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Structured Abstract

Purpose: In March 2007, a Black Box warning was issued by the Food and Drug Administration
(FDA) to use the lowest possible erythropoiesis-stimulating agent (ESA) doses for the
treatment of anemia associated with renal disease. The goal is to determine if a change in
ESA use was observed among US dialysis patients after the warning.

Scope: ESA therapy was examined from September 2004 through August 2009 (30 months
before and after the FDA Black Box warning) among adult Medicare hemodialysis patients.

Methods: An interrupted time series model assessed the impact of the warnings.

Results: The FDA Black Box warning did not appear to influence ESA prescribing among
the overall dialysis population. However, significant declines in ESA therapy after the
FDA warnings were observed for select populations. Patients with a hematocrit >36%
had a declining month-to-month trend before (-164 units/week, p<0.0001) and after (-80 units/
week, p=.001) the warnings and had a large drop in ESA level immediately after the
Black Box (-4,744 units/week, p<.0001). Not-for-profit facilities had a declining month-to-
month trend before the warnings (-90 units/week, p=.009) and a large drop in ESA dose
immediately afterward (-2,487 units/week, p=0.015). In contrast, for-profit facilities did
not have a significant change in ESA prescribing.

Conclusions: ESA therapy had been both profitable for providers and controversial regarding
benefits for nearly two decades. The extent to which an FDA Black Box warning
highlighting important safety concerns influenced use of ESA therapy among nephrologists
and dialysis providers was unknown. Our study found no evidence of changes in ESA
prescribing for the overall dialysis population resulting from an FDA Black Box warning.

Key words: epoetin; ESA therapy; Black Box warnings; interrupted time series; anemia
management; ESRD

Purpose

On March 9, 2007, a public health advisory and Black Box warning was issued by the Food and
Drug Administration (FDA) outlining new safety information about erythropoiesis-
stimulating agents (ESASs), widely used drugs for the treatment of anemia associated with renal
disease. The goal of this proposal is to determine if these new recommendations resulted in
a change in physician prescribing among all US dialysis patients covered by the Medicare End-
Stage Renal Disease (ESRD) program.

This proposal addresses the following innovative research questions:

e Did physicians change their prescribing of ESAs within 2 years after a highly
publicized government Public Health Advisory meeting (and Black Box warning that
went out to all practicing nephrologists) indicating the safety risks associated with ESA
therapy and recommendations to use the lowest dose possible to avoid blood
transfusions?

e Did this Public Health Advisory and concomitant Black Box warning result in a decline
in the previously high ESA doses observed among dialysis patients?
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e Are potential changes in prescribing dependent on patient sociodemographic and clinical
characteristics and/or on dialysis facility characteristics?

Scope
End-stage renal disease

End-stage renal failure is defined as a permanent state of renal dysfunction severe enough
to require renal replacement therapy (dialysis or kidney transplantation) to sustain life. In 1973,
Medicare coverage was extended to all patients with end-stage renal disease (ESRD);
currently, most patients are eligible 90 days after initiation of chronic dialysis.! The ESRD
population is sizeable and poses a significant national healthcare burden. The prevalent
dialysis population has increased more than threefold since 1988, and in 2006 it exceeded
350,000 patients. Although comprising less than 1% of the Medicare population, the ESRD
population consumes almost 6.4% ($23 billion dollars) of the $355 billion in Medicare
expenditures in 2006.2

Treatment for anemia

Anemia affects nearly all patients with ESRD and results in reduced quality of life and
decreased survival rates.®4% In 1987, investigators reported successful use of
recombinant human erythropoietin (rHUEPO, epoetin, or EPO, trade name EPOGEN®)
in treating the anemia by elevating the hemoglobin of ESRD patients. Based on the 1989
FDA approval, ESA was intended to treat blood transfusion--dependent dialysis patients
(representing ~10%-30% of the 1988 ESRD patient pool). Today, ESA treatment is
provided to virtually all dialysis patients, costing Medicare in excess of $20 billion
through 2008.6 Spending for ESA therapy is now the single largest Medicare drug expenditure
and comprises 11% of all Medicare ESRD costs.

Public Health Advisory

Recently completed studies found an increased risk of death, blood clots, strokes, and heart
attacks in patients with chronic kidney failure when ESAs were given at higher than
recommended doses.”®% As a result, on March 9, 2007, the FDA issued a public health
advisory outlining new safety information, including revised product labeling about
erythropoiesis-stimulating agents (ESAs) for anemia associated with renal disease as well as
other conditions. The FDA and the manufacturer of these products agreed on revised product
labeling that included updated warnings, a new Black Box warning, and modifications to the
dosing instructions. The new Black Box warning advised physicians to monitor red blood cell
levels (hemoglobin) and to adjust the ESA dose to maintain the lowest hemoglobin level
needed to avoid the need for blood transfusions. According to the FDA, “physicians and
patients should carefully weigh the risks of ESAs against transfusion risks.”

Specifically, the Black Box warning included the following important study results: “Patients
with chronic kidney failure had an increased number of deaths and of non-fatal heart attacks,
strokes, heart failure, and blood clots when ESAs were adjusted to maintain higher red blood cell
levels (hemoglobin more than 12 g/dL)”; the language warned physicians who prescribe ESASs to
consider the important study results above and to:
e Adjust the dose of ESA to maintain the lowest hemoglobin level necessary to avoid the
need for transfusions;
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« Monitor patients’ hemoglobin levels to ensure they do not exceed 12 g/dL;
o Understand that ESAs are given to decrease the chances of receiving transfusions;

o Consider both the risks of transfusions and those of ESAs when deciding to prescribe an
ESA,; and

e Understand that ESAs should not be given to treat the symptoms of anemia, including
shortness of breath, dizziness, fatigue, low energy, or poor quality of life.

Current ESA prescribing patterns

Currently, the FDA recommends a target hemoglobin of 10-12 g/dL for all patients; however,
studies'® (including our own'!) have shown that patients are routinely targeted to the higher
end of the FDA-recommended hemoglobin target range and that providers often overshoot the
high end of this range. Furthermore, given Medicare’s current reimbursement policy,
allowing hemoglobin to be as high as 13 g/dL, the overshooting has not been deemed
a major problem. The goal of this proposal is to examine whether the Public Health
Advisory recommendations and subsequent Black Box warning issued in March 2007 by
the FDA advocating the lowest possible ESA use influenced physician prescribing.

Before the FDA Public Health Advisory regarding ESA use issued in March 2007, physicians
were prescribing large doses of ESAs to their dialysis patients. ESA dosing has changed
dramatically in the past decade and a half. Use of ESAs has evolved from a low-dose treatment
to correct severe anemia among patients with chronic kidney failure in the early 1990s to, more
recently, the treatment of mild and moderate anemia using very high doses of ESAs.
Between 1991 and 2005, the mean ESA dose increased about fourfold in dialysis patients.'?

Role of reimbursement

The extent to which physicians have changed their prescribing habits as a result of the Black Box
warnings is largely unknown. Despite the increasing evidence that ESA therapy has serious side
effects and might be associated with decreased survival and increased risk of adverse
cardiovascular outcomes,314.151617.18 ESA therapy has been an important source of profit,
particularly for large dialysis chains that are able to buy the drug at discount rates. Although the
largest source of dialysis facility income is a predetermined payment (exclusive of injectable
drugs) for each dialysis treatment, that rate has changed minimally in the last 20 years, and the
real dollar value has actually declined by about 65%.1° ESA therapy is the second largest
source of facility income, comprising approximately 25% of all dialysis facility profits.?® ESA
therapy is reimbursed on a fee-for-service basis, so more is paid as more is used, creating a
financial incentive for increased utilization of this therapy. The Medicare Payment Advisory
Commission (MedPAC) concluded that the profitability of certain separately billable drugs,
including epoetin, has “provided incentives for their inefficient use.”

Methods
Data sources and study design

We used data from the United States Renal Data System (USRDS) Standard Analytic Files
(SAFs) to conduct this study.?? The USRDS data system is a national resource that
includes demographic and clinical data on ~97% of all US ESRD patients and their institutional
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providers of dialysis treatment. (The USRDS website, http://www.usrds.org, "Researcher’s
Guide to the USRDS Database™ describes the variables, data source, collection methods,
and validation studies.) The hematocrit reading taken prior to the first administration of ESA
therapy during the billing period (usually the beginning of the month) was submitted for payment
with the total dose of ESA administered over the exposure period.

Specifically, September 2004 to February 2007 was chosen as the 30-month base period (prior to
the FDA Black Box warning), and March 2007 to August 2009 was chosen as the 30-
month follow-up period. ESA therapy is usually administered during outpatient dialysis via
intravenous administration three times a week. In an effort to stabilize a large increase in
hematocrit, physicians will periodically prescribe a zero ESA dose for a particular month. We
also included these so-called zero dose months in our analysis. To ensure the availability of
claims, the study population was restricted to adult ESRD hemodialysis patients with Medicare
as a primary payor, as indicated by a variable in the USRDS Payor History File. We excluded
those patients with MSP, as they have incomplete ESA data because their primary (usually
private) payor is likely to get billed for ESA therapy. Our study period included only one
form of ESA (epoetin alfa) for treatment of anemia associated with renal failure.

Age was categorized as follows: 18-44, 45-64, and >65 years. Race was categorized as
White or not White. Duration of dialysis was determined as <12, 12-<36, and >36 months.
Diabetes was determined if it was reported to be the primary cause of renal failure and/or
if diabetes was listed as a comorbid condition when a patient enrolled in the Medicare
ESRD program. Dialysis organizational status was defined by 1) chain membership (based on
size and affiliation) and 2) profit status.

Interrupted time series analysis

Trends in anemia treatment before and after the FDA Public Health Advisory were statistically
analyzed by categorical methods and interrupted time series models.232* To determine if there
was a differential impact resulting from the FDA Black Box warning, we stratified our
analyses by demographic, clinical, and facility characteristics. Trends in ESA treatment patterns
across the study period were modeled using a general linear model, with the monthly dose
per week as the dependent variable and the month as the independent variable. Monthly
prescription rates for each patient were calculated by dividing the total ESA dose by the
number of days in each dialysis claim (typically 30) and multiplying by seven to calculate the
weekly dose per month. These monthly ESA doses per week were then used to determine an
average monthly ESA dose per week for the entire population.

An interrupted time series model using the AUTOREG procedure in SAS was used to evaluate
changes in average ESA dosages in the 30 months prior (base) and 30 months subsequent
(follow up) to the FDA Black Box warning, as follows?:

Y = Beta0 + Betal*m1 + Beta2*m2 + Beta3*x1

For which Y is the average ESA dose per week in each study month; BetaO estimates
ESA prescribing at the beginning of the study period; Betal estimates change in ESA
prescribing in each month before the FDA warnings (m1 study months in period 1); Beta2
estimates change in ESA prescribing in each month after the FDA warnings (m2 study months
in period 2); and Beta3 estimates the change in ESA prescribing level following the FDA
warnings (x1 is an indicator variable [0 for period one and 1 for period two]).


https://www.niddk.nih.gov/about-niddk/strategic-plans-reports/usrds
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In our model, we took into account autocorrelations of the prescribing patterns along the
time period. We built our model using a maximum likelihood method with two autocorrelation
lags. The first-order autocorrelation coefficient was significantly different from zero for
almost all models. Time series sometimes exhibit seasonality or seasonal fluctuations. We
tested for seasonality using proc spectra in SAS against white noise of the residuals from the
models and found that the residuals from our models were consistent with white noise
indicating that no extra seasonality modeling was needed.?® In some cases, models need to be
corrected for lagged effects (i.e., the effect of an intervention might take time to appear).
However, in our study, the FDA Black Box warning was immediately reported to all
nephrologists through the Dear Doctor letters; therefore, no lag effects were entered into our
main model, although possible random lag effects were modeled through serial correlations.

Study limitations

Several study limitations are noteworthy, however. One, when ESRD patients are hospitalized,
on average twice a year, information on ESA dosing is not available. Two, the analysis was
confined to those individuals with Medicare as the primary payor, so the generalizability to
other payers is limited. And three, because of the exploratory nature of our analysis, we did
not adjust for the size of the type-l error rate in conducting multiple statistical tests. One
way to address the potential threat regarding the validity of an interrupted time
series by historical/secular shifts is to compare, in our case, ESA drug doses to drug
dosing of other profitable injectable drugs that should not be affected by the FDA
warning (e.g., injectable vitamin D or iron). After increasing each year since 1992
(including growth of 11%-19% in 2002-2004) to reach nearly $2 billion, Medicare ESA costs
(a surrogate for use) were stable in 2004-2007 and in 2008 declined to a pre-2004 level of
$1.8 billion. Conversely, use of other intravenous drugs continued to increase in 2008: 12% for
IV vitamin D, 4.8% for IV iron, and 13.2% for other injectables.?’

Results
Principal Findings

Across the study period, the study population was predominately elderly (49%), White (55%),
and male (54%); had a duration of dialysis greater than 3 years (50%); was nondiabetic
(56%); received dialysis services from for-profit facilities (81%) and from one of the two
largest for-profit chains (27% and 30%, respectively); and had hematocrit values between
30% and 36%, within the FDA recommended range (comprising 46% of the study population),
or higher (46%).

Overall, there was a significant 7% decrease in average ESA dose between the base and follow-up
30-month periods for all dialysis patients (19,486 versus 18,191 units/week). Most covariate
strata also showed a decline in average dose between the two periods (p<0.0001) except for
Chain 3. Notably, Chain 3 (the largest nonprofit chain), which administers ~4.4% of all ESA
doses, administered the lowest mean ESA dose both in the base and follow-up periods compared
with other medium and large dialysis facilities. Overall, nonprofit and hospital-based facilities
had the lowest average base and follow-up ESA doses. Hospital-based facilities are
anomalous, however, due to their small size, sicker population, and disproportionate use of
darbepoetin, a different form of ESA that is longer acting and that was not included in this study.
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Younger, non-White, and new patients were most likely to be prescribed a higher ESA dose
(>30,000 units/week, reflecting the highest ESA dose quartile; p<0.0001). Not unexpectedly,
patients with the lowest hematocrit levels were significantly more likely to receive a higher ESA
dose (p<0.0001). For-profit facilities in general and the two largest for-profit chains prescribed
higher ESA doses (p<0.0001).

Interrupted time series results

A model was performed to determine if the average 7% observed decline in ESA dose was
consistent with a change in dosing practice as of the FDA Black Box warning. Model results
include a general trend in ESA dose/week for each month in the base period prior to the
warnings (Betal); a general trend in ESA dose/week for each month in the follow-up period
after the warnings, often referred to as ‘sustainability’ (Beta2); and a post-intervention
change (or shift) in ESA dose/week level immediately after the warnings (Beta3).

The FDA Black Box warning did not appear to influence ESA prescribing among the overall
US dialysis population. Model results show the declining trend in month-to-month ESA dose
was not statistically significant either before or after the FDA warnings. The drop in ESA dose
level after the warnings was also not significant. Stratification by patient demographics and
by clinical and facility characteristics suggests a differential impact in the effect of the
FDA Black Box warning on ESA prescribing. Only a few covariates had statistically
significant findings linked to the FDA warnings. For example, patients with a hematocrit
>36% had a declining month-to-month trend both before (-164 units/week, p<.0001) and after
(-80 U/wk, p=.001) the warnings and had a large drop in ESA levels after the
warnings (-4,744 U/wk, p<.0001). In contrast, patients with a hematocrit <30% had
a largeincrease in ESA dose level after the warnings (6,220 U/wk, p=.013), consistent
with anincreasing month-to-month trend before the warnings (224 units/week,
p=.01). Afterthe warnings, there was no significant decline in trend in ESA
prescribing for patients with a hematocrit <30%. For patients within the FDA-
recommended hematocrit range of 30%-36%, the change in ESA level immediately after
the warnings was not significant, but there was a decline in month-to-month trend after
the warnings (-103 U/wk, p=0.014).

The other area of significant findings and wide variation in response to FDA warnings is
dialysis facility organizational status. The ESA prescribing trend in not-for-profit facilities
declined month to month before the warnings (-90 units/week, p=.009), with a
significant drop in ESA dose immediately after the warnings (-2,487 U/wk, p<.015). In
contrast, there was no evidence of change in ESA prescribing linked to the Black Box
warning among for-profit facilities overall. Each of the three largest US dialysis chains
responded differently to the FDA warnings. Chain 1 patients experienced a declining month-
to-month trend before (-90 units/week, p=.004) and after (-103 U/wk, p=.002) the warnings
and had a drop in ESA dose level after the warnings (-2,148 U/wk, p=.017). Chain 2
patients experienced no change in ESA prescribing before or after the warnings. Chain 3
patients experienced an increasing month-to-month trend before the warnings (94 U/wk,
p=.041) and an increase in the ESA dose level after the warnings (3,189 U/wk, p=.016),
followed by a flat insignificant trend.

Conclusions

Although there was a decline in ESA dose across the 60-month study period, the FDA Black
Box warning issued in March 2007 did not appear to influence ESA prescribing for the
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overall dialysis population. However, for patients with the highest hematocrit values and
for those receiving treatment in certain dialysis facilities, nephrologists and dialysis providers
were more likely to heed the FDA Black Box warning.

The FDA Black Box warning issued for ESA therapy included the following important
study results: “Patients with chronic kidney failure had an increased number of deaths and of
non-fatal heart attacks, strokes, heart failure, and blood clots when ESAs were adjusted to
maintain higher red blood cell levels (hemoglobin more than 12 g/dL).” A new patient
medication guide accompanied the warnings and posed the following question and answer:
‘What is the most important information | should know about Epogen? Using Epogen can
lead to death or other serious side effects.’?® Given these warnings, our findings raise questions
as to why providers did not lower ESA doses further than what we observed when faced with
mounting evidence of risks.’22%30.3132 Prigr to the warnings, and during our study, although the
FDA recommended a target hematocrit of 30%-36%, studies suggested that providers often
overshot the high end of this target range, given Medicare’s reimbursement policy allowance
of hematocrit to be as high as 39%.3334 ESA therapy was an important source of profit,
particularly for large dialysis chains that were also able to recoup large rebates and receive
discounts,® producing the second largest source of facility income of ~22%.%¢ For instance, a
spike in ESA dose evident in the beginning of 2006, also confirmed by USRDS data,®” appears
to be associated with a new lower payment method for ESA therapy that changed from a
per-unit rate to a rate of 6% above manufacturers’ average sales price (ASP).38 During our
study period, ESA therapy continued to be reimbursed on a fee-for-service basis, creating a
financial incentive for increased utilization of this therapy.

Significance

Although USRDS data show a decline in both ESA dose and hematocrit levels following the
issuance of the FDA Black Box warning, it remained unclear, until now, whether these
results were related to the FDA warnings or, rather, which groups, if any, benefited from
the FDA warnings. Patients who had the highest hematocrit values showed the largest shift or
decline in ESA dose level after the FDA warning, with a drop of 4,744 U/week, perhaps
because providers were concerned about their safety given the publication of CHOIR® and
CREATE? findings in mid-November 2006, which showed potential harm and no benefit for
ESA therapy, respectively. It is noteworthy, however, that, on average, the percentage of
patients with a monthly hematocrit reading above 36% declined from 51% to 41%
following the FDA warnings. Given the appropriate goals of ESA therapy, two in five
patients had hematocrit levels deemed unacceptably high in the 30 months following the
FDA Black Box warning. For ESA-resistant patients, those with the highest doses and
hematocrit levels <30%, there was a large increase in ESA dose level immediately after the
warnings (and no subsequent significant decline in ESA trend)---findings contrary to the FDA
Black Box warning. Perhaps providers felt justified not to decrease dose for their resistant
patients after the warnings, given the Black Box emphasis on avoiding transfusions, which
are sometimes triggered at a hematocrit threshold of ~27%-30% for patients with serious
comorbidities.®® High hematocrit levels appear to be of more concern than high ESA doses to
nephrologists following the Black Box warnings. Implications of these findings require
further investigation.

Variations in treatment practice patterns across more than 4,000 US dialysis facilities are
well established and controversial.11:4041.4243:4445 In our study, nonprofit facilities overall
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had a declining trend before the warnings and a large drop in ESA dose immediately afterward.
In contrast, for-profit facilities that overall prescribed higher ESA doses in both the periods
before and after the FDA warnings compared with nonprofit facilities---on average 19,514
versus 12,185 U/week in the post-warning period---did not change their ESA prescribing
related to the FDA warnings. However, not all for-profit facilities responded similarly to
the FDA warnings. During our study, two thirds of dialysis patients received treatment in one
of two large for-profit dialysis chains. Notably, one chain had significant declines in ESA
doses consistent with FDA Black Box warnings, and the other chain did not. Chains are owned
by different entities that make individual corporate decisions regarding anemia protocols and
anemia management goals among their patients.

Implications

Evidence of adverse events commonly emerges after a drug has been on the market for several
years, necessitating the issuance of a Black Box warning.*® According to Green et al.,*’ there
are three categories of factors relevant to behavior change among physicians: predisposing
factors (communicating or disseminating information); enabling factors (facilitating the
desired change in the practice site); and reinforcing factors (by reminders or feedback).
The model suggests that interventions that are most successful in changing physician practice
are those that use enabling strategies or reinforcing methods in addition to predisposing or
disseminating strategies. For example, an FDA Black Box warning on ESA use for oncology
patients was also released on March 2007 and included a mandate that providers engage
in a risk/benefit discussion with the patient and document that this discussion occurred
by completing and signing the Patient Acknowledgment Form; this is a more stringent
requirement that is absent from dialysis provider ESA prescribing. In contrast to the
results presented herein, ESA use for oncology patients plummeted following the Black Box
warning.4849

After nearly three decades of the same ESRD payment system, an enhanced ESRD Prospective
Payment System (PPS) was initiated in January 2011, bundling separately billable
items (primarily ESA therapy) into the larger dialysis composite rate.?® Under PPS, facilities
have no financial incentive to use more drugs than are clinically necessary. We anticipate that
changes in reimbursement rates will have a greater impact on access and reduce exposure
to ESA therapy compared with the impact of the March 2007 FDA Black Box warning.
Indeed, early indications suggest that both ESA use®* and hematocrit levels®? have been
dramatically reduced since implementation of ESRD PPS.
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