in the
United States with research investment coming from the federal government, private insurance
plans, and the pharmaceutical industry. Recent legislation has also promoted CER. The Medicare
Modernization Act of 2003 provided funding for the Agency for Healthcare Research and
Quality (AHRQ) to study comparative effectiveness. Also, the American Recovery and
Reinvestment Act of 2009 (ARRA) apportioned $1.1 billion for CER, with $300 million going to
AHRQ, $400 million going to The National Institutes of Health, and $400 million going to the
Department of Health and Human Services [2]. Further, the Institute of Medicine report listed the
1546 requests for different studies of CER in the U.S., which suggests that the demand for this
type of information is considerable [3].
This federally funded research prohibits inclusion of cost-effectiveness in the analysis
[4]. The Center for Medicare and Medicaid Studies has explicitly stated that they will not use
cost considerations or the results from CER to make coverage decisions, which is likely due to
public opposition. The Center for Medicare and Medicaid Service (CMS) claims to cover any
treatment that is “reasonable and necessary for the diagnosis or treatment of illness or
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injury”. Though the meaning of this phrase is ambiguous, it does imply that costs will be a
criterion [5].

Researchers performing the CER studies sometimes incorporate the cost-effectiveness of
the treatments as part of the analysis. Most other developed countries in the world use CER that
includes cost-effectiveness in making national coverage decisions [6]. When cost-effectiveness is
included as a criterion, the result is usually expressed as a ratio of a monetary unit over the health
benefits. The most common measure for health benefits in CER is quality adjusted life years
(QALYs) [5]. The analysis will detail both CER with and without the cost-effectiveness
criterion. When discussing CER with the cost-effectiveness criterion, I will make a notification.
Without the cost-effectiveness criterion, CER would determine which treatment is most
beneficial in terms of health outcomes (like pain, side-effects, and successful treatment of the
condition) for the population being considered no matter how expensive the treatment or how
marginal the benefit relative to alternative treatments that are cheaper.
Another issue is whether national coverage decisions and payment rates would
incorporate the CER findings. The inclusion of research results is important for the impact that
the research will actually have. If results are not incorporated into coverage decisions and
evidence-based practice guidelines, then reliance would be shifted onto physicians to implement
the findings voluntarily. But if physicians have ingrained treatment practices or they are not up to
date on the current literature, physicians would probably not implement these results into their
practice.
The recent Patient Protection and Affordable Care Act provides additional funding for
CER and features an Independent Payment Advisory Board (IPAB) that will address CER in the
Medicare system. [7-9] The Board consists of fifteen members that make proposals for ways that
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Medicare can reduce the expenditure in the Medicare system if growth exceeds certain measures.
The legislation prohibits the Board from making proposals that ration care; increase revenues;
change benefits, eligibility or Medicare beneficiary cost sharing (including Medicare Part A and
B premiums); or would result in a change in the beneficiary premium percentage or Part D lowincome subsidies [10]. Though, the Bowles-Simpson deficit reduction plan proposes a far
stronger role for the IPAB and so future legislation may remove some of these restrictions [11].
Proponents of CER assert that better research and application of the research through an
organization like the IPAB would have several beneficial effects. One such impact would be a
determination of which treatments provide the most health improvements in particular situations
[2, 12]. If the dissemination of these results were successful, then physicians would employ more
effective treatments for their patients. Health quality would improve as a result of these more
effective treatments.
Supporters of these policies also claim that CER would reduce Medicare expenditures by
reducing wasteful spending. These reductions would accrue for patients, employers, and thirdparty payers (insurance companies and the government) because they would not be paying less
for heath care that qualifies as wasteful spending [13]. However, this claim is not self-evident,
since CER would not necessarily lead to decreases in health spending in all cases. It is
conceivable that CER results could increase the nation’s Medicare expenditure by promoting
coverage for and use of expensive treatments that were determined in the absence of costeffectiveness considerations.
My research will focus on how the IPAB can promote more incorporation of CER
findings into practice within the Medicare system. To do so, I will examine the current state of
the CER literature, the public acceptance of CER, and the need for CER in clinical practice.
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Section II. Literature Review
The literature suggests that the effects of CER depend greatly on how physicians and
health systems implement the results of these studies. The U.S. healthcare system has many
barriers in place that deter incorporation of CER, though there are notable opportunities as well.
Barriers to implementation of CER:
There is controversy as to how much of the care in the United States is not cost-effective.
The proportion of care that qualifies as cost-effective depends largely on the calculations. The
most subjective aspect of this calculation is the specific value of the threshold under
consideration. A high cost-effectiveness threshold would mean that fewer treatments would
qualify as cost-ineffective, while a low cost-effectiveness threshold would have the opposite
effect. Whether there is a significant reduction in health expenditure depends in large part on
how the level for this threshold is established. Further, new treatments have come at a reasonable
value (<$50,000/QALY is the lowest commonly cited threshold in cost-effectiveness studies), so
it is already the minority of treatments that a cost-effectiveness criterion would target [14]. Even
the majority of care in a stereotypically high cost area of care like cancer treatment comes at a
reasonable value [15]. Several studies in the United States suggest that if a cost-effectiveness
threshold were to exist, it would definitely exceed $50,000/QALY and could be over
$100,000/QALY using estimates from contingent valuation and revealed preferences [14, 16].
Thus, the commonly used $50,000/QALY ratio may greatly overestimate the amount of care that
is cost-ineffective.
The National Institute for Clinical Excellence (NICE) is an independent body that makes
coverage recommendations for the National Health Service in England and Wales. Their
analyses consider costs as well as the benefits of particular treatments [5]. In the case of NICE,
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cost-effectiveness is not the only criterion under consideration in their research. NICE considers
values like fairness and equity and may justify approval of a treatment that exceeds the threshold
for cost-effectiveness as a result [17]. I will explain more thoroughly NICE relates to the IPAB
in Section IX. Determining the proportion of care that is not cost-effective does not take these
important values into consideration and it may be useful to continue certain treatments that are
above the threshold.
Even with CER including cost-effectiveness as a criterion, the costs for the Medicare
program would not necessarily decrease in all cases. The cost-effectiveness criterion does not
relate directly to aggregate health spending [5, 16]. While CER with cost-effectiveness does
identify treatments that are not cost-effective and are being over utilized, it is also indicates many
treatments that are cost-effective and underutilized [16, 18-20]. Therefore, the IPAB would not
save costs in all cases like those when it encourages more treatment that meets the costeffectiveness standard.
If CER were to be implemented without the cost-effectiveness criterion, then the CER
findings would support health improvement regardless of how much they cost. An example of a
hypothetical scenario that highlights a potential problem with this approach appears in the table
below with a comparison of two alternative treatments:
Cost

QALYs

Treatment A

$10,000

1.0

Treatment B

$100,000

1.1

According to CER without consideration of cost-effectiveness, Treatment B is the best option
because it results in more QALYs than Treatment A. Thus, CER without the cost-effectiveness
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criterion could increase costs by encouraging the more expensive treatment. Further, most new
treatments represent at least a minor improvement in care, hence few treatments would be
rejected under this criterion [1]. Given the context of rapidly increasing health costs, it would
likely be infeasible for the IPAB to accept such treatments that could result in significantly
higher expenditure for Medicare.
If the Medicare payment rate for physicians does not reflect the CER studies, then it is
less likely that physicians would incorporate the research into their practices. Physicians often
react to payment incentives and so they will not necessarily change how they treat patients when
research indicates that one treatment is more effective than another [21]. However, making
coverage decisions and changing the payment rates may not be politically feasible options for
IMAB.
Opportunities for implementation of CER:
The primary area where CER would apply is care that provides little or no benefit. This
means that the treatment does not result in improved quality of life, life expectancy, or only
slight improvements in either measure. The care that provides no benefit or even harm is often
called wasteful spending and some estimates put the percentage of care that is wasteful as high as
thirty percent of all health care spending, which amounts to over $400 billion in wasteful per
year [22]. Further, the cost-effectiveness for treatment varies greatly between different patient
groups [23]. For example, the average cost per year of life gained among the elderly is several
times as great as it is for the non-elderly. This suggests that the average treatment for the elderly
is providing much less benefit per dollar spent and that the IPAB could target more care in the
Medicare system [14]. Additionally, many studies indicate that higher expenditures do not have a
positive correlation with better health outcomes [4, 20, 23-26]. One possible explanation for this
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pattern is that there is excess care of little or no benefit or care that may even be harmful. While,
this correlation alone does not demonstrate any such causal relationships, the utilization of lowbenefit care likely plays a role.
If such wasteful spending does exist in the ways listed above, then for some of the care,
CER with cost-effectiveness would be able to demonstrate that the cost of the treatment is very
high relative to the marginal benefits as compared with alternatives. The IPAB might then reject
or limit the treatment under these circumstances if this does not conflict with the political
limitations for this group. Even if the IPAB is unable to recommend eliminating coverage of
wasteful care on cost-effectiveness grounds, it will be able to do so if the CER findings show that
the clinical effectiveness of other treatments surpasses this care [10].
IPAB could also use its role to challenge biases and incentives physicians have not to
incorporate the results of CER studies. Physicians have a tendency to choose the more complex
and expensive treatments for several reasons. First, there is a bias among physicians towards
using newer or more complex treatments without any evidence that they are more effective [7,
14, 25]. Further, more complex and expensive procedures will often lead to greater payment for
the physicians, so they have incentives to perform them [25, 27]. Finally, there is a phenomenon
called technology creep for when physicians gradually apply technology that is cost-effective in
a sub-group to the whole group without justification [28]. New treatments, especially treatments
incorporating new health technology, usually cost more and have been a major driver of the
increase in Medicare expenditure [13, 14, 23, 24, 28]. Thus, a greater emphasis on CER with or
without cost-effectiveness for coverage decisions would limit new and more expensive
treatments that are not significantly better than the existing treatments [13, 29, 30].
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In summary the literature suggests uncertainty over how the IPAB could incorporate CER
into the U.S. healthcare system to improve health outcomes and potentially decrease health
expenditures. Wasteful spending (care that exceeds a reasonable cost-effectiveness criterion)
seems prevalent in the US system, and CER could promote care that is more cost-effective.
However, it is difficult to identify which treatments or areas of care are contributing to this
problem and, hence, it is uncertain how well CER can address this kind of spending. Applying
CER may also increase the costs in certain areas of the healthcare system, which may not be
feasible given the current concerns over costs in the Medicare system. Finally, the ability to
address costs may depend on whether IPAB can actually use the cost-effectiveness criterion.

Section III. Methodology
My primary research question asks how the IPAB can successfully incorporate CER into
clinical practice decisions within the Medicare system. I will evaluate this question by looking at
the data for three specific medical conditions that will serve as case studies. Specifically, I will
examine: 1) the use of stents in the treatment coronary artery disease; 2) knee-arthroplasty; and
3) prostate cancer treatment. I chose these three conditions because they each have extensive
CER literature and there are reasonable alternative treatments. Further, the conditions are
different in meaningful ways that will make my findings more generalizable. One such way is
that intervention is far less discretionary for a patient in need of treatment for a coronary artery
blockage, which is life-threatening in an immediate sense [31]. Also, the preliminary literature
review suggested that the evidence of clinical benefit for treatments differs significantly between
prostate cancer and the other conditions with prostate cancer having much less clarity and many
more options [31-33]. Finally, mortality is not a concern with failing to provide knee-arthroscopy
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whereas it may occur with failure to treat the other conditions; knee function is purely a quality
of life matter [34].
Research Questions and Plans:
The table below lists the questions that follow from my main research question.
Specifically, the questions in the table address how extensive the CER literature for these
treatments and what impact they already have on clinical practice and government policy.
Determining the answers to these questions will help answer what kind of role the IPAB can
achieve in promoting CER for these conditions. I will partially answer the first four questions
(1-4 in fig. 1) by examining the CER literature on treatments for these three conditions. I will
conduct a systematic literature review of these three conditions using the online Duke Library
database search tool. I will also research best practice guidelines to answer the fifth question. I
can find these best practice guidelines from medical organizations like American Academy of
Family Physicians. The best practice guidelines will help confirm the accuracy of my findings
from my own literature search on these conditions and supplement missing information.
Figure 1: Research Questions

Heart Stents

1. What are the findings
from the CER literature?
2. How well do Medicare
reimbursements accord
with the CER?

Knee Arthroplasty

Prostate Cancer
Treatment
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3. Is there
underutilization or
overutilization of care
4. Are there variables
besides patient
preferences and clinical
need that influence care?
5. How well do best
practice guidelines
match the CER?

I will also answer the third and fourth question through analysis of Medicare data. I will
perform separate regressions on patient data (sources explained below) to answer the questions
relating to the provision of care for prostate cancer. One reason for limiting the analysis to just
prostate cancer is that the treatments for this condition have the most uncertainty. Further, similar
access to data sources did not exist for the other two conditions. Lastly, limitations on time
necessitated reducing the scope of the research.
Data Sources:
The first data source is the peer reviewed literature. Secondly, state-level data from the
Dartmouth Atlas of Health Care and the Healthcare Cost & Utilization Project (HCUP) detail
hospital-level analysis of Medicare claims data. The variables include treatment type (just for
prostate cancer), region, hospital characteristics, reimbursement rates, and information about
Medicare beneficiaries that utilize that hospital. I will analyze this data using frequency tables
and regressions. Significant differences of the distribution of treatments over hospital
characteristics or region could suggest a lack of clear evidence or a lack of implementation and a
need for more research.
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The final data source is a HIPAA-compliant analysis of de-identified, patient-level data
from Intermountain Healthcare on the recurrence of prostate cancer. The purpose of this analysis
is to determine how well alternative treatments for prostate cancer work as judged by the
recurrence rate. All other variables being equal, a higher recurrence rate would suggest that one
of the alternative treatments has worse outcomes. This latter focus is aligned with the interests
and needs of the Oncology Clinical Program; work will be supervised by Mr. Tom Belnap,
Senior Outcomes Analyst in the Institute for Health Care Delivery Research.
The model for this approach becomes iteratively more specific with each step. The first
step details the overview of the literature on the subject. The second step builds upon the first by
showing state-level data on treatment for prostate cancer. Finally the third step drills down to the
patient level and functions as a comparative-effectiveness study.
Case Studies:
I will supplement this research on procedures in the United States with two short case
studies of how the National Health Service (NHS) in England and Wales incorporates CER into
coverage decisions and how the Oregon Medicaid experiment utilized research in the early
1990’s. Specifically, I will examine how the NHS uses CER from a policy perspective instead of
doing an in-depth study of the effects that such a policy has on their health care system. This
information will indicate how the United States government could feasibly implement CER in
the Medicare program. To do so I will need to examine the exact details how the NHS makes
coverage decisions and the exact ways they employ CER. I can find this information through
literature on the subject. Likewise, for the Oregon Medicaid example, I will need to determine
how the Oregon government used research and how the public responded. This case will show
how the public reacted to the use of cost-effectiveness to determine coverage decisions. This
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example will also suggest what the IPAB could feasibly do given the constraints within the
American system.
In both these cases external validity is the main concern. I will explain why the lessons
from the cases studies actually apply to what the IPAB can do for the whole Medicare system.

Section IV. Analysis of CER Articles for Heart Stents
The literature review focused on the CER for drug eluting stents (DES) against bare
metal stents (BMS). Using the search terms “coronary artery blockage comparative
effectiveness” and limiting my search to English language, I identified 30 articles for review.
Review of the articles yielded five studies. An additional seventeen articles came from the
bibliographies of these five papers. I summarize my findings in the next sections.
Findings from CER Literature:
The general consensus in the literature held that DES had better outcomes than BMS. The
findings for heart stents was informative concerning the advantages and disadvantages of each
option. However, uncertainties about thrombosis and off-label use persist and they need further
study for a more thorough evaluation of the alternatives.
The advantages of DES include lower restenosis rates and potentially decreased
mortality. Restenosis means that the vessel that physicians operated on has become restricted
again. All studies I examined showed that the restenosis rate was significantly lower in DES than
for BMS [35-49]. Thus, this conclusion has a high degree of certainty.
Other potential advantages for DES include lower mortality rates and decreased
incidence of cardiac events. However, only a minority of studies found statistically significant
differences [45, 48-50], so this finding may reflect the truth, but it currently lacks sufficient
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support. Most of these studies did not look beyond one year of treatment, so these studies would
likely not determine long-term trends in mortality and cardiac events.
Though, one possible advantage for BMS would be their impact on late thrombosis.
Thrombosis means the formation of a blood clot in a blood vessel. One of the studies found a
statistically significant increase in the rate of thrombosis for DES [51]. This study is a metaanalysis so it has a high degree of credibility since it draws from the findings of multiple articles.
One explanation for why other studies do not find a statistically significant increase in
thrombosis is their short time range: the meta-analysis only found this statistically significant
result with the inclusion of late thrombosis (after one year).
The economic evaluations in this review do not present a clear advantage for the costeffectiveness of DES compared to BMS. While the clinical advantage belongs to DES, the extent
of this advantage remains unclear. These cost-effectiveness studies did not include the potential
impact of thrombosis on the quality of life. If a significant difference exists between the two
treatments for rates of thrombosis, then these studies would overestimate the clinical advantage
of DES. The studies report the following findings: $27, 450/QALY, >$50,000/QALY, and
$58,721/QALY (last value is in Canadian dollars). These ratios are the incremental costeffectiveness ratios (ICERs) for DES. However, certain sub-groups performed better with DES
like those patients over 65, small vessels, and other high-risk groups and the resulting ICER was
higher. Also, two of the three studies took place outside the U.S. and so they may be less
applicable. The studies also found that the cost-effectiveness ratios were sensitive to the
difference in costs between the two kinds of stents. These cost-effectiveness estimates suggest
that DES, but concerns remain over the applicability of the studies and the non-inclusion of
thrombosis [43, 45, 47].
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The last major consideration concerns improper use of stents. About 60% of stents go
towards off-label use, so it is important to understand how the different treatments apply towards
these individuals and not just towards on-label use, which most studies look at. Off-label use
means that the patients do not have the right indications for receiving the stents. These patients
have a higher average number of co-morbidities and tend to be sicker. But DES still performs
better for these patients in an observational study, with lower rates of restenosis [52]. However, I
did not find a randomized experiment looking at off-label stent use, so this conclusion lacks
strength because of selection concerns. Also, compliance with treatment is an issue because
patients with DES need to take anti-platelet therapy for several years after implantation. Patients
that do not comply have increased rates of restenosis and thrombosis [38, 39, 53, 54]. Though,
the information on non-compliers may be valuable to include since there will also be noncompliers in practice. If patients had higher (or lower) rates of compliance than in these studies,
the outcome differences between DES and BMS would alter in favor of DES (BMS).
Areas for Further Study:
These studies lack information on certain outcomes that may affect preferences among
treatments and makes the comparative effectiveness of these treatments less accurate.
Specifically, the connection between DES and increased rates of late thrombosis should be
examined more carefully. A higher rate of late thrombosis may affect patients’ decisions. Also,
more investigation of the differences between DES and BMS on mortality and cardiac events
over a longer time period would help inform treatment. Without information on these
complications, the relative advantages of these alternatives are not fully known. Lastly, more
cost-effectiveness studies in the U.S. would help make a better estimation of the costeffectiveness ratio for DES to see if health gains over BMS come at a reasonable price. These
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studies should also incorporate the findings from these other studies on thrombosis, mortality,
and cardiac events as they develop to obtain a more accurate picture of the health benefits.
Best Practice Guidelines for Heart Stents:
The best practice guidelines for heart stents confirm the lack of absolute clarity found in
the CER review. The American College of Cardiology (ACC) and the American Heart
Association (AHA) state that DES and BMS during angioplasty are both viable interventions in
most situations. These organizations stated that there is currently no evidence suggesting
differential effects on major health outcomes except for DES decreasing the rates of restenosis.
However, ACC and AHA recommend that in cases where the patient may not fulfill their antiplatelet therapy, BMS should be used [55]. More CER studies could potentially allow the ACC
and AHA to have more specific conclusions.
NICE differs slightly in its advice, though it reaches the same general conclusions as the
article review and the ACC and AHA guidelines. It addresses cost-effectiveness, which the ACC
and AHA recommendations do not fully consider. They conclude that DES does lower the rate of
restenosis. However, the treatment which has the better ICER differs depending on the price
differential between the two types of stents and patient characteristics like diabetes co-morbidity
or having small vessels. Thus, the cost-effectiveness vary depending on these factors [56].
Presumably, NICE would benefit from having better CER findings to use when making their
recommendations.
Both of these best practice guidelines substantiate my findings on the relative benefits of
DES in comparison to BMS. They both find DES better than BMS in terms of restenosis. Also,
in both cases they do not mention off-label stents, nor do they come to a conclusion regarding
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late thrombosis, which confirms the lack of information that also appears in the literature [55,
56].

Section V. Analysis of CER Articles for Knee-Arthroplasty
I focus on the comparison between unicompartmental knee-arthroplasty and total kneearthroplasty in reviewing the literature. Using search terms “osteoarthritis comparative
effectiveness knee-replacement” and “rheumatoid arthritis comparative effectiveness kneereplacement” and limiting my search to English language, I identified 64 articles for review.
Review of abstracts yielded five studies, excluding three as irrelevant on closer inspection. Three
additional articles came from reviewing the bibliographies of the other papers. Below I
summarize my findings.
Findings from CER Literature:
The CER literature for knee-arthroplasty contains less breadth of information than the
literature for heart stents. Despite this limitation, I did find clear findings relating to the
advantages and disadvantages of the treatment options.
Nearly all studies find that total knee arthroplasty (TKA) and unicompartmental knee
arthroplasty (UKA) are effective treatments for addressing loss of knee function from arthritis
[57-60]. The treatments differ in that the surgical procedure for TKA applies to a much larger
proportion of the knee than does the procedure for UKA. Though these studies indicate that the
two treatment options are effective, they do not clearly demonstrate that one treatment works
comparatively better.
The evidence suggests that the two treatments are approximately equivalent since there
are few statistically significant differences. But this only applies to cases where both treatments
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could potentially repair the knee joint. Sometimes the arthritis has spread to so much of the knee
that UKA would not work well. Several studies suggest that UKA leads to better range of
motion, fewer complications, and faster recovery than TKA in situations where both would be
appropriate [58-60]. Though, revision rates tend to be higher for UKA as compared to TKA [58,
60]. Given that each treatment has negative results associated with it, it is difficult to make a
determination on which one works better overall. One cost-effectiveness evaluations in my
review had UKA with a slight advantage over TKA in terms of QALYs [58] and another study
had TKA with a slight disadvantage [60].
Given the uncertainty regarding the QALY measurement for the cost-effectiveness ratios,
the two main economic analyses provide different results. The first study has UKA dominating
TKA [58]. Dominating means that one treatment has better outcomes and saves money compared
to another. The other study has an ICER of $65, 245/QALY for TKA as compared to UKA. But
this ICER is sensitive to costs of the two treatments and relevant co-morbidities [60].
The incidence of UKA is much lower than TKA despite evidence that it may be more or
just as effective in many cases. A study on all knee-replacements in the U.S. from 1998-2005
showed that only 8% of knee-replacements were UKAs and the rest were TKAs. While UKA is
not appropriate in all cases, it is applicable in many more than 8% of the cases. This low
percentage suggests that some bias exists against UKA in favor of TKA. It is possible that the
evidence suggesting that UKA yields similar results in comparison to TKA is relatively recent
and so the shift may not take place for some time. It is important to note that the growth of UKA
during this time period amounted to 32.5%, which is much higher than the 9% growth for TKA
[61]. Therefore, a slow trend exists towards a greater proportion of UKAs during this time
period. But this fact still does not fully explain why there is not greater use of UKA. Perhaps
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physicians have become accustomed to performing TKA and do not want to change their
practice patterns. It is also possible that the higher reimbursement rates for TKA relative to UKA
may incentivize the former treatment [58].
Areas for Further Research:
The most important area of research relates to the uncertainty regarding the advantages
UKA and TKA. A more detailed examination of the quality of life criteria would help determine
the relative benefits for each procedure. Specifically, researchers should develop better estimates
for range of motion improvements, complications, recovery time, and revision to make
comparing the two treatments easier.
The difference in cost-effectiveness between UKA and TKA illustrates the importance of
accurate measures. These cost-effectiveness studies have relatively similar values for the quality
of life improvements for UKA and TKA patients, but since they have different treatments having
a slight advantage in health outcomes, they lead to very different conclusions. If UKA did not
have the advantage in QALYs in the one case, then it would not dominate TKA. This is an
example of how slight changes in the QALYs can lead to significant implications for the costeffectiveness of treatments.
Finally, there should be studies on the reasons why the percentage of UKA receivers is so
low compared to TKA receivers. Understanding why this occurs will help policymakers that
want to encourage more UKA procedures. Doing so could reduce Medicare expenditure without
sacrificing health.
Best Practice Guidelines for Knee-Arthroplasty:
The guidelines for knee-arthroplasty offer clarity for treatment options, though they also
note gaps in the research. The Osteoarthritis Research Society International (OARSI) provides a
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detailed best practice guideline for this condition. The guideline advises that people suffering
from osteoarthritis in their knees should first try aerobic exercise and muscle strengthening. They
also recommend that overweight patients lose weight and take corticosteroids. If patients do not
find sufficient symptom relief from these options in combination with pharmacological
interventions, OARSI counsels people to seek joint-replacement surgery. The researchers point
out that TKA and UKA are both effective treatments. Though, these guidelines also note the
absence of conclusive findings that determine which treatment is preferable [62].
NICE provides similar recommendations on treatment. They advise that clinicians should
initially provide non-surgical treatments like exercise. Clinicians should utilize surgery for those
patients who do not respond to these treatments. NICE also finds that UKA and TKA are both
suitable treatments without delivering conclusions on which is more appropriate in different
situations [63].
Both of these best-practice guidelines confirm my findings from the review of CER
studies for knee-arthroplasty. In each case, they find that both UKA and TKA are acceptable, but
that further CER is necessary to better understand the relative advantages and disadvantages.

Section VI. Analysis of CER Articles on Prostate Cancer
The literature on prostate cancer treatment suggests a great deal of uncertainty for the
comparative benefits of each treatment. Using search terms “prostate cancer comparative
effectiveness” and limiting my search to English language, I identified 30 articles for review.
Review of abstracts yielded 14 studies, excluding two as irrelevant on closer inspection. Below I
summarize my findings.
Findings from CER Literature:
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The analysis of the literature suggests uncertainties for the relative costs and benefits of
the main treatment. These alternatives consist of watchful waiting, radical prostatectomy, robotassisted prostatectomy, external beam radiation, laparoscopic prostatectomy, retropubic
prostatectomy, and androgen deprivation therapy. Further research is necessary to make more
useful comparisons between these options.
A great deal of variation exists between the relative proportions of these treatments in
different settings. One would expect them not to vary so greatly if it is just clinical need and
patient/physician preferences determine treatment. For instance, all types of prostatectomies
ranged between 11-82% across U.S. hospitals. Further, watchful waiting varied from between 0
and 28% across hospitals. Such extreme variation cannot be due to preferences alone, but rather
must involve some bias within these hospitals or regions towards certain treatments. Further, the
uncertainty between treatment options is so great that clinical effectiveness does not serve as a
useful guide for treatment [64]. Interestingly, the newest procedures tended to have the highest
growth rates, suggesting that adoption had a lot to do with the procedure that seemed the most
advanced [65].
Certain advantages appear to exist between the various types of prostatectomy. For
instance, laparoscopic prostatectomies have an association with shorter stays and
bladder/urethral obstruction rates than open prostatectomies [66, 67]. Another study found higher
rate of future cancer treatment for laparoscopic prostatectomies [68]. Also, minimally invasive
techniques are sometimes related to higher rates of erectile dysfunction and genitourinary
complications [69]. While advertisements make robot assisted prostatectomy appear to be the
favored treatment, the only significant benefits include lower blood loss and transfusion rates
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during surgery [70, 71]. Despite these relationships, stronger evidence is necessary before
determining that one type of prostatectomy has better clinical outcomes than another.
There are also many studies suggesting advantages and disadvantages of different types
of prostatectomy and radiation therapy. Prostatectomy has higher average rates of urinary
dysfunction, though radiation therapy has higher rates of bowel disorders [72-74]. Sexual
outcomes varied, but there was only one study from 1995 that suggested higher rates of sexual
dysfunction side-effects for prostatectomy [72-74]. And rates of recurrence do not appear to have
a relationship with treatment type [75]. So there does not seem to be a clear preference for one
treatment type over another (i.e., radiation vs. prostatectomy) since both have advantages and
disadvantages.
Similar to the previous treatments, watchful waiting has advantages and disadvantages
relative to other treatment types. Notably, patients do not have to undergo treatment and face the
risk of treatment related side-effects [76]. In this comparison, it is reasonable for patients to
prefer no treatment to avoid these side-effects. Though, one study did find a lower mortality rate
for men randomized to radical prostatectomy [77], In the U.S., prostate specific antigen (PSA)
scores detect many patients as having prostate cancer vs. detection happening when symptoms
started. In fact, some of these patients would have never developed symptoms before death.
These results may not apply to this group that has less severe prostate cancer among members
that test positive by their PSA levels. It is difficult to obtain good results on watchful waiting
patients because the long-term effects happen over a period of many years [76].
The cost-effectiveness evaluations face the major limitation of the uncertainty in the
clinical benefits for these different treatments. One study looks at just the costs between the
different treatments because the benefits cannot be ascertained. This cost comparison has radical
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prostatectomy as being $487 cheaper than laparoscopic prostatectomy and $1726 cheaper than
robotic assisted prostatectomy. The difference with robotic assisted prostatectomy stayed large
even when the initial cost of the robot was omitted ($1155). The authors concluded that
laparoscopic may be a competing alternative to radical prostatectomy with similar costs and
possible benefits. However, they stated that with only reduced hospital days and blood loss these
benefits are not enough to offset the much higher costs. Unless the initial cost of the machine or
maintenance and use costs decrease, robotic assisted prostatectomy would likely not have a
favorable incremental cost-effectiveness ratio [70].
Areas for Further Research:
The uncertainties related to prostate cancer treatment suggest many areas where future
comparative effectiveness research would be useful. For instance, more long-term research on
how watchful waiting compares to more aggressive treatment would help clarify the advantages
of each alternative. Though, it is difficult to obtain good findings when the long-term outcomes
ten years into treatment are so important. Also, more CER is needed on how the newer forms of
prostatectomy compare to the traditional procedures. An interesting topic from a policy
perspective is how robotic assisted prostatectomy compares to other, much cheaper and
traditional procedures. The concern is that robotic assisted prostatectomy potentially offers little
or no clinical benefits, yet physicians choose to use this option because they get a higher
reimbursement. Such behavior occurs in relation to IMRT, a type of radiation treatment for
prostate cancer patients. Medicare pays up to $40,400 for each patient, which has led urologists
to purchase their own equipment and self-refer their patients. Once they have the machine they
then face a huge financial incentive to refer their own patients to get this expensive treatment
[78]. Other explanations include physicians trying to get their money’s worth out of the machine
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investment or favoritism towards newer advances. These studies must also take into account the
learning curve that physicians face when using new treatments like robotic assisted
prostatectomy, which may explain the lack of observed benefits [71]. More research in these
areas would help create a better understanding of the relative benefits of each treatment type.
Best Practice Guidelines for Prostate Cancer:
The best practice guidelines for localized prostate cancer confirm the uncertainty I found
in the literature. The American Urological Association (AUA) provides a comprehensive best
practice guideline for this condition. The guideline states that brachytherapy, external beam
radiotherapy, watchful waiting, and radical prostatectomy are all effective treatments that lead to
similar results. The analysis of the data does not show any significant differences in patient
outcomes, though for high risk patients they suggest active therapy may be preferable because of
the increased likelihood of mortality for watchful waiting. Except for this qualification, the AUA
recommends focusing on patients’ preferences when making the decisions without specifying
which treatment is more appropriate in different cases [79].
NICE offers similar recommendations on the treatment of localized prostate cancer. For
low-risk patients, NICE advises watchful waiting. This does differ from the other guideline and
conforms with the tendency for NICE to consider costs when making recommendations. NICE
states that the other treatments are acceptable options, just not the preferred ones. For moderateto high-risk patients, NICE advocates use of radical prostatectomy or radiotherapy. Likewise,
NICE notes that patients’ preferences regarding potential side effects should have a role in the
decision-making process [80].
Both guidelines note the lack of definitive evidence for comparing treatment options. The
AUA points out that “study outcomes data do not provide clear-cut evidence for the superiority
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of any one treatment” for low risk patients [79]. Further, they note a lack of randomized
experiments establishing the comparative- and cost-effectiveness of some of the treatments.
While NICE does provide recommendations, they still lack clarity on the advantages for different
forms of active treatment [80]. These guidelines support the finding from the literature review
that more CER would be useful for addressing these weaknesses in the available evidence. If
nothing else, the CER could support patient preferences by determining what the likelihoods of
particular side-effects are.

Section VII. Analysis of National Medicare Data for Prostate Cancer
The analysis of the Medicare data for prostate cancer treatment helps to confirm my
findings on the extent of variation for prostate cancer treatment and suggests possible
explanations for the variation. An understanding of the type of factors that cause undue variation
in treatment practices would aid the IPAB in its efforts to promote CER. For instance, the IPAB
could target hospitals whose treatment practice departs from the CER literature the most. This
information would also help the IPAB understand what barriers exist that prevent successful
incorporation of CER. As I noted earlier, I chose to only examine prostate cancer because it is
the condition that has the most variation.
To analyze the data, I fitted an Ordinary Least Squares (OLS) model using both forward
and backward stepwise selection. Forward selection determines which variables to include in the
model based on whether adding them contributes significantly to the model. Alternatively,
backward selection starts with a model with all variables and takes out those that do not
contribute significantly to the model. I had difficulty interpreting the regressions since the
number of states was only 31. This low number of observations meant that inclusion of more
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than two variables in the model would cause the standard errors to inflate greatly. In turn, this
would make it so that neither the model nor the coefficients for the variables would be
statistically significant. To still get interpretable results, I used several different methods for the
forward and backward stepwise selection.
The data entries come from state level data. The reason the number of observations is
only 31 is that only 33 states had data in the HCUP database and two states did not have
information on the racial breakdown of those patients receiving prostatectomy treatment. HCUP
is an all-payer, claims-based dataset maintained by the Agency for Healthcare Research and
Quality with voluntary state reporting. The states that participated and had the information on
race include: AZ, AK, CA, CO, FL, HI, IA, KS, KY, ME, MD, MA, MI, MS, NE, NV, NH, NJ,
NY, NC, OK, OR, RI, SC, TN, TX, UT, VT, WA, WI, and WY.
Explanation of Variables:
The variables consist of measures for prostatectomy, characteristics of the population
receiving prostatectomy, and information about the hospitals and Medicare systems in each state.
Information on each variable in the analysis follows below:
1. The number of prostatectomies per 1000 male Medicare beneficiaries in 2008. This
variable is the outcome variable in the models. The analysis centers on looking for which
independent variables have a significant relationship with this variable. The reason that I
do not look at other treatments is that the Medicare coding did not provide data on
watchful waiting (Medicare does not reimburse for this) and the number of patients were
too low to examine the alternatives.
2. The ratio of prostatectomy in nonteaching hospitals to prostatectomy in teaching
hospitals in 2008. This independent variable could have a relationship with the outcome
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because the different types of hospitals have distinct practice patterns or they incorporate
research to a different extent.
3. The ratio of prostatectomy in non-metropolitan hospitals to prostatectomy in metropolitan
hospitals in 2008. This variable could have an association with the outcome variable
because non-metropolitan hospitals may have different financial incentives than
metropolitan areas that affect treatment patterns and adoption of best practices.
4. The proportion of hospitals that have large number of beds in 2008 data (definition of
having a large number of beds varies depending on location, urban status and teaching
status; for specific cutoffs see Appendix A). Large number of beds may have a
relationship with the quantity of prostatectomy because a larger number of beds would
suggest that the hospitals in states that more frequently perform prostatectomy tend to
have a high capacity. This higher capacity could influence the type and number of
patients that receive care.
5. The number of inpatient days for the average Medicare beneficiary during the last two
years prior to death from 2001 to 2005. This variable may have an association with the
outcome variable because the number of inpatient days is a proxy for treatment intensity.
More intense treatment in general would suggest more aggressive treatment of prostate
cancer.
6. The number of surgical procedures/1,000 Medicare beneficiaries in 2005. The number of
surgical procedures may relate to the rate of prostatectomy because states that have
higher surgery rates overall would likely have higher rates of prostatectomy.
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7. The dollar amount of the mean charge for prostatectomy that Medicare insured. This
variable may have an association with the prostatectomy rate because higher charges
could indicate a monetary incentive for physicians and the hospital to do prostatectomy.
8. The dollar amount for the average reimbursement across a state for Medicare
beneficiaries during the last two years of life between 2001 and 2005. This variable may
relate to the outcome because higher reimbursement levels suggest more treatment. Also,
higher reimbursement rates could induce more treatment because they work as a financial
incentive.
9. The U.S. Census Region for each state. There are four U.S. Census Regions.
10. The ratio of the proportion of blacks that received prostatectomy to the proportion of
blacks in the Medicare system in that state in 2008. This variable shows whether the
proportion of blacks receiving prostatectomy is unusual for that state adjusting for the
different proportions of blacks in states. The reason for including this variable is that
blacks have a higher incidence of prostate cancer than other races. Without this variable,
a state that had a particularly high proportion of black residents may appear to have a
higher overall rate of prostatectomy, even though it is primarily due to this
overrepresentation of a high risk group.
Model One; Forward Selection Considering Original, Squared, and Square Root:
This model comes from forward selection considering all variables in their original form,
in their squared form, and in their square root form. The variables that the selection method
produced include the square root of the number of inpatient days and the ratio of teaching to nonteaching hospitals. The r-squared value is 0.2902 and the p-value for the F-test is 0.008 and is
significant at the 0.05 significance level.
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Prostatectomies/thousand=-.0008315*(square root of the average number of inpatient days) +
-.000103*(ratio of non-teaching to teaching hospitals) + 0.005531
States with higher average numbers of inpatient days tend to have lower ratio of
prostatectomies per thousand Medicare beneficiaries. Also, the lower the ratio of non-teaching to
teaching hospitals in the state (that is, a lower proportion of non-teaching hospital) correlates
with a lower ratio of prostatectomies per thousand Medicare beneficiaries.
Model Two; Backward Selection Considering Original, Squared and Square Root:
This model comes from a backward selection considering all variables in their original
form, in their squared form, and in their square root form. The variables included in the model
are the square root of the ratio of procedures done in metropolitan vs. non-metropolitan hospitals
and the average Medicare reimbursements. The r-squared value is 0.2215 and the p-value for the
F-test is 0.03, which is significant at the 0.05 significance level.
Prostatectomies/thousand = -.0006073*(square root of ratio of non-metropolitan to metropolitan
hospitals) + -4.61e-08*(Medicare reimbursement in last two years of life + 0.004097
States with higher with larger ratios of non-metropolitan to metropolitan hospitals or a
smaller average Medicare reimbursement for the last two years of life tend to have a lower rate
of prostatectomies.
Model Three; OLS for Original Variables Individually:
I performed regressions of all variables in their original form against the outcome
variable. I regressed each variable one at a time to determine significance. Only the variable of
inpatient days was significant with a p-value of 0.028. The r-squared is 0.1471 and the p-value
for the F-test is 0.0276, which is significant at a 0.05 level.
Prostatectomies/thousand =-.0000762*(the average number of inpatient days) +.003226
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States having higher average inpatient days was associated with a lower rate of
prostatectomies.
Model Four; Backward and Forward Selection for Interactions:
This model comes from both the forward and backward selection for the interaction terms
(both provided the same variables). The interaction terms were not part of the previous stepwise
selections because there was too much collinearity to run the selection with these variables
included. The first interaction term was the number of inpatient days times the Medicare
reimbursement. The second interaction term was the ratio of metropolitan to non-metropolitan
hospitals times the proportion of large hospitals. The r-squared value is 0.2986 and the p-value
for the F-test is 0.007, which is significant at the 0.05 level. However, the plot showing (the ratio
of metropolitan to non-metropolitan hospitals)*(the proportion of large hospitals to non-large
hospitals) on the x-axis and prostatectomies/thousand on the y-axis suggests that there may be
leverage points (see Appendix B). After removing these points from the model, (the ratio of
metropolitan to non-metropolitan hospitals)*(the proportion of large hospitals to non-large
hospitals) is no longer significant at a 0.05 significance level. Thus, the trend is not statistically
significant without the inclusion of these two high leverage states. Further analysis of these states
is necessary to determine whether there may have been measurement error.
Prostatectomies/thousand =-1.37e-09*int3 + -.0014356*int28 +.003148
Int3= (the average number of inpatient days)*(the Medicare reimbursement for the last two years
of life)
Int28= (the ratio of metropolitan to non-metropolitan hospitals)*(the ratio of large hospitals to
non-large hospitals)
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States that had a larger interaction term of inpatient days times the Medicare
reimbursement for the last two years of life or the ratio of metropolitan to non-metropolitan
times the ratio of non-large hospitals tend to have lower rates of prostatectomy.
Model Five; Backward Selection Considering Original and Log:
This model comes from a backward selection of the natural logs of each variable and the
variables in their original form. This selection method gave the log of inpatient days and the ratio
of teaching to non-teaching hospitals as the significant variables. The r-squared value is 0.3027
and the F-test has a p-value of 0.0045, which is significant at the 0.05 level.
Prostatectomies/thousand =-.001831(the log of the average number of inpatient days) + .0001017*(the ratio of non-teaching to teaching hospitals) +.003148
States that had higher number of inpatients days and larger ratios of non-teaching to
teaching hospitals had a correlation with lower prostatectomy rates. The summary of significant
variables in the different models appears below:
Model

1st Significant Variable

2nd Significant Variable

One

Negative square root of
inpatient days

Negative ratio of nonteaching to teaching hospitals

Two

Negative square root of nonmetropolitan to metropolitan
hospitals

Negative Medicare
reimbursement for
prostatectomy

Three

Negative inpatient days
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Four

Negative Int3= (the average number
of inpatient days)*(the Medicare
reimbursement for prostatectomies)

Negative Int28= (the
ratio of metropolitan
to non-metropolitan
hospitals)*(the
proportion of large
hospitals to nonlarge hospitals)

Five

Negative log of inpatient days

Negative ratio of
non-teaching to
teaching hospitals

Conclusions on National Medicare Data for Prostate Cancer:
Several of the variables under consideration have an apparent relationship with the rate of
prostatectomies; however, the r-squares are quite low at nearly 30% explanatory power. The
number of inpatient days seems to have the strongest relation. This variable or one of its different
forms appears in four of the five models. Other variables that are in the model at least once
include the ratio of teaching to non-teaching hospitals, the Medicare reimbursement in the last
two years of life, the ratio of metropolitan to non-metropolitan, and the ratio of hospitals with a
large number of beds to those with a small number of beds. While there are reasons to believe
that these variables have a causal relation (see variable definitions above), the limitations of the
data set make it difficult to conclude that these are actually causal relationships.
Instead, the conclusion is that these variables have a relationship with the rate of
prostatectomies, which implies that there is significant variation depending on the hospital and
community characteristics listed above. Further studies should look at these variables to
determine if a causal relation does indeed exist. Regardless, the implication is that patient
preferences and clinical need are not the sole determinants of the treatment patients receive.
Also, these results suggest that CER could have an important impact if it can clarify the relative
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advantages of the different treatment alternatives. These relationships with hospital type may be
due in part to the fact that research is not conclusive and there is no reason to think that patient
care is better or worse at hospitals that tend to have higher rates of particular treatments like
prostatectomy.
One surprising result was that all the measures of utilization, like inpatient days, had a
negative relationship with the rate of prostatectomies. It would make more sense if hospitals with
such variables would have higher rates of prostatectomies, since this would also indicate greater
utilization. A possible explanation is that hospitals with higher utilization tend to have other
types of active therapy like radiation replacing prostatectomy.
Limitations:
This data set suffers from several limitations that make the conclusions weaker. For one,
the regressions just provide ecological correlations, which tend to exaggerate the effects on the
outcome variable. Ecological correlations refer to the use of averages over groups as individual
observations. Further, because the number of observations was so low (n=31 states), the
regression models could not have more than two variables in them without causing the variables
to become non-significant. Thus, I could not create a comprehensive model. Lastly, this data set
did not have information on patient outcomes. Hospitals that have more inpatient days tend to do
fewer prostatectomies, but this is not necessarily a problem. The health outcomes may be just as
good for patients at other hospitals with alternative treatments. But it is impossible to know
without looking at how patients fare with the different interventions. Further analyses should
examine data sets that include patient level data, patient health outcomes, and more observations.
The next data set helps to rectify some of these limitations.
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Section VIII. Analysis of Intermountain Prostate Cancer Data
To establish an even thorough understanding of
treatment practice associated with prostate cancer I look at
data from Intermountain healthcare. More knowledge
about the results of treatments for prostate cancer would
be useful for the IPAB in promoting CER. Also, this
analysis is a simplification of what researchers study in

Intermountain Healthcare is a
fully integrated delivery system
based in Utah with one facility
in southern Idaho. The health
system operates 24 hospitals,
130 outpatient clinics, and
employs nearly 1,000 physicians
with an additional 2,000+ highly
affiliated physicians. The
system serves nearly 60% of the
2 million Utah residents.

CER studies. Thus, this investigation will demonstrate the relevant considerations for CER
investigations [81].
These records address some of the problems found in the previous analysis. Notably, the
Intermountain data is on the patient-level and has information on health outcomes. With this
information, I can evaluate the clinical benefit of the different treatments and I avoid the problem
of using averages of large groups of people.
A de-identified, patient-level dataset of all patients diagnosed with prostate cancer at an
Intermountain Healthcare facility was created. To evaluate this dataset, I used both logistic and
OLS regression models. Logistic models have an indicator variable as the outcome variable and
produce odds ratios for each of the independent variables. The odds ratio signifies how that
variable affects the likelihood of the outcome variable taking a value of one. An odds ratio of one
suggests that the variable does not impact this probability. But a value of two, for example,
implies that a one unit increase in the independent variable doubles the likelihood that the
outcome variable will be one. Equivalently, an odds ratio of 0.5 means that the probability has
decreased by 50%. An odds ratio is statistically significant if the 95% confidence interval does
not overlap with one.
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Variables:
The variables in this data set encompass patient characteristics, cancer type and grade,
and complications. Descriptions of each variable used in the analysis appear below:
1. PSA recurrence: Indicator variable for whether there is recurrence based on the
Prostate-Specific Antigen test. A value of >0.1 for surgery and surgery + radiation or
an increase of two points over baseline levels for radiation will yield a value of one
for this indicator variable. Watchful waiting does not have a recurrence definition for
this variable. This is one of the outcome variables for a logistic model because the
rate of recurrence is one way of determining if the intervention was successful.
2. Side-effects: Indicator variable for whether there are side-effects for that patient. If
the patient has any of the side-effects, they will have a value of one for the
corresponding indicator variable, and this indicator variable will be one regardless of
how many side-effects the person has. This is another outcome variable for a logistic
model because I can also use this variable to analyze the treatments and estimate how
these treatments affect quality of life.
3. Recurrence: Indicator variable for whether there is recurrence based on the ProstateSpecific Antigen test. A value of >0.1 for surgery and surgery + radiation or an
increase of two for radiation will yield a value of one for this indicator variable.
However, for this variable, I consider watchful waiting to have a ‘recurrence’ if the
change is greater than ten points over the value at diagnosis. PSA values tend to
increase with patient age, but an increase of ten generally will lead physicians to start
active treatment. I am separating this from the previous recurrence variable since I

Savitz 37

created this variable from the data, whereas PSA recurrence was its own variable that
existed before my analysis.
4. Difference: Continuous variable for the difference between the follow-up PSA value
and the initial value at diagnosis. This is an outcome variable and I am including it
because the PSA value serves as a proxy for the severity of the cancer and so changes
in the PSA values will suggest either improvements or worsening of the condition. I
adjusted this variable to account for the fact that the PSA flag for watchful waiting is
an increase of 10 points, while recurrence for radiation is an increase of two points.
So all watchful waiting differences are divided by five. Values for this variable are
only available for radiation treatment and watchful waiting.
5. Age: Age at diagnosis of prostate cancer. This is a control variable in the models,
since age may impact the PSA value and complications.
6. Stage: Cancer stage. There are different stages depending on where in the body the
cancer has spread to and this measure includes four stages. This variable is also a
control variable in the models since how far the cancer has spread may affect the PSA
value and whether there are complications.
7. Diagnostic PSA value: PSA value at admission. This controls for potentially greater
differences in PSA values when the initial value is larger.
8. Primary Gleason: The primary Gleason score measures the pattern of the majority of
the tumor in terms of increasing severity from one to five. This is a control variable
because it evaluates the severity of the condition.
9. Secondary Gleason: The secondary Gleason score measures the pattern of the
minority of the tumor (has to be at least five %) with the same categories as the
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primary Gleason score. The reasoning is also the same for using this variable as a
control.
10. Treatment: Indicator variables for the treatment category. Treatment1 is for radiation,
Treatment2 is for surgery, Treatment3 is for surgery + radiation, and Treatment4 is
for watchful waiting. The treatment types and corresponding number of patients
appear in the table below:
Treatment

Patients

Radiation

459

Surgery

1176

Surgery + Radiation

50

Watchful Waiting

206

11. Insurance: Indicator variables for the insurance provider. I use the indicator for
Medicare because I am researching the implications for Medicare.
12-25. A full set of indicator variables for common side-effects of treatment is tested.
These include:
•

Radiation colitis

•

Anorectal fistula

•

Rectal or anal hemorrhage

•

Rectal or anal disorder

•

Gastrointestinal bleeding

•

Cystitis NOS

•

Bladder fistula
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•

Hemorrhage of the bladder

•

Bladder disorder NOS

•

Hematuria

•

Radiotherapy reaction

•

Stoma formation

•

Surgical repair complication

•

Late-effect radiation

Model one; Logistic Model Using PSA Recurrence:
The first model is a logistic model using PSA recurrence as the outcome variable.
Watchful waiting is not included because the PSA recurrence measure does not apply. I also
excluded radiation + surgery because the low number of patients in this category was causing
absurd estimates.
The first column reports the crude odds ratio, which is a model with the only
independent variable being the indicator variable for the treatment. In this case the crude odds
ratio suggests that surgery has significantly higher odds ratios since the 95% confidence intervals
do not overlap with one. In other words, having surgery increases the likelihood for a PSA
recurrence for the estimate for the crude odds ratio. These results hold over all the sets of
controls. The first set of controls is all relevant variables without regard for whether they are
significant. The second set of controls only includes those that significantly contribute to the
model at the 0.05 significance level. Finally, the last set of controls only includes those variables
that either increase or decrease the odds ratio by 10%, which is the standard measurement for
significance when using logistic models.
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While I reserve the larger implications of these findings for the conclusion section, I
determine that the results provide significant evidence that surgery leads to a higher probability
of PSA recurrence in this sample because the odds ratios for surgery are significant in all four
logistic models considered. Again, odds ratios are significant when the 95% confidence interval
does not overlap with one. Also, there is significant evidence that radiation leads to a lower
probability of recurrence with significant odds ratios in all four cases. It should also be noted that
these are actually two separate models: each row represents the results for using the indicator
variable specific to that treatment. This presentation makes it easier to understand the difference
between the two treatments.
Treatment

Crude
Odds
Ratio

Adj.
Odds
Ratio

Control
Variables

Adj. Odds
Ratio
(Stepwise
sign.
controls)

Stepwise
sign.
Controls

Radiation
16/197=0.081

0.13
(0.070.22)

0.09
(0.050.17)

Cancer Stage,
Primary
Gleason,
Secondary
Gleason, Age,
Insurance

0.09 (0.050.18)

Gleason
Secondary,
Cancer
Stage, Age

Surgery
187/456=0.41

7.86
(4.5613.55)

11.09
(5.7421.42)

Cancer Stage,
Primary
Gleason,
Secondary
Gleason, Age,
Insurance

10.69 (5.5920.41)

Gleason
Secondary,
Cancer
Stage, Age

Odds
Ratio
(10%
odds ratio
sign.
controls)
0.08
(0.040.15)

11.09
(5.7421.42)

10% odds
ratio sign.
Controls

Primary
Gleason,
Secondary
Gleason,
Insurance, and
Age
Cancer Stage,
Primary
Gleason,
Secondary
Gleason,
Insurance, and
Age

Model Two; Logistic Model for Side-Effects:
The second analysis is a logistic model using an indicator for whether there are any sideeffects. It includes all of the treatments in the data set.

Savitz 41

The columns and types of controls in each part are the equivalent as in the previous
model, adjusted for the controls that are actually significant in this model. Radiation serves as the
baseline against which I measure the odds ratios for the other treatments. In the first column the
crude odds ratio is only significant for surgery, with the point estimate being 0.69 and a p-value
of 0.024. None of the adjusted odds ratios are statistically significant, though surgery is close
with a p-value of 0.066. For the adjusted odds ratios with the controls from the stepwise
regression surgery is again statistically significant and yields a p-value of 0.006. Finally, for the
adjusted odds ratios using the controls that alter the odds ratios by 10%, surgery is significant
with a p-value of 0.041.
Given these results, I make the basic conclusion that there is significant evidence that
surgery has an odds ratio below one, which implies that there is a lower probability for sideeffects. Further, there is not statistically significant evidence that surgery + radiation or watchful
waiting alters the likelihood of side-effects.
Treatment

Crude
Odds Ratio

Adj.
Odds
Ratio

Control
Variables

Radiation
65/459=0.14

Baseline

Baseline

Cancer
Stage,
Primary
Gleason,
Secondary
Gleason,
Age,
Insurance

Surgery

0.69 (0.50.95)

.7 (0.481.02)

Cancer
Stage,
Primary
Gleason,
Secondary
Gleason,

120/1176=0.1
0

Adj.
Odds
Ratio
(Stepwise
sign.
controls)
Baseline

0.63
(0.450.87)

Stepwise
sign.
controls

Odds
Ratio
(10% odds
ratio sign.
controls)

10% odds
ratio sign.
Controls

Cancer
Stage

Baseline

Cancer
Stage,
Primary
Gleason,
Secondary
Gleason,
Insurance

Cancer
Stage

0.68 (0.470.98)

Cancer
Stage,
Primary
Gleason,
Secondary
Gleason,
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Age,
Insurance

Insurance

Radiation+
Surgery
10/50=0.2

1.52 (0.723.18)

1.46
(0.623.47)

Cancer
Stage,
Primary
Gleason,
Secondary
Gleason,
Age,
Insurance

1.2 (0.542.7)

Cancer
Stage

1.34 (0.573.13)

Cancer
Stage,
Primary
Gleason,
Secondary
Gleason,
Insurance

Watchful
Waiting
31/206=0.15

1.07 (0.681.71)

1.31
(0.632.73)

Cancer
Stage,
Primary
Gleason,
Secondary
Gleason,
Age,
Insurance

1.08
(0.552.13)

Cancer
Stage

1.31 (0.632.74)

Cancer
Stage,
Primary
Gleason,
Secondary
Gleason,
Insurance

Third Model; OLS Regression on PSA Differences:
The third model is an OLS regression using adjusted PSA differences as the outcome
variable. Again, this variable only takes values for radiation and watchful waiting.
Using a full set of controls, treatment type is a statistically significant coefficient. The
regression includes a full set of controls (age, stage, diagnostic PSA, primary and secondary
Gleason, diagnostic PSA value, and Medicare) and the coefficient takes a value of 12.46 (0.9324). The p-value is 0.034, which is statistically significant at the 0.05 level. From this model, I
determine that there is statistically significant evidence suggesting that watchful waiting has a
relationship with increases in the adjusted PSA-difference. However, the R-squared value was
only 0.11, which is quite low.
I also ran a model using just the statistically significant controls from backward stepwise
selection. This model had cancer stage and diagnostic PSA value as the controls. The coefficient
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on watchful waiting was 17.3 (3.6-31.01) with a statistically significant p-value of 0.014. This
finding provides statistically significant evidence that watchful waiting is associated with larger
differences in PSA values. Further, the R-squared value increases to 0.29, which is an
improvement upon the previous model.
Fourth Model; Logistic Regression for PSA Flag:
The fourth model is a logistic model using a modified measure of recurrence that adds in
watchful waiting by classifying increases of ten points for PSA levels as a ‘recurrence’. I did this
because Mr. Belnap reported that this is the measure that physicians use in the Intermountain
system to determine when watchful waiting patients should undergo active treatment. The
treatments are then compared to each other by their impact on this variable. I excluded surgery +
radiation because it was giving peculiar results due to having so few people in the sample.
The results below show that the odds ratio for surgery is statistically significant across all
four models. At the same time, the odds ratio for watchful waiting is not statistically significant
in any of the four models. Given these findings, I conclude that there is significant evidence that
the true odds ratio for surgery differs from one and that there is not significant evidence that the
odds ratio for watchful waiting differs from one.

Treatment

Crude
Odds
Ratio

Radiation
16/197=0.081

Baseline

Adj. Odds
Ratio

Baseline

Control
Variables

Cancer
Stage,
Primary
Gleason,
Secondary
Gleason,

Adj. Odds
Ratio
(Stepwise
sign.
controls)
Baseline

Stepwise
sign.
controls
Age, Stage,
Secondary
Gleason

Odds
Ratio
(10% odds
ratio sign.
controls)
Baseline

10% odds
ratio sign.
Controls
Cancer
Stage
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Surgery

7.53 (4.36-

187/456=0.41 13)

Watchful
Waiting
9/88=0.10

1.2 (0.512.84)

9.76 (5.0618.02)

1.1 (0.33.98)

Age,
Insurance
Cancer
Stage,
Primary
Gleason,
Secondary
Gleason,
Age,
Insurance
Cancer
Stage,
Primary
Gleason,
Secondary
Gleason,
Age,
Insurance

9.47 (4.9718.03)

Age, Stage,
Secondary
Gleason

7.87 (4.3814.14)

Cancer
Stage

1 (0.283.57)

Age, Stage,
Secondary
Gleason

1.12 (0.353.56)

Cancer
Stage

Discussion of Analysis:
The primary conclusion from this data set is that watchful waiting compares well to the
other treatments. There is not significant evidence that watchful waiting has a relationship with a
greater likelihood of having side-effects over this time period. In this case, side-effects are a
measure of quality of life, so the implication is that watchful waiting does not result in
significantly worse outcomes for quality of life as measured by this proxy. Further, watchful
waiting does not have a higher likelihood of requiring a change to a different treatment category
over this time period. Though, watchful waiting does have a relationship with higher adjusted
PSA values than radiation therapy. However, this measure may not be a meaningful one. Given
this information, there does not appear to be significant evidence that watchful waiting is worse
than these other treatments. However, the lack of decrease in the probability of side-effects is
notable. One of the reasons someone might choose watchful waiting is because they would not
occur the increased probability of side-effects from active treatment. This finding may have to do
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with limitations of side-effects as a measure for quality of life, which I address in the limitations
section.
Also, surgery has two statistically significant relationships. It has an association with an
increased probability of recurrence and a lower likelihood of having side-effects. Given that one
of these effects is a good outcome and one is a poor outcome, I cannot determine whether
surgery appears to be a better or worse treatment option than the others. These factors should be
part of the patient and physicians’ considerations for when the patient will undergo some form of
treatment for prostate cancer.
The limitations below do weaken these conclusions considerably. Therefore, I take these
findings as evidence towards relationships that would require further substantiation before
presenting them to guide policy or practice.
Limitations for this Analysis:
The main weakness for this analysis, that is pertinent for all models, is external validity.
One issue is that Intermountain is a distinctive health system that is a national leader in terms of
efficiency and quality of care. Also, there may be a particular physician culture or ability at this
delivery system that separates it from many other systems of care. Intermountain is located in
Utah, which may have different health behaviors that affect prostate cancer treatment adherence.
Thus, some assumptions need to be made to extrapolate from what happens in a population
treated at Intermountain to what happens in other health system across the United States [82].
Also, the fact that the treatments were not randomized suggests a potential problem with
selection bias. I did control for several variables that may influence severity, but it is possible
that there are unobservable factors that impact the relative success of the different treatments.
For instance, I only had BMI figures for a minority of patients so I could not use it as a control
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variable. Also, other co-morbidities like diabetes or high blood pressure would be useful controls
that I lacked.
For the first model, I assume that the PSA recurrence values that Intermountain chooses
accurately measure equivalent failure of the treatment. That is to say that comparing the
proportion of PSA recurrence for radiation vs. surgery is a fair comparison to make. It is possible
that PSA recurrence for radiation is worse in terms of health than recurrence for surgery. There
may also be more concern with recurrence for one of the treatments, so the threshold is
intentionally set low. In such cases, this comparison would not be legitimate. It is probably that
these issues play a role, but that for the most part recurrence serves as good evaluator of
treatment success. PSA recurrence is an indication that prior treatment has failed and results in a
re-evaluation of the patient’s condition and potentially leads to further cancer treatment. This is
an important factor that influences patient management and can potentially affect outcomes.
However, a PSA recurrence is an intermediate outcome and does not necessarily translate to
decreased patient survival [83].
The major concern for the second model is how equivalent different side-effects are. I
assume that someone with GI bleeding and someone with a bladder disorder are equivalent and
that people with two side-effects suffer as much as someone with one. These assumptions are
necessary to compare treatments using an indicator variable for whether someone has any sideeffect(s) or no side-effects. It is likely that the different side-effects influence quality of life to
greater or lesser degrees and that two side-effects would be worse than just one (though very few
patients in the sample had two or more side-effects). Still, this measure does approximate quality
of life differences since the biggest difference will be between people who have no side-effects
at all and those who have at least one.
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The main issue with the third model is the outcome variable, adjusted difference in PSA
scores. One concern is about whether dividing the difference for watchful waiting by five makes
the two variables equivalent. This makes some sense given the thresholds physicians use, but
may not mean these differences are comparable across different treatments. Finally, PSA scores
are not a perfect measure for severity as I mention with the first model. People may have worse
prostate cancer that does not raise their PSA scores to abnormal levels [83]. However, these are
in the minority of cases. Also, there may be more variables that contribute significantly to the
model, but the statistical power seemed particularly low, with only one of the controls being
statistically significant.
Model four has the same issues as the previous model and the first model since it is using
the recurrence rate from the first model and a ‘recurrence’ for watchful waiting using differences
in PSA value of ten or greater.

Section IX. Case Study on NICE
The next two sections are qualitative analyses of organizations that used CER or other
types of research as a basis for policy decisions. These two case studies provide lessons for what
the IPAB should do in its effort to promote CER and what limitations it would likely face.
The role of the National Institute for Clinical Excellence (NICE) in the National Health
Service (NHS) provides additional guidance for how a similar organization could operate in the
United States. The NHS is the health system in the United Kingdom, government financed, and
covers all citizens. NICE is a separate organization and part of its purpose is to review new
drugs, technologies, and interventions to determine whether the NHS in England and Wales
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should cover them. The legislature then votes on proposed changes, though they very rarely vote
against the recommendation of NICE [84].
NICE considers economic, clinical, and societal values to make its recommendations.
The clinical evidence usually consists of research comparing the clinical benefits of what is
under consideration against existing treatments if there are any. The economic evaluation
primarily relates to the CER for conditions with cost-effectiveness [85, 86]. The last major
consideration is of societal values like equality and fairness. NICE could alter their evaluation
depending on the populations that stand to benefit or lose from the proposed drug, intervention,
or technology [17]. For example, if a drug would primarily benefit a group of the population that
is impoverished, NICE may take their socioeconomic status into consideration when formulating
their decision to promote more equality.
CER with cost-effectiveness is one of the main tools that NICE uses to evaluate
treatments. Cost-effectiveness incorporates the costs in the numerator and the benefits in the
denominator. The costs and benefits come from an economic evaluation of health interventions.
Typically, studies report the cost-effectiveness ratio in terms of the cost per quality adjusted life
years (QALYs) [17, 85]. Officially NICE does not have a strict cutoff for the cost-effectiveness
necessary for approving a treatment. This makes sense given that NICE considers other values
besides cost-effectiveness like equality and fairness [17]. However, observation of the treatments
that NICE rejects suggests that there is a general threshold that holds in most cases. This
threshold ranges from 20,000-30,000 pounds per QALY (currently about $31,000-46,000) [87].
Protest against their recommendations is a major problem for NICE. For instance, when
NICE denied an expensive kidney cancer drug, Sutent, in August 2008, a political backlash
resulted. This drug had a best-case, incremental cost-effectiveness ratio of $139,800-
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335,000/QALY [88]. Oncologists voiced criticisms and ordinary citizens expressed displeasure
with the ruling. NICE responded by creating a new policy that allowed approval for new lifesaving drugs that would be applicable for fewer than 7,000 patients per year. This change
allowed the approval of Sutent, among other drugs, and thus avoided some controversy [89].
NICE officially approved Sutent on March 26th, 2009 [90]. However, this act appears
inconsistent since NICE does not approve other drugs with that high of a cost-effectiveness ratio
in most other situations. Also, NICE cannot elude controversy for drugs and other forms of
treatment that apply to significantly larger portions of the population [89].
Another issue for NICE is criticisms of their methodology for determining
recommendations. One common charge is that there are faults with the studies that NICE
considers. Given that NICE uses cost-effectiveness as its main criterion, slight changes in either
the costs or benefits of the treatment could change whether it falls within or over the loose
threshold. Critics claim that it is, thus, somewhat arbitrary to accept or reject treatments when
there is so much uncertainty about the evaluation [85]. Others point out that there are systematic
biases that lead to greater rejection in some areas, like cancer treatment [89]. This means that
NICE has to be especially careful to only consider studies that use appropriate methodology so
there is a much certainty as possible from the findings and opponents have less material for
criticism.
There are enough similarities between this case and the IPAB to justify using it as an
example for how to operate. Both entities have as their purpose the limitation of treatment to
promote value in their health systems using CER. Also, I am examining how the IPAB would
apply to Medicare, which is a government funded health program, and the NHS is also a
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government funded program. Finally, both organizations must have their respective legislative
bodies approve their recommendations [9, 84].
Though it is important to note that while the broad objectives and the role of these
organizations are the same, there are important differences that limit this comparison. The
specifics of the Medicare and the NHS are not exactly alike. For example, culture regarding
healthcare differs greatly between the countries. People in the UK appear to have a greater
acceptance of rationing than in the United States, or at least rationing by cost-effectiveness [91].
Thus, NICE likely has more support for limiting care using cost-effectiveness as the main
criterion than the IPAB would have. There are also differences in how the health care systems
operate. Medicare applies to only elderly (at least age 65) and the permanently disabled [92],
while the NHS covers all citizens [93]. Thus, the recommendations of NICE affect the entire
population, while IPAB will only impact this subset. These limitations suggest that it would be
unfeasible for the IPAB to simply copy NICE. They are operating in different contexts, so the
role of IPAB needs to be specific to its unique context. Though, the similarities are sufficient to
provide lessons that inform the IPAB about how it can perform its role.
One lesson from the NICE example is the need for accurate information. This lesson is
also present in the Oregon Medicaid example presented below. Limitation of care is
controversial, and critics will be looking for any faults in the research. The IPAB should be
selective in the studies they utilize so that critics will have less to find fault with. This may imply
that the IPAB will have to refrain from making recommendations on treatments that do not have
extensive and/or high quality research. This in turn could limit the role of the IPAB, but it would
have legitimacy for the treatments that did have sufficient evidence on which to make
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recommendations. This will require a replicable basis for determining study quality and a
threshold for evidence sufficiency that goes beyond current grade standards.
Another lesson from NICE is that there will be cases where denial of treatment conflicts
with public sentiment. The case of Sutent in the UK is just one of many times where there has
been an outcry from those who stand to benefit from a rejected treatment [89]. This issue is
difficult to combat since stories about people suffering because they do not receive treatment are
often more compelling than the argument that covering such treatments does not make sense for
budgetary, health, and economic reasons. In this example, the NHS gave in to public sentiment.
This is not a problem if it is a sporadic event, but in general the limitation of care cannot be
effective if the NHS yields to public demand every time because it will have implications for
credibility and resource allocation. Likewise, for the IPAB to have an actual effect, it must be
able to make recommendations and not have them nullified simply because the public sentiment
is not in accordance.
The last lesson is that engaging the public generates support for a program. NICE has
been open with the information it uses to make decisions. Anyone can access the research and
recommendations NICE makes on its web page [84]. However, some critics maintain that NICE
does not release all of the economic information they use to make their recommendations.
Citizens in England and Wales want greater transparency and would trust the organization more
when they perceive their recommendations as having a secure basis [94]. NICE also has an
advisory board composed of ordinary citizens that can influence recommendations [17]. When
considering how the IPAB should operate, the desire for transparency and input from ordinary
citizens is relevant. American citizens will likely want these same conditions and will express
more support of the organization if it realizes them.
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Section X. Case Study on the Oregon Medicaid System
The Oregon Medicaid experiment is a useful example of the limitation of services by a
government health care program in the U.S. The lessons from this policy help inform the kind of
role that IPAB can achieve. The advantage that this case study has over the NICE example is that
it does a better job of addressing how Americans would respond to the IPAB limiting treatments.
Though, the Oregon Medicaid system did not directly use CER to make decisions. However, this
concern does not weaken the findings significantly because Oregon was still using a similar
method for making its decisions.
The Oregon Medicaid experiment originated over concerns about policies resulting in the
denial of care. Specifically, people worried over the unwillingness of the Oregon Medicaid
system to cover a bone marrow transplant for a child in 1987. The Oregon legislature decided not
to cover this treatment and they did so without fully considering cost-effectiveness literature.
This case was part of the reason that the Oregon government created a more systematic approach
to make decisions on which treatments to cover [95].
Further, legislators wanted to cut costs to the Medicaid program that was an increasing
burden to the state. The traditional means of limiting costs in Medicaid are reducing the number
of people that qualify for benefits and reducing the reimbursements to doctors. However,
excluding individuals limits their access and so does the fact that fewer doctors accept Medicaid
patients when the reimbursement rate decreases [95, 96]. Oregon did increase the number of
Medicaid beneficiaries by 120,000 and decided to reduce expenditures by limiting the number of
treatments that would be covered services [95].
The legislature tasked the Oregon Health Services Commission (HSC) to determine the
treatment priorities. The HSC created a priority list of condition-treatment pairs by incorporating
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cost, improvement in quality of life, and the number of years that improvement would last. An
example of a condition treatment pair is prostatectomy and prostate cancer. Coverage of
prostatectomy for prostate cancer does not guarantee coverage of other treatments for prostate
cancer. The HSC consulted citizens in the process of determining improvements in quality of
life. However, the original ranking led to illogical conclusions about how certain conditiontreatment pairs compared to each other [95]. Subsequent rankings relied less on cost data and
more on five year survival [97]. Once the HSC created the priority list, the legislature would
determine how many of the listed treatments they would cover. The legislature had to follow the
rankings when making decisions [95].
The reason the findings from the Oregon Medicaid example are applicable to the IPAB is
that they deal with government-run health programs in the United States. Also, in both cases,
limitation of treatments through scientific research plays a significant role. Again, these
methodologies for determining which treatments to cover differed from CER in that they were
comparing all treatments together and the Medicaid program serves poor Americans, who may
have less political power than the elderly on Medicare. But, these similarities are sufficient to
justify using the Oregon example to inform what strategies may work for the IPAB.
The first lesson is the importance of having accurate and consistent information. There
was criticism against the original priority list with the illogical ranking order for some
treatments. The reason for these puzzling conclusions was the inaccuracy of the information
Oregon officials used to create the priority list and their particular way of making calculations.
Their data approximations and methodology differed greatly from economic evaluations from
the rest of the U.S. as a result. For instance, the original list did not discount future costs and the
costs estimates were poor. Also, their measure of five year survival rate did not take into account
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the difference between dying immediately and dying four years after treatment. One response by
Oregon was to de-emphasize cost considerations as a criterion for later priority lists and instead
focus on survival [98].
To avoid this problem, the IPAB would need to ensure that the CER studies they consider
represent high quality research. The IPAB is in a politically precarious situation, and the use of
faulty information would severely damage the organization’s reputation. Also, IPAB will need to
make certain to have appropriate methodologies for calculating cost-effectiveness or comparative
effectiveness for each study. For example, they should have good estimates of costs, discount
future costs and benefits, and use a better health outcome than five year survival rates (ideally
they would use QALYs). Otherwise there will be discrepancies, like between data and the
national data.
This case suggests that rationing on the basis of health outcomes with a secondary focus
on costs can be politically feasible. Oregon started heavily emphasizing increases in five-year
survival rates for the 1992-1994 priority lists and this factor was the most important measure for
determining the position on the list [96, 98]. Even though using five-year survival rates is a poor
outcome measure because it does not take the quality of life during those years into account, it
implies that health improvements are the main consideration during those years. The adjustments
that board members made only came as the last step in the process, though they still had a
notable effect. This suggests that as long as the IPAB only considers QALYs in their CER
studies or at least holds them as its primary concern with costs being secondary it could maintain
public support as was the case in Oregon. Though, the federal government had problems with the
devaluing of disable people in the rankings and Oregon had to adjust their methods accordingly
[98]. This would interfere with CER because these studies often compare treatments using
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QALYs, which treat the disabled as having lower QALY values per year of life than nondisabled people.
The rankings on the priority list had weak relationships with cost-effectiveness Oregon.
This makes sense given that cost considerations only came in with the adjustments by board
members and flaws in the outcome measure of five year survival. The correlation between costeffectiveness data and the treatment rankings for the priority lists from the years 1992-1994 was
positive, meaning that the least cost-effective treatments were more likely to be lower on the list.
However, this relationship was not very strong, with correlations less than 0.4. [98]. Thus, if the
IPAB makes cost-effectiveness a secondary consideration they could expect this factor to still
make a moderate impact. Further, this relationship did not cause public support to waver.
Though, the Oregon example likely represents an overestimate of what the IPAB could
feasibly implement. It was not a coincidence that Oregon was the one state that chose this unique
method for running their Medicaid program. Instead, it suggests that residents of Oregon have
values that are conducive to such a program, whereas citizens of many of the other states lack
these values. Since the IPAB would be making national decisions, they would have to be
acceptable to people that may not share the same views as the average person in Oregon during
this time period. Also, the program actually increased benefits for many conditions from what
they were prior to the change to Medicaid [96, 99]. This made it easier for the plan to obtain
public support because they did not have to make significant denials of care. Thus, these results
may only extend towards the IPAB making decisions that do not amount to serious denials of
care.
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Section XI. Health Polling Results
Health polling data provides additional information on how the public would likely react
to potential policy changes related to IPAB and CER. These findings build upon the feasibility
considerations I ascertained from the case studies.
My search for polling information relevant to the topic on the Kaiser Family Foundation
database yielded only twelve polls. These polls did not directly mention CER, though they
indirectly approached the subject. Thus, the results from these polls relate to general views the
public has on CER and the government’s role in promoting it.
While these polls suggest that people want there to be better ways of determining the
best treatment, they appear wary of the government using this data for policy purposes. In a poll
about how much people would trust a federally appointed panel of independent experts that make
recommendations on which treatments not to cover, 10% of people would trust this organization
greatly, 31% a fair amount, 32% not at all [100]. It would be difficult for such an organization to
operate if so many people did not trust its recommendations at all. Another question from the
same poll asks the same question without the federal government appointing these experts, and
in this case 11% trust the organization a great deal, 44% a fair amount, and 22% not at all.
Further, people asked about whether they would support creation of such an organization
reported 66% strongly or somewhat in favor and only 31% strongly or somewhat opposed.
[100]. So the extent of government involvement decreases the level of trust people have in such
an organization. With the new health care legislation in particular, people have had suspicions
about the government’s motives. For example, more people believe that the new health care
legislation would allow a government panel to make decisions for Medicare beneficiaries’ end of
life care, which the law does not permit [101].
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While respondents may consider an independent body making coverage decisions
acceptable, people still question the role of science. In a poll on whether there is usually clear
scientific evidence on the best treatment for a given situation, only 23% of people answered
affirmatively compared with 72% believing that the scientific evidence is not always clear [100].
The wording of this poll does appear misleading since the negative response claims that the
scientific evidence is not always clear, which does not mean that the evidence does not provide
clarity most of the time. Though, the overwhelming support for the latter option suggests that
people believe that the current research does not yield sufficient evidence to determine the best
treatment in most cases. This result does not necessarily indicate that research will never deliver
sufficient evidence to make these determinations. Perhaps there needs to be more comprehensive
studies of treatment options before people would believe that the scientific evidence is clear. The
literature search on CER did imply that many holes still exist owing to a lack of studies in
particular areas. Also, another poll finds that 54% of respondents report that their physicians
point to research evidence when justifying their decisions [100]. This implies that evidence
matters to both physicians and to the patients they treat.
In summary, relevant, identified health polls suggest public values relating to CER and
the IPAB. People also seem open to an independent organization not associated with the
government making coverage decisions, while they would have misgivings about the
government making these decisions. They also have uncertainty on how much CER can tell us
about the advantages of certain treatments.
Limitations:
The strength of these conclusions depends greatly on how these polls were conducted.
There are several potential limitations that could limit these conclusions. While they all use
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random sampling, the wording of the questions may bias respondents towards certain answers.
Also, not everyone has a phone and timing of the calls may eliminate important subpopulations
(i.e., day vs. evening or weekday vs. weekend). Confirmation of these results with different
wordings would help their credibility. Further, these polls do not directly ask questions about
IPAB and its potential use of CER. I had to assume that the sentiments would also apply in that
case.

Section XII: Conclusion and Policy Recommendations
In this section, I synthesize my findings to answer my original research question on how
the IPAB can promote CER within the Medicare system. First, I explain the primary conclusions
I reached from my threefold research. My conclusions address how treatment practices relate to
the CER literature and what the case studies and health polling data tells us about political
feasibility. Next, I discuss the implications of these conclusions on policy. Specifically, I address
requirements for how the IPAB will need to operate so that it can maintain public acceptance and
policymaker support. Third, I detail three potential roles for the IPAB in the promotion of CER
for Medicare and what the advantages and disadvantages are for each option.
Conclusions from Empirical Section
I reach the following conclusions from my empirical section: 1) variables other than
patient preferences and clinical need have associations with treatment decisions, 2) the exact
effects of even well-researched treatments are uncertain, 3) Intermountain results do not indicate
that watchful waiting results have significantly worse outcomes for prostate cancer treatment, 4)
Americans would likely resist government attempts to limit Medicare benefits, and 5) Medicare
payments often do not incentivize treatments in accordance with comparative- and cost-
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effectiveness data for coverage decisions. I explain each of these conclusions in greater detail
and provide justification for each of them below.
Conclusion One:
The first conclusion is that there are indirect decision-making factors affecting selection
of treatment. To make this conclusion, I purport that the ideal way for determining treatments
involves patients and physicians deciding the best course of treatment given the patient’s clinical
need, social circumstances, and personal preferences. If physicians’ practice systematically
differs from the CER literature for particular conditions and there is no reason that patient
preferences would drive this change, then this suggests that an indirect or factor external to the
patient-provider decision making interaction influences treatment decisions.
I found that factors other than clinical need and patient preferences play a role in the
treatment decision. One such example is off-label use of DES, which accounts for a greater
proportion of stents than on-label stents. In such cases, there is insufficient evidence showing a
clinical advantage for DES [52]. Most likely, patients and physicians extrapolate from the
findings for on-label use. In such cases, physicians are probably either misinterpreting the
evidence by applying it to off-label use. Such treatment would improve if physicians consider the
appropriate CER for the treatment in question. Physicians can provide patients with more
accurate pros and cons of the procedures which they are choosing in a shared decision making
model.
I also determine that non-evidence based factors affect physician treatment of kneearthroscopy. The higher rate of TKA suggests that Medicare payments or physician bias may be
important factors for treatment choice [61]. The studies in my CER article review suggest that
UKA is preferable in many ways to TKA and some studies report UKA as having a greater
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improvement in QALYs [57-60]. One potential explanation is that the increased Medicare
payment rate for TKAs bias doctors towards this treatment. Physicians may also be unwilling to
change their treatment practice because they have done TKAs in the past and are resistant to
change. Several studies suggest that physicians resist altering their behavior even in light of new
evidence [102, 103]. If either of these accounts is true, then there are extraneous issues that
clearly influence treatment decisions.
I also conclude that the review of CER for prostate cancer also indicates indirect
variables affecting treatment The data from my prostate cancer analysis shows the most extreme
variation in treatment patterns [64]. However, variation is not a problem if patient preferences or
clinical need differs greatly across hospitals and has a high correlation with these treatment
differences. However, the distribution of patients with such extremely different needs and
preferences does not suggest such a relationship. No explanation can account for why patients in
some hospitals do not consider watchful waiting as an option and perceive it as a viable option at
another facility without reference to a factor besides preferences and clinical need. It is likely
that physicians at different hospitals have a culture that favors certain treatments over others. For
instance, physicians at a particular hospital may not believe that watchful waiting is a suitable
option for treatment. In such cases, patients make their choices based on their physicians’
recommendations and the information they present, which may also have been censored and,
therefore, be biased.
I determine that the nationwide dataset on prostatectomies further suggests that
seemingly unrelated hospital characteristics affect treatment. The specific variables that had a
statistically significant relationship with the rate of prostatectomies include total inpatient days,
the ratio of non-teaching to teaching hospitals in a region, the Medicare reimbursement payment
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for the last two years of life, the ratio of non-metropolitan to metropolitan hospitals, and the
proportion of hospitals with a large number of beds. The significance of these variables suggests
that patient preferences and clinical need are not the sole drivers of treatments with external
factors to the doctor-patient relationship having an influence on treatment course. That is, the
hospital culture may promote prostatectomies depending on whether or not it has the
characteristics noted above even without differences in patient attitudes and clinical need.
Conclusion Two:
I find that much uncertainty exists in the CER literature for all the conditions reviewed.
After each systematic search, I noted key areas for further study. For example, the long-term
impact of the different types of stents on late-thrombosis is not fully understood [51]. Most
studies ended too early to obtain accurate, long-term results. Also, some ambiguity remains on
the extent of the relative advantages of UKA as compared to TKA when both are viable
treatment options [57-60]. The ultimate decision may rest on the patients’ preferences, but more
clarity would help patients determine which treatment they actually prefer. The most uncertainty
I noted was for prostate cancer treatment, as I mention in the first conclusion. The best practice
guidelines also expressed the lack of clarity in picking among several options without any one
being superior [79, 80]. And the extreme variation in treatment practice implies an arbitrary
nature of choice among treatments [64]. Better results on the long-term effects of watchful
waiting, in particular, could decrease the large gap in treatment variation if all hospitals
recognized watchful waiting as a legitimate treatment option in low-risk cases.
The need for organizations investigating CER to produce or encourage additional
research suggests the current literature does not cover all treatments well enough for certainty.
NICE conducts many of its own studies because of gaps in the literature where comprehensive
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findings are unavailable [104]. Also, the Institute of Medicine (IOM) created a report
highlighting the top 100 areas where further CER would help inform treatment decisions.
Though, half of this list details aspects of the delivery system. Nevertheless, the IOM could have
listed many more conditions that could benefit from CER [105].
Conclusion Three:
I find that watchful waiting does not appear to be significantly detrimental to patients’
health in the Intermountain sample. These results serve as a basic CER study. Therefore, the
findings do have contributory value for adding to my results from the literature search on
prostate cancer. Further, they show the limitations that CER has.
Watchful waiting did not have a statistically significant odds ratio for developing sideeffects or a statistically significant odds ratio for requiring active treatment compared to
recurrence for other treatments. These results suggest that for the period that this data set covers
in a single integrated delivery system, watchful waiting does not lead to either increased odds of
developing side-effects or odds of requiring additional treatment. However, the coefficient for
the adjusted difference in PSA value was statistically significant, which implies that watchful
waiting leads to a significant increase in PSA values. The importance of this measure depends on
the how well PSA value predicts the progression of the cancer and whether the adjustment is
appropriate. While these conclusions need confirmation with more expansive and long-term
studies to address validity concerns, they still present meaningful suggestions of how further
studies may contribute to our knowledge base.
Additionally, this study demonstrates common concerns and weaknesses with CER
research. One of the limitations was that the study did not cover a sufficiently long time period.
While the treatment for prostatectomy may be more effective in the short-term, the long-term
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results may not support this finding. I also observed this problem in my review of the literature.
For example, the issue with late-thrombosis for heart stents [51]. More long-term studies need to
be conducted/funded to overcome this observed limitation in CER studies.
Conclusion Four:
I determine using CER with cost-effectiveness would probably generate resistance
against the IPAB. In both the case study on NICE and, to a lesser extent, the Oregon Medicaid
experiment, opposition against these programs occurred because of policies that restricted
service solely on the basis of CER or similar measurements [85, 89, 90, 95-98]. In particular, the
longstanding resistance to the use of cost-effectiveness in making coverage decisions in
Medicare may be difficult to overcome, which the introduction details [19, 91]. Oregon had to
weaken their attempts at using cost-effectiveness information and instead moved towards using
five year survival rates with costs only coming in at the last stage of ranking the treatments [98].
The rankings did have weak to moderate relationships with cost-effectiveness, suggesting that
cost-effectiveness could still inform decisions that IPAB makes. Given that public attitudes
towards cost-effectiveness in medicine appear low in across the U.S. [19, 91], cost-effectiveness
would probably have a limited role similar to the latter years of the Oregon Medicaid system.
Using cost-effectiveness in this way would contrast with the key function that economic
evaluations have in NICE’s decision-making process [85, 87]. However, this difference reflects
greater societal acceptance of rationing through CER with cost-effectiveness in the U.K. [91].
Conclusion Five:
I find that that Medicare payment incentives are often inconsistent with the CER
evidence. The main problem is that Medicare reimbursement sometimes incentivizes physicians
to choose certain treatments that may not provide better outcomes [78]. These situations are
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especially problematic when treatments that the payment rates incentivize are actually more
expensive than the alternatives. If cheaper treatments could lead to the same health outcomes,
less expensive treatment alternatives with similar or better outcomes would be preferable
because of the savings in costs to the covered population.
All three conditions had evidence where the literature base did not conclusively prove
that a more expensive treatment would significantly improve health outcomes. For heart stents,
DES for off-label use did not necessarily result in better health outcomes even though it costs
more than BMS [52]. Further, in cases where UKA and TKA both would work, no conclusive
evidence shows that one is significantly better across all health measures [57-60]. The
reimbursement rate is higher for TKA, which likely induces physicians to do more TKAs than
they would if the rates were similar [58]. Finally, doctors receive larger reimbursements for
treatments like robotic prostatectomy and IMRT radiation, despite lack of evidence
demonstrating improved health outcomes over cheaper alternatives [70, 78]. Also, once
physicians purchase a new technology, they have pressure to over utilize it to recover for the
initial investment costs [70, 71, 106]. In all these cases, physicians likely face financial
incentives to choose one treatment over another despite lack of convincing CER showing
improved outcomes from the more expensive treatments.
Policy Recommendations:
In this section, I present policy recommendations based on the conclusions I presented in
the previous section. These proposals consist of actions that IPAB could take given the current
state of CER in the U.S. That is, with these recommendations, I answer the part of the research
question relating to how the IPAB can promote CER given the state of CER and available,
relevant examples. The first set of recommendations detail steps the IPAB would need to take no
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matter what roles it plans; I refer to these as requirements since failing to fulfill them would
undermine the IPAB’s ability to encourage the adoption of CER evidence in policy and practice.
Requirement One:
I determine that the IPAB would need to have balanced criteria, monitoring data, and a
process for incorporating CER evidence that are open to the public and faultless. Not doing so
would lead to even greater controversy. As mentioned as part of the fourth conclusion, the IPAB
will likely encounter resistance if it starts having a notable influence on policy. Although some
resistance to overt rationing of care (as dictated by application of CER results) will occur no
matter what, the critics will have a much better argument if they can point out flaws in the
process or approaches to synthesizing the information. If they use a study they did not perform,
they need to make sure it is representative of the population they are examining and that the
study does not have serious validity concerns. Further, the IPAB need to make sure their
approach to gathering and interpreting evidence is sound. Oregon faced much of their initial
difficulty because their first methods for calculating the measures for each treatment relied on
poor/inadequate data and an inappropriate methodological approach for evaluating the different
treatment-condition pairs [98]. Also, NICE has its own detractors, but it has maintained adequate
support for their role by focusing on having a well-designed methodology for synthesizing and
interpreting results and only using thoroughly investigated studies. NICE also makes its
recommendations publicly, so that anyone has access to this information [85, 86, 104, 107].
Thus, NICE’s openness and their sound methodological approach to data synthesis and drawing
conclusions checks public resistance and provides a rationale for its decisions.
Requirement Two:
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I conclude that the policy applications of CER need to primarily focus on the clinical
benefit with only a secondary consideration of cost-effectiveness. This relates to the second
conclusion in that emphasis on cost-effectiveness would likely lead to protest and would lack
political feasibility. Further, talk of CER in the US in the policy context traditionally leaves out
the cost-effectiveness criterion [108]. While the U.S. may develop more positive attitudes
towards cost-effectiveness in the future, the current atmosphere is not conducive in the public
sector. However, cost-effectiveness could have a minor, yet influential, role in the IPAB. For
instance, IPAB could encourage the inclusion of cost-effectiveness in the discussions of CER
without using it in actual coverage decisions. Such recognition would likely make the
information more available to patients and physicians as they make treatment decisions. This
availability would influence some patients and physicians to include cost-effectiveness as part of
their individual decision-making process. Such information may also be used by health care
delivery systems incentivized to improve efficiency and add value in the face of increasing
health care costs.
Requirement Three:
I also find that the IPAB should encourage CER to address limitations in literature. This
requirement addresses the second, third, and fifth conclusions. Specifically, more CER would
help reduce the uncertainty detailed in the second conclusion for the benefits and costs of each
treatment. CER evidence will improve the ability of patients and physicians to make informed
decisions. Further, such information would help policymakers if they were to actually make
coverage decisions using the CER information. One specific treatment option that would benefit
from more research is watchful waiting. Specifically, further research on the long-term impacts
of condition-specific watchful waiting and in settings other than at Intermountain would help
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patients, physicians, and policymakers make decisions about watchful waiting as an option for
prostate cancer, in particular. Also, more CER would help clarify when Medicare
reimbursements do not correspond well to making all treatments equally attractive for
physicians. This would also help policymakers that would want to correct these problematic
incentives.
One concern that IPAB should consider when satisfying this requirement is that the
studies do cost a non-trivial amount of money. From a governmental or societal-perspective, it
may not make sense to research certain conditions if the benefits from increased certainty do not
outweigh the costs to perform the study. For this reason the ARRA required the IOM to establish
national priorities for CER so that such research investments can be targeted to meet gaps in our
knowledge [2].
Roles for the IPAB:
I consider the three most probable roles that the IPAB could take. Each of these roles
accord with the conclusions and requirements regarding the use of CER that I determined earlier.
The reason for discussing these roles is that they further answer the question of how the IPAB
can incorporate CER into the Medicare system. Specifically, this explanation provides the roles
that the IPAB may use to promote CER. I will outline these different roles and briefly discuss the
advantages and disadvantages of each.
First Role: Alters Payment Rates and Influences Coverage Decisions
In this role, the IPAB could influence Medicare payment rates and the treatments
Medicare covers to promote the use of CER rather than enacting across the board payment cuts
that would ultimate limit access of beneficiaries, IPAB could use CER evidence to better allocate
resources—not paying for treatments that comparatively do not improve quality or those
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currently covered that actually cause harm and/or have no effect on patient outcomes. IPAB
would, thus, issue recommendations in a manner similar to NICE. However, these
recommendations would likely focus on the comparative clinical benefit of treatments instead of
the cost-effectiveness given the observations I made around limitations based on costeffectiveness (conclusion four and requirement two).
The IPAB could recommend no longer covering treatments that CER evidence shows to
have worse outcomes or change the payment rate to discourage such options. Further, the IPAB
could address situations where two treatments provide the same benefit, but one treatment costs
more than the other. They could recommend that Medicare not cover the more expensive
treatment, they could alter the payment rate so that physicians would not have an incentive to
choose the more expensive treatment, or they could require excess costs be out-of-pocket for the
patients. Limiting the role that incentives have on treatment of patients would address the
concern I have in the second conclusion that inappropriate factors affect treatment decisions.
After IPAB makes these recommendations, Congress would then have to vote them into effect so
that ultimate control still rests with elected officials similar to the way NICE operates.
The main advantage of this role would be the extent of impact that it would have on the
Medicare system. It makes sense that pricing incentives would greatly influence physicians to
adopt treatments in accordance with CER and this finding has support in the literature [109].
Further, it also seems logical that patients would react to price incentives, which also has backing
in the literature [110, 111]. Therefore, this option would best address the concern with lack of
accordance between Medicare payment rates and the CER literature I note in conclusion five.
The disadvantages of this role relate to political feasibility. Making significant changes to
the payment rates would likely meet resistance from physicians, who stand to lose money. Also,
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patients and physicians do not want limitations on care, as mentioned in the second conclusion.
People would likely resent such forceful promotion of CER and physicians would want all
options available to choose from, not just the ones that CER finds acceptable.
Given these considerations, if IPAB came to embody this role, they would have to limit
how forceful their changes would be in the promotion of CER. Due to the magnitude of actually
altering Medicare reimbursement, this remains the most politically infeasible of the options I
consider. Such an option would likely only work under a very favorable political climate that
does not currently exist.
Role Two: Clinical Decision Support
The second potential role I consider is for IPAB as a promoter of Clinical Decision
Support System (CDSS), which in turn encourages CER. CDSS refers support systems that allow
physicians to work with a computer system to guide the diagnostic process and suggest possible
treatments given the patient’s condition and clinical need [112-115]. The specific CDSS that
IPAB would support could then offer an interactive system for patients determining which
treatment is most appropriate. The system would offer information on the relevant treatments and
vignettes that can help patients by making the information seem more personal, supporting
shared decision making. Just presenting patients with information would not fully address their
emotional needs. Then, given their physician’s advice and their decisions that the CDSS elicits,
they can settle on a course of treatment.
The advantages of such a system would be that it preserves and, in fact, enhances the
patient’s ability to voice their preferences. Dr. Brent James, M.D., M. Stat., a policy expert who
has testified before Congress on multiple occasions, identified such a system as one of the two
most likely roles that the IPAB could feasibly achieve [116]. Physicians would still have
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significant control and would give their full input to the patients. But, the patients also have
access to a system that can incorporate the most up to date treatment information and would not
have biases related to financial incentives. This system would also limit the impact that
extraneous factors have on treatment decisions that I mention in conclusion two. Therefore, this
option would probably not incur the public disapproval that I discuss in conclusion two and
requirement four. Further, the CDSS system could include information on how costs affect
society and the importance of valuing this consideration. Such a reminder at the time of
treatment may induce patients to forego more expensive treatments that only provide marginally
better or the same outcomes.
The disadvantages of instituting CDSS systems are costs, implementation, and lack of
impact. Developing such a system and having them in every hospital would be costly. Further,
physicians may not understand how to use such programs, which would make them ineffective
for influencing behavior. Further costs would be necessary to ensure that physicians could use
these programs. Finally, it is uncertain how much of an impact such a program would have on
patient decisions. Anecdotal information for Intermountain Healthcare suggests that shared
decision making related to the decision for TKA would reduce elected surgeries by 18 percent
[116].
Incentivizing CDSS for shared decision making represents a viable option for IPAB’s
role. However, more research on the effectiveness of these systems in influencing patient
decisions and the costs of installment and implantation would help determine whether IPAB
should move in this direction.
Role Three: Moral Suasion
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The last potential role for the IPAB is the use of moral suasion to promote CER. IPAB
could work with physicians and hospitals to encourage them to consider the CER evidence for
treatments and to provide them up-to-date information on new research. Such encouragement
could take the form of direct communication, issuing reports, or public announcements that alert
hospitals and physicians to what the CER indicates and how they should incorporate it into their
practice. The IPAB could also determine the hospitals with practices that do not correspond well
to the CER literature and directly target those hospitals and their physicians. Further, the IPAB
could include information on cost-effectiveness as part of their moral suasion since they do not
actually impose these changes.
The main advantage of such a role for IPAB is political feasibility. This type of system
does not directly limit care or the ability for patients and physicians to make decisions, so little
objection would exist to its policies of the kind I discuss in conclusion four and requirement two.
Also, this is the other type of role that Dr. James considers foreseeable given the political
limitations [116]. Another advantage is that the IPAB would require relatively little funding to
perform these functions. With this information, physicians would be less likely to make
treatment decisions without evidence of how they compare in terms of benefits, regardless of
whether they would be reimbursed for more for their services among treatment alternatives.
Therefore, this option would address the concern that extraneous factors influence treatment
decisions (conclusion two).
The primary disadvantage is that this program would fail to have a large impact on
treatment patterns. Hospitals and physicians could ignore the moral suasion from the IPAB.
However, most hospital administrators and physicians would likely want to know more about
how they could improve the health outcomes of their patients. As for cost-effectiveness, mixed-
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evidence exists about whether physicians already consider such information in their treatment
decisions despite the incentives to disregard it. One study suggests cost-effectiveness has a small,
but measurable impact on treatment practice [117], while another implies that physicians
incorporate cost-effectiveness into their analysis and already discuss it somewhat to their patients
[118]. Therefore, the IPAB may succeed in getting physicians to consider cost-effectiveness to a
greater extent.
Moral suasion remains a practical role for IPAB to take. Further research should look at
the kind of impact such an organization could have on treatment decisions and what methods
work best before implementing such a program.
In conclusion, these policy recommendations answer how the IPAB can successfully
encourage CER within the Medicare system. I made these proposals given the evidence I
collected about the current status of the CER literature for the three considered conditions, the
two data sets on prostate cancer, the political feasibility of restrictions on care from the two case
studies, and the information from the health polls. From these findings, I developed five
conclusions. From these conclusions and other sources, I presented three requirements that the
IPAB would have to incorporate to operate. Finally, in consideration of these conclusions and the
operational necessities, I explained the three most likely roles that the IPAB could assume in
order to promote CER in the Medicare system.
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Appendix A: Bedsize Categories
Hospital Bedsize
Region Location and Teaching Status Small Medium Large
Rural
Northeast Urban, nonteaching

West
[119]

50-99

100+

1-124 125-199 200+

Urban, teaching

1-249 250-424 425+

Rural

1-29

30-49

50+

1-74

75-174

175+

Midwest Urban, nonteaching

South

1-49

Urban, teaching

1-249 250-374 375+

Rural

1-39

Urban, nonteaching

1-99 100-199 200+

Urban, teaching

1-249 250-449 450+

Rural

1-24

Urban, nonteaching

1-99 100-174 175+

Urban, teaching

1-199 200-324 325+

40-74

25-44

75+

45+
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0

.2

Leverage
.4

.6

.8

Appendix B: Leverage Points

0

.05

.1
Normalized residual squared

.15

.2
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