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Figure 3.3 Schematic algorithm defining numerator cohorts for Specific Aim 2

Next, the monthly number of admissions eligible for receiving ESAs was calculated as
denominator cohorts. All visits of adult patients admitted to the inpatient settings during the
study period with diagnoses, procedure codes, and drug use of interest were included in the
sample and categorized into the ONS, OFS, or OFU cohorts using a hierarchy categorization
approach. First, diagnoses, procedures, and medication records of all admissions were searched
for ONS indications, if none of their diagnoses matched the ONS indications, the same sets of
records were searched for OFS indications and OFU accordingly. If diagnoses did not match
ONS, OFS, or documented OFU indications, such encounters were excluded from this part of the
analysis. It is important to note that the OFU denominator cohort only included visits with
conditions known to be treated with ESAs off-label identified earlier in Table 3.3. This approach
of using documented OFU conditions was taken because it was almost impossible to identify
encounters with all possible off-label unsupported use of ESAs. Examples of documented OFU

indications used in this study included its use in anemia of neoplastic disease not due to
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chemotherapy, anemia due to trauma, bleeding, and other chronic anemia. Categorization of

denominator cohorts followed the algorithm is shown in Figure 3.4.

| All adult patients seen in the inpatient settings with complete information on DX/procedures/drugs

| Do their diagnoses match any of the ONS indications?

NO

Do their diagnoses match any of the OFS indications?

YES

Do their diagnoses match any of the documented OFU indications?

YES

YES

NO

On-label use (ONS)
denominator cohort

Off-label use, supported
(OFS) denominator cohort

Documented Off-label use,
unsupported (OFU)
denominator cohort

Figure 3.4 Schematic algorithm defining denominator cohorts for Specific Aim 2

| Excluded |
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Specific Aim 3

Dependent variable was ESA use, defined as whether or not an eligible patient received

ESAs in a given month.

To assess the impact of the intervention on ESA prescribing patterns for the on-label,
off-label supported, and off-label unsupported indications, three population proportions which

were used as dependent variables were identified as following.

1. On-label: Proportion of patients with on-label conditions that were prescribed ESASs.

2. Off-label supported use: Proportion of patients with off-label supported conditions
that were prescribed ESAs.

3. Off-label unsupported use: Proportion of patients with off-label unsupported

conditions that were prescribed ESASs.

Similar steps were taken to identify the three cohorts: ONS, OFS, and documented OFU.
Once the three cohorts were identified, drug records of these eligible patients were searched to
determine if ESAs (epoetin alfa or darbepoetin alfa) were prescribed during a hospital stay. If a
record of ESAs was found, that patient was classified as a user (ESA use = 1). Without a record
of ESAs, that patient was a non-user (ESA use = 0). Schematic algorithm used to identify

patient cohorts for the analysis is shown in Figure 3.5.
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| All adult patients seen in the inpatient settings without missing information on drug records

| Do their diagnoses match any of the ONS indications?

NO

Do their diagnoses match any of the OFS indications?

YES Do their diagnoses match any of the documented OFU indications?
YES
YES NO
On-label use Off-label use, supported Documented | Excluded |
(ONS) Cohort (OFS) Cohort Off-label use, unsupported
(OFU) Cohort
ESA=1: ESA=1: ESA=1:
Received ESAs Received ESAs Received ESAs
ESA=0: ESA=0: ESA=0:
Did not receive ESAs Did not receive ESAs Did not receive ESAs

Figure 3.5 Schematic algorithm selecting study sample for Specific Aim 3
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Covariates

Covariates included in the multivariable model used in Specific Aim 3 were patient

demographics of age, gender, and race; primary payer of the hospital services; patient clinical

conditions described by the proxies of admission type, discharge disposition, length of stay,

Combined Comorbidity Index; hospital characteristics including teaching status, bed size, and

geographic region, and physician specialty classified as specialist and non-specialist. We did not

differentiate between the rural and urban status because very few hospitals in our sample were

identified as rural hospitals. Due to small number of patients in the ‘other’ group of the

admission type and discharge disposition, the other ‘group’ was combined with ‘missing’ group

to obtain reliable estimates. Relevant studies identifying the aforementioned covariates as

predictors of drug use were described in detail under Section 3 of Chapter 2. Table 3.6 describes

the categorization of covariates used in the analytical models.

Table 3.6 Categorization of Covariates used in Specific Aim 3

Variable Variable Name Description
Patient Characteristics
Demographics
Age age_in_years regrouped to 18-30=1
age_cat 31-50=6
51-64 =2
65-74=3
75-84 =4
85 and above =5
Race race regrouped to race_cat Missing = 0
African American = 1
Other =2
Caucasian =3
Gender Gender recoded to gender_cat Female =0
Male = 1

Clinical Conditions
Admission type admission_type code
regrouped to admission_ cat

Missing/Other = 0
Urgent=1
Elective = 2
Emergency =3
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Charlson Comorbidity Index
Length of Stay

Discharge status

cci
hos_los

discharge_disposition_key
regrouped to discharge cat

Calculated from ICD-9-CM codes
Continuous, number of days from
admission date to discharge date
Missing/Other = 0

Expired = 1

Discharged to Hospice = 2
Discharged/transferred to
institutionalized care =3
Discharged/transferred to
noninstitutionalized care = 4
Discharged to home/self care =5

Payer Type
Source of Payment

payer_id regrouped to payer_
cat

Missing = 0

Medicaid = 1
Commercial/Private/HMO
Managed Care = 2
Self-pay =3

Other=4

Medicare =5

Hospital Characteristics

Geographic region

Bed size

Teaching status

census_region regrouped to
region_cat

bed_size_range recoded to
bed_cat

teaching_facility_ind recoded to

teaching

Midwest = 1
South =2
West =3
Northeast = 4
<99=1
100-199 =2
200-299 =5
300-499 =3
2500 =4
Teaching =0

Non-teaching = 1

Physician and Care Characteristics

Physician Specialty

medical_specialty regrouped to

medical_specialty cat

Missing = 0
Specialist = 1
Non-specialist = 2

*Bolding indicates reference group. Reference group was coded into the last order for convenience
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Data Integration

Encounter information was captured in four main SAS datasets including patient,
diagnoses, procedure, and medication files containing patient demographic information, ICD-9-
CM codes, procedure codes, and medications used, respectively. Specific information including
dosing unit, diagnoses type, care setting, admission type, physician specialty, payer, and hospital
information are also provided in separate SAS files. Two master datasets were built by
integrating the files using the selection criteria specified above. The first dataset was used for
descriptive analysis of ESA users (patient level) and as numerator cohorts for aggregated time-
series analysis (visit level). The second dataset was used for the patient level analysis of the

impacts of safety interventions (Aim 3).

Descriptive analysis of ESA users and numerator cohorts for aggregated time-series analysis

Encounters with any order of epoetin alfa or darbepoetin alfa were first identified in the
medication dataset. This medication dataset contained medication information like generic
name, medication entered date, started date, and stopped date, care setting where medications
were ordered and dispensed, dose quantity, frequency, and route of administration. Visits which
ESAs were prescribed were linked to the two datasets containing diagnoses and procedure
information, and encounters file which comprised of patient’s age, admitted and discharged
dates, patient type, admission source, discharge disposition, primary payer information, patient
ID, and hospital ID. Only encounters of adult patients (18 years and above) admitted and
received medication on January 1, 2005 onward were retained in the sample. Lastly, the file was

merged with hospital and patient dataset for hospital and patient demographic information. For
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the patient level analysis (descriptive analyses), in such case that the same patients had more than

one encounter with the health system, only the first records were used in the study.

Outpatient encounters (hospital outpatient department, day surgical services, clinic,
dialysis centers, laboratory, and emergency department and observational units) constituted
22.0% of our overall sample. Visits to outpatient settings, institution, nursing home, and home
health services were excluded. The final inpatient cohort of 86,763 patients consisted of patients
who were admitted to a hospital (inpatient), pre-admitted patient, patients in an obstetrics
department, hospice, and skilled nursing facility (SNF). Hospice and SNF patients were
included in the inpatient group because of similarity in insurance reimbursement toward the
services (covered by Medicare Part A). The details of ESA use in each patient type reported in

Cerner database are shown in Table 3.6 and 3.7.

The integrated data contained information of 111,363 encounters (86,763 unique patients)
with at least one order of ESAs during their visit to the health system. Of these 111,363
encounters, 83,876 received epoetin alfa only (75.3%); 26,772 received darbepoetin alfa only
(24.0%); and 715 (0.64%) received both epoetin alfa and darbepoetin alfa during that single visit.
These encounters translated into 66,121 patients with epoetin alfa only (76.2%); 20,088 patients
with darbepoetin alfa only (23.2%); and 554 patients with both use of epoetin alfa and
darbepoetin alfa (0.6%)). Data integration steps used to identify ESA users (for descriptive

analysis numerator in Specific Aim 2a) are described in Figure 3.6.
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Table 3.7 ESA inpatient users (encounter level) identified in Cerner database

Care settings

N Encounters (column %)

Any ESAs Epo Darbe Epo & Darbe
Inpatient
Hospice 7 (0.01) 5(0.01) 2(0.01) 0 (0.00)
Inpatient 110,880 (99.57) 83,441 (99.48) 26,731 (99.85) 708 (99.02)
Obstetrics 2 (0.00) 2 (0.00) 0 (0.00) 0 (0.00)
Preadmit 121 (0.11) 101 (0.12) 19 (0.07) 1 (0.00)
Skilled Nursing Facility 353 (0.32) 327 (0.39) 20 (0.07) 6 (0.84)
Total (row %) 111,363 (100.00) 83,876 (75.32) 26,772 (24.04) 715 (0.64)
Table 3.8 ESA inpatient users (patient level) identified in Cerner database
Care settings N Patient (column %)
Any ESAs Epo Darbe Epo & Darbe
Inpatient
Hospice 5(0.01) 3(0.01) 2 (0.01) 0 (0.00)
Inpatient 86,429 (99.62) 65,825 (99.55) 20,056 (99.84) 548 (98.92)
Obstetrics 3 (0.00) 3 (0.00) 0 (0.00) 0 (0.00)
Preadmit 82 (0.09) 65 (0.10) 16 (0.08) 1 (0.00)
Skilled Nursing Facility 244 (0.28) 225 (0.34) 14 (0.07) 5 (0.90)
Total (row %) 86,763 (100.00) 66,121 (76.21) 20,088 (23.15) 554 (0.64)
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Encounter file Medication file Diagnosis file Procedurefile
Adultencounters admitted after Jan 05. Contains Encounterswith atleast one medication order Contains variablesthatcan be linked Contains variablesthat can be linked
admitted/discharged dates, age, and variables thatcan given after Jan 05. Contains medication to ICD-9-CM diagnoses codes to ICD-9-CM procedures codes
be linked to information on hospitaltype, patienttype, start/enter/stop dates, genericnames, and
admissiontype, discharge disposition, and payers variables that canbe linked to ordering -Diagnosis lookup file contains - Procedure lookup file
- Hospital lookup file containsinformation on physidans, care s&-:;tetggev;?ee[;e medications were |dn_format_|on OCT ICE'Q'C.’\:! d goMntalns |rc1iformat:10n on IdCD-Q-
census region, bed size, teaching status, lagnosis codes, description, an procedure codesan
urban status, and hospitaltype status - Caresetting lookup file diagnosis priority description
- Patient type lookup file - Physician lookup file contains medical
- Admission typelookup file specialty information of physicians
- Dischargedisposition lookupfile \l/ \l,

Encounters of adult patients admitted (Jan 05- Jun 11) with atleastone orderof epoetin alfaor
darbepoetin alfa given between Jan 05 and Jun 11, with diagnosis and encounterinformation

[ . .
\J/ |_Excluded encountersto the outpatientsettings

Nencounters =111,363
N patients = 86,763
Unique encounters /patients of adult patients admitted (Jan 05- Jun 11) to the
inpatient settings with at leastone order of epoetin alfa or darbepoetin alfa
given between Jan 05 and Jun 11, with diagnosis and encounter information

Darbepoetin alfa users
Nencounters= 715

H H
' ONS OFS OFU ! Excluded Epoetin alfa
! N encounters = 55,482 N encounters = 8,958 N encounters = 46,923 ! AND
' N patients= 42,218 N patients= 7,477 N patients =37.068 !
'

*Using approved indications forepoetin alfa

N patients = 554
Epoetin alfa users only Darbepoetin alfa users only
N = 83,876 encounters N = 26,772 encounters
N=66,121 patients N =20,088 patients

Darb - ONS Darb - OFS Darb - OFU
N encounters = 14,650 N encounters= 1,981 Nencounters= 10,141
i = N patients =1,586 N patients =7,904

*Using approved indications forepoetin alfa H

Descriptive analysis of Epo/Darb users (patient level) (Aim 1) and numerator cohorts (visit level) for aggregated time series (Aim 2) analyses

: Epo - ONS Epo - OFS Epo - OFU
| Nencounters=40,449 N encounters = 6,901 N encounters = 36,526
! ; ; z ; 8.9

Figure 3.6 Data integration step of ESA users
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Denominator cohorts for aggregated time-series analysis (Aim 2) and Specific Aim 3

The denominator cohort for Specific Aim 2 and analytic cohort for Specific Aim3
consisted of any visits (or patients — Aim 3) with diagnoses of interest (See Table 3.1-3.4). For
consistency, we identified only visits from same hospitals as the ESA users that contributed
medication records into Cerner database. The dataset included inpatient visits (inpatient, pre-
admitted, obstetrics, hospice, and skilled nursing facility (SNF) encounters) in 128 unique
hospitals. The initial cohort included a total of 2,170,654 unique visits (1,815,028 patients) with

at least one condition specified as ONS, OFS, or documented OFU.

Of 2,170,654 encounters (1,815,028 patients), 912,141 encounters (750,321 patients) had
diagnoses that made them eligible for ESA approved treatments. These visits (or patients) were
classified as ONS cohort. 595,193 encounters (505,694 patients) had OFS diagnoses (OFS
cohort), and 663,320 encounters (559,031 patients) had documented OFU diagnoses (OFU
cohort). Data integration steps adopted in identifying all eligible cohorts for Specific Aim 2 and

3 are shown in Figure 3.7.
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Encounter file
Adultencounters admitted after Jan 05.
Contains admitted/discharged dates, age, and
variablesthatcan be linked to information on
hospital type, patienttype, admission type,
discharge disposition, and payers

Medication file
Encounters with at least order of

chemotherapeutic agents, HIV zidovudine,

hepatitis C ribavirinfinterferon alfa

medications, which were given after Jan 05..

Contains medication start/enter/stop dates,

Diagnosis file
Encounterswith ONS, OFS,
and documented OFU
diagnoses codes predefined
for ESA use.
Contains variablesthat can
belinked to ICD-9-CM

Procedure file
Encounterswith ONS, OFS,
and documented OFU
procedure codes predefined
for ESA use.
Contains variablesthatcan
be linked to ICD-9-CM

genericnames, and variablesthatcan be
linked to ordering physicians, care setting
where medications were requested

diagnoses codes procedures codes

-Hospital lookup file contains
information on censusregion, bed size,
teaching status, urban status, and
hospital type status

- Patient type lookup file

-Admission type lookup file
-Discharge disposition lookup file

-Procedure lookup file
contains information on
ICD-9-CM procedure
codes and description

-Diagnosis lookup file
contains information on
ICD-9-CM diagnosis
codes, description, and
diagnosis priority

- Care setting lookup file
-Physician lookup file contains medical
specialty information of physicians

J L

N Encounters = 2,170,654
N Patients = 1,815,028
Unique encounters of adult patients admitted (Jan 05-Jun 11)
with any predefined dx/proc/meds between Jan 05 and Jun 11

Documented OFU
N Encounters = 663,320
N Patients = 559,013

ONS OFS
N Encounters=912,141 N Encounters = 595,193
N Patients = 750,321 N patients = 505,694

Denominator cohorts for aggregated time series (Aim 2) and analytic cohort for Aim 3

Figure 3.7 Data integration steps of all eligible admissions

Patient Risk Adjustment

This study made use of a combined comorbidity score developed to appraise a patient’s
mortality risk based on his ICD-9-CM diagnoses codes'*® to model patient’s clinical complexity.
The combined score of the Charlson Index with the Romano modification and van Walraven’s
adaptation of the Elixhauser system was developed by the Division of Pharmacoepidemiology
and Pharmacoeconomics, Department of Medicine, Brigham and Women’s Hospital, Harvard
Medical School to improve upon existing scores in predicting 1-year mortality in older adults.
SAS codes we adapted to calculate validated combined comorbidity scores for this study were
provided by the developers.** The use of the combined comorbidity score was justifiable in our
study as our population of users consisted largely of older adults. Since no specific
comorbidities were suggested by the literature as predictors of ESA prescribing, we did not

include specific cormobid conditions in the multivariable models but instead the combined
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comorbidity score to avoid multicollinearity between a set of comorbidities and comorbidity

Score.

Statistical Analysis

To understand the prevalence of ESA therapy in patients admitted to Cerner hospitals,
descriptive analysis was performed. Patient demographics, clinical conditions, hospital
characteristics, and ordering physician specialties of patients receiving epoetin alfa or
darbepoetin alfa were aggregated over the study period of six and a half year and described with
means, standard deviations, and column percentages. The differences in these variables among
the two user groups were tested with chi-squares and t- statistics. Similarly, aggregated

characteristics of ONS, OFS, and OFU users were also tested with chi-squares and t- statistics.

The inferential analyses were based on two techniques: segmented regression modeling
for interrupted time-series (Aim 2), and generalized estimating equation (GEE) approach with

binary logistic regression technique (Aim 3a and 3b).

Segmented Times Series (Aim 2)

Segmented time series study design provided the strongest quasi-experimental approach
for investigating the longitudinal effect of the intervention. The lack of random assignment and
a control group accustomed in observational studies hindered the true estimation of an exposure
(intervention) on the outcomes. Internal validity of such study was therefore questionable
because systematic differences in observed and unobserved characteristics of the treatment and
non-treatment group were not accounted for. The time-series approach allowed for both visual

statistical assessment of how much the intervention affects the outcomes immediately and over
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time, transiently or permanently. The use of a control group was not necessarily with this study
design because each segment served as a control for the preceding segments. In this study,
monthly aggregate proportions of visits at which a patient received ESAs for a specific group of
indications (ONS, OFS, or OFU) were a unit of analysis. ONS proportion was defined as the
proportion of visits at which a patient was prescribed with ESAs for the indications approved by
the FDA (ONS), over the total number of visits at which a patients had clinical conditions
eligible for receiving ESAs on-label, the a given month. OFS and OFU proportions were
classified in a similar manner. Ordinary least square was chosen as the distribution of the data
was approximately continuous i.e. the data did not consists of a mass at the limits (zero and/or
one). First-differencing and suitable number of lags was included in the model to correct for
autocorrelation of each observation in the series and to obtain accurate standard errors of the
estimates.

Generalized Estimating Equations (Aim 3)

Previous studies identified hospital level differences in practices where patient’s
responses, though homogeneous within hospitals, may not be so across hospitals. In the
presence of clustered data and in the situation where consecutive observation was not
independent, the use of generalized estimating equations (GEE) approach was most appropriate.
Clustered GEE model improved inferences as accounting of correlation structure between
repeated observations provides unbiased and more efficient estimates of standard errors
compared to the falsely small standard errors in the un-clustering model.**> ¥ In GEE,
correlation structure that adequately described the known or suspected correlations between
repeated observations was specified. The types of correlation structures commonly adopted

included exchangeable, autoregressive, dependent, independent and unstructured. The choice of
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correlation structure relied on the nature of the data. This study specified an exchangeable
correlation structure as such type of correlation structure was the only one appropriate for

clustered data with no natural ordering of the subjects with the cluster.*®’

We chose binary logistic regression method as it allows for non-normal distribution of
the data. The binomial distribution and logit link function were specified to model with a
dichotomous outcome variable. An outcome variable in the binary logistic regression model is
defined as whether a patient with on-label, off-label supported, or off-label unsupported
conditions received ESAs in that given month. To obtain robust standard errors of the estimates,

we adjust for hospital level differences using hospital ID as a cluster variable.

A two-sided alpha of 0.05 is considered statistically significant for all analyses. SAS
(version 9.3 for Windows; SAS Institute, Cary, NC) and Stata (Stata 11; Stata Corp, College

Station, TX) was used for all analyses in this study.

Statistical Models

Specific Aim 2

To quantify the immediate and trend impact of the black box warning, NCD policy, and
REMS on the change in the proportion of visits which a patient was treated with ESAs, three
separate ordinary least square regressions for on-label, off-label supported, and off-label
unsupported ESA use were fit. Impacts of black box warning, NCD, and REMS on the level of
ESA use for the on-label and off-label indications were specified in the models shown below. A

set of month indicators was included in the model to adjust for monthly seasonality.
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Model 1: On-label (ONS)
Yonse= Bo * Byt + Bsinterventionl + Bsinterventionl x t, + B,intervention2 + B.intervention2xt, + Bgintervention3+

B,intervention3xt, + M + e,

Model 2: Off-label Supported (OFS)
Yoese= By + Bit + B,interventionl + Biintervention1 x t, + B,intervention2 + Bintervention2 xt, + Bgintervention3+

B,intervention3xt, + M + e,

Model 3: Off-label Unsupported (OFU)
Yorue By + Byt + Byinterventionl + Bsinterventionlx t, + B intervention2 + Bgintervention2 x t, + Bgintervention3+

B,intervention3xt, + M + e,

Figure 3.8 Segmented regressions modeling interrupted time-series used in assessing the impact of the

interventions on ESA prescribing

Yonst: Proportion of ESA use among eligible visits

Coefficients: B, Baseline proportion of ESA on-label use att = 0; B, Change in proportion of ESA on-label use (Y,) that occurs with
each month before the first intervention; B, Level change in proportion of ESA on-label use immediately after the first intervention; s

Change in the trend in proportion of ESA on-label use after the first intervention
Independent variables: interventionl = Black Box Warning; intervention2 = National Coverage Determination; intervention3 = REMS

Time variable: t = number of month of the study period (1-78); t1 = number of month since the occurrence of the first intervention
(Mar 07) till the end of the study period (t1 =1-52); t2 = number of month since the occurrence of the second intervention (April 08)

(t1 = 1-39); t3 = number of month since the occurrence of the third intervention (Mar10) (t1 = 1- 16)

M: a set of month indicator variable to control for monthly seasonal effect;

A similar interpretation was applied for all three models. For the purpose of presentation

simplicity, only interpretation of Model 1 was given below.

In Specific Aim 2, Y, . was the monthly proportion of visits at which a patient was

prescribed with ESAs for on-label purposes over the total number of eligible visits in that month.

Variable t was a continuous variable indicating the number of month since the beginning of the
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study takes on values from 1 to 78. Intervention 1 was a dichotomous variable indicating the
issuance of black box warning; t; equaled 0 for the months prior to that issuance and took the
values 1 to 51 indicating the numbers of months since issuance (March 2007; t; = 1 in March
2007) to the end of the study period. Intervention 2 was a dichotomous variable indicating the
official implementation of NCD; t; equaled 0 for the months prior to that when NCD was release
and took the values 1 to 39 indicating the numbers of months since the implementation (April
2008; t; =1 in April 2008) to end of the study period. Intervention 3 was a final dichotomous
variable marking the point in time when REMS was implemented,; t; takes a value of O for the
months prior to the third intervention and 1 through 15 indicating the numbers of months since
the implementation of REMS (March 2010; t; = 1 in March 2010) until the end of the study

period.

The coefficients in the model can be interpreted as followed: ,BO represents baseline
proportion of ESA use att = 0; /31 was the change in proportion of ESA use (Yt) that occurred
with each month before the release of black box warning (Intervention 1); ﬂz level change in
proportion of ESA use immediately after the black box labeling change; ,83 change in the trend in
the proportion of ESA use after black box warning. Similarly, ﬁ4, and ﬁG represented level

change in the dependent variables immediately after the release of NCD (Intervention 2) and the

implementation of REMS (Intervention 3), respectively. Finally, ﬁs, and ,87 represented changes

in the trend in the Y variables after the occurrence of each intervention, respectively.
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Specific Aim 3a and 3b

Three models using the same set of independent variables and covariates were fit
separately to determine the impacts of the interventions on the odds of an ESA being prescribed
to a patient with 1) on-label, 2) off-label supported, and 3) documented OFU conditions. Figure
3.3 specifies the models that were fit to examine the trend and immediate effects of the three

interventions on the odds of an ESA being prescribed to a patient.

Model 1: On-label (ONS)
Logit(ESA=1) =, + B,t + B,interventionl + B,interventionlx t, + B,intervention2 + B intervention2 xt, +

Bgintervention3+ B, intervention3 x t, + DEM + HEALTH +HOS + PHYS + g,

Model 2: Off-label Supported (OFS)
Logit(ESA=1) =8, + B,t + B,interventionl + B;intervention1x t, + B intervention2 + B intervention2 xt, +

Bgintervention3+ B, intervention3 x t, + DEM + HEALTH + HOS + PHYS + e,

Model 3: Documented Off-label Unsupported (Known OFU)

Logit(ESA=1) =8, + B,t + B,interventionl + B;intervention1x t, + B,intervention2 + B intervention2 xt, +

Bgintervention3+ B, intervention3 x t; + DEM + HEALTH + HOS + PHYS + e,

DEM = a vector of patient demographic variables; HEALTH = a vector of clinical conditions; HOS = hospital characteristics; PHYS =

physician specialty.

Figure 3.9 Models used to assess the impact of interventions on odds of being prescribed with ESAs for a

patient with on-label and off-label supported indications.
Again, since similar interpretation was applied for all three models. For the purpose of

presentation simplicity, only interpretation of Model 1 was given below.

In Model 1, logit (ESA=1) represented the odds of receiving ESASs in a patient with an

on-label conditions. All other independent variables were the same as specified under Specific
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Aim 1. DEM denotes a vector of patient demographic variables which included age (18-30, 31-
50, 51-60, 61-64, 65-74, 75-84, and 85 and above years old), gender (Male and Female), and
race (Caucasian, African-American, Hispanic, Other); Payer was specified as the primary payer
of the hospital services (Medicare, Medicaid, Private, Self-pay, and Other); HEALTH was a
vector of patient clinical conditions including admission status (Elective, Emergency, Urgent,
Other), length of stay, Comorbidity Index, and discharge status (Expired, Discharged to home,
Hospice, Institutionalized care, Non-institutionalized care, Other); HOS include hospital
characteristics variables such as geographic region (Northeast, Midwest, South, West), teaching
status (Teaching, Non-teaching), and bed size (<99, 100-199, 200-299, 300-499, 500 or more).
Lastly PHYS denotes physician specialty as non-specialist and specialist. Due to a large number
of observations with missing information, we created a category ‘Missing’ for the race, payer,

admission type, discharge status, and physician specialty variables.

The coefficients in the model can be interpreted as followed: f is the intercept presenting
baseline odds of receiving ESAs among patients with on-label indications when the effects of all
independent variables in the model were turned off; $; represented the time trend prior to the first
intervention, the black box warning. £, estimated the immediate effects of the first intervention
(black box warning). In a similar manner, S, and fs estimated the immediate effects of NCD and
REMS, respectively. p;estimated the change in time trend after the issuance of black box
warning. fs and f7 represented the change in time trends after the implementation of NCD and
REMS, respectively. Finally, e; was the error term represents the variability not explained by the

model.
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Human subjects’ protection and data privacy

Cerner data are encrypted in such a way that no patient will be identified in order to
ensure minimal confidentiality risks to the patients. Access to the dataset was restricted to
individuals listed in the protocol. The data were maintained in a password-protected
environment. The study proposal was submitted to the Institution Review Board (IRB) at
Virginia Commonwealth University for an exemption 45 CFR 46.101(b)(4).1*® The approval

number was HM 14257.
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CHAPTER 4

Results

Research results are presented in this chapter. The results are summarized into five

following sections:

1. Data Description
- Study cohort for each specific aims
- Overall prevalence and trend in ESA use from 2005 to 2011 by use category
2. Specific Aim 1
- Descriptive summary of patient, hospital, and physician characteristics of ESA users
- Descriptive summary of patient, hospital, and physician characteristics of epoetin alfa
and darbepoetin alfa by use category
- Specific indications of ESAs in ONS, OFS, and OFU use category

3. Specific Aim 2

Trend in ESA On-label, off-label supported, and off-label unsupported therapy

Outlier Identification and Data manipulation

Time-series model selection

Impacts of black box warning, NCD, and REMS on proportion of visits with ESA use

4. Specific Aim 3

Outlier Identification and Data manipulation

Bivariate analysis of ESA users

GEE model selection

Impacts of black box warning, NCD, and REMS on odds of being prescribed with ESAs
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- Associations of demographic, clinical, and hospital characteristics and the odds of being

prescribed with ESAs.

Data Description

Study cohorts for each specific aim

A total of 166,741 unique visits of 108,489 unique patients were reported to Cerner
health system, and received at least one order of any ESAs between January 1, 2005 and June 30,
2011. Among them, 111,363 encounters (66.8%) were admitted to the inpatient health system
while the rest were seen in the outpatient settings and excluded accordingly. Approximately
75.3% of the total inpatient encounters (n = 83,876 encounters: 66,121 patients) were prescribed
epoetin alfa only, and 24.0% (n = 26,772 encounters: 20,088 patients) were prescribed
darbepoetin alfa only. Less than one percent of them were prescribed both epoetin alfa and
darbepoetin alfa during the same visit (0.8%, n = 715 encounters: 554 patients). A total of 128
unique hospitals reported using any ESAs during the study period. Epoetin alfa was used in 124
hospitals in our sample while darbepoetin alfa was used in 91 hospitals. Sixty-four hospitals
reported the use of both epoetin alfa and darbepoetin alfa during the study period. The number
of reporting hospitals increased from 37 hospitals in the first year to 71 hospitals in the last year
of the study period. On average, the report of any use of ESAs came from approximately 50
hospitals per month. Lastly, during the 6.5-year study period, a total of 112 unique hospitals
reported ESA ONS use while 89 and 127 unique hospitals reported OFS and OFU use of ESAs,

respectively.
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The proportion of visits with ESA use for the ONS, OFS, and OFU indications was set up
from 111,363 unique visits with at least one ESA orders and 2,170,654 eligible admissions to

assess the impact of the interventions on ESA prescribing patterns (Specific Aim 2).

Finally, in order to assess the impacts of the interventions on the odds of receiving ESAs
in patients with specific on-label and off-label supported conditions and the associations of
demographic, clinical, and hospital characteristics on such likelihood (Specific Aim 3), a patient
is used as a unit of analysis. This analysis consisted of a total of 1,815,028 patients (750,321

ONS, 505,694 OFS, and 559,013 documented OFU).

Overall prevalence and trend in ESA use

ESA utilization patterns over time measured through the number of visits with any use of
erythropoietic drugs (epoetin alfa or darbepoetin alfa) per reporting hospital during the study

period is shown in Table 4.1 (annually) and Figure 4.1 (monthly).

Number of cases which an ESA was prescribed increased 44% from 240 per hospital in
2005 to 346 cases in 2006. ESA use decreased 13% to 302 cases in 2007; then utilization level
went up 9% to 328 cases in 2008. The largest reduction in use was in 2009 when there was a
50% reduction from 2008. ESA utilization level remained low from then through 2010. Overall,

ESA use in our sample decreased 33% from 2005 to 2010.

Epoetin alfa use increased 47% from approximately 211 cases per reporting hospital in
2005 to 310 cases in 2006. This increase was followed by a 27% drop in 2007 and a 15%

increase in epoetin alfa use in the following year. The number of visits which epoetin alfa was
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prescribed per hospital declined 54% in 2009, but increase again to 131 cases per hospital in

2010 (10% increase from 2009). Overall, epoetin alfa use decreased 38% from 2005 to 2010.

Overall use of darbepoetin alfa, however, increased 20% from 63 cases in 2005 to 76

cases in 2010. A year by year analysis showed that its use also increased in 2006 (44%).

However, in contrary to epoetin alfa, the number of visits which darbepoetin alfa was prescribed

per hospital continued to increase in 2007 (66% increase from 2006). After 2007, the level of

darbepoetin alfa use decreased every year until the end of the study period.

Table 4.1 Overall annual trend in the number of visits with ESA use per reporting hospital*

Drug Number of visits with ESA use per reporting hospital

2005 2006 2007 2008 2009 2010 %A (2005-2010)
Total (any ESAS) 239.7 345.8 302.0 327.9 163.1 161.6
A from preceding year - +44.0% -12.6% +8.6% -50.3% -0.9% -32.6%
Epoetin alfa 211.0 310.4 225.9 259.0 118.6 131.0
A from preceding year - +47.1% -27.2% +14.6% -54.2% +10.5% -37.9%
Darbepoetin alfa 63.3 91.1 151.0 131.1 103.6 75.7
A from preceding year - +44.0% +65.7% -13.2% -21.0% -26.9% +19.7%

*Only years with full-year reports were included
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To compare the trends in epoetin alfa and darbepoetin alfa over time, a graphical
representation of monthly drug use is shown in Figure 4.1. Any use of ESAs (epoetin alfa or
darbepotin alfa) is marked with -o- symbol while the use of epoetin alfa or darbepoetin alfa
alone is portrayed with -x- and -0-, respectively. In general, changes in the level of darbepoetin

alfa use were delayed and fluctuated at a lesser extent compared to that of epoetin alfa.

Visits with ESA Use Per Hospital Jan 05 - Jun 11

50 Black box warning NCD REMS
beginsf begins begins
| 1

visit per hospital

—=—— AllESAS ; EFD DARB

Figure 4.1 Monthly trend in use of ESAs, epoetin alfa, and darbepoetin alfa from January 2005 to June

2011 expressed in term of number of visits with ESA use per hospital

The number of visits which at least one ESA order was prescribed in a month in a

hospital increased steadily from 24 visits at the beginning of the study period to 32 visits per
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hospital per month in April 2006. After that, a sharp rise in the average number of visits with
ESAs was observed. There were close to 50 visits at which ESAs were ordered per hospital per
month during that period. However, beginning in October 2006, use of ESAS in our sample
started to show a declining trend that continued until the end of the study period. In the last
month of the study, there were as few as 16 visits per hospital which patients were prescribed
ESAs. The trend in overall ESA use in our sample was likely to be caused by epoetin alfa
because darbepoetin alfa utilization level, on the other hand, did not drop after October 2006 but
instead remained relatively stable at approximately 20 visits per hospital per month until April
2010. After April 2010, darbepoetin alfa use decreased to about 10 cases per hospital monthly

until the end of the study period.

ONS, OFS, and OFU use per hospital

The use of ESAs per hospital for the on-label, off-label supported, and off-label

unsupported indications is shown in Table 4.2 (annually) and Figure 4.2 (monthly).

Between 2005 and 2010, the number of visits with ESA on-label (ONS) use decreased
63% from 196 cases to 72 cases. The decline in ESA ONS use was observed starting in 2007
(21% reduction from 2006) with the largest decline seen in 2009 (57% reduction from 2008). A
similar trend was observed with ESA OFS use. ESA OFS use decreased 78.2% from 53 cases
per hospital in 2005 to only 11.6 cases in 2010, with the largest decline in 2009 (57%). ESA
OFU use, on the other hand, increased 80% from 57 cases to 102 cases. The largest increase in
ESA OFU use was in 2006. During that year, the number of visits with ESA OFU use per

hospital increased 78%.

Table 4.2 Annual trend in the number of visits with ESA use per reporting hospital by use category*
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Use Category Number of visits with ESA use per reporting hospital

2005 2006 2007 2008 2009 2010 %A (2005-2010)

Total (any ESAS)

ONS 195.9 245.8 194.6 202.5 86.6 72.2
A from preceding year - +255% -208% +4.1% -57.3% -16.7% -63.2%
OFS 53.3 44.3 46.1 36.8 15.8 11.6
A from preceding year - -16.8% 39% -20.2% -57.1% 26.3% -78.2%
OFU 56.7 100.9 114.7 128.6 95.9 102.0
A from preceding year - +78.0% +13.7% +12.1% -25.4% +6.4% +80.0%

*Only years with full-year reports are shown
Monthly trends in ESA use on-label and off-label (supported and unsupported) is shown
in Figure 4.2. On-label use of ESA is outlined with a long-dashed line while off-label supported

and off-label unsupported use are marked with solid and dotted lines, respectively.

On-label use of ESAs in our sample increased steadily from 20 visits per hospital per
month in January 2005 to 32 cases in November 2006. After than month, ESA on-label use
declined sharply. During the last months of the study, a hospital on average approximately
prescribed ESA in less than 10 visits per month. On the other hand, no fluctuation of level of
ESA use for off-label supported indications was observed in our sample; there was a slight
downward trending in the off-label supported use of ESAs throughout the study period. ESA
OFS use decreased from 7 visits per hospital per month to only one to two visits in the later
months. In contrast to ESA ONS and OFS use, ESA use for the unsupported indications (OFU)
increased from 6 visits in 2005 to 19 visits December 2006. This OFU use remained high, with a

slight increasing trend throughout the study period.
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Figure 4.2 Monthly trend in ESA use for the on-label, off-label supported, and off-label unsupported
indications from January 2005 to June 2011 expressed in term of number of visits with ESA use per

hospital
The annual trends in ESA use were broken down by drug. Changes in epoetin alfa and
darbepoetin alfa use per hospital per year for the on-label, off-label supported, and off-label

unsupported indications are shown Table 4.3.

The observed trends in ESA use described in the previous section were likely to be
contributed by the use of epoetin alfa which made up more than 75% of all ESA use in our
sample. Epoetin alfa ONS use increased 23% in the first year of the study period, but decreased

thereafter. Overall, similar to ESAs, epoetin alfa ONS use decreased 67% between 2005 and
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2010, with the largest decline in 2009 (-65%). Epoetin alfa OFS use also declined throughout

the whole study period (75%, 2005-2010), with the largest drop of 61% in 2009. Lastly, epoetin

alfa OFU use increase 93% over six years. The largest increase in epoetin alfa OFU use was

observed in 2006 where its use was almost doubled (99%).

In contrast to epoetin alfa, darbepoetin alfa ONS use did not decrease after 2005. Instead,

its use continued to increase until 2007, and decreased thereafter. There was also an increase of

73% and 71% in darbepoetin alfa OFS and OFU use in our sample in that year (2007),

respectively. At the end of the study period, darbepoetin alfa OFS use decreased 45% while

OFU use increased more than 111%.

Table 4.3 Annual trend in the number of visits with epoetin alfa and darbepoetin alfa use per reporting

hospital by use category*

Use Category

Number of visits with ESA use per reporting hospital

2005 2006 2007 2008 2009 2010 %A (2005-2010)
Epoetin alfa
ONS 179.6 220.8 141.1 156.4 54.8 60.0
A from preceding year - +22.9% -36.1% +10.8% -64.9% +9.4% -66.6%
OFS 48.5 44.6 35.7 331 12.8 11.9
A from preceding year - -8.0% -20.1% -7.3% -61.2% -7.0% -75.4%
OFU 45.9 91.1 95.3 116.2 824 88.4
A from preceding year - +985% +4.6% +21.9% -29.1% +7.3% +92.6%
Darbepoetin alfa
ONS 52.8 68.9 112.4 98.5 82.8 48.6
A from preceding year - +30.5% +63.1% -12.3% -16.0% -41.3% -8.0%
OFS 14.1 13.7 23.8 20.7 14.7 7.8
A from preceding year - -2.6% +73.3% -12.8% -28.9% -47.2% -44.7%
OFU 23.6 29.1 49.7 45.9 51.4 50.0
A from preceding year - +23.4% +70.5% -7.6% +12.0% -2.7% +111.8%

*Only years with full-year reports are shown
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Figure 4.3 and 4.4 show monthly trend in epoetin alfa and darbepoetin alfa use per
hospital, respectively. In general, ONS and OFS use in our sample decreased while OFU use

increased drastically after April 2006.

Visits with Epoetin alfa Use Per Hospital by Use Category Jan 05 - Jun 11
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Figure 4.3 Monthly trend in epoetin alfa use for the on-label, off-label supported, and off-label

unsupported indications from January 2005 to June 2011 expressed in term of number of visits with ESA
use per hospital
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Visits with Darbepoetin alfa Use Per Hospital by Use Category Jan 05 - Jun 11
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Figure 4.4 Monthly trend in darbepoetin alfa use for the on-label, off-label supported, and off-label
unsupported indications from January 2005 to June 2011 expressed in term of number of visits with ESA

use per hospital

The graphic representation shown in Figure 4.4 confirmed that the decline in the use of
darbepoetin alfa for the on-label indications was delayed compared to that in epoetin alfa ONS
use. Instead of a declining trend at the end of 2006, darbepoetin alfa ONS use continued to rise
until mid-2006, after which it remained relatively stable until early 2010. Darbepoetin alfa ONS
use then dropped drastically toward the end of the study period. In contrast to epoetin alfa OFS
use which trended downward throughout the study period, OFS use of darbepoetin alfa in fact

increased at first, and then leveled off after 2008. Finally, similarly to epoetin alfa, the use of
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darbepoetin alfa for the off-label unsupported indications rose after 2006, and remained

relatively stable until the end of the study period.

Specific Aim 1

Descriptive Statistics

Descriptive statistics were divided into three parts. The first part describes and compares
demographic data (age, race, sex, admission type, comorbidity, length of stay, and discharge
status), source of payment and hospital and physician characteristics between epoetin alfa (EPO)
and darbepoetin alfa (DARB) users. The EPO+DARB user group was not included in the
analysis due to its small sample size (554 patients). In the second part, differences in patient
demographic and clinical characteristics, and hospital and physician characteristics between ESA
users of each category (ONS, OFS, and OFU) were tested separately for each drug. Actual use

of ESA for specific ONS, OFS, and OFU indications was described under the final section.

Descriptive statistical analysis of demographic information of patients prescribed with

epoetin alfa or darbepoetin alfa only

Demographic data for patients who received only epoetin alfa or only darbepoetin alfa
were tested for statistically significant differences. Bivariates results are shown in Table 4.4.
The age of patients ranged from 18 to 85 years old, with the average age being 66 years old. The
late middle aged (51-64 years), young old (65-74 years), and older old (75-84 years) comprised
the largest group of ESA users. Slightly more female than male patients received ESASs.
Majority of ESA users in our sample were white (62.4%), had Medicare as their primary payer,

were admitted as emergency cases, and discharged home. The average length of stay was 12
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days (0 to 1,362 days) and on average, an ESA user had a comorbidity score of 1.6. Majority of
ESA users in this study were admitted to the hospitals located in the Northeast and the South
with more than 300 beds. Most of the hospitals were teaching hospitals (74.8%). Lastly, among
users without missing information on physician specialty, 61.1% of them were prescribed by a
specialist. It is important to note that though age, gender, race, discharge disposition, and
hospital characteristics were well captured in Cerner data, more than half of the payer
information of ESA users, and as high as 30-40% of the admission type and ordering physician

specialty were missing from the records.

There were significant differences between the EPO and DARB users with respect to
patient demographic characteristics, clinical characteristics, physician characteristics and hospital
characteristics. Overall, compared with those prescribed with epoetin alfa, those prescribed with
darbepoetin alfa were significantly younger (40.5% vs 46.9% non-elderly), and consisted of
slightly more male and Caucasians. Greater proportion of DARB users, compared to EPO users,
had Medicare as their primary payer. Fewer DARB users were admitted as emergency cases
compared to EPO users. Discharge status of both users was similar. However, drug utilization
was drastically different across the census regions. Patients admitted to the hospitals located in
the Midwest and the northeast received darbepoetin alfa to a greater extent compared to patients
in any other regions. On the other hand, epoetin alfa was used mostly in the hospitals located in
the Northeast and the South. Drug utilization was quite similar across hospital bed size, teaching

status, and ordering physician specialty categories.
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Table 4.4 Descriptive statistics for patients admitted to inpatient settings and had at least one order of

ESAs between January 01, 2005 and June 30, 2011

Variable N Patients 2005- 2011 (column %) Chi-sq,
Any ESAs Epo Darb p-value
Patient Characteristics
Demographics
Age
18-30 2,273 (2.64) 1,580 (2.39) 693 (3.45) 389.15
31-50 12,362 (14.34) 8,912 (13.48) 3,450 (17.17) p < 0.0001
51-64 21,686 (25.16) 16,350 (24.73) 5,336 (26.56)
65-74 19,430 (22.54) 15,035 (22.74) 4,395 (21.88)
75-84 20,811 (24.14) 16,470 (24.91) 4,341 (21.61)
85+ 9,647 (11.19) 7,774 (11.76) 1,873 (9.32)
Total (row %) 86,209 (100.00) 66,121 (76.70) 20,088 (23.30)
Average age (SD) 66.1 (15.81) 66.7 (15.62) 64.1 (16.28) p < 0.0001
Gender*
Male 41,564 (48.22) 31,583 (47.77) 9,981 (49.70) 22.91
Female 44,636 (51.78) 34,533 (52.23) 10,103 (50.30) p < 0.0001
Total (row %) 86,200 (100) 66,116 (76.70) 20,084 (23.30)
Race
Caucasian 53,799 (62.41) 40,517 (62.28) 13,282 (66.12) 783.95
African-American 24,473 (28.39) 19,332 (29.24) 5,141 (25.59) p <0.0001
Other 6,149 (7.13) 5,254 (7.95) 895 (4.46)
Not recorded 1,788 (2.07) 1,018 (1.54) 770 (3.83)
Total (row %) 86,209 (100.00) 66,121 (76.70) 20,088 (23.30)
Primary Payer
Source of Payment
Medicare 24,548 (60.35) 17,666 (58.50) 6,882 (65.67) 888.47
Medicaid 3,471 (8.53) 2,541 (8.41) 930 (8.87) p < 0.0001
Commercial/Private/HMO 5,839 (14.35) 4,338 (14.36) 1,501 (14.32)
Managed Care
Self-pay 1,700 (4.18) 1,162 (3.85) 538 (5.13)
Other 5,120 (12.59) 4,492 (14.87) 628 (5.99)
Not recorded 45,531 (52.81) 35,922 (54.33) 9,609 (47.83)
Total (row %) 86,209 (100.00) 66,121 (76.70) 20,088 (23.30)
Clinical Conditions
Admission type
Emergency 38,243 (64.09) 29,639 (64.90) 8,604 (61.44) 648.90
Urgent 10,598 (17.76) 8,675 (19.00) 1,923 (13.73) p <0.0001
Elective 10,694 (17.92) 7,249 (15.87) 3,445 (24.60)
Other 137 (0.23) 106 (0.23) 31(0.22)
Not recorded 26,537 (30.78) 20,452 (30.93) 6,085 (30.29)
Total (row %) 86,209 (100.00) 66,121 (76.70) 20,088 (23.30)
Average CCI (SD) 1.62 (1.991), 1.56 (1.967), 1.80 (2.058) p <0.0001
-1to0 13 -1to0 13 -1t0 13
Average LOS (SD), range 12.4 (18.72), 12.1 (18.85), 13.4 (18.24), p <0.0001
0-1,362 0-1,362 0-540
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Discharge status
Expired
Discharged to home/
self care
Discharged to Hospice
Discharged/transferred to
institutionalized care
Discharged/transferred to
noninstitutionalized care
Other
Not recorded
Total (row %)

5,974 (7.24)
37,211 (45.08)

1,769 (2.17)
24,014 (29.09)

12,942 (15.68)
617 (0.75)

3,657 (4.24)
86,209 (100.00)

4,615 (7.29)
28,465 (44.95)

1,367 (2.16)
18,216 (28.77)

10,163 (16.05)
498 (0.79)

2,797 (4.23)
66,121 (76.70)

1,359 (7.07)
8,746 (45.49)

425 (2.22)
5,798 (30.15)

2,779 (14.45)
119 (0.62)

860 (4.28)
20,088 (23.30)

41.55
p < 0.0001

Hospital Characteristics

Geographic region
Northeast
Midwest
South
West
Total (row %)

35,167 (40.79)
18,197 (21.11)
26,628 (30.89)
6,217 (7.21)
86,209 (100.00)

27,914 (42.22)
8,406 (12.71)
23,793 (35.98)
6,008 (9.09)
66,121 (76.70)

7,253 (36.11)
9,791 (48.74)
2,835 (14.11)
209 (1.04)
20,088 (23.30)

13384.40
p < 0.0001

Bed size
<99
100-199
200-299
300-499
=500
Total (row %)

2,358 (2.74)
7,823 (9.07)
15,864 (18.40)
26,270 (30.47)
33,894 (39.32)
86,209 (100.00)

1,889 (2.86)
5,324 (8.22)
10,919 (16.51)
21,419 (32.39)
26,461 (40.02)
66,121 (76.70)

469 (2.33)
2,390 (11.90)
4,945 (24.62)
4,851 (24.15)
7,433 (37.00)

20,088 (23.30)

1174.51
p < 0.0001

Teaching status
Teaching
Non-teaching
Total (row %)

64,455 (74.77)
21,754 (25.23)
86,209 (100.00)

49,660 (75.10)
16,461 (24.90)
66,121 (76.70)

14,795 (73.65)
5,293 (26. 53)
20,088 (23.30)

17.26
p < 0.0001

Physician Characteristics

Ordering Physician Specialty

Non-specialist
Surgeon
Specialist

Not recorded
Total (row %)

13,577 (15.75)
5197 (6.03)
29,535 (34.26)
37,900 (43.96)
86,209 (100.00)

11,317 (17.12)

3,253 (4.92)
21,208 (32.07)
30,343 (45.89)
66,121 (76.70)

2,260 (11.25)
1,944 (9.68)
8,327 (41.45)
3,557 (37.62)
20,088 (23.30)

1550.28
p < 0.0001

*Nine patients with missing gender information were not tested.
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Descriptive statistical analysis of demographic information of patients prescribed with

epoetin alfa and darbepoetin alfa by use category

This part of the descriptive analysis examined characteristics of the ESA users by their
use category. Majority of ESA use in our sample was for on-label indications (48.7%), followed

by off-label unsupported (42.7%), and off-label supported indications (8.6%).

There were significant differences in the utilization of epoetin alfa and darbepoetin alfa
with respect to use categories. Darbepoetin alfa was used to a larger extent for on-label
indications compared to epoetin alfa; of 20,008 darbepoetin alfa users, 52.8% were for on-label
indications compared to 47.4% ONS of epoetin alfa users. Unsupported use of both drugs
constituted about 83.2% of all off-label use of the drugs. Table 4.5 summarizes percentages of

patients with epoetin alfa and darbepoetin alfa use by indication category.

Table 4.5 Number of ESA users in the inpatient settings by use categories

Use category N Patients (column %) Chi-sq,
All ESA users Epo only Darbe only p-value
ONS 42,218 (48.66) 31,333 (47.39) 10,598 (52.76) 177.90
OFS 7477 (8.62) 5,834 (8.82) 1,586 (7.90) p <0.0001
OFU 37,068 (42.72) 28,954 (43.79) 7,904 (39.35)
Total (row %) 86,763 66,121 (76.70) 20,088 (23.30)
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Part 2.1: Any ESAs

There were statistically significant differences between users of ESAs for ONS, OFS, and
OFU indications with respect to all variables: age, gender, race, insurance status, admission type,
comorbidity index, length of stay, discharge disposition, geographic region, hospital size,
teaching status, and physician specialty. ESAS, regardless of their indications, were also for a
greater extent prescribed off-label to female. ESA utilization patterns were similar across
geographic regions, hospital bed size, teaching status, and ordering physician specialty

categories.

Compared with ONS and OFU users, there was greater proportion of older patients in the
OFS group. The average age of ESA-OFS group was 70 years old while that of ESA-ONS and
ESA-OFU groups were 65 and 66 years old, respectively. Greater proportion of ESA-OFS users
died in the hospital or was discharged to institutionalized care. There were fewer White and
Medicare patients in the OFU group compared to the other two groups. Also, admission type of
the OFU patients was, to the highest extent, not recorded in the database (60.3% compared 8.8%
and 11.1% of the ONS and OFS groups, respectively). However, among those with recorded
information, admission type did not vary across the three user groups. We found that the
majority of ESA patients in our sample were admitted to the hospitals as emergency cases.
Hospital length-of-stay was longest in the OFS group (14.7 days), followed by OFU (12.9 days),
while ONS patients stayed in the hospital for 11.8 days on average. Lastly, OFU patients had
much lower comorbidity index compared to the ONS and OFS patients (0.3 vs. 2.7 and 2.0).
Average age, L-O-S, and comorbidity indices of ESA drug recipients are illustrated in Figure 4.5
and 4.6, respectively. Descriptive statistics of ESA users by use category was shown in Table

4.6.
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Average Age of ESA Drug Recipients
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Figure 4.5 Average age of ESA drug recipients
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Figure 4.6 Average L-O-S and Average CCI of ESA drug recipients
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Table 4.6 Descriptive statistics for ESA users in the inpatient settings by use categories

Variable N Patients by Use Category 2005-2011 (column %) Chi-sq,
Any indications ONS OFS OFU p-value
Patient Characteristics
Demographics
Age
18-30 2,286 (2.63) 1,078 (2.55) 164 (2.19) 1,044 (2.82) 870.35
31-50 12,432 (14.33) 6,473 (15.33) 640 (8.56) 5,319 (14.35) p <0.0001
51-64 21,836 (25.17) 11,253 (26.65) 1,404 (18.78) 9,179 (24.76)
65-74 19,553 (22.54) 9,461 (22.41) 1,688 (22.58) 8,404 (22.67)
75-84 20,952 (24.15) 9,863 (23.36) 2,266 (30.31) 8,823 (23.80)
85+ 9,704 (11.18) 4,090 (9.69) 1,315(17.59) 4,299 (11.60)
Total (row %) 86,763 (100.00) 42,218 (48.66) 7,477 (8.62) 37,068 (42.72)
Average age (SD) 66.1 (15.81) 65.3 (15.64) 70.5 (15.07) 66.0 (16.00) p <0.0001
Gender*
Male 41,837 (48.22) 21,229 (50.29) 3,501 (46.82) 17,107 (46.16) 140.94
Female 44,917 (51.78) 20,988 (49.71) 3,976 (53.18) 19,953 (53.84) p<0.0001
Total (row %) 86,754 (100.00) 42,217 (48.66) 7,477 (8.62) 37,060 (42.72)
Race
Caucasian 54,172 (64.44) 26,636 (63.09) 5,799 (77.56) 21,737 (58.64) 1046.09
African-American 24,608 (28.36) 12,105 (28.67) 1,220(16.32) 11,283 (30.44) p <0.0001
Other 6,179 (7.12) 2,720 (6.44) 334 (4.47) 3,125 (8.43)
Not recorded 1,804 (2.08) 757 (1.79) 124 (1.66) 923 (2.94)
Total (row %) 86,763 (100.00) 42,218 (48.66) 7,477 (8.62) 37,068 (42.72)
Primary Payer
Source of Payment
Medicare 24,689 (28.46) 1,4550 (34.46) 2,910(38.92) 7,229 (19.50) 4907.39
Medicaid 3,486 (4.02) 1,902 (4.51) 345 (4.61) 1,239 (3.34) p<0.0001
Commercial/ 5,886 (6.78) 3,008 (7.12) 623 (8.33) 2,255 (6.08)
Private/ HMO
Managed Care
Self-pay 1,702 (1.96) 855 (2.03) 192 (2.57) 655 (1.77)
Other 5,152 (5.94) 3,424 (8.11) 482 (6.45) 1,245 (3.36)
Not recorded 45,848 (52.84) 18,478 (43.77) 2,925(39.12) 24,445 (65.95)
Total (row %) 86,763 (100.00) 42,218 (48.66) 7,477 (8.62) 37,068 (42.72)
Clinical Conditions
Admission type
Emergency 38,475 (44.34) 24,791 (58.72) 4,231 (56.59) 9,453 (25.50) 26164.05
Urgent 10,665 (12.29) 6,445 (15.27) 1,376 (18.40) 2,844 (7.67) p<0.0001
Elective 10,755 (12.40) 7,288 (17.26) 1,038 (13.88) 2,429 (6.55)
Other/Not 26,868 (30.97) 3,694 (8.75) 832 (11.13) 22,342 (60.27)
recorded
Total (row %) 86,763 (100.00) 42,218 (48.66) 7,477 (8.62) 37,068 (42.72)
Average CCI (SD) 1.62 (1.991), 2.72 (1.909), 2.00 (1.844), 0.29 (1.116), p<0.0001
-1t0 13 -1to0 13 Oto 11 Oto9
Average LOS (SD), 12.5 (18.97), 11.8 (16.42), 14.7 (17.99), 12.9 (21.64), p <0.0001
range 0to 1362 0to 1029 0to 340 0to 1362
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Discharge status

Expired 6,031 (6.95) 2,794 (6.62) 872 (11.66) 2,365 (6.07) 5502.15
Discharged to 37,362 (43.06) 17,708 (41.94) 2,011 (26.90) 17,643 (47.60) p <0.0001
home/self care
Discharged to 1,809 (2.08) 940 (2.23) 258 (3.45) 611 (1.65)
Hospice
Discharged/ 24,243 (27.94) 12,394 (29.36) 2,873 (38.42) 8,976 (24.21)
transferred to
institutionalized care
Discharged/ 13,006 (14.99) 7,772 (18.41) 1,397 (18.68) 3,837 (10.35)
transferred to
noninstitutionalized
care
Other/Not 4,312 (4.97) 610 (1.44) 66 (0.88) 3,636 (9.81)
recorded
Total (row %) 86,763 (100.00) 42,218 (48.66) 7,477 (8.62) 37,068 (42.72)
Hospital Characteristics
Geographic region
Northeast 35,513 (40.93) 16,422 (38.90) 3,415 (45.67) 15,676 (42.29) 1207.08
Midwest 18,300 (21.09) 10,700 (25.34) 1,488 (19.90) 6,112 (16.49) p<0.0001
South 26,712 (30.79) 12,607 (29.86) 2,192 (29.32) 11,913 (32.14)
West 6,238 (7.19) 2,489 (5.90) 382 (5.11) 3,367 (9.08)
Total (row %) 86,763 (100.00) 42,218 (48.66) 7,477 (8.62) 37,068 (42.72)
Bed size
<99 2,374 (2.74) 962 (2.28) 240 (3.21) 1,172 (3.16) 1,360.49
100-199 7,886 (9.09) 4,400 (10.42) 659 (8.81) 2,827 (7.63) p<0.0001
200-299 16,053 (18.50) 7,711 (18.26) 1,668 (22.31) 6,678 (18.00)
300-499 26,371 (30.39) 13,878(32.87) 2,789 (37.30) 9,704 (26.18)
=500 34,079 (39.28) 15,267 (36.16) 2,121 (28.37) 16,691 (45.03)
Total (row %) 86,763 (100.00) 42,218 (48.66) 7,477 (8.62) 37,068 (42.72)
Teaching status
Teaching 64,819 (74.71) 32,051 (75.92) 5,406 (72.30) 27,362 (73.82) 71.23
Non-teaching 21,944 (25.29) 10,167 (24.08) 2,071 (27.70) 9,706 (26.18) p <0.0001
Total (row %) 86,763 (100.00) 42,218 (48.66) 7,477 (8.62) 37,068 (42.72)
Physician Characteristics
Ordering Physician Specialty
Non-specialist 13,632 (15.71) 5,855 (13.87) 1,324 (17.71) 6,453 (17.41) 692.13
Surgeon 5,229 (6.03) 2,835 (6.72) 464 (6.21) 1,930 (5.21) p<0.0001
Specialist 29,669 (34.20) 15,698 (37.18) 2,748 (36.75) 11,223 (30.28)

Not recorded
Total (row %)

38,233 (44.07)

86,763 (100.00)

17,830 (42.23)
42,218 (48.66)

2,941 (39.33)
7,477 (8.62)

17,462 (47.11)
37,068 (42.72)

*Nine patients with missing gender information were not tested.
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Part 2.2: Use of Epoetin alfa Darbepoetin alfa

Descriptive analysis of patient characteristics, clinical conditions, hospital characteristics,
and physician specialty were done separately for epoetin alfa and darbepoetin alfa. Bivariate
results for epoetin alfa and darbepoetin alfa are described in Table 4.7 and 4.8, respectively.
Significant differences between the ONS, OFS, and OFU users of epoetin alfa and darbepoetin
with respect to patient demographic characteristics, clinical characteristics, physician
characteristics and hospital characteristics were comparable to those described above in the ESA
section. For example, those who used the drug for off-label supported indications were the
oldest, mostly White female, had higher hospital mortality, and were transferred to other

institutionalized care settings to a greater extent compared to patients in the other two groups.
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Table 4.7 Epoetin alfa by use category in the inpatient settings

Variable N Patients by Use Category 2005-2011 (column %) Chi-sq,
Any indications ONS OFS OFU p-value
Patient Characteristics
Demographics
Age
18-30 1,580 (2.39) 715 (2.28) 108 (1.85) 757 (2.61) 719.96
31-50 8,691 (13.48) 4,494 (14.34) 457 (7.83) 3,961 (13.68) p<0.0001
51-64 16,350 (24.73) 8,198 (26.16) 1,024 (17.55) 7,128 (24.62)
65-74 15,035 (22.74) 7,102 (22.67) 1,326 (22.73) 6,607 (22.82)
75-84 16,470 (24.91) 7,609 (24.28) 1,837 (31.49) 7,024 (24.26)
85+ 7,774 (11.76)  3,215(10.26) 1,082 (18.55) 3,477 (12.01)
Total (row %) 66,121 (100.00) 31,333 (47.39) 5,834 (8.82) 28,954 (43.79)
Average age (SD) 66.6 (15.62) 65.9 (15.43) 71.3 (14.70) 66.5 (15.84)
Gender*
Male 31,583 (47.77) 15,633 (49.89) 2,698 (46.25) 13,252 (45.78) 108.12
Female 34,533 (52.23) 15,700 (50.11) 3,136 (53.75) 15,697 (54.22) p <0.0001
Total (row %) 66,116 (100.00) 31,333 (47.39) 5,834 (8.82) 28,949 (43.79)
Race
Caucasian 40,517 (61.28) 19,471 (62.14) 4,486 (76.89) 16,560 (57.19) 911.14
African-American 19,332 (29.24) 9,266 (29.57) 995 (17.04) 9,072 (31.33) p<0.0001
Other 5,254 (7.95) 2,225 (7.10) 275 (4.71) 2,754 (9.51)
Not recorded 1,018 (1.54) 371 (1.18) 79 (1.35) 568 (1.96)
Total (row %) 66,121 (100.00) 31,333 (47.39) 5,834 (8.82) 28,954 (43.79)
Primary Payer
Source of Payment
Medicare 17,666 (26.72) 10,058 (32.10) 2,305 (39.51) 5,303 (18.32) 4551.74
Medicaid 2,541 (3.84) 1,354 (4.32) 258 (4.42) 929 (3.21) p<0.0001
Commercial/ 4,338 (6.56) 2,079 (6.64) 443 (7.59) 1,816 (6.27)
Private/ HMO
Managed Care
Self-pay 1,162 (1.76) 472 (1.51) 143 (2.45) 547 (1.89)
Other 4,492 (6.79) 3,247 (10.36) 448 (7.68) 797 (2.75)
Not recorded 35,922 (54.33) 14,123 (45.07) 2,237 (38.34) 19,562 (67.56)
Total (row %) 66,121 (100.00) 31,333 (47.39) 5,834 (8.82) 28,954 (43.79)
Clinical Conditions
Admission type
Emergency 29,639 (44.83) 18,950 (60.48) 3,449 (59.12) 7,240 (61.06) 21689.07
Urgent 8,675 (13.12) 5,259 (16.78) 1,206 (20.67) 2,210(25.01) p<0.0001
Elective 7,249 (10.96) 4,719 (15.06) 704 (12.07) 1,826 (7.63)
Other/Not 20,558 (31.09) 2,405 (7.68) 475 (8.14) 17,678 (61.06)
recorded
Total (row %) 66,121 (100.00) 31,333 (47.39) 5,834 (8.82) 28,954 (43.79)
Average CCI (SD) 1.56 (1.967), 2.66 (1.911), 2.00 (1.823), 0.29 (1.128),
-1t0 13 -1to0 13 Oto 11 Oto9
Average LOS (SD), 12.1 (18.85), 11.3(15.91), 13.8(16.49), 12.7 (21.94),
range 0to 1362 0to 1029 0to 329 0to 1362
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Discharge status

Expired 4,615 (6.98) 2,037 (6.50) 665 (11.40) 1,913 (6.61) 4041.55
Discharged to 28,465 (43.05) 12,952 (41.34) 1,573 (26.96) 13,940 (48.15) p <0.0001
home/self care
Discharged to 1,367 (2.07) 715 (2.28) 207 (3.55) 445 (1.54)
Hospice
Discharged/ 18,216 (27.55) 9,084 (28.99) 2,185 (37.45) 6,947 (23.99)
transferred to
institutionalized care
Discharged/ 10,163 (15.37) 6,025 (19.23) 1,143 (19.59) 2,995 (10.34)
transferred to
noninstitutionalized
care
Other/Not 3,295 (4.98) 520 (1.66) 61 (1.05) 2,714 (9.37)
recorded
Total (row %) 66,121 (100.00) 31,333 (47.39) 5,834 (8.82) 28,954 (43.79)
Hospital Characteristics
Geographic region
Northeast 27,914 (42.22) 12,618 (40.27) 2,688 (46.07) 12,608 (43.54) 713.65
Midwest 8,406 (12.71) 4,763 (15.20) 759 (13.01) 2,884 (9.96) p<0.0001
South 23,793 (35.98) 11,597 (37.01) 2,030 (34.80) 10,166 (35.11)
West 6,008 (9.09) 2,355 (7.52) 357 (6.12) 3,296 (11.38)
Total (row %) 66,121 (100.00) 31,333 (47.39) 5,834 (8.82) 28,954 (43.79)
Bed size
<99 1,889 (2.86) 675 (2.15) 184 (3.15) 1,030 (3.56) 1947.62
100-199 5,433 (8.22) 3,251 (10.38) 490 (8.40) 1,692 (5.84) p<0.0001
200-299 10,919 (16.51) 5,429 (17.33) 1,107 (18.97) 4,383 (15.14)
300-499 21,419 (32.39) 11,036 (35.22) 2,466 (42.27) 7,917 (27.34)
=500 26,461 (40.02) 10,942 (34.92) 1,587 (27.20) 13,932 (48.12)
Total (row %) 66,121 (100.00) 31,333 (47.39) 5,834 (8.82) 28,954 (43.79)
Teaching status
Teaching 49,660 (75.10) 23,625 (75.40) 4,379 (75.06) 21,656 (74.79) 2.96
Non-teaching 16,461 (24.90) 7,708 (24.60) 1,455 (24.94) 7,298 (25.21) p=0.2282
Total (row %) 66,121 (100.00) 31,333 (47.39) 5,834 (8.82) 28,954 (43.79)
Physician Characteristics
Ordering Physician Specialty
Non-specialist 11,317 (17.12) 4,699 (15.00) 1,127 (19.32) 5,491 (18.96) 729.28
Surgeon 3,253 (4.92) 1,740 5.55) 277 (4.75) 1,236 (4.27) p<0.0001
Specialist 21,208 (32.07) 11,123 (35.50) 2,158(36.99) 7,927 (27.38)

Not recorded
Total (row %)

30,343 (45.89)

66,121 (100.00)

13,771 (43.95)
31,333 (47.39)

2,272 (38.94)
5,834 (8.82)

14,300 (49.39)
28,954 (43.79)

*Five patients with missing gender information were not tested.
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Table 4.8 Darbepoetin alfa by use category in the inpatient settings

Variable N Patients by Use Category 2005-2011 (column %) Chi-sq,
Any indications ONS OFS OFU p-value
Patient Characteristics
Demographics
Age
18-30 693 (3.45) 356 (3.36) 54 (3.40) 283 (3.58) 146.21
31-50 3,450 (17.17) 1,734 (18.25) 180 (11.35) 1,336 (16.90) p<0.0001
51-64 5,336 (26.56) 2,982 (28.14) 367 (23.14) 1,987 (25.14)
65-74 4,395 (21.88) 2,295 (21.66) 350 (22.07) 1,750 (22.14)
75-84 4,341 (21.61) 2,182(20.59) 412 (25.98) 1,747 (22.10)
85+ 1,873 (9.32) 849 (8.01) 223 (14.06) 801 (10.13)
Total (row %) 20,088 (100.00) 10,598 (52.76) 1,586 (7.90) 7,904 (39.35)
Average age (SD) 64.10 (16.28) 63.3 (16.08) 67.6 (16.01) 64.4 (16.51)
Gender*
Male 9,981 (49.70) 5,452 (51.45) 776 (48.93) 3,753 (47.50) 28.63
Female 10,103 (50.30) 5,145 (48.55) 810 (51.07) 4,148 (52.50) p<0.0001
Total (row %) 20,084 (100.00) 10,597 (52.76) 1,586 (7.90) 7,901 (39.34)
Race
Caucasian 13,282 (66.12) 6,959 (64.56) 1,274 (79.46) 5,049 (63.88) 172.85
African-American 5,141 (25.59) 2,778 (27.14) 212 (14.29) 2,151 (27.21) p<0.0001
Other 895 (4.46) 480 (4.60) 57 (3.65) 358 (4.53)
Not recorded 770 (3.83) 381 (3.60) 43 (2.71) 346 (4.38)
Total (row %) 20,088 (100.00) 10,598 (52.76) 1,586 (7.90) 7,904 (39.35)
Primary Payer
Source of Payment
Medicare 6,682 (34.26) 4,403 (41.55) 592 (37.33) 1,887 (23.87) 1245.31
Medicaid 930 (4.63) 540 (5.10) 84 (5.30) 306 (3.87) p <0.0001
Commercial/ 1,501 (7.47) 907 (8.56) 173 (10.91) 421 (5.33)
Private/ HMO
Managed Care
Self-pay 538 (2.68) 383 (3.61) 48 (3.03) 107 (1.35)
Other 628 (3.13) 168 (1.59) 32 (2.02) 428 (5.41)
Not recorded 9,609 (47.83) 4,197 (39.60) 657 (41.42) 4,755 (60.16)
Total (row %) 20,088 (100.00) 10,598 (52.76) 1,586 (7.90) 7,904 (39.35)
Clinical Conditions
Admission type
Emergency 8,604 (42.83) 5,701 (55.38) 753 (43.47) 2,150 (27.20) 4707.65
Urgent 1,923 (9.57) 1,141 (10.78) 166 (10.51) 616 (7.79) p <0.0001
Elective 3,445 (17.15) 2,529 (23.32) 326 (23.86) 590 (7.46)
Other/Not 6,116 (30.45) 1,227 (11.58) 341 (21.50) 4,548 (57.54)
recorded
Total (row %) 20,088 (100.00) 10,598 (52.76) 1,586 (7.90) 7,904 (39.35)
Average CCI (SD) 1.80 (2.058) 2.92 (1.888) 2.01 (1.938) 0.26 (1.078)
-1t0 13 -1to0 13 Oto 11 Oto9
Average LOS (SD), 13.4 (18.34) 12.9 (17.06) 17.45(20.84) 13.3 (19.07)
range 0 to 540 0 to 398 0 to 340 0 to 540
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Discharge status

Expired 1,359 (6.77) 724 (6.83) 200 (12.61) 435 (5.50) 1550.59
Discharged to 8,746 (43.54) 4,677 (44.13) 426 (26.86) 3,643 (46.09) p <0.0001
home/self care
Discharged to 427 (2.13) 216 (2.04) 51 (3.22) 160 (2.02)
Hospice
Discharged/ 5,798 (28.86) 3,185 (30.15) 659 (41.55) 1,954 (24.72)
transferred to
institutionalized care
Discharged/ 2,779 (13.83) 1,709 (16.13) 245 (15.45) 825 (11.44)
transferred to
noninstitutionalized
care
Other/Not 979 (4.87) 87 (0.82) 5(0.32) 887 (11.22)
recorded
Total (row %) 20,088 (100.00) 10,598 (52.76) 1,586 (7.90) 7,904 (39.35)
Hospital Characteristics
Geographic region
Northeast 7,253 (36.11) 3,610 (34.06) 691 (43.57) 2,952 (37.35) 800.45
Midwest 9,791 (48.74) 5,892 (55.60) 719 (45.33) 3,180 (40.23) p<0.0001
South 2,835 (14.11) 969 (9.14) 154 (9.71) 1,712 (21.66)
West 209 (1.04) 127 (1.20) 22 (1.39) 60 (0.76)
Total (row %) 20,088 (100.00) 10,598 (52.76) 1,586 (7.90) 7,904 (39.35)
Bed size
<99 469 (2.33) 281 (2.65) 56 (3.53) 132 (1.67) 347.01
100-199 2,390 (11.90) 1,118 (10.55) 163 (10.28) 1,109 (14.03) p<0.0001
200-299 4,945 (24.62) 2,176 (20.53) 535 (33.73) 2,234 (28.26)
300-499 4,851 (24.15) 2,790 (26.33) 315(19.86) 1,746 (22.09)
=500 7,433 (37.00) 4,233 (39.94) 517 (32.60) 2,683 (33.94)
Total (row %) 20,088 (100.00) 10,598 (52.76) 1,586 (7.90) 7,904 (39.35)
Teaching status
Teaching 14,795 (73.65) 8,229 (77.65) 994 (62.67) 5,572 (70.50) 226.22
Non-teaching 5,293 (26.35) 2,369 (22.35) 592 (37.33) 2,332 (29.50) p<0.0001
Total (row %) 20,088 (100.00) 10,598 (52.76) 1,586 (7.90) 7,904 (39.35)
Physician Characteristics
Ordering Physician Specialty
Non-specialist 2,260 (11.25) 1,130 (10.66) 195 (12.30) 935 (11.83) 46.21
Surgeon 1,944 (9.68) 1,086 (10.25) 183 (11.54) 675 (8.54) p<0.0001
Specialist 8,327 (41.45) 4,506 (42.52) 580 (36.57) 3,241 (41.00)
Not recorded 7,557 (37.62) 3,876 (36.57) 628 (39.60) 3,053 (38.63)
Total (row %) 12,531 (100.00) 6,722 (53.64) 958 (7.65) 4,851 (38.71)

*Four patients with missing gender information were not tested.
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Specific indications of ESAs in ONS and OFU use category

Uses of epoetin alfa and darbepoetin alfa were further analyzed into individual
indications. Specific on-label uses of all ESAs, epoetin alfa, and darbepoetin alfa are described
in Table 4.9, 4.10, and 4.11 respectively). Chronic kidney disease (CKD) presented the highest
use of on-label ESA use (84.4%). On-label utilization pattern of epoetin alfa was similar to that
of the overall ESAs. As expected, the use of darbepoetin alfa on-label was prominent in CKD
while few HIV, anemic patients received darbepoetin alfa as this indication was not officially

approved for darbepoetin alfa by the FDA.

Part 3.1 On-label use of ESAs

Over the period of 6.5 years, the use of ESAs in CKD, among other on-label indications
increased from 78.6% in 2005 to 91.5% in 2011. ESA use in chemotherapy-induced anemia
remained relatively stable, while its use in HIV and surgical procedure fluctuated greatly
throughout the study period. Approximately 14% of ONS drug use was for patients undergoing
major elective surgery. Less than 10% of ESA ONS use was to treat anemia due to
chemotherapy. ESA drug use for zidovudine-induced anemia constituted less than 2% of on-

label drug use.
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Table 4.9 ONS use of ESA (either Epoetin alfa or Darbepoetin alfa, or both) indications within a category

are not mutually exclusive

ONS Year

conditions 2005 2006 2007 2008 2009 2010 2011 Total
CKD 4,731 6,947 6,881 7,734 4,204 4,104 1,041 35,642
(78.61) (81.26) (86.01) (84.41) (87.78) (89.96) (91.48) (84.42)
CIA 420 660 538 524 309 281 78 2,810
(6.98) (7.72) (6.73) (5.72) (6.45) (6.16) (6.85) (6.66)
HIV 90 159 143 185 84 60 13 734
(1.50) (1.86) (1.79) (2.02) (1.75) (1.32) (1.14) (1.74)
Surgery 350 1,732 1,090 1,620 652 478 105 6,027
(5.82) (20.26) (13.63) (17.68) (13.61) (10.48) (9.23) (14.28)
Any ONS 6,018 8,549 8,000 9,162 4,789 4,562 1,138 45,213

Table 4.10 ONS use of Epoetin alfa only, indications within a category are not mutually exclusive

ONS Year

conditions 2005 2006 2007 2008 2009 2010 2011 Total
CKD 4,049 5,672 4,708 5,481 2,628 2,941 786 26,265
(77.49) (81.19) (86.64) (84.09) (86.70) (89.72) (91.29) (83.83)
CIA 375 518 361 318 189 196 60 2,017
(7.18) (7.41) (6.64) (4.88) (6.24) (5.98) (6.97) (6.44)
HIV 87 142 92 149 57 45 11 583
(1.67) (2.03) (1.69) (2.29) (1.88) (1.37) (1.28) (1.86)
Surgery 1,203 1,385 704 1,186 411 326 88 5,303
(23.02) (19.83) (12.96) (18.20) (13.56) (9.95) (10.22)  (16.92)
Any ONS 5,225 6,986 5,434 6,518 3,031 3,278 861 31,333

Table 4. 11 ONS use of Darbepoetin alfa only, indications within a category are not mutually exclusive

ONS Year

conditions 2005 2006 2007 2008 2009 2010 2011 Total
CKD 604 1,214 2,128 2,221 1,562 1,147 252 9,128
(94.08) (91.48) (93.83) (93.36) (95.89) (95.03) (94.03) (93.91)

CIA 40 135 173 202 117 84 17 768
(6.23) (10.17) (7.63) (8.49) (7.18) (6.96) (6.34) (7.90)

HIV 3 16 51 36 27 13 2 148
(0.47) (1.22) (2.25) (1.51) (1.66) (1.08) (0.75) (1.52)

Surgery 135 331 380 427 241 151 17 1,682
(21.03) (24.94) (16.75) (17.95) (14.79) (12.51) (6.34) (17.30)

Any ONS 642 1,327 2,268 2,379 1,629 1,207 268 9,720

*Epo indications for HIV and surgery
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Separate analyses of use for epoetin alfa and darbepoetin alfa showed that chronic kidney
disease was the main use of both drugs in our sample. Approximately 83% and 93% of epoetin
alfa and darbepoetin alfa, respectively, in the ONS cohort, used the drugs to treat anemia of
CKD. Approximately 17% of the on-label use was for patients undergoing major surgeries.
Chemotherapy-induced anemia and zidovudine-induced anemia was responsible for
approximately 7% and 1.5% of ONS use in the sample. Comparison of ONS use of epoetin alfa

and darbepoetin alfa between 2005 and 2011 in the inpatient settings is illustrated in Figure 4.7.

ONS Use of Epoetin alfa and Darbepoetin alfa (2005-2011)
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Figure 4.7 ONS use of ESAs, epoetin alfa, and darbepoetin alfa from 2005-2011
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Part 3.2 Off-label supported use of ESAsS

Among the eleven off-label indications with strong supporting scientific evidence (OFS),
acute kidney disease contributed the highest use of ESAs (4,514 patients, 60.4%), epoetin alfa
only (3,436 patients, 58.9%), and darbepoetin alfa only (1,369 patients, 55.6%) — data not shown.
Due to the relatively small sample size and large number of indications in this category, off-label

supported use of ESAs was not further subcategorized into individual conditions.

Part 3.3 Off-label unsupported use of ESAs

We were able to identified specific use of approximately 18% of the total off-label
unsupported use of ESAs in the dataset. The majority of identifiable OFU patients (60%) used
ESAs for chronic anemia conditions such as iron deficient-related anemia. The second largest
use of ESAs for identifiable off-label unsupported indications included anemia of neoplastic
disease in those not receiving concomitant chemotherapy, cardiac surgery, fractures and other
injuries, and various Gl bleeding. Identifiable indications of ESAs neither approved nor
supported by scientific evidence are summarized in Table 4.12-4.14, and compared in Figure 4.8.
We additionally found that approximately four percent (1,072 patients) of epoetin alfa users with
OFU conditions had blood transfusion while 328 (4.1%) darbepoetin alfa users with OFU

conditions had blood transfusion.
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Documented OFU Use of ESAs, Epoetin alfa,
or Darbepoetin alfa (2005-2011)
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Figure 4.8 Documented OFU use of ESAs, epoetin alfa, and darbepoetin alfa from 2005-2011
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Table 4.12 Defined OFU use of any ESAs, indications within a category are not mutually exclusive

ONS Year
conditions 2005 2006 2007 2008 2009 2010 2011 Total
Chronic 675 1,000 865 648 395 241 31 3,855
Anemia (30.36) (24.33) (15.12) (10.34) (7.16) (3.19) (0.55) (10.40)
Cancer 510 727 611 386 212 132 15 2,593
(22.94) (17.69) (10.68) (6.16) (3.84) (1.75) (0.26) (7.00)
Bleeding 194 268 260 206 112 85 8 1,133
(8.73) (6.52) (4.54) (3.29) (2.03) (1.12) (0.14) (3.06)
Injury 177 279 334 166 102 57 4 1,119
(7.96) (6.79) (5.84) (2.65) (1.85) (0.75) (0.07) (3.02)
Cardiac 350 504 333 494 225 156 12 2,074
surgery (15.74) (12.26) (5.82) (7.88) (4.08) (2.06) (0.21) (5.60)
Blood 284 355 224 288 125 122 13 1,411
transfusion (12.78) (8.64) (3.91) (4.60) (2.26) (1.61) (0.23) (3.81)
Other known 19 25 32 50 20 13 2 161
OFU (0.85) (0.61) (0.56) (0.80) (0.36) (0.17) (0.04) (0.43)
Defined OFU 1,127 1,584 1,464 1,116 581 440 45 6,357
(50.70) (38.54) (25.59) (17.81) (10.53) (5.82) (0.79) (17.15)
Any OFU 2,223 4,110 5,722 6,267 5,520 7,563 5,663 37,068

Table 4.13 Defined OFU use of epoetin alfa only, indications within a category are not mutually exclusive

ONS Year
conditions 2005 2006 2007 2008 2009 2010 2011 Total
Chronic 629 850 604 489 316 188 27 3,103
Anemia (35.48) (24.42) (13.46) (9.85) (7.25) (3.22) (0.67) (10.72)
Cancer 471 611 465 304 164 100 13 2,128
(26.57) (17.55) (10.36) (6.13) (3.76) (2.71) (0.32) (7.35)
Bleeding 180 227 194 151 92 69 8 921
(10.15) (6.52) (4.32) (3.04) (2.11) (1.18) (0.20) (3.18)
Injury 165 242 177 114 88 52 4 842
(9.31) (6.95) (3.94) (2.30) (2.02) (0.89) (0.10) (2.91)
Cardiac 328 427 209 402 188 135 10 1,699
surgery (18.50) (12.27) (4.66) (8.10) (4.31) (2.31) (0.25) (5.87)
Blood 256 280 125 206 91 101 13 1072
transfusion (14.44) (8.04) (2.79) (4.15) (2.09) (2.73) (0.32) (3.70)
Other known 18 22 28 44 17 13 1 143
OFU (1.02) (0.63) (0.62) (0.89) (0.39) (0.22) (0.02) (0.49)
Defined OFU 1,051 1,347 991 869 477 368 40 5,143
(59.28) (38.70) (22.09) (17.51) (10.94) (6.30) (0.99) (17.76)
Any OFU 1,773 3,481 4,487 4,962 4,360 5,839 4,052 28,954
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Table 4.14 Defined OFU use of darbepoetin alfa only, indications within a category are not mutually

exclusive
ONS Year

conditions 2005 2006 2007 2008 2009 2010 2011 Total
Chronic 44 144 252 158 78 52 4 (0.26) 732
Anemia (10.30) (24.00) (20.79) (12.35) (6.83) (3.09) (0.13) (9.26)
Cancer 38 112 143 82 47 32 2 456
(8.90) (18.67) (11.80) (6.41) (4.12) (2.90) (0.00) (5.77)
Bleeding 13 39 65 54 20 16 0 207
(3.04) (6.50) (5.36) (4.22) (1.75) (0.95) (0.00) (2.62)
Injury 9 35 155 49 14 5 0 267
(2.11) (5.83) (12.79) (3.83) (1.23) (0.30) (0.00) (3.38)
Cardiac 18 74 117 91 36 20 2 358
surgery (4.22) (12.33) (9.65) (7.112) (3.15) (1.19) (0.13) (4.53)
Blood 25 73 94 82 33 21 0 328
transfusion (5.85) (12.17) (7.76) (6.41) (2.89) (1.25) (0.00) (4.15)
Other known 1 3 4 6 3 0 1 18
OFU (0.23) (0.50) (0.33) (0.47) (0.26) (0.00) (0.06) (0.23)
Defined OFU 69 226 459 244 103 70 5 1176
(16.16) (37.67) (37.87) (19.08) (9.02) (4.16) (0.32) (14.88)
Any OFU 427 600 1212 1279 1142 1684 1560 7904
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Specific Aim 2: Estimating the impacts of black box warning, NCD, and REMS on the on

proportion of visits with ESA use

Trends in ESA On-label, off-label supported, and off-label unsupported therapy

Annual trends in ESA ONS, OFS, and OFU use from 2005 to 2010 are shown in Table
4.15. These trends were measured in term of the proportion of visits which the drug was
prescribed over the total number of eligible admissions. Only full-year data was used to describe
the annual trends. In general, the proportions of epoetin alfa and darbepoetin alfa use for on-
label (ONS) and off-label supported (OFS) indications decreased from 2005 to 2011, while that

for off-label unsupported use (OFU) increase drastically.

Epoetin alfa ONS use increased 57% from 6.0% (2005) to 7.3% (2006) to 7.4% (2007).
At the same time, Darbepoetin alfa ONS use increased 250% from 1.0% (2005) to 1.7% (2006)
to 3.5% (2007). In 2008, ONS use of both drug started to decline. Epoetin alfa ONS use
decreased 76% from 7.4% (2007) to 5.0% (2008) to 1.8% (2009), after which its use increased
again slightly in 2010 (+1.3%). Darbepoetin alfa ONS use decreased 71% from 3.5% (2007) to
2.1% (2008) to 1.4% (2009), and to 1.0% (2010). Overall, in 6 years, epoetin alfa ONS use

declined 53% while the level of darbepoetin alfa ONS use remained the same.

We observed a continual reduction in the proportion of visits which epoetin alfa was used
in patients with OFS conditions. In contrast, darbepoetin alfa OFS use increased at the
beginning of the study period from 0.3% (2005) to 08% (2007) before it started to decreased.

Overall, epoetin alfa and darbepoetin alfa OFS use declined 85% and 54%, respectively.
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Similar to ONS use, we found that the OFU proportions increased at the beginning of the
study period (from 2005 to 2007), but reduced in 2008 and 2009. OFU use then surged in 2010.
These annual trends resulted in the overall increase in OFU use of 103% and 147% for epoetin

alfa and darbepoetin alfa between 2005 and 2011, respectively.

Table 4.15 Annual trend in the proportion of ESA use by use category*

Use Category Percent of visits with ESA use (%)

2005 2006 2007 2008 2009 2010 %A
(2005-2010)

Total (any ESAS)

ONS 6.9 8.9 10.8 7.1 3.2 3.2

A from preceding year - +29.4% +21.2% -34.6% -55.0% +1.3% -53.2%
OFS 2.8 2.4 2.4 1.7 0.6 0.5

A from preceding year - -11.3% -25% -289%  -65.1% -15.4% -81.9%
OFU 3.7 6.3 7.0 7.0 5.2 7.8

A from preceding year - +71.9% +11.3% -1.0% -24.6% +48.8% +112.6%
Epoetin alfa

ONS 6.0 7.3 7.4 5.0 1.8 2.2

A from preceding year - +22.0% +1.4% -32.3% -63.5% +21.9% -62.7%
OFS 2.5 2.0 1.6 1.3 0.4 0.4

A from preceding year - -19.1% -192% -23.1%  -67.8% -7.4% -85.0%
OFU 3.0 54 5.6 55 4.1 6.0

A from preceding year - +80.6% +3.8% -06% -26.8% +48.8% +103.0%
Darbepoetin alfa

ONS 1.0 1.7 3.5 2.1 1.4 1.0

A from preceding year - +68.5% +105.1% -40.1% -34.3% -26.3% +.03%
OFS 0.3 0.5 0.8 0.4 0.2 0.1

A from preceding year - +67.6% +68.5% -424%  -57.2% -33.3% -53.5%
OFU 0.7 1.0 1.5 1.4 1.2 1.8

A from preceding year - +34.0% +50.3% -2.0% -16.7% +50.2% +147.0%

*Only years with full-year reports are shown
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The proportions of visits with ESA use for the on-label, off-label supported, and off-label
unsupported were plotted against time to illustrate monthly trends in ESA use. In Figure 4.5,
monthly proportions of visits with ESA use for on-label indications are marked with -o- symbol
while that for off-label supported and off-label unsupported are marked with -x- and

-oO-, respectively.

ESA use for on-label indication showed an increasing trend from 5.5% at month 1
(January 2005) to 10.3% at month 22 (October 2006), after which its use leveled off slightly to
7.7% in June 2007. A sudden increase in the percent of visits with ESA use was observed at
month 31 (July 2007). ESA on-label use level remained high for six months at approximately
18%. After that, a rapid drop to 7.9% at month 37 (January 2008) was observed. Off-label
supported use of ESAs (OFS) remained relative stable from 2005 to early 2008, and declined
slightly afterward. OFU use, however, began to increase from an average of 3.6% in 2005 to
6.4% (2006-September 2008). After October 2008, OFU use started to rise sharply (> 500%).
Similar trends were observed when use was broken down by drug. Monthly trends for each use

category of epoetin alfa and darbepoetin alfa are illustrated in Figure 4.9 and 4.11, respectively.
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