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INTRODUCTION
The approval of the first recombinant erythropoiesis-stimulating agent (ESA), Epoetin
alfa, in 1989 represented an important scientific breakthrough in medicine and
revolutionized the care of patients with anemia of chronic renal failure (CRF). Amgen
Inc. (Amgen), the United States (US) license holder of Epoetin alfa and darbepoetin alfa,
developed erythropoiesis-stimulating agents (ESAs) as supportive therapies to stimulate
red blood cell (RBC) production in order to elevate and maintain hemoglobin
concentrations in patients with CRF and anemia in order to avoid RBC transfusions and
improve patient reported outcomes (PRO). The ability to produce erythropoietin (the
hormone produced by the kidneys to stimulate RBC formation) is impaired in chronic
kidney disease (CKD) patients and this impairment is the primary cause of anemia in this
disease. In the US, Epoetin alfa is marketed under the trade names EPOGEN® by
Amgen for the treatment of anemia in dialysis, and PROCRIT® by Centocor Ortho
Biotech Inc. for the treatment of anemia in CKD not on dialysis (NOD). Darbepoetin alfa
is marketed under the trade name Aranesp® by Amgen for both CKD-NOD and dialysis.
Amgen will focus its comments on the use of EPOGEN® in dialysis and Aranesp® in
CKD-NOD, while Centocor Ortho Biotech Inc. will provide comments on PROCRIT®. In
this document, the term chronic renal failure (CRF) will be used when referring to the US
Food and Drug Administration (FDA)-approved label; otherwise the more commonly
employed term, CKD, will be used. Additionally, the term ESA will be used when
referring to this class of drugs.
ESAs are used to elevate or maintain RBC levels (as manifested by the hemoglobin or
hematocrit determinations) and to decrease the need for RBC transfusions. EPOGEN
and Aranesp are approved for the treatment of anemia associated with CRF, which
includes patients receiving and not receiving dialysis. Amgen has prepared this
document in response to the Medicare Evidence Development and Coverage Advisory
Committee (MEDCAC) meeting scheduled by the Centers for Medicare and Medicaid
Services (CMS) to review the available evidence on the use of erythropoiesis-stimulating
agents (ESAs) to manage anemia in patients who have chronic kidney disease. Since
the regulatory approval of ESAs for the treatment of anemia in CKD, safety concerns
have been raised based on the results of randomized controlled trials (RCTs) designed
to evaluate the potential for cardiovascular (CV) and survival benefit when normalizing
hemoglobin with ESAs. These trials treated patients to higher hemoglobin targets—
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above the current labeled range (hemoglobin 10-12 g/dL); the hemoglobin targets
evaluated in these studies do not reflect how ESAs are used in clinical practice.
There are significant differences in the characteristics of dialysis and CKD-NOD patients,
including demographic characteristics, the extent of morbidity and mortality, and the
intensity of clinical management required for their treatment1, 2. Most notable among
these differences is that dialysis patients have significantly more co-morbid conditions,
such as: diabetes, hypertension, heart failure, infectious complications, and a more
profound erythropoietin deficiency. These patients are subject to continuous blood loss
from the dialysis procedure, which results in more profound anemia that is nearly
universal in the absence of treatment. Dialysis patients depend on regular dialysis
treatments to sustain life; typically, death ensues within two weeks when dialysis
treatment is withdrawn3.
In dialysis patients, ESAs are an important therapy in the management of anemia and
have a positive benefit to risk profile when used according to the FDA-approved label to
reduce the need for RBC transfusions. ESAs are effective at increasing hemoglobin
levels in order to reduce the need for transfusions and to improve physical function and
exercise tolerance in dialysis patients. Transfusion avoidance protects against
cumulative hazards, especially allo-sensitization, which is the generation of antibodies to
foreign antigens that may impair or preclude eligibility for renal transplant, and increase
the likelihood of transplant rejection. Even the recent technique of removing white cells
from blood prior to transfusion (leuko-reduction) does not decrease the hazard of allosensitization4. Clinical trials and observational data have demonstrated that the risk of
transfusion increases substantially when hemoglobin levels fall below 10 g/dL; this
supports 10 g/dL as the appropriate lower limit for clinical benefit and aligns with the
labeled range. With increasing hemoglobin, the transfusion benefit continuously
improves through the labeled hemoglobin range of 12 g/dL. Because of the intrinsic
hemoglobin variability seen in dialysis patients, a 2 g/dL range is appropriate, thus
supporting the upper hemoglobin level of 12 g/dL, aligning with the label. The
hemoglobin target range accommodates hemoglobin variability and allows physicians to
treat individual patients to attain the hemoglobin level necessary to avoid transfusion.
Additionally, near-complete surveillance of the dialysis population has not provided
evidence of an increased rate of death when patients are treated to the FDA-approved
ESA labeled hemoglobin range. The evidence supports that the labeled hemoglobin
range of 10 to 12 g/dL is necessary and prudent to maximize the benefit of transfusion
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avoidance in a way that recognizes and minimizes the risk of cardiovascular (CV) events
that have been observed in trials of high hemoglobin targets ( ≥ 13 g/dL). This range
allows physicians to manage anemia in dialysis patients effectively.
In CKD-NOD patients, while the prevalence of anemia is lower, anemia can be severe
in some patients and transfusions are more common than has been appreciated.
Among those with severe anemia, the administration of ESAs is appropriate to avoid the
risks of transfusion, and, in particular, the risk of allo-sensitization, which can reduce
both transplant eligibility and graft survival. ESA therapy should be initiated when
hemoglobin levels decline below 10 g/dL and patients are iron replete. The
demonstrated benefit of transfusion reduction with ESA use is observed when
hemoglobin levels are treated to above 10 g/dL. ESA therapy should be individualized
to achieve and maintain hemoglobin between 10 and 12 g/dL. As with dialysis patients,
CKD-NOD patients demonstrate intrinsic hemoglobin variability and the practical
limitations of managing hemoglobin require the use of a hemoglobin range in order to
administer ESAs to maximize the clinical benefit for each patient. A hemoglobin level of
12 g/dL as the upper end of the hemoglobin range will allow physicians the necessary
discretion to manage individual patients so as to reduce transfusions. Avoiding a
hemoglobin target > 12 g/dL provides a safety margin against the higher hemoglobin
target in the Trial to Reduce Cardiovascular Events with Aranesp® Therapy (TREAT)
(≥ 13.0 g/dL) and the Correction of Hemoglobin and Outcomes in Renal Insufficiency
(CHOIR) (~13.5 g/dL) where risks have been identified. The evidence supports that
ESAs are an important therapy for anemic CKD-NOD patients in whom transfusion
avoidance is a meaningful clinical goal and that ESAs have a positive benefit to risk
profile when used according to the FDA-approved labeling in these patients.
Nonetheless, in response to the results of the TREAT trial, Amgen is working with global
regulatory authorities on potential changes to labeling to provide more detailed guidance
to physicians on optimizing dosing to achieve hemoglobin levels within the target range.
In addition, safety warnings have been strengthened; further labeling changes are likely.
In this evidence review and accompanying supporting documents, the use of ESAs in
CKD patients on dialysis and CKD-NOD patients are presented separately. There is a
technical summary at the end of the review which includes a) relevant citations including
those reporting the results of the registrational trials, and b) evidence tables
summarizing the published literature on transfusion patterns, costs of transfusions,
hemoglobin variability, hospitalization, health resource utilization and patient reported
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outcomes in CKD patients. These evidence tables include the most commonly cited
references; a systematic review was not conducted.
1.

CKD PATIENTS ON DIALYSIS

In 2007 in the US, there were over 527,000 patients with end-stage renal disease
(ESRD) who required either dialysis or a kidney transplant for survival2. Typically,
patients receive dialysis treatments three times per week. During each dialysis session,
their blood is circulated through a dialyzer that removes solutes (such as urea and
accumulated fluids that are normally removed by the kidney) and restores electrolyte
balance. Dialysis treatment, while life sustaining, compounds the anemia5 caused by
deceased erythropoietin levels6, 7. Blood is lost during each dialysis procedure5, from
frequent blood sampling to monitor laboratory parameters, and from increased bleeding
tendency attributable to anticoagulation (heparin) therapy administered during the
dialysis. There is also an increased risk of gastrointestinal bleeding and re-bleeding
after therapy in dialysis patients8, 9. Blood loss is estimated to be between 2.5 and 5.1 L
(5-10 Units) of blood annually5, up to double the normal circulating blood volume. Thus,
there are many factors contributing to the anemia in dialysis patients, and, in the
absence of ESA therapy, anemia is often times very severe.
1.1

Treatment of Anemia in Dialysis Patients Prior to ESAs

Prior to the development of ESAs, the treatment options for anemia were limited to RBC
transfusions, and to a smaller extent, androgen and iron therapy10. Androgens and iron
therapy had only modest efficacy and substantial side effects, leaving RBC transfusions
as the mainstay of anemia therapy in the pre-ESA era. Data from the pre-ESA era
indicate that patients had a mean hemoglobin of approximately 7 g/dL11.
1.2

Adverse Sequelae of RBC Transfusion Therapy

RBC transfusions are by their nature only transiently effective in a population that is
chronically unable to produce sufficient RBCs12. They carry a range of hazards including
transmission of blood borne viral diseases, transfusion reactions, acute volume and
potassium overload, and more chronically, iron overload10, 13-16. In the pre-ESA era, 5560% of dialysis patients received transfusions to avoid severe anemia11 (Amgen, data on
file).
Perhaps the RBC transfusion risk that has the greatest impact on the lives of dialysis
patients is the potential for allo-sensitization to foreign antigens2, 17, 18, as development of
such antibodies can delay or preclude kidney transplantation and impair the function of
kidney transplants that do occur2, 19 (Figure 1a-1c).
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Figure 1. (a) Relationship between the number of transfusions and the risk of allosensitization (measured as panel reactive antibody [PRA] > 50%; PRA measures
anti-human antibodies in the blood)18, (b) The median time spent on the transplant
wait list by the level of allo-sensitization (measured as PRA < 10% versus > 10%)
and (c) The likelihood of dying while waiting for transplant2.

Early research suggested that a single transfusion event could result in sensitization in
~33% of patients4. More recent evidence using enhanced methods for detecting allosensitization (methods that are now being adopted by the United Network of Organ
Sharing [UNOS]) suggest that as many as 75% of patients are sensitized after a single
transfusion (D Tynan, personal communication; Amgen, data on file). Sensitization by
transfusion is avoidable in these patients; the other two mechanisms that can cause
sensitization, pregnancy and previous transplant17 are not readily mitigated. The risk of
transfusion and allo-sensitization may be reduced but not eliminated by leuko-reduction4.
Allo-sensitization may result in a decline in graft survival17 among cadaveric
transplanted patients who are sensitized (Figure 2a) and also among HLA-identical
sibling donors (Figure 2b)20. This last finding is notable because these transplants are
expected to have lower immunological barriers to transplantation and greatest overall
success.
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Figure 2. (a) Long-term (10-year) graft survival of cadaver kidney transplants
according to pre-transplant allo-sensitization (measured as PRA), and (b) 10-year
follow-up of kidney grafts from HLA-identical sibling donors20.

Kidney transplant is the preferred ESRD treatment modality because successfully
transplanted patients have superior survival and quality of life and significantly reduced
health resource utilization and cost2. Receiving a transfusion can limit a dialysis
patient’s likelihood of receiving a transplant by prolonging their wait for a matching
kidney. Patients who wait longer for a transplant are more likely to die rather than
receive a kidney19. The effect of prolonged waiting time on the risk of death is most
pronounced among patients 60 years and older. Recent estimates suggest that nearly
50% will die within 5 years if they have not received a transplant21 (Figure 3).
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Figure 3. Time to transplantation and death among patients 60 years of age and
older on the transplant wait-list21.

In the pre-ESA era, while necessary for management of anemia, the risks related to
transfusion limited their use, and as a result, hemoglobin levels were maintained at a
level of approximately 7 g/dL11. Since patients were maintained at these low hemoglobin
levels, they experienced persistent, severe fatigue and had restrictions on physical
functioning—all of which contributed to a poor quality of life.
1.3

Development of ESAs and their Impact on Dialysis Patients

The primary registration trials (five studies) used for the approval of Epoetin alfa
demonstrated correction of anemia and virtual elimination of transfusions (>90%
reduction) in patients treated with ESAs to a mean hemoglobin of 11.7 g/dL (within the
target range of 10.7 to 12.7 g/dL). In placebo treated patients, hemoglobin levels
remained low (< 7 g/dL) and these patients continued to receive multiple transfusions,
while the Epoetin alfa treated group became nearly transfusion independent (Amgen
Clinical Study Report, data on file) (Figure 4).
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Figure 4. Percent of patients receiving a transfusion at baseline and in weeks 1-12
and 13-24 for patients randomized to Epoetin alfa and placebo treatment (Amgen,
data on file).

The original registration studies also evaluated the impact of raising hemoglobin levels
with ESA therapy on physical functioning and quality of life. Exercise tolerance (meters
walked) and physical function improved compared to placebo in patients receiving
Epoetin alfa with both achieved hemoglobin levels of 10.2 g/dL as well as 11.7 g/dL at 6
months22. These improvements were statistically significantly different compared to
placebo, as well as clinically meaningful (Figure 5). Exercise tolerance and physical
function were significantly improved with ESA treatment, rising by approximately 30%
after 6 months of treatment as defined by the meters walked11, 22.
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Figure 5. Improvements in exercise tolerance and physical function observed
when hemoglobin levels were increased to a mean of 10.2 g/dL and 11.8 g/dL with
EPOGEN® compared to placebo-treated patients (Amgen, data on file; EPOGEN®
Prescribing information [PI])

1.4

Current ESA Approved Indications


EPOGEN and Aranesp are approved for the treatment of anemia associated with
CRF, which includes patients receiving and not receiving dialysis. ESAs are used to
elevate or maintain RBC levels (as manifested by the hemoglobin or hematocrit
determinations) and to decrease the need for transfusions in these patients. The
EPOGEN® label also includes a quality of life benefit (improved exercise tolerance and
physical functioning) as demonstrated in the Canadian Erythropoietin Study Group22
(Amgen, data on file). The benefit on patient reported outcomes, including improvement
in energy, physical function and exercise tolerance (as measured by VO2 max), resulting
from treatment with ESAs to hemoglobin levels greater than 10 g/dL, has been shown
consistently in subsequent open-label and observational studies and summarized in a
recent meta-analysis23 (Figure 6).
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Figure 6. Forest plot of pre-versus post-ESA comparison studies of VO2 23

1.5

Characteristics of the US Dialysis Population

In the US, extensive data on the health care provided to the majority of dialysis patients
(Medicare primary insurer) is captured by the US Renal Data System (USRDS).
Consequently, dialysis patients are subject to near complete surveillance; patient care
information including medications, biochemical parameters and morbidity and mortality
outcomes are systematically collected. This pharmacovigilance system is unique among
disease states. Since USRDS has been in continuous operation for over 20 years, the
evaluation of trends in treatments and outcomes in the dialysis population is possible.
In the pre-ESA era, a substantial fraction of transfusions were administered for chronic
anemia in the outpatient dialysis unit. Almost immediately following the introduction of
EPOGEN® into clinical practice (June 1989), the transfusion rate among US
hemodialysis patients fell sharply (Figure 7).
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Figure 7. Transfusion rate in US dialysis patients over time expressed as percent
of patients receiving transfusions in each quarter-year period2. Note: PMMIS and
Medicare claims represent all outpatient transfusion events occurring in the
dialysis unit.

By 1992 almost 90% of US dialysis patients received ESA therapy and this treatment
prevalence continues today24. In 1994, the EPOGEN® label was changed to expand the
10 to 11 g/dL hemoglobin range to 10 to 12 g/dL, a change that was supported by
clinical practice guidelines. Between 1992, when the mean population hemoglobin was
~9.8 g/dL, and 2000, when, with increased treatment intensity, the mean population
hemoglobin had risen to ~11.2 g/dL, the total transfusion rate (inpatient plus outpatient)
was again halved25 (Figure 8).
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Figure 8. Hemoglobin levels and transfusion rates between 1991 and 20072
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These data provided important surveillance information on clinical practice and
population level blood supply utilization supporting the label range (10-12 g/dL) as an
effective strategy for reducing RBC transfusions in outpatient dialysis facilities. The
decline in transfusions was primarily in the outpatient setting; the majority of remaining
transfusions occur in the inpatient setting (75%)26.
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As part of the routine surveillance of US dialysis patients by USRDS, important clinical
outcomes such as mortality are evaluated annually. These data indicate that since the
introduction of EPOGEN® into clinical practice and its wide spread adoption as the
primary treatment for anemia over the past 20 years, the overall mortality rate in the
dialysis population has not increased (Figure 9).
Figure 9. Mortality rate and hemoglobin levels preceding and following the
introduction of EPOGEN®27 28

Thus, there is evidence of an important and tangible clinical benefit of transfusion
avoidance, and no evidence of an overt safety signal when patients are treated
according to the FDA-approved label in general clinical practice.
1.6

Overview of ESA use in General Dialysis Clinical Practice

The goals of the use of medicines in clinical practice are to maximize benefit and
minimize risk consistent with FDA-approved labeling. Reimbursement policies have
been designed, in many respects, to enable physicians to treat individual patients
consistent with the approved label. For ESAs, the current policy allows physicians to
individualize treatment to achieve and maintain hemoglobin levels between 10 and
12 g/dL so as to reduce the need of RBC transfusions and avoid sustained high
hemoglobin levels. Research over the past 10 years has described the considerable
variation in hemoglobin levels in dialysis patients29-31 and has highlighted the difficulty of
maintaining patients within a narrow hemoglobin range. The current CMS payment
policy is clinically-based and takes into account the transient fluctuations in hemoglobin
levels that commonly occur in the dialysis patient population.
Reimbursement policies for ESAs have been dynamic over the last two decades,
reflecting changes in label and practice guidelines for the treatment of anemia in CKD
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and the appropriate administration of ESAs with regard to the safety and efficacy profile.
Changes made to the EMP effective January 1, 2008 have had the desired effect in
decreasing the occurrence of excessive hemoglobin levels in dialysis patients; the mean
population hemoglobin has also decreased. Recently published data indicate that mean
hemoglobin levels in the dialysis patient population has decreased from 12.08 g/dL (SD
1.48) in June 2006 to 11.71 g/dL (SD 1.35) in November 200832. Additional surveillance
data on ~87% of dialysis centers in the US indicates that as of December 2009, the
mean hemoglobin continues to decline and is approximately 11.54 g/dL (Amgen data on
file). Analysis of surveillance data also indicates that the majority of physicians (98%)
are acting to appropriately reduce ESA doses when hemoglobin levels exceed the FDAapproved target range33. Examining specific hemoglobin categories, the percentage of
patients with a monthly hemoglobin value greater than 12 g/dL has declined (from 53.1
to 34.1%) and the proportion within the labeled range has increased from 40.7 to 56.8%.
(Amgen data on file) (Figure 10). Amgen routinely shares this surveillance data with
CMS on an ongoing basis.
Figure 10. Percentage of hemoglobin measurements in specific ranges for the
dialysis patient population (Amgen data on file; this data is shared with CMS on
an ongoing basis)

1.7

10 g/dL as the Lower Threshold for ESA Treatment in Dialysis
Patients

As demonstrated in both clinical trials in dialysis patients and in observational data, the
risk of transfusion rises significantly as the outpatient hemoglobin in the preceding month
falls below 10 g/dL and this risk increases when hemoglobin levels drop further (Amgen,
data on file) (Figure 11).
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Figure 11. Transfusion risk by the previous month’s hemoglobin level in the lower
arm of the Normal Hematocrit Cardiac Trial (NHCT) (Amgen, data on file)
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An analysis of nearly 160,000 US hemodialysis patients in Medicare data further indicate
that the risk of transfusion increases substantially the longer hemoglobin levels remain
below 10 g/dL34 (Figure 12).
Figure 12. Transfusion rates by the number of months with an outpatient
hemoglobin below 10 g/dL, and separately below 11 g/dL, in approximately
160,000 US hemodialysis patients in 200434.

The majority of the evidence from RCTs, as well as observational data, have strongly
supported that maintaining hemoglobin levels above 10 g/dL is essential for avoiding
transfusion, fatigue and decline in physical function. The importance of maintaining
hemoglobin levels above 10 g/dL is recognized by the nephrology community as well as
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CMS, and is currently incorporated as a quality metric by which dialysis units are
evaluated35. However, because hemoglobin levels are known to vary within individuals
over time (intra-patient variability)29, 31, and because of the delayed response between
ESA dosing and hemoglobin changes36, it is extremely difficult to maintain hemoglobin
levels within a narrow range in many, if not most, patients 29.
In the early registration trials, variation in hemoglobin levels was observed in both
placebo-treated and ESA-treated patients (the mean intra-patient standard deviation
[SD] in hemoglobin levels was 0.6 g/dL)37; this degree of variability continues to be
observed in more recent clinical trials. In current clinical practice, the population mean
intra-patient hemoglobin SD is near 0.9 g/dL and accounts for ~80% of the total
variability (1.4 g/dL) that is observed in cross-sectional evaluations of hemoglobin in the
entire US dialysis population34.
Both the original registration trials and the current FDA-approved ESA labels refer to a
2 g/dL hemoglobin range. The need for this range is based on the following: (i) the
recognized need to maintain hemoglobin levels above 10 g/dL to avoid transfusion; (ii)
the inherent variability in patient hemoglobin levels over time; and (iii) the continued
reduction in transfusions that is observed up to a hemoglobin level of 12 g/dL. Using this
range, physicians are effectively managing hemoglobin levels according to patient needs
in order to avoid unnecessary RBC transfusions.
The influence of hemoglobin variability on the management of anemia in dialysis patients
is well recognized by CMS and has been incorporated into their National Claims
Monitoring Policy for ESAs in hemodialysis patients (EMP). The EMP recognizes that in
administering ESAs to achieve and maintain the 10-12 g/dl hemoglobin range, their
reimbursement policy should account for this inherent variability38.
1.8

Attempts to Improve CV Outcomes in Dialysis Patients by Targeting
Hemoglobin Levels Outside the FDA-Approved Range (13 g/dL or
higher)

A number of observational studies had evaluated the association between anemia and
increased risk of CV outcomes in CKD patients39-41. Using the available surveillance
data in USRDS, studies have consistently shown that hemoglobin levels below 10 g/dL
are associated with increased rates of hospitalization and death and greater healthcare
resource utilization42, 43, and patients who are able to achieve higher hemoglobin levels
(10-12 g/dL) had lower hospitalization and mortality rates. To date, no study has
evaluated CV morbidity and mortality, or healthcare resource utilization benefits when
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treating with ESAs to within the labeled range. However, studies were undertaken to
test the hypothesis that normalization or near normalization of hemoglobin levels
(hemoglobin of 13.5 and 14 g/dL) in CKD would result in decreased CV morbidity and
mortality; the results of these RCTs did not confirm this hypothesis and hazard, instead
of benefit, was demonstrated.
The first and only randomized controlled CV outcome trial to address this issue in
dialysis patients, the Normal Hematocrit Cardiac Trial (NHCT), was conducted in
subjects with pre-existing CV disease or heart failure and anemia44. The second trial
was in CKD-NOD patients, the Correction of Hemoglobin and Outcomes in Renal
Insufficiency (CHOIR)45. NHCT was stopped for futility and CHOIR was stopped for
hazard before the planned study completion. Although CHOIR was conducted in CKDNOD patients, it is described here as part of a full discussion of safety with respect to
ESA use. Both studies evaluated higher-than-approved hemoglobin targets: (i) NHCT
compared the impact of a hemoglobin target of 14.0 g/dL to a target of 10.0 g/dL on the
time to mortality or nonfatal myocardial infarction and found an excess of events in the
high target arm (hazard ratio [HR] = 1.3, 95% confidence interval [CI]: 0.9-1.8); (ii)
CHOIR compared the impact of a hemoglobin target of 13.5 g/dL to a target of 11.3 g/dL
on the composite endpoint of death, myocardial infarction, hospitalization for congestive
heart failure (without renal replacement therapy) and stroke, and found an excess of
events in the high target arm (HR = 1.34, 95%CI: 1.03 – 1.74).
Based on the results of the NHCT trial, the United States PI46 for ESAs was revised in
1996 to highlight the observed risks and to caution against normalization of hemoglobin
levels in CKD. Following the publication of the CHOIR results in 2006, the US
prescribing information (USPI) for ESAs were updated in 2007 to include the risks
reported in the study and a Boxed Warning.
It is important to note that the mean achieved hemoglobin level in general clinical
practice (11.7 g/dL in 2008)32 is much lower than the mean achieved hemoglobin level of
patients in the high target arm of NHCT (13.5 g/dL). Moreover, the proportion of dialysis
patients with a hemoglobin level persistently above 13 g/dL for three consecutive months
decreased to only 2.2% n 200832 (Figure 13).
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Figure 13. Percentage of patients with hemoglobin > 13 g/dL for ≥ 3 months32

1.9

Association of Higher Achieved Hemoglobin and Clinical Outcome

Patients with lower hemoglobin levels have worse clinical outcomes and quality of life23,
43

, and this may be due in part to the extent of their comorbidity and other clinical factors

that may cause low hemoglobin. Safety information from RCTs (CHOIR and NHCT)
consistently demonstrates higher hazard associated with randomization to higher
hemoglobin targets. At the same time, analyses of these same trials28, 44 as well as
surveillance data, suggest that patients who are able to achieve higher hemoglobin
levels experience better clinical outcomes. This paradox of different clinical outcomes
between targeting, as opposed to being able to achieve higher hemoglobin levels, points
out the confounding effect of patients’ health status on the clinical outcomes related to
anemia management.
1.10

Association of ESA Dose and Adverse Events: Contribution of
Confounding Factors in Dialysis Patients

The totality of the evidence informing the benefit and risks of ESAs in CKD patients was
reviewed at the September 2007 joint meeting between the FDA Cardiovascular and
Renal Drugs Advisory Committee (CRDAC) & Drug Safety and Risk Management
Advisory Committee, which included results from CHOIR as well as a review of the
evidence regarding the role of ESA dose on outcomes. In the NHCT, higher ESA doses
were required to achieve the higher target hemoglobin level44. This raised the concern
that the risks seen in this high hemoglobin target study were, in part, attributable to ESA
dose. Additional evidence suggesting that higher ESA doses increased mortality risk
was provided by two different analyses of US hemodialysis patients using USRDS data
and found that higher ESA doses were associated with a significantly elevated mortality
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risk across all hemoglobin levels47, 48. Amgen undertook an extensive evaluation of the
data from RCTs and observational studies to better understand the potential contribution
of ESA dose on mortality and CV and/or thromboembolic risk. These analyses indicate
that there are three important considerations when examining the relationship between
ESA dose and clinical outcomes:
•

ESA dose and hemoglobin are strongly correlated because ESA dose is
titrated in response to specific hemoglobin levels.

•

Hemoglobin response to ESAs is influenced by the patient's overall health
status; sicker patients require higher doses of ESAs to maintain hemoglobin.

•

Hemoglobin response to ESAs is not static, but rather, changes within each
individual over time.

In the course of clinical management of dialysis patients, ESA dosing decisions are
made based on a patient’s preceding hemoglobin concentration33. Thus, there is a tight
correlation between hemoglobin and ESA dose. This relationship is further complicated
because each patient’s overall health status influences their hemoglobin response to
ESA dosing changes49. Since ESA dosing is administered chronically, the hemoglobindose relationship can change over time50, and thus, the dose that is necessary to
maintain a hemoglobin concentration varies over time. An analogous situation exists in
the case of insulin dose and glucose control in the critical care setting. While
prospective randomized trials targeting blood glucose to lower levels using intensive
insulin therapy have demonstrated a significant reduction in mortality51, analysis of blood
glucose levels and administered insulin doses has shown a consistent association
between higher insulin doses and greater mortality, regardless of the prevailing blood
glucose level52. The authors of this latter investigation recognized the complexity of
targeting blood glucose levels and considered that the control of glucose levels, rather
than insulin doses, was the important determinant of the beneficial effects observed with
lower target blood glucose levels.
This same conceptual view can be applied to ESA therapy and the clinical practice in
which the physician attempts to maintain hemoglobin concentrations within a specified
range over time. It was acknowledged at the 2007 CRDAC meeting that the excess
mortality risk seen in patients receiving high ESA doses was likely related to their
inability to respond to increased ESA doses (referred to as ESA hyporesponsiveness),
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rather than the dose itself53, 54. Thus, in 2007 following the CRDAC meeting, the concept
of hyporesponsiveness and its management was introduced into the USPI.
Following the 2007 CRDAC meeting, the EPOGEN® and Aranesp® labels were further
revised:
•

An update was made to the Boxed Warning

•

The hemoglobin range of 10 to 12 g/dL was maintained

•

Guidance was added for the treatment of patients who did not attain a
hemoglobin level within the range of 10 to 12 g/dL despite the use of
appropriate EPOGEN® dose titrations over a 12-week period

Since 2007, additional analyses have been conducted to further understand the interrelationship between hyporesponsiveness, EPOGEN® dosing and adverse clinical
outcomes in dialysis patients. It is now more widely understood that these initial
observations of excess risk observed in patients who require greater EPOGEN® doses
are largely attributable to patient characteristics, worsening clinical status and poor
hemoglobin response rather than EPOGEN® dose53-55. Patients with the highest
EPOGEN® doses are those most likely to have low hemoglobin levels, greater CV
disease burden, more inflammation and malnutrition, increased hospitalization
frequency, and are more likely to be dialyzing with a catheter (which promotes infection
and is associated with increased mortality) rather than a permanent vascular access 5557

.

The prevalence of higher EPOGEN® doses in patients with worse overall prognosis
results in confounding-by-indication and can produce biased results attributing risk to
higher doses50. Several studies using different analytical techniques to address this
confounding have shown that EPOGEN® dose is not an independent predictor of
mortality53, 58-60 60 (Table 1). Importantly, in subsequent analyses with more rigorous
control for confounding, the lead investigators (Zhang, Thamer and Cotter) who originally
suggested that higher EPOGEN® doses increase mortality risk48, no longer demonstrated
this association59.
Table 1. Results from the studies evaluating the association between EPOGEN
dose and mortality using methods to address confounding-by-indication
Author

N

Comparison

Limited baseline adjustment

HR (95% CI)
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48

Zhang 2004

94,569

>22K vs. <7.9K U/wk

2.3 (P < 0.05)

Rigorous adjustment for time-dependent confounding
59

Zhang 2009

Bradbury 2008
Wang 2010

55

60

Bradbury 2009

53

18,454

>40K vs. 20-30K U/wk

0.91 (0.67, 1.22)

22,955

Log EPO dose

1.01 (0.99, 1.03)

27,791

>49K vs. <14K U/2wk

0.98 (0.76, 1.74)

5,974

>37.5% vs. 0-12.5%^

0.86 (0.69, 1.08)

^ Average monthly dose change over 3 months among patients with low hemoglobin levels
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New Data from a CV Outcomes Trial Targeting Hemoglobin Levels
above 12 g/dL

Since the review of the totality of the evidence at FDA CRDAC 2007, the results of
TREAT, a large Amgen-sponsored phase III prospective randomized clinical trial, have
become available61. TREAT was a study designed in 2002, and conducted between
2004 and 2009, to address the hypothesis that correction of anemia in CKD-NOD
patients with mild anemia (hemoglobin < 11 g/dL at enrollment) and type 2 diabetes
would improve CV morbidity and mortality. The detailed results for TREAT are
described in the CKD-NOD section. In brief, the study did not meet the primary objective
of showing an improvement in CV morbidity and mortality (HR = 1.05, 95% CI: 0.94 –
1.17). Patients in the Aranesp® treated arm experienced an almost two-fold increased
risk of stroke compared with the placebo group (HR = 1.92, 95% CI: 1.38-2.68 with an
annualized incidence rate of 1.1% in the placebo arm and 2.1% in the Aranesp® treated
arm. Consistent with Amgen’s previous response to safety signals identified in clinical
trials, Amgen has proactively revised the EPOGEN® and Aranesp® labels to include this
risk.
1.12

CONCLUSION: ESA THERAPY IS AN ESSENTIAL TREATMENT FOR
DIALYSIS PATIENTS

ESAs are an essential therapy in the management of anemia in dialysis patients and
have a positive benefit to risk profile when used according to the FDA-approved label.
ESAs are effective at increasing hemoglobin levels in order to avoid transfusions and to
improve physical function and exercise tolerance in dialysis patients. Transfusion
avoidance protects against cumulative hazards—especially allo-sensitization to foreign
antigens—and improves the eligibility for and outcome of renal transplant. This is a
particularly relevant issue for many potential transplant candidates who often times
spend many years on dialysis, thereby increasing both their exposure to the risks of
transfusions as well as their mortality rates from having been on dialysis. A lower
hemoglobin limit of 10.7 g/dL was studied in the original registrational clinical trials.
Subsequently, additional clinical trials and observational data have demonstrated that
the risk of transfusion increases substantially when hemoglobin levels fall below 10 g/dL;
this supports 10 g/dL as the appropriate lower limit of the labeled range. The transfusion
benefit continuously improves through the labeled hemoglobin range of 12 g/dL, and
because of the intrinsic hemoglobin variability seen in dialysis patients; a 2 g/dL range is
appropriate with an upper hemoglobin level of 12 g/dL. Additionally, the near-complete
surveillance of the US dialysis population by USRDS has not provided evidence of an
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increased rate of death when patients are treated to the FDA-approved ESA labeled
hemoglobin range. Thus, the labeled hemoglobin range of 10 to 12 g/dL is necessary
and prudent to maximize the benefit of transfusion avoidance and minimize the risk of
CV events associated with high hemoglobin targets (≥ 13 g/dL), and allows physicians to
effectively manage anemia in dialysis patients.
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CKD PATIENTS NOT ON DIALYSIS (CKD-NOD)

There are an estimated 26 million people in the US with CKD-NOD, of which,
approximately 22 million have moderate to severe loss of kidney function (estimated
glomerular filtration rate [eGFR] 15 to 60 mL/min/1.73 m2)62. As renal function
decreases and endogenous erythropoietin production declines, anemia develops 7.
While anemia is ubiquitous and severe in dialysis patients (in the absence of treatment),
the prevalence of anemia is lower in CKD-NOD. However, it is estimated that > 50% of
Medicare CKD-NOD patients have some degree of anemia2; the prevalence of anemia
increases with the stage of CKD63. The difference in the prevalence of anemia in CKDNOD relative to dialysis is a key distinguishing clinical characteristic between these two
populations.
2.1

Transfusion Therapy in CKD-NOD Patients

While the prevalence of anemia in CKD-NOD is lower than in patients who are on
dialysis, the anemia in CKD-NOD can be severe and the transfusion burden in these
patients is surprisingly high. In Medicare patients with CKD-NOD and chronic anemia,
the annual transfusion rate ranged from 17% to 25% between 1992 and 2004, and the
risk was three-fold higher than in CKD-NOD patients without anemia, and 10 fold higher
than those without CKD64. In 2004 there were approximately 400,000 anemic CKD-NOD
patients covered by Medicare; this roughly translates to 60,000 to 100,000 transfusion
events annually in the Medicare population alone. In the Veteran’s Administration (VA)
healthcare system, transfusion rates are similarly elevated in the anemic CKD-NOD
population65. Transfusions are significantly more common in non-treated patients when
compared to patients receiving ESAs and iron, and increase markedly when hemoglobin
levels fall below 10 g/dL66 (Figure 14).
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Figure 14. The risk of transfusion by hemoglobin levels in anemic CKD-NOD
patients treated with ESAs and iron and among those not receiving treatment (n =
97,636)66

2.2

Adverse Sequelae of Transfusion Therapy

RBC transfusions carry a range of hazards including transmission of viral disease and
transfusion reactions. As with dialysis patients, transfusion related complications such
as acute volume and potassium overload, and more chronically, iron overload. can be
problematic for CKD-NOD patients10, 13-16. Finally, and of unique importance to CKD
patients, RBC transfusions can result in allo-sensitization to foreign antigens2, 19 that can
delay or preclude kidney transplantation2 and impact overall graft survival in transplanted
patients20. Currently, 15% of transplants occur in CKD-NOD patients before they initiate
dialysis2 and the numbers are growing. USRDS projects that ~700,000 patients will be
receiving dialysis or be transplanted by the year 20202. The largest group progressing to
dialysis is projected to be 45-64 year-olds, all of whom will become Medicare
beneficiaries upon developing ESRD; these patients will likely be prime candidates for
renal transplantation. Avoidance of transfusion to maintain transplant eligibility is of
critical importance because kidney transplant is the preferred treatment modality for
ESRD. Successfully transplanted patients have superior survival and quality of life and
incur lower health care costs2.
2.3

Benefits of ESA Therapy in CKD-NOD Patients

The clinical benefit of transfusion avoidance in anemic dialysis patients was
demonstrated by the registrational clinical trials with EPOGEN® and established
hemoglobin as the key outcome for approval of ESAs in the non-dialysis setting. The
Aranesp® clinical trial program evaluated hemoglobin response in CKD-NOD subjects
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and demonstrated that hemoglobin levels could be raised and maintained within targeted
hemoglobin range; approval for this indication was granted by the FDA in 200167. In the
original registration studies with EPOGEN® in dialysis patients, transfusion avoidance
occurred when hemoglobin levels were raised above 10 g/dL68, and the same efficacy
was demonstrated in an open-label single-arm study of anemic CKD-NOD patients69. In
this study, transfusion events were reduced by ~70% when hemoglobin levels were
raised above 10 g/dL. This benefit has also been seen in general clinical practice. In
the Medicare population with CKD-NOD and anemia, transfusion rates have declined
from 30 to 15% among patients treated with ESAs between 1995 and 200464 (Figure
15).
Figure 15. Transfusion rate among ESA treated CKD-NOD patients with anemia
over time64

There has been, and continues to be, significant interest in the nephrology community
toward better understanding the effects of treatment with ESAs to hemoglobin levels
above 10 g/dL on CKD-NOD patients’ symptoms and functioning from the patient’s
perspective; treatment of these patient reported domains is not an approved indication
for Aranesp®. A number of trials, including double-blind placebo-controlled, open-label
randomized controlled trials as well as single-arm and observational studies have been
conducted to study this question. In summary, all of these studies suggest
improvements in patient-reported outcomes, although the degree of benefit varies
across studies. Studies which compare achieved hemoglobin levels below 10 g/dL to
those above 10g/dL demonstrate more improvement than those which compare
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improvements in patient reported outcomes between high and low hemoglobin targets.
For example, in an open-label RCT, SF-36 scores decreased in the untreated arm
(achieved hemoglobin of 8.9 g/dL) for both physical function and energy while there was
a significant increase in these subscale scores in the treated arm (achieved hemoglobin
of 10.5 g/dL)70. Similar improvements have been demonstrated in fatigue, and activity
levels71-73. A variety of studies have shown that there is a clinically meaningful
improvement in physical function and vitality scores, as measured by various patientreported outcome instruments, as hemoglobin levels rise above 10 g/dL74 (Figure 16).
Figure 16. Hemoglobin levels and associated Kidney Disease Questionnaire
(KDQ) scores for physical symptoms, fatigue, depression, relationship with
others, frustration, and overall KDQ74 (Clinically meaningful change in KDQ is 0.20.5 75)

A recent meta-analysis showed that there was a modest difference in physical function
and vitality scores in the SF-36 when scores for patients treated to higher hemoglobin
targets (approximately 12.0 – 15 g/dL across studies) were compared to those treated to
lower hemoglobin targets (approximately 9.5 – 11.5 g/dL across studies)76 (Figure 17).
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Figure 17. A meta-analysis of the difference in SF-36 physical function and vitality
scores between higher and lower hemoglobin levels in CKD-NOD patients; WMD =
weighted mean difference76

2.4

Anemia and CV Outcomes in CKD-NOD

As previously discussed, a number of observational studies demonstrated an
association between anemia and an increased risk of adverse CV outcomes in CKDNOD patients77, 78. Based on these studies, RCTs were undertaken to test the
hypothesis that normalization or near normalization of hemoglobin levels in CKD-NOD
patients would result in decreased CV morbidity and mortality. The NHCT in dialysis
subjects with pre-existing CV disease or heart failure and anemia44 and the CHOIR
study in CKD-NOD subjects with anemia45, addressed this question. Although NHCT
was conducted in dialysis patients, it is described here as part of a full discussion of
safety with respect to ESA use. The detailed results of these studies and the
subsequent revisions to the ESA labels were discussed in the previous section. In brief,
both studies evaluated higher-than-approved hemoglobin targets and found an excess of
events in the high target arm: (1) NHCT hazard ratio [HR] = 1.3, 95% confidence interval
[CI]: 0.9-1.8; (2) CHOIR HR = 1.34, 95%CI: 1.03 – 1.74). Based on the results of the
NHCT trial, the USPI for ESAs were revised in 1996 to highlight the observed risks and
to caution against normalization of hemoglobin levels in CKD. Following the publication
of the CHOIR results in 2006, the USPI for ESAs was updated in 2007 to include the
risks reported in the study including a Boxed Warning.
The totality of the evidence informing the benefit and risks of ESA in CKD patients was
reviewed at the September 2007 joint meeting between the FDA CRDAC & Drug Safety
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and Risk Management Advisory Committee, which included results from CHOIR.
Following the CRDAC meeting, the ESA labels were further revised to highlight the
following safety information:
•

The Boxed Warning was updated

•

The hemoglobin range of 10 to 12 g/dL was maintained

•

Dosing guidance language was added on how to treat patients who did not
attain a hemoglobin level within the range of 10 to 12 g/dL despite the use of
appropriate Aranesp® dose titrations over a 12-week period

2.5

Overview of ESA use in General CKD-NOD Clinical Practice

Nephrologists have responded to the findings in these well-publicized clinical trials by
treating to lower achieved hemoglobin levels; doses have also declined. The proportion
of ESA-treated CKD-NOD patients with hemoglobin levels > 12 g/dL has dropped
significantly (30% to 9%) and the proportion within the 10 to 12 g/dL hemoglobin range is
nearly 70% (Amgen data on file) (Figure 18). As of June 2009, the average hemoglobin
level among ESA-treated CKD-NOD patients was 10.7 g/dL79. Additionally, the average
monthly Aranesp® dose in clinical practice in 2009 was 134 mcg.
Figure 18. Percentage of hemoglobin measurements in specific ranges for the
CKD-NOD patient population (Amgen data on file; these data are shared with CMS
on an ongoing basis).

2.6

Trial to Reduce Cardiovascular Events with Aranesp® Therapy
(TREAT) Trial in Diabetic CKD-NOD Patients

In 2009, the results of TREAT, a large Amgen-sponsored phase III prospective
randomized clinical trial, became available61. TREAT was designed in 2002, and
conducted between 2004 and 2009, to explore whether there were benefits with ESA
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treatment beyond the supportive care indication for which ESAs were approved. The
rationale for this study was based on the observation that patients with higher achieved
hemoglobin levels experienced lower CV morbidity and mortality77, 78. The specific
objective of the study was to show that, when compared to placebo, treatment with
Aranesp® could reduce time to first occurrence of death, CV morbidity or end-stage renal
disease; although it also assessed other endpoints such as quality of life. TREAT
enrolled diabetic, early-stage CKD-NOD patients (eGFR < 60 mL/min/1.73 m2) with mild
anemia (hemoglobin < 11 g/dL). TREAT was a 4,038 patient, randomized, double-blind,
placebo-controlled study that examined treatment with ESA to a hemoglobin target of
13 g/dL compared to placebo (with Aranesp® as rescue therapy when hemoglobin fell
below 9 g/dL). The median achieved hemoglobin in the Aranesp® treated arm was 12.5
g/dL and the median achieved hemoglobin in the placebo arm was 10.6 g/dL.
TREAT did not demonstrate a reduction in the risk of the primary composite endpoint
(time to first event of death, myocardial infarction, hospitalization for congestive heart
failure, stroke and myocardial ischemia) (HR = 1.05, 95% CI: 0.94-1.17). Patients in the
Aranesp® treated arm experienced an almost two-fold increased risk of stroke compared
with the placebo group (HR = 1.92, 95% CI: 1.38-2.68 with an annualized incidence rate
of 1.1% in the placebo arm and 2.1% in the Aranesp® treated arm). In December 2009,
consistent with Amgen’s previous response to safety signals identified in clinical trials,
Amgen proactively revised the ESA labels to include the risk of stroke observed in
TREAT, including enhancement of the Boxed Warning language and the Warnings and
Precautions section.
Amgen has undertaken a number of analyses to further understand the increased risk of
stroke (Amgen data on file). To date, analyses did not identify an association between
achieved hemoglobin or baseline characteristics (with the exception of a nominally
significant interaction with baseline aspirin use), and the risk of stroke. Within either the
Aranesp® or placebo group, there was no difference in mean hemoglobin between
subjects who developed stroke and subjects who did not develop stroke. For subjects in
both treatment groups, systolic and diastolic blood pressure was higher in subjects who
developed stroke compared with subjects who did not develop stroke. Consistent with
the post-hoc analyses of other RCTs (NHCT, CHOIR) and observational studies, higher
achieved hemoglobin levels were associated with a lower risk of CV and mortality
events.
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TREAT also assessed the association of treatment with ESAs with patient reported
outcomes in this mildly anemic CKD-NOD population. A modest improvement was seen
in the mean change in the FACT-Fatigue subscale score for subjects in the Aranesp®treated group from baseline to week 25 (4.2 points for the Aranesp®-treated group and
2.8 points for the placebo group), with a difference between the two groups of 1.33 (95%
CI: 0.64, 2.02; p < 0.0001). No statistically significant changes were seen between the
two groups in the SF-36 physical function and energy subscale scores.
While not an endpoint in the study, TREAT provides valuable information on the impact
of ESAs on transfusions in CKD-NOD. Subjects randomized to the Aranesp arm had
approximately half the rate of RBC transfusions compared to placebo-treated patients
(22.8 per 100 patient-years for placebo-treated versus 13.1 per 100 patient-years in the
Aranesp-treated arm; annualized rates). Additionally, analyses of the transfusion data
in TREAT demonstrated a continuous increase in the risk of transfusion as hemoglobin
levels decline (HR = 0.56, 95% CI 0.49-0.65)61. In general clinical practice, there is a
strong relationship between declining hemoglobin levels and increased transfusion risk
and this risk is particularly elevated when hemoglobin levels drop below 10 g/dL65, 66.
TREAT was not a study designed to assess the optimal hemoglobin target range for
treatment in CKD-NOD and does not provide evidence to support the use of ESAs
beyond transfusion reduction in the population studied. During the treatment phase, the
median hemoglobin in the arm randomized to receive Aranesp was 12.5 g/dL and the
median hemoglobin in the arm randomized to receive placebo with rescue therapy (at
9 g/dL) was 10.6 g/dL. TREAT only enrolled patients with hemoglobin < 11 g/dL; the
median baseline hemoglobin in TREAT was 10.4 g/dL. In current clinical practice, most
of the patients enrolled in TREAT would not receive ESA therapy; CKD-NOD patients
are currently initiated on therapy when hemoglobin declines to below 10 g/dL (Amgen,
data on file). Furthermore, the mean hemoglobin in anemic CKD-NOD patients who are
currently receiving ESA therapy in the US is approximately 10.7 g/dL79, which is similar
to the placebo arm of TREAT and considerably less than the target hemoglobin of
13 g/dL.
2.7

CONCLUSION: ESA THERAPY IN CKD-NOD PATIENTS IS AN
IMPORTANT TREATMENT OPTION IN THOSE FOR WHOM
TRANSFUSION AVOIDANCE IS A MEANINGFUL CLINICAL BENEFIT

Although the prevalence of anemia is lower in CKD-NOD, anemia can be severe and
transfusions are frequent. Anemic CKD-NOD patients are vulnerable to the risks of
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transfusions, particularly the risk of allo-sensitization, and its potential impact on
transplant eligibility and graft survival. ESA therapy should be initiated when hemoglobin
declines below 10 g/dL because the demonstrated benefit of transfusion reduction with
ESA use is observed when hemoglobin levels are treated to above 10 g/dL. ESA
therapy should be individualized to achieve and maintain hemoglobin between 10 and
12 g/dL. As with dialysis patients, the intrinsic hemoglobin variability seen in CKD-NOD
and the practical limitations of managing hemoglobin, require the use of a hemoglobin
range to administer ESAs to maximize the clinical benefit for each patient. A
hemoglobin level of 12.0 g/dL as the upper end of the hemoglobin range will allow
physicians to manage patients so as to reduce transfusions. Avoiding a hemoglobin
target > 12 g/dL provides a safety margin against the higher hemoglobin target
(≥ 13.0 g/dL) in TREAT where risks have been identified. Evidence supports that ESAs
are an important therapy for anemic CKD-NOD patients in whom transfusion avoidance
is a meaningful clinical goal and believes that ESAs have a positive benefit to risk profile
when used according to the FDA-approved label in these patients.
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Technical Appendix 1 – Evidence Tables
Table 1a: Transfusion Burden in CKD Patients
STUDY
OBJECTIVE
Retrospective observational
Describe the influence of anemia
management interventions (ESA, Iron,
and transfusions) on Hb variability

Gilbertson
1
(2009)

STUDY POPULATION

TRANSFUSION OUTCOME

HD patients receiving ESAs
Hb variability groups:
•
Patients with Hb < 11 for six
months (L-L), N=2,165
•
Patients with Hb 11-12.5 for six
consecutive months (I-I),
N=9,646
•
Patients with Hb > 12.5 for six
consecutive months (H-H),
N=3,750
•
Patients with Hb fluctuating
between < 11 and 11-12.5 over
six months (L-I), N=29,222
•
Patients with Hb > 11 for six
consecutive months (I-H),
N=50,680
•
Patients with Hb levels across
Hb distribution (L-H), N=64,257

•
•
•

Increased time below 11 g/dL is associated with increased
risk of transfusions
Transfusion rate was 21.6 per 100 for patients with Hb
fluctuating between < 11 g/dL and 11-12.5 g/dL over 6
months
Transfusion rate was 121.7 per 100 for patients with Hb
persistently below 11 g/dL for six consecutive months

Ibrahim (2008)

2

Retrospective cohort study to address
patterns and trends in red blood cell
(RBC) transfusions in US hemodialysis
patients (1992-2005)

All Medicare HD patients between
1992 and 2005
N=77,347 (1992)
N=164,933 (2005)
> 90% of hemodialysis received ESA
treatment during this period

• Mean population hemoglobin increased from 9.7 g/dL in 1992
to 11.8 g/dL in 2004
• The total transfusion rate declined from 535.33 per 1000
patient-years in 1992 to 263.65 per 1000 patient-years in
2005
• For transfusions occurring in the outpatient setting only,
transfusions declined from 225.63 per 1000 patient-years in
1992 to 66.66 per 1000 patient-years in 2005

Ibrahim (2009)

3

Retrospective cohort study to address
patterns and trends in red blood cell
(RBC) transfusions in the CKD and nonCKD population in Medicare between
1992 to 2004

All Medicare beneficiaries with CKD
between 1992 and 2004
Total CKD N=301,000
N=14,057 (1992)
N=42,225 (2004)

• The proportion of CKD patients receiving ESA therapy
increased from 0.8% in 1992 to 7.5% in 2004
• The total transfusion among anemic CKD patients not
receiving ESA therapy was 249.2 per 1000 patient-years in
1992 and 174.7 per 1000 patient-years in 2004
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OBJECTIVE

STUDY POPULATION

TRANSFUSION OUTCOME

Total CKD with anemia N=118,895
N=4371 (1992)
N=18,579

• The total transfusion among anemic CKD patients who
received ESA therapy was 572.9 per 1000 patient-years in
1992 and 200.1 per 1000 patient-years in 2004

4

Estimate the burden of transfusion by
anemia treatment and Hb level in CKDNOD patients

CKD-NOD (CKD ≥ Stage 3)
Hb< 11 g/dL
No anemia treatment, N=35,364
Iron treatment only, N=35,420
ESA treatment only, N=16,439
ESA + Iron treatment, N=10,413

• Patients receiving anemia therapy were less likely to receive
a transfusion at all Hb levels compared to patients who did
not receive any anemia therapy
• Transfusion events were least for those who received by ESA
+ Iron treatment
o At Hb ≥ 10 g/dL, probability of transfusion was < 3%
among treated, 23%-32% among treated
o Below 10 g/dL, probability of transfusion was 3%-20%
among treated, 23%-59% among untreated

5

Examine initiation of anemia management
among anemic CKD-NOD patients

CKD-NOD patients (eGFR 152
<60 ml/min/1.73 m ) and Hb < 11
between January 2003 and
December 2005
N=89,585

• Among patients with Hb <9 g/dL and not receiving ESA
treatment
•
15.6% received one or more transfusions during a 1year baseline period
•
38.1% received one or more transfusions during 1 year
of follow up
• Among patients with Hb 9-<10 g/dL and not receiving ESA
treatment
•
8.6% received one or more transfusions during a 1-year
baseline period
•
21.3% received one or more transfusions during 1 year
of follow up
• Among patients with Hb 10-<11 g/dL and not receiving ESA
treatment
•
5.6% received one or more transfusions during a 1-year
baseline period
•
12.5% received one or more transfusions during 1 year
of follow-up

Lawler (2010)

Lawler (2010)

These evidence tables include the most commonly cited references; a systematic review was not conducted
1.
2.

Gilbertson DT, Peng Y, Bradbury B, Ebben JP and Collins AJ: Hemoglobin level variability: anemia management among variability groups. American journal of
nephrology. 2009;30: 491-498.
Ibrahim HN, Ishani A, Foley RN, Guo H, Liu J and Collins AJ: Temporal trends in red blood transfusion among US dialysis patients, 1992-2005. Am J Kidney Dis.
2008;52: 1115-1121. .
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Ibrahim HN, Ishani A, Guo H and Gilbertson DT: Blood transfusion use in non-dialysis-dependent chronic kidney disease patients aged 65 years and older.
Nephrol Dial Transplant. 2009;24: 3138-3143.
Lawler EV, Bradbury BD, Fonda JR, Gaziano JM and Gagnon DR: Transfusion burden among patients with chronic kidney disease and anemia. Clin J Am Soc
Nephrol. 2010;In press.
Lawler EV, Gagnon DR, Fink J, et al.: Initiation of anaemia management in patients with chronic kidney disease not on dialysis in the Veterans Health
Administration. Nephrol Dial Transplant. 2010;In press.
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Table 1b: Cost of Red Blood Cell Transfusion
STUDY
OBJECTIVE
Prospective Observational
1

Agrawal et al, (2006)
(UK)

STUDY POPULATION*

OUTCOME

Assess direct costs of blood
transfusion through a time
and motion study

Hospital
Blood cost, staff time, blood-bank cost,
disposables, overnight stay, transfusion
related complications

Average blood transfusion of 2 units to £546.12. (2004)

12

Assess direct costs of blood
transfusion through interviews
with hospital staff and
published data

Societal
Acquisition, Typing, Testing, Preparation,
Compatibility testing, Administration at the
ward, Materials at the ward, Cell saver costs.

Swedish kronor (SEK) 6330 for filtered allogeneic RBCs and
SEK 5394 for autologous
RBCs for surgery patients per 2-unit transfusion (2003)

23

Assess direct and indirect
costs of blood transfusion
through interviews,
prospective time and motion
and retrospective chart review

Hospital
RBC acquisition/preparation, testing, and
administration costs
N=20

Direct Costs: One unit costs: US$582/RBC unit
Two unit costs: US$1,139/2-unit transfusion
(2005)

Glenngard (2005)
(Sweden)

Ueno et al (2006)
(US)

Indirect Costs: The mean (SD) time duration was 98.5 (12.7)
and 92.5 (21.2) minutes for the first and second units, of blood
transfusion, respectively.
Transfusions are also related to increased number of physician
visits
Minuk et al (2008)

3

Assess indirect costs of blood
transfusion through a
prospective, observational
study

Patients receiving RBC transfusion in a
tertiary-care cancer center.
N=1,279

A patient receiving 1 RBC unit spent a total of 109 + 19
minutes (mean + SD) , independent of the time consumed by
activities pre- and post- transfusion.

Societal
Cost of blood collection, production, and
distribution
Cost of hospital transfusion service
processing RBC transfusion. Transfusion
reaction management
/RBC unit

US$264.81
(95% CI, $256.29$275.65)
(2002)

Retrospective Observational
4

Amin (2004)
(Canada)

Assess direct costs of blood
transfusion using a coststructure analysis,
observational
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STUDY
Cremieux (2000)
(US)

6

Norum (2008)
(Norway)

OBJECTIVE
5

STUDY POPULATION*

OUTCOME

Assess direct costs of blood
transfusion using
retrospective chart review,
observational

Provider
Total direct costs

Total: US$491.00/RBC unit (1998)

Assess direct costs of blood
transfusion using
retrospective, observational

Societal
Health care, infections, patient, family, other
sectors

€1069
(2005)

These evidence tables include the most commonly cited references; a systematic review was not conducted.
1. Agrawal S, Davidson N, Walker Mc, Gibson S, et al. Assessing the total costs of blood delivery to hospital oncology and haematology patients. Current Medical
Research and Opinion. 2006. Vol. 22(10):1903–1909.
2. Glenngard AH, Persson U and Soderman C: Costs associated with blood transfusions in Sweden--the societal cost of autologous, allogeneic and perioperative RBC
transfusion. Transfus Med. 2005;15: 295-306.
3. Ueno W, Beveridge RA and Kales AN: Costs of outpatient red blood cell transfusions. J Support Oncol. 2006;4: 494-495.
4. Minuk L, Chin-Yee I, Hibbert A, Chan D and Xenocostasn A: Red blood cell transfusion and chemotherapy administration: a study of resource utilization. Community
Oncology;5: 598-603.
5. Cremieux PY, Barrett B, Anderson K and Slavin MB: Cost of outpatient blood transfusion in cancer patients. J Clin Oncol. 2000;18: 2755-2761.
6. Norum J and Moen MA: Practice and costs of red blood cell (RBC) transfusion in an oncological unit. Anticancer Res. 2008;28: 459-464.
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Table 2. Impact of Transfusion on Allo-Sensitization (Panel Reactive Antibodies [PRA]) and Transplantation
STUDY
OBJECTIVE
Retrospective observational
1

STUDY POPULATION

STUDY RESULTS

Bucin (1988)

To determine the effect of pre-transplant
transfusions on long-term transplant
survival

Primary renal transplants, treated
with azathioprine or prednisolone
Subgroups:
pre-transplant transfusions, N=79
no pre-transplant transfusions, N=37

• Decreased 2-year graft survival in patients with pre-transplant
transfusions.
• 2-year cumulative graft survival:
•
Transfused: 81%
•
No transfusion: 97% (p < 0.05)

Buscaroli
2
(1992)

To determine the association of
intermediate PRA levels (30-60%) on
transplant outcomes

241 renal transplant patients with
peak PRA 12 months prior to
transplant
Low PRA <30%, N=174
Mod PRA 30-60%, N=63

• Better graft survival 1 year post transplant for patients in the
lower PRA group compared to the higher PRA group (90%
vs. 79%, p<0.05)
• Better graft survival 3 years post transplant for patients in the
lower PRA group compared to the higher PRA group (82%
vs. 64%, p<0.01)

Cardarelli
3
(2005)

Examine the prevalence and significance
of anti-HLA and donor-specific antibody
(DSA) long term after renal transplantation

Transplant patients, 6 month post
renal transplant
N=251

• Among post-renal transplant patients
•
11.2% had anti-HLA antibodies
•
4.4% had DSA
• Post transplant Anti-HLA antibodies were significantly
associated with
•
pre transplant sensitization
•
acute rejection
•
higher serum creatinine (2.15± 0.98 mg/dl vs. 1.57 ±0.69
mg/dl)

To determine effect of peak PRA on time
to transplant

Renal transplant patients stratified by
pre-transplant PRA levels
N=1,524

• Increased peak PRA associated with longer time to transplant
•
35-40% of nonsensitized patients (PRA = 0 – 10%)
transplanted in <1 yr
•
<10% of patients with PRA >75% transplanted in <1 yr
•
>50% of patients with PRA >95% waited 4 yrs or more
for transplant

Determine incidence of renal transplant by
PRA pattern

Patients on the transplant wait list
characterized by PRA level; all
patients had a peak PRA level > 60%
1) Persistently high: sustaining high
PRA (> 60%), N=46

• Incidence of renal transplant in persistently high PRA group
was 2%
• Incidence of renal transplant in persistently low PRA group
was 32%
• Incidence of renal transplant in variable PRA group was 17%

4

Cecka (1988)

5

Deierhoi (1989)
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Hardy (2001)

6

Katznelson
7
(1997)

Lietz (2003)
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8

9

Nicol (1993)

Describe graft survival by transfusion
history and PRA level

Describe association between highest
pre-transplant PRA and transplant
survival

Cadaveric transplants in UNOS
registrants
Patients with PRA ≤20%, N=20,924
Patients with PRA >20%, N=5,570

Describe association between highest
pre-transplant PRA and transplant
survival

Transplanted kidney survival ≥ 6
months
Groups:
ESA, N=235
Transfusion, N=207
No treatment, N=60
Renal transplant patients
Graft failure attributed to rejection,
N=48
Control (functioning graft at 3 years),
N=300
PRA levels from the last pretransplant serum level
HLA Living relative Subgroup:
PRA 0
N=3001
PRA 1-50
N=803
PRA > 50
N=244

Determine effect of PRA, transfusions and
other donor/recipient factors on transplant
survival
10

Opelz (2005)

STUDY POPULATION
2) Persistently low: 1 peak and
decline ≤ 30%, N=22
3) Variable PRA: ≥ 2 PRA peaks and
decline ≤ 30%), N=24
Study follow-up period was not
provided
Transplanted UNOS registrants
PRA ≤10%, N=27,787
PRA>10%, N=7,447

Assess the association between the
presence of lymphocytotoxic antibodies
before transplantation and the outcome of
kidney grafts for a) HLA identical sibling
and b) cadaveric kidney transplants

PRA levels from the last pretransplant serum level
Cadaveric Kidney Transplant
Subgroup:
No PRA
N=116562
PRA 1-50
N=36314

STUDY RESULTS

•

Lower 3-year kidney transplant survival as transfusion
burden increased
•
At two years graft survival among patients with
PRA>20% was 76%
•
At two years graft survival among patients with PRA
<20% was 82% (p<0.05)

•

Patients with a PRA <20% had a 2.1-fold higher probability
of transplant than controls (p<0.001)

•

Patients with a successful transplant were less likely to have
historical PRA > 40% (17% vs. 46%, p<0.001)
Patients with a successful transplant were less likely to have
had pre-transplant transfusion(s) (24% vs 65%, p< 0.01)

•

• At 10 years graft survival among patient with PRA 0 was
72.4%
• At 10 years graft survival among patient with PRA 1-50 was
63.3%
• At 10 years graft survival among patient with PRA > 50 was
55.5%
• The difference in survival across the three groups was
statistically significant (P<0.0001)
• At 10 years graft survival among patient with PRA 0 was
50%
• At 10 years graft survival among patient with PRA 1-50 was
42%
• At 10 years graft survival among patient with PRA > 50 was
35%
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STUDY

OBJECTIVE
11

Soosay (2003)

UNOS

12

USRDS
13
(2009)

14

Vella (1998)

15

Zhou (1991)

Characterize the impact of transfusion on
sensitization and time to transplant

STUDY POPULATION
PRA > 50 N=7610
Patients on renal transplant wait list
stratified by PRA
N=244
PRA categorized as:
PRA 0−9%
PRA 10−59%
PRA 60−79%
PRA 80−100%

STUDY RESULTS
•

Transfusions associated with elevated PRA levels
Patients with PRA 0 – 9% received 5.6 units of blood on
average
•
Patients with PRA 80 – 100% received 37.8 units of
blood on average
•
Higher PRA levels increase time to transplant
•
Patients with PRA 0 – 9% waited 7 months on average
•
Patients with PRA 80 – 100% waited >35 months on
average
•

Transplant registry
Scientific Registry of Transplant
Recipients (SRTR), annual report for
transplant patients.

CKD patients receiving a living donor
kidney transplant by PRA level.
PRA levels by graft survival 3
months, 1 year, 5 years, and 10
years.

• Despite graft survival being highest in recipients of living
donor kidneys, 2006 survival rates at 3 months, 1 year, 5
years, and 10 years show marked reduction in survival as
PRA level increases
•
PRA = 0-9% graft survival was 97.9% at 3 mos, 96% at 1
yr, 81% at 5 years and 57.5% at 10 years
•
PRA = 10-79% graft survival was 97.4% at 3 mos, 95.2%
at 1 yr, 76.3% at 5 years and 51.6% at 10 years
•
PRA > 80% graft survival was 93.8% at 3 mos, 90.9% at
1 yr, 67.4% at 5 years and 45.4% at 10 years

Surveillance data assessing treatment
patterns among ESRD patients

ESRD patients
Patients 18 and older listed for a firsttime kidney-only transplant in the
given year.

Determine transfusion burden, PRA
levels, and reason for sensitization in
patients on the renal transplant waitlist in
the pre compared to post ESA era (1989
compared 1994)

Patients on renal transplant waitlist
Year 1989, patients N=205 (pre ESA)
Year 1994 patients N=126 (post ESA)
Nonsensitized=PRA <10%
Moderately sensitized=PRA 10-59%
Highly sensitized=PRA≥60%

• Wait time for transplant continues to increase nationwide
•
Higher sensitized patients (PRA ≥ 10%) wait twice as
long (>4 yrs vs. >2 yrs) as patients with PRA < 10%
•
Patients on the transplant waitlist longer have a higher
likelihood of death
•
PRA levels were lower the in 1994 cohort vs. 1989 cohort in
each of the three different PRA categories (p=0.008)
•
49.8% of 1989 cohort had PRA = 0-9% compared to
63.5% in the 1994 cohort
•
25.9% of the 1989 cohort had PRA = 10-79% compared
to 12.7% in the 1994 cohort
•
24.4% of the 1989 cohort had PRA > 80% compared to
23.8% of the 1994 cohort

Describe effects of sensitization on
waiting time and graft survival

UCLA and UNOS registry data on
patients with peak PRA values pretransplant:

• At one year graft survival among patients with PRA 0-10%
was 79%
• At one year graft survival among patients with PRA 10-50%
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OBJECTIVE

STUDY POPULATION
PRA 0-10%, N=15,615
PRA 11-50%, N=4,824
PRA >50%, N=2,615

STUDY RESULTS
was 78%
• At one year graft survival among patients with PRA > 50%
was 72%

These evidence tables include the most commonly cited references; a systematic review was not conducted.
1.
2.
3.
4.
5.
6.
7.
8.

Besarab A, Bolton WK, Browne JK, et al.: The effects of normal as compared with low hematocrit values in patients with cardiac disease who are receiving
hemodialysis and epoetin. N Engl J Med. 1998;339: 584-590.
Pfeffer MA, Burdmann EA, Chen CY, et al.: A trial of darbepoetin alfa in type 2 diabetes and chronic kidney disease. The New England journal of medicine.
2009;361: 2019-2032.
Provenzano R, Garcia-Mayol L, Suchinda P, et al.: Once-weekly epoetin alfa for treating the anemia of chronic kidney disease. Clin Nephrol. 2004;61: 392-405.
Boelaert JR, Daneels RF, Schurgers ML, Matthys EG, Gordts BZ and Van Landuyt HW: Iron overload in haemodialysis patients increases the risk of bacteraemia:
a prospective study. Nephrol Dial Transplant. 1990;5: 130-134.
Churchill DN, Taylor DW, Cook RJ, et al.: Canadian Hemodialysis Morbidity Study. Am J Kidney Dis. 1992;19: 214-234.
Ibrahim HN, Ishani A, Foley RN, Guo H, Liu J and Collins AJ: Temporal trends in red blood transfusion among US dialysis patients, 1992-2005. Am J Kidney Dis.
2008;52: 1115-1121. .
Ibrahim HN, Ishani A, Guo H and Gilbertson DT: Blood transfusion use in non-dialysis-dependent chronic kidney disease patients aged 65 years and older.
Nephrol Dial Transplant. 2009;24: 3138-3143.
Seliger: Timing of ESA initiation and adverse outcomes in non-dialysis dependent CKD: a propensity matched observational cohort study. Clin J Am Soc Nephrol.
2010;In press.
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Table 3: Transfusion Reduction with ESA Treatment
STUDY
Randomized trial

OBJECTIVE

STUDY POPULATION

OUTCOMES

Amgen study
8701 (data on
file)

Double-blind, partial cross over
Correction of anemia with intravenous
®
EPOGEN in HD patients and estimate
reduction in transfusions.
Treatment duration 24 weeks
Correction phase, 12 weeks
Maintenance phase: 12 weeks

HD patients, Hb ≤ 10 g/dL
Target Hb 10.7-12.7 g/dL
N=68
Placebo, N=32
®
EPOGEN treated, N=36

• For patients randomized to receive EPOGEN , transfusions
were reduced from 58% at baseline to 17% at 12 weeks and
to 0% at 24 weeks.
• 72% of patients randomized to placebo received transfusion
at baseline and this persisted at 12 weeks (63%). At this
®
point, patients were switched to EPOGEN and by 24 weeks
only 17% were receiving transfusion.

Amgen 8904
(data on file)

Double-blind, partial cross over
Estimate correction of anemia with
®
subcutaneous EPOGEN and reduction in
transfusions, PRO
Target Hb 10.7-12.7
Treatment duration 24 weeks
Correction phase, 12 weeks
Maintenance phase: 12 weeks

PD patients, Hb ≤ 10 g/dL
Target Hb 10 10.7-12.7 g/dL
N=152
Placebo, N=74
EPOGEN® treated, N=78

• Patients receiving SC EPOGEN were able to achieve target
Hb with almost complete elimination of need of transfusion by
12 weeks.

Open label
To examine the risks and benefits of
normalizing the hematocrit in patients with
cardiac disease who were undergoing
hemodialysis.

HD Patients with congestive heart failure or
ischemic heart disease; serum transferring
saturation of ≥ 20%. Patients treated to:
High target Hb arm (14 g/dL), N=618
Low target Hb arm (10 g/dL), N=615
Median treatment duration: 14 months

• Over the course of the study, 21% of the patients in the high
Hb target arm received a transfusions compared to 31% in
the low Hb target arm received transfusion (p<0.001)

Randomized, double-blind, placebocontrolled
In patients with Type 2 Diabetes and
Chronic Kidney Disease that does not
require dialysis and concomitant anemia,
increasing Hb levels with the use of
Darbepoetin alfa to lower the rates of
death, cardiovascular events and endstage renal disease

Diabetic CKD-NOD patients (20 to
2
60 mL/min/1.73 m ) with anemia
(Hb ≤ 11 g/dL).
Treated arm, N=2012
Placebo arm, N=2025

• Exposure adjusted transfusion rate in the treated arm (11.6
per 100 patient years)
• Exposure adjusted transfusion rate in the placebo-treated
arm (22.9 per 100 patient-years)
• HR=0.56, 95% CI: 0.49-0.65

1

Besarab (1998)

2

Pfeffer (2009)
and Amgen data
on file

®

®

Single Arm Trial
Provenzano

Prospective, multi-center, open-label

Anemic CKD-NOD patients

•

Before treatment initiation, 11.1% of patients received a
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STUDY
(2004)

OBJECTIVE

3

study
To study the safety and efficacy with
changes in health-related quality of life.

STUDY POPULATION

OUTCOMES

N=1557 (enrolled)
N=1338 (efficacy)
16-week study
Mean baseline Hb=9.1 g/dL
Mean follow-up Hb=11.6 g/dL (at 16 weeks)

transfusion during the baseline period and at 16 weeks, the
declined to 3.7% (p<0.0001).

Prospective observational
4

Boelaert (1990)

Examine the increased risk of bacteremia
with transfusional iron overload in patients
on hemodialysis

HD adult patients who have received
transfusion in the past, and stratified by iron
level:
Ferretin < 500
Ferritin 500-1000
Ferritin ≥1000
N=158

• Acquired transfusional iron overload in hemodialysis patients
is associated with a greater risk of bacteremia
• The bacterimic incidence was 2.92 times higher in the Ferritin
> 1000 than in the Ferritin < 1000 and was independent of
age or dialysis vintage

Churchill
5
(1992)

Determine the transfusion practices prior
®
to the availability of EPOGEN

Incident HD patients (after one month on
dialysis) and prevalent patients who remained
on dialysis for 6 months
N=1158

• Mean pre-transfusion Hb 6.87 g/dL
• 639 patients (55.2%) received at least 1 unit RBC transfusion
(8.1 units/pt yr)
o 7% had at least one transfusion reaction
o The probability of surviving 12 months without receiving
a blood transfusion was 47.2% for males and 27.5% for
females

Retrospective observational
Ibrahim (2008)

6

Retrospective cohort study to address
patterns and trends in red blood cell
(RBC) transfusions in US hemodialysis
patients (1992-2005)

All Medicare HD patients between 1992 and
2005
N=77,347 (1992)
N=164,933 (2005)
> 90% of hemodialysis received ESA
treatment during this period

• Mean population Hb increased from 9.7 g/dL in 1992 to
11.8 g/dL in 2004
• The total transfusion rate declined from 535.33 per 1000
patient-years in 1992 to 263.65 per 1000 patient-years in
2005
• For transfusions occurring in the outpatient setting only,
transfusions declined from 225.63 per 1000 patient-years in
1992 to 66.66 per 1000 patient-years in 2005

Ibrahim (2009)

7

Retrospective cohort study to address
patterns and trends in red blood cell
(RBC) transfusions in the CKD and nonCKD population in Medicare between
1992 to 2004

All Medicare beneficiaries with CKD between
1992 and 2004
Total CKD N=301,000
N=14,057 (1992)
N=42,225 (2004)
Total CKD with anemia N=118,895

• The proportion of CKD patients receiving ESA therapy
increased from 0.8% in 1992 to 7.5% in 2004
• The total transfusion among anemic CKD patients not
receiving ESA therapy was 249.2 per 1000 patient-years in
1992 and 174.7 per 1000 patient-years in 2004
• The total transfusion among anemic CKD patients who
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STUDY

OBJECTIVE

STUDY POPULATION
N=4371 (1992)
N=18,579

8

Seliger (2010)

Determine the association of timing of
ESA initiation with clinical outcomes
among CKD-NOD population

Patient with CKD-NOD (CKD
2
< 60 mL/min/1.73 m ) and anemia (excluded
patients with ESRD, hematological
malignancy, on chemotherapy, hospitalized for
have gastrointestinal bleeding)

OUTCOMES
received ESA therapy was 572.9 per 1000 patient-years in
1992 and 200.1 per 1000 patient-years in 2004
• Transfusion incidence rate was 19.5 per 100 person-years
among the delayed ESA treatment initiation patients and 13.4
per 100 person-years among the early ESA treatment
initiation patients (HR=0.71, 95% CI: 0.59-0.97)

Early ESA treatment initiation (Hb 10-11 g/dL)
N=705
Delayed ESA treatment initiation
(Hb < 10 g/dL)
N=705
Early and delayed treatment patients were
propensity score matched

These evidence tables include the most commonly cited references; a systematic review was not conducted
1.
2.
3.
4.
5.
6.
7.
8.

Besarab A, Bolton WK, Browne JK, et al.: The effects of normal as compared with low hematocrit values in patients with cardiac disease who are receiving
hemodialysis and epoetin. N Engl J Med. 1998;339: 584-590.
Pfeffer MA, Burdmann EA, Chen CY, et al.: A trial of darbepoetin alfa in type 2 diabetes and chronic kidney disease. The New England journal of medicine.
2009;361: 2019-2032.
Provenzano R, Garcia-Mayol L, Suchinda P, et al.: Once-weekly epoetin alfa for treating the anemia of chronic kidney disease. Clin Nephrol. 2004;61: 392-405.
Boelaert JR, Daneels RF, Schurgers ML, Matthys EG, Gordts BZ and Van Landuyt HW: Iron overload in haemodialysis patients increases the risk of bacteraemia:
a prospective study. Nephrol Dial Transplant. 1990;5: 130-134.
Churchill DN, Taylor DW, Cook RJ, et al.: Canadian Hemodialysis Morbidity Study. Am J Kidney Dis. 1992;19: 214-234.
Ibrahim HN, Ishani A, Foley RN, Guo H, Liu J and Collins AJ: Temporal trends in red blood transfusion among US dialysis patients, 1992-2005. Am J Kidney Dis.
2008;52: 1115-1121. .
Ibrahim HN, Ishani A, Guo H and Gilbertson DT: Blood transfusion use in non-dialysis-dependent chronic kidney disease patients aged 65 years and older.
Nephrol Dial Transplant. 2009;24: 3138-3143.
Seliger: Timing of ESA initiation and adverse outcomes in non-dialysis dependent CKD: a propensity matched observational cohort study. Clin J Am Soc Nephrol.
2010;In press.
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Table 4: Patient Reported Outcomes (PROs) in Dialysis Patients
STUDY

PRO INSTRUMENT

TREATMENT

N

BASELINE Hb
MEAN (SD) or
Mean (95% CI)
(g/dL)

Normal Hb with EA

129

10.9±1.1

Sub normal Hb with EA

124

11.0±0.9

Normal Hb with EA

129

Sub normal Hb with EA

124

11.0±0.9

Normal Hb with EA

129

10.9±1.1

Sub normal Hb with EA

124

11.0±0.9

Normal Hb with EA

129

10.9±1.1

Sub normal Hb with EA

124

11.0±0.9

Normal Hb with EA

129

10.9±1.1

Sub normal Hb with EA

124

11.0±0.9

34

12.2 (11.9,12.5)

BASELINE
PRO

Hb (g/dL)/Hct(%)
LEVELS or
CHANGE IN Hb
(g/dL)/Hct (%)
LEVELS

CHANGE IN PRO

STAT
SIGNIF

RCT
KDQ-physical
symptoms

10.9±1.1

KDQ- Fatigue
Furuland
1
(2003)
48-76 weeks
N=416

KDQ- Depression

KDQ- Frustration

KDQ- Relations
Foley
2
(2001)
48 weeks
N=104
(13.5 g/dL
arm, n=60;
10 g/dL arm,
n=54)

KDQ-fatigue

EA target 13.5 g/dL
(Concentric LV
hypertrophy)
EA target 13.5 g/dL
(LV dilation)
EA target 10 g/dL
(Concentric LV
hypertrophy)

39
36

3.83
(1.67–7.00)
4.00
(1.00–7.00)
4.67
(1.17–7.00)
5.00
(1.00–7.00)
5.40
(1.40–7.00)
5.60
(1.60–7.00)
6.00
(3.00–7.00)
6.00
(1.00–7.00)
5.17
(1.83–6.67)
5.00
(1.17–6.83)
4.41
(4.10,4.73)

2.2-3.7
0.3-0.8
2.2-3.7
0.3-0.8
2.2-3.7
0.3-0.8
2.2-3.7
0.3-0.8
2.2-3.7
0.3-0.8

NR

12.3 (12.0,12.5)
10.4 (10.2,10.6)

4.53
(4.15,4.91)

NR

Median (Min-Max)
0.66
(–1.17–3.00)
0.25
(–1.17–2.66)
0.16
(–2.50–2.34)
-0.33
(-3.17–2.00)
0.00
(-4.00–2.60)
-0.40
(-2.40–2.20)
0.00
(-1.67–2.34)
0.00
(-2.00–2.00)
0.00
(-2.66–2.67)
0.00
(-2.67–2.33)
Mean (95%CI)
to week 24:
0.46 (0.17,0.75)
to week 48:
0.25 (-0.05,0.55)
To week 24:
-0.04 (-0.22,0.14)
To week 48:

0.02

0.05

0.01

0.05

0.19

To week
24:
P=0.004
To week
48:
P=0.22
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TREATMENT

EA target 10 g/dL
(LV dilation)
EA target 13.5 g/dL
(Concentric LV
hypertrophy)

KDQ-depression

KDQ-relationships

KDQ-physical
symptoms

N

36
34

EA target 13.5 g/dL
(LV dilation)

39

EA target 10 g/dL
(Concentric LV
hypertrophy)

36

EA target 10 g/dL
(LV dilation)

36

EA target 13.5 g/dL
(Concentric LV
hypertrophy)

34

EA target 13.5 g/dL
(LV dilation)
EA target 10 g/dL
(Concentric LV
hypertrophy)
EA target 10 g/dL(LV
dilation)
EA target 13.5 g/dL
(Concentric LV
hypertrophy)
EA target 13.5 g/dL
(LV dilation)
EA target 10 g/dL
(Concentric LV
hypertrophy)
EA target 10 g/dL(LV

39
36

36
34

BASELINE Hb
MEAN (SD) or
Mean (95% CI)
(g/dL)

BASELINE
PRO

Hb (g/dL)/Hct(%)
LEVELS or
CHANGE IN Hb
(g/dL)/Hct (%)
LEVELS

NR

To week 24:
0.30 (0.06,0.53)
To week 48:
0.05 (-0.28,0.37)

NR

To week 24:
0.00 (-0.23,0.24)
To week 48:
0.20 (-0.11,0.51)

5.04
(4.78,5.29)

NR

To week 24: 0.31
(0.15,0.48)
To week 48:
-0.07 (-0.38,0.24)

4.96
(4.49,5.32)

NR

To week 24:
-0.04 (-0.31,0.23)
To week 48:
0.20 (-0.15,0.46)

NR

To week 24:
0.79 (0.39,1.20)
To week 48:
1.10 (0.55,1.64)

NR

To week 24:
0.71 (0.38,1.04)
To week 48:
1.17 (0.76,1.57)

5.02
(4.69,5.35)

12.3 (12.0,12.5)

10.4 (10.2,10.6)
10.4 (10.2,10.6)

12.2 (11.9,12.5)

5.20
(4.81,5.59)

12.3 (12.0,12.5)
10.4 (10.2,10.6)

10.4 (10.2,10.6)

12.2 (11.9,12.5)

39

12.3 (12.0,12.5)

36

10.4 (10.2,10.6)

36

10.4 (10.2,10.6)

STAT
SIGNIF

-0.01 (-0.30,0.29)

10.4 (10.2,10.6)
12.2 (11.9,12.5)

CHANGE IN PRO

3.49
(3.17,3.81)

3.68
(3.28,4.08)

Week
24:
P=0.083
Week
48:
P=0.49

Week
24:
P=0.025
Week
48:
P=0.31

Week
24:
P=0.76
WEEK
48:
P=0.84
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TREATMENT

dilation)
EA target 13.5 g/dL
(Concentric LV
hypertrophy)
EA target 13.5 g/dL
(LV dilation)
EA target 10 g/dL
(Concentric LV
hypertrophy)
EA target 10 g/dL
(LV dilation)

SC

N

BASELINE Hb
MEAN (SD) or
Mean (95% CI)
(g/dL)

34

12.2 (11.9,12.5)

39

12.3 (12.0,12.5)

36

10.4 (10.2,10.6)

36

BASELINE
PRO

NR

5.07
(4.66,5.08)

NR

To week 24:
-0.01 (-0.31,0.27)
To week 48:
0.15 (-0.15,0.46)

4.3±1.2

Mean (SD)
After stabilization:
11.8±0.81;
24 week:
10.93±1.05

10.4 (10.2,10.6)

45

After run-in:
8.01±1.37

36

After run-in:7.74
±1.53

IV

45

After run-in:
8.01±1.37

SC

4.3±1.1

After stabilization
11.5±0.8
24 week:
11.2±1.1

4.5±1.4

After stabilization:
11.7±0.81;
24 week:
10.93±1.05

Fatigue

Relationship

CHANGE IN PRO

To week 24:
0.16 (-0.08,0.39)
To week 48:
-0.07 (-0.38,0.24)

4.93
(4.57,5.30)

Physical

Muirhead
3
(1992)
(SC Epoetin
alfa vs IV
Epoetin alfa)
24 weeks

Hb (g/dL)/Hct(%)
LEVELS or
CHANGE IN Hb
(g/dL)/Hct (%)
LEVELS

IV

36

After run-in:7.74
±1.53

4.3±1.4

After stabilization
11.5±0.8
24 week:
11.2±1.1

SC

45

After run-in:
8.01±1.37

5.2±1.0

After stabilization:
11.7±0.81;

STAT
SIGNIF

Week
24:
P=0.36
Week
48:
P=0.31

After stabilization: 0.53±0.890*;
week 8
0.70±1.0*;
week 16
0.55±1.1*;
week 24
0.69±1.2*
(*p<0.005)

0.45±0.90
0.46±1.1*
0.24±1.2
0.34±14**
(*p<0.005; **p<0.05)

0.14±0.71
0.10±0.77
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TREATMENT

IV

SC

N

BASELINE Hb
MEAN (SD) or
Mean (95% CI)
(g/dL)

36

After run-in:7.74
±1.53

45

After run-in:
8.01±1.37

BASELINE
PRO

Hb (g/dL)/Hct(%)
LEVELS or
CHANGE IN Hb
(g/dL)/Hct (%)
LEVELS
24 week:
10.93±1.05

4.9±1.2

After stabilization
11.5±0.8
24 week:
11.2±1.1

5.1±1.4

After stabilization:
11.7±0.81;
24 week:
10.93±1.05

5.0±1.4

After stabilization
11.5±0.8
24 week:
11.2±1.1

5.3±1.3

After stabilization:
11.7±0.81;
24 week:
10.93±1.05

4.9±1.5

After stabilization
11.5±0.8
24 week:
11.2±1.1

Depression
36

After run-in:7.74
±1.53

45

After run-in:
8.01±1.37

36

After run-in:7.74
±1.53

SC

45

After run-in:
8.01±1.37

4.5±1.2

After stabilization:
11.7±0.81;
24 week:
10.93±1.05

IV

36

After run-in:7.74
±1.53

4.4±1.2

After stabilization
11.5±0.8
24 week:

IV

SC
Frustration
IV

Global physical

CHANGE IN PRO

0.06±0.88
0.15±0.93

0.14±0.79
0.15±0.94
0.00±0.97
0.07±0.98

0.07±0.86
0.03±0.94
-0.06±0.98
-0.02±0.98

0.46±0.75*
0.54±0.92*
0.35±1.1*
0.46±1.1*

STAT
SIGNIF
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TREATMENT

N

BASELINE Hb
MEAN (SD) or
Mean (95% CI)
(g/dL)

Hb (g/dL)/Hct(%)
LEVELS or
CHANGE IN Hb
(g/dL)/Hct (%)
LEVELS
11.2±1.1

CHANGE IN PRO

5.2±1.1

After stabilization:
11.7±0.81;
24 week:
10.93±1.05

After run-in:7.74
±1.53

4.9±1.2

After stabilization
11.5±0.8
24 week:
11.2±1.1

NR

NR

NR

NR

Average hematocrit
st
1 follow-up (mean
4.4 months): 0.35;
nd
2 follow-up(mean
10.3 months): 0.34

Mean at 1 follow-up:
2.77(1.28); mean at
nd
2 follow-up:
2.75(1.24)

45

After run-in:
8.01±1.37

IV

36

NR

24(EPO)
8 (control)

SC

BASELINE
PRO

Global emotional

STAT
SIGNIF

0.12±0.69
0.11±0.76
0.01±0.83
0.08±0.82

Non-randomized controlled studies
Barany
4
(1993)

Physical activities,
physical symptoms,
sleep, sexual
adjustment, emotional
wellbeing

P<0.05

Open-label single arm studies

Kamotsky Index

Evans
5
(1990)

EA

333

NR

3.30 (1.33)

pain

64.8%

No energy

83.6%

weak

76.7%

Aches, swelling, sick
feeling

EA

333

NR

54.7%

dizziness

22.9%

anxiety

53.1%

st

st

Average hematocrit
st
1 follow-up (mean
4.4 months): 0.35;
nd
2 follow-up (mean
10.3 months): 0.34

nd

P<0.001

1 :55.6%; 2 : 57.2%

0.142

50.8%; 58.1%

0.001

55.5%; 53.1%

0.001

36%; 42.7%

0.008

13.5%; 11.9%

0.012

33.7%; 37.3%

0.001
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TREATMENT

N

BASELINE Hb
MEAN (SD) or
Mean (95% CI)
(g/dL)

Shortness of breath

BASELINE
PRO

Hb (g/dL)/Hct(%)
LEVELS or
CHANGE IN Hb
(g/dL)/Hct (%)
LEVELS

38%

CHANGE IN PRO

STAT
SIGNIF

19%; 21.2%

0.001

depression

40.4%

23.3%;37.9%

0.496

tremors

15.9%

12.3%; 13.6%

0.134

Muscle weakness

54.2%

37.1%; 36.9%

0.001

Leg cramps

53.6%

51.1%; 42.2%

0.034

Muscle spasms

31.8%

22.6%; 25.1%

0.144

Shaky hands

31.3%

25.3%; 27.4%

0.151

energy

50.4%

24.2%;23.4%

0.001

pain

14.6%

12.5%; 15.7%

0.253

Emotional reactions

20.3%

12.2%; 13.1%

0.001

sleep

33.5%

26.3%; 28.1%

0.124

Social isolation

19.3%

13.6%; 14.2%

0.032

mobility

21.1%

16.3%;19.0%

0.263

24.4%; 28.9%

0.080

41.6%; 42.4%

0.010

36%; 40.8%

0.160

Job or work

EA

333

NR

37.1%

Average hematocrit
st
1 follow-up (mean
4.4 months): 0.35;
nd
2 follow-up (mean
10.3 months): 0.34

home

55.0%

Social life

46.9%

Personal relationship

28.4%

21%; 21.3%

0.160

Sex life

49.2%

40.9%; 35.7%

0.004

hobbies

51.1%

33.1%; 32.9%

0.001

Holidays

63.6%

57.9%; 64.6%

0.780

11.81 (2.66);
11.87 (2.70)

0.004

5.30 (1.07); 5.25
(1.20)

0.003

5.92 (1.61); 6.02
(1.59)

0.017

Well-being

EA

333

NR

11.24 (3.13)

Psychological affect

5.05 (1.35)

Life satisfaction

5.63 (1.77)

Average hematocrit
st
1 follow-up (mean
4.4 months): 0.35;
nd
2 follow-up (mean
10.3 months): 0.34
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These evidence tables include the most commonly cited references; a systematic review was not conducted
1.
2.
3.
4.
5.

Furuland H, Linde T, Ahlmen J, Christensson A, Strombom U and Danielson BG: A randomized controlled trial of haemoglobin normalization with epoetin alfa in
pre-dialysis and dialysis patients. Nephrol Dial Transplant. 2003;18: 353-361.
Foley RN, Parfrey PS, Morgan J, et al.: Effect of hemoglobin levels in hemodialysis patients with asymptomatic cardiomyopathy. Kidney international. 2000;58:
1325-1335.
Muirhead N, Laupacis A and Wong C: Erythropoietin for anaemia in haemodialysis patients: results of a maintenance study (the Canadian Erythropoietin Study
Group). Nephrol Dial Transplant. 1992;7: 811-816.
Barany P, Pettersson E and Konarski-Svensson JK: Long-term effects on quality of life in haemodialysis patients of correction of anaemia with erythropoietin.
Nephrol Dial Transplant. 1993;8: 426-432.
Evans RW, Rader B and Manninen DL: The quality of life of hemodialysis recipients treated with recombinant human erythropoietin. Cooperative Multicenter EPO
Clinical Trial Group. JAMA. 1990;263: 825-830.
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Table 5: Cardiovascular and All-cause Morbidity/Mortality Outcomes Related to Target and Achieved Hemoglobin Levels
STUDY
Randomized trials
Besarab (1998)

2

Drueke (2006)

3

Singh (2006)

Parfrey (2005)

9

4

Pfeffer (2009)

1

OBJECTIVE

STUDY POPULATION

OUTCOMES

Open label
To examine the risks and benefits of
normalizing the hematocrit in patients with
cardiac disease who were undergoing
hemodialysis.

Patients with congestive heart failure or
ischemic heart disease who were undergoing
HD; serum transferring saturation of ≥ 20%.
Patients treated to:
High target Hb arm (14 g/dL), N=618
Low target Hb arm (10 g/dL), N=615
Median treatment duration: 14 months

• Trend towards increased risk of CV morbidity and mortality in
higher target group: RR(95%CI) = 1.3(0.9-1.9)
• Within each treatment arm, a higher Hct was associated with
lower risk of death

Open label
Determine effect of treating with ESA to a
high Hb target of 13-15 g/dL compared to
a low Hb target of 10.5 – 11.5 g/dL on CV
events on patients with Stage IV CKD
patients.

Patients with CKD-NOD and anemia: eGFR
2
15-35 ml/min/1.73m , Hb 11-12.5 g/dL
26% had type 2 diabetes
Treatment groups- Treated with ESA to a
target of:
High target arm: 13-15 g/dL, N=301
Low target arm: 10.5-11.5 g/dL, N=302

•

Open label
Determine effect of treating with ESA to a
high Hb target of 13.5 g/dL compared to a
low Hb target of less than 11.3 g/dL on CV
events and mortality

Patients with CKD-NOD and anemia: eGFR
115-50 mL/min/1.73 m2, Hb <11 g/dL
~50% had type 2 diabetes

•

Randomized double blind
Determine effect of treating with ESA to a
high Hb target of 13.5 – 14.5 g/dL
compared to a low Hb target of less than
9.5 - 11.5 g/dL on left ventricular volume
index

ncident dialysis patients

Randomized, double-blind, placebocontrolled
Determine effect of treating with ESA to a
target of 13 g/dL on composite CV

•

•

Slightly elevated (not statistically significant) occurrence of
cardiovascular events in higher target group. HR=0.78 (0.53
– 1.14)
Time to initiation of ESRD 1.04 (0.66 - 1.65)

Interim analysis: Higher risk of composite endpoint (CV
events and mortality) in higher target group, RR 1.34(1.03 1.74)
Trial was stopped early

Treatment groups- Treated with ESA to a
target of:
High arm: 13.5 g/dL, N=715
Low arm: 11.3 g/dL, N=717
•

No difference in percentage increase in left ventricular
volume index 16.8 versus 14.2 % high versus low

Patients with CKD-NOD, anemia and diabetes

•

Treatment groups:
Treated with ESA to target of Hb = 13 g/dL,

•

No difference in risk of composite endpoint (CV events and
mortality), HR(95%CI) = 1.05(0.94-1.17) compared to
placebo with rescue (ESA treatment only when Hb<9 g/dL)
Target to Hb of 13g/dL associated with increased risk of

Treatment groups- Treated with ESA to a
target of:
High arm: 13.5 – 14.5 g/dL, N=300
Low arm: 9.5 - 11.5 g/dL, N=296
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STUDY

OBJECTIVE
morbidity and mortality compared to
placebo (with rescue at Hb<9g/dL)

STUDY POPULATION

OUTCOMES

N=2012 – median achieved Hb =12.5 g/dL
Rescue-only ESA treatment when Hb <9 g/dL
N=2026 – median achieved Hb = 10.6 g/dL

stroke, HR(95%CI) = 1.92(1.38-2.68) compared to placebo
with rescue (ESA treatment only when Hb<9g/dL)

Retrospective observational studies
5

Collins (2001)

6

Ofsthun (2003)

7

Li (2004)

8

Regidor (2006)

To assess mortality, hospitalization, and
Medicare allowable expenditures in
incident hemodialysis patients

Incident HD patients
Time frame: January 1, 1996 and June 30,
1998
N: 66,761

• Relative risk of death and all-cause, cardiovascular, and
infectious hospitalizations increased significantly with
declining Hb (HCT).

To determine the association between
hemoglobin level and risk of mortality and
hospitalization.

HD patients in Fresenius Medical Care-North
America facilities
N:44,550
Time frame: July 1, 1998~June 30, 2000

• There is an increased risk of death with decreasing Hb,
comparing Hb <9g/dL with 9-12 g/dL
• No decreased risk with Hb 12-13 g/dL

To determine the association between Hct
and cardiac risk

Incident HD patients
At least 9 months f/u
N: 50,579
Time frame: Jan 1, 1998 ~Dec 31, 1999.

• These is a decrease in risk of CV hospitalizations and
mortality with increasing Hct, when comparing Hct 36-39%
and >39% to 33-36%

Determine the association between
achieved hemoglobin level and CV/all
cause mortality

HD patients in DaVita database
N=58,058
Twelve categories of blood hemoglobin (< 9
g/dL, ≥ 14 g/dl, and 10 g/dL, increments of
0.5 g/dL in between)

•

Compared to a time-varying hemoglobin of 11.5-12 g/dL, a
time-varying hemoglobin of 9.5-<10 g/dL was associated
with
o Increased risk of all-cause mortality (HR=1.50, 95% CI:
1.37-1.64)
o Increased risk of CV-specific mortality (HR=1.42, 95%
CI: 1.23-1.63)

These evidence tables include the most commonly cited references; a systematic review was not conducted.
1.
2.
3.
4.
5.
6.

Besarab A, Bolton WK, Browne JK, et al.: The effects of normal as compared with low hematocrit values in patients with cardiac disease who are receiving
hemodialysis and epoetin. N Engl J Med. 1998;339: 584-590.
Drueke TB, Locatelli F, Clyne N, et al.: Normalization of hemoglobin level in patients with chronic kidney disease and anemia. N Engl J Med. 2006;355: 2071-2084.
Singh AK, Szczech L, Tang KL, et al.: Correction of anemia with epoetin alfa in chronic kidney disease. N Engl J Med. 2006;355: 2085-2098.
Pfeffer MA, Burdmann EA, Chen CY, et al.: A trial of darbepoetin alfa in type 2 diabetes and chronic kidney disease. The New England journal of medicine.
2009;361: 2019-2032.
Collins AJ, Li S, St Peter W, et al.: Death, hospitalization, and economic associations among incident hemodialysis patients with hematocrit values of 36 to 39%. J
Am Soc Nephrol. 2001;12: 2465-2473.
Ofsthun N, Labrecque J, Lacson E, Keen M and Lazarus JM: The effects of higher hemoglobin levels on mortality and hospitalization in hemodialysis patients.
Kidney Int. 2003;63: 1908-1914.
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Li S and Collins AJ: Association of hematocrit value with cardiovascular morbidity and mortality in incident hemodialysis patients. Kidney international. 2004;65:
626-633.
Regidor DL, Kopple JD, Kovesdy CP, et al.: Associations between changes in hemoglobin and administered erythropoiesis-stimulating agent and survival in
hemodialysis patients. J Am Soc Nephrol. 2006;17: 1181-1191.
Pafrey PS,Foley RN, Wittreich BH et al : Double blind comparison of full and partial anemia correction in incident hemodialysis patients without symptomatic heart
disease. J Am Soc Nephrol. 2005;16: 2180-2189
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Table 6: Relationship Between Achieved Hemoglobin (Hematocrit) and the Risk of Hospitalization and Healthcare Resource
Utilization (HRU)
STUDY
OBJECTIVE
STUDY POPULATION
HOSPITALIZATION AND HRU OUTCOME SUMMARY
Retrospective data analysis
Xia (1999)

1

2

Collins (2001)

3

Ofsthun (2003)

4

Li (2004)

5

Seliger (2010)

To evaluate the association
between hematocrit level and
risk of hospitalization

US HD patients
N=71,717
Time frame: July 1993-December 1994

• Hct and hospitalization during follow-up period: Hospital days in followup period monotonically decreased as Hct rose to 36%.
• Steady decrease in admission rates and hospital days as patient Hct
increased to 33 to <36%
• Baseline Hct and future hospitalization: Increased risk of future
hospitalization with decreasing Hct

To evaluate the association
between baseline hematocrit
level and the risk of
hospitalization and death

Incident US HD patients
N=66,761
Time frame: 1996 - 1998
Follow-up period: 1 year

• Compared to patients with hematocrit between 33 and 36%, those with
a hematocrit < 30% had
•
An elevated risk of hospitalization (RR=1.42, p<0.05)
•
An elevated risk of cardiac hospitalization (RR=1.3, p<0.05)
•
An elevated risk of infectious hospitalization (RR=1.76, p<0.05)
•
32.8% higher Per patient per month (PMPM) expenditures

To evaluate the association
between hemoglobin level and
hospitalization burden and
length of stay

US HD patients
N=44,550
Time frame: July 1998-June 2000.

• Hospitalizations decreased monotonically from the group of Hb<9 g/dL
to the group with Hb≥13 g/dL.
• Length of stay decreased monotonically from for the group with Hb<9
g/dL to the group with Hb≥13 g/dL.

To evaluate the association
between hematocrit and risk of
hospitalization

Incident US HD patients with at least 9 months of
follow-up.
N=50,579
Time frame: January, 1998- December, 1999.

• Increasing Hct is associated with lower risk of CV-related
hospitalizations
• Compared to pts with >33% to ≤36%, pts with Hct >36-≤39% and
>39% had RR of 0.92 (95% CI 0.88-0.97) and 0.79 (95% CI 0.72 to
0.87), respectively.
• Trend was similar for first hospitalization due to cardiac cause and
hospitalization/death in patients with pre-existing cardiac disease

To evaluate the association
between the timing of ESA
treatment initiation and the risk
of hospitalization

CKD-NOD patients
2
(eGFR 15-<60cc/min/1.73m )
ESA treatment initiation at:
Hb 10-11 g/dL (N=705)
Hb 6-9.9 g/dL (N=705)
Propensity-score matched analysis

•

Patients initiated on an ESA at Hb 10-11 g/dL had a 17% lower risk of
hospitalization compared to those patients initiated on an ESA at Hb
6-9.9g/dL
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STUDY
OBJECTIVE
Prospective Data Analysis
Churchill
6
(1995)

To evaluate the effect of ESA
use on utilization of hospital
resources in hemodialysis
patients

STUDY POPULATION
Multicenter Canadian prospective cohort study in
HD patients
N=67 EPO treated hemodialysis patients
Baseline Hb 78.6 g/L
N=67 non-treated matched patient
Baseline Hb 74.0 g/L

HOSPITALIZATION AND HRU OUTCOME SUMMARY
• There were 58 hospitalizations in the EPO group vs. 97 in the nontreated group.
• Average days hospitalized per admission: 15.3 days (EPO treated) vs.
23.2 (non-treated)

These evidence tables include the most commonly cited references; a systematic review was not conducted
1.
2.
3.
4.
5.
6.

Xia H, Ebben J, Ma JZ and Collins AJ: Hematocrit levels and hospitalization risks in hemodialysis patients. J Am Soc Nephrol. 1999;10: 1309-1316.
Collins AJ, Li S, St Peter W, et al.: Death, hospitalization, and economic associations among incident hemodialysis patients with hematocrit values of 36 to 39%. J
Am Soc Nephrol. 2001;12: 2465-2473.
Ofsthun N, Labrecque J, Lacson E, Keen M and Lazarus JM: The effects of higher hemoglobin levels on mortality and hospitalization in hemodialysis patients.
Kidney Int. 2003;63: 1908-1914.
Li S, Foley RN and Collins AJ: Anemia, hospitalization, and mortality in patients receiving peritoneal dialysis in the United States. Kidney Int. 2004;65: 1864-1869.
Seliger: Timing of ESA initiation and adverse outcomes in non-dialysis dependent CKD: a propensity matched observational cohort study. Clin J Am Soc Nephrol.
2010;In press.
Churchill DN, Muirhead N, Goldstein M, et al.: Effect of recombinant human erythropoietin on hospitalization of hemodialysis patients. Clinical nephrology.
1995;43: 184-188.
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Table 7: Hemoglobin Variability in CKD Patients
STUDY
OBJECTIVE
Randomized prospective trial
West (2007)

1

Open-label, single-center
To characterize Hb variability
using functional data analysis

STUDY POPULATION
Ad-hoc analysis of data from prevalent
HD patients, iron-replete
N=151

OUTCOMES
•
•
•

For majority of patients, Hb instability was small, typified
by the overall mean value of 0.63 g/dL per mo
The data show trajectories that vary widely and form a
continuum, rather than obvious subsets
The quantitative analysis of individual responses within
the system revealed a continuous spectrum of measurable
Hb instability, overlapping for each treatment group

Retrospective data analysis
Fishbane
2
(2005)

3

Lacson (2003)

4

Ebben (2006)

• Greater than 90% of patients experienced Hb cycling defined as
one or more annual, full, extended cycle of amplitude >1.5 Hb
g/dL of a duration more than 8 weeks
• A subpopulation of patients was identified with more frequent
cycling (>2 cycles per year). No clinical factors were identified in
this group other than they were more responsive to ESA than
other patients (ERI 1036 ± 659 U/week/g Hb compared to 1992 ±
701 U/week/g Hb respectively) (p=0.02)

To describe hemoglobin cycling in
ESA-treated HD patients; to analyze
etiologic factors; assess Hb
fluctuations on iron storage; and to
study factors associated with a
greater degree of cycling.

HD Patients on chronic maintenance
outpatient hemodialysis in a single center

To quantify Hb level variability and
the likelihood of falling within the Hb
level goal range of 11 to 12 g/dL.

US HD patients in Fresenius Medical Care
N=65,009
Time frame: Jan 1-Dec 31, 2000

• 38.4% patients had Hb 11~12 g/dL. In only 8% did Hb levels
consistently remain less than 11 g/dL, and in 18%, greater than 12
g/dL all year. 29% (18,633 patients) moved from below to above
target range or vice versa. The average individual patient is
expected to have a±1.4-g/dL fluctuation in 3-month rolling average
Hgb levels per year.
• Greater mean facility Hb level correlated with a greater
percentage of patients with Hb levels greater than 10 g/dL
2
2
(R =0.49) and greater than 12.5 g/dL (R =0.61).
• Despite increased mean Hb levels and EPO and iron use, the
spread of the Hb distribution curve remained unchanged in the
last 6 years.

To characterize hemoglobin level
variability in US dialysis patients

US HD patients
N=159,720
Assess variability of 6-month period based
on patterns of hemoglobin change using the

•
•
•

N=281
Time frame: 1998-2003

1.8% of patients had Hb < 11 for six consecutive months
6.5% of patients had Hb 11-12.5 for six consecutive months
2.0% of patients had Hb > 12.5 for six consecutive months
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STUDY

OBJECTIVE

Gilbertson
5
(2008)

Yang (2007)

7

6

OUTCOMES
•

US HD patients receiving ESAs
N=159,720
Time frame: 2004
Hemoglobin variability groups:
•
Patients with Hb < 11 for six months
•
Patients with Hb 11-12.5 for six
consecutive months
•
Patients with Hb > 12.5 for six
consecutive months
•
Patients with Hb fluctuating between <
11 and 11-12.5 over six months
•
Patients with Hb > 11 for six
consecutive months
•
Patients with Hb levels across Hb
distribution

•

To evaluate the impact of recent
events on ESA dosing patterns and
consequently on hemoglobin (Hb)
distribution characteristics in dialysis
patients.

HD patients from ~87% of dialysis centers in
the US.
N: 743,000
Time frame: June 2006-November 2008

• Mean Hb level decreased by 0.37 g/dL during the indicated period
• standard deviation (SD) of the population Hb level distribution
decreased by 0.14 g/dL and skewness increased by -0.10
• Hb measurements in specific ranges changed as follows: >12
g/dL, decreased by 11.3 percentage points; 10-12 g/dL, increased
by 9.4 percentage points; and <10 g/dL, increased by 1.9
percentage points. The percentage of patients with Hb level >13
g/dL for ≥3 months decreased by 2.9 percentage points

To evaluate the association between
hemoglobin variability and mortality

HD patients have ≥3 Hb measurements, no
drop-out in exposure window
N=19,150
Hb variability measured by:
•
absolute level of Hb (intercept),

•

To evaluate association between
hemoglobin variability groups and
mortality

Spiegel (2009)

STUDY POPULATION
categories
•
< 11 g/dL
•
11-12.5 g/dL
•
> 12.5 g/dL

•
•
•

•

•

21.3% of patients had Hb fluctuations between < 11 and 11-12.5
over six months
28.9% of patients had Hb fluctuations between 11-12.5 and >
12.5 g/dL over six months
39.5% of patients had Hb < 11 and > 12.5 g/dL over six months
Hospitalization events, comorbidity and intercurrent events were
association with persistently low (Hb < 11 for six months) and
transiently low (Hb < 11 and between 11 and 12.5) hemoglobin
levels
Patients with Hb < 11 for six consecutive months had
significantly elevated risk of mortality compared to those with Hb
11-12.5 for six months (HR 2.18; 95%CI:1.93-2.45)
Patients with Hb < 11 and 11-12.5 had an elevated risk of death
(HR=1.44, 95% CI: 1.33-1.56)

Survival analyses indicated that each 1g/dL increase in the
residual standard deviation was associated with a 33% increase
in rate of death, even after adjusting for multiple baseline
covariates
Patient characteristics accounted for very little of the variation in
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STUDY

OBJECTIVE

STUDY POPULATION
•
•

8

Minutolo (2009)

To evaluate whether intensity of
epoetin therapy affects hemoglobin
variability and renal survival in CKDNOD patients.

temporal trend in Hb (slope)
Hb variability (residual standard
deviation).

Adult CKD-NOD patients with anemia
patients receiving epoetin
N: 137 patients (1,198 visits)
Time frame: April 30, 2002~October 31,
2005

OUTCOMES
•

hemoglobin variability metric
Limitation: hospitalizations and other acute events were not
included in the model used

• Lower hemoglobin response to first epoetin dosage was an
independent predictor of higher therapeutic index(TI) (difference
between rates of visits that required EPO dosage change and
those with effective EPO change) (P = 0.002)
• From lower to higher tertile of TI, Hb variability increased, as
shown by the reduction of time with Hb at target (time in target,
from 9.2 ±2.0 to 3.0±2.2 mo; p < 0.0001) and the wider values of
within-patient Hb standard deviation (from 0.70 to 0.96; P = 0.005)
and Hb fluctuations across target (p < 0.0001)
• Lack of adjustment of EPO worsens Hb variability in CKD. Hb
variability may be associated with renal survival, but further
studies are needed to explore the association versus causal
relationship

These evidence tables include the most commonly cited references; a systematic review was not conducted.
1.
2.
3.
4.
5.
6.
7.
8.

West RM, Harris K, Gilthorpe MS, Tolman C and Will EJ: Functional data analysis applied to a randomized controlled clinical trial in hemodialysis patients
describes the variability of patient responses in the control of renal anemia. J Am Soc Nephrol. 2007;18: 2371-2376.
Fishbane S and Berns JS: Hemoglobin cycling in hemodialysis patients treated with recombinant human erythropoietin. Kidney Int. 2005;68: 1337-1343.
Lacson E, Jr., Ofsthun N and Lazarus JM: Effect of variability in anemia management on hemoglobin outcomes in ESRD. Am J Kidney Dis. 2003;41: 111-124.
Ebben JP, Gilbertson DT, Foley RN and Collins AJ: Hemoglobin level variability: associations with comorbidity, intercurrent events, and hospitalizations. Clin J Am
Soc Nephrol. 2006;1: 1205-1210. .
Gilbertson DT, Ebben JP, Foley RN, Weinhandl ED, Bradbury BD and Collins AJ: Hemoglobin level variability: associations with mortality. Clin J Am Soc Nephrol.
2008;3: 133-138.
Spiegel DM, Khan I, Krishnan M and Mayne TJ: Changes in hemoglobin level distribution in US dialysis patients from June 2006 to November 2008. Am J Kidney
Dis. 2009;55: 113-120.
Yang W, Israni RK, Brunelli SM, Joffe MM, Fishbane S and Feldman HI: Hemoglobin variability and mortality in ESRD. J Am Soc Nephrol. 2007;18: 3164-3170.
Minutolo R, Chiodini P, Cianciaruso B, et al.: Epoetin therapy and hemoglobin level variability in nondialysis patients with chronic kidney disease. Clin J Am Soc
Nephrol. 2009;4: 552-559.
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Table 8: Patient Reported Outcomes (PROs) in CKD-NOD Patients
STUDY

DESIGN

CHANGE
IN PRO
Mean
(SD)

STAT
§
SIG

EFFECT SIZE

MCID

BASELINE Hb
OR HCT

Hb OR
Hct AT
STUDY
END

CHANGE IN
Hb OR Hct

PER UNIT
CHANGE IN
ENERGY /
VITALITY /
ACTIVITY**

NE

NE

NR

NR

7.7% (Hct)

NE

NE

NE

NR

NR

-0.1% (Hct)

NE

Double-blind RCT – Energy/Vitality/Activity
1

Kleinman (1989) *****
Energy (Single item VAS)
N = 14
PRO FU=12 weeks
2

Pfeffer (2009)
Energy/Vitality subscale of
the SF-36
N= 4047
PRO FU= 25 weeks
3
Singh (2006)
LASA Energy score
N= 1432
PRO FU= NR
The US Recombinant
Human Erythropoietin
Predialysis Study Group
4
(1991) ***
Energy (5-point Likert
Scale)
N= 117
PRO FU=8 weeks

Treated (target Hct:
38 – 40 %
Placebo

NR
NR

DA (High Hb
Target: 13 g/dL)

+2.6(9.9)

Placebo
High Hb Target
(13.5 g/dL)
Low Hb Target
(11.3 g/dL)
Anemia corrected
[Target Hct: 40%
(men) and 37%
(women)]

NR*

0.234

No

10.4 (9.8-10.8)

12.5 g/dL

2.1 g/dL

1.2

+2.1(9.7)

0.190

No

10.4 (9.8-10.8)

10.6 g/dL

0.2 g/dL

10.5

+16.6
*
(23.7)
+15.5
*
(23.1)
+1.45
(NR)

0.70
(Moderate)
0.67
(Moderate)
NE

Yes

10.1 (0.9) g/dL

12.6 g/dL

2.5 g/dL

6.6

Yes

10.1 (0.9) g/dL

11.3 g/dL

1.2 g/dL

12.9

NE

Range:
Male = 93 to
97 g/L
Female = 88 to
93 g/L

NR

NR****

NE

p = 0.20

P = 0.7
p<0.05

Open-label RCTs - Energy/Vitality/Activity
5

Drueke (2006)
Energy/Vitality subscale of
the SF-36
N =603
PRO FU= 12 months
6
MacDougall (2008)
Energy/Vitality subscale of
the SF-36

High Hb Target
(13.0 – 15.0 g/dL)

+3.8
(NR)

Low Hb Target
(10.5 – 11.5 g/dL)

-0.5
(NR)

Darbepoetin alfa
CERA

+7.5
(NR)
+11.2

NE

No

11.6 (0.6) g/dL

13.5 g/dL

1.9 g/dL

2.0

NE

No

11.6 (0.6) g/dL

11.6 g/dL

0.0 g/dL

NE

NE

Yes

10.2 (0.7) g/dL

12.2 g/dL

2.02 g/dL

3.7

NE

Yes

10.2 (0.6) g/dL

12.3 g/dL

2.12 g/dL

5.3

p< 0.001

NR ***
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N = 297
PRO FU=29 weeks
STUDY

7

Revicki (1995)
Energy/Vitality subscale of
the SF-36
N= 83
Untreated N=40
ESA treated N=43
PRO FU= 48 weeks
8
Rossert (2006)
Energy/Vitality subscale of
the SF-36
N= 224
PRO FU=16 weeks
3
Singh (2006)
Energy/Vitality subscale of
the SF-36
N= 1432
PRO FU= NR
3
Singh (2006)
LASA Activity Score
N=1432
PRO FU= NR

(NR)
DESIGN

CHANGE
IN PRO
Mean
(SD)

Treated
(target Hct: 36 %

+5.8
*
(3.6)

Untreated

-3.1
(2.0)

STAT
§
SIG

NR

High Hb Target
(13.5 g/dL)

+10.0
*
(22.6)

Low Hb Target
(11.3 g/dL)

+8.2
*
(22.4)

High Hb Target
(13.5 g/dL)

+15.0(39.
*
9)

Low Hb Target
(11.3 g/dL)

+13.3(29
*
.8)

MCID

BASELINE Hb
OR HCT

Hb OR
Hct AT
STUDY
END

CHANGE IN
Hb OR HCT

PER UNIT
CHANGE IN
ENERGY /
VITALITY /
ACTIVITY**

1.90 (Large)

Yes

26.8%(4.5)

31.5%

4.7 % (Hct)

1.2

-0.84 (Large)

No

26.8% (3.6)

25.8%

-1.0 % (Hct)

3.1

p = 0.04

High Hb Target
(13.0 – 15.0 g/dL)
Low Hb Target
(11.0 – 12.0 g/dL)

EFFECT SIZE

NE

NE

11.5 (1.0) g/dL

13.9 g/dL

2.4 g/dL

NE

NE

NE

11.6 (0.9) g/dL

11.8 g/dL

0.2 g/dL

NE

0.44
(Moderate)

Yes

10.1 (0.9) g/dL

12.6 g/dL

2.5 g/dL

4.0

0.36
(Moderate)

Yes

10.1 (0.9) g/dL

11.3 g/dL

1.2 g/dL

6.8

NE

Yes

10.1 (0.9) g/dL

12.6 g/dL

2.5 g/dL

6.0

NE

Yes

10.1 (0.9) g/dL

11.3 g/dL

1.2 g/dL

11.1

p = 0.04

p = 0.6

p<0.001 to
0.02

Open-label single-arm studies – Energy/Vitality/Activity
9

Alexander (2007)
Energy/Vitality subscale of
the SF-36
N= 48
PRO FU=16 weeks
10
Benz (2007)
Energy/Vitality subscale of
the SF-36
N= 67
PRO FU=16 weeks

+14.9
(3.2)

p< 0.001

5.0 (Large)

Yes

9.1 (0.1) g/dL

12.6 g/dL

3.5 g/dL

4.3

+14.1
(23.9)

p< 0.05

SRM 0.59
(Moderate)

Yes

9.8 (0.9) g/dL

11.7 g/dL

1.9 g/dL

7.4
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10

Benz (2007)
LASA Activity Score
N=67
PRO FU=16 weeks
STUDY

+17.0(21.
9)
DESIGN

0.78 SRM
(Moderate)

Yes

9.8 (0.9) g/dL

11.7 g/dL

1.9 g/dL

8.9

EFFECT SIZE

MCID

BASELINE Hb
OR HCT

Hb OR
Hct AT
STUDY
END

CHANGE IN
Hb OR HCT

PER UNIT
CHANGE IN
ENERGY /
VITALITY /
ACTIVITY**

p< 0.05

SRM 0.94
(Large)

Yes

9.8 (0.9) g/dL

11.7 g/dL

1.9 g/dL

10.8

+24.5(24.
9)

p<0.0001

0.98 SRM
(Large)

Yes

9.1 (0.7) g/dL

11.8 g/dL

2.7 g/dL

9.1

+27.9
(23.4)

p< 0.0001

SRM 1.15
(Large)

Yes

9.1 (0.7) g/dL

11.8 g/dL

2.7 g/dL

10.3

+5.4
(22.3)

p< 0.0001

0.24 (Small)

No

Range:
11.8 to 11.9
g/dL

Range:
11.2 to
12.0 g/dL

Range:
-0.7 to +0.3
g/dL

NE

CHANGE
IN PRO
Mean
(SD)

p<0.05

STAT
§
SIG

10

Benz (2007)
LASA Energy Score
N= 67
PRO FU=16 weeks
11
Provenzano (2004)
LASA Activity Score
N=1184
PRO FU=16 weeks
11
Provenzano (2004)
LASA Energy Score
N= 1184
PRO FU=16 weeks
12
Provenzano (2005)
LASA Activity Score
N= 519
PRO FU=16 weeks

+20.6
(21.8)

Parallel groups

Double-blind RCT – Physical Function
2

Pfeffer (2009)
Subscale of the SF-36
N= 4047
PRO FU= 25 weeks

DA (High Hb
Target: 13 g/dL)

+1.3 (9.2)

Placebo

+1.1(8.8)

p = 0.51

0.12

No

10.4 (9.8-10.8)

12.5 g/dL

2.1 g/dL

0.62

0.10

No

10.4 (9.8-10.8)

10.6 g/dL

0.2 g/dL

5.5

NE

No

11.6 (0.6) g/dL

13.5 g/dL

1.9 g/dL

1.7

NE

No

11.6 (0.6) g/dL

11.6 g/dL

0.0 g/dL

NE

NE
NE

No
No

10.2 (0.7) g/dL
10.2 (0.6) g/dL

12.2 g/dL
12.3 g/dL

2.02 g/dL
2.12 g/dL

1.7
2.0

Open-label RCTs - Physical Function, Activity or Role Limitation
5

Drueke (2006)
Subscale of the SF-36
N=603
PRO FU=12 months
6
MacDougall (2008)
Subscale of the SF-36

High Hb Target
(13.0 – 15.0 g/dL)

+3.3 (NR)

Low Hb Target
(10.5 – 11.5 g/dL)

-2.2 (NR)

DA
CERA

+3.5 (NR)
+4.2 (NR)

p<0.001

NR
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N=297
PRO FU=29 weeks
7
Revicki (1995)
Subscale of the SF-36
N=83; PRO FU 48 weeks
Untreated N=40
ESA treated N=43
STUDY

13

Roger (2004)
SF-36 Physical Composite
Score
N=155
PRO FU=24 months
8
Rossert (2006)
Subscale of the SF-36
N=224
PRO FU=16 weeks

Treated
(target Hct: 36 %

+7.8(3.8)

Untreated

-4.8 (2.1)

DESIGN

CHANGE
IN PRO
Mean
(SD)

*

High Hb target
(12.0 13.0 g/dL)

-2 (14)

Low Hb target (12.0
13.0 g/dL)

-1 (13)

High Hb Target
(13.0 – 15.0 g/dL)

NR

Low Hb Target
(11.0 – 12.0 g/dL)

NR

p < 0.006

*

STAT
§
SIG

NR

p = 0.08

2.52 (Large)

Yes

26.8%(4.5)

31.5%

4.7 % (Hct)

1.7

-1.0 (Large)

Yes

26.8% (3.6)

25.8%

-1.0 % (Hct)

4.8

EFFECT SIZE

MCID

BASELINE Hb
OR HCT

Hb OR
Hct AT
STUDY
END

CHANGE IN
Hb OR HCT

PER UNIT
CHANGE IN
ENERGY /
VITALITY /
ACTIVITY**

-0.18 (-0.14
SRM)

No

11.2 (0.9) g/L

11.2 (0.8)
g/L

0.9 g/dL

2.2

-0.09 (-0.077
SRM)

No

11.2 (0.8) g/L

10.8 (1.3)
g/L

-0.4 g/dL

2.5

NE

NE

11.5 (1.0) g/dL

13.9 g/dL

2.4 g/dL

NE

NE

NE

11.6 (0.9) g/dL

11.8 g/dL

0.2 g/dL

NE

Open-label single-arm studies – Physical Function, Activity or Role Limitation
14

Abu-Alfa (2008)
SF-36 Physical Composite
Score
N=277
PRO FU=52 weeks
9
Alexander (2007)
Subscale of the SF-36
N=48
PRO FU=16 weeks
10
Benz (2007)
Subscale of the SF-36
N=67
PRO FU=16 weeks

Single arm

+3.3 (8.7)

P<0.001

0.308 (0.379)
(Small)

No

10 (0.9) g/dL

11.8 (1.1)
g/dL

1.8 (1.3) g/dL

1.8

+9.5 (2.9)

p<0.05

2.38 (Large)

Yes

9.1 (0.1) g/dL

12.6 g/dL

3.5 g/dL

2.7

+7.8
(20.9)

p<0.05

SRM 0.37
(Small)

Yes

9.8 (0.9) g/dL

11.7 g/dL

1.9 g/dL

4.1

Appendix A

Page 71

15

Islam (2005)
Nottingham Scale
N=45
PRO FU=6 months
16
Kleinman (1989)
Single item VAS
N=14
PRO FU=12 weeks
STUDY

The US Recombinant
Human Erythropoietin
Predialysis Study Group
4
(1991) ***
5 Point Likert
N=117
PRO FU=8 weeks

Single arm

_9 (68.8)

Treatment (target
Hct: 38 – 40 %)

NR

Placebo

NR

DESIGN

CHANGE
IN PRO
Mean
(SD)

P<0.001

0.13

NE

27.85% (1.5)

32.81%
(3.92)

4.95% (Hct)

1.8

NE

NE

NR

NR

7.7% Hct

NE

NE

NE

NR

NR

-0.1% Hct

NE

EFFECT SIZE

MCID

BASELINE Hb
OR HCT

Hb OR
Hct AT
STUDY
END

CHANGE IN
Hb OR HCT

PER UNIT
CHANGE IN
ENERGY /
VITALITY /
ACTIVITY**

NR

NR*****

NE

NR

NR

NE

NR

Anemia corrected
[Target Hct: 40%
(men) and 37%
(women)]

92 (NR)
****

Anemia not
corrected

32 (NR)

STAT
§
SIG

NE

NE

NE

NE

p<0.05

Range:
Male = 93 to
97 g/L
Female = 88 to
93 g/L
Male = 99 (16)
g/L
Female = 94
(8) g/L

RCT = Randomized control trial, PRO FU = Follow up, NR = Not Reported, NE = Not Evaluable, SF-36 = Short Form 36
*
Represents significant within-group changes from baseline
§
Statistical significance reported for randomized control trials is the between-groups comparison of change from baseline.
**Change in PRO divided by change in Hb (or change in Hematocrit)
PRO FU = Follow up, NR = Not Reported, NE = Not Evaluable, VAS = Visual Analogue Scale, KDQ = Kidney Disease Questionnaire, FACT = Functional Assessment of Cancer Therapy
§
Statistical significance reported for randomized control trials is the between-groups comparison of change from baseline.
** Change in PRO divided by change in Hb (or change in Hematocrit)
***The US Recombinant Human Erythropoietin Predialysis Study Group (1991) randomized patients to one of four treatment groups, including placebo. Quality of life results were reported
by two groups, anemia corrected and anemia not corrected.
****The US Recombinant Human Erythropoietin Predialysis Study Group (1991) reports the percent of patients in each arm showing at least 6% change in hematocrit.
***** Kleinman (1989) reports “quality of life improvement” in treated patients, but not in patients in placebo group.

These evidence tables include the most commonly cited references; a systematic review was not conducted.
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Technical Appendix 3 – Package Inserts for Aranesp and EPOGEN
®

Aranesp
(darbepoetin alfa)
For Injection

WARNINGS: INCREASED MORTALITY, SERIOUS CARDIOVASCULAR EVENTS,
THROMBOEMBOLIC EVENTS, STROKE and INCREASED RISK OF TUMOR PROGRESSION
OR RECURRENCE
Chronic Renal Failure:
•

In clinical studies, patients experienced greater risks for death, serious cardiovascular
events, and stroke when administered erythropoiesis-stimulating agents (ESAs) to
target hemoglobin levels of 13 g/dL and above.

•

Individualize dosing to achieve and maintain hemoglobin levels within the range of 10
to 12 g/dL.

Cancer:
• ESAs shortened overall survival and/or increased the risk of tumor progression or
recurrence in some clinical studies in patients with breast, non-small cell lung, head
and neck, lymphoid, and cervical cancers (see WARNINGS: Table 1).
• To decrease these risks, as well as the risk of serious cardio- and thrombovascular
events, use the lowest dose needed to avoid red blood cell transfusion.
• Because of these risks, prescribers and hospitals must enroll in and comply with the
®
ESA APPRISE Oncology Program to prescribe and/or dispense Aranesp to patients
with cancer. To enroll in the ESA APPRISE Oncology Program, visit www.esaapprise.com or call 1-866-284-8089 for further assistance.
• Use ESAs only for treatment of anemia due to concomitant myelosuppressive
chemotherapy.
• ESAs are not indicated for patients receiving myelosuppressive therapy when the
anticipated outcome is cure.
• Discontinue following the completion of a chemotherapy course.
(See WARNINGS: Increased Mortality, Serious Cardiovascular Events, Thromboembolic
Events, and Stroke, WARNINGS: Increased Mortality and/or Increased Risk of Tumor
Progression or Recurrence, INDICATIONS AND USAGE, and DOSAGE AND
ADMINISTRATION.)

DESCRIPTION
®

Aranesp is an erythropoiesis stimulating protein, closely related to erythropoietin, that is
®
produced in Chinese hamster ovary (CHO) cells by recombinant DNA technology. Aranesp is a
165-amino acid protein that differs from recombinant human erythropoietin in containing
5 N-linked oligosaccharide chains, whereas recombinant human erythropoietin contains 3
1
chains. The two additional N-glycosylation sites result from amino acid substitutions in the
erythropoietin peptide backbone. The additional carbohydrate chains increase the approximate
®
molecular weight of the glycoprotein from 30,000 to 37,000 daltons. Aranesp is formulated as a
sterile, colorless, preservative-free protein solution for intravenous or subcutaneous
administration.
Single-dose vials are available containing 25, 40, 60, 100, 150, 200, 300, or 500 mcg of
®
Aranesp .
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Single-dose prefilled syringes and prefilled SureClick™ autoinjectors are available containing
25, 40, 60, 100, 150, 200, 300, or 500 mcg of Aranesp. Each prefilled syringe is equipped with
a needle guard that covers the needle during disposal.
Single-dose vials, prefilled syringes and autoinjectors are available in two formulations that
contain excipients as follows:
Polysorbate solution Each 1 mL contains 0.05 mg polysorbate 80, and is formulated at
pH 6.2 ± 0.2 with 2.12 mg sodium phosphate monobasic monohydrate, 0.66 mg sodium
phosphate dibasic anhydrous, and 8.18 mg sodium chloride in Water for Injection, USP
(to 1 mL).
Albumin solution Each 1 mL contains 2.5 mg albumin (human), and is formulated at
pH 6.0 ± 0.3 with 2.23 mg sodium phosphate monobasic monohydrate, 0.53 mg sodium
phosphate dibasic anhydrous, and 8.18 mg sodium chloride in Water for Injection, USP
(to 1 mL).
CLINICAL PHARMACOLOGY
Mechanism of Action
®

Aranesp stimulates erythropoiesis by the same mechanism as endogenous erythropoietin.
A primary growth factor for erythroid development, erythropoietin is produced in the kidney and
released into the bloodstream in response to hypoxia. In responding to hypoxia, erythropoietin
interacts with progenitor stem cells to increase red blood cell (RBC) production. Production of
endogenous erythropoietin is impaired in patients with chronic renal failure (CRF), and
erythropoietin deficiency is the primary cause of their anemia. Increased hemoglobin levels are
®
not generally observed until 2 to 6 weeks after initiating treatment with Aranesp (see DOSAGE
AND ADMINISTRATION). In patients with cancer receiving concomitant chemotherapy, the
etiology of anemia is multifactorial.
Pharmacokinetics
Adult Patients
®

The pharmacokinetics of Aranesp were studied in patients with CRF receiving or not receiving
dialysis and cancer patients receiving chemotherapy.
®
Following intravenous administration in CRF patients receiving dialysis, Aranesp serum
concentration-time profiles were biphasic, with a distribution half-life of approximately 1.4 hours
®
and a mean terminal half-life of 21 hours. The terminal half-life of Aranesp was approximately 3fold longer than that of Epoetin alfa when administered intravenously.
®
Following subcutaneous administration of Aranesp to CRF patients (receiving or not receiving
dialysis), absorption was slow and peak concentrations occurred at 48 hours (range: 12 to 72
hours). In CRF patients receiving dialysis, the average half-life was 46 hours (range: 12 to 89
hours), and in CRF patients not receiving dialysis, the average half-life was 70 hours (range: 35
®
to 139 hours). Aranesp apparent clearance was approximately 1.4 times faster on average in
patients receiving dialysis compared to patients not receiving dialysis. The bioavailability of
®
Aranesp in CRF patients receiving dialysis after subcutaneous administration was 37% (range:
30% to 50%).
Following the first subcutaneous dose of 6.75 mcg/kg (equivalent to 500 mcg for a 74-kg patient)
in patients with cancer, the mean terminal half-life was 74 hours (range: 24 to 144 hours). Peak
concentrations were observed at 90 hours (range: 71 to 123 hours) after a dose of 2.25 mcg/kg,
and 71 hours (range: 28 to 120 hours) after a dose of 6.75 mcg/kg. When administered on a
®
once every 3 week schedule, 48-hour post-dose Aranesp levels after the fourth dose were
similar to those after the first dose.
®
Over the dose range of 0.45 to 4.5 mcg/kg Aranesp administered intravenously or
subcutaneously on a once weekly schedule and 4.5 to 15 mcg/kg administered subcutaneously
on a once every 3 week schedule, systemic exposure was approximately proportional to dose. No
evidence of accumulation was observed beyond an expected < 2-fold increase in blood levels
when compared to the initial dose.
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Pediatric Patients
®

Aranesp pharmacokinetics were studied in 12 pediatric CRF patients (age 3-16 years) receiving
®
or not receiving dialysis. Following a single intravenous or subcutaneous Aranesp dose, Cmax
and half-life were similar to those obtained in adult CRF patients on dialysis. Following a single
subcutaneous dose, the average bioavailability was 54% (range: 32% to 70%), which was higher
than that obtained in adult CRF patients on dialysis.
CLINICAL STUDIES
®

Throughout this section of the package insert, the Aranesp study numbers associated with the
nephrology and cancer clinical programs are designated with the letters “N” and “C”, respectively.
Chronic Renal Failure Patients
®

The safety and effectiveness of Aranesp have been assessed in a number of multicenter
®
studies. Two studies evaluated the safety and efficacy of Aranesp for the correction of anemia
in adult patients with CRF, and three studies (2 in adults and 1 in pediatric patients) assessed the
®
ability of Aranesp to maintain hemoglobin concentrations in patients with CRF who had been
receiving other recombinant erythropoietins.
De Novo Use of Aranesp

®

®

Once Weekly Aranesp Starting Dose
®

In two open-label studies, Aranesp or Epoetin alfa was administered for the correction of anemia
in CRF patients who had not been receiving prior treatment with exogenous erythropoietin.
Study N1 evaluated CRF patients receiving dialysis; Study N2 evaluated patients not requiring
®
dialysis. In both studies, the starting dose of Aranesp was 0.45 mcg/kg administered once
weekly. The starting dose of Epoetin alfa was 50 Units/kg 3 times weekly in Study N1 and
50 Units/kg twice weekly in Study N2. When necessary, dosage adjustments were instituted to
maintain hemoglobin in the study target range of 11 to 13 g/dL. (Note: The recommended
hemoglobin target is lower than the target range of these studies. See DOSAGE AND
ADMINISTRATION for recommended clinical hemoglobin target.) The primary efficacy endpoint
was the proportion of patients who experienced at least a 1 g/dL increase in hemoglobin
concentration to a level of at least 11 g/dL by 20 weeks (Study N1) or 24 weeks (Study N2). The
®
studies were designed to assess the safety and effectiveness of Aranesp but not to support
conclusions regarding comparisons between the two products.
In Study N1, the hemoglobin target was achieved by 72% (95% CI: 62%, 81%) of the 90 patients
®
treated with Aranesp and 84% (95% CI: 66%, 95%) of the 31 patients treated with Epoetin alfa.
®
The mean increase in hemoglobin over the initial 4 weeks of Aranesp treatment was 1.1 g/dL
(95% CI: 0.82 g/dL, 1.37 g/dL).
In Study N2, the primary efficacy endpoint was achieved by 93% (95% CI: 87%, 97%) of the
®
129 patients treated with Aranesp and 92% (95% CI: 78%, 98%) of the 37 patients treated with
Epoetin alfa. The mean increase in hemoglobin from baseline through the initial 4 weeks of
®
Aranesp treatment was 1.38 g/dL (95% CI: 1.21 g/dL, 1.55 g/dL).
®

Once Every 2 Week Aranesp Starting Dose
®

In two single arm studies (N3 and N4), Aranesp was administered for the correction of anemia in
®
CRF patients not receiving dialysis. In both studies, the starting dose of Aranesp was 0.75
mcg/kg administered once every 2 weeks.
In Study N3 (study duration of 18 weeks), the hemoglobin goal (hemoglobin concentration ≥ 11
®
g/dL) was achieved by 92% (95% CI: 86%, 96%) of the 128 patients treated with Aranesp .
In Study N4 (study duration of 24 weeks), the hemoglobin goal (hemoglobin concentration of 11®
13 g/dL) was achieved by 85% (95% CI: 77%, 93%) of the 75 patients treated with Aranesp .
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Conversion From Other Recombinant Erythropoietins
Two adult studies (N5 and N6) and one pediatric study (N7) were conducted in patients with CRF
who had been receiving other recombinant erythropoietins. The studies compared the abilities of
®
Aranesp and other erythropoietins to maintain hemoglobin concentrations within a study target
range of 9 to 13 g/dL in adults and 10 to 12.5 g/dL in pediatric patients. (Note: The
recommended hemoglobin target is lower than the target range of these studies. See DOSAGE
AND ADMINISTRATION for recommended clinical hemoglobin target.) CRF patients who had
®
been receiving stable doses of other recombinant erythropoietins were randomized to Aranesp ,
or to continue with their prior erythropoietin at the previous dose and schedule. For patients
®
randomized to Aranesp , the initial weekly dose was determined on the basis of the previous total
weekly dose of recombinant erythropoietin.

Adult Patients
Study N5 was a double-blind study conducted in North America, in which 169 hemodialysis
®
patients were randomized to treatment with Aranesp and 338 patients continued on Epoetin alfa.
Study N6 was an open-label study conducted in Europe and Australia in which 347 patients were
®
randomized to treatment with Aranesp and 175 patients were randomized to continue on
®
Epoetin alfa or Epoetin beta. Of the 347 patients randomized to Aranesp , 92% were receiving
hemodialysis and 8% were receiving peritoneal dialysis.
®

In Study N5, a median weekly dose of 0.53 mcg/kg Aranesp (25th, 75th percentiles: 0.30,
0.93 mcg/kg) was required to maintain hemoglobin in the study target range. In Study N6, a
®
median weekly dose of 0.41 mcg/kg Aranesp (25th, 75th percentiles: 0.26, 0.65 mcg/kg) was
required to maintain hemoglobin in the study target range.
Pediatric Patients
Study N7 was an open-label, randomized study, conducted in the United States in pediatric
patients from 1 to 18 years of age with CRF receiving or not receiving dialysis. Patients that were
stable on Epoetin alfa were randomized to receive either darbepoetin alfa (n = 82) administered
once weekly (subcutaneously or intravenously) or to continue receiving Epoetin alfa (n = 42) at
the current dose, schedule, and route of administration. A median weekly dose of 0.41 mcg/kg
®
Aranesp (25th, 75th percentiles: 0.25, 0.82 mcg/kg) was required to maintain hemoglobin in the
study target range.

Cancer Patients Receiving Chemotherapy
Efficacy in patients with anemia due to concomitant chemotherapy was demonstrated based on
reduction in the requirement for RBC transfusions.
Once Weekly Dosing
®

The safety and effectiveness of Aranesp in reducing the requirement for RBC transfusions in
patients undergoing chemotherapy was assessed in a randomized, placebo-controlled, doubleblind, multinational study (C1). This study was conducted in anemic (Hgb ≤ 11 g/dL) patients with
advanced, small cell or non-small cell lung cancer, who received a platinum-containing
®
chemotherapy regimen. Patients were randomized to receive Aranesp 2.25 mcg/kg (n = 156) or
placebo (n = 158) administered as a single weekly SC injection for up to 12 weeks. The dose
was escalated to 4.5 mcg/kg/week at week 6, in subjects with an inadequate response to
treatment, defined as less than 1 g/dL hemoglobin increase. There were 67 patients in the
®
Aranesp arm who had their dose increased from 2.25 to 4.5 mcg/kg/week, at any time during the
treatment period.
Efficacy was determined by a reduction in the proportion of patients who were transfused over the
®
12-week treatment period. A significantly lower proportion of patients in the Aranesp arm, 26%
(95% CI: 20%, 33%) required transfusion compared to 60% (95% CI: 52%, 68%) in the placebo
arm (Kaplan-Meier estimate of proportion; p < 0.001 by Cochran–Mantel-Haenszel test). Of the
67 patients who received a dose increase, 28% had a 2 g/dL increase in hemoglobin over
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baseline, generally occurring between weeks 8 to 13. Of the 89 patients who did not receive a
dose increase, 69% had a 2 g/dL increase in hemoglobin over baseline, generally occurring
between weeks 6 to 13. On-study deaths occurred in 14% (22/156) of patients treated with
®
Aranesp and 12% (19/158) of the placebo-treated patients.
Once Every 3 Week Dosing
®

The safety and effectiveness of once every 3 week Aranesp therapy in reducing the requirement
for red blood cell (RBC) transfusions in patients undergoing chemotherapy was assessed in a
randomized, double-blind, multinational study (C2). This study was conducted in anemic
(Hgb < 11 g/dL) patients with non-myeloid malignancies receiving multicycle chemotherapy.
®
Patients were randomized to receive Aranesp at 500 mcg once every 3 weeks (n = 353) or
2.25 mcg/kg (n = 352) administered weekly as a subcutaneous injection for up to 15 weeks. In
both groups, the dose was reduced by 40% of the previous dose (e.g., for first dose reduction, to
300 mcg in the once every 3 week group and 1.35 mcg/kg in the once weekly group) if
hemoglobin increased by more than 1 g/dL in a 14-day period. Study drug was withheld if
hemoglobin exceeded 13 g/dL. In the once every 3 week group, 254 patients (72%) required
dose reductions (median time to first reduction at 6 weeks). In the once weekly group, 263
patients (75%) required dose reductions (median time to first reduction at 5 weeks).
Efficacy was determined by a comparison of the Kaplan-Meier estimates of the proportion of
patients who received at least one RBC transfusion between day 29 and the end of treatment.
Three hundred thirty- five patients in the once every 3 week group and 337 patients in the once
weekly group remained on study through or beyond day 29 and were evaluated for efficacy.
Twenty-seven percent (95% CI: 22%, 32%) of patients in the once every 3 week group and 34%
(95% CI: 29%, 39%) in the weekly group required a RBC transfusion. The observed difference in
the transfusion rates (once every 3 week-once weekly) was -6.7% (95% CI: -13.8%, 0.4%).
INDICATIONS AND USAGE
Anemia With Chronic Renal Failure
®

Aranesp is indicated for the treatment of anemia associated with chronic renal failure, including
patients on dialysis and patients not on dialysis.
Anemia With Non-Myeloid Malignancies Due to Chemotherapy
®

Aranesp is indicated for the treatment of anemia due to the effect of concomitantly administered
chemotherapy based on studies that have shown a reduction in the need for RBC transfusions in
®
patients with metastatic, non-myeloid malignancies. Studies to determine whether Aranesp
increases mortality or decreases progression-free/recurrence-free survival are ongoing.
®
• Aranesp is not indicated for use in patients receiving hormonal agents, therapeutic
biologic products, or radiotherapy unless receiving concomitant myelosuppressive
chemotherapy.
•

Aranesp is not indicated for patients receiving myelosuppressive therapy when the
anticipated outcome is cure due to the absence of studies that adequately characterize
®
the impact of Aranesp on progression-free and overall survival (see WARNINGS:
Increased Mortality and/or Increased Risk of Tumor Progression or Recurrence).

•

Aranesp use has not been demonstrated in controlled clinical trials to improve
symptoms of anemia, quality of life, fatigue, or patient well-being.

®

®

CONTRAINDICATIONS
®

Aranesp is contraindicated in patients with:
•

uncontrolled hypertension

•

known hypersensitivity to the active substance or any of the excipients
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WARNINGS
Increased Mortality, Serious Cardiovascular Events, Thromboembolic Events, and Stroke
Patients with chronic renal failure experienced greater risks for death, serious cardiovascular
events, and stroke when administered erythropoiesis-stimulating agents (ESAs) to target
hemoglobin levels of 13 g/dL and above in clinical studies. Patients with chronic renal failure and
an insufficient hemoglobin response to ESA therapy may be at even greater risk for
®
cardiovascular events and mortality than other patients. Aranesp and other ESAs increased the
risks for death and serious cardiovascular events in controlled clinical trials of patients with
cancer. These events included myocardial infarction, stroke, congestive heart failure, and
hemodialysis vascular access thrombosis. A rate of hemoglobin rise of > 1 g/dL over 2 weeks
may contribute to these risks.
In a randomized prospective trial, 1432 anemic chronic renal failure patients who were not
undergoing dialysis were assigned to Epoetin alfa (rHuEPO) treatment targeting a maintenance
hemoglobin concentration of 13.5 g/dL or 11.3 g/dL. A major cardiovascular event (death,
myocardial infarction, stroke, or hospitalization for congestive heart failure) occurred among 125
(18%) of the 715 patients in the higher hemoglobin group compared to 97 (14%) among the 717
2
patients in the lower hemoglobin group [Hazard Ratio (HR) 1.3, 95% CI: 1.0, 1.7, p = 0.03].
In a randomized, double-blind, placebo-controlled study of 4038 patients, there was an increased
®
risk of stroke when Aranesp was administered to patients with anemia, type 2 diabetes, and
®
CRF who were not on dialysis. Patients were randomized to Aranesp treatment targeted to a
®
hemoglobin level of 13 g/dL or to placebo. Placebo patients received Aranesp only if their
®
hemoglobin levels were less than 9 g/dL. A total of 101 patients receiving Aranesp experienced
stroke compared to 53 patients receiving placebo (5% vs. 2.6%; HR 1.92, 95% CI: 1.38, 2.68; p <
0.001).
Increased risk for serious cardiovascular events was also reported from a randomized,
prospective trial of 1265 hemodialysis patients with clinically evident cardiac disease (ischemic
heart disease or congestive heart failure). In this trial, patients were assigned to Epoetin alfa
3
treatment targeted to a maintenance hemoglobin of either 14 ± 1 g/dL or 10 ± 1 g/dL. Higher
mortality (35% vs. 29%) was observed in the 634 patients randomized to a target hemoglobin of
14 g/dL than in the 631 patients assigned a target hemoglobin of 10 g/dL. The reason for the
increased mortality observed in this study is unknown; however, the incidence of nonfatal
myocardial infarction, vascular access thrombosis, and other thrombotic events was also higher
in the group randomized to a target hemoglobin of 14 g/dL.
An increased incidence of thrombotic events has also been observed in patients with cancer
®
treated with erythropoietic agents. In patients with cancer who received Aranesp , pulmonary
emboli, thrombophlebitis, and thrombosis occurred more frequently than in placebo controls (see
ADVERSE REACTIONS: Cancer Patients Receiving Chemotherapy, Table 5).
In a randomized controlled study (referred to as Cancer Study 1 - the ‘BEST’ study) with another
ESA in 939 women with metastatic breast cancer receiving chemotherapy, patients received
either weekly Epoetin alfa or placebo for up to a year. This study was designed to show that
survival was superior when an ESA was administered to prevent anemia (maintain hemoglobin
levels between 12 and 14 g/dL or hematocrit between 36% and 42%). The study was terminated
prematurely when interim results demonstrated that a higher mortality at 4 months (8.7% vs.
3.4%) and a higher rate of fatal thrombotic events (1.1% vs. 0.2%) in the first 4 months of the
study were observed among patients treated with Epoetin alfa. Based on Kaplan-Meier
estimates, at the time of study termination, the 12-month survival was lower in the Epoetin alfa
4
group than in the placebo group (70% vs. 76%; HR 1.37, 95% CI: 1.07, 1.75, p = 0.012).
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A systematic review of 57 randomized controlled trials (including Cancer Studies 1 and 5 - the
‘BEST’ and ‘ENHANCE’ studies) evaluating 9353 patients with cancer compared ESAs plus RBC
transfusion with RBC transfusion alone for prophylaxis or treatment of anemia in cancer patients
with or without concurrent antineoplastic therapy.
An increased relative risk (RR) of
thromboembolic events (RR 1.67, 95% CI: 1.35, 2.06; 35 trials and 6769 patients) was observed
in ESA-treated patients. An overall survival hazard ratio of 1.08 (95% CI: 0.99, 1.18; 42 trials and
5
8167 patients) was observed in ESA-treated patients.
An increased incidence of deep vein thrombosis (DVT) in patients receiving Epoetin alfa
undergoing surgical orthopedic procedures has been observed. In a randomized controlled study
(referred to as the ‘SPINE’ study), 681 adult patients, not receiving prophylactic anticoagulation
and undergoing spinal surgery, received Epoetin alfa and standard of care (SOC) treatment, or
SOC treatment alone. Preliminary analysis showed a higher incidence of DVT, determined by
either Color Flow Duplex Imaging or by clinical symptoms, in the Epoetin alfa group [16 patients
(4.7%)] compared to the SOC group [7 patients (2.1%)]. In addition, 12 patients in the Epoetin
alfa group and 7 patients in the SOC group had other thrombotic vascular events.
Increased mortality was observed in a randomized placebo-controlled study of Epoetin alfa in
adult patients who were undergoing coronary artery bypass surgery (7 deaths in 126 patients
randomized to Epoetin alfa versus no deaths among 56 patients receiving placebo). Four of
these deaths occurred during the period of study drug administration and all four deaths were
associated with thrombotic events.
®

Aranesp is not approved for reduction in allogeneic RBC transfusions in patients scheduled for
surgical procedures.
Increased Mortality and/or Increased Risk of Tumor Progression or Recurrence
Erythropoiesis-stimulating agents resulted in decreased locoregional control/progression-free
survival and/or overall survival (see Table 1). These findings were observed in studies of patients
with advanced head and neck cancer receiving radiation therapy (Cancer Studies 5 and 6), in
patients receiving chemotherapy for metastatic breast cancer (Cancer Study 1) or lymphoid
malignancy (Cancer Study 2), and in patients with non-small cell lung cancer or various
malignancies who were not receiving chemotherapy or radiotherapy (Cancer Studies 7 and 8).

Table 1: Randomized, Controlled Trials with Decreased Survival and/or Decreased
Locoregional Control

Study / Tumor / (n)

Hemoglobin
Target

Achieved
Hemoglobin
(Median
Q1,Q3)

Primary
Endpoint

Adverse Outcome for ESA-containing
Arm

Chemotherapy
Cancer Study 1
Metastatic breast
cancer
(n=939)

12-14 g/dL

12.9 g/dL
12.2, 13.3 g/dL

12-month overall
survival

Decreased 12-month survival

Cancer Study 2
Lymphoid
malignancy
(n=344)

13-15 g/dL (M)
13-14 g/dL (F)

11.0 g/dL
9.8, 12.1 g/dL

Proportion of
patients
achieving a
hemoglobin
response

Decreased overall survival

Cancer Study 3
Early breast cancer
(n=733)

12.5-13 g/dL

13.1 g/dL
12.5, 13.7 g/dL

Relapse-free and
overall survival

Decreased 3 yr. relapse-free and overall
survival
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12-14 g/dL

12.7 g/dL
12.1, 13.3 g/dL

Progression-free
and overall
survival and
locoregional
control

Decreased 3 yr. progression-free and
overall survival and locoregional control

Decreased 5-year locoregional
progression-free survival
Decreased overall survival

Radiotherapy Alone
Cancer Study 5
Head and neck
cancer
(n=351)

≥15 g/dL (M)
≥14 g/dL (F)

Not available

Locoregional
progression-free
survival

Cancer Study 6
Head and neck
cancer
(n=522)

14-15.5 g/dL

Not available

Locoregional
disease control

Decreased locoregional disease control

No Chemotherapy or Radiotherapy
Cancer Study 7
Non-small cell lung
cancer
(n=70)

12-14 g/dL

Not available

Quality of life

Decreased overall survival

Cancer Study 8
Non-myeloid
malignancy
(n=989)

12-13 g/dL

10.6 g/dL
9.4, 11.8 g/dL

RBC transfusions

Decreased overall survival

Decreased overall survival:
Cancer Study 1 (the ‘BEST’ study) was previously described (see WARNINGS: Increased
Mortality, Serious Cardiovascular Events, Thromboembolic Events, and Stroke). Mortality
at 4 months (8.7% vs. 3.4%) was significantly higher in the Epoetin alfa arm. The most common
investigator-attributed cause of death within the first 4 months was disease progression; 28 of 41
deaths in the Epoetin alfa arm and 13 of 16 deaths in the placebo arm were attributed to disease
progression. Investigator assessed time to tumor progression was not different between the two
groups. Survival at 12 months was significantly lower in the Epoetin alfa arm (70% vs. 76%, HR
4
1.37, 95% CI: 1.07, 1.75; p = 0.012).
®

Cancer Study 2 was a Phase 3, double-blind, randomized (Aranesp vs. placebo) study
conducted in 344 anemic patients with lymphoid malignancy receiving chemotherapy. With a
median follow-up of 29 months, overall mortality rates were significantly higher among patients
®
randomized to Aranesp as compared to placebo (HR 1.36, 95% CI: 1.02, 1.82).
Cancer Study 7 was a Phase 3, multicenter, randomized (Epoetin alfa vs. placebo), double-blind
study, in which patients with advanced non-small cell lung cancer receiving only palliative
radiotherapy or no active therapy were treated with Epoetin alfa to achieve and maintain
hemoglobin levels between 12 and 14 g/dL. Following an interim analysis of 70 of 300 patients
planned, a significant difference in survival in favor of the patients on the placebo arm of the trial
was observed (median survival 63 vs. 129 days; HR 1.84; p = 0.04).
®

Cancer Study 8 was a Phase 3, double-blind, randomized (Aranesp vs. placebo), 16-week study
in 989 anemic patients with active malignant disease, neither receiving nor planning to receive
chemotherapy or radiation therapy. There was no evidence of a statistically significant reduction
in proportion of patients receiving RBC transfusions. The median survival was shorter in the
®
Aranesp treatment group (8 months) compared with the placebo group (10.8 months); HR 1.30,
95% CI: 1.07, 1.57.
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Decreased progression-free survival and overall survival:
®

Cancer Study 3 (the ‘PREPARE’ study) was a randomized controlled study in which Aranesp
was administered to prevent anemia conducted in 733 women receiving neo-adjuvant breast
cancer treatment. After a median follow-up of approximately 3 years the survival rate (86% vs.
90%, HR 1.42, 95% CI: 0.93, 2.18) and relapse-free survival rate were lower (72% vs. 78%, HR
®
1.33, 95% CI: 0.99, 1.79) in the Aranesp -treated arm compared to the control arm.
Cancer Study 4 (protocol GOG 191) was a randomized controlled study that enrolled 114 of a
planned 460 cervical cancer patients receiving chemotherapy and radiotherapy. Patients were
randomized to receive Epoetin alfa to maintain hemoglobin between 12 and 14 g/dL or to
transfusion support as needed. The study was terminated prematurely due to an increase in
thromboembolic events in Epoetin alfa-treated patients compared to control (19% vs. 9%). Both
local recurrence (21% vs. 20%) and distant recurrence (12% vs. 7%) were more frequent in
Epoetin alfa-treated patients compared to control. Progression-free survival at 3 years was lower
in the Epoetin alfa-treated group compared to control (59% vs. 62%, HR 1.06, 95% CI: 0.58,
1.91). Overall survival at 3 years was lower in the Epoetin alfa-treated group compared to control
(61% vs. 71%, HR 1.28, 95% CI: 0.68, 2.42).
Cancer Study 5 (the ‘ENHANCE’ study) was a randomized controlled study in 351 head and neck
cancer patients where Epoetin beta or placebo was administered to achieve target hemoglobins
of 14 and 15 g/dL for women and men, respectively. Locoregional progression-free survival was
significantly shorter in patients receiving Epoetin beta (HR 1.62, 95% CI: 1.22, 2.14, p = 0.0008)
with a median of 406 days Epoetin beta vs. 745 days placebo. Overall survival was significantly
shorter in patients receiving Epoetin beta (HR 1.39, 95% CI: 1.05, 1.84; p = 0.02).
Decreased locoregional control:
Cancer Study 6 (DAHANCA 10) was conducted in 522 patients with primary squamous cell
®
carcinoma of the head and neck receiving radiation therapy randomized to Aranesp with
radiotherapy or radiotherapy alone. An interim analysis on 484 patients demonstrated that
®
locoregional control at 5 years was significantly shorter in patients receiving Aranesp (RR 1.44,
®
95% CI: 1.06, 1.96; p = 0.02). Overall survival was shorter in patients receiving Aranesp (RR
1.28, 95% CI: 0.98, 1.68; p = 0.08).

ESA APPRISE Oncology Program
Prescribers and hospitals must enroll in and comply with the ESA APPRISE Oncology Program to
®
prescribe and/or dispense Aranesp to patients with cancer. To enroll, visit www.esa-apprise.com
or call 1-866-284-8089 for further assistance. Additionally, prescribers and patients must provide
®
written acknowledgment of a discussion of the risks associated with Aranesp .
Hypertension
®

Patients with uncontrolled hypertension should not be treated with Aranesp ; blood pressure
should be controlled adequately before initiation of therapy. Blood pressure may rise during
®
®
treatment of anemia with Aranesp or Epoetin alfa. In Aranesp clinical trials, approximately 40%
of patients with CRF required initiation or intensification of antihypertensive therapy during the
early phase of treatment when the hemoglobin was increasing. Hypertensive encephalopathy
®
and seizures have been observed in patients with CRF treated with Aranesp or Epoetin alfa.
Special care should be taken to closely monitor and control blood pressure in patients treated
®
®
with Aranesp . During Aranesp therapy, patients should be advised of the importance of
compliance with antihypertensive therapy and dietary restrictions. If blood pressure is difficult to
®
control by pharmacologic or dietary measures, the dose of Aranesp should be reduced or
withheld (see DOSAGE AND ADMINISTRATION).
A clinically significant decrease in
hemoglobin may not be observed for several weeks.
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Seizures
®

Seizures have occurred in patients with CRF participating in clinical trials of Aranesp and
Epoetin alfa. During the first several months of therapy, blood pressure and the presence of
premonitory neurologic symptoms should be monitored closely. While the relationship between
seizures and the rate of rise of hemoglobin is uncertain, it is recommended that the dose of
®
Aranesp be decreased if the hemoglobin increase exceeds 1 g/dL in any 2-week period.
Pure Red Cell Aplasia
Cases of pure red cell aplasia (PRCA) and of severe anemia, with or without other cytopenias,
associated with neutralizing antibodies to erythropoietin have been reported in patients treated
®
with Aranesp . This has been reported predominantly in patients with CRF receiving ESAs by
subcutaneous administration. PRCA has also been reported in patients receiving ESAs while
undergoing treatment for hepatitis C with interferon and ribavirin. Any patient who develops a
®
sudden loss of response to Aranesp , accompanied by severe anemia and low reticulocyte count,
should be evaluated for the etiology of loss of effect, including the presence of neutralizing
®
antibodies to erythropoietin (see PRECAUTIONS: Lack or Loss of Response to Aranesp ). If
®
anti-erythropoietin antibody-associated anemia is suspected, withhold Aranesp and other ESAs.
Contact Amgen (1-800-77AMGEN) to perform assays for binding and neutralizing antibodies.
®
Aranesp should be permanently discontinued in patients with antibody-mediated anemia.
Patients should not be switched to other ESAs as antibodies may cross-react (see ADVERSE
REACTIONS: Immunogenicity).
Albumin (Human)
®

Aranesp is supplied in two formulations with different excipients, one containing polysorbate 80
and another containing albumin (human), a derivative of human blood (see DESCRIPTION).
®
Based on effective donor screening and product manufacturing processes, Aranesp formulated
with albumin carries an extremely remote risk for transmission of viral diseases. A theoretical risk
for transmission of Creutzfeldt-Jakob disease (CJD) also is considered extremely remote. No
cases of transmission of viral diseases or CJD have ever been identified for albumin.
PRECAUTIONS
General
®

The safety and efficacy of Aranesp therapy have not been established in patients with
underlying hematologic diseases (e.g., hemolytic anemia, sickle cell anemia, thalassemia,
porphyria).
The needle cover of the prefilled syringe contains dry natural rubber (a derivative of latex), which
may cause allergic reactions in individuals sensitive to latex.
Lack or Loss of Response to Aranesp

®
®

A lack of response or failure to maintain a hemoglobin response with Aranesp doses within the
recommended dosing range should prompt a search for causative factors. Deficiencies of folic
acid, iron, or vitamin B12 should be excluded or corrected. Depending on the clinical setting,
intercurrent infections, inflammatory or malignant processes, osteofibrosis cystica, occult blood
loss, hemolysis, severe aluminum toxicity, and bone marrow fibrosis may compromise an
erythropoietic response. In the absence of another etiology, the patient should be evaluated for
evidence of PRCA and sera should be tested for the presence of antibodies to erythropoietin (see
WARNINGS: Pure Red Cell Aplasia). See DOSAGE AND ADMINISTRATION: Chronic Renal
Failure Patients, Dose Adjustment for management of patients with an insufficient hemoglobin
®
response to Aranesp therapy.
Hematology
Sufficient time should be allowed to determine a patient’s responsiveness to a dosage of
®
Aranesp before adjusting the dose. Because of the time required for erythropoiesis and the
RBC half-life, an interval of 2 to 6 weeks may occur between the time of a dose adjustment
(initiation, increase, decrease, or discontinuation) and a significant change in hemoglobin.
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In order to prevent the hemoglobin from exceeding the recommended target range (10 to 12 g/dL)
or rising too rapidly (greater than 1 g/dL in 2 weeks), the guidelines for dose and frequency of
dose adjustments should be followed (see WARNINGS and DOSAGE AND ADMINISTRATION).
Allergic Reactions
There have been rare reports of potentially serious allergic reactions, including skin rash and
®
urticaria, associated with Aranesp . Symptoms have recurred with rechallenge, suggesting a
causal relationship exists in some instances. If a serious allergic or anaphylactic reaction occurs,
®
Aranesp should be immediately and permanently discontinued and appropriate therapy should
be administered.
Patients with CRF Not Requiring Dialysis
®

Patients with CRF not yet requiring dialysis may require lower maintenance doses of Aranesp
than patients receiving dialysis. Though CRF patients not on dialysis generally receive less
frequent monitoring of blood pressure and laboratory parameters than dialysis patients, CRF
®
patients not on dialysis may be more responsive to the effects of Aranesp , and require judicious
monitoring of blood pressure and hemoglobin. Renal function and fluid and electrolyte balance
should also be closely monitored.
Patients Transitioning to Dialysis
During the transition period onto dialysis, hemoglobin and blood pressure should be monitored
carefully and patients may need to have their maintenance doses adjusted to maintain
hemoglobin levels within the range of 10 to 12 g/dL (see DOSAGE AND ADMINISTRATION:
Maintenance Dose).
Dialysis Management
®

Therapy with Aranesp results in an increase in RBCs and a decrease in plasma volume, which
could reduce dialysis efficiency; patients who are marginally dialyzed may require adjustments in
their dialysis prescription.
Laboratory Tests
®

After initiation of Aranesp therapy, the hemoglobin should be determined weekly until it has
stabilized and the maintenance dose has been established (see DOSAGE AND
ADMINISTRATION). After a dose adjustment, the hemoglobin should be determined weekly for
at least 4 weeks, until it has been determined that the hemoglobin has stabilized in response to
the dose change. The hemoglobin should then be monitored at regular intervals.
In order to ensure effective erythropoiesis, iron status should be evaluated for all patients before
and during treatment, as the majority of patients will eventually require supplemental iron therapy.
Supplemental iron therapy is recommended for all patients whose serum ferritin is below
100 mcg/L or whose serum transferrin saturation is below 20%.
Information for Patients
Patients should be informed of the increased risks of mortality, serious cardiovascular events,
thromboembolic events, and increased risk of tumor progression or recurrence (see
®
WARNINGS). Patients should be informed of the possible side effects of Aranesp and be
instructed to report them to the prescribing physician. Patients should be informed of the signs
and symptoms of allergic drug reactions and be advised of appropriate actions. Patients should
®
be counseled on the importance of compliance with their Aranesp treatment, dietary and dialysis
prescriptions, and the importance of judicious monitoring of blood pressure and hemoglobin
concentration should be stressed.
In those rare cases where it is determined that a patient can safely and effectively administer
®
®
Aranesp at home, appropriate instruction on the proper use of Aranesp should be provided for
®
patients and their caregivers. Patients should be instructed to read the Aranesp Medication
Guide and Patient Instructions for Use and should be informed that the Medication Guide is not a
disclosure of all possible side effects. Patients and caregivers should also be cautioned against

Appendix A

Page 85

the reuse of needles, syringes, prefilled SureClick™ autoinjectors, or drug product, and be
thoroughly instructed in their proper disposal. A puncture-resistant container for the disposal of
used syringes, autoinjectors, and needles should be made available to the patient. Patients
should be informed that the needle cover on the prefilled syringe contains dry natural rubber (a
derivative of latex), which should not be handled by persons sensitive to latex.
Drug Interactions
®

No formal drug interaction studies of Aranesp have been performed.
Carcinogenesis, Mutagenesis, and Impairment of Fertility
®

Carcinogenicity: The carcinogenic potential of Aranesp has not been evaluated in long-term
®
animal studies. Aranesp did not alter the proliferative response of non-hematological cells in
vitro or in vivo. In toxicity studies of approximately 6 months duration in rats and dogs, no
tumorigenic or unexpected mitogenic responses were observed in any tissue type. Using a panel
®
of human tissues, the in vitro tissue binding profile of Aranesp was identical to Epoetin alfa.
Neither molecule bound to human tissues other than those expressing the erythropoietin
receptor.
®

Mutagenicity: Aranesp was negative in the in vitro bacterial and CHO cell assays to detect
mutagenicity and in the in vivo mouse micronucleus assay to detect clastogenicity.
Impairment of Fertility: When administered intravenously to male and female rats prior to and
during mating, reproductive performance, fertility, and sperm assessment parameters were not
affected at any doses evaluated (up to 10 mcg/kg/dose, administered 3 times weekly). An
increase in post implantation fetal loss was seen at doses equal to or greater than
0.5 mcg/kg/dose, administered 3 times weekly.
Pregnancy Category C
®

When Aranesp was administered intravenously to rats and rabbits during gestation, no evidence
of a direct embryotoxic, fetotoxic, or teratogenic outcome was observed at doses up to
20 mcg/kg/day. The only adverse effect observed was a slight reduction in fetal weight, which
occurred at doses causing exaggerated pharmacological effects in the dams (1 mcg/kg/day and
higher). No deleterious effects on uterine implantation were seen in either species. No
®
significant placental transfer of Aranesp was observed in rats. An increase in post implantation
fetal loss was observed in studies assessing fertility (see PRECAUTIONS: Carcinogenesis,
Mutagenesis, and Impairment of Fertility: Impairment of Fertility).
®
Intravenous injection of Aranesp to female rats every other day from day 6 of gestation through
day 23 of lactation at doses of 2.5 mcg/kg/dose and higher resulted in offspring (F1 generation)
with decreased body weights, which correlated with a low incidence of deaths, as well as delayed
eye opening and delayed preputial separation. No adverse effects were seen in the F2 offspring.
®
There are no adequate and well-controlled studies in pregnant women. Aranesp should be used
during pregnancy only if the potential benefit justifies the potential risk to the fetus.
Nursing Mothers
®

It is not known whether Aranesp is excreted in human milk. Because many drugs are excreted
®
in human milk, caution should be exercised when Aranesp is administered to a nursing woman.
Pediatric Use
Pediatric CRF Patients
®

A study of the conversion from Epoetin alfa to Aranesp among pediatric CRF patients over 1
year of age showed similar safety and efficacy to the findings from adult conversion studies (see
CLINICAL PHARMACOLOGY and CLINICAL STUDIES). Safety and efficacy in the initial
treatment of anemic pediatric CRF patients or in the conversion from another erythropoietin to
®
Aranesp in pediatric CRF patients less than 1 year of age have not been established.
Pediatric Cancer Patients

Appendix A

Page 86

®

The safety and efficacy of Aranesp in pediatric cancer patients have not been established.
Geriatric Use
®

Of the 1801 CRF patients in clinical studies of Aranesp , 44% were age 65 and over, while
®
17% were age 75 and over. Of the 873 cancer patients in clinical studies receiving Aranesp and
concomitant chemotherapy, 45% were age 65 and over, while 14% were age 75 and over. No
overall differences in safety or efficacy were observed between older and younger patients.
ADVERSE REACTIONS
General
Because clinical trials are conducted under widely varying conditions, adverse reaction rates
®
observed in the clinical trials of Aranesp cannot be directly compared to rates in the clinical trials
of other drugs and may not reflect the rates observed in practice.
Immunogenicity
As with all therapeutic proteins, there is a potential for immunogenicity. Neutralizing antibodies to
erythropoietin, in association with PRCA or severe anemia (with or without other cytopenias),
®
have been reported in patients receiving Aranesp (see WARNINGS: Pure Red Cell Aplasia)
during post-marketing experience.
®

In clinical studies, the percentage of patients with antibodies to Aranesp was examined using the
BIAcore assay. Sera from 1501 CRF patients and 1159 cancer patients were tested. At
®
baseline, prior to Aranesp treatment, binding antibodies were detected in 59 (4%) of CRF
®
patients and 36 (3%) of cancer patients. While receiving Aranesp therapy (range 22-177
weeks), a follow-up sample was taken. One additional CRF patient and eight additional cancer
®
patients developed antibodies capable of binding Aranesp . None of the patients had antibodies
®
capable of neutralizing the activity of Aranesp or endogenous erythropoietin at baseline or at
end of study. No clinical sequelae consistent with PRCA were associated with the presence of
these antibodies.
The incidence of antibody formation is highly dependent on the sensitivity and specificity of the
assay. Additionally, the observed incidence of antibody (including neutralizing antibody) positivity
in an assay may be influenced by several factors including assay methodology, sample handling,
timing of sample collection, concomitant medications, and underlying disease. For these
reasons, comparison of the incidence of antibodies across products within this class
(erythropoietic proteins) may be misleading.
Chronic Renal Failure Patients
Adult Patients
®

In all studies, the most frequently reported serious adverse events with Aranesp were infection,
congestive heart failure, angina pectoris/cardiac chest pain, thrombosis vascular access, and
cardiac arrhythmia/cardiac arrest. The most frequently reported adverse events resulting in
®
clinical intervention (e.g., discontinuation of Aranesp , adjustment in dosage, or the need for
concomitant medication to treat an adverse reaction symptom) were infection, hypertension,
hypotension, and muscle spasm.
See WARNINGS: Increased Mortality, Serious
Cardiovascular Events, Thromboembolic Events, and Stroke and Hypertension.
®

The data described below reflect exposure to Aranesp in 1801 CRF patients, including 675
®
exposed for at least 6 months, of whom 185 were exposed for greater than 1 year. Aranesp was
evaluated in active-controlled (n = 823) and uncontrolled studies (n = 978). These data include a
pooled analysis of CRF patients not on dialysis and dialysis patients who were studied for the
correction of anemia and maintenance of hemoglobin.
The population encompassed an age range from 18 to 94 years. Fifty-five percent of the patients
were male. The percentages of Caucasian, Black, Asian, and Hispanic patients were 80%, 13%,
®
3%, and 2%, respectively. The median weekly dose of Aranesp for patients who received either
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once weekly or once every 2 week administration was 0.44 mcg/kg (25th, 75th percentiles: 0.30,
0.64 mcg/kg).
Some of the adverse events reported are typically associated with CRF, or recognized
®
complications of dialysis, and may not necessarily be attributable to Aranesp therapy. No
important differences in adverse event rates between treatment groups were observed in
®
controlled studies in which patients received Aranesp or other recombinant erythropoietins.
The data in Table 2 reflect those adverse events occurring in at least 5% of patients treated with
®
Aranesp .
Table 2. Adverse Events Occurring in ≥ 5% of CRF Patients
Event
APPLICATION SITE
Injection Site Pain
BODY AS A WHOLE
Peripheral Edema
Fatigue
Fever
Death
Chest Pain, Unspecified
Fluid Overload
Access Infection
Influenza-like Symptoms
Access Hemorrhage
Asthenia
CARDIOVASCULAR
Hypertension
Hypotension
Cardiac Arrhythmias/Cardiac Arrest
Angina Pectoris/Cardiac Chest Pain
Thrombosis Vascular Access
Congestive Heart Failure
CNS/PNS
Headache
Dizziness
GASTROINTESTINAL
Diarrhea
Vomiting
Nausea
Abdominal Pain
Constipation
MUSCULO-SKELETAL
Muscle Spasm
Arthralgia
Limb Pain
Back Pain
(Continued)

Patients Treated with
®
Aranesp (n = 1801)
6%
10%
9%
7%
6%
7%
6%
6%
6%
7%
5%
20%
20%
8%
8%
6%
5%
15%
7%
14%
14%
11%
10%
5%
17%
9%
8%
7%
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Table 2. Adverse Events Occurring in ≥ 5% of CRF Patients (Continued)
Patients Treated with Aranesp
(n = 1801)

Event
RESISTANCE MECHANISM
a
Infection

24%

RESPIRATORY
Upper Respiratory Infection
Dyspnea
Cough
Bronchitis

15%
10%
9%
5%

SKIN AND APPENDAGES
Pruritus

6%

a

®

Infection includes sepsis, bacteremia, pneumonia, peritonitis, and abscess.

The incidence rates for other clinically significant events are shown in Table 3.
Table 3. Percent Incidence of Other Clinically Significant Events in CRF Patients
®

Patients Treated with Aranesp
(n = 1801)

Event
Acute Myocardial Infarction
Stroke
Seizure
Transient Ischemic Attack

2%
2%
1%
≤1%

Pediatric Patients
®

In Study N7, Aranesp was administered to 81 pediatric CRF patients who had stable hemoglobin
concentrations while previously receiving Epoetin alfa (see CLINICAL STUDIES). In this study,
®
the most frequently reported serious adverse events with Aranesp were catheter sepsis, fever,
catheter related infection, chronic renal failure, and vascular access complication. The most
commonly reported adverse events were fever, headache, nasopharyngitis, hypertension,
®
hypotension, injection site pain, cough, peritonitis, and vomiting. Aranesp administration was
discontinued because of injection site pain in two patients and moderate hypertension in a third
patient.
®

Studies have not evaluated the effects of Aranesp when administered to pediatric patients as the
initial treatment for the anemia associated with CRF.
Thrombotic Events
Vascular access thrombosis in hemodialysis patients occurred in clinical trials at an annualized
®
rate of 0.22 events per patient year of Aranesp therapy. Rates of thrombotic events (e.g.,
®
vascular access thrombosis, venous thrombosis, and pulmonary emboli) with Aranesp
therapy were similar to those observed with other recombinant erythropoietins in these trials; the
median duration of exposure was 12 weeks.
Cancer Patients Receiving Chemotherapy
®

The incidence data described below reflect the exposure to Aranesp in 873 cancer patients
®
including patients exposed to Aranesp once weekly (547, 63%), once every 2 weeks (128, 16%),
®
and once every 3 weeks (198, 23%). Aranesp was evaluated in seven studies that were active®
controlled and/or placebo-controlled studies of up to 6 months duration. The Aranesp -treated
patient demographics were as follows: median age of 63 years (range of 20 to 91 years);
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40% male; 88% Caucasian, 5% Hispanic, 4% Black, and 3% Asian. Over 90% of patients had
locally advanced or metastatic cancer, with the remainder having early stage disease. Patients
with solid tumors (e.g., lung, breast, colon, ovarian cancers) and lymphoproliferative malignancies
®
(e.g., lymphoma, multiple myeloma) were enrolled in the clinical studies. All of the 873 Aranesp treated subjects also received concomitant cyclic chemotherapy.
The most frequently reported serious adverse events included death (10%), fever (4%),
pneumonia (3%), dehydration (3%), vomiting (2%), and dyspnea (2%). The most commonly
reported adverse events were fatigue, edema, nausea, vomiting, diarrhea, fever, and dyspnea
(see Table 4). Except for those events listed in Tables 4 and 5, the incidence of adverse events
in clinical studies occurred at a similar rate compared with patients who received placebo and
were generally consistent with the underlying disease and its treatment with chemotherapy. The
®
most frequently reported reasons for discontinuation of Aranesp were progressive disease,
death, discontinuation of the chemotherapy, asthenia, dyspnea, pneumonia, and gastrointestinal
hemorrhage. No important differences in adverse event rates between treatment groups were
®
observed in controlled studies in which patients received Aranesp or other recombinant
erythropoietins.
Table 4. Adverse Events Occurring in ≥ 5% of Patients Receiving Chemotherapy
®

Aranesp
(n = 873)

Placebo
(n = 221)

BODY AS A WHOLE
Fatigue
Edema
Fever

33%
21%
19%

30%
10%
16%

CNS/PNS
Dizziness
Headache

14%
12%

8%
9%

GASTROINTESTINAL
Diarrhea
Constipation

22%
18%

12%
17%

5%

3%

13%
8%

6%
5%

7%

3%

Event

METABOLIC/NUTRITION
Dehydration
MUSCULO-SKELETAL
Arthralgia
Myalgia
SKIN AND APPENDAGES
Rash
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Table 5. Incidence of Other Clinically Significant Adverse Events in Patients Receiving
Chemotherapy
®

Event

All Aranesp
(n = 873)

Placebo
(n = 221)

Hypertension

3.7%

3.2%

0.6%

0.5%

6.2%
1.3%
5.6%

4.1%
0.0%
4.1%

Seizures/Convulsions

a

Thrombotic Events
Pulmonary Embolism
b
Thrombosis
a

b

Seizures/Convulsions include the preferred terms: Convulsions,
Convulsions Grand Mal, and Convulsions Local.
Thrombosis includes: Thrombophlebitis, Thrombophlebitis Deep,
Thrombosis Venous, Thrombosis Venous Deep, Thromboembolism, and
Thrombosis.
®

In a randomized controlled trial of Aranesp 500 mcg once every 3 weeks (n = 353) and
®
Aranesp 2.25 mcg/kg once weekly (n = 352), the incidences of all adverse events and of serious
adverse events were similar between the two groups.
Thrombotic and Cardiovascular Events
®

Overall, the incidence of thrombotic events was 6.2% for Aranesp and 4.1% for placebo.
®
However, the following events were reported more frequently in Aranesp -treated patients than in
placebo controls: pulmonary embolism, thromboembolism, thrombosis, and thrombophlebitis
(deep and/or superficial). In addition, edema of any type was more frequently reported in
®
Aranesp -treated patients (21%) than in patients who received placebo (10%).
OVERDOSAGE
®

The expected manifestations of Aranesp overdosage include signs and symptoms associated
with an excessive and/or rapid increase in hemoglobin concentration, including any of the
cardiovascular events described in WARNINGS and listed in ADVERSE REACTIONS. Patients
®
receiving an overdosage of Aranesp should be monitored closely for cardiovascular events and
hematologic abnormalities. Polycythemia should be managed acutely with phlebotomy, as
®
clinically indicated.
Following resolution of the effects due to Aranesp overdosage,
®
reintroduction of Aranesp therapy should be accompanied by close monitoring for evidence of
rapid increases in hemoglobin concentration (> 1 g/dL in any 2-week period). In patients with an
®
excessive hematopoietic response, reduce the Aranesp dose in accordance with the
recommendations described in DOSAGE AND ADMINISTRATION.
DOSAGE AND ADMINISTRATION
IMPORTANT: See BOXED WARNINGS and WARNINGS: Increased Mortality, Serious
Cardiovascular Events, Thromboembolic Events, and Stroke.
Aranesp is supplied in vials or in prefilled syringes with UltraSafe Needle Guards . Following
®
administration of Aranesp from the prefilled syringe, the UltraSafe Needle Guard should be
activated to prevent accidental needlesticks.
®

®

*

Aranesp is also supplied in prefilled SureClick™ autoinjectors containing the same dosage
strengths as the prefilled syringes. Because the autoinjectors are designed to deliver the full
content, autoinjectors should only be used for patients who need the full dose. If the required
dose is not available in an autoinjector, prefilled syringes, or vials should be used to administer
the required dose. Autoinjectors are for subcutaneous administration only.
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Chronic Renal Failure Patients
®

Aranesp may be administered either intravenously or subcutaneously as a single weekly
injection. In patients on hemodialysis, the intravenous route is recommended. The dose
should be started and slowly adjusted as described below based on hemoglobin levels. If a
patient fails to respond or maintain a response, this should be evaluated (see WARNINGS: Pure
®
Red Cell Aplasia, PRECAUTIONS: Lack or Loss of Response to Aranesp and
®
PRECAUTIONS: Laboratory Tests). When Aranesp therapy is initiated or adjusted, the
hemoglobin should be followed weekly until stabilized and monitored at least monthly thereafter.
During therapy, hematological parameters should be monitored regularly. Doses must be
individualized to ensure that hemoglobin is maintained at an appropriate level for each patient.
®

For patients who respond to Aranesp with a rapid increase in hemoglobin (e.g., more than
®
1 g/dL in any 2-week period), the dose of Aranesp should be reduced.
Individualize dosing to achieve and maintain hemoglobin levels within the range of 10 to 12 g/dL.
Starting Dose
Correction of Anemia
The initial dose by subcutaneous or intravenous administration is 0.45 mcg/kg body weight, as a
single injection once weekly. Alternatively, in patients not receiving dialysis, an initial dose of
0.75 mcg/kg may be administered subcutaneously as a single injection once every 2 weeks. If
®
hemoglobin excursions outside the recommended range occur, the Aranesp dose should be
adjusted as described below.
®

The use of Aranesp in pediatric CRF patients as the initial treatment to correct anemia has not
been studied.
Maintenance Dose
The dose should be individualized to maintain hemoglobin levels within the range of 10 to 12 g/dL
(see Dose Adjustment). If hemoglobin excursions outside the recommended range occur, the
®
Aranesp dose should be adjusted as described below. For many patients, the appropriate
maintenance dose will be lower than the starting dose. CRF patients not on dialysis, in particular,
may require lower maintenance doses. In the maintenance phase, Aranesp may continue to be
administered as a single injection once weekly or once every 2 weeks.
Dose Adjustment
The dose should be adjusted for each patient to achieve and maintain hemoglobin levels within
the range of 10 to 12 g/dL. If hemoglobin excursions outside the recommended range occur, the
®
Aranesp dose should be adjusted as described below. Increases in dose should not be made
more frequently than once a month.
If the hemoglobin is increasing and approaching 12 g/dL, the dose should be reduced by
approximately 25%. If the hemoglobin continues to increase, doses should be temporarily
withheld until the hemoglobin begins to decrease, at which point therapy should be reinitiated at a
dose approximately 25% below the previous dose. If the hemoglobin increases by more than
1 g/dL in a 2-week period, the dose should be decreased by approximately 25%.
If the increase in hemoglobin is less than 1 g/dL over 4 weeks and iron stores are adequate (see
®
PRECAUTIONS: Laboratory Tests), the dose of Aranesp may be increased by approximately
25% of the previous dose. Further increases may be made at 4-week intervals until the specified
hemoglobin is obtained.
For patients whose hemoglobin does not attain a level within the range of 10 to 12 g/dL despite
®
the use of appropriate Aranesp dose titrations over a 12-week period:
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•

do not administer higher Aranesp doses and use the lowest dose that will maintain a
hemoglobin level sufficient to avoid the need for recurrent RBC transfusions,

•

evaluate and treat for other causes of anemia (see PRECAUTIONS: Lack or Loss of
®
Response to Aranesp ), and

•

thereafter, hemoglobin should continue to be monitored and if responsiveness improves,
®
®
Aranesp dose adjustments should be made as described above; discontinue Aranesp if
responsiveness does not improve and the patient needs recurrent RBC transfusions.

®

Conversion From Epoetin alfa to Aranesp

®

®

The starting weekly dose of Aranesp for adults and pediatric patients should be estimated on the
basis of the weekly Epoetin alfa dose at the time of substitution (see Table 6). For pediatric
patients receiving a weekly Epoetin alfa dose of < 1,500 units/week, the available data are
®
insufficient to determine an Aranesp conversion dose. Because of variability, doses should be
titrated to achieve and maintain hemoglobin levels within the range of 10 to 12 g/dL. Due to the
®
longer serum half-life, Aranesp should be administered less frequently than Epoetin alfa.
®
Aranesp should be administered once a week if a patient was receiving Epoetin alfa 2 to 3 times
®
weekly. Aranesp should be administered once every 2 weeks if a patient was receiving Epoetin
alfa once per week. The route of administration (intravenous or subcutaneous) should be
maintained.
®

Table 6. Estimated Aranesp Starting Doses (mcg/week) for Patients
Based on Previous Epoetin alfa Dose (Units/week)
®
Weekly Aranesp Dose (mcg/week)
Previous Weekly Epoetin alfa
Dose (Units/week)
Adult
Pediatric
< 1,500
1,500 to 2,499
2,500 to 4,999
5,000 to 10,999
11,000 to 17,999
18,000 to 33,999
34,000 to 89,999
≥ 90,000

6.25
6.25
12.5
25
40
60
100
200

See text*
6.25
10
20
40
60
100
200

*For pediatric patients receiving a weekly Epoetin alfa dose of < 1,500 units/week, the available data are
®
insufficient to determine an Aranesp conversion dose.

Cancer Patients Receiving Chemotherapy
Only prescribers enrolled in the ESA APPRISE Oncology Program may prescribe and/or
®
dispense Aranesp (see WARNINGS: ESA APPRISE Oncology Program).
For pediatric patients, see PRECAUTIONS: Pediatric Use.
The recommended starting dose for Aranesp
subcutaneous injection.

®

administered weekly is 2.25 mcg/kg as a

®

The recommended starting dose for Aranesp administered once every 3 weeks is 500 mcg as a
subcutaneous injection.
Therapy should not be initiated at hemoglobin levels≥ 10 g/dL. For both dosing schedules, the
dose should be adjusted for each patient to maintain the lowest hemoglobin level sufficient to
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avoid RBC transfusion. If the rate of hemoglobin increase is more than 1 g/dL per 2-week period
or when the hemoglobin reaches a level needed to avoid transfusion, the dose should be reduced
by 40% of the previous dose. If the hemoglobin exceeds a level needed to avoid transfusion,
®
Aranesp should be temporarily withheld until the hemoglobin approaches a level where
transfusions may be required. At this point, therapy should be reinitiated at a dose 40% below
the previous dose.
For patients receiving weekly administration, if there is less than a 1 g/dL increase in hemoglobin
®
after 6 weeks of therapy, the dose of Aranesp should be increased up to 4.5 mcg/kg.
®

Discontinue Aranesp if after 8 weeks of therapy there is no response as measured by
hemoglobin levels or if transfusions are still required.
Discontinue Aranesp following the completion of a chemotherapy course (see BOXED
WARNINGS: Cancer).
Preparation and Administration of Aranesp

®

Do not shake Aranesp or leave vials, syringes, or prefilled SureClick™ autoinjectors exposed to
light. After removing the vials, prefilled syringes, or autoinjectors from the refrigerator, protect
from room light until administration. Vigorous shaking or exposure to light may denature
Aranesp, causing it to become biologically inactive. Always store vials, prefilled syringes, or
autoinjectors of Aranesp in their carton until use.
Parenteral drug products should be inspected visually for particulate matter and discoloration
prior to administration. Do not use any vials, prefilled syringes, or autoinjectors exhibiting
particulate matter or discoloration.
®

Do not dilute Aranesp .
®

Do not administer Aranesp in conjunction with other drug solutions.
®

Aranesp contains no preservatives. Discard any unused portion. Do not pool unused
portions from the vials or prefilled syringes. Do not use the vial, prefilled syringe, or
autoinjector more than one time.
Following administration of Aranesp from the prefilled syringe, activate the UltraSafe Needle
Guard. Place your hands behind the needle, grasp the guard with one hand, and slide the guard
forward until the needle is completely covered and the guard clicks into place. NOTE: If an
audible click is not heard, the needle guard may not be completely activated.
®

The prefilled SureClick™ autoinjector is designed to deliver the full dose. The completion of the
injection is signaled by an audible click. Removal of the autoinjector from the injection site
automatically extends a needle cover.
The autoinjectors, the syringes used with vials, and the entire prefilled syringe with activated
needle guard should be disposed of in a puncture-proof container.
See the accompanying “Patient Instructions for Use” insert for complete instructions on the
®
preparation and administration of Aranesp for patients, including injection site selection.
HOW SUPPLIED
®

Aranesp is available in single-dose vials in two solutions, an albumin solution and a polysorbate
solution. The words “Albumin Free” appear on the polysorbate container labels and the package
®
main panels as well as other panels as space permits. Aranesp single-dose prefilled syringes
and prefilled SureClick™ autoinjectors are available in albumin and polysorbate solutions. Both
prefilled syringes and autoinjectors are supplied with a 27-gauge, ½-inch needle.
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Each prefilled syringe is equipped with an UltraSafe Needle Guard that is manually activated to
cover the needle during disposal. The needle cover of the prefilled syringe contains dry natural
rubber (a derivative of latex). The autoinjector has a needle cover that automatically extends as
the autoinjector is removed from the injection site after completion of the injection.
®

Aranesp is available in the following packages:

Single-dose Vial, Polysorbate Solution
1 Vial/Pack,
4 Packs/Case

4 Vials/Pack, 4 Packs/Case

4 Vials/Pack, 10 Packs/Case

200 mcg/1 mL
(NDC 55513-006-01)

200 mcg/1 mL
(NDC 55513-006-04)

25 mcg/1 mL
(NDC 55513-002-04)

300 mcg/1 mL
(NDC 55513-110-01)

300 mcg/1 mL
(NDC 55513-110-04)

40 mcg/1 mL
(NDC 55513-003-04)

500 mcg/1 mL
(NDC 55513-008-01)

60 mcg/1 mL
(NDC 55513-004-04)
100 mcg/1 mL
(NDC 55513-005-04)
150 mcg/0.75 mL
(NDC 55513-053-04)

Single-dose Vial, Albumin Solution
1 Vial/Pack,
4 Packs/Case

4 Vials/Pack, 4 Packs/Case

4 Vials/Pack, 10 Packs/Case

200 mcg/1 mL
(NDC 55513-014-01)

200 mcg/1 mL
(NDC 55513-014-04)

25 mcg/1 mL
(NDC 55513-010-04)

300 mcg/1 mL
(NDC 55513-015-01)

300 mcg/1 mL
(NDC 55513-015-04)

40 mcg/1 mL
(NDC 55513-011-04)

500 mcg/1 mL
(NDC 55513-016-01)

60 mcg/1 mL
(NDC 55513-012-04)
100 mcg/1 mL
(NDC 55513-013-04)
150 mcg/0.75 mL
(NDC 55513-054-04)
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Single-dose Prefilled Syringe (SingleJect) with a 27-gauge, ½-inch needle with an
UltraSafe Needle Guard, Polysorbate Solution
1 Syringe/Pack,
4 Packs/Case

4 Syringes/Pack,
4 Packs/Case

4 Syringes/Pack,
10 Packs/Case

200 mcg/0.4 mL
(NDC 55513-028-01)

200 mcg/0.4 mL
(NDC 55513-028-04)

25 mcg/0.42 mL
(NDC 55513-057-04)

300 mcg/0.6 mL
(NDC 55513-111-01)

300 mcg/0.6 mL
(NDC 55513-111-04)

40 mcg/0.4 mL
(NDC 55513-021-04)

500 mcg/1 mL
(NDC 55513-032-01)

60 mcg/0.3 mL
(NDC 55513-023-04)
100 mcg/0.5 mL
(NDC 55513-025-04)
150 mcg/0.3 mL
(NDC 55513-027-04)

Single-dose Prefilled Syringe (SingleJect) with a 27-gauge, ½-inch needle with an
UltraSafe Needle Guard, Albumin Solution
1 Syringe/Pack,
4 Packs/Case

4 Syringes/Pack,
4 Packs/Case

4 Syringes/Pack,
10 Packs/Case

200 mcg/0.4 mL
(NDC 55513-044-01)

200 mcg/0.4 mL
(NDC 55513-044-04)

25 mcg/0.42 mL
(NDC 55513-058-04)

300 mcg/0.6 mL
(NDC 55513-046-01)

300 mcg/0.6 mL
(NDC 55513-046-04)

40 mcg/0.4 mL
(NDC 55513-037-04)

500 mcg/1 mL
(NDC 55513-048-01)

60 mcg/0.3 mL
(NDC 55513-039-04)
100 mcg/0.5 mL
(NDC 55513-041-04)
150 mcg/0.3 mL
(NDC 55513-043-04)
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Single-dose Prefilled SureClick™ Autoinjector with a 27-gauge, ½-inch needle, Polysorbate
Solution
1 Autoinjector/Pack

25 mcg/0.42 mL
(NDC 55513-090-01)
40 mcg/0.4 mL
(NDC 55513-091-01)
60 mcg/0.3 mL
(NDC 55513-092-01)
100 mcg/0.5 mL
(NDC 55513-093-01)
150 mcg/0.3 mL
(NDC 55513-094-01)
200 mcg/0.4 mL
(NDC 55513-095-01)
300 mcg/0.6 mL
(NDC 55513-096-01)
500 mcg/1 mL
(NDC 55513-097-01)

Single-dose Prefilled SureClick™ Autoinjector with a 27-gauge, ½-inch needle, Albumin
Solution
1 Autoinjector/Pack
25 mcg/0.42 mL
(NDC 55513-080-01)
40 mcg/0.4 mL
(NDC 55513-081-01)
60 mcg/0.3 mL
(NDC 55513-082-01)
100 mcg/0.5 mL
(NDC 55513-083-01)
150 mcg/0.3 mL
(NDC 55513-084-01)
200 mcg/0.4 mL
(NDC 55513-085-01)
300 mcg/0.6 mL
(NDC 55513-086-01)
500 mcg/1 mL
(NDC 55513-087-01)
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Storage
Store at 2° to 8°C (36° to 46°F). Do not freeze or shake. Protect from light.
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EPOGEN®
(Epoetin alfa)
FOR INJECTION

WARNINGS: INCREASED MORTALITY, SERIOUS CARDIOVASCULAR EVENTS,
THROMBOEMBOLIC EVENTS, STROKE and INCREASED RISK OF TUMOR
PROGRESSION OR RECURRENCE
Chronic Renal Failure:
•

•

In clinical studies, patients experienced greater risks for death, serious
cardiovascular events, and stroke when administered erythropoiesisstimulating agents (ESAs) to target hemoglobin levels of 13 g/dL and
above.
Individualize dosing to achieve and maintain hemoglobin levels within the
range of 10 to 12 g/dL.

Cancer:
•

•
•

•
•
•

ESAs shortened overall survival and/or increased the risk of tumor
progression or recurrence in some clinical studies in patients with breast,
non-small cell lung, head and neck, lymphoid, and cervical cancers (see
WARNINGS: Table 1).
To decrease these risks, as well as the risk of serious cardio- and
thrombovascular events, use the lowest dose needed to avoid red blood
cell transfusion.
Because of these risks, prescribers and hospitals must enroll in and
comply with the ESA APPRISE Oncology Program to prescribe and/or
dispense EPOGEN® to patients with cancer. To enroll in the ESA APPRISE
Oncology Program, visit www.esa-apprise.com or call 1-866-284-8089 for
further assistance.
Use ESAs only for treatment of anemia due to concomitant
myelosuppressive chemotherapy.
ESAs are not indicated for patients receiving myelosuppressive therapy
when the anticipated outcome is cure.
Discontinue following the completion of a chemotherapy course.

Perisurgery: EPOGEN® increased the rate of deep venous thromboses in patients
not receiving prophylactic anticoagulation. Consider deep venous thrombosis
prophylaxis.
(See WARNINGS: Increased Mortality, Serious Cardiovascular Events,
Thromboembolic Events, and Stroke, WARNINGS: Increased Mortality and/or
Increased Risk of Tumor Progression or Recurrence, INDICATIONS AND USAGE,
and DOSAGE AND ADMINISTRATION.)

DESCRIPTION
Erythropoietin is a glycoprotein which stimulates red blood cell production. It is
produced in the kidney and stimulates the division and differentiation of committed
erythroid progenitors in the bone marrow. EPOGEN® (Epoetin alfa), a 165 amino acid
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glycoprotein manufactured by recombinant DNA technology, has the same biological
effects as endogenous erythropoietin.1 It has a molecular weight of 30,400 daltons and
is produced by mammalian cells into which the human erythropoietin gene has been
introduced. The product contains the identical amino acid sequence of isolated natural
erythropoietin.
EPOGEN® is formulated as a sterile, colorless liquid in an isotonic sodium
chloride/sodium citrate buffered solution or a sodium chloride/sodium phosphate
buffered solution for intravenous (IV) or subcutaneous (SC) administration.
Single-dose, Preservative-free Vial: Each 1 mL of solution contains 2000, 3000, 4000
or 10,000 Units of Epoetin alfa, 2.5 mg Albumin (Human), 5.8 mg sodium citrate, 5.8 mg
sodium chloride, and 0.06 mg citric acid in Water for Injection, USP (pH 6.9 ± 0.3). This
formulation contains no preservative.
Single-dose, Preservative-free Vial: 1 mL (40,000 Units/mL). Each 1 mL of solution
contains 40,000 Units of Epoetin alfa, 2.5 mg Albumin (Human), 1.2 mg sodium
phosphate monobasic monohydrate, 1.8 mg sodium phosphate dibasic anhydrate, 0.7
mg sodium citrate, 5.8 mg sodium chloride, and 6.8 mcg citric acid in Water for Injection,
USP (pH 6.9 ± 0.3). This formulation contains no preservative.
Multidose, Preserved Vial: 2 mL (20,000 Units, 10,000 Units/mL). Each 1 mL of
solution contains 10,000 Units of Epoetin alfa, 2.5 mg Albumin (Human), 1.3 mg sodium
citrate, 8.2 mg sodium chloride, 0.11 mg citric acid, and 1% benzyl alcohol as
preservative in Water for Injection, USP (pH 6.1 ± 0.3).
Multidose, Preserved Vial: 1 mL (20,000 Units/mL). Each 1 mL of solution contains
20,000 Units of Epoetin alfa, 2.5 mg Albumin (Human), 1.3 mg sodium citrate, 8.2 mg
sodium chloride, 0.11 mg citric acid, and 1% benzyl alcohol as preservative in Water for
Injection, USP (pH 6.1 ± 0.3).
CLINICAL PHARMACOLOGY
Chronic Renal Failure Patients
Endogenous production of erythropoietin is normally regulated by the level of tissue
oxygenation. Hypoxia and anemia generally increase the production of erythropoietin,
which in turn stimulates erythropoiesis.2 In normal subjects, plasma erythropoietin levels
range from 0.01 to 0.03 Units/mL and increase up to 100- to 1000-fold during hypoxia or
anemia.2 In contrast, in patients with chronic renal failure (CRF), production of
erythropoietin is impaired, and this erythropoietin deficiency is the primary cause of their
anemia.3,4
Chronic renal failure is the clinical situation in which there is a progressive and usually
irreversible decline in kidney function. Such patients may manifest the sequelae of renal
dysfunction, including anemia, but do not necessarily require regular dialysis. Patients
with end-stage renal disease (ESRD) are those patients with CRF who require regular
dialysis or kidney transplantation for survival.
EPOGEN® has been shown to stimulate erythropoiesis in anemic patients with CRF,
including both patients on dialysis and those who do not require regular dialysis.4-12 The
first evidence of a response to the three times weekly (TIW) administration of EPOGEN®
is an increase in the reticulocyte count within 10 days, followed by increases in the red
cell count, hemoglobin, and hematocrit, usually within 2 to 6 weeks.4,5 Because of the
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length of time required for erythropoiesis — several days for erythroid progenitors to
mature and be released into the circulation — a clinically significant increase in
hematocrit is usually not observed in less than 2 weeks and may require up to 6 weeks
in some patients. Once the hematocrit reaches the suggested target range (30% to
36%), that level can be sustained by EPOGEN® therapy in the absence of iron deficiency
and concurrent illnesses.
The rate of hematocrit increase varies between patients and is dependent upon the dose
of EPOGEN®, within a therapeutic range of approximately 50 to 300 Units/kg TIW.4 A
greater biologic response is not observed at doses exceeding 300 Units/kg TIW.6 Other
factors affecting the rate and extent of response include availability of iron stores, the
baseline hematocrit, and the presence of concurrent medical problems.
Zidovudine-treated HIV-infected Patients
Responsiveness to EPOGEN® in HIV-infected patients is dependent upon the
endogenous serum erythropoietin level prior to treatment. Patients with endogenous
serum erythropoietin levels ≤ 500 mUnits/mL, and who are receiving a dose of
zidovudine ≤ 4200 mg/week, may respond to EPOGEN® therapy. Patients with
endogenous serum erythropoietin levels > 500 mUnits/mL do not appear to respond to
EPOGEN® therapy. In a series of four clinical trials involving 255 patients, 60% to 80%
of HIV-infected patients treated with zidovudine had endogenous serum erythropoietin
levels ≤ 500 mUnits/mL.
Response to EPOGEN® in zidovudine-treated HIV-infected patients is manifested by
reduced transfusion requirements and increased hematocrit.
Cancer Patients on Chemotherapy
A series of clinical trials enrolled 131 anemic cancer patients who received EPOGEN®
TIW and who were receiving cyclic cisplatin- or non cisplatin-containing chemotherapy.
Endogenous baseline serum erythropoietin levels varied among patients in these trials
with approximately 75% (n = 83/110) having endogenous serum erythropoietin levels ≤
132 mUnits/mL, and approximately 4% (n = 4/110) of patients having endogenous
serum erythropoietin levels > 500 mUnits/mL. In general, patients with lower baseline
serum erythropoietin levels responded more vigorously to EPOGEN® than patients with
higher baseline erythropoietin levels. Although no specific serum erythropoietin level
can be stipulated above which patients would be unlikely to respond to EPOGEN®
therapy, treatment of patients with grossly elevated serum erythropoietin levels (eg, >
200 mUnits/mL) is not recommended.
Pharmacokinetics
In adult and pediatric patients with CRF, the elimination half-life of plasma erythropoietin
after intravenously administered EPOGEN ranges from 4 to 13 hours.13-15 The half-life
is approximately 20% longer in CRF patients than that in healthy subjects. After SC
administration, peak plasma levels are achieved within 5 to 24 hours. The half-life is
similar between adult patients with serum creatinine level greater than 3 and not on
dialysis and those maintained on dialysis. The pharmacokinetic data indicate no
apparent difference in EPOGEN® half-life among adult patients above or below 65 years
of age.
The pharmacokinetic profile of EPOGEN in children and adolescents appears to be
similar to that of adults. Limited data are available in neonates.16 A study of 7 preterm
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very low birth weight neonates and 10 healthy adults given IV erythropoietin suggested
that distribution volume was approximately 1.5 to 2 times higher in the preterm neonates
than in the healthy adults, and clearance was approximately 3 times higher in the
preterm neonates than in the healthy adults.39
The pharmacokinetics of EPOGEN have not been studied in HIV-infected patients.
A pharmacokinetic study comparing 150 Units/kg SC TIW to 40,000 Units SC weekly
dosing regimen was conducted for 4 weeks in healthy subjects (n = 12) and for 6 weeks
in anemic cancer patients (n = 32) receiving cyclic chemotherapy. There was no
accumulation of serum erythropoietin after the 2 dosing regimens during the study
period. The 40,000 Units weekly regimen had a higher Cmax (3- to 7-fold), longer Tmax (2to 3-fold), higher AUC0-168h (2- to 3-fold) of erythropoietin and lower clearance (50%) than
the 150 Units/kg TIW regimen. In anemic cancer patients, the average t1/2 was similar
(40 hours with range of 16 to 67 hours) after both dosing regimens. After the 150
Units/kg TIW dosing, the values of Tmax and clearance are similar (13.3 ± 12.4 vs. 14.2 ±
6.7 hours, and 20.2 ± 15.9 vs. 23.6 ± 9.5 mL/h/kg) between Week 1 when patients were
receiving chemotherapy (n = 14) and Week 3 when patients were not receiving
chemotherapy (n = 4). Differences were observed after the 40,000 Units weekly dosing
with longer Tmax (38 ± 18 hours) and lower clearance (9.2 ± 4.7 mL/h/kg) during Week 1
when patients were receiving chemotherapy (n = 18) compared with those (22 ± 4.5
hours, 13.9 ± 7.6 mL/h/kg) during Week 3 when patients were not receiving
chemotherapy (n = 7).
The bioequivalence between the 10,000 Units/mL citrate-buffered Epoetin alfa
formulation and the 40,000 Units/mL phosphate-buffered Epoetin alfa formulation has
been demonstrated after SC administration of single 750 Units/kg doses to healthy
subjects.
INDICATIONS AND USAGE
Treatment of Anemia of Chronic Renal Failure Patients
EPOGEN® is indicated for the treatment of anemia associated with CRF, including
patients on dialysis and patients not on dialysis. EPOGEN® is indicated to elevate or
maintain the red blood cell level (as manifested by the hematocrit or hemoglobin
determinations) and to decrease the need for transfusions in these patients.
Non-dialysis patients with symptomatic anemia considered for therapy should have a
hemoglobin less than 10 g/dL.
EPOGEN® is not intended for patients who require immediate correction of severe
anemia. EPOGEN® may obviate the need for maintenance transfusions but is not a
substitute for emergency transfusion.
Prior to initiation of therapy, the patient’s iron stores should be evaluated. Transferrin
saturation should be at least 20% and ferritin at least 100 ng/mL. Blood pressure should
be adequately controlled prior to initiation of EPOGEN® therapy, and must be closely
monitored and controlled during therapy.
Treatment of Anemia in Zidovudine-treated HIV-infected Patients
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EPOGEN® is indicated for the treatment of anemia related to therapy with zidovudine in
HIV-infected patients. EPOGEN® is indicated to elevate or maintain the red blood cell
level (as manifested by the hematocrit or hemoglobin determinations) and to decrease
the need for transfusions in these patients. EPOGEN® is not indicated for the treatment
of anemia in HIV-infected patients due to other factors such as iron or folate deficiencies,
hemolysis, or gastrointestinal bleeding, which should be managed appropriately.
EPOGEN® use has not been demonstrated in controlled clinical trials to improve
symptoms of anemia, quality of life, fatigue, or patient well-being.
EPOGEN®, at a dose of 100 Units/kg TIW, is effective in decreasing the transfusion
requirement and increasing the red blood cell level of anemic, HIV-infected patients
treated with zidovudine, when the endogenous serum erythropoietin level is ≤ 500
mUnits/mL and when patients are receiving a dose of zidovudine ≤ 4200 mg/week.
Treatment of Anemia in Cancer Patients on Chemotherapy
EPOGEN® is indicated for the treatment of anemia due to the effect of concomitantly
administered chemotherapy based on studies that have shown a reduction in the need
for RBC transfusions in patients with metastatic, non-myeloid malignancies receiving
chemotherapy for a minimum of 2 months. Studies to determine whether EPOGEN®
increases mortality or decreases progression-free/recurrence-free survival are ongoing.
• EPOGEN® is not indicated for use in patients receiving hormonal agents,
therapeutic biologic products, or radiotherapy unless receiving concomitant
myelosuppressive chemotherapy.
• EPOGEN® is not indicated for patients receiving myelosuppressive therapy when
the anticipated outcome is cure due to the absence of studies that adequately
characterize the impact of EPOGEN® on progression-free and overall survival
(see WARNINGS: Increased Mortality and/or Increased Risk of Tumor
Progression or Recurrence).
• EPOGEN® is not indicated for the treatment of anemia in cancer patients due to
other factors such as iron or folate deficiencies, hemolysis, or gastrointestinal
bleeding (see PRECAUTIONS: Lack or Loss of Response).
• EPOGEN® use has not been demonstrated in controlled clinical trials to improve
symptoms of anemia, quality of life, fatigue, or patient well-being.
Reduction of Allogeneic Blood Transfusion in Surgery Patients
EPOGEN® is indicated for the treatment of anemic patients (hemoglobin > 10 to ≤ 13
g/dL) who are at high risk for perioperative blood loss from elective, noncardiac,
nonvascular surgery to reduce the need for allogeneic blood transfusions.17-19
EPOGEN® is not indicated for anemic patients who are willing to donate autologous
blood (see BOXED WARNINGS and DOSAGE AND ADMINISTRATION).
CLINICAL EXPERIENCE: RESPONSE TO EPOGEN®
Chronic Renal Failure Patients
When dosed with EPOGEN®, patients responded with an increase in hematocrit.5 After
3 months on study, more than 95% of patients were transfusion-independent.
In the presence of adequate iron stores (see IRON EVALUATION), the time to reach the
target hematocrit is a function of the baseline hematocrit and the rate of hematocrit rise.
The rate of increase in hematocrit is dependent upon the dose of EPOGEN®
administered and individual patient variation. In clinical trials at starting doses of 50 to
150 Units/kg TIW, adult patients responded with an average rate of hematocrit rise of:
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50 Units/kg
100 Units/kg
150 Units/kg
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Hematocrit Increase
Points/Day
Points/2 Weeks
0.11
1.5
0.18
2.5
0.25
3.5

In a 26 week, double-blind, placebo-controlled trial, 118 anemic dialysis patients with an
average hemoglobin of approximately 7 g/dL were randomized to either EPOGEN® or
placebo. By the end of the study, average hemoglobin increased to approximately 11
g/dL in the EPOGEN®-treated patients and remained unchanged in patients receiving
placebo. EPOGEN®-treated patients experienced improvements in exercise tolerance
and patient-reported physical functioning at month 2 that was maintained throughout the
study.
Adult Patients on Dialysis: Thirteen clinical studies were conducted, involving IV
administration to a total of 1010 anemic patients on dialysis for 986 patient-years of
EPOGEN® therapy. In the three largest of these clinical trials, the median maintenance
dose necessary to maintain the hematocrit between 30% to 36% was approximately 75
Units/kg TIW. In the US multicenter phase 3 study, approximately 65% of the patients
required doses of 100 Units/kg TIW, or less, to maintain their hematocrit at
approximately 35%. Almost 10% of patients required a dose of 25 Units/kg, or less, and
approximately 10% required a dose of more than 200 Units/kg TIW to maintain their
hematocrit at this level.
A multicenter unit dose study was also conducted in 119 patients receiving peritoneal
dialysis who self-administered EPOGEN® subcutaneously for approximately 109 patientyears of experience. Patients responded to EPOGEN® administered SC in a manner
similar to patients receiving IV administration.20
Pediatric Patients on Dialysis: One hundred twenty-eight children from 2 months to 19
years of age with CRF requiring dialysis were enrolled in 4 clinical studies of EPOGEN®.
The largest study was a placebo-controlled, randomized trial in 113 children with anemia
(hematocrit ≤ 27%) undergoing peritoneal dialysis or hemodialysis. The initial dose of
EPOGEN® was 50 Units/kg IV or SC TIW. The dose of study drug was titrated to
achieve either a hematocrit of 30% to 36% or an absolute increase in hematocrit of 6
percentage points over baseline.
At the end of the initial 12 weeks, a statistically significant rise in mean hematocrit (9.4%
vs 0.9%) was observed only in the EPOGEN® arm. The proportion of children achieving
a hematocrit of 30%, or an increase in hematocrit of 6 percentage points over baseline,
at any time during the first 12 weeks was higher in the EPOGEN® arm (96% vs 58%).
Within 12 weeks of initiating EPOGEN® therapy, 92.3% of the pediatric patients were
transfusion-independent as compared to 65.4% who received placebo. Among patients
who received 36 weeks of EPOGEN®, hemodialysis patients required a higher median
maintenance dose (167 Units/kg/week [n = 28] vs 76 Units/kg/week [n = 36]) and took
longer to achieve a hematocrit of 30% to 36% (median time to response 69 days vs 32
days) than patients undergoing peritoneal dialysis.
Patients With CRF Not Requiring Dialysis
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Four clinical trials were conducted in patients with CRF not on dialysis involving 181
patients treated with EPOGEN® for approximately 67 patient-years of experience. These
patients responded to EPOGEN® therapy in a manner similar to that observed in patients
on dialysis. Patients with CRF not on dialysis demonstrated a dose-dependent and
sustained increase in hematocrit when EPOGEN® was administered by either an IV or
SC route, with similar rates of rise of hematocrit when EPOGEN® was administered by
either route. Moreover, EPOGEN® doses of 75 to 150 Units/kg per week have been
shown to maintain hematocrits of 36% to 38% for up to 6 months.21-22
Zidovudine-treated HIV-infected Patients
Efficacy in HIV-infected patients with anemia related to therapy with zidovudine was
demonstrated based on reduction in the requirement for RBC transfusions.
EPOGEN® has been studied in four placebo-controlled trials enrolling 297 anemic
(hematocrit < 30%) HIV-infected (AIDS) patients receiving concomitant therapy with
zidovudine (all patients were treated with Epoetin alfa manufactured by Amgen Inc). In
the subgroup of patients (89/125 EPOGEN® and 88/130 placebo) with prestudy
endogenous serum erythropoietin levels ≤ 500 mUnits/mL, EPOGEN® reduced the mean
cumulative number of units of blood transfused per patient by approximately 40% as
compared to the placebo group.24 Among those patients who required transfusions at
baseline, 43% of patients treated with EPOGEN® versus 18% of placebo-treated patients
were transfusion-independent during the second and third months of therapy.
EPOGEN® therapy also resulted in significant increases in hematocrit in comparison to
placebo. When examining the results according to the weekly dose of zidovudine
received during month 3 of therapy, there was a statistically significant (p < 0.003)
reduction in transfusion requirements in patients treated with EPOGEN® (n = 51)
compared to placebo treated patients (n = 54) whose mean weekly zidovudine dose was
≤ 4200 mg/week.23
Approximately 17% of the patients with endogenous serum erythropoietin levels
≤ 500 mUnits/mL receiving EPOGEN® in doses from 100 to 200 Units/kg TIW achieved a
hematocrit of 38% without administration of transfusions or significant reduction in
zidovudine dose. In the subgroup of patients whose prestudy endogenous serum
erythropoietin levels were > 500 mUnits/mL, EPOGEN® therapy did not reduce
transfusion requirements or increase hematocrit, compared to the corresponding
responses in placebo-treated patients.
In a 6 month open-label EPOGEN® study, patients responded with decreased
transfusion requirements and sustained increases in hematocrit and hemoglobin with
doses of EPOGEN® up to 300 Units/kg TIW.23-25
Responsiveness to EPOGEN® therapy may be blunted by intercurrent
infectious/inflammatory episodes and by an increase in zidovudine dosage.
Consequently, the dose of EPOGEN® must be titrated based on these factors to
maintain the desired erythropoietic response.
Cancer Patients on Chemotherapy
Adult Patients
Efficacy in patients with anemia due to concomitant chemotherapy was demonstrated
based on reduction in the requirement for RBC transfusions.
Three-Times Weekly (TIW) Dosing
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EPOGEN® administered TIW has been studied in a series of six placebo-controlled,
double-blind trials that enrolled 131 anemic cancer patients receiving EPOGEN® or
matching placebo. Across all studies, 72 patients were treated with concomitant non
cisplatin-containing chemotherapy regimens and 59 patients were treated with
concomitant cisplatin-containing chemotherapy regimens. Patients were randomized to
EPOGEN® 150 Units/kg or placebo subcutaneously TIW for 12 weeks in each study.
The results of the pooled data from these six studies are shown in the table below.
Because of the length of time required for erythropoiesis and red cell maturation, the
efficacy of EPOGEN® (reduction in proportion of patients requiring transfusions) is not
manifested until 2 to 6 weeks after initiation of EPOGEN®.
Proportion of Patients Transfused During Chemotherapy
(Efficacy Populationa)
Chemotherapy
On Studyb
During Months 2 and 3c
Regimen
Placebo
Placebo
EPOGEN
EPOGEN
Regimens without
44% (15/34)
44% (16/36)
21% (6/29)
33% (11/33)
cisplatin
Regimens
50% (14/28)
63% (19/30)
23% (5/22)d
56% (14/25)
containing
cisplatin
Combined
a

b
c

d

47% (29/62)

53% (35/66)

22% (11/51)d

43% (25/58)
®

Limited to patients remaining on study at least 15 days (1 patient excluded from EPOGEN , 2 patients
excluded from placebo).
Includes all transfusions from day 1 through the end of study.
Limited to patients remaining on study beyond week 6 and includes only transfusions during weeks
5-12.
Unadjusted 2-sided p < 0.05

Intensity of chemotherapy in the above trials was not directly assessed, however the
degree and timing of neutropenia was comparable across all trials. Available evidence
suggests that patients with lymphoid and solid cancers respond similarly to EPOGEN®
therapy, and that patients with or without tumor infiltration of the bone marrow respond
similarly to EPOGEN® therapy.
Weekly (QW) Dosing
EPOGEN® was also studied in a placebo-controlled, double-blind trial utilizing weekly
dosing in a total of 344 anemic cancer patients. In this trial, 61 (35 placebo arm and 26
in the EPOGEN arm) patients were treated with concomitant cisplatin containing
regimens and 283 patients received concomitant chemotherapy regimens that did not
contain cisplatinum. Patients were randomized to EPOGEN® 40,000 Units weekly (n =
174) or placebo (n = 170) SC for a planned treatment period of 16 weeks. If hemoglobin
had not increased by > 1 g/dL after 4 weeks of therapy or the patient received RBC
transfusion during the first 4 weeks of therapy, study drug was increased to 60,000 Units
weekly. Forty-three percent of patients in the Epoetin alfa group required an increase in
EPOGEN dose to 60,000 Units weekly. 23
Results demonstrated that EPOGEN® therapy reduced the proportion of patients
transfused in day 29 through week 16 of the study as compared to placebo. Twenty-five
patients (14%) in the EPOGEN group received transfusions compared to 48 patients
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(28%) in the placebo group (p = 0.0010) between day 29 and week 16 or the last day on
study.
Comparable intensity of chemotherapy for patients enrolled in the two study arms was
suggested by similarities in mean dose and frequency of administration for the 10 most
commonly administered chemotherapy agents, and similarity in the incidence of changes
in chemotherapy during the trial in the two arms.
Pediatric Patients
The safety and effectiveness of EPOGEN® were evaluated in a randomized, doubleblind, placebo-controlled, multicenter study in anemic patients ages 5 to 18 receiving
chemotherapy for the treatment of various childhood malignancies. Two hundred
twenty-two patients were randomized (1:1) to EPOGEN® or placebo. EPOGEN® was
administered at 600 Units/kg (maximum 40,000 Units) intravenously once per week for
16 weeks. If hemoglobin had not increased by 1g/dL after the first 4-5 weeks of therapy,
EPOGEN® was increased to 900 Units/kg (maximum 60,000 Units). Among the
EPOGEN®-treated patients 60% required dose escalation to 900 Units/kg/week.
The effect of EPOGEN® on transfusion requirements is shown in the table below:
Percentage of Patients Transfused:
a

On Study
®

EPOGEN
(n=111)
65% (72)
a
b

Placebo
(n=111)
77% (86)

After 28 Days
Post-Randomization
®
EPOGEN
Placebo
(n= 111)
(n=111)
b
51%(57)
69% (77)

Includes all transfusions from day 1 through the end of study
Adjusted 2 sided p <0.05

There was no evidence of an improvement in health-related quality of life, including no
evidence of an effect on fatigue, energy or strength, in patients receiving EPOGEN® as
compared to those receiving placebo.
Surgery Patients
EPOGEN® has been studied in a placebo-controlled, double-blind trial enrolling 316
patients scheduled for major, elective orthopedic hip or knee surgery who were expected
to require ≥ 2 units of blood and who were not able or willing to participate in an
autologous blood donation program. Based on previous studies which demonstrated
that pretreatment hemoglobin is a predictor of risk of receiving transfusion,19,26 patients
were stratified into one of three groups based on their pretreatment hemoglobin [≤ 10 (n
= 2), > 10 to ≤ 13 (n = 96), and > 13 to ≤ 15 g/dL (n = 218)] and then randomly assigned
to receive 300 Units/kg EPOGEN®, 100 Units/kg EPOGEN® or placebo by SC injection
for 10 days before surgery, on the day of surgery, and for 4 days after surgery.17 All
patients received oral iron and a low-dose post-operative warfarin regimen.17
Treatment with EPOGEN® 300 Units/kg significantly (p = 0.024) reduced the risk of
allogeneic transfusion in patients with a pretreatment hemoglobin of > 10 to ≤ 13; 5/31
(16%) of EPOGEN® 300 Units/kg, 6/26 (23%) of EPOGEN® 100 Units/kg, and 13/29
(45%) of placebo-treated patients were transfused.17 There was no significant
difference in the number of patients transfused between EPOGEN® (9% 300 Units/kg,
6% 100 Units/kg) and placebo (13%) in the > 13 to ≤ 15 g/dL hemoglobin stratum.
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There were too few patients in the ≤ 10 g/dL group to determine if EPOGEN® is useful in
this hemoglobin strata. In the > 10 to ≤ 13 g/dL pretreatment stratum, the mean number
of units transfused per EPOGEN®-treated patient (0.45 units blood for 300 Units/kg, 0.42
units blood for 100 Units/kg) was less than the mean transfused per placebo-treated
patient (1.14 units) (overall p = 0.028). In addition, mean hemoglobin, hematocrit, and
reticulocyte counts increased significantly during the presurgery period in patients
treated with EPOGEN®.17
EPOGEN® was also studied in an open-label, parallel-group trial enrolling 145 subjects
with a pretreatment hemoglobin level of ≥ 10 to ≤ 13 g/dL who were scheduled for major
orthopedic hip or knee surgery and who were not participating in an autologous
program.18 Subjects were randomly assigned to receive one of two SC dosing regimens
of EPOGEN® (600 Units/kg once weekly for 3 weeks prior to surgery and on the day of
surgery, or 300 Units/kg once daily for 10 days prior to surgery, on the day of surgery
and for 4 days after surgery). All subjects received oral iron and appropriate
pharmacologic anticoagulation therapy.
From pretreatment to presurgery, the mean increase in hemoglobin in the 600 Units/kg
weekly group (1.44 g/dL) was greater than observed in the 300 Units/kg daily group.18
The mean increase in absolute reticulocyte count was smaller in the weekly group (0.11
x 106/mm3) compared to the daily group (0.17 x 106/mm3). Mean hemoglobin levels
were similar for the two treatment groups throughout the postsurgical period.
The erythropoietic response observed in both treatment groups resulted in similar
transfusion rates [11/69 (16%) in the 600 Units/kg weekly group and 14/71 (20%) in the
300 Units/kg daily group].18 The mean number of units transfused per subject was
approximately 0.3 units in both treatment groups.
CONTR AINDIC ATIO NS
EPOGEN® is contraindicated in patients with:
1. Uncontrolled hypertension.
2. Known hypersensitivity to mammalian cell-derived products.
3. Known hypersensitivity to Albumin (Human).
WARNI NGS
Pediatrics
Risk in Premature Infants
The multidose preserved formulation contains benzyl alcohol. Benzyl alcohol has been
reported to be associated with an increased incidence of neurological and other
complications in premature infants which are sometimes fatal.
Adults
Increased Mortality, Serious Cardiovascular Events, Thromboembolic Events, and
Stroke
Patients with chronic renal failure experienced greater risks for death, serious
cardiovascular events, and stroke when administered erythropoiesis-stimulating agents
(ESAs) to target hemoglobin levels of 13 g/dL and above in clinical studies. Patients
with chronic renal failure and an insufficient hemoglobin response to ESA therapy may
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be at even greater risk for cardiovascular events and mortality than other patients.
EPOGEN and other ESAs increased the risks for death and serious cardiovascular
events in controlled clinical trials of patients with cancer. These events included
myocardial infarction, stroke, congestive heart failure, and hemodialysis vascular access
thrombosis. A rate of hemoglobin rise of > 1 g/dL over 2 weeks may contribute to these
risks.
In a randomized prospective trial, 1432 anemic chronic renal failure patients who were
not undergoing dialysis were assigned to Epoetin alfa (rHuEPO) treatment targeting a
maintenance hemoglobin concentration of 13.5 g/dL or 11.3 g/dL. A major
cardiovascular event (death, myocardial infarction, stroke, or hospitalization for
congestive heart failure) occurred among 125 (18%) of the 715 patients in the higher
hemoglobin group compared to 97 (14%) among the 717 patients in the lower
hemoglobin group (HR 1.3, 95% CI: 1.0, 1.7, p = 0.03).40
In a randomized, double-blind, placebo-controlled study of 4038 patients, there was an
increased risk of stroke when darbepoetin alfa was administered to patients with anemia,
type 2 diabetes, and CRF who were not on dialysis. Patients were randomized to
darbepoetin alfa treatment targeted to a hemoglobin level of 13 g/dL or to placebo.
Placebo patients received darbepoetin alfa only if their hemoglobin levels were less than
9 g/dL. A total of 101 patients receiving darbepoetin alfa experienced stroke compared
to 53 patients receiving placebo (5% vs. 2.6%; HR 1.92, 95% CI: 1.38, 2.68; p < 0.001).
Increased risk for serious cardiovascular events was also reported from a randomized,
prospective trial of 1265 hemodialysis patients with clinically evident cardiac disease
(ischemic heart disease or congestive heart failure). In this trial, patients were assigned
to EPOGEN® treatment targeted to a maintenance hematocrit of either 42 ± 3% or 30 ±
3%.37 Increased mortality was observed in 634 patients randomized to a target
hematocrit of 42% [221 deaths (35% mortality)] compared to 631 patients targeted to
remain at a hematocrit of 30% [185 deaths (29% mortality)]. The reason for the
increased mortality observed in this study is unknown, however, the incidence of nonfatal myocardial infarctions (3.1% vs. 2.3%), vascular access thromboses (39% vs.
29%), and all other thrombotic events (22% vs. 18%) were also higher in the group
randomized to achieve a hematocrit of 42%. An increased incidence of thrombotic
events has also been observed in patients with cancer treated with erythropoietic
agents.
In a randomized controlled study (referred to as Cancer Study 1 - the ‘BEST’ study) with
another ESA in 939 women with metastatic breast cancer receiving chemotherapy,
patients received either weekly Epoetin alfa or placebo for up to a year. This study was
designed to show that survival was superior when an ESA was administered to prevent
anemia (maintain hemoglobin levels between 12 and 14 g/dL or hematocrit between
36% and 42%). The study was terminated prematurely when interim results
demonstrated that a higher mortality at 4 months (8.7% vs. 3.4%) and a higher rate of
fatal thrombotic events (1.1% vs. 0.2%) in the first 4 months of the study were observed
among patients treated with Epoetin alfa. Based on Kaplan-Meier estimates, at the time
of study termination, the 12-month survival was lower in the Epoetin alfa group than in
the placebo group (70% vs. 76%; HR 1.37, 95% CI: 1.07, 1.75; p = 0.012).43
A systematic review of 57 randomized controlled trials (including Cancer Studies 1 and 5
- the ‘BEST’ and ‘ENHANCE’ studies) evaluating 9353 patients with cancer compared
ESAs plus red blood cell transfusion with red blood cell transfusion alone for prophylaxis
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or treatment of anemia in cancer patients with or without concurrent antineoplastic
therapy. An increased relative risk of thromboembolic events (RR 1.67, 95% CI: 1.35,
2.06; 35 trials and 6769 patients) was observed in ESA-treated patients. An overall
survival hazard ratio of 1.08 (95% CI: 0.99, 1.18; 42 trials and 8167 patients) was
observed in ESA-treated patients.41
An increased incidence of deep vein thrombosis (DVT) in patients receiving Epoetin alfa
undergoing surgical orthopedic procedures has been observed (see ADVERSE
REACTIONS, Surgery Patients: Thrombotic/Vascular Events). In a randomized
controlled study (referred to as the ‘SPINE’ study), 681 adult patients, not receiving
prophylactic anticoagulation and undergoing spinal surgery, received either 4 doses of
600 U/kg Epoetin alfa (7, 14, and 21 days before surgery, and the day of surgery) and
standard of care (SOC) treatment, or SOC treatment alone. Preliminary analysis showed
a higher incidence of DVT, determined by either Color Flow Duplex Imaging or by clinical
symptoms, in the Epoetin alfa group [16 patients (4.7%)] compared to the SOC group [7
patients (2.1%)]. In addition, 12 patients in the Epoetin alfa group and 7 patients in the
SOC group had other thrombotic vascular events. Deep venous thrombosis prophylaxis
should be strongly considered when ESAs are used for the reduction of allogeneic RBC
transfusions in surgical patients (see BOXED WARNINGS and DOSAGE AND
ADMINISTRATION).
Increased mortality was also observed in a randomized placebo-controlled study of
EPOGEN® in adult patients who were undergoing coronary artery bypass surgery (7
deaths in 126 patients randomized to EPOGEN® versus no deaths among 56 patients
receiving placebo). Four of these deaths occurred during the period of study drug
administration and all four deaths were associated with thrombotic events.42 ESAs are
not approved for reduction of allogeneic red blood cell transfusions in patients scheduled
for cardiac surgery.
Increased Mortality and/or Increased Risk of Tumor Progression or Recurrence
Erythropoiesis-stimulating agents resulted in decreased locoregional
control/progression-free survival and/or overall survival (see Table 1). These findings
were observed in studies of patients with advanced head and neck cancer receiving
radiation therapy (Cancer Studies 5 and 6), in patients receiving chemotherapy for
metastatic breast cancer (Cancer Study 1) or lymphoid malignancy (Cancer Study 2),
and in patients with non-small cell lung cancer or various malignancies who were not
receiving chemotherapy or radiotherapy (Cancer Studies 7 and 8).
Table 1: Randomized, Controlled Trials with Decreased Survival and/or Decreased
Locoregional Control

Study / Tumor / (n)

Hemoglobin
Target

Achieved
Hemoglobin
(Median
Q1,Q3)

Primary Endpoint

Adverse Outcome for ESA-containing
Arm

12.9 g/dL
12.2, 13.3 g/dL

12-month overall
survival

Decreased 12-month survival

Chemotherapy
Cancer Study 1
Metastatic breast
cancer
(n=939)

12-14 g/dL
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Cancer Study 2
Lymphoid
malignancy
(n=344)

13-15 g/dL (M)
13-14 g/dL (F)

11.0 g/dL
9.8, 12.1 g/dL

Proportion of
patients achieving
a hemoglobin
response

Decreased overall survival

Cancer Study 3
Early breast cancer
(n=733)

12.5-13 g/dL

13.1 g/dL
12.5, 13.7 g/dL

Relapse-free and
overall survival

Decreased 3 yr. relapse-free and overall
survival

12-14 g/dL

12.7 g/dL
12.1, 13.3 g/dL

Progression-free
and overall survival
and locoregional
control

Decreased 3 yr. progression-free and
overall survival and locoregional control

Decreased 5-year locoregional
progression-free survival
Decreased overall survival

Cancer Study 4
Cervical Cancer
(n=114)
Radiotherapy Alone
Cancer Study 5
Head and neck
cancer
(n=351)

≥15 g/dL (M)
≥14 g/dL (F)

Not available

Locoregional
progression-free
survival

Cancer Study 6
Head and neck
cancer
(n=522)

14-15.5 g/dL

Not available

Locoregional
disease control

Decreased locoregional disease control

No Chemotherapy or Radiotherapy
Cancer Study 7
Non-small cell lung
cancer
(n=70)

12-14 g/dL

Not available

Quality of life

Decreased overall survival

Cancer Study 8
Non-myeloid
malignancy
(n=989)

12-13 g/dL

10.6 g/dL
9.4, 11.8 g/dL

RBC transfusions

Decreased overall survival

Decreased overall survival:
Cancer Study 1 (the ‘BEST’ study) was previously described (see WARNINGS:
Increased Mortality, Serious Cardiovascular Events, Thromboembolic Events, and
Stroke). Mortality at 4 months (8.7% vs. 3.4%) was significantly higher in the Epoetin
alfa arm. The most common investigator-attributed cause of death within the first 4
months was disease progression; 28 of 41 deaths in the Epoetin alfa arm and 13 of 16
deaths in the placebo arm were attributed to disease progression. Investigator assessed
time to tumor progression was not different between the two groups. Survival at 12
months was significantly lower in the Epoetin alfa arm (70% vs. 76%, HR 1.37, 95% CI:
1.07, 1.75; p = 0.012).43
Cancer Study 2 was a Phase 3, double-blind, randomized (darbepoetin alfa vs. placebo)
study conducted in 344 anemic patients with lymphoid malignancy receiving
chemotherapy. With a median follow-up of 29 months, overall mortality rates were
significantly higher among patients randomized to darbepoetin alfa as compared to
placebo (HR 1.36, 95% CI: 1.02, 1.82).
Cancer Study 7 was a Phase 3, multicenter, randomized (Epoetin alfa vs. placebo),
double-blind study, in which patients with advanced non-small cell lung cancer receiving
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only palliative radiotherapy or no active therapy were treated with Epoetin alfa to achieve
and maintain hemoglobin levels between 12 and 14 g/dL. Following an interim analysis
of 70 of 300 patients planned, a significant difference in survival in favor of the patients
on the placebo arm of the trial was observed (median survival 63 vs. 129 days; HR 1.84;
p = 0.04).
Cancer Study 8 was a Phase 3, double-blind, randomized (darbepoetin alfa vs. placebo),
16-week study in 989 anemic patients with active malignant disease, neither receiving
nor planning to receive chemotherapy or radiation therapy. There was no evidence of a
statistically significant reduction in proportion of patients receiving RBC transfusions.
The median survival was shorter in the darbepoetin alfa treatment group (8 months)
compared with the placebo group (10.8 months); HR 1.30, 95% CI: 1.07, 1.57.
Decreased progression-free survival and overall survival:
Cancer Study 3 (the ‘PREPARE’ study) was a randomized controlled study in which
darbepoetin alfa was administered to prevent anemia conducted in 733 women receiving
neo-adjuvant breast cancer treatment. After a median follow-up of approximately 3
years, the survival rate (86% vs. 90%, HR 1.42, 95% CI: 0.93, 2.18) and relapse-free
survival rate (72% vs. 78%, HR 1.33, 95% CI: 0.99, 1.79) were lower in the darbepoetin
alfa-treated arm compared to the control arm.
Cancer Study 4 (protocol GOG 191) was a randomized controlled study that enrolled
114 of a planned 460 cervical cancer patients receiving chemotherapy and radiotherapy.
Patients were randomized to receive Epoetin alfa to maintain hemoglobin between 12
and 14 g/dL or to transfusion support as needed. The study was terminated prematurely
due to an increase in thromboembolic events in Epoetin alfa-treated patients compared
to control (19% vs. 9%). Both local recurrence (21% vs. 20%) and distant recurrence
(12% vs. 7%) were more frequent in Epoetin alfa-treated patients compared to control.
Progression-free survival at 3 years was lower in the Epoetin alfa-treated group
compared to control (59% vs. 62%, HR 1.06, 95% CI: 0.58, 1.91). Overall survival at 3
years was lower in the Epoetin alfa-treated group compared to control (61% vs. 71%,
HR 1.28, 95% CI: 0.68, 2.42).
Cancer Study 5 (the ‘ENHANCE’ study) was a randomized controlled study in 351 head
and neck cancer patients where Epoetin beta or placebo was administered to achieve
target hemoglobin of 14 and 15 g/dL for women and men, respectively. Locoregional
progression-free survival was significantly shorter in patients receiving Epoetin beta (HR
1.62, 95% CI: 1.22, 2.14; p = 0.0008) with a median of 406 days Epoetin beta vs. 745
days placebo. Overall survival was significantly shorter in patients receiving Epoetin
beta (HR 1.39, 95% CI: 1.05, 1.84; p = 0.02).38
Decreased locoregional control:
Cancer Study 6 (DAHANCA 10) was conducted in 522 patients with primary squamous
cell carcinoma of the head and neck receiving radiation therapy randomized to
darbepoetin alfa with radiotherapy or radiotherapy alone. An interim analysis on 484
patients demonstrated that locoregional control at 5 years was significantly shorter in
patients receiving darbepoetin alfa (RR 1.44, 95% CI: 1.06, 1.96; p = 0.02). Overall
survival was shorter in patients receiving darbepoetin alfa (RR 1.28, 95% CI: 0.98, 1.68;
p = 0.08).
ESA APPRISE Oncology Program
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Prescribers and hospitals must enroll in and comply with the ESA APPRISE Oncology
Program to prescribe and/or dispense EPOGEN® to patients with cancer. To enroll, visit
www.esa-apprise.com or call 1-866-284-8089 for further assistance. Additionally,
prescribers and patients must provide written acknowledgement of a discussion of the
risks associated with EPOGEN®.

Pure Red Cell Aplasia
Cases of pure red cell aplasia (PRCA) and of severe anemia, with or without other
cytopenias, associated with neutralizing antibodies to erythropoietin have been reported
in patients treated with EPOGEN®. This has been reported predominantly in patients
with CRF receiving ESAs by subcutaneous administration. PRCA has also been
reported in patients receiving ESAs while undergoing treatment for hepatitis C with
interferon and ribavirin. Any patient who develops a sudden loss of response to
EPOGEN®, accompanied by severe anemia and low reticulocyte count, should be
evaluated for the etiology of loss of effect, including the presence of neutralizing
antibodies to erythropoietin (see PRECAUTIONS: Lack or Loss of Response). If antierythropoietin antibody-associated anemia is suspected, withhold EPOGEN® and other
ESAs. Contact Amgen (1-800-77AMGEN) to perform assays for binding and
neutralizing antibodies. EPOGEN® should be permanently discontinued in patients with
antibody-mediated anemia. Patients should not be switched to other ESAs as antibodies
may cross-react (see ADVERSE REACTIONS: Immunogenicity).
Albumin (Human)
EPOGEN® contains albumin, a derivative of human blood. Based on effective donor
screening and product manufacturing processes, it carries an extremely remote risk for
transmission of viral diseases. A theoretical risk for transmission of Creutzfeldt-Jakob
disease (CJD) also is considered extremely remote. No cases of transmission of viral
diseases or CJD have ever been identified for albumin.
Chronic Renal Failure Patients
Hypertension: Patients with uncontrolled hypertension should not be treated with
EPOGEN®; blood pressure should be controlled adequately before initiation of therapy.
Although there do not appear to be any direct pressor effects of EPOGEN®, blood
pressure may rise during EPOGEN® therapy. During the early phase of treatment when
the hematocrit is increasing, approximately 25% of patients on dialysis may require
initiation of, or increases in, antihypertensive therapy. Hypertensive encephalopathy and
seizures have been observed in patients with CRF treated with EPOGEN®.
Special care should be taken to closely monitor and aggressively control blood pressure
in patients treated with EPOGEN®. Patients should be advised as to the importance of
compliance with antihypertensive therapy and dietary restrictions. If blood pressure is
difficult to control by initiation of appropriate measures, the hemoglobin may be reduced
by decreasing or withholding the dose of EPOGEN®. A clinically significant decrease in
hemoglobin may not be observed for several weeks.
It is recommended that the dose of EPOGEN® be decreased if the hemoglobin increase
exceeds 1 g/dL in any 2-week period, because of the possible association of excessive
rate of rise of hemoglobin with an exacerbation of hypertension. In CRF patients on
hemodialysis with clinically evident ischemic heart disease or congestive heart failure,
the dose of EPOGEN® should be carefully adjusted to achieve and maintain hemoglobin
levels between 10-12 g/dL (see WARNINGS: Increased Mortality, Serious
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Cardiovascular Events, Thromboembolic Events, and Stroke, and DOSAGE AND
ADMINISTRATION: Chronic Renal Failure Patients).
Seizures: Seizures have occurred in patients with CRF participating in EPOGEN®
clinical trials.
In adult patients on dialysis, there was a higher incidence of seizures during the first 90
days of therapy (occurring in approximately 2.5% of patients) as compared with later
timepoints.
Given the potential for an increased risk of seizures during the first 90 days of therapy,
blood pressure and the presence of premonitory neurologic symptoms should be
monitored closely. Patients should be cautioned to avoid potentially hazardous activities
such as driving or operating heavy machinery during this period.
While the relationship between seizures and the rate of rise of hemoglobin is uncertain, it
is recommended that the dose of EPOGEN® be decreased if the hemoglobin increase
exceeds 1 g/dL in any 2-week period.
Thrombotic Events: During hemodialysis, patients treated with EPOGEN® may require
increased anticoagulation with heparin to prevent clotting of the artificial kidney (see
ADVERSE REACTIONS for more information about thrombotic events).
Other thrombotic events (eg, myocardial infarction, cerebrovascular accident, transient
ischemic attack) have occurred in clinical trials at an annualized rate of less than 0.04
events per patient year of EPOGEN® therapy. These trials were conducted in adult
patients with CRF (whether on dialysis or not) in whom the target hematocrit was 32% to
40%. However, the risk of thrombotic events, including vascular access thrombosis, was
significantly increased in adult patients with ischemic heart disease or congestive heart
failure receiving EPOGEN® therapy with the goal of reaching a normal hematocrit (42%)
as compared to a target hematocrit of 30%. Patients with pre-existing cardiovascular
disease should be monitored closely.
Zidovudine-treated HIV-infected Patients
In contrast to CRF patients, EPOGEN® therapy has not been linked to exacerbation of
hypertension, seizures, and thrombotic events in HIV-infected patients. However, the
clinical data do not rule out an increased risk for serious cardiovascular events.
PRECAUTIONS
The parenteral administration of any biologic product should be attended by appropriate
precautions in case allergic or other untoward reactions occur (see
CONTRAINDICATIONS). In clinical trials, while transient rashes were occasionally
observed concurrently with EPOGEN® therapy, no serious allergic or anaphylactic
reactions were reported (see ADVERSE REACTIONS for more information regarding
allergic reactions).
The safety and efficacy of EPOGEN® therapy have not been established in patients with
a known history of a seizure disorder or underlying hematologic disease (eg, sickle cell
anemia, myelodysplastic syndromes, or hypercoagulable disorders).
In some female patients, menses have resumed following EPOGEN® therapy; the
possibility of pregnancy should be discussed and the need for contraception evaluated.
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Hematology
Exacerbation of porphyria has been observed rarely in patients with CRF treated with
EPOGEN®. However, EPOGEN® has not caused increased urinary excretion of
porphyrin metabolites in normal volunteers, even in the presence of a rapid
erythropoietic response. Nevertheless, EPOGEN® should be used with caution in
patients with known porphyria.
In preclinical studies in dogs and rats, but not in monkeys, EPOGEN® therapy was
associated with subclinical bone marrow fibrosis. Bone marrow fibrosis is a known
complication of CRF in humans and may be related to secondary hyperparathyroidism or
unknown factors. The incidence of bone marrow fibrosis was not increased in a study of
adult patients on dialysis who were treated with EPOGEN® for 12 to 19 months,
compared to the incidence of bone marrow fibrosis in a matched group of patients who
had not been treated with EPOGEN®.
Hemoglobin in CRF patients should be measured twice a week; zidovudine-treated HIVinfected and cancer patients should have hemoglobin measured once a week until
hemoglobin has been stabilized, and measured periodically thereafter.
Lack or Loss of Response
If the patient fails to respond or to maintain a response to doses within the
recommended dosing range, the following etiologies should be considered and
evaluated:
1. Iron deficiency: Virtually all patients will eventually require supplemental iron therapy
(see IRON EVALUATION).
2. Underlying infectious, inflammatory, or malignant processes.
3. Occult blood loss.
4. Underlying hematologic diseases (ie, thalassemia, refractory anemia, or other
myelodysplastic disorders).
5. Vitamin deficiencies: Folic acid or vitamin B12.
6. Hemolysis.
7. Aluminum intoxication.
8. Osteitis fibrosa cystica.
9. Pure Red Cell Aplasia (PRCA) or anti-erythropoietin antibody-associated anemia: In
the absence of another etiology, the patient should be evaluated for evidence of
PRCA and sera should be tested for the presence of antibodies to erythropoietin
(see WARNINGS: Pure Red Cell Aplasia).
See DOSAGE AND ADMINISTRATION: Chronic Renal Failure Patients for management
of patients with an insufficient hemoglobin response to EPOGEN® therapy.
Iron Evaluation
During EPOGEN® therapy, absolute or functional iron deficiency may develop.
Functional iron deficiency, with normal ferritin levels but low transferrin saturation, is
presumably due to the inability to mobilize iron stores rapidly enough to support
increased erythropoiesis. Transferrin saturation should be at least 20% and ferritin
should be at least 100 ng/mL.
Prior to and during EPOGEN® therapy, the patient’s iron status, including transferrin
saturation (serum iron divided by iron binding capacity) and serum ferritin, should be
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evaluated. Virtually all patients will eventually require supplemental iron to increase or
maintain transferrin saturation to levels which will adequately support erythropoiesis
stimulated by EPOGEN®. All surgery patients being treated with EPOGEN® should
receive adequate iron supplementation throughout the course of therapy in order to
support erythropoiesis and avoid depletion of iron stores.
Drug Interaction
No evidence of interaction of EPOGEN® with other drugs was observed in the course of
clinical trials.
Carcinogenesis, Mutagenesis, and Impairment of Fertility
Carcinogenic potential of EPOGEN® has not been evaluated. EPOGEN® does not
induce bacterial gene mutation (Ames Test), chromosomal aberrations in mammalian
cells, micronuclei in mice, or gene mutation at the HGPRT locus. In female rats treated
IV with EPOGEN®, there was a trend for slightly increased fetal wastage at doses of 100
and 500 Units/kg.
Pregnancy Category C
EPOGEN® has been shown to have adverse effects in rats when given in doses 5 times
the human dose. There are no adequate and well-controlled studies in pregnant
women. EPOGEN® should be used during pregnancy only if potential benefit justifies
the potential risk to the fetus.
In studies in female rats, there were decreases in body weight gain, delays in
appearance of abdominal hair, delayed eyelid opening, delayed ossification, and
decreases in the number of caudal vertebrae in the F1 fetuses of the 500 Units/kg group.
In female rats treated IV, there was a trend for slightly increased fetal wastage at doses
of 100 and 500 Units/kg. EPOGEN® has not shown any adverse effect at doses as high
as 500 Units/kg in pregnant rabbits (from day 6 to 18 of gestation).
Nursing Mothers
Postnatal observations of the live offspring (F1 generation) of female rats treated with
EPOGEN® during gestation and lactation revealed no effect of EPOGEN® at doses of up
to 500 Units/kg. There were, however, decreases in body weight gain, delays in
appearance of abdominal hair, eyelid opening, and decreases in the number of caudal
vertebrae in the F1 fetuses of the 500 Units/kg group. There were no EPOGEN®-related
effects on the F2 generation fetuses.
It is not known whether EPOGEN® is excreted in human milk. Because many drugs are
excreted in human milk, caution should be exercised when EPOGEN® is administered to
a nursing woman.
Pediatric Use
See WARNINGS: Pediatrics.
Pediatric Patients on Dialysis: EPOGEN® is indicated in infants (1 month to 2 years),
children (2 years to 12 years), and adolescents (12 years to 16 years) for the treatment
of anemia associated with CRF requiring dialysis. Safety and effectiveness in pediatric
patients less than 1 month old have not been established (see CLINICAL EXPERIENCE:
CHRONIC RENAL FAILURE, PEDIATRIC PATIENTS ON DIALYSIS). The safety data
from these studies show that there is no increased risk to pediatric CRF patients on
dialysis when compared to the safety profile of EPOGEN® in adult CRF patients (see
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ADVERSE REACTIONS and WARNINGS). Published literature27-30 provides supportive
evidence of the safety and effectiveness of EPOGEN® in pediatric CRF patients on
dialysis.
Pediatric Patients Not Requiring Dialysis: Published literature30,31 has reported the use
of EPOGEN® in 133 pediatric patients with anemia associated with CRF not requiring
dialysis, ages 3 months to 20 years‚ treated with 50 to 250 Units/kg SC or IV‚ QW to
TIW. Dose-dependent increases in hemoglobin and hematocrit were observed with
reductions in transfusion requirements.
Pediatric HIV-infected Patients: Published literature32,33 has reported the use of
EPOGEN® in 20 zidovudine-treated anemic HIV-infected pediatric patients ages 8
months to 17 years‚ treated with 50 to 400 Units/kg SC or IV‚ 2 to 3 times per week.
Increases in hemoglobin levels and in reticulocyte counts‚ and decreases in or
elimination of blood transfusions were observed.
Pediatric Cancer Patients on Chemotherapy: The safety and effectiveness of
EPOGEN® were evaluated in a randomized, double-blind, placebo-controlled,
multicenter study (see CLINICAL EXPERIENCE, Weekly (QW) Dosing, Pediatric
Patients).
Geriatric Use
Among 1051 patients enrolled in the 5 clinical trials of EPOGEN® for reduction of
allogeneic blood transfusions in patients undergoing elective surgery 745 received
EPOGEN® and 306 received placebo. Of the 745 patients who received EPOGEN®, 432
(58%) were aged 65 and over, while 175 (23%) were 75 and over. No overall
differences in safety or effectiveness were observed between geriatric and younger
patients. The dose requirements for EPOGEN® in geriatric and younger patients within
the 4 trials using the TIW schedule were similar. Insufficient numbers of patients were
enrolled in the study using the weekly dosing regimen to determine whether the dosing
requirements differ for this schedule.
Of the 882 patients enrolled in the 3 studies of chronic renal failure patients on dialysis,
757 received EPOGEN® and 125 received placebo. Of the 757 patients who received
EPOGEN®, 361 (47%) were aged 65 and over, while 100 (13%) were 75 and over. No
differences in safety or effectiveness were observed between geriatric and younger
patients. Dose selection and adjustment for an elderly patient should be individualized
to achieve and maintain the target hematocrit (See DOSAGE AND ADMINISTRATION).
Insufficient numbers of patients age 65 or older were enrolled in clinical studies of
EPOGEN for the treatment of anemia associated with pre-dialysis chronic renal failure,
cancer chemotherapy, and Zidovudine-treatment of HIV infection to determine whether
they respond differently from younger subjects.
Information for Patients
Patients should be informed of the increased risks of mortality, serious cardiovascular
events, thromboembolic events, and increased risk of tumor progression or recurrence
(see WARNINGS). In those situations in which the physician determines that a patient or
their caregiver can safely and effectively administer EPOGEN® at home, instruction as to
the proper dosage and administration should be provided. Patients should be instructed
to read the EPOGEN® Medication Guide and Patient Instructions for Use and should be
informed that the Medication Guide is not a disclosure of all possible side effects.
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Patients should be informed of the possible side effects of EPOGEN® and of the signs
and symptoms of allergic drug reaction and advised of appropriate actions. If home use
is prescribed for a patient, the patient should be thoroughly instructed in the importance
of proper disposal and cautioned against the reuse of needles, syringes, or drug product.
A puncture-resistant container should be available for the disposal of used syringes and
needles, and guidance provided on disposal of the full container.
Chronic Renal Failure Patients
Patients with CRF Not Requiring Dialysis
Blood pressure and hemoglobin should be monitored no less frequently than for patients
maintained on dialysis. Renal function and fluid and electrolyte balance should be
closely monitored.
Hematology
Sufficient time should be allowed to determine a patient’s responsiveness to a dosage of
EPOGEN® before adjusting the dose. Because of the time required for erythropoiesis
and the red cell half-life, an interval of 2 to 6 weeks may occur between the time of a
dose adjustment (initiation, increase, decrease, or discontinuation) and a significant
change in hemoglobin.
For patients who respond to EPOGEN® with a rapid increase in hemoglobin (eg, more
than 1 g/dL in any 2-week period), the dose of EPOGEN® should be reduced because of
the possible association of excessive rate of rise of hemoglobin with an exacerbation of
hypertension.
The elevated bleeding time characteristic of CRF decreases toward normal after
correction of anemia in adult patients treated with EPOGEN®. Reduction of bleeding
time also occurs after correction of anemia by transfusion.
Laboratory Monitoring
The hemoglobin should be determined twice a week until it has stabilized in the
suggested hemoglobin range and the maintenance dose has been established. After
any dose adjustment, the hemoglobin should also be determined twice weekly for at
least 2 to 6 weeks until it has been determined that the hemoglobin has stabilized in
response to the dose change. The hemoglobin should then be monitored at regular
intervals.
A complete blood count with differential and platelet count should be performed
regularly. During clinical trials, modest increases were seen in platelets and white blood
cell counts. While these changes were statistically significant, they were not clinically
significant and the values remained within normal ranges.
In patients with CRF, serum chemistry values (including blood urea nitrogen [BUN], uric
acid, creatinine, phosphorus, and potassium) should be monitored regularly. During
clinical trials in adult patients on dialysis, modest increases were seen in BUN,
creatinine, phosphorus, and potassium. In some adult patients with CRF not on dialysis
treated with EPOGEN®, modest increases in serum uric acid and phosphorus were
observed. While changes were statistically significant, the values remained within the
ranges normally seen in patients with CRF.
Diet
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The importance of compliance with dietary and dialysis prescriptions should be
reinforced. In particular, hyperkalemia is not uncommon in patients with CRF. In US
studies in patients on dialysis, hyperkalemia has occurred at an annualized rate of
approximately 0.11 episodes per patient-year of EPOGEN® therapy, often in association
with poor compliance to medication, diet, and/or dialysis.
Dialysis Management
Therapy with EPOGEN® results in an increase in hematocrit and a decrease in plasma
volume which could affect dialysis efficiency. In studies to date, the resulting increase in
hematocrit did not appear to adversely affect dialyzer function8,9 or the efficiency of high
flux hemodialysis.10 During hemodialysis, patients treated with EPOGEN® may require
increased anticoagulation with heparin to prevent clotting of the artificial kidney.
Patients who are marginally dialyzed may require adjustments in their dialysis
prescription. As with all patients on dialysis, the serum chemistry values (including BUN,
creatinine, phosphorus, and potassium) in patients treated with EPOGEN® should be
monitored regularly to assure the adequacy of the dialysis prescription.
Renal Function
In adult patients with CRF not on dialysis, renal function and fluid and electrolyte balance
should be closely monitored. In patients with CRF not on dialysis, placebo-controlled
studies of progression of renal dysfunction over periods of greater than 1 year have not
been completed. In shorter term trials in adult patients with CRF not on dialysis,
changes in creatinine and creatinine clearance were not significantly different in patients
treated with EPOGEN® compared with placebo-treated patients. Analysis of the slope of
1/serum creatinine versus time plots in these patients indicates no significant change in
the slope after the initiation of EPOGEN® therapy.
Zidovudine-treated HIV-infected Patients
Hypertension
Exacerbation of hypertension has not been observed in zidovudine-treated HIV-infected
patients treated with EPOGEN®. However, EPOGEN® should be withheld in these
patients if pre-existing hypertension is uncontrolled, and should not be started until blood
pressure is controlled. In double-blind studies, a single seizure has been experienced
by a patient treated with EPOGEN®.23
Cancer Patients on Chemotherapy
Hypertension
Hypertension, associated with a significant increase in hemoglobin, has been noted
rarely in patients treated with EPOGEN®. Nevertheless, blood pressure in patients
treated with EPOGEN® should be monitored carefully, particularly in patients with an
underlying history of hypertension or cardiovascular disease.
Seizures
In double-blind, placebo-controlled trials, 3.2% (n = 2/63) of patients treated with
EPOGEN® TIW and 2.9% (n = 2/68) of placebo-treated patients had seizures. Seizures
in 1.6% (n = 1/63) of patients treated with EPOGEN® TIW occurred in the context of a
significant increase in blood pressure and hematocrit from baseline values. However,
both patients treated with EPOGEN® also had underlying CNS pathology which may
have been related to seizure activity.
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In a placebo-controlled, double-blind trial utilizing weekly dosing with EPOGEN®, 1.2% (n
= 2/168) of safety-evaluable patients treated with EPOGEN® and 1% (n = 1/165) of
placebo-treated patients had seizures. Seizures in the patients treated with weekly
EPOGEN® occurred in the context of a significant increase in hemoglobin from baseline
values however significant increases in blood pressure were not seen. These patients
may have had other CNS pathology.
Thrombotic Events
In double-blind, placebo-controlled trials, 3.2% (n = 2/63) of patients treated with
EPOGEN® TIW and 11.8% (n = 8/68) of placebo-treated patients had thrombotic events
(eg, pulmonary embolism, cerebrovascular accident), (see WARNINGS: Increased
Mortality, Serious Cardiovascular Events, Thromboembolic Events, and Stroke).
In a placebo-controlled, double-blind trial utilizing weekly dosing with EPOGEN®, 6.0% (n
= 10/168) of safety-evaluable patients treated with EPOGEN® and 3.6% (n = 6/165) (p =
0.444) of placebo-treated patients had clinically significant thrombotic events (deep vein
thrombosis requiring anticoagulant therapy, embolic event including pulmonary
embolism, myocardial infarction, cerebral ischemia, left ventricular failure and thrombotic
microangiopathy). A definitive relationship between the rate of hemoglobin increase and
the occurrence of clinically significant thrombotic events could not be evaluated due to
the limited schedule of hemoglobin measurements in this study.
The safety and efficacy of EPOGEN® were evaluated in a randomized, double-blind,
placebo-controlled, multicenter study that enrolled 222 anemic patients ages 5 to 18
receiving treatment for a variety of childhood malignancies. Due to the study design
(small sample size and the heterogeneity of the underlying malignancies and of antineoplastic treatments employed), a determination of the effect of EPOGEN® on the
incidence of thrombotic events could not be performed. In the EPOGEN® arm, the
overall incidence of thrombotic events was 10.8% and the incidence of serious or lifethreatening events was 7.2%.
Surgery Patients
Hypertension
Blood pressure may rise in the perioperative period in patients being treated with
EPOGEN®. Therefore, blood pressure should be monitored carefully.
ADVERSE REACTIONS
Immunogenicity
As with all therapeutic proteins, there is the potential for immunogenicity. Neutralizing
antibodies to erythropoietin, in association with PRCA or severe anemia (with or without
other cytopenias), have been reported in patients receiving EPOGEN® (see
WARNINGS: Pure Red Cell Aplasia) during post-marketing experience.
There has been no systematic assessment of immune responses, i.e., the incidence of
either binding or neutralizing antibodies to EPOGEN®, in controlled clinical trials.
Where reported, the incidence of antibody formation is highly dependent on the
sensitivity and specificity of the assay. Additionally, the observed incidence of antibody
(including neutralizing antibody) positivity in an assay may be influenced by several
factors including assay methodology, sample handling, timing of sample collection,
concomitant medications, and underlying disease. For these reasons, comparison of the
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incidence of antibodies across products within this class (erythropoietic proteins) may be
misleading.
Chronic Renal Failure Patients
In double-blind, placebo-controlled studies involving over 300 patients with CRF, the
events reported in greater than 5% of patients treated with EPOGEN® during the blinded
phase were:
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Percent of Patients Reporting Event

Event

Patients Treated With
EPOGEN®
(n = 200)

Hypertension
Headache
Arthralgias
Nausea
Edema
Fatigue
Diarrhea
Vomiting
Chest Pain
Skin Reaction
(Administration Site)
Asthenia
Dizziness
Clotted Access

Placebo-treated
Patients
(n = 135)

24%
16%
11%
11%
9%
9%
9%
8%
7%
7%

19%
12%
6%
9%
10%
14%
6%
5%
9%
12%

7%
7%
7%

12%
13%
2%

Significant adverse events of concern in patients with CRF treated in double-blind,
placebo-controlled trials occurred in the following percent of patients during the blinded
phase of the studies:
Seizure
CVA/TIA
MI
Death

1.1%
0.4%
0.4%
0%

1.1%
0.6%
1.1%
1.7%

In the US EPOGEN® studies in adult patients on dialysis (over 567 patients), the
incidence (number of events per patient-year) of the most frequently reported adverse
events were: hypertension (0.75), headache (0.40), tachycardia (0.31), nausea/vomiting
(0.26), clotted vascular access (0.25), shortness of breath (0.14), hyperkalemia (0.11),
and diarrhea (0.11). Other reported events occurred at a rate of less than 0.10 events
per patient per year.
Events reported to have occurred within several hours of administration of EPOGEN®
were rare, mild, and transient, and included injection site stinging in dialysis patients and
flu-like symptoms such as arthralgias and myalgias.
In all studies analyzed to date, EPOGEN® administration was generally well-tolerated,
irrespective of the route of administration.
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Pediatric CRF Patients: In pediatric patients with CRF on dialysis, the pattern of most
adverse events was similar to that found in adults. Additional adverse events reported
during the double-blind phase in >10% of pediatric patients in either treatment group
were: abdominal pain, dialysis access complications including access infections and
peritonitis in those receiving peritoneal dialysis, fever, upper respiratory infection, cough,
pharyngitis, and constipation. The rates are similar between the treatment groups for
each event.
Hypertension: Increases in blood pressure have been reported in clinical trials, often
during the first 90 days of therapy. On occasion, hypertensive encephalopathy and
seizures have been observed in patients with CRF treated with EPOGEN®. When data
from all patients in the US phase 3 multicenter trial were analyzed, there was an
apparent trend of more reports of hypertensive adverse events in patients on dialysis
with a faster rate of rise of hematocrit (greater than 4 hematocrit points in any 2-week
period). However, in a double-blind, placebo-controlled trial, hypertensive adverse
events were not reported at an increased rate in the group treated with EPOGEN® (150
Units/kg TIW) relative to the placebo group.
Seizures: There have been 47 seizures in 1010 patients on dialysis treated with
EPOGEN® in clinical trials, with an exposure of 986 patient-years for a rate of
approximately 0.048 events per patient-year. However, there appeared to be a higher
rate of seizures during the first 90 days of therapy (occurring in approximately 2.5% of
patients) when compared to subsequent 90-day periods. The baseline incidence of
seizures in the untreated dialysis population is difficult to determine; it appears to be in
the range of 5% to 10% per patient-year.34-36
Thrombotic Events: In clinical trials where the maintenance hematocrit was 35 ± 3%
on EPOGEN®, clotting of the vascular access (A-V shunt) has occurred at an annualized
rate of about 0.25 events per patient-year, and other thrombotic events (eg, myocardial
infarction, cerebral vascular accident, transient ischemic attack, and pulmonary
embolism) occurred at a rate of 0.04 events per patient-year. In a separate study of
1111 untreated dialysis patients, clotting of the vascular access occurred at a rate of
0.50 events per patient-year. However, in CRF patients on hemodialysis who also had
clinically evident ischemic heart disease or congestive heart failure, the risk of A-V shunt
thrombosis was higher (39% vs 29%, p < 0.001), and myocardial infarctions, vascular
ischemic events, and venous thrombosis were increased, in patients targeted to a
hematocrit of 42 ± 3% compared to those maintained at 30 ± 3% (see WARNINGS).
In patients treated with commercial EPOGEN®, there have been rare reports of serious
or unusual thromboembolic events including migratory thrombophlebitis, microvascular
thrombosis, pulmonary embolus, and thrombosis of the retinal artery, and temporal and
renal veins. A causal relationship has not been established.
Allergic Reactions: There have been no reports of serious allergic reactions or
anaphylaxis associated with EPOGEN® administration during clinical trials. Skin rashes
and urticaria have been observed rarely and when reported have generally been mild
and transient in nature.
There have been rare reports of potentially serious allergic reactions including urticaria
with associated respiratory symptoms or circumoral edema, or urticaria alone. Most
reactions occurred in situations where a causal relationship could not be established.
Symptoms recurred with rechallenge in a few instances, suggesting that allergic
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reactivity may occasionally be associated with EPOGEN® therapy. If an anaphylactoid
reaction occurs, EPOGEN® should be immediately discontinued and appropriate therapy
initiated.
Zidovudine-treated HIV-infected Patients
In double-blind, placebo-controlled studies of 3 months duration involving approximately
300 zidovudine-treated HIV-infected patients, adverse events with an incidence of ≥ 10%
in either patients treated with EPOGEN® or placebo-treated patients were:
Percent of Patients Reporting Event
Patients Treated With
EPOGEN®
(n = 144)
38%
25%
19%
18%
16%
16%
15%

Placebo-treated
Patients
(n = 153)
29%
31%
14%
14%
18%
8%
10%

15%
14%
11%
10%

12%
13%
14%
7%

9%

10%

Event
Pyrexia
Fatigue
Headache
Cough
Diarrhea
Rash
Congestion,
Respiratory
Nausea
Shortness of Breath
Asthenia
Skin Reaction,
Medication Site
Dizziness

In the 297 patients studied, EPOGEN® was not associated with significant increases in
opportunistic infections or mortality.23 In 71 patients from this group treated with
EPOGEN® at 150 Units/kg TIW, serum p24 antigen levels did not appear to increase.25
Preliminary data showed no enhancement of HIV replication in infected cell lines in
vitro.23
Peripheral white blood cell and platelet counts are unchanged following EPOGEN®
therapy.
Allergic Reactions: Two zidovudine-treated HIV-infected patients had urticarial
reactions within 48 hours of their first exposure to study medication. One patient was
treated with EPOGEN® and one was treated with placebo (EPOGEN® vehicle alone).
Both patients had positive immediate skin tests against their study medication with a
negative saline control. The basis for this apparent pre-existing hypersensitivity to
components of the EPOGEN® formulation is unknown, but may be related to HIVinduced immunosuppression or prior exposure to blood products.
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Seizures: In double-blind and open-label trials of EPOGEN® in zidovudine-treated HIVinfected patients, 10 patients have experienced seizures.23 In general, these seizures
appear to be related to underlying pathology such as meningitis or cerebral neoplasms,
not EPOGEN® therapy.
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Cancer Patients on Chemotherapy
In double-blind, placebo-controlled studies of up to 3 months duration involving 131
cancer patients, adverse events with an incidence > 10% in either patients treated with
EPOGEN® or placebo-treated patients were as indicated below:
Percent of Patients Reporting Event
Patients Treated With
EPOGEN®
Event
(n = 63)
Pyrexia
29%
Diarrhea
21%*
Nausea
17%*
Vomiting
17%
Edema
17%*
Asthenia
13%
Fatigue
13%
Shortness of Breath
13%
Parasthesia
11%
Upper Respiratory
11%
Infection
Dizziness
5%
Trunk Pain
3%*
*

Placebo-treated
Patients
(n = 68)
19%
7%
32%
15%
1%
16%
15%
9%
6%
4%
12%
16%

Statistically significant

Although some statistically significant differences between patients being treated with
EPOGEN® and placebo-treated patients were noted, the overall safety profile of
EPOGEN® appeared to be consistent with the disease process of advanced cancer.
During double-blind and subsequent open-label therapy in which patients (n = 72 for
total exposure to EPOGEN®) were treated for up to 32 weeks with doses as high as 927
Units/kg, the adverse experience profile of EPOGEN® was consistent with the
progression of advanced cancer.
Three hundred thirty-three (333) cancer patients enrolled in a placebo-controlled doubleblind trial utilizing Weekly dosing with EPOGEN for up to 4 months were evaluable for
adverse events.
The incidence of adverse events was similar in both the treatment and placebo arms.
Surgery Patients
Adverse events with an incidence of ≥ 10% are shown in the following table:
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Percent of Patients Reporting Event
Patients
Patients
PlaceboPatients
Treated
Treated
treated
Treated
With
With
Patients
With
EPOGEN®
EPOGEN®
EPOGEN®
300 U/kg
100 U/kg
600 U/kg
(n = 112)a
(n = 101) a
(n = 103)a
(n = 73)b
51%
50%
60%
47%

Patients
Treated
With
EPOGEN®
300 U/kg
(n = 72)b
42%

Nausea

48%

43%

45%

45%

58%

Constipation

43%

42%

43%

51%

53%

Skin Reaction,

25%

19%

22%

26%

29%

Vomiting

22%

12%

14%

21%

29%

Skin Pain

18%

18%

17%

5%

4%

Pruritus

16%

16%

14%

14%

22%

Insomnia

13%

16%

13%

21%

18%

Headache

13%

11%

9%

10%

19%

Dizziness

12%

9%

12%

11%

21%

Urinary Tract

12%

3%

11%

11%

8%

Hypertension

10%

11%

10%

5%

10%

Diarrhea

10%

7%

12%

10%

6%

c

0%c

Medication
Site

Infection

Deep Venous

10%

3%

5%

0%

Dyspepsia

9%

11%

6%

7%

8%

Anxiety

7%

2%

11%

11%

4%

Edema

6%

11%

8%

11%

7%

Thrombosis

a
b
c

®

Study including patients undergoing orthopedic surgery treated with EPOGEN or placebo for 15 days
®
Study including patients undergoing orthopedic surgery treated with EPOGEN 600 Units/kg
weekly x 4 or 300 Units/kg daily x 15
Determined by clinical symptoms

Thrombotic/Vascular Events: In three double-blind, placebo-controlled orthopedic
surgery studies, the rate of deep venous thrombosis (DVT) was similar among Epoetin
alfa and placebo-treated patients in the recommended population of patients with a
pretreatment hemoglobin of > 10 g/dL to ≤ 13 g/dL.17,19,26 However, in 2 of 3 orthopedic
surgery studies the overall rate (all pretreatment hemoglobin groups combined) of DVTs
detected by postoperative ultrasonography and/or surveillance venography was higher in
the group treated with Epoetin alfa than in the placebo-treated group (11% vs. 6%). This
finding was attributable to the difference in DVT rates observed in the subgroup of
patients with pretreatment hemoglobin > 13 g/dL.
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In the orthopedic surgery study of patients with pretreatment hemoglobin of > 10 g/dL to
≤ 13 g/dL which compared two dosing regimens (600 Units/kg weekly x 4 and 300
Units/kg daily x 15), 4 subjects in the 600 Units/kg weekly EPOGEN® group (5%) and no
subjects in the 300 Units/kg daily group had a thrombotic vascular event during the study
period.18
In a study examining the use of Epoetin alfa in 182 patients scheduled for coronary
artery bypass graft surgery, 23% of patients treated with Epoetin alfa and 29% treated
with placebo experienced thrombotic/vascular events. There were 4 deaths among the
Epoetin alfa-treated patients that were associated with a thrombotic/vascular event (see
WARNINGS).
OVERDOSAGE
The expected manifestations of EPOGEN overdosage include signs and symptoms
associated with an excessive and/or rapid increase in hemoglobin concentration,
including any of the cardiovascular events described in WARNINGS and listed in
ADVERSE REACTIONS. Patients receiving an overdosage of EPOGEN should be
monitored closely for cardiovascular events and hematologic abnormalities.
Polycythemia should be managed acutely with phlebotomy, as clinically indicated.
Following resolution of the effects due to EPOGEN overdosage, reintroduction of
EPOGEN therapy should be accompanied by close monitoring for evidence of rapid
increases in hemoglobin concentration (>1 gm/dL per 14 days). In patients with an
excessive hematopoietic response, reduce the EPOGEN dose in accordance with the
recommendations described in DOSAGE AND ADMINISTRATION.
DOSAGE AND ADMI NISTR ATIO N
IMPORTANT: SEE BO XED W ARNINGS AN D W ARNINGS: INCRE ASED
MORTALI TY, SERIOUS C ARDIOV ASCULAR EVENTS,
THROMBOEM BOLIC EVENTS, AND STROKE.
Chronic Renal Failure Patients
The recommended range for the starting dose of EPOGEN® is 50 to 100 Units/kg TIW
for adult patients. The recommended starting dose for pediatric CRF patients on dialysis
is 50 Units/kg TIW. Individualize dosing to achieve and maintain hemoglobin levels
between 10-12 g/dL. The dose of EPOGEN® should be reduced as the hemoglobin
approaches 12 g/dL or increases by more than 1 g/dL in any 2-week period. If
hemoglobin excursions outside the recommended range occur, the EPOGEN® dose
should be adjusted as described below.
EPOGEN® may be given either as an IV or SC injection. In patients on hemodialysis,
the IV route is recommended (see WARNINGS: Pure Red Cell Aplasia). While the
administration of EPOGEN® is independent of the dialysis procedure, EPOGEN® may be
administered into the venous line at the end of the dialysis procedure to obviate the need
for additional venous access. In adult patients with CRF not on dialysis, EPOGEN® may
be given either as an IV or SC injection.
Patients who have been judged competent by their physicians to self-administer
EPOGEN® without medical or other supervision may give themselves either an IV or SC
injection. The table below provides general therapeutic guidelines for patients with CRF:
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Individually titrate to achieve and maintain hemoglobin levels between 10 to 12
g/dL.

Starting Dose:
Adults
Pediatric Patients

50 to 100 Units/kg TIW; IV or SC
50 Units/kg TIW; IV or SC

Increase Dose by 25% If:

1. Hemoglobin is < 10 g/dL and has not
increased by 1 g/dL after 4 weeks of
therapy or
2. Hemoglobin decreases below 10 g/dL

Reduce Dose by 25% When:

1. Hemoglobin approaches 12 g/dL or,
2. Hemoglobin increases > 1 g/dL in any 2-week
period

During therapy, hematological parameters should be monitored regularly. Doses must
be individualized to ensure that hemoglobin is maintained at an appropriate level for
each patient.
For patients whose hemoglobin does not attain a level within the range of 10 to 12 g/dL
despite the use of appropriate EPOGEN® dose titrations over a 12-week period:
 do not administer higher EPOGEN® doses and use the lowest dose that will
maintain a hemoglobin level sufficient to avoid the need for recurrent RBC
transfusions,
 evaluate and treat for other causes of anemia (see PRECAUTIONS: Lack or
Loss of Response), and
 thereafter, hemoglobin should continue to be monitored and if responsiveness
improves, EPOGEN® dose adjustments should be made as described above;
discontinue EPOGEN® if responsiveness does not improve and the patient needs
recurrent RBC transfusions.
Pretherapy Iron Evaluation: Prior to and during EPOGEN® therapy, the patient’s iron
stores, including transferrin saturation (serum iron divided by iron binding capacity) and
serum ferritin, should be evaluated. Transferrin saturation should be at least 20%, and
ferritin should be at least 100 ng/mL. Virtually all patients will eventually require
supplemental iron to increase or maintain transferrin saturation to levels that will
adequately support erythropoiesis stimulated by EPOGEN®.
Dose Adjustment: The dose should be adjusted for each patient to achieve and
maintain hemoglobin levels between 10 to 12 g/dL.
Increases in dose should not be made more frequently than once a month. If the
hemoglobin is increasing and approaching 12 g/dL, the dose should be reduced by
approximately 25%. If the hemoglobin continues to increase, dose should be
temporarily withheld until the hemoglobin begins to decrease, at which point therapy
should be reinitiated at a dose approximately 25% below the previous dose. If the
hemoglobin increases by more than 1 g/dL in a 2-week period, the dose should be
decreased by approximately 25%.
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If the increase in the hemoglobin is less than 1 g/dL over 4 weeks and iron stores are
adequate (see PRECAUTIONS: Laboratory Monitoring), the dose of EPOGEN® may be
increased by approximately 25% of the previous dose. Further increases may be made
at 4-week intervals until the specified hemoglobin is obtained.
Maintenance Dose: The maintenance dose must be individualized for each patient on
dialysis. In the US phase 3 multicenter trial in patients on hemodialysis, the median
maintenance dose was 75 Units/kg TIW, with a range from 12.5 to 525 Units/kg TIW.
Almost 10% of the patients required a dose of 25 Units/kg, or less, and approximately
10% of the patients required more than 200 Units/kg TIW to maintain their hematocrit in
the suggested target range. In pediatric hemodialysis and peritoneal dialysis patients,
the median maintenance dose was 167 Units/kg/week (49 to 447 Units/kg per week) and
76 Units/kg per week (24 to 323 Units/kg/week) administered in divided doses (TIW or
BIW), respectively to achieve the target range of 30% to 36%.
If the transferrin saturation is greater than 20%, the dose of EPOGEN® may be
increased. Such dose increases should not be made more frequently than once a
month, unless clinically indicated, as the response time of the hemoglobin to a dose
increase can be 2 to 6 weeks. Hemoglobin should be measured twice weekly for 2 to 6
weeks following dose increases. In adult patients with CRF not on dialysis, the dose
should also be individualized to maintain hemoglobin levels between 10 to 12 g/dL.
EPOGEN® doses of 75 to 150 Units/kg/week have been shown to maintain hematocrits
of 36% to 38% for up to 6 months.
Lack or Loss of Response: If a patient fails to respond or maintain a response, an
evaluation for causative factors should be undertaken (see WARNINGS: Pure Red Cell
Aplasia, PRECAUTIONS: Lack or Loss of Response, and PRECAUTIONS: Iron
Evaluation). If the transferrin saturation is less than 20%, supplemental iron should be
administered.
Zidovudine-treated HIV-infected Patients
Prior to beginning EPOGEN®, it is recommended that the endogenous serum
erythropoietin level be determined (prior to transfusion). Available evidence suggests
that patients receiving zidovudine with endogenous serum erythropoietin levels > 500
mUnits/mL are unlikely to respond to therapy with EPOGEN®.
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In zidovudine-treated HIV-infected patients the dosage of EPOGEN® should be titrated
for each patient to achieve and maintain the lowest hemoglobin level sufficient to avoid
the need for blood transfusion and not to exceed the upper safety limit of 12 g/dL.
Starting Dose: For adult patients with serum erythropoietin levels ≤ 500 mUnits/mL
who are receiving a dose of zidovudine ≤ 4200 mg/week, the recommended starting
dose of EPOGEN® is 100 Units/kg as an IV or SC injection TIW for 8 weeks. For
pediatric patients, see PRECAUTIONS: PEDIATRIC USE.
Increase Dose: During the dose adjustment phase of therapy, the hemoglobin should
be monitored weekly. If the response is not satisfactory in terms of reducing transfusion
requirements or increasing hemoglobin after 8 weeks of therapy, the dose of EPOGEN®
can be increased by 50 to 100 Units/kg TIW. Response should be evaluated every 4 to
8 weeks thereafter and the dose adjusted accordingly by 50 to 100 Units/kg increments
TIW. If patients have not responded satisfactorily to an EPOGEN® dose of 300 Units/kg
TIW, it is unlikely that they will respond to higher doses of EPOGEN®.
Maintenance Dose: After attainment of the desired response (ie, reduced transfusion
requirements or increased hemoglobin), the dose of EPOGEN® should be titrated to
maintain the response based on factors such as variations in zidovudine dose and the
presence of intercurrent infectious or inflammatory episodes. If the hemoglobin exceeds
the upper safety limit of 12 g/dL, the dose should be discontinued until the hemoglobin
drops below 11 g/dL. The dose should be reduced by 25% when treatment is resumed
and then titrated to maintain the desired hemoglobin.
Cancer Patients on Chemotherapy
Only prescribers enrolled in the ESA APPRISE Oncology Program may prescribe and/or
dispense EPOGEN® (see WARNINGS: ESA APPRISE Oncology Program).
Although no specific serum erythropoietin level has been established which predicts
which patients would be unlikely to respond to EPOGEN® therapy, treatment of patients
with grossly elevated serum erythropoietin levels (eg, > 200 mUnits/mL) is not
recommended. Therapy should not be initiated at hemoglobin levels ≥ 10 g/dL. The
hemoglobin should be monitored on a weekly basis in patients receiving EPOGEN®
therapy until hemoglobin becomes stable. The dose of EPOGEN® should be titrated for
each patient to achieve and maintain the lowest hemoglobin level sufficient to avoid the
need for blood transfusion (see recommended Dose Modifications, below).
Recommended Dose: The initial recommended dose of EPOGEN® in adults is 150
Units/kg SC TIW or 40,000 Units SC Weekly. The initial recommended dose of
EPOGEN® in pediatric patients is 600 Units/kg IV weekly. Discontinue EPOGEN®
following the completion of a chemotherapy course (see BOXED WARNINGS: Cancer).
Dose Modification
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Adults
Reduce Dose by 25% when:

Withhold Dose if:
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150 Units/kg SC TIW
Hemoglobin reaches a level needed to avoid
transfusion or
increases > 1 g/dL in any 2-week period.
Hemoglobin exceeds a level needed to avoid
transfusion. Restart at 25% below the
previous dose when the hemoglobin
approaches a level where transfusions may
be required.

Increase Dose to 300 Units/kg TIW if: Response is not satisfactory (no reduction
in transfusion requirements or rise in
hemoglobin) after 4 weeks to achieve and
maintain the lowest hemoglobin level
sufficient to avoid the need for RBC
transfusion.
Discontinue:

Weekly Dosing
Starting Dose:
Adults
Pediatrics

If after 8 weeks of therapy there is no response as
measured by hemoglobin levels or if transfusions
are still required.

40,000 Units SC
600 Units/kg IV (maximum 40,000 Units)

Reduce Dose by 25% when:

Hemoglobin reaches a level needed to avoid transfusion or
increases > 1 g/dL in any 2-weeks.

Withhold Dose if:

Hemoglobin exceeds a level needed to avoid transfusion and
restart at 25% below the previous dose when the hemoglobin
approaches a level where transfusions may be required.

Increase Dose if:
For Adults: 60,000 Units SC
Weekly
For Pediatrics: 900 Units/kg IV
(maximum 60,000 Units) if:

Response is not satisfactory (no increase in hemoglobin by ≥ 1
g/dL after 4 weeks of therapy, in the absence of a RBC
transfusion) to achieve and maintain the lowest hemoglobin
level sufficient to avoid the need for RBC transfusion.

Discontinue:

If after 8 weeks of therapy there is no response as measured by
hemoglobin levels or if transfusions are still required.

Surgery Patients
Prior to initiating treatment with EPOGEN® a hemoglobin should be obtained to establish
that it is > 10 to ≤ 13 g/dL.17 The recommended dose of EPOGEN® is 300 Units/kg/day
subcutaneously for 10 days before surgery, on the day of surgery, and for 4 days after
surgery.
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An alternate dose schedule is 600 Units/kg EPOGEN® subcutaneously in once weekly
doses (21, 14, and 7 days before surgery) plus a fourth dose on the day of surgery.18
All patients should receive adequate iron supplementation. Iron supplementation should
be initiated no later than the beginning of treatment with EPOGEN® and should continue
throughout the course of therapy. Deep venous thrombosis prophylaxis should be
strongly considered (see BOXED WARNINGS).
PREPARATION AND ADMINISTRATION OF EPOGEN®
1.

Do not shake. It is not necessary to shake EPOGEN®. Prolonged vigorous shaking
may denature any glycoprotein, rendering it biologically inactive.

2.

Protect the solution from light. Parenteral drug products should be inspected
visually for particulate matter and discoloration prior to administration. Do not use
any vials exhibiting particulate matter or discoloration.

3.

Using aseptic techniques, attach a sterile needle to a sterile syringe. Remove the
flip top from the vial containing EPOGEN®, and wipe the septum with a disinfectant.
Insert the needle into the vial, and withdraw into the syringe an appropriate volume
of solution.

4.

Single-dose: 1 mL vial contains no preservative. Use one dose per vial; do not reenter the vial. Discard unused portions.
Multidose: 1 mL and 2 mL vials contain preservative. Store at 2° to 8° C after
initial entry and between doses. Discard 21 days after initial entry.

5.

Do not dilute or administer in conjunction with other drug solutions. However, at the
time of SC administration, preservative-free EPOGEN® from single-use vials may be
admixed in a syringe with bacteriostatic 0.9% sodium chloride injection, USP, with
benzyl alcohol 0.9% (bacteriostatic saline) at a 1:1 ratio using aseptic technique.
The benzyl alcohol in the bacteriostatic saline acts as a local anesthetic which may
ameliorate SC injection site discomfort. Admixing is not necessary when using the
multidose vials of EPOGEN® containing benzyl alcohol.

HOW SUPPLIED
EPOGEN®, containing Epoetin alfa, is available in the following packages:
1 mL Single-dose, Preservative-free Solution
2000 Units/mL (NDC 55513-126-10)
3000 Units/mL (NDC 55513-267-10)
4000 Units/mL (NDC 55513-148-10)
10,000 Units/mL (NDC 55513-144-10)
40,000 Units/mL (NDC 55513-823-10)
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Supplied in dispensing packs containing 10 single-dose vials.2 mL Multidose,
Preserved Solution
10,000 Units/mL (NDC 55513-283-10)
1 mL Multidose, Preserved Solution
20,000 Units/mL (NDC 55513-478-10)
Supplied in dispensing packs containing 10 multidose vials.
STORAGE
Store at 2o to 8o C (36 o to 46o F). Do not freeze or shake. Protect from light.
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