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" DEPARTMENT OF HEALTH & HUMAN SERVICES Public Health Service

Food and Drug Administration
Rockville, MD 20852

Our STN: BL 103234/5053 | | JUN 30 m'

Amgen, Incorporated

Attention: Douglas Hunt
Director, Regulatory Affairs

One Amgen Center Drive
Thousand Oaks, CA 91320-1799

Dear Mr. Hunt:

Your request to supplement your biologics license application for Epoetin alfa to update the
Clinical Pharmacology, Indications and Usage, Precautions, Adverse Reactions, and Dosage
' Administration sections of the package insert to incorporate an alternative weekly dosing
regimen for the treatment of anemia due to chemotherapy in patients with non-myeloid
malignancies, has been approved.

All applications for new active ingredients, new dosage forms, new indications, new routes of
administration, and new dosing regimens are required to contain an assessment of the safety
and effectiveness of the product in pediatric patients unless this requirement is waived or
deferred. We are deferring submission of your pediatric studies for ages five to eighteen years
until December 31, 2004. We are also deferring submission of your pedlatrlc studies for ages
zero to less than five years until June 30, 2005.

Postmarketing Studies subject to r_eporting requirements of 21 CFR 601.70.

Your deferred pediatric studies required under section 2 of the Pediatric Research Equity Act
(PREA) are considered required postmarketing study commitments. The statuses of these
postmarketing studies shall be reported annually according to 21 CFR 601.70. These
commitments are listed below.

1. To obtain efficacy and safety data to evaluate weekly dosing of Procrit (Epoetin alfa) in -
~ children with solid tumors, Hodgkin’s disease, ALL, or NHL, in study PR99-11-
034/044 a Randomized Double-Blind, Placebo Controlled Study to Evaluate the Effect
of Weekly Procrit (Epoetin alfa) on Anemia and Quality of Life in Children with
Cancer Undergoing Myelosuppressive Chemotherapy. The study was completed on
February 18, 2004, and the final study report will be submitted by December 31, 2004.

2. To evaluate the feasibility of conducting a study, in pediatric cancer patients age O to
’ less than 5 years, and if appropriate, submit a pediatric study plan or request a waiver
by June 30, 2005.
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! We request that you submit clinical protocols to your IND, with a cross-reference letter to this
- biologics license application (BLA), STN BL 103234. Submit nonclinical and chemistry,

manufacturing, and controls protocols and all study final reports to your BLA STN

BL 103234. Please use the following designators to label prominently all submissions,

including supplements, relating to these postmarketing study commitments as appropriate:

Postmarketing Study Protocol
Postmarketing Study Final Report
Postmarketing Study Correspondence
Annual Report on Postmarketing Studies

For each postmarketing study subject to the reporting requirements of 21 CFR 601. 70, you
must describe the status in an annual report on postmarketing studies for this product. The
status report for each study should include:

. information to identify and describe the postmarketing commitment,

. the original schedule for the commitment, | |

o the status of the commitment (i.e. pending, ongoing, delayed, terminated, or
submitted), and '

. an explanation of the status including, for clinical studies, the patient accrual

rate (i.e. number enrolled to date and the total planned enrollment).

As described in 21 CFR 601.70(e), we may publicly disclose information regarding these
postmarketing studies on our Web site (http://www.fda.gov/cder/pmc/default.htm). Please
refer to the April 2001 Draft Guidance for Industry: Reports on the Status of Postmarketing
Studies — Implementation of Section 130 of the Food and Drug Administration Modernization
- Act of 1997 (see http://www.fda.gov/cber/gdlns/post040401.htm) for further information.

Please submit all final printed labeling at the time of use and include implementation
information on FDA Form 356h. Please provide a PDF-format electronic copy as well as

~ original paper copies (ten for circulars and five for other labels). In addition, you may wish to
submit draft copies of the proposed introductory advertising and promotional labeling with a
cover letter requesting advisory comments to the Division of Drug Marketing, Advertising and
Communication (HFD-42), Center for Drug Evaluation and Research, 5600 Fishers Lane/Room
8B45, Rockville, MD 20857. Final printed advertising and promotional labeling should be
submitted at the time of initial dissemination, accompanied by an FDA Form 2253.

All promotional claims must be consistent with and not contrary to approved labeling. You
should not make a comparative promotional claim or claim of superlorlty over other products
unless you have substantial evidence to support that claim.
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The regulatory responsibility for review and continuing oversight for this product transferred
from the Center for Biologics Evaluation and Research to the Center for Drug Evaluation and
Research effective June 30, 2003. For further information about the transfer, please see
http://www.fda.gov/cder/biologics/default.htm. Until further notice, however, all

" correspondence, except as provided elsewhere in this letter, should continue to be addressed
to: : :

CBER Document Control Center
Attn: Office of Therapeutics Research and Review

Suite 200N (HFM-99)
1401 Rockville Pike
Rockville, Maryland 20852-1448
This information will be included in your biologics license application file.

Sincerely,

ATTieen

Patricia Keegan, M.D.

Director »

Division of Therapeutic Biological Oncology Products
Office of Drug Evaluation VI

Center for Drug Evaluation and Research

Enclosure: Package Insert
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EPOGEN®
(Epoetin alfa)
FOR INJECTION

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 glycoprotein manufactured by recombinant DNA '

technology, has the same biological effects as endogenous erythropoietin.' 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
buifered 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, USF (pH 6.8 = 0.3). This formulation contains no '
presarvative.

Single-dose, Preservatlve-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,

B mg sodium phosphate dibasic anhydrate, 0.7 mg sodium citrate, 5.8 mg sodium chloride, and 6.8
.ieg 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), 1.8 mg sodium citrate, 8.2 mg sodium chlaride,
0.11 mg citric acid, and 1% benzyl alcohol as preservative in Water for Injection, USP (pH 6.1 x 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 [njection, USP (pH 6.1 + 0.3).

CLINICAL PHARMACOLOGY

Chronic Renal Failure Patients -

Endogenous production of erythropoietin is normally regulated by the level of tissue oXxygenation.
Hypoxia and anemia generally increase the production of erythropoietin, which in turn stimulates
erythropoiesis.? 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.? In contrast, in patients with chronic renal
failure (CRF), production of erythropoietin is impaired, and this erythropoietin deficiency is the primary
causa of their anemia.>* | - ' ' '

Ghronic 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.

. ,»/I’
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. . .

.—"‘IPOGEN(E has been shown to stimulate erythropoiesis in anemic patients with CRF, including both
patients on dialysis and those who do not require regular dialysis. 8 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.*® Because of the length of time required for etythropoiesis — several days for erythroid
progenitors 1o 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 & weeks in some
patients. Once the hematacrit 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 vaties between patients and is dependent upon the dose of EPOG EN®,
within a therapeutic range of approximately 50 to 300 Units/kg TIW.* A greater biologic response is not
observed at doses exceeding 300 Units/kg TIW.® Other factors affecting the rate and extent of
response include availability of iron stores, the baseline hematoctit, 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.

] .
Aesponse 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 recsived 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 atythropoietin 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 basaline erythropoiatin 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.'"® 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.

‘/he pharmacokinetic profile of EPOGEN® in chiidren and adalescents appears'to be similar to that of
ddults. Limited data are available in neonates.'
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' .he pharmacokinetics of EPOGEN® have nat been studied in HiV-infected patients.

A pharmacokinetic study.comparing 180 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 erythropaietin after the 2
dosing regimens during the study period. The 40,000 Units weekly regimen had a higher Cpax (3- to 7-
fold), longer Tax (2- to 3-fald), higher AUCq.1een (2- to 3-fold) of erythropoietin and lower clearance
(50%) than the 150 Units/kg TIW regimen. in anemic cancer patients, the average t;; 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 4 6.7 hours, and 20.2 4 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 T, (38 + 18 hours) and lower clearance (9.2 + 4.7 mL/l/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

“POGEN?® is indicated for the treatment of anemia associated with CRF, including patients on dialysis
ESRD) 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 symptbmatic anemia considered for therapy should have a hemoglobin less
than 10 g/dL. '

EPOGEN® is not intended for patiants 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.

EPOGEN? should be administerad under the guidance of a qualif.ied‘ physician (see DOSAGE AND
ADMINISTRATION). : . ‘

Treatment of Anemia in Zidovudine-treated HIV-infected Patients _
EPOGEN® is indicated for the treatment of anemia related to therapy with zidovudine in HiV-infacted
patients. EPOGEN?® is indicated to elevate or maintain the red blood cell level (as manifested by the
hematocrit or hemoglohin 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, hemalysis, or gastrointestinal bleeding, which should be managed
“opropriately. '

!
I
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~POGEN?®, 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 Jevel is < 500 mUmts/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 in patients with non-myeloid malignancies where

~ anemia is due to the effect of concomitantly administered chemotherapy EPOGEN" is indicated to
decrease the need for transfusnons in patients who will be receiving concomitant chemotherapy for a
minimum of 2 months. EPOGEN? is not indicated for the treatment of anemia in cancer patients due to
other factors such as iron or folate deficiencies, hemolysis, or gastromtestmal bleeding, which should
be managed appropriately. _

Reduction of Allogeneic Blood Transfusion in Surgery Palients

EPOGEN?® is indicated for the treatment of anemic patients (hemoglobin >10 to < 13 g/dlL) scheduled
to undergo electlve, noncardxac, nonvascular surgery to reduce the need for allogeneic blood
transfusions.’®® EPOGEN® is indicated for patlents at high risk for perloperahve transfusions with
significant, anticipated blood loss. EPOGEN® is not indicated for anemic patlents who are willing to
donate autologous blood. The safety of the perioparative use of EPOGEN® has been studied only in
patients who are receiving anticoagulant prophylaxis.

CLINICAL EXPERIENCE: RESPONSE TO EPOGEN“

Chronic Renal Fallure Patients

"esponse to EPOGEN?® was consistent across all studies. ln the presence of adequate iron stores
jee IRON EVALUATION), the time to reach the target hematocrit is a function of the baseline

nematocrit and the rate of hematocrit rise.

The rate of increase in hematoctit 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, aduit patients
responded with an average rate of hematocrit rise of:

Starting Dose Hematocrlt Increase '
(TIW 1V) PomtsIDay Points/2 Weeks

50 Units/kg 0.11 1.5

100 Units/kg 0.18 ' 2.5

150 Units/kg 0.25 : 3,5

Ovaer this dose range, approximately 95% of all patients responded with a clinically significant increase
in hematocrit, and by the end of approximately 2 months of therapy virtually all patients were
transfusion-independent. Changes in the %uahty of life of adult patients treated with EPOGEN® were
assessed as part of a phase 3 clinical trial.> Once the target hematocrit (32% to 38%) was achieved,
statistically significant improvements were demonstrated for most quality of life parameters measured,
including energy and activity level, functional ability, sleep and eating behavior, health status,

. satisfaction with health, sex life, well-being, psychological effect, life satisfaction, and happiness.
Patients also reported improvement in their disease symptoms. They showed &a statistically significant
increase in exercise capacity (VO2 max), energy, and strength with a sngmflcant reduction in aching,
*lzzmess anxiety, shortness of breath, muscle weakness, and leg cramps.*?!

Adult Patients on Dialysis: Thirteen clinical studies were conducted, |nvolvmg IV administration to a

" total of 1010 anemic patients on dnalysxs for 986 patient-years of EPOGEN® therapy.  In the three
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Argest 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 studly,
approximately 65% of tha patients required doses of 100 Units/kg TIW, or less, to maintain their

" hematoorit at approximately 35%. Almost 10% of patients required a dose of 25 Units/kg, or less, and
approximately 10% reqmred a dose of more than 200 Units/kg TIW to maintain their hematocrit at this
‘level.

A multncenter unit dose study was also conducted in 119 patients raceiving peritoneal dlalySIS who self-
administered EPOGEN® subcutaneously for approximately 109 patient-years of experiencs. Patlents
responded to EPOGEN“" administered SC in a manner similar to patlents receiving IV administration.”

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 é ematocrit < 27%) undergoing
petitoneal 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 statnstlcally significant rise in mean hematocrit (9.4% vs 0.8%) was
obsetved 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 flrst 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

\amtenance dose (167 Units/kg/week [n = 28]} vs 76 Umts/kg/week [n = 36]) and took longer to

Lhieve a hematocrit of 30% to 36% (median time to response 69 days vs 32 days) than patients
undergomg peritoneal dialysis.

‘Patients With CRF Not Requiring Dlalysis

Four clinical trlals were conducted in patients with CRF not on dialysis involving 181 patlents treated
with EPOGEN for approximately 67 patient-years of experience. These patients. responded fo
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 1V or SC route, with snmnlar rates of rise of hematocrit when EPOGEN®
was administered by either route. Mareover, 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. Correcting the anemia of

progressive renal failure will allow patients to remain active even though their renal function continues
to decrease.

' Zidovudine-treated HIV-infected Patients
. EPOGEN® has been studied in four placebo-controlled trials enrolling 287 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 placaho) with prestudy endogenous serum erythropoietin levels
< 500 mUnits/mL, EPOGEN® reduced the mean cumulative number of units of blood transtused
per patient hy approximately 40% as compared to the placebo group.?® Among those patients
who required transfusions at baseline, 43% of patients treated with EPOGEN® versus 18% of
placebo-treated pa’nents were transfusion-independent during the second and third months of
erapy. EPOGEN® therapy also resulted in significant increases in hematocrit in comparison
J placebo. When examining the results according to the weekly dose of zidovudine received
_ durlng month 3 of therapy, there was a statistically significant (p < 0.003) reduction in
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.,énsfusidn_requiréments in patients treated with EPOGEN® (n = 51) compared 1o placebo
treated patients (n = 54) whose mean weekly zidovudine dose was < 4200 mg/week.*

Approximately 17% of the patients with endogenaus 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 %Eg;ained increases in hematocrit and hemoglobin with doses of EPOGEN® up to 300 Units/kg
TIw == _

Responsiveness to EPOG EN® therapy may be blunted by intercurrent infectious/inflammatory episodes '
and by an increase in zidovudine dosage. Gonsequently, the dose of EPOGEN? must be titrated based
on these factors to maintain tha desired erythropoietic response. '

Cancer Patients on Cheniotherapy
Three-Times Weekly (TIW) Dosing

EPOGEN® administered TIW has been studied in a series of six placeho-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

~nd 59 patients were treated with concomitant cisplatin-containing chemotherapy regimens. Patients

pre 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 EPFOGEN® (reduction

in proportion of patients requiring transfusions) is not manifested until 2 to 6 weeks after initiation of
EPOGEN®, ' : : ‘

Pfoportion of Patients Transfused During Chemotherapy
(Efficacy Population?

Chemotherapy k On Study”

During Months 2 and 8°
Regimen '

EPOGEN®

" Placebo

EPOGEN®

Placebo

cisplatin

Regimens without

44% (15/34) "

44% (16/36)

21% (6/29)

33% (11/33)

Regimens
containing cisplatin

50% (14/28)

63% (19/30)

23% (5/22)°

' 56% (14/25)

1 Combined

47% (29/62)

53% (35/66)

22% (11/51)"°

43% (25/58)

Limited to patients remainin

placebo):

a

Unadjusted 2-sided p < 0.05

Includes all transfusions from day 1 through the end of study.

g on study at least 15 days (1 patient excluded froam EPOGEN®, 2 patients excluded from

' Limited to patients remaining on study beyond wesk 6 and includes only transfusions during weeks 5<12.
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.ensity 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 cancars 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 (36 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 waekly (n = 174) or placeho (n = 170) SC for a planned
treatment period of 16 weeks. If hemoglohin 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 and increase in EPOGEN® dose to 60,000 Units weekly. %

Results defnonstrated 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 (28%) in the placebo group (p = 0.0010) hetween
day 29 and week 16 or the last day on study. -

Comparableintensity 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
~ foarms. - _

Surgery Palienis

EPOGEN® has been studied in a placebo-controlied, double-blind trial enrolling 316 patients scheduled
for major, elective orthopedic hip or knee surgery who were expected 1o 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,*** patients were stratified into one of three groups hased on their pretreatment
hemoglobin [< 10 (n =2), > 10 to < 13 (n = 96), and'> 18 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.’® All patients received oral
iron and a low-dose post-operative warfarin ragimen.'® -

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.” 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. - 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 transiused per placebo-treated patient (1.14 units) (overall p =
0.028). In addition, mean hemoglobin, hematocrit, and reticulocyte counts increased significantly

"iqring the presurgery period in patients treated with EPOGEN®.™®
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~POGEN® 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 orthepedic hip or
knee surgery and who were not participating in an autologous program ® 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 priorto .
surgery, on the day of surgery and for 4 days after surgery). All subjects received oral iron and
appropriate pharmacoiogrc antlcoagulatlon therapy.

From pretreatment to presurgery, the mean increase in hemoglobin in the 600 Umts/kg weekly group
(1.44 g/dl.) was greater than observed in the 300 Units/kg daily group.’ The mean increase in
absolute retlculocyte count was smaller in the weekly group (0.11 x 10%mm®) compared to the daily
group (0.17 x 10%mm?). Mean hemoglobin Ievois were srmrlar for the two treatment groups throughout
the postsurgical period. : v

The erythrapoietic 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].'® The
mean number of units transfused per subject was approximately 0.3 units in both treatment groups. -

CONTRAINDICATIONS

EPOG EN® is contraindicated in patients with:

1. -Uncontrolied hypertension.

2. Known hypersensitivity to mammalian cell-derived’ products
. 3. Known hypersensitivity to Albumin (Human).

JARNINGS

Pediatric Use

The multidose preserved formulation contains benzyl alcohol. Benzyl alcohol has bean reported to be
associated with an increased incidence of neurological and other complications in premature infants

~ which are sometimes fatal.

Thrombotic Events and Increased Mortality

A randomized, prospective trial of 1265 hemodialysis patients with clinically evident cardiac disease
(rschemrc heart disease or congestive heart failure) was conducted in which patients wero a35|gned to
EPOGEN?® treatment targeted to a maintenance hematocrit of sither 42 + 3% or 30 = 3%.* 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 these studies is unknown, however, the
incidence of non-fatal 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 randomrzed to’
achieve a hematocrit of 42%.

- Increased mortality was also observed in a randomized placebo-controlled study of EPOGEN® in adult
patients who did not have CRF 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. While the extent of the population affected is unknown, in patients
at risk for thrombosis, the anticipated benefits of EPOGEN" treatment should be weighed against the
otential for increased risks associated with therapy. . ‘ :
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i a randomized, prospective trial conducted with another Epoetin alfa product, in 939 women with

metastatic carcinoma of the breast who were receiving chemotherapy, patients were assigned to

~ receive either Epoetin alfa or placebo for up to a year, in a weekly schedule, with the primary goal of -
showing improved survival and improved quality of life in the Epoetin alfa treatment arm.”® This study
utilized a treatment strategy designed 1o maintain hemoglobin levels of 12 to14 g/dL (hematocrit 36 to

42%). Increased mortality in the first 4 months after randomization was observed among 469 patients
whao received the erythropoietin product [41 deaths (8.7% mortality)] compared to 470 patients who
received placebo [16 deaths (3.4% mortality)]. In the first four months of the study, the incidence of
fatal thrombotic vascular events (1.1% vs 0.2%) and death atiributed to disease progression (6.0% vs
2.8%) were both higher in the group randomized to receive Epostin alfa as compared to placebo.
Based on Kaplan-Meier estimates, the proportion of subjects surviving at.12 months after
randomization was lower in the Epoetin alfa group than in the placebo group (70% vs 76%), p = 0.012,
log rank. However, due to insufficient monitaring and data coliection, reliable comparisons cannot be
made concerning the effect of Epoetin alfa on overall time to disease progression, progression-free
survival, and overall survival. _ :

Pure Red Cell Aplasia -
Pure red cell aplasia (PRCA), in association with neutralizing antibodies to native erythropoietin, has
been obsarved in patients treated with recombinant erythropoietins. PRCA has been reported in a
limited number of patients exposed to EPOGEN®. This has been reported predominantly in patients
~ with CRF. Any patient with loss of response to EPOGEN?® should be evaluated for the etiolagy of loss
‘of effect (see PRECAUTIONS: LACK OR LOSS OF RESPONSE). EPOGEN® should be discontinued
in any patient with evidénce of PRCA and the patient evaluated for the presence of binding and
neutralizing antibodies to EPOGEN® native erythropoietin, and any other recombinant erythropoietin
dministered to the patient. Amgen should be contacted to assist in this evaluation. In patients with
-ARCA secondary to neutralizing antibodies to erythropoietin, EPOGEN?® should not be administered
and such patients should not be switched to anothar product as anti-erythropoietin antibodies cross-
react with other erythropoietins (see ADVERSE REACTIONS).

Albumin &Human) _
EPOGEN® contains albumin, a derivative of human blood. Based on effective donor screening an ,
product manufacturing processes, it carries an extremely remote risk for transmission of viral diseases.
A theoretical risk for transmission of Creutzfeldi-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. Up to 80% of patients with CRF
have a history of hypertension.” Although there does not appear to be any direct prassor effects of
EPOGEN?®, blood pressure may tise during EPOGEN® therapy. During the early phase of treatment
when the hematocrit is increasing, approximately 26% of patients on dialysis may require initiation of,
orincreases 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
ireated 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
IPOGEN®. A clinically significant decrease in. hemoglobin may not be observed for several weeks.
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1s recommended that the dose of EPOGEN® be decreased if the hemaglobin increase exceeds 1
a/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 hemoglobin should be managed carefully, not to exceed
12 g/dL (see THROMBOTIC EVENTS).

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 prasence 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 risa of hemoglobin is uncertain, it is
recommended that the dose of EPOGEN® be decreased if the hemaglobin increase exceeds 1_g/dL in
- any 2-week period. :

Thrombatic Events: During hemodialysis, patients treated with EPOGEN® rnay require increased
anticoagulation with heparin to prevent clotting of the artificial kidney (see ADVERSE REACTIONS for
more information about thrombotic events).

Aher 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 narmal 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,

PRECAUTIONS | . |

The parenteral administration of any biologic product should be attended by appropriate
precautions in case allergic or other untoward reactions oceur (see CONTRAINDICATIONS).

In clinical trials, while transient rashes were occasionally ohserved concurrently with EPOGEN®
therapy, na 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, myslodysplastic
- syndromes, or hypercoagulable disorders). _ -

/some female patients, menses have resumed following EPOGEN® therapy; the poséibility of
pregnancy should be discussed and the need for contraception evaluated.
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".ématology : o
Exacerbation of porBhyria 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 1o 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 HIV-infected and
cancer patients should have hemoglobin measured once a week until hemoglobin has been stabilized,
and measured periodically thereatfter. g :

-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 -
2. Underlying infectious, inflammatory, or malignant processes.
3. Oceult blood loss. _
Underlying hematologic diseases (ie, thalassemia, refractory anemia, or other myelodysplastic
disorders). :
Vitamin deficiencies: Folic acid or vitamin B12.
Hemolysis. '
Aluminum intoxication.
Osteitis fibrosa ¢ystica. _ : '
Pure.Red Cell Aplasia (PRCA): In the absence of ancther etiology, the patient should be evaluated -
for evidence of PRCA and sera should be tested for the presence of antibodies to recombinant
erythropaoistins. ’

LCoNao

-

. Iron Evaluation . ‘
During EPOGEN?® therapy, absolute or functional iron deficiency may develop. Functional iron .
deficiency, with normal ferritin levels but fow 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 evaluated. Virtually all patients will
eventually require supplemantal iron to increase or maintain transferrin saturation to levels which will
adequatald! support erythropoiasis stimulated by EPOGEN®. ‘Al 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

'p evidence of interaction of EPOGEN® with other drugs was observed in the course of clinical trials.
) ,

: Carcinoqenesis, Mutagenesis, and Impairment of Fertim _
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_arcinogenic potential of EPOGEN® has not been evaluated. EPOGEN?® does not induce bacterial
gene mutation (Ames Test), chiromosomal aberrations in mammalian cells, mlcronuclel in mice, or
gene mutation at the HGPRT locus. In female rats treated IV with EPOGEN®, there was a trend for
sllghtly increased fetal wastage at doses of 100 and 500 Units/kg.

Pregnancy Category C ' '
EF’OGEWS 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 weres 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 1V, thsre 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 EFOGEN® 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 Umts/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 i in
Jman milk, caution should be exercised when EPOGEN® is. admmlstered to a nursing woman.

Pediatric Use
See WARNINGS: PEDIATRIC USE,

Pediatric Patients on Dialysis:. FPOGEN® 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 assoclated with CRF
requiring dialysis. Safety and effectiveness in pediatric patients less than 1 month old have not been
established (see CLINICAL EXPERJENCE: CHRONIC RENAL FAILURE, PEDIATRIC PATIENTS ON
DIALYSIS). The safety data from these studies show that there is hol increased risk to pediatric CRF
patients on dialysis when compared to the safety profile of EPOGEN in adult CRF patients (see
ADVERSE REACTIONS and WAHNINGS) Published literature®** provides supportive evidence of
‘the safety and effectlveness of EPOG EN®in pediatric CRF patlents on dialysis.

Pediatric Patients Not Requiring Dialysis: Published literature®™** has raported 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 hemoglobln
and hematocnt were observed with teductions in transfusion reqwrements

Pediatric HIV-infected Patients: Published literature % has reported the use of EPOGEN® in 20
zidovudine-treated anemic HIV-infected pediatric patlents ages 8 months to 17 years, treated with 50 to
400 Units/kg SC or IV, 2 to 3 times per week. Increases in hemoglobln levels and in reticulocyte
counts, and decreases in or elimination of blood transfusions were observed.. S
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bdliatric Cancer Patients on Chemotherapy: Published literature™ * has reported the use of
EPOGEN?® in approximately 64 anemic pediatric cancer patients ages 6 months to 18 years, treated
with 25 to 300 Units/kg SC or IV, 3 to 7 times per week. Increases in hemoglobln and decreases in
transfusion requirements were noted.

Chronic Renal Failure Patients

Patients with CRF Not Requiring Dialysis

Blood pressure and hemaglobin should be monitored no less frequently than for patients maintained on
dialysis. Renal function and fluid and electrolyte balance should be closely monitored, as an improved
sense of well-being may obscure the need to initiate dialysis in some patients.

Hematology

Sufficient time should be allowed to determine a patuent’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 hemogiobin '

In order to avoid reaching the suggested target hemoglobin too rapidly, or exceeding the suggested
target range {(hemoglobin of 10.¢g/dL to 12 g/dL), the guidelines for dose and frequency of dose
adjustments (see DOSAGE AND ADMINISTRATION) should be followed.

For patients who respond to EPOGEN® with a rapid increase in hemoglobin (eg, more than 1 g/dL in
- any 2-week periad), the dose of EPOG EN® should be reduced because of the possible assocuation of
" excessive rate of rise of hemoglobm with an exacerbation of hypertension,:

he elevated bleeding time charactenstlc of CRF decreases toward normal after correction of anemia
in adult patients treated with FEPOGEN®. Heduction 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 target 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
- atregular lntervals

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. call counts. While these

changes were statistically significant, they were not clinically significant and the values remained within -
‘normal ranges. '

In patlents with CRF, serum chemistry values (Includlng 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, creatlmne 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 cthanges were statlstlcally significant, the values remainad
» wnthm the ranges normally seen in patients with CHF

'ixet
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.<s the hemoglobin increases and patients expetience an improved sense of well-being and quality of
life, 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,
hyperkalemla 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 dlalySIS

Dialysis Management

Therapy with EPOGEN® results in an increase in hematocrit and a decrease in plasma volume which

_ could affect dialysis efficiency. In studles to date, the resulting increase in hematocnt did not appear to
adversely affect dialyzer function®'® or the efficiency of high flux hemodialysis.'' 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 dmlysns, 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 prescnptlon

Information for Patients :

_In those situations in which the phySICIan determines that a home dlalySIS patient can safely and
effectively self-administer EPOGEN?®, the patient should be instructed as to the proper dosage and
administration. Home dialysis patlents should be referred to the full “information for Home Dialysis
Patients” insert; it is not a disclosure of all possible effects. Patients should be-informed of the signs
and symptoms of allergic drug reaction and advised of appropriate actions. |f home use is prescribed

ir a home dialysis patient, the patient should be thoroughly instructed.in the importance of proper
Asposal and cautioned against the reuse of needles, syringes, or drug product. A puncture-resistant
container for the disposal of used syringes and needles should be available to the patient. The full
container should be disposed of according to the directions provided by the physician.

Renal Function '

In adult patients with CRF not on dialysis, renal function and fluid and electrolyte balance should be

, 'closely monitored, as an improved sense of well-being may obscure the need to initiate dialysis in

~ some patients. In patients with CRF not on dialysis, placeba-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 ¢reatinine clearance were not significantly.
different in patients treated with EPOGEN® compared with placebo-freated patients. Analysis of the
slope of 1/serum creatinine versus tlme plots in these patients indicates no sngmflcant change in the

. slope after the initiation of EPOGEN therapy. :

Zidovudine-treated HIV-infected Patients

Hypertension '

Exacerbation of hypertensuon 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 experiencad by a patient treated with EPOGEN®.*®

Cancer. Patients on Chemotherapy
' 'Hyperte'nsion
)

b4

-
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.1yperten510n assomated with a sxgmflcant increase in hemaoglobin, has been noted rare {3/ in patients
treated with EPOGEN®, Nevertheless, bload pressure in patients ireated with EPOGEN" should be
monitored carsfully, 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.

In a placebo-controlled, double-blind trial utlllzmg weekly dosmg 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; Thrombotic Events and Increased
'Vlortallty)

ha placebo controlled double-blind trial utllxzmg 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-tfreated
patients had clinically significant thrombotic events (deep vein thrombosis requiring anticoagulant
therapy, embalic 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 hemoglohin measurements in this study.

Tumor Growth Factor Patential :
EPOGEN? is a growth factor that primarily stimulates red cell production. Erythropoietin receptors are
also found to be present on the surface of some malignant cell lines and tumor biopsy specimens. -
Howaever, it is not known if these receptors are functional. A randomized, placebo-controlled trial was
conducted in 224 ¢hemotherapy-naive, non-anemic patients with small cell lung cancer receiving
cisplatin-based combination chemotherapy, to investigate whether the concurrent use of EPOGEN®
stimulated tumor growth as assessed by impact on overall response rate.  Patients were randomized
1o receive EPOGEN® 150 Units/kg or placebo subcutaneously TIW during chemotherapy The overall
response rates, after 3 cycles of treatment, were 72% and 67%, in the EPOGEN® and placeho arms,
“trespectively. ‘Complete response rates (17% vs. 14%) and median overall survival (10.5 mos vs. 10.4
mos) were similar in the EPOGEN® and placebo arms.?

Two additional studies explored effect on survival and/or progressnon of admmlstratlons of other
exogenous erythropouetm with higher hemoglobin targets.
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.1 a randomized, placebo-controlled study using another Epoetin alfa product, conducted in 939
women with metastatic breast cancer, study drug dasing was titrated to attempt to mainfain
hemoglobin levels between 12 and 14. g/dL At four months, death attributed to disease progression
was higher (6% vs 3%) in women receiving Epoetin alfa. Overall mortality was significanily higher at -
12 months in the Epoetin alfa arm (See WAHN!NGS Thrombotic Events and Increased Mortality).

In a randomized, placebo-controlled study usmg Epoetin beta conducted in 351 patients with head and
neck cancer, study drug was administered with the aim of achieving a hemoglobin level of 14 g/dL in
women and 15 g/dL in men. Locoregional progression-free survival was significantly shorter (meduan
PFS: 406 days Epoetin heta vs 745 days placebo, p = 0.04) in patients receiving Epoetin beta,®

Thers is insufficient information to establlsh whether use of Epoet-ln products, including EPOGEN®,
have an adverse effect on time to tumor progression or progression-free survival.

These triais permitted or required dosing to achieve hemoglohin of greater than 12 g/dL. Until further
information is available, the recommended target hemoglobin should not exceed 12 g/dL in men or
‘women.

Surgery Patients

Thrombetic/Vascular Events , _ ' .

In perioperative clinical trials with orthopedic patients, the overall incidence of
“thrombotic/vascular events was similar in Epoetin alfa and placebo-treated patients who had a
pretreatment hemoglobin of > 10 g/dL to < 13 g/dL.. In patients with a hemoglobin of > 13 g/dL
treated with 300 Units/kg of Epoetin alfa, the possihility that EPOGEN? treatment may be

)ssocnated thl; an increased risk of postoperative thrombotle/vascular events cannot be

éxcluded.’

In one study in which Epoetin alfa was administered in the perioperative period fo patients undergoing
coronary artery bypass graft surgery, there were 7 deaths in the group treated with Epoetin alfa (n =
126) and no deaths in the placebo-treated group (n = 56). Among the 7 deaths in the patients treated
with Epoetin alfa, 4 were at the time of therapy (between study day 2 and 8). The 4 deaths at the time
of therapy (3%) were associated with thrombatic/vascular events. A causative role of Epoetin alfa
cannhot be excluded (see WARNINGS).

Hypertension :
‘Blood presstre may rise in the perioperative period jn patients being treated with EPOGEN‘E
Therefore blood pressure should be monttored carefully. '

ADVEFISE HEACTIONS

Immunogenicity

As with all therapeutic proteins, there is the potential for immunogenicity. The observed incidence of
antibody positivity in an assay may be influenced by several factors including assay methodology,
sample handling, timing of sample collection, concomitant medlcatnonsﬁ and underlying disease. For
these reasans, comparison of the incidence of antibodies to EPOGEN® with the incidence of antibodies
to other products may be misleading. ' ‘

A few cases of PRGA assomated with antibodies with neutralizing activity have been reported in
Jatients recelvmg EPOGEN?® (see WARNINGS: PURE RED CELL APLASIA). These cases were

/bserved in patients treated by either SC or IV routes of administration and occurred predommantly in
CRF patients.
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<hronic Renal Failure Patients : _
 EPOGEN?® is generally well-tolerated. The adverse events reported are frequent sequelae of CRF and
are not necessarily attributable to EPOGEN® therapy. 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: : '

Percent of Patients Reparting Event

" Patients Treated With Placebo-treated

EPOGEN® Patients

Event (n = 200) . (n = 135)
Hypertension 24% ' T 19%
Headache 16% ' 12%
Arthralgias 1% ‘ 6%
Nausea 11% ) %
Edema : 9% : 10%
Fatigue % . 14% )
Diarrhea ' 9% 6%

~ Vomiting - 8% ' 5%

,é)hesi Pain 7% 9%
Skin Reaction 7% 12%

(Administration Site) | | .
Asthenia T © 12%
Dizziness 7% | 3%
Clotted Access 7% : 2%

Significant adverse events of concern in patients with CRF treated in double-blind, piacebo—controlled
trials occurred in the following percent of patients during the blinded phase of the studies:

Seizure ' 1.1% S 1.1%
CVA/TIA 0.4% - | 0.6%
M 0.4% 1.1%
Death 0% 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 fraquently reported advatse 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
‘2ss than 0.10 events per patient per year. . : . - ' '

H
/
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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 myailgias. _ _

In all studies analyzed to daie, EPOGEN® administration was generally well-tolerated, irrespective of
the route of administration. : : _

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: abdominai 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 an 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, h pertensive adverse events were
not reported at an increased rate in the group treated with EPOGEN™ (150 Units/kg TIW) relative to the
“placebo group. - : ‘ : :

Sefzures: There have heen 47 seizures in 1010 patients on dialysis treated with EPOGEN® in clinical

lials, 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 subsaquent 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.**! ‘

Thrombotic Events: In clinical trials where the maintenance hematoctit was 35 = 3% on EPOG EN®,
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 aftack, and pulmenary 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 ata
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
(89% vs 29%, p < 0.001), and myocardial infarctions, vascular ischemic events, and venous
‘thrombosis were iricreased, in patients targeted to a hematocrit of 42 x 3% compared to those
maintained at 30 x 3% (see WARNINGS). , :

In patients treated with commercial EPOGEN®, there have been rare reports of serious or unusual
thrombo-embolic events including migratory thrembophlebitis, microvascular thrombosis, pulmonary

embolus, and thrombosis of the retinal artery, and temporal and renal veins. A causal relationship has
not been established. o . _

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
jeen observed rarely and when reported have generally been mild and transient in nature.
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.here 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 reactivity may occas:onal!y
be associated with EPOGEN® therapy. If an anaphylactoid reaction occurs, EPOGEN® should
be immediately discantinued and appropriate therapy initiated.

Zidovudine-treated HIV-infected Pat:ents

Adverse events reported in clinical trials with EPOGEN® in zidavudine-treated HIV-infected patients
were consistent with the progression of HIV infection. In double-blind, placebo-controlled studies of 3
months duration involving approximately 300 zidovudine-treated HlV-infected patients, adverse events
w:th an incidence of > 10% in either patients treated with EPOGEN® or placebodreated patients were:

Percent of Patients Reporting Event

Patlents Treated With Placeho-treated
EPOGEN? S Patients

Event _ (n=144) (n = 153)
Pyrexia 38% - 20%
’Fatigue 26% » 31%
Headache | 19% 4%
Cough | 18% | 14%
Diarthea 16% : 18%
Rash 16% - . 8%
Congestion, 15% : o 10%
Respiratory |

~Nausea 15% 12%
Shortness of Breath 14% . 183%
Asthenia 11% ' 14%
Skin Reaction, 10% | 7%

~ Medication Site |

Dizziness : % S 0%

In the 297 patients studled EPOGEN® was not associated with significant lncreases in opportumstlc
infections or mortality.* In 71 patients from this gro £ treated with EPOGEN® at 150 Units/kg TIW,

serum p24 antigen levels did not appear to increase.”” Preliminary data showed no enhancement of
HIV rephcatlon in infected cell lines in vitro.?® ' '

Peripheral white blood cell and platelet counts are unchanged following EPOGEN® therapy.

19
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! : .
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 EFOG EN® and one was
treated with placebo (EF’OGEN“o vehicle alone). Both patients had positive immediate skin tests
against their study medication with a negative saline conirol. The basis for this apparent pre-existing
-hypersensitivity to components of the EPOGEN® formulation is unknown, but may be related to HIV-
induced immunosuppression or prior exposure to blood products. :

Seizures: In double-blind and open-label trials of EPOGEN® in zidovudine-treated HIV-infected
patients, 10 patients have experienced seizures.® In general, these seizures appear to be related to
- underlying pathology such as meningitis or cerebral neoplasms, not EPOGEN?® therapy.

Cancer Patients on Chemotherapy ' _

Adverse experiences reported in clinical trials with EPOG EN® administered TIW in cancer patients
were consistent with the underlying disease state. 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 Placebo-treated

o EPOGEN® Patients
'Eyen’t (n = 63) : (n = 68)
Pyrexia C 29% 19%

- Diarrhea 21%* _ 7%
Nausea R FA 32% -
Vomiting 17% ' 15%
Edema 17%* | 1%
Asthenia . 13% ' 16%
Fatigue 13% 15%
Shortness of Breath 13% - 9%

. Parasthesia - 1% | &%
Upper Respiratory 11% ' 4%
Infection | | ' |
Dizziness - 5% 12%
Trunk Pain | - 3% _ , 16%

-

Statistically significant

Although some statistically significant differences hetween patients being treated with EPOG EN® and
placebo-treated patients were noted, the overall safety profile of EPOG EN® appeared to be consistent
with the disease process of advanced cancer. During double-blind and subsequent open-label therapy
» which patients (n = 72 for total exposure to EPOGEN®) were treated for up to 32 weeks with doses
4s high as 927 Units/kg, the adverse experience profile of EPOG EN® was consistent with the
- progression of advanced cancer. '
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Three hundred thirty-three (333) cancer patients enralled in a placebo-controlled double-blind, trial
utilizing Weekly dosing with EPOG EN® for up to 4 months were evaluable for adverse events,

FAX NO. 8054801330

The |ncndence 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 followmg table:

Percent of Patients Fleportmg Event

Patients Patients Placebo- Patients Patients
Treated Treated treated Treated Treated
With With Patients With With
EPOGEN® EPOGEN® EPOGEN® EPOGEN®
300 UKkg 100 Ukg | . | 600 uncg 300 Ulkg
Event (n=112) (n =101) (n = 103) (n =73) (n =72)
Pyrexia 51% 50% 60% 47% 42%
Nausea 48% 43% 45% 45% 58%
Constipation - 43% 42% 43% 51% 53%
 Skin Reaction, 25% 19% 22% 26% 20%
~ Medication '
Site
 Jomiting 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% M% 21%
Urinary Tract . 12% 3% 11% 11% 8%
Infection ' | : _
‘Hypertension 10% 11% 10% 5% 10%
Diarrhea 10% 7% 12% 10% 6%
Deep Venous . 10% 3% 5% 0%° 0%*
‘Thrombosis ‘
Dyspepsia 9% 1% 6% 7% 8%
Anxiety | 7% 2% 11% 1% 4%
Edema . 6% 1% 8% 11%. 7%

Study including patients undergomg orthopedic surgery treated with EPOGEN“b or placebo for 15 days
Study including patients undergoing orthopedic surgery treated with EPOGEN® 600 Umts/kg waekly x 4 or 300

Umts/kg daily x 15
Deten’nmed by clinical symptoms

P.
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~hrombotic/Vascular Events: In three double-blind, placeho-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."****® 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 thai in the placebo-treated group (11%
vs 6%). Thisfinding was attributable to the difference in DVT rates observed in the subgroup of
patients with pretreatment hemoglobin > 13 g/dL. However, the incidence of DVTs was within the
range of that reported in the literature for orthopedic surgery patients.

In the arthopedic 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.® '

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 Epaetin alfa-treated patients that were
associated with a thrombotic/vascular event. A causative role of Epoetin alfa cannot be excluded (see
WARNINGS).- '

OVERDOSAGE"

The maximum amount of EPOGEN® that can be safely administered in single or multiple doses has not
~een determined. Doses of up to 1500 Units/kg TIW for 3 to 4 weeks have been administered to
Aults without any direct toxic effects of EPOGEN® itself.? Therapy with EPOGEN® can result in

polycythemia if the hemoglobin is not carefully monitored and the dose appropriately adjusted. If the
suggested target range is exceeded, EPOGEN® may be temporarily withheld until the hemoglobin
returns to the suggested target range; EPOGEN® therapy may then be resumed using a lower dose

- (see DOSAGE AND ADMINISTRATION). If polycythemia is of concern, phlebotomy may be indicated
to decrease the hemoglobin. ' :

- DOSAGE AND ADMINISTRATION

Chronic Renal Failure Patients v

The recommended range for the starting dose of EPOGEN® is 50 to 100 Unlts/kg TIW for aduit
patients. The recommended starting dose for pediatric CRF patients on dialysis is 50 Units/kg TIW. -
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. The dosage of EPOGEN® must be individualized to maintain
the hemoglobin within the suggested target range. At the physician's discretion, the suggested target -

hemoglobin range may be expanded to achieve maximal patient benefit.

EPOGEN® may be given either as an IV or SC injection, In patients on hemodialysis, EPOGEN®

usually has besen administered as an IV bolus TIW. 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 themsslves ejther an IV. or SC injection. The table below. -
_pvides general therapeutic guidslines for patients with CRF: ' '

 Starti ng Dose:
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Adults 50 to 100 Units/kg TIW; IV or SC
Pediatric Patients ' 50 Units/kg TIW; 1V or SC

Reduce Dose When: 1. Hgb approaches 12 g/dL of,
‘ ‘ 2. Hgb increases > 1 g/dL in any 2-week period

Increase Dose If: - Hgb does not increase by 2 g/dL after 8
' ‘ " weeks of therapy, and hgb is below suggested
target range

Maintenance Dose: ~ Individually titrate
Suggested Target Hgb Range: 10 g/dL to 12 g/dL -

During therapy, hematological parameters should be monitored regularly (see LABORATORY
MONITORING). :

Pretherapy lron 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 transfernn
saturation to levels that will adequately support erythropoiesis stimulated by EPOGEN®.

Dose Adjustment: The dose should be adjusted for each patient to achieve and malnlam a target .
gmoglobm not to exceed 12 g/dL.

Increases in dose should not be made more frequently than once a month. [f the hemoglobin is
increasing and approaching 12 g/dL, the dose should be reduced by approximately 26%. 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%.

- i the increase in the hemoglobin is less than 1 g/dL over 4 weeks and iron stores are adequate (see
_ '_PHECAUTIONS Laboratory Monitoring), the dose of EPOGEN® may be increased by approximately
25% of the. prewous dose. Further increases may be made at 4- week mtervals until the specified”

hemoglobm is obtamed

Mamtenance Dose: The maintenance dose must be individualized for each patient on dla!ysus 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 1o
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) admlmstered in divided doses (TIW or BIW),
respectively to achieve the target range of 30% to 36%.

- If the hemoglobin remains below or falls below, the suggested target range, iron stores should be re-
faluated. If the transferrin saturation is less than 20%, supplemental iron should be administered. 1f
. /la transferrin saturation is greater than 20%, the dose of EPOGEN® may be increased. Such dose

~ Wcreases should not be made more frequently than once a month, unless clinically indicated, as the
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. .dsponse time of the hemoglebin 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 GRF not on
dialysis, the maintenance dose must also be individualized. EPOG EN® doses of 75 to 150 '
Units/kg/week have been shown to maintain hematacrits of 36% to 38% for up to 6 months.

Lack or Loss of Response: Over 95% of patients with CRF responded with clinically significant
increases in hematocrit, and virtually all patients were transfusion-independent within approximately 2
months of initiation of EPOGEN® therapy.

If a patient fails to respond or maintain a response, other etjologies should be considered and
evaluated as clinically indicated (see PRECAUTIONS: LACK OR LOSS OF RESPONSE).

Zidovudine-treated HIV-infected Patients _ ’

~ Prior to beginning EPOGEN?, it is recommended that the endogenous serum erythropoietin leve| 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®,

'Startihg 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.anlVorSC |n]ect|on TIW for 8 weeks. For pediatric patients, see PHECAUTIONS PEDIATHIG
USE.

Increase Dose: During the dose adjustment phase of therapy, the hemoglobin should be monitored

- pekly. If the response is not satisfactory in terms of reducmg transfusion requirements or increasing
.1emoglobin after 8 weeks of therapy, the dose of EPOGEN® can be increased by 50 ta 100 Units/kg

TIW. Response should be evaluated every 4 to 8 weeks thereafter and the dose adjusted accordlngly
by 50 to 100 Units/kg increments TIW. If patients have not responded satisfactorily to an EPOGE

dose of 300 Units/kg TIW it is unlikely that they will respond to higher doses of EPOGEN®,

Maintenance Dase: After attainment of the de5|red 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
inflammatary spisodes. If the hemoglobin exceeds 13 g/dL, the dose should be discontinued until the
hemoglohin draps to 12 g/dL.. The dose should be reduced by 25% when treatment is resumed and
then titrated to mamtam the desired hemaogiobin.

Cancer Patients on Chemotherapy

Aithough no specific serum erythropmetm 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 The hamogiobin should be :
“monitored on a weekly basis in patients receiving EPOGEN?® therapy until hemoglobin becomes stable.
The dose of EPOGEN® should be titrated to maintain the desired hemoglobin.

: 3 Two EPOGEN® dosing regimens may be used in adults; 150 Units/kg SC TIW or 40,000 Unlts sC
Weekly. For pediatric patients, see PRECAUTIONS: PEDIATRIC USE.

TIW Dosing
'_;arting Dose:; S
Adults | 150 Units/kg SC TIW
Pediatric Patients - See PRECAUTIONS: Pediatric Use
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Reduce Dose by 25% when: 1. Hgb approaches 12 g/dL. or, _
. 2. Hgb increases > 1 g/dL in any 2-week period

Withhold Dose if: Hgb exceeds 13 g/dL, until the hemaglobin falls 1o 12 g/dL,
' : , and restart dose at 25% below the previous dose

Increase Dose to 300 Units/kg TIW if; response is not satisfactory [no reduction in transfusion
requirements or rise in hemoglobin] after 8 weeks

Suggested Target Hghb Range: 10 g/dL to 12 g/dL

During‘ therapy, hematological parameters should be monitored regularly (see PRECAUTIONS:
Labaratory Monitoring). ' v

Weekly Dosing

¢ The starting dose in adults is 40,000 Units SC Weekly. If after 4 weeks of therapy, the hemaoglobin
has not increased by 2 1 g/dL, in the absence of RBC transfusion, the EPOGEN® dose should be
increased to 60,000 Units Weekly. o
o If patients have not responded satisfactorily to an EPOGEN? dose of 60,000 Units Weekly after 4
 weeks, it is unlikely that they will respond tc higher doses of EPOGEN®.. _
"«  EPOGEN® should be withheld if the hemoglobin exceeds 13 g/dL and reinitiated with a 25% dose
reduction when the hemoglobin is less than 12 g/dL. '
| if EPOGEN?® treatment produces a very rapid hemoglobin response (e.g., an increase of more than

1 g/dL in any 2-week period), the dose of EPOGEN" should be reduced by 25%.

Surgery Patients ‘ : :
Prior to initiating treatment with EPOGEN® a hemoglobin should be obtained to establish that it is > 10
“to< 13 g/dL."® The recommended dose of EFOGEN® is 300 Units/kg/day subcutaneously for 10 days
before surgery, on the day of surgery, and for 4 days after surgery.

" An alternate dose schedule is 600 Units/kg EPOG EN® subcutaneous!gy in once weekly doses (21, 14,
and 7 days hefore surgery) plus a fourth dose on the day of surgery." :
All patients should receive adequate iron supplementation. lron éupplerhe,ntation should be initiated no
later than the beginning of treatment with EPOGEN?® and should continue throughout the course of
therapy, ‘ : : - - :

PREPARATION AND ADMINISTRATION OF EPOGEN® -
1. Do not shake. Itis not necessary to shake EPOGEN®, .Prolonged vigorous shaking may denature
any glycoprotein, rendéring it biologically inactive.

2. 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. Hemo&e 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.
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.. - Single-dose: 1 mL vial contains no preservative. Use one dose per vial; do not re-enter 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 lnltlai 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% saodium chioride 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 lmectlon site discomfort. Admixing is not
necessary when using the multidose vials of EPOGEN contalmng benzyl alcohol.

HOW SUPPLIED
EPOGEN®, containing Epoetin alfa, is available in the following packages:

1 mL Single-dose, Preservative-free Solution
2000 Units/mk. (NDC 55513-126-10)
3000 Units/mL (NDC 55513-267-10)
4000 Units/mL (NDC 55513-148-10)
110,000 Units/mL (NDC 55513-144-10)
. 40,000 Units/mL (NDC 55513-823-10) -
Supplied in dispensing packs containing 10 single-dose vials.

~ jmL 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 2°to 8 ° C (36 °to 46° F). Do not freeze or shake.
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1.0 Executive Summary
1 _ Recommendation on Clinical Approvability 7

' Based on the review of this supplemental BLA. I recommend approval of the sponsor o
proposed alternative weekly dosing of Epogen/Procrit for treatment of anemia in patients with non-

myeloid malignancies where anemia is due to the effect of concomitantly administered ’
chemotherapy. This recommendation is based on the results of a multicenter double-blinded placebo
controlled trial (PR98-27-008) enrolling 344 anemic caricer patients undergoing chemotherapy who
were randomized to Epogen/Procrit 40,000 IU/week (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 an RBC transfusion during the first 4 weeks of therapy, study drug was -

' increased to 60,000 IU/week. Forty-three percent of patients in the Epoetin alfa group required an
increase in their dose to 60,000 TU weekly. Results demonstrated that Epogen/Procrit 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/Procrit group received transfusions compared to
48 patients (28%) in the placebo group (p=0.0010) between day 29 and week 16 or the last day on-
study. The safety data from this study were comparable between the placebo and the treatment arm.
In addition, the sponsor also conducted pharmacokinetics/pharmacodynamic study, which showed
although serum levels of erythropoietin were higher with the 40,000 TU weekly dosing regimen as
- compared to the 150 IU/kg three times/week regimen, the two regimens produced similar
pharmacodynamic responses, i.e., changes in percent reticulocytes, hemoglobin, and red cells.

Review of Literature suggests frequent use of once weekly dosing in clinical practice. It is
~ossible that a 3 times-per-week dosing regimen is inconvenient in many patient populations,
Hluding oncology patients, largely because of shift in medical practice towards outpatient _
management of patients. A major benefit of once-a-week dosing would be to reduce the frequency of
- injections and thereby improve compliance. The published studies also bolster the argument that
once weekly dosing of epoetin alfa is safe and effective. )

1.2 Recommendation on Postmarketing Actions

The specific post-marketing studies deemed necessary for this particular supplement are the
pediatric usage studies. The sponsor has already agreed to perform post-marketing studies and devise
risk management strategy related to increased thrombotic events and potential for tumor growth for
another related and recently approved supplement STN 103234/5033. '

1.3.  Summary of Clinical Findings
1.3.1 Overview of Clinical Review

The data regarding safety and efficacy of alternative once weekly dosing are primarily and
exclusively derived from . _ PR98-27-008, which was a Phase 3 placebo-
controlled trial in 344 cancer patients receiving chemotherapy and has been reviewed in detail in the
subsequent sections. ' '

: The submission also includes another clinical study EPO-CA-480 that is listed as supportive
idy. This study, discontinued due to slow enrollment, was an open label study that compared no
treatment (control group, n=11) with epoetin alfa for 12 weeks administered in the following



regimens: 150 TU/kg t.i-w (n=9), 300 IU/kg q.w.(n=5), 450 TUrkg q.w.(n=10), 600 IU/kg q.w. (=9),
and 900 IU/kg q.w. (n=10), in subjects with cancer who were receiving platinum-containing o
hemotherapy for the treatment of solid tumors. Because of the small sample size, data analysis was

)cgated to descriptive statistics and no meaningful conqlusioﬁs can be drawn from this study.

The pharmacokinetics/pharmacodynamic data are derived from study EPO-PHI-377, which
was a Phase 1 pharmacokinetic/pharmacodynamic study to compare once-weekly and three-times
weekly dosing in anemic cancer patients as well as in healthy volunteers. Safety: data in this small
population of cancer patients in the study (n=15 Epoetin alfa 150 units/kg 3 times/week for six
weeks; n=18 Epoetin alfa 40,000 units weekly for 6 weeks) were also provided which have been
included in this review in section 6.2. A supportive pharmacokinetic/pharmacodynamic study (EPO-
PHI-370) was also included in the submission. In depth review of both these PK/PD studies can be
found in Dr. Hong Zhao’s clinical pharmacology review and is not included here.

A

1.3.2 Efficacy

The randomized study PR-98-008 provides statistical support for the sponsor’s efficacy claim.

‘The primary efficacy analysis was based on the difference in proportions transfused in the ITT -
population. The pre-specified non-responder (worst outcome) imputation analysis of subjects receiving -
RBC transfusions after treatment Day 28 until individual study end (i.e., subjects who withdrew from
the study after Day 28, with no transfusion after Day 28, were imputed as transfused for purposes of
analysis) yielded an estimated difference of —9.8% favoring the Epoetin alfa group which reached
borderline statistical significance (p=0.069, Chi square test; p=0.071, adjusted logistic regression -
analysis). The sponsor presented a rationale that indicated that using non-responder imputation biased
. results against the Epoetin alfa treatment arm. This reviewer agrees with the sponsor’s rationale

‘scnbed in section 3.3.2. Five additional imputation analyses, previously discussed with the FDA,
. £lded estimated rate differences that consistently favored the Epoetin alfa group over the placebo
group (range: -10% to ~16%); all of these differences were statistically significant (p <0.05). In addition
to the primary endpoint described above, the mean number of RBC units transfused/subject in the
placebo group (1.5 units) was approxithately twice that in the Epoetin alfa group (0.7 units). The mean
number of units transfused/ 100 subject-days was statistically significantly lower in the Epoetin alfa
group (p <0.0001). There was a marked difference in hemoglobin response, favoring the Epoetin alfa

13.3  Safety

. The safety findings in the pivotal trial PR98-008, which was a randomized double blinded
placebo controlled trial, showed that the safety profile in the treatment arm was comparable to the
placebo group. Specifically, the survival experience was similar in the two study arms. Although
there were more subjects with thrombotic vascular events (TVE’s) in the Epoetin alfa group than in
the placebo group (i.e., 10 vs.6), examination of TVE occurrences in relation to hemoglobin
increases did not reveal any consistent findings suggesting a relationship between the rate of
hemoglobin rise and the occurrence of TVE’s, although exploration of this relationship was
hampered by the limited schedule of hemoglobin measurements in the study.

1.3.4 Dosing, Regimen, and Administration

Y, Epogen/ Procrit is already approved for three times/week dosing. Under this Supplement, it
 ¢an also be used in the following manner. The starting dose is 40,000 units per week. If after 4



weeks of therapy, the hemoglobin has not increased by > 1 g/dL, in the absence of RBC transfusion,
- the Epogen/Procrit dose should be increased to 60,000 IU/week. If patients have not responded
<atisfactorily to a dose of 60,000 Units weekly after 4 weeks, it is unlikely that they will respond to

gher doses. Epogen/Procrit should be withheld if the hemoglobin exceeds 13 g/dL and reinitiated .
w~ith a 25% dose reduction when the hemoglobin is less than 12 g/dL. If Epogen/Procit treatment
produces a very rapid hemoglobin response (e.g:, an increase of more than 1.3 g/dL in any 2-week
period), the dose should be reduced by 25%. ' -

1.3.5 Drug-Drug Interactions- | : - :
The sponsor has not provided data on drug-drug interactions in this application.

1.3.6 Special Populations -
The sponsor has requested a deferral for Pediatric studies. There were no gender or age specific
findings related to the safety and efficacy of Epogen/Procrit in this application.

2.0 Background
2.1 Clinical Context of Application

- EPOGEN/PROCRIT (epoetin alfa) when used three times/week is currently indicated for the
treatment of anemia in cancer patients with non-myeloid malignancies where anemia is due to the
effect of concomitantly administered chemotherapy. It decreases the need for transfusions in patients -

who will be receiving concomitant chemotherapy for a minimum of 2 months.

The current Biologic License Application (sBLA) is to obtain a dosing-regimen alternative to
“hat which is currently approved for the indication described above. The current U.S. labeling
- bommends a starting dose of 150 Units/kg of EPOGEN/PROCRIT subcutaneously administered 3
times per week (t.i.w.), with an increase in dose up to 300 Units/kg t.i.w if the response is not
satisfactory in terms of reducing transfusion requirements or increasing hematocrit after 8 weeks of
therapy. In the alternative dosing regimen, the starting dose would be 40,000 IU subcutaneously
(s.c.) administered once a week (q.w.), with an increase to 60,000 IU q.w. if hemoglobin: has not
increased by at least 1g/dL after 4 weeks of therapy. , : '

The rationale for_d'eyeldping the weekly dosing schedule is the ease of administration of the
product compared to the current three times a week regimen and subsequent reduction of visits by -

the sick cancer patients to their health care providers.

In addition to providing the pharmcokinetic/pharmacodynamic and clinical studies included -
with this application, the sponsor has provided extensive literature references of studies in cancer

patients and in patients without cancer that show effectiveness and safety of this weekly dosing
approach. : ‘

2.2 Pre-submission Activity

The sponsor sought FDA guidance and agreement on the clinical development plan for this
submission which included the two types of studies to support once-weekly epoetin alfa dosing in .
anemic cancer patients receiving chemotherapy. Agreement on the design of the Phase 1
- vharmacokinetic/ pharmacodynamic study, comparing once-weekly and three-times weekly dosing

Anemic cancer patients as well as in healthy volunteers was reached between the FDA and the
-ponsor in a teleconference on January 31, 2001:



- endpoints.

- At ateleconference on September 18, 2001, the Company sought guidance from the Agency

on the use of a double-blind, placebo- controlled study conducted by em—————
as the pivotal Phase Il study. The protocol number - _

ligned to that trial by the Company was PR98-27-008. This study was originally designedasa
<uality of Life (QoL) study, however, a secondary objective of the protocol was to assess
transfusion requirements during treatment. Therefore, it was possible that the transfusion data,
together with other data from the study, could reveal if a single weekly s.c. dose of epoetin alfa.
(40,000 IU with the potentlal for dose escalation to 60,000 TU) is effective in treating anemia in
cancer patients receiving chemotherapy. As a result of discussions between the sponsor and the
FDA, data from the eeeeess————  Sty,dy PR98-27-008 were deemed potentially acceptable
to support a change in the EPOGEN/PROCRIT prescribing label to allow for an alternative regimen
of epoetin alfa utilizing 40,000 IU once-a-week dosing in anemic cancer patients. For purposes of
the submission, the primary endpoint would be the transfusion rate following 28 days of treatment,
while QoL and other ob]ectlves in the protocol would be considered secondary

by

A statistical analys1s plan, with the prlmary endpomt of transfuswn rate after Day 28,
prepared by the sponsor in collaboration with - investigators, was submitted to
the FDA on February 27, 2002. On April 11, 2002, the sponsor, the es—emm———— research
team, and the FDA discussed and finalized the statistical analysis plan. After several clarifications,
the plan was found acceptable to the Agency on April 16, 2002. The final statistical analysis plan
was sent to the Agency on August 16, 2002. ' ,

A pre-BLA meeting was conducted between the sponsor and the FDA on May 20,2003
during which the details on the contents and format of the current sSBLA submission were discussed
and agreed upon.

) Integrated Review of Clinical Data
3.1  Data Sources and Review Method '

The data regarding safety and efficacy of alternative once weekly dosing are derived from
s Study PR98-27-008, which was a Phase 3 placebo-controlled tnal in 344
cancer pat1ents recetving chemotherapy and has been reviewed in detall

The submission also includes another clinical study EPO CA-480 which is listed as
supportive study This study, discontinued due to slow enrollment, was an open label study that
compared no treatment (control group, n=11) with epoetin alfa for 12 weeks administered in the
following regimens: 150 TU/kg t.iw (n—9) 300 IU/kg q.w. (n=5), 450 TU/kg q.w.(n=10), 600 [U/kg -
q.w. (n=9), and 900 IU/kg q.w. (n=10), in subjects with cancer who were receiving platlnum-
containing chemotherapy for the treatment of solid tumors.. Because of the small sample size, data

analysis was relegated to descriptive statistics and no meaningful conclusions can be drawn from this
‘study.

The pharmacokinetics/pharmacodynamic data are derived from study EPO-PHI-377, which
was a Phase 1 pharmacokinetic/pharmacodynamic study to compare once-weekly and three-times
weekly dosing in anemic cancer patients as well as in healthy volunteers. Safety data in this small
population of patients in the study were also provided which have been included in this review in

stion 6.1.. A supportive pharmacokinetic/pharmacodynamic study (EPO-PHI-370) was also
¢luded in the submission. In depth review of both these PK/PD studles can be found in Dr. Hong
Zhao’s clinical pharmacology Teview.



3.2 C]inical Pharmacology

‘ 3 Please see Dr. Hong Zhao’s detailed review of the PK/PD studles The followmg is the
rélevant summary conclusions from her detailed review:

The results of Phase 1 studies EPO-PHI-377 and EPO-PHI-370 indicate that, although serum levels
of erythropmetm were hlghcr with the 40,000 IU q.w. dosing regimen as compared to the 150 IU/kg
t.i.w. regimen, the two regimens produced similar pharmacodynamlc TESPOnSeEs, i.e. changes in
percent retlculocytes hemoglobln and RBCs

3.3 | Integrated Review of Efficacy

3.3.1 Approach to Review of the Efficacy
For discussion on data sources, ﬁlease see;section 3.1

The efﬁcac_:y data to support the use of alternative Week]y regimen of Epogen/Procrit in
~ anemic cancer patients on chemotherapy was derived from a single Phase III placebo controlled trial
PR-98-008. _

The primary ObJCCtIVC of the study, as stated in the protocol, was to assess the effect of a
single weekly dose of epoetin alfa on the quality of life (QOL) in cancer patients undergoing
chemotherapy. The study, which was double-blind and placebo-controlled, utilized a single weekly
s.c. dose of 40,000 IU of PROCRIT® epoetin alfa, which could be increased to 60,000 IU in

hibjects who did not show an adequate hemoglobin response. The maximum duration of treatment
was 16 weeks.

~ Although originally designed by the =————  rescarch group as a QoL study; a
secondary objective of the protocol was to assess transfusion requirements during treatment. Hence,
it was possible that that the transfusion data, together with other data from the study, could reveal if

a single weekly s.c. dose of epoetin alfa, at 40,000 to 60,000 IU, is effective in treating anemia in
cancer patients receiving chemotherapy. Therefore, prior to completion of the study, discussions
were held between the FDA and the-sponsor concerning the feasibility of using results from Study
PR98-27-008 to support a change in epoetin alfa labeling to allow once-a-week dosing in cancer
patients. For purposes of the submission, the primary endpoint was considered to be the transfusion
rate following 28 days of treatment, while QoL and other objectives in the — protocol were
considered as secondary endpoints.

Measuring the efficacy of erythropoietin in terms of reduction in transfusion rate is
- appropriate since it measures a tangible benefit to the cancer patient receiving chemotherapy. -
Following exogenous erythropoietin administration, a clinically significant increase in hemoglobin is
usually not observed in less than 2 weeks and may require up to 6 weeks because of the length of
time required for erythropoiesis- several days for erythroid progenitors to mature and be released in
the circulation. Hence the endpoint of measuring transfusion requirement after 28 days is also
appropriate. The registration trials of currently approved three times per week dosing schedule of
Epogen/Procrit also used assessment of proportion of patients transfused during month 2 and 3 in

>ompanson to placebo as an end point.

The secondary end points for the purposes of this submission mcluded number of



‘units transfused, change in hemoglobin concentrations from baseline, hemoglobin over time,
incidence of hemoglobin concentrations below 9.0 g/dL, predictors of response to Epoetin alfa

treatment, incidence of nephrotoxicity in subjects receiving chemotherapy containing c1s-p1atmum,
' ‘rerall survival, tumor response, and quality of life measurements. -

3.3.2 Review of Trials by Indication

The efficacy evaluation for the alternative weekly dosmg of EPOGEN/PROCRIT was based on
the pivotal Phase TII placebo controlled trial (Study PR-98-27-008). Detailed description of the trial is
provided in section 6.1 of this document. What follows is a brief dcscnptlon of this trial and a detailed
description and a11a1ys1s of the efficacy endpoints.

Study PR-98-27-008 was a multi-center, randomized, double-blinded, placebo—controlled
study conducted emseemsssssm—— i, the North Central United States and Saskatchewan, Canada.
The planned enrolment was 330 subjects with anemia who were receiving miyelosuppressive
cytotoxic chemotherapy for advanced cancer. Eligible patients were randomized in a 1:1 ratio to

Epoetin alfa or placebo treatment, with stratification by center (investigator), type of primary cancer
~ (lung, breast, or other), planned concurrent radiation therapy (yes vs. no), and degree of anemia
(hemoglobin < 9 g/dL vs. > 9 g/dL). The double-blind treatment was administered for a maximum-
of 16 weeks, after which the subjects were followed for one year from the time of randomization for
event monitoring (death, new primary malignancies, and long-term toxicities). The dose of double-
blind study medication (40,000 IU of Epoetin alfa or corresponding placebo) was to be administered
by s.c. injection, once weekly. If after 4 weeks of therapy hemoglobin (Hgb) concentrations had not
increased by > 1 g/dL or if the subject had received a transfusion during the first 4 weeks of therapy,
the weekly dose of study drug was to be increased to 60,000 IU once weekly. If, at any time during
the study, the Hgb concentration exceeded 15 g/dL, Hgb was to be determined one week later. If the
“gb exceeded 15 g/dL, study drug was to be witheld and Hgb was to be determined weekly until it
~ dlbelow 13 g/dL. Study drug was then to be restarted at a dose level 25% less than that previously
administered. During double-blind treatment, subjects were to receive a daily oral iron supplement. -
All subjects could receive RBC transfusions at the discretion of the physician. A Hgb determination
was to be obtained at the time of transfusion. Subjects who discontinued chemotherapy during the
double—bhnd period were to continue the study treatment through 16 wecks

Analyses Planned
- Primary Efficacy Endpoint

The primary efficacy endpoint was the transfusion rate, defined as the proportion of subjects who
required transfusions after 28 days from randomization, i.e., those occurring on or after Day 29 to
individual study end. All subjects who withdrew prior to Week 16 without receiving a transfusion
would be considered as transfused. The primary statistical inference for the transfusion rate was to
be based on logistic regression analysis adjusted for the stratification factors (size of center, type of
primary cancer, planned concurrent radiation therapy, and degree of anemia). Treatment effect was
to be compared using the adjusted odds ratio obtainied from the model along with the 95% _
confidence interval and the p-value. Unadjusted Chi-square tests based on crude transfusion rates
and the difference in crude rates along with the 95% confidence interval would also be presented.

~ In addition, exploratory analyses for the transfus1on rate would be performed using logistic
regress1on models.

Jescnption of Secondary Variables:
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* Change in Hemoglobin (Hgb) Concentration from Baseline: The mean change in Hgb
concentration from baseline to the last value was to be presented for the two treatment groups.

“Treatment effect was to be estimated by the difference in the means along with the 95% CL _

\;udent s t-test was to be used to test the equality of the means between the two treatment groups.

. ANCOVA adjusting for other prognostic factors was to be performed also. The main analysis on

- change in Hgb was based on available data. Sensitivity analys1s on change in Hgb from the baseline
to last value was conducted by imputing missing values via the following methods: last-value-carry- :
forward (LOCF), mmnnum—value—carry forward (MVCF), and average-value-carry-forward '

. ,(AVCF) _

: Hemoglobm (Hgb) over Time: Hgb concentrations over time were to be analyzed using a mixed
effects linear model for repeated measures. Terms in the model included treatment, time, covariates
for demographic and baseline characteristics, and the time-by-treatment interaction term. The focus

- of this analysis was to be the slope parameter of the time variable that quantifies the rate of Hgb rise -
overtime. Slope estimates for the two treatment groups, the difference i in the slopes, the 95% CI of
the dlfference and the p-value were to be reported

. Incidence of Hemoglobm (Hgb) Concentration below 9.0 g/dL: The proporuons of subJects with

“a Hgb concentration below 9.0 g/dL were to be presented for each treatment group. Treatment effect
was to be estimated by the difference in proportions along with the 95% CI. A Chi-square test was
used to test for equality of the propomons between the two treatment groups

" Number of Transfusion Units pe_r Day Alive in the Study: For each of the two treatment groups,

the number of transfusion units per day alive during the entire study would be calculated. This
 variable is a ratio-type estimate, i.e., both its numerator and denominator are random variables. -
}ence an approximatidn based on relative variances to the standard error of a ratio would be used to
Zalculate the standard error of this estimate for each treatment group. Normal approximation would
be used to conduct the statistical test on the difference of the estimates and to obtain the 95% CL

Incidence of Nephrotoxicity: The relative incidence of nephrotoxicity was ascertained by the
mvestigators’ CTC rating of serum creatinine determined in the subset of subjects receiving cis-
platinum-based chemotherapy. The incidence was to be presented for the two treatment groups and
tested using Fisher’s exact test. The maximum reported tox1c1ty grade over the course of the study
was to be compared between the two treatment groups using the Wilcoxon rank-sum test.

Overall Survival: For this time-to-event variable, a survival analysis was conducted which included
a Kaplan-Meier plot and the comparison of the two treatment groups via the logrank test. Median
survival time was reported along with logrank test results.

Tumor Response: A descriptive summary of the number and percentage of subjects in each of the
tumor response categorles would be provided for the two treatment groups.

Quality of Life (QOL): A number of QOL scales were used, ¢.g., FACT -Anemia, SDS. (symptom
distress scale), and the UNISCALE. Scores for these scales were to be standardized by transforming
them to arange of 0 — 100, with 0 representmg the lowest QOL and 100 representing the highest
QOL. The scores would be summarized using descriptive statistics. Inferential statistical analyses
vere to be performed on the AUC of the transformed scales for all QOL endpoints. QOL
_sessment dates were to be used to calculate the AUC. For e primary QOL endpoint, FACT-
AN Fatigue Scale. Treatment difference would be tested via the Wilcoxon Rank Sum test or the t-
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test depending upon the veracity of normality assumptions as determined by the Shapiro-Wilk test.
O’Brien’s multiple endpoint test statistic would be applied to the numerous secondary QOL
endpoints. ANCOVA on each QOL endpoint would be performed with and without treatment-by-
wariate interaction terms. If significant treatment-by-covariate interaction was found to be present,
.drther exploratory analyses on the corresponding subgroups would be conducted. Sensitivity
analyses for each QOL scale would be conducted on the AUC endpoint, with missing data values -
imputed using the last-value-carried-forward (LVCF), the average-value-carried-forward (AVCF),
and the minimum-value-carried-forward (MVCF) methods. A fourth sensitivity analysis would be
conducted using the LVCF, but imputing a score of 0 when subjects died. In addition, an
. exploratory ana1y51s of the correlation between changes in QOL and changes in Hgb would be
presented using the Pearson correlation coefficient. Change in QOL was defined as the change from
‘baseline to the last available assessment. The change in Hgb value used was the one most closely
associated in time with the last available QOL assessment. The two change scores would be
analyzed for correlation if any difference in day of measurement represented no more than al5- day
wmdow This. analys1s was to be based on combmed data from the two treatment groups.

Determmatlon of Sample Size: Th1s study was powered orlgmally for the QOL analyses and not -
for the transfusion rate analysis. Based on the QOL calculations, it was determined that a sample
size of 300 (i.e., 150 subjects/treatment group) was required. Assuming a 10% attrition rate, a total
of 330 subjects (165 per group) was planned. In terms of the transfusion rate, a sample size of 300
(150 per group) would provide 80% power to detect a difference of 16% or more between the two
treatment groups. Standard two-sided binomial testing was assumed with a type I error rate of o =

0.05. ‘

Study Populations: The number of subjects actually enrolled was 344. In accord with ——
!ﬁnltlons any subject who did not receive any study treatment before removal from the study was
.¢e51gnated a “cancellation.” However, these subjects were included in the ITT (intent-to-treat)
- population, which was the primary efficacy population. The QOL population consisted of all ITT
subjects having a baseline and at least one follow-up QOL assessment. Selected efficacy analyses
were also performed on the evaluable-for-efficacy popu]atlon that included all treated subjects,
excluding subjects classified as ineligible or as having major protocol violations. In addition to
analyses with formal statistical inferences provided for the two treatment comparisons, descriptive
statistics for specified efficacy variables were to be provided for the subgroups defined by the
following variables: type of primary cancer, planned concurrent radiation therapy, degree of anemia,
~ and planned chemotherapy type (cis-platinum based or non-cis-platinum based). All statistical tests
were 2-sided. Main effects were tested at the.05 s1gmﬁcance level; interaction terms were tested at
the 0.10 significance level.

Efficacy Results:

Patient Disposition:

- A total of 344 subjects were reglstered and randomized into the study at 14 emsss  study
centers (13 in the United States and 1 in Canada); these subjects comprise the ITT population. The
first subject was enrolled on December 4, 1998, and the study was closed to further enrollment on
September 28, 2001. Enrollment by center is presented in the table below. Enrollment at the "large"

“enters (see definition in Table 3) ranged from 8 to 72 subjects while enrollment at the "small"
nters ranged from 2 to 42 subjects.

12



Table 1: Subject Enroliment by Center —mmmmm—m—"

‘nters’

Placebo (n=170) Epoetin alfa (n=174) Total (n=344)
- sarge Centers, n (%) 3 E B
' 6 (4%) 5(3%) . 11(3%)
28 (16%) 27 (16%) 55 (16%)
\ 14 (8%) 13 (7%) 127 (8%)
9 (5%) 12 (7%) 21 (6%)
22 (13%) 21 (12%) 43 (13%)
36 (21%) 36 (21%) 72 (21%)
5(3%). 3 (2%) 802%)
| Small Centers, n (%) o :
i 20 (12%) 22 (13%) 142 (12%)
' 12 (T%) - 12 (7%) 24 (7%)
1 5(3%) 5(3%) 10 (3%)
i 3 (2%) 6 (3%) 1T93%)
i 5(3%) 6 (3%) 11 (3%)
I 5 (3%) 4 (2%) 9(3%)
0 (0%) 2 (1%) 2 (1%)

2 Largé centers were defined as

centers that entered-at 1€ast 15 patients per month on all ™=  studies over
the 2-year period from April 2000 to April 2002 '

~ As can be seen in the table, the treatment assignment was balanced among study sites.

On Original
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Table 2: Demogfaphic and Baseline Characteristics
(Study PR98-27-008: Intent-to-Treat Population)

", Total

Placebo Epoetin Alfa

i _(N=170) N=174) (N=344)

- Age (years) ‘

- N 170 174 344
Mean (SD) - 63.7 63.5 (11.80) - 63.6 (12.43)
Median 66 64 66
Range (24-86) (20-88) (20-88) -

- Sex, n (%) - o

Female 96(56%) 96(55%) 192(56%)
Male 74(44%) 78(45%) 152(44%)

Race, n (%) '

Black 18(11%) 10( 6%) 28( 8%)
Hispanic lg 1%) 0( 0%) 1&0%\

. White 151(89%) 164(94%) . 315(92%)

Weight (ke) 161 161 322

 Mean (SD) 73.6 75.0 (17.20) 74.3 (16.72)

~ Median 71.9 740 72.6
Range (41.8 - (36.6 - (36.6 - 136.1)

127.0 136.1) :
_ Previous chemotherapy, n (%) : ' :
No 82548%) 79(45%) 161247%)
Yes 88(52%) 95(55%) 183(53%)

Previous radlotherapy, (%) ) : ‘

No 108(64%) 109(63%) 217(63%)
Yes _ 62(36%) 65(37%) 127(37%)-
¢ of malignant disease, n (% :

Ty}ﬂmg ¢ & (%) 49(29%) 48(28%) 97(28%)
Breast 28(16%) 28(16%) 56(16%)
Other' _ 93(55%) 98(56%) 191(56%)

Planned concurrent radiation therapy, n o

(%) 17510%) - 182.10%) 5210%)

. No 153(90%) - 156(90%). 309(90%)

Degree of anemia, n (%) ' ' -

Mild (Hb >-9.0 g/dL) 117(69%) 119(68%) 236(69%)
Severe (Hb <9.0 g/dL) 53(31%) - 55(32%) 108(31%)

Baseline tumor response, n (%) : ‘
Missing 1( 1%) 1(1%) 2( 1%)
Complete response - 5(3%) 4(2%) 9(3%)
Partial response (measurable disease only) 19(11%) 22(13%) 41(12%)
Regression 19(11%) 26(15%) 45(13%)
Stable 93(55%) 93(53%) 186(54%)
Progression 4( 2%) 7( 4%) 11 (3%)
Not Applicable/Unknown 29(17%) 21(12%) 50(15%)

ECOG status, n (%) '

0 46(27%) 37(21%) . 83(24%)

1 124(73%) 137(79%) 261(76%)

Iron supplement, n (%)

Missing 3(2%) 1(1%) 4(1%)
Yes 143(84%) 153(88%) 296(86%)
No 24(14%) 20(11%) 44(13%)

1 'The most common other cancer sites were gastrointestinal (60/344 subjects, 17%), myeloma (30/344 subjects,9%),
and gynecological (29/344 subjects, 8%) see table below.



. Table 3: Other Cancer Sites :
(Study PR98-27-008: Intent-to-Treat. Population)
" Placebo  Epoetin Alfa Total
(N=170)  (N=174) = (N=344)

—~——

Other Cancer Sites n (%)* n (%)* n (%)*
CNs 202%) 00%)  201%)
Gl S 34(37%)  26(27%) - 60(31%) .
GU 5(5%) - 12(12%) 17(9%).
GYN o 15(16%) 14(14%) 29(15%)
Head and Neck . 4(4%) 3(3%) 7(4%)
Lymph nodes 3(3%) 5(5%) 8(4%)
Myeloma : - 11{(12%)  19(19%) 30(16%)
Other _ 14(15%) 10(10%) 24(13%)
Other endocrine glands.~ 0(0%) 1 (1%) 1(1%)
" Respiratory/Other 0(0%) 1 (1%) 1(1%)
_Unknown/ill-defined sites  5(5%) 7(7%) 12(6%)
? Percentages shown are based on the number of subjects in this category (other cancer sms) and
not on all subjects in the group.

The following table descnbes the baseline laboratory values:

Table 4: Baseline Laboratory Values
(Study PR98-27-008: Intent-to-Treat Population)

Placebo  Epoetin Alfa Total
(N=170) (N=174) (N=344)
Hemoglobin (g/dL) :
N 170 174 344
j Mean (SD) C 9.4 (0.93) 9.5 (0. 94) - 9.4(0.93)
Median 9.5 : 9.6 9.6
Range’ (6.9-11.4) (6.0-11.4) (6.0-11.4)
_ White Blood Cell Count (x10°/L)  ° . ‘
N - 169 173 . 342
Mean (SD) 5.6 (4 35) 63(@871) = 6.0 (6.91)
‘Median ' 45 4.7 4.6
Range (0.8-34.7) (0.7-103.5)  (0.7-103.5)
Platelet Count (xlO’/L)
N o 169 173 342
Mean (SD) _ . 257.4 (168.36) 254.8 (160.60) 256.1 (164.24)
Median 2280 . 2340 228.5
Range , - (18.0-1234.0) (28.0-1038.0) (18.0-1234.0)
Creatinine (mg/dL) _
N : 168 . 173 341
Mean (SD) 1.0 (o 40) - 1.0(0.30) 1.0 (0.35)
Median ' 0.9 0.9 0.9
Range (0.4-3.7) (0.4-2.1) 0.4-3.7)
Ferritin (ug/L) ’
N _ 168 173 341
Mean (SD) 505.8 (427.04) 560.7 (474.09) 533.6 (451.70).
Median , 390.5 413.0 400.0
Range (11.0% 2216.0)(37.0-2463.0)  (11.0-463.0)
Serum erythropoietin (mIU/ml) v o : '
N ‘ 154 159 313
Mean (SD) 99.9 (172.34) 100, 8 (131 43) 100.3 (152.69)
Median 553 4.5 59.8
Range (1.4-1576.2) (6.5- 1181 0) (1.4-1576.2)

; * Subjects 78809 and 77890 had baseline ferritin values of 11 and 18 pg/I, respectively. These
values were within the normal range for the local laboratories where they were determined.
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- The hemoglobin values at basehne were comparable between the two treatment groups. Wlth

mparable median WBC counts at baseline, and wider range in the Epoetin arm, the difference in
Te mean ‘between the two arms is likely ﬁ'om outliers with leukem01d reactlons

The foll_ow_ing table shows _the prestudy transfusion data (transfusions within 3 months of study .
entry). v v ' ' ' _ o

~ Table 5: Prestudy. Transﬁxsmn Data
(Study PR98-27-008: Intent-to-Treat Popu]atlon) ,
Placebo Epoetin Alfa Total
(N=170) (N=174) ~ (N=344) .

Transfused pretreatment,” n %)

“No . 143(84%) 142(82%) 285(83%)
Yes - 27(16%) - 32(18%) . 59(17%)
‘ Umts transfused for subjects _
receiving prestudy transfusions . .
N 27 32 59
Mean (SD) : 2.6(1.01) - 2.9(1.91) 2.7(1.56)
Median 20 2.0 2.
Range - (1.0-5.0) (1.0-9.0) (1.0-9.0)
Hemioglobin concentration at time
of prestudy transfusion (g/dL)
N , : 27 32 59
Mean (SD) 8.2 (0.75) 8.1(0.76) 8.1 (0.75)
- Median ) 81 - 8.0 8.0
i Range (7.0-10.7) (6.9-9.8) (6.9-10.7)
J ‘a Within 3 months prior to baseline. Note that the protocol speclﬁed no transfiusion within 2 weeks prior to
entry into the study. ,

As can be seen in the table above, the pre-study mean hemoglobin levels were comparable in the two

groups. Likewise, the summary of daily oral iron supplements shown below shows comparibility
between the two groups.
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Table 6: Summary of Daily Oral Iron Supplementation
' (Study PR98-27-008: Intent to-Treat Population)
} v ; - ‘Placebo  -Epoetin Alfa ~ Total
‘ (N—170) N=174) (N=344)

_Oral Iron Supplement at Baseline, n (%)

. Missing | 2% - 11%)  4(1%)
Yes - : 143(84%)  153(88%)  296(86%)
" No : - 24(14%)  20(11%) 44(13%)
Oral Iron Supplement in Cycle Lin(%) ' o -
" Missing ‘ 5(3%) "8(5%) 13( 4%)
Yes - o 161(95%)  161(93%)  322(94%)
- No . O A(2%) 5(3%) 9( 3%)
Oral Iron Supplement in Cycle 2,n (%) :
Missing 21(12%)  23(13%) - 44(13%)
Yes o o 135(79%) " 139(80%)  274(80%)
No - : L 14(8%) 12( 7%) 26(8%).
" Oral Iron Supplement in Cycle 3 n(%). . _
Mlssmg . . 39(23%)  39(22%) = 78(23%)
Yes . 117(69%)  118(68%)  235(68%)
No - 14(8%)  17(10%)  31(9%)
Oral Iron Supplement in Cycle 4,n (%) _ .
Missing 51(30%) 58(33%)  109(32%)
Yes , 101(59%)  102(59%)  203(59%)

No ' . : 18( 11%) _ 14( 8%) 32(9%) -

i
i

+he following tables describe the most frequently used chemotherapy agents and changes in
chemotherapy dunng the study period, both of which were smnlar
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Table 7: The Ten Most Frequently Used Chemotherapy Agents
' (Study PR98-27-008: Intent-to-Treat Population)

" Placebo Epoetin Alfa
o (N=170) (N=174)
Chemotherapy agent, n (%)a ' :
Paclitaxel | | '4,7(28-%)7 o 55(32%)
Caboplatin 3621%)  43(25%)
Cisplatn =~ 3521%) 26(15%)
Gemcitabine o007 31018%)
Cyclophosphamide 26(15%)  25(14%)
5-Fluorouracil _ 23%) 19(11%)
Prednisone O sasw) 18(10%)
 Doxorubicin O 2102%). 21(12%)
" Vincristine - 20(12%) 18(10%)
Etopoeide . 14( 8%) 20(11%)

* Subjects may be mcluded in more than one category.
Table 8: Change in Chemotherapy
(Study PR98-27-008: Intent-to-Treat Population)
Placebo Epoetin Alfa  Total
(N=170)  (N=174)  (N=344)

Change in Chemotherapy, n (%)

Missing 3(2%) 4(2%) 7( 2%)
Yes : - 117(69%)  110(63%) ~ 227(66%)
No- 5029%) - 60(34%)  110(32%)

For subjects in this study, the mean duration of treatment was 91.4 days in the

pIacebo group and 89.6 days in the epoetm alfa group. The median duratlon of treatment was
106 days in each group.

The followmg table describes the percent of patients who received 40,000 units only and
those who were escalated to 60,000 units per treatment cycle. Dose escalation occurred most

frequently in cycle 2; in 75% subjects in the placebo group and 45% of subJects in thc
epoetin alfa group.
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Table 9: Percent of Subjects Who Received 40,000 IU q.w. Only and
Percent of Subjects Who Received at Least One Dose of 60,000 IU q- W., by Cycle
(Study PR98-27-008: Intent-to-Treat Population) :

Cycle 1
Cycle 2
Cycle 3
Cycle 4
Overall

N

164
150

131
121

165

Placebo
N=170)

40,000 TU

only
n (%)
152(93%)
37(25%)
31(24%)
28(23%)
46(28%)

40,000/ 60,

‘U

n (%)
12° (7%)
113(75%)

© 100(76%)

93(77%)
119(72%)

000

N

167°

149
130
110
167

~ Epoetin Alfa
(N=174)

40,000 TU 40,000/
only 60,000IU
n( %) n( %)

164(98%) 3 (2%)

82(55%) 67(45%)

68(52%) 62(48%)

58(53%) 52(47%)

95(57%) 72(43%)

*This number includes one placebo—treated subject who was started at a dose of 60,000TU .
®One subject in the epoetin alfa group is not included because the subject's total dose was not recorded for the

~cycle. The subject started at a dose of 40,000 IU andvdlscontmucd in Cycle 1.

All dose modiﬁcati’ons_ and the reasons of dose modifications are summarized in the

~ following table. Modifications were made for 125 (74%) of subjects in the placebo group

and 106 (61%) in the epoetin alfa group. The most frequent reason was lack of hemoglobin

response. The dose was withheld for more subjects in the epoetin alfa group (n=54, 31%)
- than in the placebo group (=25, 15%). Hemoglobin >15 was the reason given for
withholding the dose in 27 of the 54 subjects in the active treatment arm but none in the

placebo arm. 14 of the 16 patient sin the epoetin arm had reduction in dose due to
hemoglobin > 115 gm/dL, compared to none in the placebo arm.
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Table 10: Subjects With. Dose Modifications (Study PR98-27-008: Intent-to-Treat Population) -

Placebo Epoctin Alfa  Tofal
(N=170) (N=174) (N=344)

n (%) n%)  o(%)
Dose modifications," any cycle® 125(74%)  106(61%)  231(67%)
Dose increase, any cycle o : : - :
- Yes C119(70%)  T2(41%) . 191(56%)
Reason . : o _
Hemoglobin Not Increased 103(61%)  61(35%)  164(48%)
Other’ 12(7%) ~ 9(5%) 21( 6%)
Unknown : L A2%) . 3(2%) 7(2%)
Drug withheld, any cycle
- Yes 25(15%)  54(31%)  T9(23%)
Reason - : ‘ ' o
Hemoglobin > 15 g/dL. - 0(0%)  27(16%) 27( 8%)
High blood pressure 2(1%) 1(1%) 3(1%)
Other® 24(14%)  29(17%) 53(15%)
Dose reduction, any cycle
Yes 0(0%) ~ 16(9%)  16(5%)
Reason o
Hemoglobin > 15 g/dL 0 (0%) 14( 8%) 14( 4%)-
Other ‘  0(0%) 2(1%) 2(1%)

1 Dose modifications include dose increases, drug (dose) withheld, or dose reductions. Data for
doses withheld were recorded on the case report forms, while dose increases and dose
reductions were derived.

2 Individual subjects may be mcluded in more than one category and may have had more than
one dose modified.

3: Transfusion was the reason for dose increase for all 21 subjects.

4: Reason for dose withheld was refused ijection (30 subjects), disease '
progressxon/dechnmg health (10 subjects), dosmg errors (7 subjects), and other (6 subjects)
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Primary Efficacy Analysis

Rercent of Subjects Transfused After Study Day 28:
«fie ITT population (i.e., all patients as randomized) was used as the primary population for efficacy
analyses. According to the SAP, the primary efficacy endpoint was the percentage of subjects in the
_ ITT population who were transfused aftér Day 28 (i.e., from Day 29 to end of study) using worst
~ outcome imputation (i.e., subjects who withdrew from the study after Day 28, with no transfusion
after Day 28, were imputed as transfused for purposes of analysis). The sponsor notes that when
study data became available, it was clear that results based on non-responder imputation were not an
appropriate representation of the clinical outcornes of this study. It is notable that withdrawn
-subjects in the Epoetin alfa group had greater Hgb improvements than withdrawn subjects in the
placebo group, e.g., the 45 withdrawn subjects in the Epoetin alfa group had a mean change in Hgb
from baseline to last value of 2.8 g/dL while the 42 withdrawn placebo subjects had a mean change
of 0.6 g/dL. Among the subjects who did not complete the study and had “other” reasons for =
withdrawal, 6 subjects in the Epoetin alfa group were withdrawn with “high’ Hgb concentrations
- (ranging from 13.5t0 15.5 g/dL) at the time of study discontinuation compared to 1 subject with
“high” Hgb (11.2 g/dL) in the placebo group. [Note: The protocol did not specify that subjects
- should be discontinued from the study when HGB was ‘high”, e.g., > 15 g/dL. Rather, the study
drug was to be withheld. However, the seven subjects described were withdrawn from the study (at

least as a partial reason) due to “high” Hgb or Hgb > 15 g/dL.]

The following table shows Hgb values for subjects who withdrew early from study for “other”
sreasons or “other medical reasons” and had high Hgb values. '

/ Table 11: Hgb Data for Early Withdrawals with High Hgb Values

Subject | Treatment | Withdrawal Reason _ Last Day of Last - .| Tx after | Last
, , Cycle Evaluation Day28 | Hegb

84788 Placebo . Removed for high Hgb - 13- 99 No 11.2

80286 Epo Hgb> 15.0 - 4 107 No - 152

84174 Epo Hgb at 15.5 13 97 No 15.5

86642 Epo 4 weeks of greater/equal Hgb. 4 107 No 13.5

: : : At Cycle 3 Hgb was 15.2 ' v . . ’

91440 Epo PP’s decision® ' . 13 178 No 14.9

92050 Epo Hgb was 15.0 4 91 No 15.0

100852 Epo ‘| Hgb > 15 for 4 weeks ’ 2 61 No 15.3

* The reason given on the case evaluation form by the attmdiﬁg’ physician was that the patient would no longer benefit
from contiming the study because all chemo- and radiotherapy had stopped and the patient did not want to come in. A
note from the study chair on the case evaluation form indicated that the patient had Hgb > 15. :

These data strongly suggest that had the withdrawn subjects completed the study, the number
transfused after Day 28 would be lower in the Epoetin alfa group than in the placebo group. To use
only the worst outcome imputation for transfusion status would produce bias against the efficacy of
Epoetin alfa in reducing the need for transfusions. Therefore, in addition to this planned analysis,
other plausible analyses were undertaken. Representatives of FDA/CBER agreed to these additional
plausible analyses, allowing assessment of consistency of results at a pre-BLA meeting on May 20,
2003. These methods have been previously described in the ‘Missing Data Handling’ section.
“nalytic findings based on the worst outcome imputation and these other plausible methods are

Jscribed in the next section. '
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Analysis as Planned in the Statlstlcal Analys1s Plan, Kaplan-Meier Analysis, and
Analysis of Crude Rate Using LOCF: Results of the primary analysis as planned in the SAP (i.e,,
all withdrawn subjects considered transfused) are presented in the following table (Analys1s 1). It

‘)o shows the results of a Kaplan-Meier analysis (Analysis 2) and a LOCF analysis of crude
ansfusion rates (Analysis 3). 'Here, LOCF means 1mput1ng a patient’s last known transﬁrsmn status

at the time of dropout
Table 12 Percent of Subjects Transfused After Day 28 (ITT)
Imputatlon Analysis Type Placebo (m=_ | Aand CIfor A Epoetin alfa | p-value
170) - -l m=174) .
(1) Worst Outcome — Crude Rate: ‘ L -
Subjects transfiused, n (%) ] 84 (49.4%) : 69 (39.7%). | 0.0687"
Ain % (Epo — Placebo) ' ' -9.8%
" 95% CI for A -20.2%, 0.7%
Adjusted Odds Ratio (Epo / Placebo) 0.663 0.0706°
_95% CI for Odds Ratio 0.43,1.03
(2) LOCF - Kaplan-Meier: : o ‘ v
.| Subjects transfused (%) 32.7% - 16.3% 0.0011°
A in% (Epo — Placebo) -16.4%
95% CI for A ) -26.2%, -6.5%
(3) LOCF — Crude Rate:
Subjects transfused, n (%) 48 (28.2%) _ 25 (14.4%) 0.0017°
Ain % (Epo — Placebo) -13.9% ' o
'95% Cl for A -22.4%, -5.3%
Adjusted Odds Ratio (Epo / Placebo) 0.388 0.0010°
95% CI for Odds Ratio 0.22, 0.68 | -

“ Based on Chi-square test

/he primary statistical inference, baséed on loglstlc regression analysis adjusting for the following randomization
.;alancmg variables: size of institution (> 15 or < 15 subjects accrued per month over the 2-year period from April 2000
to April 2002, type of primary cancer (lung, breast, other), planned radrauon therapy (yes or no), and degree of anemia

(=29 0r <9 g/dL, i.e., mild or severe).
°Greenwood’s method

The Kaplan-Meier plot below presents time to first transfusion after Day 28. The time-to event

comparison revealed a statistically significantly delayed ﬁndmg for the Epoetin alfa group compared
to the placebo group (p=0.0016, logrank test).
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Flgure 1: Study PR98-27—008 ITT populatlon. Time to First Transfusion After Day 28
_(From Day 29 to End of Treatment) '

. Epoetin Alfa —
Placebo —

0.0 I R T T T T T
.0 20 40 60 80 - 100 .120 140 160 180

. TTTDAY28 -

Time to event. TTTDAY28
Censored by T2N
Grouped by NEWARM

Group . NFailed N Censcred Mean Std Emor

-Epoetin Alfa 25 149 103.303 Biased . 1.98558
Placebo 48 : 122 984225 Biased 2.77186
Combined 73 271 103.806 Biased 1.77398
Group Median Time Lower95%. Upper95% 25% Failures .. 75% Failures
Epoetin Alfa . ) . L .
Placebo . . - . 71
Combined - . . 113
Test- "ChiSquare  DF Prob>ChiSq

Log-Rank 9.9345 1 0.0016

Wilcoxon ~ 8.1177 1 00025

This time-to-event analys1s as well as all of the efﬁcacy analyses summarized were confirmed by the
FDA statlstlcal reviewer (Dr. Gnecco).

Sens1t1v1ty Analyses for the I’nmary Efficacy Endpoint: Three additional analyses were
~erformed using other plau51ble tmputations for the transfusion status of w1thdrawn subjects as
/ﬂows :
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~ Analysis (4): Subjects who withdrew from the study after Day 28 would be considered not
 transfused if they 1) withdrew from the study because they had a successful Hgb response, as
indicated by the investigators, and 2) were not transfused after Day 28.. This approach was used
2en it was noticed that a number of subjects withdrew for reasons related to the effectiveness of the
_dy drug in raising Hgb concentratlons (Table 8).

~ - Analysis (5) Subjects who w1thdrew from the study after Day 28 would not be considered
transfused if they 1) withdrew after having completed all 4 planned cycles but were not identified as
completers by the investigators, and 2) were not transfused after Day 28. This imputation was used
because the protocol specified that transfusion data were to be collected for a total of 4 evaluation
cycles during the 16-week treatment phase.

Analysis (6) Sub_]ects who withdrew from the study after Day 28 would not be considered
transfused if they 1) withdrew due to disease progress1on and 2) were not transfused after Day 28.
The analysis was approprlately used in this study given that the numbers of subjects who withdrew
~ due to disease progression were comparable in the two treatment arms, indicating that WIthdrawals
* for this reason were not treatment related.

In Analyses (4) — (6), crude transfusion rates ranged from 43.5% to 48.8% in the placebo group and
from 32.8% to 36.2% in the Epoetin alfa group. Across these three analyses, differences for the two
groups in transfusion rates ranged from —10.8% to —12.6% and were statistically significant for each
analysis. ‘A summary of the analysis of the difference in transfusion rates between the two treatment -
groups utilizing these three methods is presented in the table below. '

Appears Thls ch
On Original
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Table 13: Sen51t1v1ty Analyses for % Subjects Transfused After Day 28
r-[Study PR98-27-008 ITT population)

.,mputauon Analysis Type®: ' .Placébo’(n = | AandClforA - | Epoetinalfa@m | p-value -
o ' 170) : =174) :

(4) Subjects with successful Hgb response
considered not transfused — Crude Rate

“Subjects transfused, 1 (%) ) 83 (43.8%) ' 63 (36.2%) 0.0175°
[Ain % (Bpo— Placebo) R | 12.6% |
95% CI for A - 1 23.0%, 2.3%
Adjusted Odds ratio (Epo / Placebo) ' S 0.584 ,
95% Cl for Odds Ratio - . 70.38, 0.91 00165

(5) Subjects who completed 4 cycles
considert?d not transfused — Crude Rate

Subjects Transfused, n (%) 82 (43.2%) ' T 62 (35.6%) 0.0178°
Ain% | 12.6%

95% Clfor A . ' 23.0%, 2.3%

Adjusted Odds Ratio (Epo / Placebo) 0.589 .

95% CI for Odds Ratio ' — 038001 7 ' 0.0181°

(6) Subjects with disease progression
con31dered not transfused — Crude Rate

)b_]ects transfused, n (%) ’ 74 (43.5%) 57 (32.8%) 0.0397°
Ain% , -10.8% '
95% CI for A ’ 1 21.0%, -0.6%
Adjusied 0dds Ratio (Bpo / Placebo) 0625
95 % CI for Odds Ratio ' ‘ 0.40, 0.98 — [0.039%

* In each analysis, withdrawn subjects considered not transfused were also reqmred, while still on study, not to have been
transfused after Day 28 in the study.

® Based on Chi-square test

° The pmnary statistical inference, based on logistic regression analys1s adjusting for the following randomlzatlon
balancing variables: size of institution (> 15 or < 15 subjects accrued per month over the 2-year period from April 2000
to April 2002), type of primary cancer (lung, breast, or other), planned radiation therapy (yes or no) and degree of
anemia (> 9 or <9 g/dL, i.e., mild or severe).

By all of these various analyses, the percentages of subjects transfused after Day 28 was
consistently lower in the Epoetm alfa group, within the range of ~10% to —16% of treated subjects. -
The sponsor claims that six different analyses, including 5 with differing imputations for the
transfusion status of withdrawn subjects, provide evidence of the efficacy of Epoetin alfa,
administered once weekly, in reducing the numbers of subjects requiring transfusions after Day 28
~f treatment.

J
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The statistical reviewer (Dr. Gnecco) confirmed the sponsor’s statistical finding for these 6
imputation analyses. Since informative missing data was a major concern, she also performed an in- -
depth descriptive analysis of missing hemoglobin data patterns by cycle and treatment arm for the

[T population. Her findings showed that on the placebo arm there were 57 patients with missing
/alues or 33.5%. On the Epoetin alfa arm there were 60 patients with missing values or 34.5%.
Hemoglobin missing values patterns by treatment arm are remarkably similar. There is no indication

of differential dropout pattern by treatment arm. : : '

Regarding dropouts for progressive disease (PD), 26 patients were withdrawn with PD given -
as the reason. There were 13 such patients in each treatment arm. Dr. Gnaco’s descriptive Kaplan-
Meier analysis revealed very similar patterns; the curves are almost super-imposable.

These analyses support.the sponsor’s claim of superior efficacy of Epoetin alfa, administered
once weekly, in reducing the numbers of subjects requiring transfusions after Day 28 of treatment.

Transfasion Results by Subgroups: The percentages of -subjeéfs transfﬁs_ed after Day 28, using
their actual transfusion status at the time of withdrawal (LOCF), are presented by treatment group

and specific subgroups (i.e., those subgroups that were balancing factors for the randomization) in
table below:

_ Table 14: Proportion of Subjects Transfused After Day 28
(From Day 29 to Last Evaluation, Using Transfusion Status at Time of Withdrawal) for Key Subgroups (ITT)

Subgroup: Placebo (N = 170) Epoetin alfa (N =174)
. ‘ N | n % N n %
Primary tumor type: , '
g 49 12 24% 48 16 13%
“feast . 28 1 4% 28 2 1%
Other _ 93 35 38% . 98 117 17%
Planned concurrent radlo-therapy ' B
Yes : 17 3 18% 18 1 6%
No ' 153 45 29% 156 | 24 15%
Baseline anemia: L '
Mild (= 9 g/dL) : 117 26 - {22% 1119 12 10%
Severe (<9 g/dL) ‘ 53 22 42% 55 13 24% .
Chemotherapy: : '
Cis-Platinum based 33 13 39% 26 4 15%
Non-Cis-Platinum based 137 35 26% 148 21 14%

In the breast cancer subgroup the percentage of subjects transfused in the Epoetin alfa group
was higher than in the placebo group using LOCF imputation. The sponsor suggests that this is an
anomalous finding probably due to the small sample size and low transfusion rate. The second
largest disease subgroup comprises those patients with gastro-intestinal (GI) tumors. There were a
total of 63 patients (18.3%) classified as having GI disease. There were 28 (44.4%) on the Epoetin
alfa arm and 35 (55.6%) on the placebo arm. Using LOCF imputation, the proportions transfused
were 5/28 (17.9%) for the Epoetin alfa arm versus 7/35 (20%) for the placebo arm. As previously
discussed, worst outcome imputation is the least tenable approach for this particular situation.

T ooking into the distribution of disease types within the GI subgroup, there were no esophageal
sease patients in the placebo group and 3 in the Epoetin alfa group (12.5%). Only one of these was
- dansfused, however. 44.1% of placebo patlents had colon cancer compared to 33.3% Epoetin alfa
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patients. There were 23.5 % placebo patients with pancreatic cancer compared to 12.5% Epoetin -
alfa patients. When the GI subgroup is excluded from the main by treatment arm comparison of
transfusion rates, the Epoetin alfa group has consistently lower transfusion rates than the placebo

joup via all imputation methods. For worst outcome imputation, estimated transfusion rates are
1% for Epoetin alfa versus 54% for placebo. For LOCF imputation, estimated transfusion rates are
13.7% for Bpoetin alfa and 30.4% for placebo. These are consistent with estimated transfusion rates
for the entire ITT population.

Thus, once weekly treatment with Epoetin alfa reduced the number of subjects needing

transfusions after Day 28 of the study. Across 6 analyses, the percentage of subjects transfused in

the Epoetin alfa group was lower than in the placebo group. These differences between groups -
ranged' from —10% to —16%. '

Data Related to the Primary Endpoint — Percent of Subjects Transfused Overall: The
percentages of subjects transfused at any time on study, including prior to Day 28 in Cycle 1, are -
presented by evaluation cycle in Table below. The percentage of subjects transfused was greater
during each cycle in the placebo group than in the Epoetin alfa group. During the entire study, 39%
of treated placebo subjects received one or more transﬁ1s1ons compared to 26% of Epoetln alfa
treated subjects.

Table 15: Percent of Subjects Transfused by Evaluation Cycle and Overall

Placebo (n = 170) Epoetm alfa (n 174)
‘ N n (%) N n (%)
Cycle 1 165 41 (25%) | 166 - 131 (1%%)
 Cycle 2 150 34 (23%). 152 14 (9%)
Cycle 3 ' 131 19 (15%) 137 8 (6%)
‘yele 4 119 13 (11%) 118 6 (5%)
_verall (any cycle) | 165 65 (39%) 167 43 (26%)

“The hemoglobin concentrations measured at the time of first transfusion on study are summarized
for each treatment group in table below. Hemoglobin concentrat1ons leading to first transfusion
showed similar mean values and the same median value.

Table 16: Pre-transfusion Hemoglobin for First Transfusion on Study (ITT)

A\

Placebo (n=170) ‘Epoetin alfa (n = 174)

Subjects Transfused, n (%) 65 (38%) 43 (25%)
Pre-transfusion Hgb (g/dL) for First Transfusion '

N : 64 : 42

Mean (SD) 7.8(0.99) 7.9 (0.97)
Median 7.8 7.8

Range (4.8-10.2) (6.5-10.7)
Pre-transfusion Hgb (g/dL) for First Transfusion n (%) n (%)
<71 8 (12%) 9 (21%)
7.1-175 14 (22%) . 7 (16%)
7.6-8.0 21 (32%) 10 (23%)
8.1-85 11 (17%) 5 (12%)
8.6-9.0 5 (8%) 6 (14%)
9.1-95 1 (2%) 3 (1%)
9.6-10.0 2 (3%) 1 (2%)

10.0 12(3%) 12%)

/Essmg 1 (2%) 1 (2%)

” Percents are based on subjects tIansfused
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Secondary Efficacy Analyses -

ber of RBC Units Transfused Table below presents red blood cell (RBC) units transfused per

ject and units transfused per 100 subject-days for the ITT population of the e study.

' As the table indicates, over the entire study the total number of RBC transfusions administered in the
placebo group (256 units) was approximately twice the total number administered in the Epoetin alfa
group (129 units). The mean number of cumulative RBC units transfused per subject in the placebo
group (1.5 units) was also approximately twice the mean number in the Epoetin alfa group (0.7
units). Adjusted for each subject’s time on study, the mean number of RBC units transfused per 100
subject-days was significantly higher in the placebo group vs. the Epoetin alfa group (1.52 vs. 0.76;

'p<0.0001). The difference in the number of units transfused per 100 subject-days was -0.78 units,
Tepresenting a reduction in the transfusion burden by approxnnately 50% for the Epoetin alfa group

_compared to the placebo group. :

Table 17: RBC _Um ts Ty ran.@ﬁxsed/Subject and Units T ran.sfu.éed/] 00 Subject-Days> (IT7)

Placebo (n = 170) Epoetin alfa (n =174) p-value
Total Units /Subject: : 2 .
N ' 170 174
Mean (SD) 1.5 (2.65) ‘ 0.7 (1:59)
Median ' 0.0 0.0
Range : (0.0-14.0 (0.0—10.0)
"Total Days on Study ' ‘ '
N 170 174
‘Mean (SD) - 97.7 (35.27) 97.0 (35.06)
*Median o 112.0 - 111.5
hge (0-162) (0-177)
_fansfosion Rate: - '
Total No. of Study Days ' 16606 16884
Total No. of Units Transfused 256 129 v I
Units Transfused per 100 Subject-Days | 1.54 (0.0094) 0.76 (0.0161) | <0.0001*
(SE) -
| Effect Estimate (95% CI):
Difference in Transfusion Rates (Epoetin | . -0.78
-| alfa — Placebo) (-0.783, -0.777)

? Test based on normal distribution.

Change in Hemoglobin Concentrations from Baseline: Values for Hgb concentrations at baseline
and at last measurement, and changes in Hgb from baseline to last value, are summarized by
treatment arm in the following table. The mean change in Hgb from baseline was 0.9 g/dL in the
placebo group and 2.8 g/dL in the Epoetin alfa group; the difference between groups was statistically
significant (p < 0.0001). The study days on which the last Hgb value was obtained were similar in
the two treatment groups, with the mean study day being Day 91.8 for the placebo group and Day
91.9 for the Epoetin alfa group. Because the transfusion rate was higher in the placebo group than in
the Epoetin alfa group, the effect of transfusions would contribute to Hgb increase to a greater
degree in the placebo group than in the Epoetin alfa group.
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Table 18: Chdnge in Hgb from Baseline to Last Value (IT 7)

N ' Placebo (n = 170) Epoetin alfa (n = 174) p-value
aseline Value (g/dL): _ T ,
N . . . 1170 . 174
Mean (SD) - 94(093) 9.5 (0.94)
Median . L 95 ' 96 .
[Range | 1 (69-11.9) (6.0-114)
Last Value (g/dL): : ‘ '
N . ) 164 : -166 )
Mean (SD) T 103 (1.44) 122012)
Median . L 10.4 123
[Range ' — [(6.0-139) (7.9-17.3)
A in Hgb to Last Value (g/dL): ’ ' : .
N ] : 164 . 166 -
Mean (SD) | 0.9 (149) 2.8 (2.05) <0.0001
Median — 09 28 ,
Range ” - [ (38-53) 1(22-75)
| A (95% CT) (Epo—Placebo):_ — 19(15,23)
Study Day Last Hgb Obtained: ' - ‘
N ) 170 174
Mean (SD) — 91.8 (36.64) 91.9 (35.73)
Median ‘ 110.0 106.5
Range - , (4.0-161.0) (3.0-175.0)

Changes in Hgb within specific subgroups are presented in Table below. Within each subgroup, a
greater Hgb change was noted for subjects treated with Epoetin alfa than for subjects receiving
lacebo. The greatest difference in subgroups was found for the degree of anemia in the placebo
_toup, where subjects with mild anemia showed a much smaller Hgb change than subjects with
~ severe anemia. This might have been expected, however, since subjects with mild anemia would
have required fewer transfusions. '

Table 19: Mean Change in Hgb Within Subgroups (ITT)

_ , Placebo (n=170) . Epoetin Alfa (n=174)
Subgromp: N. | MeanA(D) |N Mean A (SD)
Primary Malignant Disease '
Lung 49 1.1 (1.50) 48 2.5(1.90)
Breast ’ ' 28 1.2 (1.74) 128 3.6 (1.60)
Other ' - 93 0.7 (1.41) 98 2.7 (2.19)
Planned Concurrent RT ' o o
Yes ' 17 0.7 (1.39) 18 2.4(2.18)
No ’ ‘ ' 153 0.9 (1.51) 156 2.8 (2.04)
Degree of anemia _ - _
Mild (Hgb > 9 g/dL) ' , 117 0.6 (1.30) 119 2.7 (2.09)
Severe (Hgb < 9 g/dL) ‘ 153 115069 55 2.9 (1.96)
Chemotherapy Regimen i
Cis-platinum ' 33 1.0 (1.25) 26 2.9 (2.01)
Non-cis-platinum C o 137 0.9 (1.55) 148 | 2.7(2.06)

/he percentages of subjects with an increase in Hgb of > 2 g/dL are summarized in table below. The
percent of subjects with a > 2 g/dL increase in Hgb was smaller at each cycle in the Placebo group
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than in the Epoetm alfa group. Over all cycles 32% of subjects in the placebo group compared to

. 73% of subjects in the Epoetin alfa group had a Hgb increase of > 2 g/dL. The sponsor notes that
any contribution of transfusion to these results would be greater in the placebo group than in the
joctin alfa group due to the higher transfus1on rate in the placebo group. '

Table 20:Percent of Subjects wzth a 22 g/dL Increase in Hgb (ITZ) ,

Placebo (n=170) - T Epoetin Alfa (n=174) _

. N . Tn(%) ' 1N n(%).

Cycle 1 164 10(6%) 166 52 31%)
Cycle 2 ' 147 [ 2507%) 152 82(54%)
Cydle 3 129 23 (18%) 134 90 (67%)
Cycded T 14 131 27%) 5 . [81(70%)
Overall (any cycle) {164 152 (32%)- 166 | 122 (73%)

Hemoglobin Over Time: Results of the sponsor’s. longltudmal analy51s of Hgb increase over time
are presented in the table below. The rate of Hgb increase (i.c., the slope estimate) was 0.064 g/dL
per week in the placebo group as compared to0 0.201 g/dL per week in the epoetin alfa group. The

difference between treatment groups was highly statistically significant (p < 0.0001).

Table 21: Hemoglobin Over Time / Longitudinql Analysis (IT T)

Estimated Effect Placebo (n=170) - | Epoetin Alfa (n=174) p-value

Slope (g/dL/week) _ | 0.064 o 0.201
95% CI (0.04, 0.08) ‘ | (0.18,0.22)

| A (Epo—Placebo) : . 10137 _ ' < 0.0001
95% CI . (0.11, 0.17)

_ Longitudinal assessment of Hgb over the study period wés analyzed via a mixed-effect
model with the intercept and study day treated as random effects and controlling for study center

size, age, gender, baseline body weight, type of primary cancer, concurrent radiation therapy, degree
of anemla, baseline transfusion status, and chemotherapy type.

Incidence of Hgb Concentrations Below 9.0 g/dL: After Cycle 1, 29.5% of subjects treated with
_placebo had Hgb values of <9 g/dL compared to 11.1% treated with Epoetin alfa. The p-value for
this difference was statistically significant (p < 0.0001). These results are summarized in table

~ below.

Table 22: Number and Proportzon of Subjects with Hgb <9g/dL After Cycle 1to Indzvzdual Study
End (IT" D _

Placebo (n—170) : Epoetin alfa (n=174) p-value .
Hgb <9 g/dL, n(%): : .
N . | 149 - 153
No 105 (70.5%) , 136 (88.9%)
Yes . ' 44 (29.5%) 17(11.1%) - <0.0001°
A (Epo —Placebo) o ’ -18.4 ’
95% CI for A ' (-27.3, -9.6)

* Based on two-sided Chi-square test

Incidence of Nephrotoxicity in Subjects Receiving Chemotherapies Containing cis-Platinam:.

" incidence of nephrotoxicity (i.e., creatinine Grade > 1) in subjects who were identified at study

. 4ry as receiving chemotherapies containing cis-platinum are tabulated by creatinine toxicity grade -
in the following table. Five subjects (16%) in the placebo group and 4 subjects (16%) in the epoetin
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alfa group had signs of Grade 1 (mlld) nephrotox1c1ty Four subjects (13%) in the placebo group and

2 subjects (8%) in the epoetin alfa group had signs of Grade 2 (moderate) nephrotoxicity. The -

dlfference between groups was not statlstlcally s1gmﬁcant for creatmmte grade or for incidence of
}phrotoxmlty :

Table 23: Incidence of Nephrotoxicity in Subjects Receiving cis-Platinum-Based Chemotherapy

Placebo (n=31) Epoetin alfa (n=25) | p-value
Creatinine : . . C
Maximum CTC Grade, n (%) v B » 0.6404"
0 . ' 22 (11%) 119 (76%) -
11 ' ) 5 (16%) 4 (16%)
2 4 (13%) : 2 (83%)
Incidence, n (%) ' 1R | 0.7667°
- | No , - .1 22.(71%) 19 (76%) '
| Yes. - - 1 9(29%) 6 (24%)

p—value for grade based on Wilcoxon rank sum test

" P p-value for incidence based on Fisher’s exact test:

Note: The summary only includes those subjects identified on the study eligibility criteria form as receiving cis-platinum
- containing chemothérapies .

The statistical reviewer (Dr. Gnecco) performed univariate Fisher’s exact test analysis on the

primary efficacy endpoint of proportion transfused for the subgroup of patients who received cis-

platmum chemotherapy as well as for the subgroup who received non—c1sp1at1num containing

regimens.- In both cases the proportion transfused was higher on the placebo arm relatlve to the
ooetm alfa arm. These differences did not reach statistical significance.

TS Woy
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Survival: Univariate analytic findings for survival data, availéblc at the time of the s-BLA
submission, are presented for each treatment group in the following figure.. '

Figure 2: Study PR98-27-008 / Overall Survival
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Time to event: FU_TIME
Censored by fu_stjmp
Grouped by NEWARM

Group . N Failed N Censored Mean Std Error

Epoetin Alfa 17 57 344969
_ Placebo 115 55 400.238
| Combined 112 372.27

=

e ey ey T

Group Median Time

Lower95%  Upper95%  25% Failures  75% Failures
Epoetin Alfa 319 248 371 157 515
Placebo 328 250 385 154 495
Combined 360 155 511

p ]
Test ChiSquare DF  Prab>ChiSq
Log-Rank 0.6253 1 0.4291
Wilcoxon 0.0626 1 0.8024

The survival curves are similar, with median survival times of 10.9 months (where 1 month = 30
days) in the placebo group and 10.6 months in the Epoetin alfa group. The difference between
groups was not statistically significant via the logrank test (p=0.429).

An updated survival analysis was perfonned when the 4-month safety data became availablé. This is
presented in the following figure.
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Figure 3: Study PR98-27-008/ Overall Survival (4-
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" Time to event: FU_TIME
Censored by fu_stimp

Grouped by NEWARM
Group N Failed N Censored . Mean Std Error

- Epoetin Alfa 121 53 387.472 32.2787
Placebo - 119 51 495729 Biased 42.7112

Combined - 240 104 452.26 28.9151

Group Median Time Lower95% 75% Failures

Upper95% 25% Failures
Epoetin Alfa 325 248 369 - 157 527
Placebo 328 250 397 154 673

Combined 327 268 . 362 155 . 542

Test ChiSquare  DF Prob>ChiSq

Log-Rank 0.8650 1 0.3524

Wilcoxon 0.1085 1 0.7418

Overall, 119 subjects (70%) in the placebo group and 121 subjects (70%) in the Epoetin alfa group
died. The median survival times were similar between the placebo and Epoetin alfa groups (10.9
months and 10.8 months, respectively). The survival curves were similar up to 12 months, the
protocol specified end point. - The apparent separation of the curves after 17 months (approximately
550 days on the plot) could be due to the disparity in the number of censored subjects during Months
1210 17 (360 — 510 days). The difference in overall survival times between the two groups was not
statistically significant (p = 0.352 via the logrank test). A large proportion of the deaths in both
treatment groups were due to disease progression. Table below presents the breakdown for cause of
death. SRR
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Table 24: Study PR98-27-008 / Cause of Death for Deaths that OCcurred On Study and After the Study (Durmg the
Follow- Up Phase) for the IIr Populatzon ' .

3

i - | Placebo (n= 170) - e -Epoetin alfa (n=174)
Cause of Death (n, %)" - _
Total deaths, n ' 119 ' 121
Disease Progr&ssxon " 100 (84%) : 102 (84%)
Other’ ' ' 6 (5%) - : 8 (%)
Unknown 13 (11%) | 11 (9%)

Note: Deaths during the follow—up phase include those that occurred within 30 days following the last dose of study drug ,
and those that occurred after 30 days following the last dose of study drug. ’
* Percentage is based on total deaths

®“Other” included the following; 1schemla/mfarc110n pneumomus respiratory failure due to pulmonary metastases;
pneumonia/ARDS; cerebral hemorrhage; necrosis of bowel; ischemic stroke, subarachnoid hemorrhage; coronary artery
disease (CAD); congestive heart failure (CHF) exacerbation, chronic obstructive pulmonary disease (COPD);
gastrointestinal (GI) bleed and anemia; stroke; renal failure; and unknown — chose to see another oncologist.

Tumor Response: Tumor response to chemotherapy at study completion, as estimated by the
mvestigators, was comparable between the two treatment arms and is presented in table below.
Tumor progression was reported for 29% of subjects in the placebo group and 32% of subjects in the
Epoetin alfa group.

Table 25: Study PRY98-27-008 / Tumor Response to Chemotherapy at Stuay Completion (ITD

Placebo (n = 170) Epoetm alfa (n 174)
Objective Status of Tumor Response, n (%) |
Missing 4 (2%) ' 1 603%)
Tmplete response (CR) - 13 (8%) 14 (8%)

Aial response (measureable disease only) (PR) . - 19 (11%) 14 (8%) -
Regression 15 (9%) 13 (7%%)
Stable ‘ S , 70 (41%) 72 (41%)
Progression 49 (29%) 55 (32%)
QoL Analysis:

There were no differences in AUC- QoL scores between the subjects who received epoetin alfa treatment
- and the subjects who received placebo. An exploratory AN COVA model confirmed this result.

3.3.3 Clinical Microbiology

Data regarding clinical microbiology were not provided in this submission (also not applicable).

3.3.4 Efficacy Conclusions

The randomized study PR-98-008 provides statistical support for the sponsor’s efﬁcacy claim.
The primary efficacy analysis was based on the difference n proportions transfused in the ITT
population. The pre-specified non-responder (worst outcome) imputation analysis of subjects receiving
RBC transfusions after treatment Day 28 until individual study end (i.e., subjects who withdrew from
“he study after Day 28, with no transfusion after Day 28, were imputed as transfused for purposes of
alysis) yielded an estimated difference of —9.8% favormg the Epoetin alfa group which reached
porderline statistical significance (p=0.069, Chi square test; p=0.071, adjusted log15t1c regression
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analys:s) The sponsor presented a rationale that indicated that usmg non-responder imputation biased
results against the Epoetin alfa treatment arm. 'This reviewer agrees with the sponsor’s rationale
described in section 3.3.2. Five additional imputation analyses, previously discussed with the FDA,
- Jded estimated rate differences that consistently favored the Epoetin alfa group over the placebo
~~O0up (range: -10% to —16%); all of these differences were statistically 51gmf1cant (p <0.05). Inaddition
- to the primary endpoint desctibed above, the mean number of RBC units transfused/subject in the
placebo group (1.5 units) was approximately twice that in the Epoetin alfa group (0.7 units). The mean
number of units transfused/ 100 subject-days was statistically significantly lower in the Epoetin alfa _
group (p <O. 0001). There was a marked dlfference in hemoglobin response, favoring the Epoetin alfa - -
group. :

34 Intégfated Review of Safety -
3.4.1 Approach to Review of Safety

The safety information in support of this appllcatlon was prlmarlly derlved from the p1vota1
"Phase TIT double blinded placebo controlled trial PR98-27-008. The Safety population included all

subjects who received at least 1 dose of study drug and had safety information available. The safety -
population included 165 subjects who received placebo and 168 sub]ects who received epoetin alfa

Additionally, safety information was also provided from the subjects in Phase I PK/PD study
EPO-PHI-377, in which 18 of the 33 anemic cancer patients received epoetin alfa by a weekly
~schedule. Because of the limited number of patients exposed to the proposed regimen, safety
information from this study is only included in section 6.1 and is not included in this section.

1.2 Safety Findings

3421 Exposure

The extent of exposure is summarized for the ITT population in Table 26. The mean duration of
treatment was similar and the median ‘duration.of treatment was the same in the 2 treatment groups.

Table 26: Duration of Treatment )
(Study PR98-27-008: Intent-to-Treat Population) |

Placebo , . Epoetin Alfa |
. _ : =170) |, (N=174)
Never dosed, n (%) _
Yes 5(3) 6(3)
Duration of treatment (days)
N o ' 165 165
Mean (SD) ' 91.4 (31.67) 89.8 (30.33)
Median - ' ' 106.0 106.0
Range (1.0-141.0) (1.0-169.0)

a: One subject (99015) had no first dose date and 2 subjects (77445 and 78217) had no final
dose date; these subjects are tlierefore not included in this total.

In the safety population, 115 (70%) of 165 subjects in the placebo group and 109 (65%) of
168 subjects in the epoetin alfa group completed treatment (a scheduled time of 16 weeks). The
Jlowmg table 27 shows the summary of average weekly dose of epoetin alfa or placebo by cycle.
- seven patients were inadvertently unblinded after 5 cycles of treatment (4 in the placebo group and
3 in the epoetin alfa group). Adverse events information was collected on all these patients. Five of
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these subjects had information on the study dose, hence are included in the following table.

Table 27: Averége ‘Weekly Dose Per Cyclé

/ o (Study PR98-27-008: Intent-to-Treat Population)
“Placebo " Epoetin Alfa -
, (N=170) N=174)
Never dosed, n (%) o L
Yes 53) 6@
. A.vérage weekly dose ' _
Cycle 1 . » ' '
N . 164 , 167 C
Mean (SD) 40,563.0 (2,298.62) 40,024.0 (1,926.21)
Median 40,000.0 . 40,000.0 .
Range (40,000.0-60,000.0) (20,000.0-50,000.0)
Missing 1(1%) C1(1%)
- No longer on study. 5(3%) - 6(3-.)
. Not Dosed 0o - 0 -
le 2 o o
e 150 150
- Mean (SD) 54,437.8 (8,657.55) 48,417.8 (9,896.72)
Median g 60,000.0 40,000.0 :
Range (40,000.0-60,000.0) (26,666.7-60,000.0)
Missing ’ 1(1%) 2(1%)
No longer on study 19(11%) 21(12%)
Not Dosed 0 1 (1%)
Cycle 3 ‘ o
N 131 130
Mean (SD) 35,267.2 (8,533.03) 49,538.5
Median - 60,000.0 © 40,000.0
Range (40,000.0-60,000.0) (40,000.0-60,000.0)
’ Missing 0 2(1%)
No longer on study 39(23%) 36(21%)
- Not Dosed 0 6(3%)
Cycle 4 C
N 121 110
Mean (SD) 55,371.9 (8,469.68) 49,045.5
Median 60,000.0 - 40,000.0
Range ' (40,000.0-60,000.0) (30,000.0-60,000.0)
Missing 1(1%) 1(1%)
No longer on study 48(28%) 56(32%)
Not Dosed 0 7(4%0)
" Cycle 5 '
N 4 1
Mean (SD) 55,000.0 60,000.0 ()
Median 60,000.0 ©60,000.0
Range (40,000.0-60,000.0) (60,000.0-60,000.0)
Nolongeronstudy . 166(98%) 173(99%)

Dose modifications for patients in the study have previously been described (please see table
10). As shown in that table the dose was withheld for more subjects in the epoetin alfa group (54
subjects, 31%) than in the placebo group (25 subjects, 15%). Among the reasons for withholding
the dose, a hemoglobin value of >15 g/dL was given as the reason for 27 of the 54 subjects with
»ses withheld in the epoetin alfa group, but was not given as the reason for any subject in the
_iacebo group. The dose was reduced for 16 subjects (9%) in the epoetin alfa group but was not

reduced for any subject in the placebogroup. Among the subjects in the epoetin alfa group with dose
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reductions, a hemoglobin value of >15 g/dL was given as the reason for 14 of the 16 subjects.

N _
).4.2.2 Deaths -
Table 28 describes the deaths that odcurred in the subjects while on study. Twenty-one deaths

occurred in subjects while on study (8 in the placebo and 13 in the epoetm alfa group) This
d:lfference was not statistically significant

Table 28: Deaths That Occurred 011 Study (Study PR98-27-008: Safety Populatlon)

: Age Study Day Drug

Treatment Afm Sﬂbj ect Sex (Years) Cause of Death of Death Severity RelathllShlP

Placebo 79159 Male. 52 Disease progression NA NA®
' 79429 Female 74 ‘Disease progression NA NA

79458 Male 50 Disease progression NA NA
79927 Male 78 Disease progression NA. ‘NA
80413 Male 66 Disease progression NA NA
80838 . Male. 76 Disease progression . NA NA

84215 Male - 79  Other ischemia/infarction® s Unlikely
. 95473 Female 57 Disease progression . NA ‘NA
Epoetin Alfa 77358 Male 44 Disease progression NA NA
77572  Female - 66 Disease progression NA. NA
78767 Male 58 . Disease progression NA NA
78771 - Male 66 Disease progression NA NA
79647 Male 81 Disease progression NA - NA
86929 Female 74 Disease progression NA NA
: 87516 Male 42 Disease progression NA NA
o 87694 Male 58  Disease progression NA NA
90646 Male 60 Disease progression NA NA
92508 Male 68 Disease progression NA NA
92730 Male 81 Disease progression NA NA

94413 Male 72 Other\Pnenmonitis 5  Not Related

99015 .  Female 68  Disease progression ~ NA NA

a NA (not applicable) is shown for deaths attributed to disease progr&sswn under NCI criteria, such deaths are not
reported or evaluated as adverse events. _
® Myocardial infarction

Table 29 below describes the deaths that occurred within 30 days of the last dose of study
medlcatlon These include 15 in the placebo arm and 18 m the epoetin alfa arm.

“ Appears This Way
On Onglnal
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Table 29: Deaths That Occurred After the Study but Within 30 Days
- v Following the Last Dose of Study Medication
/ (Study PR98-27-008: Safety Population)

Treatment _ : Age . Days After

Am Subject Sex (Years) Cause of Death Trealment
Placebo 77228 Male 34  Disease progression 2
: ' 78374 - Male 60 - Disease progression

78377 Female 56  Disease progression
79128 ° Male 70  Disease progression
79324 - Male 78 . Disease progression
84475 Female @ 63 Disease progression
88240° Female 66  Disease progression
90996 - Female 60  Disease progression >
92162 - Male .53 Disease progression
92405 Male 76  Disease progression
92573° Female 43 Disease progression -
97447 Female 42 Other\Respiratory failure
98957 Female 71 Other\Pneamonia/ ARDS
99763 Male 63 - Disease progression
100270 Male 67  Unknown

Epoetin Alfa 77445 Male 68 - Other\pneumonitis

- 78085 Male . - 50  Disease progression .

78217 Male 56  Disease progression
80039 . Female 47 Disease progression
80306 Female 82 - Disease progression
83490° ° Male - 58 Disease progression
83690 Female 64  Disease progression
83868 Female 69  Disease progression -
84542 - Male . 46  Disease progression
84895 Male 61 Disease progression
84918 Male = 88  Disease progression
85236 Female 67  Disease progression
86759 Male T 42 Other\cerebral hemorrhage
88019 Female 42  Disease progression
91709" Female =~ 63  Disease progression
91880 . Female 65 Disease progression
97060 Male 74  Disease progression
97313 Female . 68 Disease progression

In addltlon the sponsor prov1ded listings for all subjects who died in the follow up phase 30 days
after the study. A total of 186 subjects died during this period and included 96 subjects in the
placebo group and 90 subject in the epoetin alfa group. The following table 30 describes the cause of
death in the subjects either on the study or in the follow-up period.
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Table 30: Cause of Death for Deaths That Occuxred On Study and After
N : , the Study (During the Follow-Up Phase)
) o (Study PR98 27-008: Intent-To-Treat Population)

- Placebo Epoetin Alfa
Cause of Death (@, %) o (N=170) N=174)
.Total Deaths, n- 7 _ 119 L 121
D1sease progresswn 100(84) - 102(84)
Other” 605 : 87
Unknown : 13(11) 11(9)

Note: Deaths during the follow-up phase include those that occurred within 30 days
following the last dose of study drug and those that occurred after 30 days following
the last dose of study drug.

*Percentage is based on the total deaths
®"Other" included the following: ischemia/infarction; pnenmonitis; respiratory failure due
to pulmonary metastases; pneumonia/ARDS; cerebral hemorrhage; necrosis of bowel,
ischemic stroke, subarachnoid hemorrhage; coronary artery disease (CAD); congestive
- heart failure (CHF) exacerbation, chronic obstructive pulmonary disease (COPD);

~ gastrointestinal (GI) bleed and anemia; stroke; renal fallure, and upknown - chose to see
another oncologist.

3.4.2.3 Other Serious Adverse Evelits-

Because the CTC criteria do not use the term "serious adverse event" as such, for this
study, the Sponsor treated adverse events with toxicity Grade 3 (severe and undesirable) or
Grade 4 (life-threatening or disabling) as serious adverse events. Overall, Grade 3 or 4 adverse
events were reported for 73 subjects (44%) in the placebo group and 82 subjects (49%) in the

epoetin alfa group. The grade 3 and 4 events that occurred in 5% or more subjects are described in
table 31. _

y |
Table 31: Grade 3 and Grade 4 Adverse Events (SAEs) Reported for 25.0% of Sub_]ects in Either Treatment

Group
(Study PR98-27-008: Safetv Population) .
Placebo (N=165)" Epoetin Alfa (N=168)"
CTC Catgeory Grade 3 Grade 4 Grade 3 Grade 4
Adverse Event 7 (%) n (%) n (%) C n(%)-
Constitutional Symptoms , ' ,
Fatigue 12 (7%) 0 (0%) 12 (%)  2(1%)
Gastrointestinal ‘ _ | :
Nansea 9 (5%) 0 (0% 5 (3%) 0 (0%)
Hematology ' : : .
Anemia L 8(5%) 1 (1%) 3 (2%) 0 (0%)
Neutropenia® - 3 (2%) 3 (2%) 3 (2%) 6 (4%)

No subject appears in both categories 3 and 4.

®In addition to neuiropema, febrile neutropenia of Grade 3 was reported for 5 subjects (3%) in the placebo
group and for 2 subjects (1%) in the epoetin alfa group.

The following table describes the attributions of Grade 3 and 4 adverse events according to study
investigators.
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Table 32: Drug Relatlonshxps of Grade 3and 4 Adverse Events

. , . as Evaluated by Investigators
I - , (Study PR98-27-008: Safety Population) -
A ' Placebo Epoetin Alfa

, . (N=165) (N=168)

‘Subjects with any Grade 3 or 4 adverse '
' event (SAE), n (%) _ 73(44%) 82(49%) .

Relahonshlp of event to therapy, (%) _ ;

Not Related K | 34(47 % )'b 7 55(67%)

Unlikely : o ' 28(38%) . 18(22%)

Possible , : 7 9(12%) =~ 8(10%)

Probable ' 1(1%) . 1(1%)

Deﬁnite ‘ ' : - 1(1%) 0(0%)

*If a subject had multiple reports of the same- SAE thh dlfferent drug-relationships,then the greatest

relahonshlp assigned to drug therapy was used.

Percentag&s shown are based on the number of sub]ects with Grade 3or 4 adverse events

~ As can be seen, the majority of Grade 3 and Grade 4 adverse events were evaluated by the:
investigators as not related or as having an unlikely relationship to study therapy. The following
table lists those that were reported as possibly, probably; or definitely drug-related.

pears This Way
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. Table 33:Listing of Subjects With Grade 3 or 4 Adverse Events Evaluated as
Possibly, Probably, or Definitely Related to Study Drug
(Study PR98-27-008:. Safety Population)

\Faiment - Age : ~ Initial Duration' . Dmg -
4m - Subject S (years Adverse Evmt Toxicity (cycles) Severity’  Relation®
Placebo 77728 M 74 . Fatigue ' 59 1 3 Possible
: : Infection-no ANC 59 o1 3 Possible
79739 M 61  Thrombocytopenia . 35 1 3 - Possible
83906 M 60 - Neutropenia 4 1 4 Possible
87943 M 71 Leikopenia . 31. 1 3 Possible
: 'Ihrombocytopenm ‘ 31 2 3 Possible
. 88240 F 66  Diarrhea-no colostomy 29 2 3 Probable
Co . - - . Infection - : 29 2 3 Possible
Nausea : : 29 1 3  Probable
Pain-abdominal 60 1 3 + Possible"
Vomiting o 29 1 3 Probable
C®573 F 43 Constipation . 127 1 "3 Possible -
. ' , ~ Thrombosis 34 1 4 Possible
94050 F 73’ -Syncope - 3 1 3 Possible
94266 M 44 Myalgia : 22 1 3 Possible
94476 = M 74  ‘Anemia 35 1 3 Definite
97819 'F 68 Arhythmia-SVT ' 57 1 3 Possible
: - 100492 F 52 Anemia 29 1 3 Possible
Epoetin 77358 M 44 Constipation 56 1 4 Possible
83490 M 58  Dizzness 9% 1 3 Possible
© 86929 F 74  Hyponatremia 22 1 3 Possible
88975 M 41 = Thrombosis C 57 1 4 Possible
90060 M 71 Dyspnea , : 52 1 4 Probable
. Infection , 52 1 3 Probable
91709 F 63  Alkaline phosphatase 29 1 3 Possible
2202 M 72 Hemolysis 58 1 3 - Possible
92730 M 31 Pain-abdominal 30 1 4 Possible
95710 M 56 Myalgia 56 2 3

Possible
AN C=absolute neutrophil count, SVT=supraventricular tachycardia ' :
1 Duration is the number of cyclts where the toxmty was-Grade 3 or higher.
2. In this table, severity is the maximum severity over all cycles.
3.In this table, dmg relauonshlp is the hlghtst re.lanonshlp overall cycles. -
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3.4.2.4 Dropouts and Other Sighiﬁcimt Adverse Events '
{

~ fhree subjects w1thdrew from the study due to adverse events. These are summarized in the table
below: : :

Table 34- Subjects Who Disco‘ntinued Due to Adverse Eveats
(Study PR98-27—008 Safety Population)

Treatment . : Evaluation Drug

Am ' Subject Sex (Y ears) AdverscEvent Date - Seventy Relationship

Placebo 78495 Female 50 Nawsea 27 May1999 1 Unlikely

 Nausea 29 Jul 1999 2 Possible

Pain-chest 29 Jul 1999 2 Unlikely

' : Rash - 29Tl 1999 . 2 Unlikely
Epoetin Alfa 90060 Male 71 Dyspnea 31 Aug2000 = 3  NotRelated
S : Dyspnea 29 Sep 2000 4  .Probable.

‘ © - Infection - - 29 Sep 2000 3 Probable.
90976 Female - 75 Rash- 27 Nov 2000 2 Possible

3.4.2.5 Other Search Strateg_ies Applied to Clinical Safety Database

Other search strategies were not deemed necessary in the clinical safety database in this placebo
controlled study. Sponsor provided narratives of deaths, grade 3 or 4 adverse events, TVEs and
summary information on. medwatch and hospital notification forms.

3.4.2.6 Common Adverse Events

Treatment emergent adverse events were reported in 142 patients in the placebo arm and 147

- subjects in the Epoetin alfa arm. The following table lists those occurring in at least 5% in either

study arms. There was no 51gn1ﬁcant dlfference between the two study arms.

years This WaY
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Table 35: Incidence of T rcaunent-Emergent Adverse Events Reported for 5% of
Subjects in Either Treatment Group
(Stndy PR98-27-008: Safety Population)

: Placebo * Epoetin Alfa-
CTC Category (N=165) - (N=168) -

Adverse Event (Toxicity) n(%) , n(%)

- Any adverse event ' 142 (86) 147 (88)

Cardiovascular R c

Edema - 14 (3) 14 (8)

.. Constitutional symptoms : '

* Fatigue » _ 85 (52) . . 85(51)
Fever-no ANC . . 10(6) ' 7@
Weight loss ' 9(5) 15 (9) -

Dermatology/skin . _ -

Alopecia - _ 4829 . 4225
‘Rash : o 7(4) K 1.
Gastrointestinal , ’ : :

Anorexia : 31 (19) S 3108

Constipation. 37 (22) : 30 (18)

Diarrhea-no colostomy 36 (22) 33 (20)

Nausea . 49 (30) ] 58 (35)

Stomatitis ’ 12 () 16 (10)

Vomiting 27(16) ~  33(20)
Hematology S : b

Anemia . 22 (13) 13 (8)

Leukopenia ' 11 (7) 14 (8)

Neutropenia 16 (10) 16 (10)

. Thrombocytopenia 10 (6) 6 (4

Infection/febrile neutropenia C _

Infection ' 17 (10) 8 (5)
Metabolic/laboratory _ :

Hyperglycemia 6 (4) 10 (6)
Neurology . e

Insomnia 4 (2) 10(6)

Neuro-motor 12 (7) 11 (7)

Neuro—sensory 38 (23) 38 (23)
Pain _ o

Arthralgia 10 (6) 16 (10)

Myalgia 8 (5) 17 (10)

Pain 18 (11) 15 (9)

Pain-abdominal 17 (10) 11 (7)

" Pain-bone ' 6 (4 11 (7)
Pulmonary i
" Cough 12 (7) 15 (9)

Dyspnea 36 (22) 27 (16)
Renal/genitourinary

Creatinine 10 (6) 5(3)

Key: ANC=absolute nentrophil count

3.4.2.7 Less Common Adverse Events

- _ue incidence of less common adverse events was similar in both groups. The incidence of
thrombovaseular events is discussed in below in section 3.4.2.11. There were three incidences of



seizures (2 n placebo armand 1 in epoetm alfa arm. All these patients had CNS pathology to
account for the selzures

;.4 2.8 Laboratory Fmdmgs

The followmg table lists the toxicity grade for all laboraiory tests performed. As shown in the table

below, there was higher incidence of anemia in placebo n'eated subjects than in those rece1v1ng
active treatment. '

_ Table 36: Toxicity Grade for All Laboratory Tests
(Study PR98-27-008: Safety Population)

Placebo = Epoetin Alfa -
(N=165) _ (N=168)
WBC grade present, n (%) 164 (100) 165 (100)
‘WBC any incidence 106(65) 98(59)
- WBC Grade 3,4° -
Grade 3 24(15) 37(22)
Grade 4 12(7) 7(4)
Hb grade present, n (%) 164 (100) 165 (100)
Hb any incidence 158(96) 141(85)
Hb Grade 34° :
Grade 3 34(21) 15(9)
Grade 4 4(2) 0
PLT grade present, n (%) 164 (100) 165 (100)
PLT any incidence TI(4T) 75(45).
PLT Grade 3,4*
Grade 3 18(11) 17(10)
Grade 4 2 6(4)
Creatinine grade present, n (%) 163 (100) 163 (100)
‘Creatinine any incidence 43(26) 41(25)
Creatinine Grade 3,4° ' :
Grade 3- 2D 0
‘Grade 4 ' 0 1(1)
Key: WBC=white blood count; Hb—hemoglobm PLT=platelet There were no
“Grade 5 toxicities.

3.4.2.9 Vital Signs -

The followmg table summarizes d1astohc blood pressure values over time. Three subjects in the

placebo group (2%) and 5 subject sin the epoetin alfa group were reported to have hypertension as
an adverse event. All these events were Grade 1 or 2 except for 1 case of Grade 3 hypertensmn in the
- placebo group.and 2 cases of Grade 3 hypertension in the epoetin alfa group.
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Table 37: Summary of Diastolic Blood Pressute Values Over Time
- (Study PR98-27-008: Safety Population)

~Placebo Epoetin Alfa
- , (N=165) (N=168)
Diastolic Blood Pressure (mmHg) -
Baseline )
N 162 166
Mean (SD) 70.4 (10.24) 71.8 (10.61)
Median .70 . - 70
Range (48-94) (50-100)
Cycle 1 '
N : 161 161
Mean (SD) ©70.8(11.13) 7171 (11.75)
Median 70 70
- Range (48-114) (40-102)
Cycle 2 :
N o - 143 144
Mean (SD) 70.9(9.02) 72.0(11.08)
Median 70 72 '
Range (47-94) (38-100)
Cycle 3 .
N 125 128
Mean (SD) 71.2 (10.58) 71.5(10.74)
Median 70 ' 70
Range (48-90) (46-118)
Cycle4
- N 114 107
Mean (SD) 72.4 (10.93) 74.2 (10.90)
Median 72 74
:  Range (50-102) - (45-107)
Last Diastolic BP
N 164 165
Mean (SD) 71.0(11.18) 73.5(11.16)
Median 70 72
Range - (43-102) (38-107) .
Change from baseline to last value : :
N . : _ 161 163
Mean (SD) 0.6 (12.48 1.7 (11.49)
Median 0 1
Range (-40-34) (-30-36)
Appears This way
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34210 ECG_s,

% sponsor of this appllcatlon has not prov1ded data on the ECGs of the study patlents

34211 Special Safety S_tudies '

Thrdmbdvascular'events 'Béca'usevof the potentiél for ihcreased thrombotic events in patients on

- epoctin alfa, particularly associated with a rapid rise in hematocrit, the sponsor was asked to provide
narratives on all patients with thrombovascular events and explore the association of their
occurrence with hemoglobm values. The following table lists the incidence of TVE

Table 38: Llslmg of Thrombotic Vascular Events
(Study PR98-27-008: Safety Populatlon)

Treatment - Age Thrombotic . Cycle Toxicity Drug v
Amm .~ Subject  Sex _ (years) Vascular Event . Reported Grade* __ Relationship
Placebo 78254  Male- 46. Thrombosis 1 -4 Not Related
79953 Female. 78 Thrombosis 2 3 Not Related
84215 Male 79 Ischemia/infarction® 1 5  Unlikely
89990  Female 60 Thrombotic microangiopathy 4 4 Not Related
92573  Female 43 Thrombosis 1 4 Possible
93897" Female: 70 Thrombosis 2 3 Not Related
_ Thrombosis 3 3 Not Related
Epoetin Alfa 77068  Male 77 Thrombosis 3 3 Unlikely
: 78492  Male 78 Thrombosis 1 3 Not Related
79450  Male 70 Thrombosis 4 3 Not Related
87694 Male 58 Thrombosis 1 4  Not Related
. Thrombosis 3 4 Not Related
88130 Male 69 Ischemia-cercbral 2 3 Not Related
88975  Male 41 Thrombosis 2 4  Possible
50123 Male 74 L ventricular failure 2 3 NotRelated
94611' TFemale 54 Thrombosis 2 3 - NotRelated
. ~ Thrombosis 4 3 Not Related
96940  Female 79 Thrombosis 1 3 Unlikely
97060°  Male 74  Thrombosis 3 3 Not Related

* CTC description of Grade 3 thrombosis: deep vein thrombosis requiring anticoagulant therapy. CTC
desmpﬂomoiGwdeAJhmmbos:s,mnboh&wemmdudmg_puhnonmycmbohsm
- e Myocardial infarction

o Ttisunknown if the 2 repons of thrombosis for each of these subjects were for the same or separate
OCCIITENCES.

Information from a MedWatch form indicated that this subject subsequently developed left hemlpare515 and a CT scan
showed an early infarct; however; no CTC toxicity term was a551gned to this event.

The following table lists the TVEs by cycle, showing the change n hcmoglobm from the previous
cycle.
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Table 39: Thrombotic Vascular Events by Cycle, Showing the Change in Hemoglobin From the.
. o . Previous Cycle - -

} ' (Study PR98-27-008: Safcty Population) L -

’ ' “REPORTS OF TVE - SUBJECTS WITHNO TVE

Mean (SD), Baseline Hemoglobin = 9.4 (0.92) g/dL

‘Placebo (N=165)

Mean change from . Mean Changein = - . Mean Change in
prior cycle: Na(%) n°  Hb(SD)g/dL N (%) 2 . Hb(SD)g/dL
at Cycle 1 . 3(2) 3 0.4(1.50) 161(98) 161 S 0.20L14)
"atCycle2 20 0 2 1.4(0.14) - 147(99) 145 0.4(1.41) .
at Cycle 3 1) 1 S -0.7 - 12999) 126 - '0.2(1.03)
at Cycle 4 1) o 114(99) 113 0.2(1.29)
Epoetin Alfa (N=168) " Mean (SD) Baseline Hemoglobin = 9.4 (0.94) g/dL
Mean change from . Mean Change in . - Mean Change in
prior cycle: - - N'(%) 0"  HbSD)gdL N (%) n Hb(SD)g/dL
~atCycle 1. 7)) 3 -0.3(1.82) = 163(98) 163 12(150)
at Cycle 2 4(3) 4 04064 14997) 148 1.1(147)
atCycle3 3(2) 2 10.1(0.64) - 132(98) 131 0.6(1.39)
at Cycle 4 2(2) 2 090021 113(98) . 113 0.1(1.53)

Note: Cycle 5 data are not inclnded since none of the subjects who had TVEs had Cycle 5 data.
*N for this category is the number of TVE reports, i.¢., across all cycles there were 7 reports
(6 subjects) in the placebo group and 12 reports (10 subjects) in the epoetin alfa group.
n is the number of subjects with a TVE for whom a hemoglobin measurement was available.

Unfortunately, hemoglobin information was only avé.ilable at the beginning of each cycle and not
at the time of occurrence of TVE. Hence although it appears that there is no relationship between

- vate of Hb rise and occurrence of TVE, a definite conclusion can not be reached because of the
Jimjtation of available data. :

3.4.2.12 - Withdrawal _l?henomena/Abuse Potential ' | o
Data regarding withdrawal phenomenon were not provided in this application. Data regarding abuse
potential are described in the section of overdose. experience. - ' '

- 3.4.2.13 Human Reproduction and Pi'egnancy Data _ o
Data regarding Human Reproduction and Pregnancy were not provided in this application.

3.4.2.14 Overdose Ekperience

To comply with International Conference on Harmonization (ICH) Guidelines, and to capture
all medically confirmed (non-consumer) cases of overdose and drug abuse including concomitant
use of epoetin alfa, the sponsor conducted a search of the Johnson & Johnson Worldwide
Pharmacovigilance and Safety (SCEPTRE) database using the Product Code for epoetin alfa to
identify all formulations and dosage forms of EPREX and PROCRIT. The search included the
‘MedDRA preferred terms "drug abuser NOS", "therapeutic response increased", "medication error”,;
"accidental overdose”, "nonaccidental overdose", "overdose NOS", "prescribed overdose", multiple
drug overdose", "polysubstance abuse", "drug addict", "chemical abuser", and "maternal use of illicit

rugs” to identify all reports including use of these medications received during the period between
¢he International Birth Date, 03 June 1988, and 15 October 2003. Reports from clinical studies in
which the study medication was blinded were not excluded from further analysis. All searches
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included epoetin alfa identified as either a suspect or concomitant medication. The searches included.
~ all spontaneous, postmarketing studies, literature, registry, and health authority reports. All cases
were retrieved mdependent of the reporter's relationship attributlon

/ _ When one excludes placebo cases, "1o adverse drug effect” cases, and cases relating to
medlcatlons other than epoetin alfa, a total of 451 reports (spontaneous and postmarketing study
cases combmed) involving epoetin alfa were identified that listed one of the following MedDRA
adverse event terms: "drug abuser NOS", "therapeutic response increased”, "medication error”,
"accidental overdose", "nonaccidental overdose", "overdose NOS", "prescribed overdose", "multlple
drug overdose”, "polysubstance abuse”, "drug addict", "chemical abuser", and "maternal use of illicit
drugs". Of these 451 cases, there were 434 PROCRIT cases (48 serious, 386 nonserious) and 17
EPREX cases (13 serious, 4 nonserious). The ma_]orrty of PROCRIT cases (331) were related to
possible counterfeit product.

‘ There were a total of 31 deaths reported (6 EPREX, 25 PROCRIT) Of the 6 EPREX deaths,
'3 were unrelated to EPREX, 1 was related to disease progression, 1 was related to postoperatlve
v comphcatlons and 1 was not- spe01ﬁed ‘but occurred 2 months after EPREX was discontinued. -

Of the 25 PROCRIT deaths, 15 were related to cancer progression 2 to seps1s 2 to renal
failure, 1 to cardiac failure, 1 due to accidental injury, 1 due to methadone overdose and 3 were not -
specified. : _

The cases identified in this review were heterogeneous and included events such asincreased
therapeutic response in addition to nonintentional events such as incorrect dose or route. A large
-umber of PROCRIT cases were related to possible counterfeit product with little or no sequelae. No
/usual trends were noted overall No deaths were 1dent1ﬁed as direct outcomes of overdose or
abuse.

3.4.2.15 Post—Marketmg Expenence in U. S and Foreign Markets

To ascertain if once-weekly dosing of PROCRIT had a clmrcally different

adverse event profile compared to dosing with any schedule, the sponsor submitted an -

initial report (dated 21 July 2003), summarizing the review of all PROCRIT adverse-
events reported in association with once-weekly dosing and compared them to all
PROCRIT adverse events reported for all dosing schedules. This review, undertaken
using a WHOART 97 dictionary-based database (Johnson & Johnson Worldwide
Pharmacovigilance and Safety [JIPSy]), covered the period between Jan 1, 1991 and
May 31, 2003. The sponsor then provided an update that covered the period between
June 1, 2003 and November 15, 2003, using a MedDRA 5.1 dictionary-based database
(SCEPTRE) due to a changeover of the Drug Safety & Surveillance database to
MedDRA during the update interval.

Both these reviews showed that the most frequently reported adverse events for
once-weekly PROCRIT are similar in type and relative numbers to those identified for -
any-dosing PROCRIT. No events were 1dent1ﬁed that were specifically associated
with once—weekly dosmg
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Other significant Information:

Since the submission of this apphcatlon safety concerns with erythropoietin
product when using treatment strategies to raise the hemoglobin levels beyond those
. recommended in the current label emerged. These safety concerns have been

addressed in a safety supplement that has been approved (STN 103234/5033). Briefly,
these concerns were based on two clinical trials using different erythropoietin .
products. In one randomized, prospective trial conducted with another Epoetm alfa -
product, in 939 women with metastatic carcinoma of the breast who were receiving
chemotherapy, patients were assigned to receive either Epoetin alfa or placebo for up
to a year, in a weekly schedule, with the primary goal of showing improved survival
and improved quality of life in the Epoetin alfa treatment arm. This study utilized a
treatment strategy designed to maintain hemoglobin levels of 12 to14 g/dL (hematocrit -
36 t0 42%). Increased mortality in the first 4 months after randomization was ' '
observed among 469 patients who received the erythropoietin product [41 deaths
(8.7% mortality)] compared to 470 patients who received placebo [16 deaths (3.4%
mortality)]. In the first four months of the study, the incidence of fatal thrombotic
vascular events (1.1% vs 0.2%) and death attributed to disease progression (6.0% vs
2.8%) were both higher in the group randomized to receive Epoetin alfa as comparcd
to placebo. Based on Kaplan-Meier estimates, the proportion of subjects surviving at
12 months after randomization was lower in the Epoetin alfa group than in the placebo.
" group (70% vs 76%), p = 0.012, log rank. In another randomized, placebo-controlled
study using Epoetin beta, conducted in 351 patients with head and neck cancer, study
drug was administered with the aim of achieving a hemoglobin level of 14 g/dL in
women and 15 g/dL in men. (Henke, M, Lasz1g, R, Riibe, C, et al. Erythropmetm to
treat head and neck cancer patients with anaemia undergoing radiotherapy: - ‘
randomized, double-blind, placebo-controlled trial. The Lancet. 2003;362:1255-
1260) Locoregional progressmn—free survival was significantly shorter (median PFS:
406 days Epoetm beta vs 745 days placebo, p = 0.04) in patlents recelvmg Epoetin
beta.

Since these data became available, the sponsor had additional ongoing studies,
which also employed similar treatment strategy. The data safety monitoring committee
of some of the studies also recommended closure of their respective studies based on
increased incidence of thrombosis. The sponsor has provided details of all the
literature in the supplement STN 103234/5033 that was recently approved. These
issues were also discussed at the ODAC meeting on 5/4/04, and recommendations
made to suggest that the sponsors perform additional studies to address the potential
safety concerns. It should be noted that there is extensive experience in the use of
erythropoietin products and there do not appear to be any safety concerns when used
as described in the package insert in the indicated populations.
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3.4.3 Adequacy of Safety Exposure and Safety Assessments ‘

- The safety exposure and assessments are adequate for approval of this supplement that
is seeking an alternative dosing schedule for an already approved product. - .

- 3.4.4 Safety Conclusions

- The safety findings in the pivotal trial PR98-008, which was a randomized
double blinded placebo controlled trial, showed that the safety profile in the treatment
arm was comparable to the placebo group. Specifically, the survival experience was

“similar in the two study arms. Although there were more subjects with thrombotic

~ wvascular events (TVE’s) in the Epoetin alfa group than in the placebo group (i.e., 10
v5.6), examination of TVE occurrences in relation to hemoglobin increases did not
reveal any suggestion of a relationship between the rate of hemoglobin rise and the

occurrence of TVE’s, although exploration of this relationship was hampered by the
limited schedule of hemoglobin measurements in the study. -

Appears This Way
On Original
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3.5  Other Clinical Issues
There were no other clinical issues 1dent1ﬁed during the review of this application.

3. 5 1 Dosing, Reglmen and Admlmstratlon Tssues

Epogen/ Procrlt is already approved for three times/week dosing. Under this
supplement, it can also be used in the following manner. The starting dose is 40,000
units per week. If after 4 weeks of therapy, the hemoglobin has not increased by > 1
g/dL, in the absence of RBC transfusion, the Epogen/Procrit dose should be increased
to 60,000 TU/week. If patients have not responded satisfactorily to a dose of 60,000
Units weekly after 4 weeks, it is unlikely that they will respond to higher doses.
Epogen/Procrit should be withheld if the hemoglobin exceeds 13 g/dL and reinitiated
with a 25% dose reduction when the hemoglobin is less than 12 g/dL. If
Epogen/Procrit treatment produces a very rapid hemoglobin response (e.g., an increase
of more than 1.3 g/dL in any 2-week period), the dose should be reduced by 25%.

3.5.2 Use in Special Populations
- 3.5.2.1 Demographic Worksheet
- The following table describes. the demographics as it pertains to the age, sex and race.

- - Table 40: Selected Demographics

Placebo Epoetin Alfa Total

IN=170) N=174) (N=344)
Age (years) : , '
65 or greater 92 (54%) 86 (49%) - 178 (52%)
Iess than 65 78 (46%) 88 (51%) - 166 (48%)
Sex, n (%) '
Female . 96(56%) 96(55%) 192(56%)
Male - _ 74(44%) 78(45%) 152(44%).
" Race, n (%) , ‘ ‘ ) -
Black o 18(11%) 10( 6%) 28( 8%)
Hispanic %1% OSO%\ 1&0%)
White 151(89%) 164(94%) 315(92%)

3.5.2.2 Special Considerations based on Race
As seen above, 92% of study subjects were white. No definite difference in efficacy or
safety was observed based on race. . :

- 3.5.2.3 Special Considerations based on Gender ' '
There were 56% femalé and 44% males in the study population. Gender had no effect

- on efficacy or safety.
3.5.2.4 Special Considerations based on Age for Adults '
Fifty-two percent of study participants were over the age of 65. No age related
differences in safety or efficacy were seen.
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- 3.5.2.5 Speclal Cons1derat10ns based on Age for Pediatrics-

The sponsor has sought deferral for studws n pedlatnc population in this apphcatlon.
The sponsor has suggested submitting study covering ages 5 to 16 years in second -
quarter of 2004 and requested indefinite deferral for the age group 0'to 5 years. For

- this age group the sponsor states that the need for, the timing of; the technical

- requirements of the study will be reviewed with the Agency following rev1ew of
pediatric data from the ongomg study.

- 3.5.2.6 Other Special Consnderatlons
‘o Renalor hepatlc msufﬁc1ency
- -e Use in pregnancy or lactation
Erythropoietin is indicated in patients with renal fa11ure The sponsor has not prov1ded
data on its use in pregnancy, lactation or in patients with hepatic failure.
3.5.3 Outcome of Advisory Committee Meeting
Advice of the advisory committee was not sought fer_ this ‘supplement_al BL‘A..
4.0  Mitigating Factors for Interpretation of Clinical Data
No mitigating factoré‘ for interpreting the data were identified.
4.1  Other Discipline Reviews
Please see statistical review by Dr. Gneco
| 4.1.1 CMC - including product mlcroblology, EA, EER
This supplement is simply to-use an alternative weekly dosing strategy for the '
approved and marketed product. CMC review was not conducted for this application.
41.2 ?hannacology [Toxicology
Please see detailed review by Dr. Zhao

4.2  Auditing Functions

4.2.1 DSI Outcomes
The study sites were not audited by the FDA for this supplemental BLA, whlch
employed an approved product but with a different dosing reglmen

4.2.2 Financial Disclosure '

The sponsor has provided financial disclosure statements from studies PR98-27-008,
- EPO-PHI-370, EPO-PHI 377. None of the investigators/sub investigators from these
studies reported having disclosable information.

52



43 Other Factors (as necessary):

No other factors were deemed necessary.
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5‘,0‘»_ : Summative AsSeSSIrlent

51  Conclusion on Av'aﬂable nm

- The avallable data adequately supports the sponsor s contention that alternative
weekly dosing of Epogen/Procrit is safe and effective as treatment of anemia in
patients with non-myeloid malignancies where anemia is due to the effect of
: concormtantly administered chemotherapy o

5_.2 Recommendatlons for Regulatory Actlon

Approval :
5. 3 Rev1ew of Labelmg

The label was agreed upon after d1scus51ons with the sponsor and is attached Wrth this
- document. : :

54  Comments to Sponsor -
None o

54.1 Comments Regardmg Labehng
None
5.4.2 Comments Regardmg Need for Addltlonal Data
" None
54.3 Comments Regardmg Other Toplcs
None
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6.0  Individual Trial / Study Reports
6.1  Major Efficacy and Safety Trials

STUDY PR-98-27-008

OBJE CYTVES

For purposes of regulatory submission, the ob]ectrve was to determme the propomon
of subjects who requrred red blood cell (RBC) transfusions after 28 days from
randormzatlon i.e., on or after Day 29 to 1nd1v1dual study end :

ME THODS ,

* Overview of Study Design -

" This was a multicenter, randomlzed, double—bhnd, placebo- controlled, study
conducted === in the North Central United States and Saskatchewan,
Canada. Three hundred thirty subJects with anemia who were receiving: '
myelosuppressive, cytotoxic chemotherapy for advanced cancer were to be enrolled
Eligible patients were randomized in a 1:1 ratio to epoetin alfa or placebo treatment,
with stratification by center (investigator), type of primary cancer (lung, breast, or
other), planned concurrent radiation therapy (yes or no), and degree of anemia
(hemoglobln <9 g/dL or >9 g/dL). The double-blind treatment was administered for a
maximum of 16 weeks, after which the subjects were followed for one year from the
time of randomization for event momtormg (death new prlmary malignancies, and

* long-term toxicities).

‘The dose of double-blind study medication (40, OOO IU of epoetin alfa or

~ corresponding placebo) was to be administered by s.c. injection, once weekly. If after

4 weeks of therapy hemoglobin concentrations had not increased by >lg/dL or if the

subject had received a transfusion during the first 4 weeks of therapy, the weekly dose

of study drug was to be increased to 60,000 TU once weekly. If, at any time during the
study, the hemoglobin concentration exceeded 15 g/dL, the hemoglobin concentration

was to be determined 1 week later. If the hemoglobin concentration exceeded 15 g/dL,

study drug was to be withheld and the hemoglobin concentration was to be determined

weekly until it fell below 13 g/dL. Study drug was then to be restarted at a dose level

25% less than that previously administered. Additional criteria for withholding,

decreasing, or increasing the dose are given in the section on Dosage and

Administration.

During double-blind treatment, subjects were to receive a daily oral iron supplement
(ferrous sulfate 324 mg or equivalent commercially available supplement). All
subjects could receive RBC transfusions at the discretion of the physician. A
hemoglobin value was to be obtained at the time of transfusion and recorded on the
subject's Concurrent Treatment Log. Subjects who discontinued chemotherapy during
the double-blind period were to continue the study treatment through 16 weeks.
Safety evaluations included assessments of adverse events using National Cancer
Institute (NCI) Common Toxicity Criteria (CTC), Version 2.0. Blood pressure
“measurements and 4 laboratory tests (white blood cell counts [WBC], hemoglobin,
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platelets, and creatinine) were obtained at each evaluation.

Changes in Conduct of Trial:

There were 3 addenda (i.e., amendments) to the protocol. Addendum 1 on March 5,
1999, updated the wwmmm - nurse contact. This addendum also specified that the
submission of the Concurrent Treatment Log with the on-study materials was no

longer required and added a question regarding oral iron supplementation to the On-
Study form. Addendum 2 on May 11, 2001, updated the consent form to reflect
current emmms= ; [RB formatting guidelines. Addendum 3 on September 28, 2001,
closed the study to subject accrual. X :
Study Population '

Overview

Three hundred thirty subjects receiving myelosuppressive, cytotoxic chemotherapy for
advanced cancer were to be enrolled in the study. The number of subjects actually '
enrolled was 344. Subjects were to be enrolled according to the inclusion and
exclusion criteria summarized below.

Inclusion Criteria
= Age of 18 years or older
* Anemia: hemoglobin <11.5 g/dL in males and <10.5 g/dL in females
*» Normal or elevated ferritin - ' -
* Currently receiving myelosuppressive, cytotoxic chemotherapy for advanced cancer.
Patients receiving adjuvant therapy for cancers that had been surgically removed were
not eligible. ' - :
* An Eastern Cooperative Ongology Group (ECOG) performance score of 0 (able to
carry out all normal activity without restriction) or 1 (restricted in physically strenuous -
-activity but ambulatory and able to do light work)
* A life expectancy of > 6 months as assessed by the physician
~ » Able to reliably take oral medication
* Alert and mentally competent
Exclusion Criteria ,
* Anemia secondary to Vitamin B12, folic acid, or iron deficiency
* Anémia secondary to gastrointestinal bleed or hemolysis
* Anemia secondary to a primary or chemotherapy-induced myelodysplastic syndrome
* Uncontrolled hypertension (i.e., systolic blood pressure >180 mmHg or diastolic

blood pressure >100 mmHg) '

* Pregnant or lactating '

* Known hypersensitivity to epoetin alfa ‘

» Previous epoetin alfa therapy within the last year

* Unwilling or unable to undergo weekly subcutaneous injections

- * Currently undergoing peripheral blood stem cell or bone marrow transplant
* Anemia secondary to acute lymphocytic or acute nonlymphocytic leukemia
* Red blood cell transfusions within the last 2 weeks before entry -

» Unwilling or unable to fill out QOL forms
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B Removal of Subjects From Theraj)V or Assessmeht '

Subjects could voluntarily withdraw from the study at any time for any reason. At the
time of withdrawal, the study site completed an End of Active Treatment Form for the

subject. The categories used on the End of Active Treatment Form for classification of -

treatment discontinuation were: - 1) Completed treatment per protocol; 2) Refused
further treatment; 3) Adverse reactions; 4) Disease progression; 5) Alternative
treatment; 6) Other medical problems; 7) Died on study, and 8) Other.

In accord with ==ssm  definitions, any subject who did not receive any study
treatment before removal from the study was designated a "cancellation". These

* subjects were, however, included in the Intent-to-Treat (ITT) population, which was
the primary efficacy population for the purpose of this report. Exclusion of subjects
from other analysis populations is described in Section on Data Sets Analyzed.

Study Drug Information

Drug supphes (i.e., cartons containing vials of study drug and empty syringes for s.c.
- injection) were shlpped from J&JPRD's clinical supplies facility to the = =m——
eSS

Pharmacy to the study sites dispensed supplies. B

- Study drug was supplied in vials containing 1-mL of 20,000 IU/mL PROCRIT or
placebo. Single doses of 40,000 IU and 60,000 U would require the use of 2 or 3
vials, respectively. '
Information on the study drug labels stated that the vials were to be used for 7
subcutaneous injection only; that they should be used as directed by the protocol; and
that they were to be stored in the refrigerator at 2-8°C (36-46°F) and should not be
frozen or shaken. The vial labels also contained spaces for insertion of patient number,
i.e., subject code number, and patient initials. The labels also contained a space for the
date dispensed. Other information required by governmental regulations also appeared
on the labels. Study drug vials for a single subject were prov1ded in a carton which
contained a space for the subject’s code number.

Syringe labels were also provided which specified the protocol number and gave
administration, storage, and handling information. The syringe labels also contained
spaces for patient number, patient initials, and the date administered.

The J&JPRD batch numbers for epoetin alfa (FD No. 22512-000-Q-45) were R10630,
R10052, R8967, R8614, and R7676. The batch numbers for placebo (FD No. 22512-
000-QX-45) were R10784, R10053, R8968, R8615, and R7677.

" Registration/ Randomlzatlon and Blinding
Registration Procedures

IRB approval was required for each study site, and a signed 3 10 Form documenting

- IRB approval was to be on file at the -————————  office before patient
accrual. To register a patient as a study subject, the study site called or faxed a
completed eligibility checklist to the emsmm—————  office, where a
randomization specialist checked the patient's eligibility and verified the existence of a
signed consent form. A randomization code was assigned as explained below. Study
treatment could not begin prlor to registration but was required to begin <7 days after

registration.

57



Randomization and Double Blinding Procedures _

‘Randomization was conducted in a 1:1 ratio using the dynamic allocation procedure of
Pocock and Simon to balance the two treatment arms for the marginal distributions of
the following stratification factors: center, type of primary cancer (lung vs. breast vs,
other), planned concurrent radiation therapy (yes vs. no), and degree of anemia (Hgb
level <9 g/dL vs. > 9'g/dL). The procedure was carried out centrally. -

Blinding of the study drug vials was achieved by use of a 2-part label containing

- identical information, One part of the label was removed at the time drug was
dispensed. The portion of the label remaining attached to the vial contained a hidden
panel, which in the event of an emergency could be uncovered to reveal the - =~~~
 identification of the study drug (PROCRIT 20,000 U/mL or placebo 20,000 U/mL). -

Data Safety Monitoring and Interim Analyses '

e ———————————— 1¢VieWS all Phase 3 cancer ,
treatment and cancer. control trials coordinated s . The primary functions of
the  esmm are to a) assure safety of the treatment regimens, b) examine efficacy results
and determine whether or not the trial should be continued, modified, or discontinued,
¢) review changes in study design to promote the scientific integrity of the trial, d)
review accrual information to assure that the trial will yield meaningful results, and €)
review requests for release of data to investigators. prior to general release as specified
in the trial design. : -
The wssmw meetings at which this study was reviewed took place on April 13, 1999,
October 14, 1999, April 11, 2000, September 26, 2000, April 24, 2001, and October
24, 2001. The interim analyses reported to the == included differences between °
treatment arms for QOL, survival times, and toxicities (adverse events). Both the
efficacy and toxicity data were blinded by treatment group (only the lead statistician
and master's level statistician from the  e———————— Were unblinded). ‘
At the April 13 and October 14, 1999 meetings, the recommendation of the Committee
was to continue the study per protocol. At the April 11, 2000 meeting, the submitted
report showed a potential difference in survival between the 2 arms of the study based
on a very small number of events and limited sample size. The === noted the result
and requested a specific update on the survival endpoint at the next meeting; the
Committee voted unanimously to continue the study per the protocol. At the
September 26, 2000 wmmm meeting, updated survival information showed that the
previously observed preliminary potential survival difference had dissipated. The

*= voted unanimously to recommend that the study be continued. _
At the April 24, 2001 meeting, the wae voted unanimously to continue the study per
the protocol. At the October 24, 2001 meeting, the Committee voted unanimously to
release the data to the  wee—————— tdy team and to terminate e
monitoring in January 2002. ‘ '

Dosage and Administration -

The treatment schedule called for administering the study drug (epoetin alfa 40,000 TU
or placebo) by subcutaneous injection once weekly, with modifications to the dose as

specified below. Nursing guidelines concerning study drug handling and symptoms

that can occur after study drug administration were provided in the study protocol. The
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injections could be given by a patient or a family member trémed in self-
" administration. The nurse mstructed the patlent or famlly member in subcutaneous '
njection techmques :

' Dosage Modlﬁcatlon - o

The dose of study drug could be changed based on subject response and toxxcrty
findings as follows:

« After 4 weeks of therapy, if hemoglobm had not mcreased by >1g/dL independent of
transfusional support, the study drug was to be increased to 60,000 IU s.c. per week.

« If a subject received transfusion(s) during the first 4 weeks of therapy, the study drug
- was to be increased to 60,000 IU s.c. per week (after the first 4 weeks of therapy).

. Ifhemoglobm was >15 g/dL, it was to be repeated one week later. If>15 g/dL, it was
to be checked weekly and the treatment was to be withheld until hemoglobin dropped
to <13.0 g/dL. The dose level of the study drug was to be decreased 25%. 3
» If the systolic blood pressure was >180 mmHg or the diastolic pressure was >110
mmHg, the dose was to be held until the hype11:ens10n was controlled, and the dose .
was to be resumed at the same dose level.

Treatment Compliance
- Because this was ' e study, it was not monitored by the apphcant SpOnSor.
Therefore, information on study drug dispensed and returned by individual subjects
was not available to the applicant. e————  was responsible for »
keeping records of investigational drug requests and out-going packmg shps for proof
“of distribution and for drug accountability.

The following information on dosing was recorded on the subject'
Evaluation/Treatment form at each cycle evaluation (terms in italics represent the
wording on the forms): Agent start date, Dose level this cycle (this represented the first
dose of the cycle). Total dose this cycle. Was dose level adjusted this cycle?, and
Reason for dose adjustment (Hb > 15 g/dL, Hb not increased, or Other (with line for
specifying the other reason), Was the Study Drug Held? and Primary Reason (Hb >15
g/dL, Blood Pressure >1 808ystolic/>110 dzastolzc or Other (w1th a line for spec1fy1ng
the other reason).

Ancillary Therapy

Ferrous Sulfate '

An oral supplement of ferrous sulfate, 324 mg, or equivalent connnerc1ally available
iron supplement, was to be taken by the study subject each day If a subject was unable
to tolerate 324 mg because of gastrointestinal intolerance (e.g.; dyspepsia, diarrhea,
constipation), the dose of ferrous sulfate was to be reduced to a tolerated dose. If the
subject was unable to tolerate any dose of ferrous sulfate, the supplement was to be
discontinued but the subject was to continue on the study.

The dose of the oral iron supplement was to be recorded on each subject's study forms
at baseline and at each cycle evaluation. Any adjustments to the dose, together with
the reason for adjustment (gastromtestmal intolerance or Other) were also to be
recorded at each cycle evaluation.

Blood Transfusions

Subjects could receive RBC transfus1ons at the dlscret1on of the physician. The
hemoglobm value that led to the decision for transfusion was to be recorded on the
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flow sheet. At each cycle evaluation, the administration of any RBC transfiision was to.

be indicated, together with the total number of units admnistered, on the Concurrent

Treatment Log. ‘ : _ ' '

Chemotherapies . ' : o o

The regimen and start date of concurrent chemotherapy were to be recorded on the
- On-Study Form. Previous chemotherapy regimens were to be recorded also. The

- doses of regimens containing cis-platinum were to be provided. To allow a more
complete presentation of the doses for all chemotherapy regimens; a new form
"Concurrent & Previous Therapy; , R I
Baseline Weight" was used after study completion to collect drug name, dose level, -
 start and end dates for chemotherapies administered during the study and for

chemotherapies administered in the 3 months prior to study entry; and the baseline
'body weight. The study was not to interfere with any treatment decision regarding

antitumor therapy. o . '

Radiotherapy B . _ |

The use. of previous radiotherapy or planned or concurrent radiotherapy was to be

recorded on the On-Study Form, giving the site and total dose. -

Study Evaluations.

Time and Events Schedule ‘ _— :

The scheduling of study procedures is shown below. While on study treatment,
subjects were to be seen every 4 weeks for evaluation. __ ' _
All evaluations were to be conducted by a  =—— physician at a essss institution.
The dates for study evaluations were to be scheduled as follows:

Cycle'1 evaluation to occur at Week 4 (Day 28) on study;

Cycle 2 evaluation to occur at Week 8 (Day 56) on study;

Cycle 3 evaluation to occur at Week 12 (Day 84) on study;

Cycle 4 evaluation to occur at Week 16 (Day 112) on study. ‘

It should be noted that the term "Cycle" refers to the scheduled 4-week treatment
periods and does not refer to chemotherapy cycles. Following the treatment period,
there was an event-monitoring phase that extended for 12 months from the time the
subject was registered for the study. Events monitored were deaths, new malignancies,
and long-term toxicities. The sites were supplied with a Forms Packet for each subject
which contained the case report forms to be completed for the study.

Efficacy Evaluations RBC T ransfusions

Transfusion history was recorded at baseline for the prior 3 months, with dates of
transfusion and number of units. Transfusions during study treatment (the total
- number of units for the cycle) ‘were recorded at each cycle evaluation. Because
specific-dates of transfusions were not required on the study forms for the on-study
transfusions, this information was obtained retrospectively to allow the determination
of the number of transfusions administered before or after Day 28 of the study, i.e., on
or after Day 29 to individual study end. o
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Hemoglobin Measurements s | - . S
- Hemoglobin concentrations were measured within 7 days prior to registering the
subject and at each cycle evaluation. Hemoglobin was also measured prior to each
RBC transfusion. |

Serum Erythropoietin . : :

- Serum erythropoietin concentrations were measured within 30 days prior to subject

- registration and at the end of Cycle 1 of treatment. Erythropoietin measurements
were performed at e ——— e —————————————eem—

. . Ferritin concentrations were measured within 7 days prior to

subject registration in the study and at the end of Cycle 1. ' :

Incidence of Nephrotoxicity

- Evaluation of nephrotoxicity was based. on ixivestigatdrs' fcp'orﬁng and toxicity
grading of serum creatinine at each cycle evahation.

Overall Survival _ ' :
If death occurred, the study site was to submit an Event Monitoring Form to the

—— office, giving the date of death or last contact, and the cause
of death, specifying the cancer or other cause of death. : '

Tumor Response to Concurrent Chemotherapy : ,

Tumor response was estimated by investigators at baseline and at the end of therapy
using the following terms: complete response, partial response (measurable disease
only), regression (evaluable disease only), stable, or progression. At baseline, the

tumor response was ‘the response of the subject's advanced cancer to the .-

- chemotherapy being received at the time the subject entered the study. (Note: Actual
tumor measurements were not recorded for this study.)

ECOG Peiformance Status: o

The subject's ECOG performance grade was recorded at baseline (within <7 days
prior to registration) and at each cycle evaluation. :

Quality of Life Assessments . , ' : '
Quality of life questionnaires were completed by the study subjects at baseline, i.c.,
within 7 days of registration into the study, and at each cycle evaluation. The
questionnaires, which required about 10 to 15 minutes to answer, were completed
before the subjects were seen by the w===w physician. Subjects who discontinued
study treatment were still to have QoL assessments completed though 16 weeks.
The QoL measurements included R
FACT-An Scale (from which FACT-An Fatigue subscale and FACT-G subscale
were derived), UNISCALE and Symptom Distress Scale (SDS). -

Safety Evaluations

Certain data collected for efficacy evaluations also contributed to safety evaluations.
In addition, the following data were collected:

Adverse Events
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Adverse events (toxicities) were recorded on an Adverse Event Log for each o
treatment cycle using the NCI Common Toxicity Criteria Manual, Version 2.0. The
- relationship of each toxicity to study drug was also recorded as 1 = not related, 2 =
unlikely, 3 = possible, 4 = probable, 5 = definite. Adverse events were recorded by
evaluation cycle; the onset date and duration of the adverse event were not recorded.
In the NCI CTC system, adverse events due to the underlying disease were not to be
graded. - o ‘ '
Subjects discontinuing the study before the evaluation cycle visit were not required
to have an additional completion/withdrawal visit; hence, some toxicities that
- occurred in the last incomplete evaluation cycle may not have been recorded on the
study forms. However, any adverse event that led to withdrawal of a subject from
the study was recorded on the forms. R o _
An indication was also given on the Adverse Event Log if an Adverse Drug -
- Reaction (ADR) report had been submitted for the cycle. The protocol specified that -
all unexpected Grade 4-5 ADRs or an increased incidence of a known ADR (i.c., an -
ADR that has been reported in the package insert or the literature) be reported on
FDA Form 3500 (MedWatch form) to the eeeememmmm———— office and to the
local IRB/IEC within 5 days. The wmsss==  Office was also to fax a copy of the
ADR to designated personnel at e ———————
e ————————— W3S 10 TOUtE Teportable ADRs.
- For the purposes of this report, J&JPRD medical DErsonnel  =evmm——
e Tetrospectively adapted the CTC toxicity reporting system to
approximate J&JPRD safety reporting requirements for serious adverse events
(SAEs) by classifying all reported Grade 3 or 4 toxicities and all deaths as SAFEs.
Deaths not due to disease progression were reported as Grade 5 toxicities. All deaths
were reported on Event Monitoring forms from the subjects’' Forms Packet. In
addition, safety information reported on MedWatch forms (as described above) and
Hospitalization Notification forms was reviewed. - ' D

Blood Pressure

* To evaluate the occurrence of hypertension, systolic and diastolic blood pressure
readings were recorded at baseline and at each cycle evaluation. A subdictionary for
~ thrombotic vascular events based on World Health Organization Adverse Reaction
Terminology, 4 quarter, 1997, was developed previously by J&JPRD.
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Clznzcal Laboratory Tests : o
Hematology (WBC, platelets, and hemoglobm) and serum creatinine tests were
performed at baseline (<7 days prior to Ttegistration), and at each cycle evaluation.
Measurements of total bilirubin, alkaline phosphatase, and SGOT were performed only
within <30 days prior to registration to determine patient eligibility for the study. All
clmlcal laboratory tests were perfonned by a local laboratory :

Data Qualzty Assurance '

Database "snapshots" of this study were created by the “=wmmmmss  oroup while

' database cleaning was ongoing following study completion and unblinding to the
investigative team; this was consistent with === standard
procedures. After the SAP was agreed upon ewm=mem | a series of summary tables

~ and data listings were generated  =e——————  and shared with J. &JPRD.

- J&JPRD personnel reviewed these tables and listings to assist in identifying missing data
required for regulatory submission. The study sites were then contacted by the

office, via written queries, to obtain missing data or clarifications.
Data entry and control of the orlgmal database _remamed W1th ———

The study populatlon statistical analysis plan, safety and efficacy conclusions for this
study have all been described in deta11 in the safety and efficacy sections of this review.

6.2  Other Trials
EPO-PHI-377:

This was a Phase 1 pharmacokinetic/phaxmacodynamic study to compare once-weekly
and three-times weekly dosing ifi anemic cancer patients as well as in healthy volunteers.
In depth review of both these PK/PD studies can be found in Dr. Hong Zhao’s clinical
pharmacology review and is not included here. Safety data in this small populatlon of
- cancer patients in the study (n=15 Epoetin alfa 150 units/kg 3 times/week for six weeks; _
n=18 Epoetm alfa 40,000 units weekly for 6 weeks) were also prov1ded
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The foiloWing table shows the demographics of :the anemic cancer patients in the study:-

Table 41: Demographic and Baseline Characteristics

(Study EPO- -PHI-377: Anemic Cancer Subjects; Safety Population)

Epoetin Alfa -Epoetin Alfa
150 TU/kgtiw - 40, 000 U q.w. .~ Total
ON=15) _ (N=18) ~ (N=33)

Age (year) ' o K - T B
Mean (SD) | 62.1(12.49) 56.7 (11.40) 59.2 (12.04)
Median 67.0 585 60.0 i
Range (42-77) (31-72) (31-77)

Sex(n, %) - ,
Male 9(60) - 2(11) 11(33) -

- Female - - 6(40) 16(89) 22(67) -

Race (n, %) - : - ,

* White 12(80) 11(61) 23(70)
Black 17 3(17) 412) -

Asian 0 0

Other® 2(13) 4(22) 6(18) .

Weight (k) -

Mean (SD) - 73.9(947) 68.1 (10.70) 70.8 (10.43)
Median 70.5 634 695
Range - " (56.8-90.6) (50.9- 94.1) (50.9-94.1)

Height (cm) R '
Mean (SD) 171.7 (8.89) 163.5 (7.71). 167.2 (9.12)
Median 172.7 . ~165.1 167.6
Range - (160.0-185.4)  (143.5-177.8) (143.5-185.4)

Diagnosis of mallgnancy _ ‘ , - ’

Solid 13(87) 14(78) 27(82)
Breast 2(13) 7(39) 9(27)
Lung 6(40) 317 927

Small cell _ 4(27) [V 4(12)

~ Non-smalt cell 2(13) - 3(17)° 5(15)
Gastrointestinal 2(13). 1(6) 3(9)
Gynecologic 17 2(11) - 3(9) -
Esophagus - - 1(7) 1(6) 2(6) -
Pancreas 17y 0 13)
Bladder 0 0. 0
Kidney 0 0 0

Hematologlcal 0 0 : 0 .

Other® 2(13) 4(22) 6(18)

Chemotherapy stratification _ ' _
Platinum 8(53)- 9(50) 17(52)
Nonplatinum 7(47) 9(50) 16(48)

2 * Other=Hispanic (1), Native American/Black (1) for the 150 IU/kg tiw. group; Hlspamc

(3) Puerto Rican (1) in the 40,000 IU q.w. group
® Other = melanoma (1), squamous cancer of left pharynx (1) for the

150 IU/kg t.i.w. group; malignant peripheral nerve sheath of high-grade variant w1th
metastasis (1), melanoma (1), neuroendocrine carcinoma (1), prostate (1), for the 40,000 TU
q.w. group The stratlﬁcatlon was based on planned chemothérapy.

One patient died in the study from progression of non-small cell cancer 17 days after last dose
of epoetin alfa at 150 umts/kg and thought to be unrelated to the reatment. Other safety data showed
that 88% of the anemic cancer subjccts overall reported an adverse event (87% of the anemic cancer
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‘ subjects who rccelved epoeun alfa 150 IU/kg tiw. and 89% of the anemic cancer subjects who _
received 40,000 IU q.w. The most frequently-reported adverse event among all anemic cancer subjects
was nausea (6 [18%] subjects), followed by dlanhea, vomiting, and fever (each reported. for 5 [15%]
subjects). The adverse event proﬁles for the 2 anemic cancer subject treatment groups were generally
smnlar The following table describes the incidence of treatment emergent adverse events in 10% or
more of the study populauon : : -

ears This WY
on ong\nd

65



Table 42: Incidence of Treatment—Emagent Adverse Ev-ts (210%in Elther
Treatment Group) by Preferred Term :
(Study EPO-PHI-377 Anemlc Cancer Subjects; Safety Populatlon)

Epoetin Alfa  Epoetin Alfa

1501U/kg 40,000
g o : : tiw. - IUgqw: Total

Body System . - - (N=15). (N=18) (N=33)

Preferred Term . n%) . 1(%) n (%)
Any adverse event C - 13(87) - 16(89) - 29(83)
Gastro-intestinal system dlsorders 11(73) - 528)  16(48)

Nausea - ‘ 427) (1) 6(18)

Diarthea 320) 201 5(15)

Vomiting ‘_ -~ 3(20) o221y 5(15}

Abdominal pain . 2(13) 1(6) 3(9)

Constipation v 3(20). 0 - 3(9)

" Bodyasa whole—general disorders . 747 6(33) 13(39)
Fever -1 4020 5(15).
Fatigue : . 2(13) 2(11) 4(12)
Pain 3200 0 3(9) .
Hot flushes ' _ o - 2(11)- 2(6)

CNS disorders - ’ : 427) . 5(28) 9(27)
Headache R T2 -39
Hypoaesthesia : 2(13) - 0 2(6)

Metabolic and nutritional 3(20) 4(22) 7(21)

disorders ' . ‘ ‘
Dehydration 1@ 0 2 3(9)

Respiratory system disorders . 427 a7n 721) -
Pnenmonia v . 2(13) 1(6) 39
Coughing ; -0 2(11) 2(6)

Psychiatric dlsorders - 3(20) . 3an - 6(18)
Insomnia ' - 2(13) 1(6) 3(9)
Anorexia ' 0 2(11) 2(6)
Anxiety ' o 0 : 211 2(6)

Muscule-skeletal system disorders 3(20) . 2(11) 5(15).
Myalgia ' 2(13) - 16 3(9)

Skin and appendages disorders 2(13) 37 5(15)
Localized skin reaction 1(7) - 2(11) 3(9)

Cardiovascular disorders, general 2(13) -2(11) 4(12)
Cardiac failure 2(13) .0 2(6)

. Urinary system disorders 320 1(6) 4(12)

_ White cell and RES disorders -1(7) 37 4(12)
Leucopenia - 0 3(17) _ 3(9)

" Platelet, bleeding & clottmg 2(13) 1(6) 39

disorders .
Thrombocytopenia 2(13) - 0 2(6)
Resistance mechanism disorders 17 2(11) 39)
‘Moniliasis 0 ‘ 211 2(6)

Key: CNS=central nervous system RES—TeUculo endothelial system

As can be seen, the adverse events proﬁle in this small study showed comparability
between the two study arms.
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6.3 Literature Review and Other Relevant Materials '

- Review of Literature suggests frequent use of once weekly dosing in clinical practice. It
is possible that a 3 times-per-week dosing regimen is inconvenient in many patient
populations, including oncology patients, largely because of shift in medical practice
towards outpatient managemént of patients. A major benefit of once-a-week dosing
would be to reduce the freqtiency of injections and thereby improve compliance. The
sponsor has provided a literature review of studies that employed a once a week dosing
and are briefly summarized here. While these studies may not have the rigor of a
registration trial, they do bolster the argument that once weekly dosing of epoetin alfa is
safe and effective.

Studies in Cancer patients With-Once ‘weekly dosing of Epoetin Alfa:

Shasha et al (ref1) conducted a multicenter study to evaluate the clinical outcomes,
efficacy, and safety of oncé—weekly dosing of epoetin alfa (PROCRIT) in anemic cancer
patients with nonmyeloid malignancies receiving radiotherapy either concomitantly or
sequentially with chemotherapy. Subjects received an initial fixed dose (40,0001 q.w.)
of epoetin alfa with potential dose escalation (to 60,000 TU q.w.). The overall response
rate to --HuEPO was 73.7%; 29.9% of patients required a dose increase. Both
hemoglobin levels and QOL (energy score, activity score, overall QOL score) improved
significantly (p<0.05) and transfusion requirements were decreased. In sum, once-weekly
dosing with epoetin alfa was well tolerated and effective in anemic patients with
nonmyelmd malignancies receiving radlotherapy either concomitantly or sequentlally
with chemotherapy. ' '

- Gabrilove et al (ref. 2) conducted a large, prospective, community-based study to

evaluate the impact of epoetin alfa (PROCRIT) on QOL, transfusion requirements, and
hemoglobin levels in anemic cancer patients with nonmyeloid mahgnanc1es undergomg
chemotherapy. Subjects received an initial fixed dose (40,000 IU g.-w.) of epoetin alfa
with potential dose escalation (to 60,000 IU q.w.). Patients whose hemoglobin level
exceeded 13 g/dL had epoetin alfa therapy interrupted until their hemoglobin‘ level fell to
12 g/dL. Treatment with epoetin alfa was resumed at 75%.of the previous dose and
titrated to maintain the desired hemoglobm level. A hematopoietic response to epoetln
alfa therapy was defined as-an increase in hemoglobin >2 g/dL or achieving a
hemoglobin level of 12 g/dL at any point during the study, with no transfusions within
the previous 30 days. Of the 2,869 assessable subjects with at least 2 hemoglobin
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measuréments, there was a significant (p<0.001) mean increase in hemoglobin of 1.8 +
1.8 g/dL from baseline to mean final hemoglobin (11.3 + 1.8 g/dL). The hematopoietic
response rate to r-HuEPO 40,000 IU q.w. was 49.2%. A total of 33.4% of patients
required dose escalation (to 60,000 IU) throughout the 16-week study period. When these
latter patients were included, the overall response rate increased to 68%. With respect to
transfusion requirements, the percentage of patients who required transfusions as well as »
the number of units of blood transfused per patient decreased by 8 weeks (p<0.007) and
continued to decrease throughout the remainder of the study. With respect to QOL, once-
weekly epoetin alfa therapy resulted in significant improvements in energy level, ability
to perform daily tasks, and overall QOL (as assessed by LASA). Furthermore,
improvements in QOL parameters correlated significantly (p<0.001) with increased
hemoglobin levels (as assessed by the Functional Assessment of Cancer Therapy—Anemia
[FACT-An] Questionnaire). This latter finding was maintained throughout the entire 16-
week study period.

Samuel et al (ref. 3) conducted a retrospective review on anemic cancer patients with
solid tumors and lymphomas réceiving chemotherapy. Nineteen (86%) of 22 subjects
had Stage IV disease. Subjects were evaluated for the effect of epoetin alfa (PROCRIT)
on hemoglobin/hematocrit levels and QOL. Subjects received an initial fixed dose
(40,000 IU g.w.) of epoetin alfa with potential dose escalation (to 60,000 TU q.w.).
Treatment was discontinued if no response was observed after 8 weeks of treatment. If
hematocrit levels reached 40% or greater, r-HuEPO therapy was withheld until the
hematocrit declined to 36%. Iron supplementation was administered as needed. Results
- showed improvement in hemoglobin levels in 11 (50%) of 22 subjects at 4 weeks; no
hemoglobin response was observed in 6 subjects. Five subjects required a higher 1-
HuEPO dose (i.e., 60,000 IU); 2 of these subjects showed no hemoglobin Tesponse.
Improvement in QOL was also noted in 11 (50%) subJects at 4 weeks; 5 subjects did not
show improvement in QOL

A plabcbo-controlled pilot study was conducted by O’Shaughnessy et al (ref. 4) to study
the impact of once weekly epoetin alfa therapy on hemoglobin, cognitive function,
mood, asthenia, and QOL in anemic breast cancer patients receiving chemotherapy.
Patients were randomly assigned to receive 40,000 IU epoetin alfa once weekly s.c. or
placebo while receiving 4 cycles of chemotherapy over a 3-month penod Data were
available for 65 out of 93 patients (36, ‘epoetin alfa, 29, placebo). Mean hemoglobin
changes from baseline through 4 cycles of chemotherapy were significantly improved in
the group receiving epdetin alfa compared with placebo (p<0.001). Furthermore, results
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indicated that epoetin alfa administered once weekly can significantly improve asthenia
and mood symptoms, attenuate QOL decline, and may improve cognitive function
(sample size too small to determine statistical significance) compared with patients
receiving placebo. ' '

In a phase II multicenter trial, the effect of once weekly epoetin alfa was evaluated by
Rosen et al (ref 5) in anemic patients with head and neck cancers receiving a novel
chemoradiotherapy regimen (i.e., I-hour paclitaxel infusion, fluorouracil, hydroxyurea
and twice-daily radiation) Patients were randomly assigned to receive either 40,000 IU
epoetin alfa s.c. or no epoetin therapy. The objective of epoetin alfa therapy was to
maintain baseline hemoglobin levels or increase hemoglobin during chemoradiation and
prevent or reduce transfusion requirements. Results of the study showed that grade 2/3
hemoglobin toxicity occurred less frequently in epoetin-treated patients than in those not
rcceiv‘iﬁg epoetin therapy (52% versus 77%; p=0.02). While there was a positive trend for
fewer transfusions in epoetin-treated patients compared with patients who did not receive
epoetin therapy (40% versus 56%; p=0.20), the difference was not statistically
significant. ' .

Two smaller dpen label piolot studies (Chap et al and Patten et al Ref. 6,7) that employed
initial 60,000 IU epoetin alfa s.c. weekly in anemic cancer patients with nonmyeloid
malignancies receiving chemotherapy showed that 60,000 IU epoetin alfa administered
once weekly is effective in increasing hemoglobin levels in anemic cancer patients
receiving chemotherapy. '

Studies in patients without cancer With Once weekly dosing of Epoetin Alfa

Once weekly dosing of Epoetin Alfa has been used in several studies that showed its
effec‘tiveriess and safety in increasing hemoglobin levels and reducing transfusion
requirements in patients with chronic renal failure (predialysis and dialysis ref. 8-11), and
in _I-I[Vonsitive patien'ts who are receiving ZDV therapy as well as those who are not
receiving ZDV therapy (ref 12,13). This dosing regimen has also been shown to
successfully reduce the us‘e of allogeneic blood transfusions in the peri surgical setting
(ref. 14-15).
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1. EXECUTIVE SUMMARY

s-BLA STN #103234/5053 is a supplemental biologics application for the use of Epoetin alfa for
the treatment of anemia via alternative weekly dosing in anemic patients with non-myeloid
malignancies, where anemia is due to chemotherapy. Major evidence presented by the sponsor
included one pivotal randomized controlled study, #PR98-27-008 n ———
e= This study was conducted as a ———————
with the | e———— e 35 the research base. Epoetin alfa is currently
approved for the treatment of anemia in cancer patients on chemotherapy when administered

subcutaneously (s.c.) 3 times a week at a recommended starting dose of 150 IU/kg.

1.1 Conclusions and Recommendations

" The major statistical issue is that data on the primary efficacy endpoint of this trial (transfusion
rate after 28 days of treatment) did not yield a statistically significant improvement when using
the pre-specified non-responder (worst outcome) imputation method for dealing with missing
data.- The sponsor presented a rationale and several reasonable alternative imputation strategies,
which indicated that using non-responder imputation biased results against the Epoetin alfa _
treatment arm. This reviewer’s analyses of the major efficacy endpoints, based on the electronic
database provided, confirm the sponsor’s rationale and reported statistical findings.

1.2 Brief Overview of Clinical Studies

One clinical study constitutes the major evidence for this supplemental BLA submission. This is
© Study #PR98-27-008 =mesm——————— . The original primary objective of this study was
to assess the effect of a single weekly dose of Epoetin alfa on health related quality of life (QOL)
in cancer patients undergoing chemotherapy. However, because a secondary objective of the
pprotocol was to assess transfusion requirements during treatment, it was apparent that the
transfusion data, together with other data from the study, could reveal if a single weekly s.c. dose
of Epoetin alfa, at 40,000 to 60,000 IU, is effective in treating anemia in cancer patients
receiving chemotherapy. Agreement was reached with the Agency that for purposes of this
submission, the primary endpoint would be the transfusion rate following 28 days of treatment,
while QOL and other objectives in the emsss= protocol would be secondary endpoints. A
Statistical Analysis Plan (SAP), with the primary endpoint of transfusion rate after Day 28, was
prepared in a collaboration between =e——————  and J&JPRD and was submitted to
FDA. The plan was found acceptable to the FDA on April 16, 2002, after revisions were
incorporated. All data for the study were entered into a —————, (atabase, and all
analyses were performed by —emmmeemm——my—="statisticians. The database was officially
locked on March 10, 2003. The clinical study report (CSR) was prepared by J&JPRD for
purposes of this regulatory submission. The CSR summarizes data from the 16-week, double-
blind treatment period. However, survival data are summarized beyond that period, i.e., all
survival data available at the time of report preparation are included. Additional follow-up

- safety and survival data were provided in a 4-month safety update to the supplemental BLA.



1.3 Statistical Issues and Findings

The primary efficacy analysis was based on the difference in proportions transfused in the ITT
populatlon The pre-specified non-responder (worst outcome) imputation analysis of subjects
receiving RBC transfusions after treatment Day 28 until individual study end yielded an
estimated difference of —9.8% favoring the Epoetin alfa group which reached borderline
statistical significance (p=0.069, Chi square test; p=0.071, adjusted logistic regression analysis).
Five additional imputation analyses, previously discussed with the FDA, yielded estimated rate
differences that consistently favored the Epoetin alfa group over the placebo group (range: -10%
to —16%); all of these differences were statistically significant (p < 0.05). The mean number of
RBC units transfused/subject in the placebo group (1.5 units) was approximately twice that in the

-Epoetin alfa group (0.7 units). The mean number of units transfused/100 subject-days was
statistically significantly lower in the Epoetin alfa group (p < 0.0001). There was a marked
difference in hemoglobin response, favoring the Epoetin alfa group. Survival experience, based

_on the 4 month safety update, was similar in the two treatment groups. The safety profiles for
the two treatment groups appeared similar. Although there were more subjects with thrombotic.
vascular events (TVE’s) in the Epoetin alfa group than in the placebo group (i.e., 8 vs. 5), '
examination of TVE occurrences in relation to hemoglobin increases did not reveal any
consistent findings suggesting a relationship between the rate of hemoglobln rise and the
occurrence of TVE’s.

2 INTRODUCTION
2.1 Overview

General Background on Study Agent and Disease Indication: Patients with a malignancy
commonly become anemic during the course of their disease. The causes of the anemia may be
marrow replacement by tumor cells, suppression of marrow reticulocyte production by cytokines
released or induced by malignant cells, blood loss, or the myelosuppressive effects of '
chemotherapy or radiotherapy. Patients with anemia frequently experience fatigue, which can
- reduce performance status and impair ability to work or perform daily activities. Blood
transfusions can be given to correct anemia in cancer patients. However, transfusions are costly
in terms of both time and resource requirements and may be associated with significant side
effects. Side effects such as transfusion reactions and sensitization to future blood products are
possible, and there is some risk that transmission of infectious agents, such as cytomegalovirus,
hepatitis C virus, human immunodeficiency virus, and prions may occur. The drug Epoetin alfa
is an alternative to blood transfusion for the treatment of anemia in cancer patients on
chemotherapy In clinical studies, the administration of Epoetin alfa has been demonstrated to
raise the hemoglobin of patients with multiple myeloma and other cancers.

2.2 Data Sources



The relevant study report and supporting documenation were provided in paper format.

The electronic data sets comprised raw and derived SAS transport data sets for the —————
“study. SAS programs for the major efficacy analyses were also provided electronically. CD— .
ROM’s were the media used.

- Appears This Way
On Onglncl



3. STATISTICAL EVALUATION -

The statlstlcal analyses performed on the — “w=— study were initially specified in the study
protocol. Further details of the planned statistical analyses were provided in the statistical
analysis plan (SAP) that was approved by the FDA on April 16, 2003. Statistical analyses were
performed by the = wmmsmmmm * ysing a database lock date of March 10, 2003.

3.1 Evaluation of Efficacy

3.1.1 ww—eemm  Study
3.1.1.1 Design

This was a multi-center, randomized, double-blind, placebo-controlled study conducted by
wmmmmsssme i the North Central United States and Saskatchewan, Canada. The planned
enrolment was 330 subjects with anemia who were receiving myelosuppressive cytotoxic '
chemotherapy for advanced cancer. Eligible patients were randomized in a 1:1 ratio to Epoetin
alfa or placebo treatment, with stratification by center (investigator), type of primary cancer
(lung, breast, or other), planned concurrent radiation therapy (yes vs. no), and degree of anemia
: (hemoglobm <9 g/dL vs. > 9 g/dL). The double-blind treatment was administered for a
*maximum of 16 weeks, after which the subjects were followed for one year from the time of
* randomization for event monitoring (death, new primary malignancies, and long-term toxicities).
The dose of double-blind study medication (40,000 IU of Epoetin alfa or corresponding placebo)
was to be administered by s.c. injection, once weekly. If after 4 weeks of therapy hemoglobin
(Hgb) concentrations had not increased by > 1 g/dL or if the subject had received a transfusion
during the first 4 weeks of therapy, the weekly dose of study drug was to be increased to 60,000
IU oricé weekly. If, at any time during the study, the Hgb concentration exceeded 15 g/dL, Hgb
was to be determined one week later. If the Hgb exceeded 15 g/dL, study drug was to be witheld
and Hgb was to be determined weekly until it fell below 13 g/dL. Study drug was then to be
restarted at a dose level 25% less than that previously administered. During double-blind
 treatment, subjects were to receive a daily oral iron supplement. All subjects could receive RBC
transfusions at the discretion of the physician. A Hgb determination was to be obtained at the
“time of transfusion. Subjects who discontinued chemotlierapy during the double-bhnd period
~ were to continue the study treatment through 16 weeks.
" Amendments: There were 3 amendments to the protocol Addendum 1 on March 5, 1999,
updated the ===  nurse contact, This addendum also specified that the submission of the
Concurrent Treatment Log with the on-study materials was no longer required and added a
question regarding oral iron supplementation to the On- Study form. Addendum 2 on May 11,
2001, updated the consent from to reflect current emssmme IRB formatting guidelines.
Addendum 3 on September 28, 2001, closed the study to subject accrual. ,
Study Populations: The number of subJects actually enrolled was 344. In accord with e
definitions, any subject who did not receive any study treatment before removal from the study
was designated a “cancellation.” However, these subjects were included in the ITT (intent-to-
" treat) population, which was the primary efficacy population. The QOL population consisted of
- all ITT subjects having a baseline and at least one follow-up QOL assessment. Selected efficacy -
_analyses were also perforied on the evaluable-for-efficacy population that included all treated
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~-subjects, excluding subjects classified as ineligible or as having major protocol violations. In
addition to analyses with formal statistical inferences provided for the two treatment
comparisons, descriptive statistics for specified efficacy variables were to be provided for the
subgroups defined by the following variables: type of primary cancer, planned concurrent
radiation therapy, degree of anemia, and planned chemotherapy type (cis-platinum based or non-
cis-platinum based). All statistical tests were 2-sided. Main effects were tested at the.05
significance level; interaction terms were tested at the 0.10 significance level.

Randomization: Study treatment could begin prior to registration but was required to begin <7
days after registration. Randomization was conducted in a 1:1 ratio using the dynamic allocation
procedure of Pocock and Simon to balance the two treatment arms for the marginal distributions
‘of the following stratification factors: center, type of primary cancer (lung vs. breast vs. other),
planned concurrent radiation therapy (yes vs. no), and degree of anemia (Hgb level < 9 g/dL vs.
> 9 g/dL). The procedure was carried out centrally.

3.1.1.2 Endpoints and Results
Description of Primary Efficacy Variable:

The primary efficacy endpoint was the transfusion rate, defined as the proportion of subjects
- who required transfusions after 28 days from randomization, i.e., those occurring on or after Day
29 adjusted (via logistic regression) for the stratification factors (size of center, type of primary
cancer, planned concurrent radiation therapy, and degree of anemia). Treatment effect was to be
compared primarily using the adjusted odds ratio obtained from the model along with the 95%
CI and the p-value. Unadjusted Chi-square tests based on crude transfusion rates and the
difference in crude rates along with the 95% CI would also be presented. In addition,
~ exploratory analyses for the transfusion rate would be performed using logistic regression
models, adjusting for other prognostic factors specified in the SAP. Another analysis employed
- for the primary endpoint was time-to-event. Using transfusion status determined by LOCEF (i.e.,
carrying forward a patient’s last known transfusion status), the primary efficacy endpoint was
 further analyzed using the Kaplan-Meier method where subjects without transfusions after
Day28, who either withdrew or completed the study, were considered as censored at the time of
withdrawal or completion. The Kaplan-Meier estimate of the transfusmn rate at Week 16 was
obtained for each treatment group and Greenwood’s method was used to calculate the '
corresponding standard error. The Normal approximation was then used to obtain the CI and p-
value for the treatment comparison at Week 16. The time point of Week 16 was chosen because
it was the end of the treatment duration planned in the protocol. Time to first transfusion after
- Day 28 was also compared for the two treatment arms via the logrank test.

" Reviewer’s Comment: Regarding the time to event analysis, Greenwood’s formula provides a
good estimate of the precision of a time-to-event curve when a reasonable number of subjects are
still being followed up, but not in the tail of the curve, where misleading plateaux often occur. It -
is to be noted that the Statistical Analysis Plan (SAP) pre-specified the adjusted analysis utilizing
logistic regression of transfusion status (yes/no) as the dependent variable, controlhng for the



randomization stratification factors, as thé primary analysis of the primary endpoint. The other
analyses presented should be considered only supportive.

ars This way



Description of Secondary Variables:

Change in Hemoglobin (Hgb) Concentration from Baseline: The mean change in Hgb
concentration from baseline to the last value was to be presented for the two treatment groups.
Treatment effect was to be estimated by the difference in the means along with the 95% CL
Student’s t-test was to be used to test the equality of the means between the two treatment
groups. ANCOVA adjusting for other prognostic factors was to be performed also. The main
analysis on change in Hgb was based on available data. Sensitivity analysis on change in Hgb
from the baseline to last value was conducted by imputing missing values via the following
methods: last-value-carry-forward (LOCF), minimum-value-carry forward (MVCF), and
average-value-carry-forward (AVCF).

Hemoglobin (Hgb) over Time: Hgb concentrations over time were to be analyzed using a
mixed effects linear model for repeated measures. Terms in the model included treatment, time,
covariates for demographic and baseline characteristics, and the time-by-treatment interaction
term. The focus of this analysis was to be the slope parameter of the time variable that quantifies
the rate of Hgb rise over time. Slope estimates for the two treatment groups, the difference in the
slopes, the 95% CI of the difference, arid the p-value were to be reported.

Incidence of Hemoglobm (Hgb) Concentration below 9.0 g/dL The proportions of subjects
with a Hgb concentration below 9.0 g/dL were to be presented for each treatment group.
Treatment effect was to be estimated by the difference in proportions along with the 95% CL. A
Chi-square test was used to test for equality of the proportions between the two treatment groups.

Number of Transfusion Units per Day Alive in the Study: For each of the two treatment

groups, the number of transfusion units per day alive during the entire study would be calculated.

This variable is a ratio-type estimate, i.e., both its numerator and denominator are random

variables. Hence, an approximation based on relative variances to the standard error of a ratio

would be used to calculate the standard error of this estimate for each treatment group. Normal

approximation would be used to conduct the statistical test on the difference of the estimates and
to obtain the 95% CI.

Incidence of Nephrotoxicity: The relative incidence of nephrotoxicity was ascertained by the

~ investigators’ CTC rating of serum creatinine determined in the subset of subjects receiving cis-
platinum-based chemotherapy. The incidence was to be presented for the two treatment groups
and tested using Fisher’s exact test. The maximum reported toxicity grade over the course of the
- study was to be compared between the two treatment groups using the Wilcoxon rank-sum test.

Overall Survival: For this time-to-event variable, a survival analysis was conducted which
- included a Kaplan-Meier plot and the comparison of the two treatment groups via the logrank

test. Median survival time was reported along with logrank test results.

 Tumor Response: A descriptive sﬁmmary of the number and percentage of subjects in each of
the tumor response categories would be provided for the two treatment groups.
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‘Quality of Life (QOL): A number of QOL scales were used, €.g., FACT-Anemia, SDS
- (symptom distress scale), and the UNISCALE. Scores for these scales were to be standardized

by transforming them to a range of 0 — 100, with 0 representing the lowest QOL and 100
representing the highest QOL. The scores would be summarized using descriptive statistics.
Inferential statistical analyses were to be performed on the AUC of the transformed scales for all
QOL endpoints. QOL assessment dates were to be used to calculate the AUC. For the e

==  primary QOL endpoint, FACT-AN Fatigue Scale, the treatment difference would be
tested via the Wilcoxon Rank Sum test or the t-test depending upon the veracity of normality
assumptions as determined by the Shapiro-Wilk test. O’Brien’s multiple endpoint test statistic
would be applied to the numerous secondary QOL endpoints. ANCOVA on each QOL endpoint
would be performed with and without treatment-by-covariate interaction terms. If a significant
treatment-by-covariate interaction was found to be present, further exploratory analyses on the
corresponding subgroups would be conducted. Sensitivity analyses for each QOL scale would
be conducted on the AUC endpoint, with missing data values imputed using the last-value-

- carried-forward (LVCF), the average-value-carried-forward (AVCF), and the minimum-value-

carried-forward (MVCF) methods. A fourth sensitivity analysis would be conducted using the
LVCEF, but imputing a score of 0 when subjects died. In addition, an exploratory analysis of the

~ correlation between changes in QOL and changes in Hgb would be presented using the Pearson

correlation coefficient. Change in QOL was defined as the change from baseline to the last

a available assessment. The change in Hgb value used was the one most closely assaciated in time

with the last available QOL assessment. The two change scores would be analyzed for
correlation if any difference in day of measurement represented no more than a 15-day window.
This analysis was to be based on combined data from the two treatment groups.

- Reviewer’s Comment on QOL Analyses: After extensive statistical analyses by  umm

«= 10 QOL measure showed any statistical evidence of improvement. Thus, no further
statistical review comments will be forthcoming on QOL endpoints.

Determination of Sample Size: This study was powered originally for the QOL analyses and
not for the transfusion rate analysis. Based on the QOL calculations, it was determined that a
sample size of 300 (i.e., 150 subjects/treatment group) was required. - Assuming a 10% attrition
rate, a total of 330 subjects (165 per group) was planned. In terms of the transfusion rate, a

‘ -sample size of 300 (150 per group) would provide 80% power to detect a difference of 16% or

more between the two treatment groups. Standard two-sided binomial testing was assumed with
a type I error rate of a = 0.05.

. Pooling of Study Cel_lterS: For analysis purposes, sites weré grouped by large or small

(enrollment of > 15 or < 15 subjects per month on all ===  studies over the two year period '

- from April 2000 to April 2002).

' -Missing Data Handling: The following pre-specified imputations were applied to handle
“missing transfusion data or dates that were not due to withdrawal. Transfusion status after
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Day 28, determined using these imputations, was used throughout the transfusion data analyses.
These imputations were as follows:

e Ifa subject had a missing evaluation cycle this subject was cons1dered as transfused
during that cycle and the transfusion date was imputed using the date of the next cycle
evaluation minus 1 day.

e If a subject had missing transfusion status for a non-missing evaluation cycle this subject
was considered as transfused during the cycle, and the transfusion date was imputed

- using the cycle evaluation date.

e Ifa subject was known transfused in an evaluation cycle but the transfusion date was

missing, the missing date was imputed using the cycle evaluation date.
For handlmg missing transfusion data that were due to withdrawals, the following strategy
was employed. As stated in the SAP, subjects withdrawn from the study with no transfusion
after Day 28 would be assumed as transfused in the analysis of the primary efficacy endpoint.
When such data became available, it became clear that the result based on this imputation
method introduced serious bias against Epoetin alfa treated subjects. To present these data in a
-way that was more reflective.of the clinical outcomes of the study, the sponsor further analyzed
the primary efficacy endpoint data using four other plausible imputation methods. All five
- imputation methods for withdrawals are described below. It is noted that, per the SAP, subjects
who died on study were considered to have completed the study. The five imputations used
were as follows:
1. As specified in the SAP, subjects who w1thdrew from the study w1thout receiving
a transfusion after Day 28 were considered as transfused.
2. Transfusion status for each withdrawn subject was determined by the actual
transfusion occurrence after Day 28 without imputation. -
3. -‘Withdrawn subjects were considered as not transfused if they (1) withdrew from
the study due to having a successful Hgb response indicated by the investigators
and (2) they were not transfused after Day 28.
4. Withdrawn subjects were considered as not transfused if they (l) withdrew after
having completed all 4 planned cycles and (2) were not transfused after Day 28.
5. Withdrawn subjects were considered as not transfused if they (1) withdrew due to
disease progression and (2) were not transfused after Day 28. .
Method 2 is essentlally the last-observation-carried-forward (LOCF) method where the pat1ent s
last transfus1on status is carried forward

S.p_onsor’s Note: Upon examination of the characteristics of the withdrawals, it was-observed
* that withdrawn subjects in the Epoetin alfa group had greater Hgb improvements and fewer
- transfusions than the withdrawals in the placebo group. It was also noticed that a number of
subjects withdrew due to a successful HGB response; none were transfused after Day 28. The
data also indicated that a number of subjects withdrew after completing all 4 cycles of
evaluation, despite the fact that 4 cycles was the maximum number of evaluations planned per
* protocol. These observations provided the basis for imputation methods (3) and (4). Method (5)
was considered because it was used in similar clinical trials reported in the literature (e.g.,
" randomized Phase III trial of darbepoetin alfa in lung cancer patients receiving chemotherapy).
One of the necessary assumptions needed for this imputation method to be valid is that '
withdrawals due to disease progression are not treatment related. This imputation could be
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appropriately used for this study because the numbers of subj ects who withdrew due to disease
progression were comparable between the two treatment arms.

Reviewer’s Comment: Twenty six patlents were withdrawn with pro gresswe disease given as
the reason. There were 13 such patients in each treatment arm. This reviewer’s descriptive
Kaplan-Meier analysis of time to progression showed very similar patterns by treatment arm; the
estimated curves were almost super-imposable.

Efficacy Results:

- Patient Disposition: A total of 344 subjects were registered and randomized into the study at 14
ememm  study centers (13 in the U.S. and 1 in Canada). These subjects comprise the ITT
population. The first subject was enrolled on December 4; 1998, and the study was closed to
further enrollment on September 28, 2001. Enrollment by study center is presented below in
Table 1. Enrollment at the “large” centers (see deﬁmtlon in Table 1) ranged from 8 to 72

subjects whlle enrollment at the “small” centers ranged from 2 to 42 subjects.

~ Table1: Subject Enrollment by Center / emmss  Study
Centers" Placebo (n=170) | Epoetin alfa Total (n=344)
' . ' (n=174)
Large Centers, n (%) ‘ ‘ .
] 6 (4%) 5 (3%) 11 (3%)
B 28 (16%) 27 (16%) 55.(16%)
i 14 (8%) 13 (7%) 27 (8%)
i 9 (5%) 12 (7%) 21 (6%)
§ 22 (13%) 21 (12%) 43 (13%)
i 36 (21%) 36 (21%) 72 (21%)
5 (3%) 3 (2%) 8 (2%)
Small Centers, n (%) _ . .
3 20 (12%) 22 (13%) 42 (12%)-
i 12 (7%) 12 (7%) 24 (7%)
i 5 (3%) 5 (3%) 10 (3%)
3 (2%) 6 (3%) 9 (3%)
5 (3%) 6 (3%) 11 3%)
5 (3%) 4 (2%) 9 (3%)
0 (0%) 2 (1%) 12 (1%)

2 Large centers were defined as  m—
all  om— studles over the 2 -year penod from April 2000 to April 2002 -

centers that entered at least 15 patients per month on

~Table 1 mdlcates that balanced treatment a351gnment was achleved within study sites. Table 2
below presents the breakdown of major demographic characteristics by treatment arm.
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Table 2: Demographics and Baseline Characteristics for == Study (ITT population)

Placebo Epoetin alfa Total (n=344)
(n=170) (n=174)
Age (years)
N 170 174 344
Mean (SD) 63.7 (13.09) 63.5 (11.80) 63.6 (12.43)
Median 66 64 66
Range 24 -86 20 - 88 20 - 88
| Gender (%) : B :
Female 96 (56%) 96 (55%) 192 (65%)
Male 74 (44%) 78 (45%) 152 (44%)
Race, n (%) - _
Black 1 18 (11%) 10 (6%) 28 (8%)
Hispanic 1 (1%) 0 (0%) 1 (0%)
White 151 (89%) 164 (94%) 315 (92%)
Weight (kg) '
N ' 161 161 322
Mean (SD) 73.6 (16.24) 75.0 (17.20) 74.3 (16.72)
Median 71.9 1 74.0 72.6
| Range 41.8-127.0 36.6 —136.1 36.6 —136.1
Previous chemotherapy, n (%) ,
No 82 (48%) 79 (45%) 161 (47%)
Yes v e 88 (52%) 95 (55%) 183 (53%) -
Previous radiotherapy, n (%) ' :
_ | No 108 (64%) 109 (63%) 1217 (63%)
| Yes 62 (36%) 65 (37%) 127 (37%)
Type of. mallgnant disease, n (%) :
Lung 49 (29%) 48 (28%) 97 (28%)
Breast 28 (16%) 28 (16%) 56 (16%)
Other® 93 (55%) 98 (56%) 191 (56%)
Planned concurrent radlotherapy, o
1 (%) |
| Yes 17 (10%) 18 (10%) 35 (10%)
.| No . 153 (90%) 156 (90%) 309 (90%)
Degree of anemia, n (%) ' .
Mild (Hgb > 9.0 g/dL) 117 (69%) 119 (68%)° 236 (69%)
Severe (Hgb <9.0 g/dL) 53 (31%) 55 (32%) 108 (31%)
Baseline tumor response, n (%) :
| Missing 1 (1%) 1 (1%) 2 (1%)
: 'Complete response 53B%) 4 (2%) 9 (3%)
| Partial response (measurable dlS only) |19 (11%) 22 (13%) 41 (12%)
| Regression 19 (11%) 26 (15%) 45 (13%)
Stable 93 (55%) 93 (53%). 186 (54%)
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Progression 4 (2%) 7 (4%) 11 (3%)
Not applicable/Unknown 29 (17%) 21 (12%) 50 (15%)
ECOG status, n (%) '

0° 46 (27%) 37 (21%) 83 (24%)
1 . 124 (73%) 137 (79%) 261 (76%)
Iron supplement, n (%)

Missing ‘ 3 (2%) 1(1%) 4 (1%)
Yes - , 143 (84%) 153 (88%) 296 (86%)
No 24 (14%) 20 (11%) 44 (13%)

% The most common other cancer sites were gastrointestinal (60/344 subj ects, 17%), myeloma
(30/344 subjects, 9%), and gynecological (29/344 subjects, 8%).

® ECOG performance status scores: 0 = able to carry out all normal activity without restriction
and 1 =restricted in physical strenuous activity but ambulatory and able to do light work.

“Overall, the percentages of subjects in the ITT population who had received previous
chemotherapy, had received previous radiotherapy, or planned concurrent radiation therapy were
 similar in the two treatment arms. The two groups were also comparable with respect to baseline
tumor response, degree of anemia, and use of iron supplement. Overall, 183 (53%) of the
subjects had received previous chemotherapy and 127 (37%) had received previous radiotherapy.
The baseline tumor response was “stable” for 186.(54%) of the subjects. Sixty-nine percent of
the subjects had mild anemia (Hgb = 9 g/dL) rather than severe anemia (Hgb < 9g/dL). Iron
supplements were used by 296 (86%) of the subjects. The types of malignant disease listed in
the table were similarly represented in each treatment group. Overall, 28% of the subjects had
lung malignancies, 16% had breast tumors, and 56% had “other” malignancies. The most
frequently occurring “other” malignancies were gastrointestinal for 34/170 (20%) of subjects in
- the placebo group and 26/174 (15%) of subjects in the Epoetin alfa group; myeloma for 11/170
(6%) of subjects in the placebo group and 19/174 (11%).of subjects in the Epoetin alfa group;
and gynecologic for 15/170 (9%) of subjects in the placebo group and 14/174 (8%) of subjects in
~ the Bpoetin alfa group. The distribution of ECOG performance scores (0 or 1) were slightly
different in the two groups at baseline: 73% of subjects in the placebo group had a baseline score
of 1 compared with 79% of subjects in the Epoetin alfa group. Baseline hemoglobm (Hgb)
values are present in Table 3.

Table 3: Baseline Hemoglobin Values for —- Study

Hemoglobin (g/dL) | Placebo (n=170) Epoetin alfa (n=174). | Total (n=344)
N ' ' - | 170 174 344
Mean (SD) 1 9.4 (0.93) 1 9.5 (0.94) 9.4 (0.93)

| Median 9.5 9.6 . 9.6 .'

| Range 69-11.4 6.0-11.4 60-114 |

Herhoglbbin values at baseline were comparable between the two treatment groups, with mean
values of 9.4 g/dL in the placebo group and 9.5 g/dL in the Epoetin alfa group. '
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Data for pre-study blood transfusions, i.e., transfusions received within 3 months prior to the
start of the study, are summarized in Table 4.

Table 4: Pre-study Transfusion Data for e Study

: Placebo (n=170) | Epoetin alfa (n=174) | Total (n = 344)
Transfused pre-treatment,” n (%)
No ' 143 (84%) 142 (82%) 285 (83%)
" Yes 1 27 (16%) 32 (18%) 59 (17%)
Units transfused for subjects
receiving pre-study transfusion
N ' 27 32 59
1 Mean (SD) 2.6 (1.01) 2.9 (1.91) 2.7 (1.56)
| Median 2.0 2.0 2.0
Range 1.0-5.0 1.0-9.0 1.0-9.0
Hemoglobin concentration at time ‘
of pre-study transfusion (g/dL)
1N , 27 32 59
Mean (SD) 8.2 (0.75) 8.1 (0.76) 8.1(0.75)
Median 8.1 8.0 . 8.0 -
Range 7.0-10.7 69-938 6.9-10.7

# Within 3 months prior to baselme Note that the protocol specified no transfusion within 2

weeks prior to entry into the study.

Pre-study transfusions were received by 16% of subjects in the placebo group and 18% of
subjects in the Epoetin alfa group. Among subjects receiving pre-study transfusions, the mean
number of RBC units received was 2.6 for subjects randomized to placebo and 2.9 for subjects-
randomized to Epoetin alfa. Mean Hgb values for these subjects at the time of pre-study
transfusions were comparable between groups.

Protocol Deviations: The following two subjects were classified as ineligible for evaluation of
response (i.e., ineligible for inclusion in the evaluable-for-efficacy population): Subjects 7745

and 78729, treated with Epoetin alfa, who received RBC transfusions within two weeks prior to
randomization. A third subject, 92405 in the placebo group, was classified as a major protocol
v1olator because the subject had not started i iron supplementation as of Cycle 2.

Treatment Compliance: A general review by the sponsor of study drug admmlstration data
indicated that there was good compliance with the dosing schedule specified by the protocol. -

Known errors in study drug administration were the following (note: these errors did not exclude
the subjects from any of the populations analyzed): Subject 88240 in the placebo group received
one dose of 1,000 IU of commercial Procrit Epoetin alfa while in the hospital. Subject 79739 in
the placebo group started the study at a dose of 60,000 IU rather than 40,000 IU. Subject 97819
in the placebo group missed a dose of study drug while hospitalized in Cycle 2; this was not
noticed until she was off study. Subject 92202 in the Epoetin alfa group received study drug
from the “wrong box”’; however, the medication recelved by the sub_] ect was the correct one
_ (Epoetm alfa). :
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Completion / Withdrawal: Completion and withdrawal information is presented by treatment
group in Table 5 below. The percentages of subjects who completed the study were similar in
the placebo and Epoetin alfa groups (i.e., 72% and 70% of subjects, respectively). Subjects who
died on study (8 subjects in the placebo group and 13 subjects in the Epoetin alfa group) are
classified as having completed the study. The percentage of subject withdrawals was similar
overall in the placebo and Epoetin alfa groups (28% and 30%, espectively). However, the
percentage of subjects who refused further treatment was somewhat higher in the placebo group
(12%) than in the Epoetin alfa group (8%). Thirteen subjects in each group withdrew due to
disease progression. Only 3 subjects (1 in the placebo group and 2 in the Epoetin alfa group)

withdrew due to adverse events.

- Table 5: === Study Completion / Withdrawal Information

~ (Based on ITT Population)

Placebo (n =170)° | Epoetin alfa | Total (n=

: (n=174) 344)

| Completion, n (%) ‘

| Completed study 123 (72%) 122 (70%) 245 (71%)
Completion by category,
(%)
Completed treatment 115 (68%) 109 (63%) 224 (65%)

"{ Died on study 8 (5%) 13 (7%) 21 (6%)
Withdrawal, n (%) ‘
Yes 47 (28%) 52 (30%) 99 (29%)
Reason for withdrawal, n (%) '
Refused further treatment 20 (12%)* 14 (8%)* 34 10%)
Disease progression 13 (8%) 13 (7%) 1 26 (8%)
Other 6 (4%) 10 (6%). 16 (5%)
Other medical problems 2 (1%) 6 (3%) 8 (2%)
Reason missing 3 (2%)° 4 (2%)" 7 (2%)
Adverse event 1 (1%) 2 (1%) 3 (1%)
Ineligible 1 (1%)* 2 (1%)* 13(1%)

| Alternative treatment 1 (1%) 1 (1%) 2 (1%)

? One subject withdrew prlor to receiving study treatment.
®All subjects withdrew prior to receiving study treatment.

The “other” reasons and “other” medical problems leading to withdrawal were balanced between

the two groups and are summarized by treatment group in Table 6 below.

Table 6: === Study/“Other” Reasons and “ther Medical Problems” Leading to
Subject Withdrawal (Summarized from Investigators’ Comments)

Placebo (n =170)

Epoetm alfa (n =174)

‘Reason, n (%)

Medical Reasons

4 (2%)

6 (3%)
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Hemoglobin > 15 g/dL ' - 0 _ , 4 (2%)
“High” hemoglobin 1(1%) 2 (1%)
Subject ineligible ' 1 (1%) 0 '
Noncompliance B 1 10
Subject treated elsewhere 1 1 (1%)
Chemo- or radiotherapy stopped |0 2 (1%)

In the 4 month Safety Update the sponsor updated these data. Their update is based on the safety
population (N=333) rather than the ITT population (N=344). The 11 ITT subjects who withdrew
prior to receiving study drug are not included. The results are essentially the same as those
reported in the original ITT table.

Chemotherapies: The 10 most frequently used chemotherapy agents used during the study are
summarized for the ITT population in Table 7. Specific types of chemotherapy agents were

received by similar percentages of subjects in the two treatment arms.

Table 7: ~= Study / Ten Most Frequently Used Chemotherapy Agents

Placebo (n = 170) | Epoetin alfa (n =174)

Chemotherapy agent, n (%)” ' ' ,
Paclitaxel ’ 47 (28%) : 55 (32%)
Carboplatin ' 36 (21%) ' 43 (25%)
Cisplatin i 3501%) 26 (15%)
Gemcitabine ‘ 29 (17%) : 31 (18%)
Cyclophosphamide 26 (15%) 25 (14%)

- | 5-Fluorouracil =~ 22 (13%) 19 (11%)

| Prednisone |25 (15%) ' 18 (10%) -

Doxorubicin 21 (12%) 21 (12%)
Vincristine | 20 (12%) 18 (10%)

. Etoposide - 14 (8%) . 20 (11%)
*Subjects may be included in more than one category. :

Although there were some differences in doses of specific chemotherapies between groups,

- - overall, the intensity of chemotherapy appeared to be similar in the two treatment arms. Also,

the percentage of ITT subjects whose chemotherapy was known to have changed during the
~ study was similar in the placebo group (69%) and the Epoetm alfa group (63%) Chemotherapy
dosing issues are covered in more deta11 in the clinical review.

Dosage Modifications: Thjs is discussed in detail in the clinical review. Overall, 72% of
subjects in the placebo group and 43% of subjects in the Epoetin alfa group received dose
escalations to the 60,000 IU of study drug. Dose escalation occurred most frequently in Cycle 2,
with 75% of subjects in the placebo group and 45% of subjects in the Epoetin alfa group (with
data available for Cycle 2) receiving a dose of 60,000 IU in Cycle 2. The percentages of subjects
receiving a 60,000 IU remained fairly constant in Cycles 3 and 4. Dose modifications were
made for 125 (74%) of subJ ects in the placebo group and 106 (61%) of subj ects in the Epoetln
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alfa group. For subjects with dose increases, the most frequent reason given for the increase in
each treatment arm was that hemoglobin had not increased. The dose was withheld for more
subjects in the Epoetin alfa group (54 subjects or 31%) than in the placebo group (25 subjects or
15%). Among the reasons for withholding the dose, a Hgb value of > 15 g/dL was given as the
reason for 27 of the 54 subjects (50%) with doses withheld in the Epoetin alfa group, but was not
given as the reason for any subject in the placebo group. The dose was reduced for 16 subjects
(9%) in the Epoetin alfa group, but was not reduced for any subject in the placebo group.

Among the subjects in the Epoetin alfa group with dose reductions, a Hgb value of > 15 g/dL
was given for the reason for 14 of the 16 subjects.

Primary Efficacy Analysis
Percent of Subjects Transfused After Study Day 28:

The ITT population (i.e., all patients as randomized) was used as the primary population for
efﬁcacy analyses. Per the SAP, the primary efficacy endpoint was the percentage of subjects
in the ITT population who were transfused after Day 28 (i.e., from Day 29 to end of study) using
* worst outcome imputation (i.e., subjects who withdrew from the study after Day 28, with no

' transfusion after Day 28, were i_mputed as transfused for purposes of analysis). The sponsor
notes that when study data became available, it was clear that results based on non-responder -
imputation were not an appropriate representation of the clinical outcomes of this study. Itis
notable that withdrawn subjects in the Epoetin alfa group had greater Hgb improvements than
‘withdrawn subjects in the placebo group, e.g., the 45 withdrawn subjects in the Epoetin alfa
- group had a mean change in Hgb from baseline to last value of 2.8 g/dL while the 42 withdrawn
placebo subjects had a mean change of 0.6 g/dL. Among the subjects who did not complete the
‘study and had “other” reasons for withdrawal, 6 subjects in the Epoetin alfa group were
withdrawn with “high” Hgb concentrations (ranging from 13.5 to 15.5 g/dL) at the time of study
discontinuation compared to 1 subject with “high” Hgb (11.2 g/dL) in the placebo group. . [Note:
. The protocol did not specify that subjects should be discontinued from the study when HGB was
‘high”, e.g., > 15 g/dL. Rather, the study drug was to be withheld. However, the seven subjects
described were withdrawn from the study (at least as a partial reason) due to “high” Hgb or
Hgb > 15 g/dL.] Table 8 below presents Hgb values for subjects who withdrew early from
study for “other” reasons or “other medlcal reasons” and had h1gh Hgb values.

Table 8: Hgb Data for Early Wlthdrawals with High Hgb Values

SubJect ‘Treatment | Withdrawal Reason “Trast | Day of Last | Tx after | Last
- Cycle | Evaluation | Day 28 | Hgb
- 84788 Placebo Removed for high Hgb 3 99 - No 11.2 -
80286 |Epo . |Hgb>15.0 . 4 - 107 No 152~
84174 | Epo Hgb at 15.5 3 97 No 15.5
86642 | Epo 4 weeks of greater/equal | 4 107 No -~ |135
'Hgb. At Cycle 3 Hgb was '
_ 15.2 :
91440 | Epo PI’s decision® | |3 78 No 14.9
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92050 | Epo Hegb was 15.0 4 91 No  ]15.0

100852 | Epo Hgb > 15 for 4 weeks 2 61 No 15.3

2 The reason given on the case evaluation form by the attending physician was that the patient
would no longer benefit from continuing the study because all chemo- and radiotherapy had
stopped and the patient did not want to come in. A note from the study chair es====== on the
case evaluation form indicated that the patient had Hgb > 15. -

These data strongly suggest that had the withdrawn subjects completed the study, the number

- transfused after Day 28 would be lower in the Epoetin alfa group than in the placebo group. To
use only the worst outcome imputation for transfusion status would produce bias against the
efficacy of Epoetin alfa in reducing the need for transfusions. Therefore, in addition to this
planned analysis, other plausible analyses were undertaken. Representatives of FDA/CBER
agreed to these additional plausible analyses, allowing assessment of consistency of results at a
‘pre-BLA meeting on May 20, 2003. These methods have been previously described in the
“Missing Data Handling’ section. Analytic findings based on the worst outcome imputation
. anid these other plausible methods are described in the next section.

Analysis as Planned in the Statistical Analysis Plan, Kaplan-Meier Analysis, and Analysis
‘of Crude Rate Using LOCF: Results of the primary analysis as planned in the SAP (i.e., all
withdrawn subjects considered transfused) are presented in Table 9 below (Analysis 1). Table 9
also presents results of a Kaplan-Meier analysis (Analysis 2) and a LOCF analysis of crude
transfusion rates (Analysis 3). Here, LOCF means imputing a patient’s last known transfusion
status at the time of dropout.

Table 9: == Study /% Subjects Transfused After Day 28 (ITT)

Imputation Analysis Type: Placebo (n = A and CI for A Epoetin alfa | p-value
. 170) ' n=174)

(1) Worst Outcome — Crude Rate: ] : '
Subjects transfused, n (%) 84 (49.4%) : 69 (39.7%) 0.0687°
A in % (Epo — Placebo) ' -9.8%
.95% Clfor A _ -20.2%, 0.7%
Adjusted Odds Ratio (Epo / Placebo) ,  0.668 0.0706"
95% CI for Odds Ratio _ ' 1 0.43,1.03
(2) LOCF - Kaplan-Meier: ' _ : .

-{ Subjects transfused (%) . 32.7% . 163% 0.0011°
A in % (Epo —Placebo) S 164% - I
95% CI for A ' -26.2%, -6.5%
(3) LOCF — Crude Rate: ‘ ' '

| Subjects transfused, n (%) - ' 48 (28.2%) ' 25 (14.4%) 0.0017*
A in % (Epo — Placebo) ' -13.9%
95% CI for A ' -22.4%, -5.3% o .
Adjusted Odds Ratio (Epo / Placebo) ' ' 0.388 e 0.0010°

{ 95% CI for Odds Ratio : : 0.22,0.68

® Based on Chi-square test . :

® The primary statistical inference, based on logistic regression analysis adjusting for the following randomization

- balancing variables: size of institution (= 15 or < 15 subjects accrued per month over the 2-year period from April
2000 to April 2002, type of primary cancer (lung, breast, other), planned radiation therapy (yes or no), and degree of
anemia (> 9 or <9 g/dL, i.e., mild or severe). S
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“Greenwood’s method. -

The Kaplan-Meier pldt in Figure 1 below presents time to first transfusion after Day 28. The
time-to event comparison revealed a statistically significantly delayed finding for the Epoetin
 alfa group compared to the placebo group (p=0.0016, logrank test). :

Epoetin Alfa —
Placebo —

0.8
0.74
Failf)jg_
0.5+
0.4
0.3+
0.2
0.1+

0.0 T | T T T T
0 20 40 60 80 100 120 140 160 180

TTTDAY28

Time to event: TTTDAY28
Censored by T2N
Grouped by NEWARM

Group * NFailed N Censored Mean Std Error
Epoetin Alfa - 25 149 103.303 Biased 1.98558
Placebo T 48 122 98.4225 Biased 2.77186
Combined 73 271 103.806 Biased 1.77398
Group © Median Time .Lower95% Upper95% 25% Failures 75% Failures
Epoetin Alfa .
Placebo . . . 71
Combined . . . : . 113

Test ChiSquare =~ DF Prob>ChiSq
Log-Rank 9.9345 1 0.0016
Wilcoxon 9.1177 1 0.0025

Reviewer’s Comment: This reviewer confirmed this time-to-event analysis as well as all of the

efficacy analyses summarized in Table 9.
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Sensitivity Analyses for the Primary Efficacy Endpoint: Three additional analyses were
performed using other plaus1ble imputations for the transfusion status of wﬂhdrawn subj ects as
' follows

~ Analysis (4): Subjects who withdrew from the study after Day 28 would be considered not
transfused if they 1) withdrew from the study because they had a successful Hgb response, as
‘indicated by the investigators, and 2) were not transfused after Day28. This approach was used
when it was noticed that a number of subjects withdrew for reasons related to the effectlveness of
the study drug in raising Hgb concentrations (Table 8). ‘

Analysis (5): Subjects who w1thdrew from the study after Day 28 would not be considered
transfused if they 1) withdrew after having completed all 4 planned cycles but were not
identified as completers by the investigators, and 2) were not transfused after Day 28. This
imputation was used because the protocol specified that transfusion data were to be-collected for
a total of 4 evaluation cycles during the 16-week treatment phase.

Analysis (6): Subjects who withdrew from the study after Day 28 would not be considered
transfused if they 1) withdrew due to disease progression, and 2) were not transfused after Day
28. The analysis was appropriately used in this study given that the numbers of subjects who
withdrew due to disease progression were comparable in the two treatment arms, indicating that -
withdrawals for this reason were not treatment related. : ’ '

In Analyses (4) — (6), crude transfusion rates ranged from 43.5% to 48.8% in the placebo group
“and from 32.8% to 36.2% in the Epoetin alfa group. Across these three analyses, differences for
the two groups in transfusion rates ranged from —10.8% to —~12.6% and were statistically
significant for each analysis. A summary of the analysis of the difference in transfusion rates
between the two treatment groups utilizing these three methods is presented in Table 10 below.

Table 10: === Study / Sensitivity Analyses for % Subjects Transfused After Day 28 (ITT)

Imputation Analysis Type®: Placebo (n= | Aand CIforA Epoetin alfa (n. | p-value
' 170) ' =174)

(4) Subjects with successful Hgb
response considered not transfused —

Crude Rate :

Subjects transfused, n (%) 83 (48.8%) 63 (36.2%) 0.0179°
A in % (Epo — Placebo) 3 -12.6%

95% CI for A -23.0%, -2.3%

Adjusted Odds ratio (Epo / Placebo) ) 0.584 : .

95% CI for Odds Ratio - 0.38,0.91 | 0.0169°

(5) Subjects who completed 4 cycles
considered not transfused — Crude Rate

Subjects Transfused, n (%) 82 (48.2%) 62 (35.6%) 0.0178"
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Ain% . - T 126%

95% CI for A B -23.0%, -2.3%
Adjusted Odds Ratio (Epo / Placebo) -~ 0.589. , : .
95% CI for Odds Ratio , 038,091 ‘ 0.0181°

(6) Subjects with disease progression
considered not transfused — Crude Rate

| Subjects transfused, n (%) _ 74 (43.5%) T 157(32.8%) 0.0397°
1Ain% -10.8% : :
95% CI for A , S | -21.0%, -0.6%
Adjusted Odds Ratio (Epo /Placebo) 0.625 ‘
95 % CI for Odds Ratio - : 040,098 0.0394°

% In each analysis, withdrawn subjects considered not transfused were also required, while still
on study, not to have been transfused after Day 28 in the study.
®Based on Chi-square test
¢ The primary statistical inference, based on logistic regression analy51s ad_]ustlng for the
following randomization balancing variables: size of institution (> 15 or < 15 subjects accrued
per month over the 2-year period from April 2000 to April 2002), type of primary cancer (lung,
breast, or other), planned radiatien therapy (yes or no), and degree of anemia (= 9 or <9 g/dL,
_1.e., mild or severe). :

By all of these various analyses, the percentages of subjects transfused after Day 28 was
consistently lower in the Epoetin alfa group, within the range of —10% to —16% of treated
subjects. The sponsor claims that six different analyses, including 5 with differing imputations
for the transfusion status of withdrawn subjects, provide evidence of the efficacy of Epoetin alfa,

administered once weekly, in reducing the numbers of subjects requlrmg transfusions after Day
28 of treatment.

Reviewer’s Comment on Missing Data: This reviewer confirmed the sponsor’s statistical
finding for these 6 imputation analyses. Since informative missing data was a major concern,
this reviewer performed an in-depth descriptive analysis of missing hemoglobin data patterns by
cycle and treatment arm for the ITT population. Reviewer’s findings are summarized as follows:

Table 11: Reviewer’s Summary of Missing Hemoglobin Data Patterns

Hemoglobin Missing Value Pattern; Placebo (n =170) Epoetin alfa (n = 174)
Baseline -+ All 4 Cycle Values (i.e., Complete Data) 113 1114
Baseline, 1, 2, 3, *** 14 19
| Baseline, 1, 2, **, ** 19 18
Baseline, 1, **, ** ** 15 ' 14
Baseline, **, **, ** %% (j.e., Only Baseline) 6 ) 8
Intermittent Missingb ' 3 . 1

? ** indicates a missing cycle value '
® Intermittent patterns include all other possible patterns not listed

On the placebo arm there were 57 patients with missing values or 33.5%. On the Epoetin alfa
arm there were 60 patients with missing values or 34.5%. Hemoglobin missing values patterns

- by treatment arm are remarkably similar. There is no indication of differential dropout pattern
by treatment arm.
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Regarding dropouts for progressive disease (PD), 26 patients were withdrawn with PD given as
~ the reason. There were 13 such patients in each treatment arm. This reviewer’s descriptive
Kaplan-Meier analysis (not shown) reveals very similar patterns; the curves are almost super-
imposable.

- These analyses support the sponsor’s claim of superior efficacy of Epoetin alfa, administered
once weekly, in reducing the numbers of subjects requiring transfusions after Day 28 of
treatment. '

Transfusion Results by Subgroups: The percentages of subjects transfused after Day 28, using
their actual transfusion status at the time of withdrawal (LOCF), are presented by treatment
group and specific subgroups (i.c., those subgroups that were balancing factors for the
randomization) in Table 12 below

Table 12: === Study / Proportion of Subjects’Transfused After Day 28
(From Day 29 to Last Evaluation, Using Transfusion Status at Time of Withdrawal)

for Key Subgroups (ITT) -
Subgroup: _ Placebo (N=170) Epoetin alfa (N =174)
' N n % N n %

Primary tumor type: .

Lung 49 12 24% | 48 6 113%
- Breast ' |28 1 4% 28 |2 7%
"Other 93 35 38% 98 17 17%
| Planned concurrent radio-therapy: - ' | '

Yes - ' 17 3 18% 18 1 6%

No - | o 153 |45  |29% 156 | 24 15%

Baseline anemia: : ' _ |

Mild (=9 g/dL) . . 117 (26 [22% 119 |12 10%

Severe (<9 g/dL) ' 53 122 |42% 55 |13 24%

Chemotherapy b g

Cis-Platinum based » 33 13 - [39% 26 4 1 15%

Non-Cis-Platinum based ' 137 |35 26% 148 |21 14%

Reviewer’s Comment: In the breast cancer subgroup the percentage of subjects transfused in

the Epoetin alfa group was higher than in the placebo group using LOCF imputation. The ’
sponsor suggests that this is an anomalous finding probably due to the small sample size and low
transfusion rate. The second largest disease subgroup comprises those patients with gastro- '
intestinal (GI) tamors. There were a total of 63 patients (18.3%) classified as having GI
disease. There were 28 (44.4%) on the Epoetin alfa arm and 35 (55.6%) on the placebo arm.
Using LOCF imputation, the proportions transfused were 5/28 (17.9%) for the Epoetin alfa arm
versus 7/35 (20%) for the placebo arm. As previously discussed, worst outcome imputation is

the least tenable approach for this particular situation. Looking into the distribution of disease
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' types within the GI subgroup, there were 1o esophageal disease patients in the placebo group and

3 in the Epoetin alfa group (12.5%). Only one of these was transfused, however. 44.1% of
placebo patients had colon cancer compared to 33.3% Epoetin alfa patients. There were 23.5 %
placebo patients with pancreatic cancer compared to 12.5% Epoetin alfa patients. When the GI
subgroup is excluded from the main by treatment arm. comparison of transfusion rates, the

“Epoetin alfa group has consistently lower transfusion rates than the placebo group via all
-imputation methods. For worst outcome imputation, estimated transfusion rates are 37% for .

Epoetin alfa versus 54% for placebo. For LOCF imputation, estimated transfusion rates are
13.7% for Epoetin alfa and 30.4% for placebo These are consistent w1th estimated transfusmn
rates for the entire ITT populatlon

Thus once weekly treatment with Epoetin alfa reduced the number of subjects needing -
transfusions after Day 28 of the study. Across 6. analyses, the percentage of subjects transfused
in the Epoetin alfa group was lower than in the placebo group. These differences between
groups ranged from —10% to —16%.

Data Related to the Primary Endpoint — Percent of Subjects Transfused Overall: The

- percentages of subjects transfused at any time on study, including prior to Day 28 in Cycle 1, are

presented by evaluation cycle in Table 13. The percentage of subjects transfused was greater
during each cycle in the placebo group than in the Epoetin alfa group. During the entire study, .
39% of treated placebo subjects received one or more transfusions compared to 26% of Epoetin
alfa treated subjects.

Table 13;: == Study / Percent of Subjects Transfused by Evaluation Cycle and Overall

Placebo (u = 170) ' Epoetin alfa (n=174)

N a (%) N 1.(%)
Cycdel 165 41 (25%) 166 31 (19%)
Cycle 2 1150 34 (23%) 152 14 (9%)
Cycle3 131 T19a5%) . [137 ~ [ 8(6%)
Cycle 4 119 13 (11%) 118 6 (5%)
Overall (any cycle) | 165 65 (39%) ] 167 43 (26%)

The hemoglobin concentrations measured at the time of first transfusion on study are
summarized for each treatment group in Table 14 below. Hemoglobin concentrations leadlng to
first transfusion showed similar mean values and the same median value.

Table 14: == - Study / Pre-transfusion Hemoglobin for First Transfusion on Study (ITT)

Placebo (n = Epoetin alfa (n =

L 170) 174) |
Subjects Transfused, n (%) : 65 (38%) 43 (25%)
Pre-transfusion Hgb (g/dL) for First Transfusion ' u
N ' B 64 42
Mean (SD) ' : 7.8 (0.99) 7.9 (0.97)
Median 7.8 7.8 '
Range (4.8-102) - [(6.5-10.7)
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n (%)

Pre—transfuswn Hgb (g/dL) for Flrst Transfuswn n (%)
<7.1 8 (12%) 9 (21%)
1 71-75 14 (22%) - 7 (16%)
1 7.6-8.0 21 (32%) 10 (23%)
8.1-8.5 o : 11(17%) . - 15012%)
18.6-9.0 o _ _' 15 (8%) 1 6(14%)
9.1-95 _ ’ 1 (2%) 3 (7%)
9.6-10.0 ‘ 1206%) - 1 (2%)
>10.0 : L ‘ 2 (3%) : 11(2%)
Mlssmg 5 : : | 1 (2%) : 1 (2%)

Percents are based on sub] ects transfused
Secondary Efficacy Analyses

‘ Number of RBC Units Transfused: Table 15 below presents red blood cell (RBC) units

* transfused per subject and units transfused per 100 subject-days for the ITT population of the
= study. As the table indicates, over the entire study the total number of RBC
transfusions administered in the placebo group (256 units) was approximately twice the total
number administered in the Epoetin alfa group (129 units). The mean number of cumulative
RBC units transfused per subject in the placebo group (1.5 units) was also approximately twice
the mean number in the Epoetin alfa group (0.7 units). Adjusted for each subject’s time on
study, the mean number of RBC units transfused per 100 subject-days was significantly higher in

“the placebo group vs. the Epoetin alfa group (1.54 vs. 0.76; p < 0.0001). The difference in the
number of units transfused per 100 subject-days was —0.78 units, representing a reduction in the
transfusion burden by approximately 50% for the Epoetin alfa group compared to the placebo-
group.

Table 15: = Study / RBC Units Transfused/SubJect and Units Transfused/100 Subj ect—
Days (ITT)

' Placebo (n = 170) | Epoetin alfa (n =174) | p-value
Total Units /Subject: - =~ . '
N |1 170 174
Mean (SD) o 11.5@.65 0.7 (1.59)
Median - : , 0.0 0.0
Range | . (0.0-14.0) | (0.0-10.0
Total Days on Study:
N . 170 174
| Mean (SD) ‘ ' 97.7 (35.27) .1 97.0 (35.06)
Median 112.0 1115
Range ‘ (0-162) (0-177)
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Transfusion Rate:

Total No. of StudyDays =~ | 16606 .| 16884

Total No. of Units Transfused 256 - |129 ,
Units Transfused per 100 Subject- | 1.54 (0.0094) | 0.76 (0.0161) <0.0001°
Days (SE) ' ' IR |
Effect Estimate (95% CI):

Difference in Transfusion Rates - ' , -0.78

(Epoetin alfa — Placebo) - . (-0.783,-0.777)

2 Test based on normal distribution.

- Change in Hemoglobin Concentrations from Baseline: Values for Hgb concentrations at
baseline and at last measurement, and changes in Hgb from baseline to last value, are..
summarized by treatment arm in Table 16 below. The mean change in Hgb from baseline was
0.9 g/dL in the placebo group and 2.8 g/dL in the Epoetin alfa group; the difference between

- groups was statistically significant (p < 0.0001). The study days on which the last Hgb value
was obtained were similar in the two treatment groups, with the mean study day being Day 91.8
for the placebo group and Day 91.9 for the Epoetin alfa group. Because the transfusion rate was
higher in the placebo group than in the Epoetin alfa group, the effect of transfusions would
co_ntribute to Hgb increase to a greater degree in the placebo group than in the Epoetin alfa
group. : T .

Table 16: o= Study / Change in Hgb from Baseline to Last Value (ITT)

Placebo (n =170) | Epoetin alfa (n =174) | p-value

Baseline Value (g/dL): - ' '
N B 170 174
Mean (SD) 9.4 (0.93) 9.5 (0.94)
Median 9.5 ' 9.6
Range (6.9—-11.4) (6.0—11.4)
Last Value (g/dL): : e .
N . 164 166
Mean (SD) 10.3 (1.44) 122 (2.12)
Median 10.4 1123 ,
Range e (6.0-13.4) - (7.9-17.3)
Ain Hgb to Last Value (g/dL): |
N | 164 166
Mean (SD) 0.9 (1.49) 2.8 (2.05) <0.0001
Median 0.9 2.8
Range | (-:3.8-5.3) (22— 175)
A (95% CI) (Epo — Placebo): . 19(5,23)
Study Day Last Hgb Obtained: -

AN ' 170 174
Mean (SD) 91.8 (36.64) 91.9 (35.73)
Median 110.0 106.5
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| Range | - __[(-40-161.0) [(-3.0-175.0) |

Changes in Hgb within specific subgroups ate presented in Table 17 below. Within each
subgroup, a greater Hgb change was noted for subjects treated with Epoetin alfa than for subjects-
receiving placebo. The greatest difference in subgroups was found for the degree of anemiain
the placebo group, where subjects with mild anemia showed a much smaller Hgb change than
‘subjects with severe anemia. This might have been expected, however, since subjects with mild
anemia would have required fewer transfusions. '

Table 17: ==w Study/Mean Change in Hgb Within Subgroups.(ITT) |

_ _ | Placebo (n=170) Epoetin Alfa (n=174)

| Subgroup: : - N |MeanA(SD) |N . | Mean A (SD)

Primary Malignant Disease : ' ‘ ‘ | : .
[Lung | | 129 [1.1(1.50) 48 | 2.5 (1.90)

Breast | 28 |12(174) . |28 [3.6(1.60)

Other _ 93 0.7 (1.41) 198 2.7 (2.19)

Planned Concurrent RT ' ‘

Yes . - 17 | 0.7(1.39) 18 | 2.4(2.18)

No | T 153 0.9 (1.51) 156 | 2.8 (2.04)

Degree of anemia _

Mild (Hgb>9 g/dl) 117 |0.6(1.30) 119 | 2.7 (2.09)

Severe (Hgb <9 g/dL) 53 1.5 (1.69) . 55. 12.9(1.96)

Chemotherapy Regimen - - '

Cis-platinum B 33 1.0 (1.25) 26 2.9 (2.01)

Non-cis-platinum 137 | 0.9(1.55) 148 | 2.7 (2.06)

The percentages of subjects with an increase in Hgb of 2 2 g/dL are summarized in Table 18
below. The percent of subjects with a> 2 g/dL increase in Hgb was smaller at each cycle in the
Placebo group than in the Epoetin alfa group. Over all cycles, 32% of subjects in the placebo
group compared to 73% of subjects in the Epoetin alfa group had a Hgb increase of > 2 g/dL.
‘The spornsor notes that any contribution of transfusion to these results would be greater in the .
placebo group than in the Epoetin alfa group due to the higher transfusion rate in the placebo
group. »

Table 18: «= Study / Percent of Subjects with a > 2 g/dL Increase in Hgb (ITT)

Placebo (n=170) Epoetin Alfa (n=174)

N n(%) N n(%)
Cycle 1 164 -1 10 (6%) 166 52 (31%)
Cycle 2 v 147 25 (17%) 152 82 (54%)
Cycle 3 129 - 23 (18%) 134 90 (67%)
Cycle 4 114 31 (27%) 115 81 (70%)
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|Overall (any cycle) [ 164 [52(32%) | 166 | 122 (13%)

Hemoglobin Over Time: Results of the sponsor’s longltudmal analysis of Hgb increase over
time are presented in Table 19 below. The rate of Hgb increase (i.e., the slope estimate) was
0.064 g/dL per week in the placebo group as compared to 0.201 g/dL per week in the epoetin alfa
group. The difference between treatment groups was highly statistically significant (p < 0.0001).

- Table 19: <= Study / Hemoglobin Over Timel/ Longitudinal Analysis (ITT)

Estimated Effect Placebo (n=170) | - | Epoetin Alfa (m=174) | p-value
Slope (g/dL/week) 0.064 ' ~10.201 e

95% CI .. 1(0.04, 0.08) ' (0.18, 0.22) |
A (Epo —Placebo) : 10137 - |- ' [ <0.0001
95% CI1 o o (0.11, 0.17) ' '

. Longltudmal assessment of Hgb over the study period was analyzed via a mixed-effect
model with the intercept and study day treated as random effects and controlling for study
center size, age, gender, baseline body weight, type of primary cancer, concurrent
radiation therapy, degree of anemia, baseline transfusion status, and chemotherapy type.

Incidence of Hgb Concentrations Below 9.0 g/dL: After Cycle 1, 29.5% of subjects treated
with placebo had Hgb values of < 9 g/dL. compared to 11.1% treated with Epoetin alfa. The p-
value for this difference was statistically significant (p < 0.0001). These results are summarized
in Table 20 below. :

Table 20: === Study / Number and Propdrtion of Subjects with Hgb <.9 g/dL After Cycle

1 to Individual Study End (ITT)

Placebo (n=170) Epoetin alfzi (h=174) p-value

Hgb <9 g/dL, n(%): ) :
N 149 153 -
No 105 (70.5%) 136 (88.9%)
| Yes 44 (29.5%) 17 (11.1%) <0.0001°
| A (Epo — Placebo) . -18.4 - ‘
95% CI for A [ (27.3,-9.6)

? Based on two-sided Chi-square test

Incidence of Nephrotoxicity in Sub]ects Receiving Chemotherapies Contamlng cis-
Platinum: The incidence of nephrotoxicity (i.e., creatinine Grade > 1) in subjects who were
identified at study entry as receiving chemotherapies containing cis-platinum are tabulated by
creatinine toxicity grade in Table 21 below. Five subjects (16%) in the placebo group and 4
subjects (16%) in the epoetin alfa group had signs of Grade 1 (mild) nephrotoxicity. Four
subjects (13%) in the placebo group and 2 subjects (8%) in the epoetin alfa group had signs of
Grade 2 (moderate) nephrotoxicity. The difference between groups was not statlstlcally
significant for creatininte grade or for incidence of nephrotoxicity. -
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Table 21: «=m » Study / Incldence of Nephrotoxmty in Subjects’ Recelvmg cis-Platinum-

Based Chemotherapy
Placebo (n=31) | Epoetin alfa | p-value
_ ' ' (n=25)
Creatinine o - _ '
Maximum CTC Grade, n (%) - R 0.6404"
0. 3 22 (71%) 19 (76%) v
1 ' , 5(16%) 4 (16%)
2 R R 4 (13%) 2 (8%)
Incidence, n (%) _ - o - - | 0.7667"
No ? B 22 (711%) 19 (76%) -
Yes , ] 9 (29%) 1 6(24%)

? p-value for grade based on Wilcoxon rank sum test

p-value for incidence based on Fisher’s exact test

Note: The summary only includes those subjects identified on the study eligibility criteria form v
as receiving ms—platmum containing chemotherapies

b

Rev1ewer s Comment: This reviewer performed univariate Fisher’s exact test analysis on the
primary efficacy endpoint of proportion transfused for the subgroup of patients who received cis-
platinum chemotherapy as well as for the subgroup who received non-cisplatinum containing '
regimens. - In both cases the proportion transfused was higher on the placebo arm relative to the
Epoetin alfa arm. These differences did not reach statistical significance.

Survival: Univariate analytic findings for survival data, available at the time of the s-BLA.
submission, are presented for each treatment group in Figure 2.
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.Figure 2: w= Study / Overall Survival
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Grouped by NEWARM

Group - NFailed N Censored Mean’ Std Error
Epoetin Alfa 117 . 67 344.969 21.4164
" Placebo . 115 : 55 400.238 34,4882
. Combined ) 232 . 112 372.27 20.6996
Group Median Time  Lower95% Upper95%  25% Failures 75% Failures
Epoetin Alfa 319 248 an 157 515
Placebo - 328 250 385 154 495

Combined 327. 268 360 155 511

Test ChiSquare | DF Prob>ChiSq
Log-Rank. 0.6253 1 0.4291
Wilcoxon 0.0626 - 1 0.8024

“The survival curves are similar, with median survival times of 10.9 months (where 1 month = 30
days) in the placebo group and 10.6 months in the Epoetin alfa group. The difference between
groups was not statistically significant via the logrank test (p=0.429). The estimated hazard
ratio (Epoetm/Placebo) is 1.11 with associated 95% CI of [0.86, 1.44].

An updated survival analys1s was performed when the 4-month safety data became available.

This is presented in Flgure 3 below.

Figure 3: e Study / Overall'Sur'v‘ivalf_(4-Month Safety Update) |
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Group N Failed N Censored -Mean . ° Std Eror
- Epoetin Alfa 121 . 53 387.472 32.2787
Piacebo 119 51 495729 Biased 42.7112
Combined 240 104  452.26 28.9151

Group Median Time Lower95% Upper95% 25% Failures ™ 75% Failures
.Epoetin Alfa 325 248 369 157 . 527
Placebo - 328 250 397 154 673
Combined . - 327 268 1362 155: 542
Test ChiSquare DF Prob>ChiSq
Log-Rank 0.8650 1 - 03524
Wilcoxon’ 0.1085 1 0.7418

Overall, 119 subjects (70%) in the placebo group and 121 subjects (70%) in the Epoetin alfa
group died. The median survival times were similar between the placebo and Epoetin alfa
groups (10.9 months and 10.8 months, respectively). The survival curves were similar up to 12
months, the protocol specified end point. The apparent separation of the curves after 17 months
(approximately 550 days on the plot) could be due to the disparity in the number of censored
subjects during Months 12 to 17 (360 — 510 days). The difference in overall survival times
between the two groups was not statistically significant (p = 0.352 via the logrank test). The
estimated hazard ratio (Epoetin/Placebo) is 1.13 with associated 95% CI of [0.87, 1.46]. A large
proportion of the deaths in both treatment groups were due to disease progression. Table 22
below presents the breakdown for cause of death. - '
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Table 22: ew== Study / Cause of Death for Deaths that Occurred On Study and After the o
Study (Durmg the Follow-Up Phase) for the ITT Populatlon _

S Placebo (n= 170) C Epoetin alfa(m=174) -
Cause of Death (n, %)" 1. ‘- ] '
Total deaths,m @ - | 119 , 121
Disease Progression | 100(84%) =~ 102 (84%)
Other” _ 16(5%) | 8(T%)
Unknown 13(11%) - ' 11 (9%)

Note: Deaths during the follow-up phase include those that occurred within 30 days followmg the last dose of study
drug and those that occurred after 30 days followmg the last dose of study drug

® Percentage is based on total deaths .
® «Other” included the following: ischemia/infarction; pneumomtls resplratory faﬂure due to pulmonary metastases; '
pneumonia/ ARDS; cerebral hemorrhage; necrosis of bowel; ischemic stroke, subarachnoid hemorrhage; coronary
artery disease (CAD); congestive heart failure (CHF) exacerbation, chronic obstructive pulmonary disease (COPD);
gastrointestinal (GI) bleed and anemia; stroke; renal failure; and unknown — chose to see another oncologist.

Tumor Response: Tumor response to chemotherapy at study completion, as estimated by the
investigators, was comparable between the two treatment arms and is presented in Table 23
below. Tumor progression was reported for 29% of subjects in the placebo group and 32% of
subjects in the Epoetin alfa group.

Table 23: emme Study / Tumor Response to Chemotherapy at Study Completion (ITT)

, : : Placebo (n =170) | Epoetin alfa (n =174)
Objective Status of Tumor Response, n (%) i
| Missing . 4(2%) . 6 (3%)
Complete response (CR) ' 13.(8%) 14 (8%)
| Partial response (measureable disease only) (PR) 19 (11%) 14 (8%)
Regression : 15 (9%) 13 (%)
Stable 70 (41%) 72 (41%)
Progression 49 (29%) o 155(32%)

3.2 [Evaluation of Safety

The safety population included all subjects who received at least one dose of study drug
and had safety information available. The safety population included 165 subjects who received
placebo and 168 subjects who received Epoetin alfa. A full discussion of the survival experience
was presented in the previous section.. Only key safety variables, e.g., thrombovascular events,
will be brleﬂy discussed in thls review. A comprehensive discussion of safety appears in the
clinical review.

Thrombotic Vascular Events: Thrombotic vascular AE’s that occurred during the study were
reported for 5 subjects (3%) in the placebo group and 8 subjects (5%) in the Epoetin alfa group.
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These are summarized in Table 24 below. Based on these ﬁgures the difference in the
proportion of subjects with TVE’s in each treatment group was not stat1st1ca11y srgmﬁcant by
Fisher’s exact test (p=0.574).

Table 24: «ums Study/ Number of Subjects with Thrombotic Vascular Events / Safety
Population

-{ Body System ‘ L , Placebo (n—l 65) Epoetin'Alfa (n=168)

Thrombotic Vascular Event - n (%) _ n (%)

Any Thrombotic Vascular Event 5 (3%) ’ | 8(5%)

Cardiovascular: . ' '-

Ischemia/Infarction - 11 (1%) o 10 (0%)
- | Thrombosis, NOS _ 402%) 7 (4%) -
| Neurology: , e

Ischemia-cerebral 0 (0%) 1 (1%)

? Three subjects in this table (1 in the Placebo group and 2 in the Epoetin alfa group) had 2
reports each of thrombosis.

As indicated in the table, one subject in the placebo group and two subjects in the Epoetin alfa
group had two reports each of thrombosis. It is unknown if the second report for each subject
refers to the same or to a different occurrence of thrombosis. One subject in the placebo group
had myocardial ischemia/infarction which resulted in death. One subject in the Epoetin alfa
group had cerebral ischemia. All other TVE’s were cases of thrombosis. The sponsor states that -
- no case of TVE was evaluated as probably or definitely drug-related. Two cases of TVE’s (one
case of thrombosis in each treatment group) were evaluated as possibly drug related. The .
sponsor notes that one subject in the placebo group (#89990) and two subjects in the Epoetin alfa
group (#90123 and #97060) had TVE occurrences that were not reported as AE’s and hence are
not included in the study database. Ifthese 3 subjects are included in the number of subjects
with TVE’s (for a total of 6 subjects in the placebo group and 10 subjects in the Epoetin alfa
group), the difference between groups for the proportion of subjects with TVE’s does not reach
statistical significance (p=0.444). Refer to the clinical review for a comprehens1ve review of
TVE’s and other adverse event experience.

Reviewer’s Comment: The sponsor’s counts were conﬁrmed in the electronic database and the
Fisher’s exact test result was confirmed.

4, FINDINGS IN SPECIAL SUBGROUP POPULATIONS
4.1 Gender and Age Subgreups '

Reviewer’s analytic findings for the primary efficacy endpoint for gender and age (non-geriatric,
geriatric) subgroups are presented in the following tables:
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Table 25: Primary Endpoint Findings for Males (ITT)

Transfused After Day 28
Yes " No
Placebo 22 (30%) .53 (70%) 74
Epoetin alfa 11 (14%) 67 (86%) 78.

Reviewer’s Comment: The difference in transfusion rates for pretin alfa vs. placebo male
patients (14% vs. 30%) was statistically significantly lower for the Epoetin alfa patlents (Flsher s

exact test p-value =

0.029).

Table 26 Primary Endpomt Fmdmgs for Females (ITT)

Transfused After Day 28
Yes No
Placebo 26 (27%) 70 (73%) 96
Epoetin alfa 14 (14%) 82 (86%) 96

Reviewer’s Comment: The difference in transfusion rates for Epeotin alfa vs. placebo female

patients (14% vs. 27%) was statistically significantly lower for the Epoetm alfa patients (Fisher’s
- exact test p-value = 0. 049)

Table 27: Primary Endpoint Findings for Age < 65 Years (ITT)

Transfused After Day 28

Yes No
Placebo 18 (23%) 61 (77%) 79
_Epoetin alfa 16 (18%) 74 (82%) 90

Reviewer’s Comment: The difference in transfusion rates for Epoetin alfa vs. placebo patients
(18% vs. 23%) was not statistically significantly lower for the Epeotm alfa patlents <65 years
(Fisher’s exact test p-value = 0.447).

Table 28: Primafy Endpoint Findings for Age > 65 Years (ITT)

Transfused After Day 28

Yes No
Placebo 30 (33%) 61 (67%) 91
Epoetin alfa 9 (11%) 75 (89%) 84

Reviewer’s Comment: The difference in transfusion rates for Epoetin alfa vs. placebo paﬁents
(11% vs. 33%) was statistically significantly lower for the Epoetln alfa patients > 65 years
(Fisher’ s exact test p- -value < 0.0001).
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4.2 Other Spécial/Sdb_groﬁp Populations:

Analytic ﬁnding for two other important ,subgrou-ps (Gi disease and cis-platinum/non-

cisplatinum patients) have been previously discussed in the appropriate sections..
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5.  SUMMARY AND CONCLUSIONS
5.1 ‘_Statis'tical Issues and Collective Evidence

This application’s source of major evidence consisted of one randomized pivotal study. This
reviewer uncovered no problematic statistical issues and confirmed the sponsor’s major '
efficacy analytical findings. : :

5.2 Conclusions and Recommendations

Th1s reviewer confirmed the sponsor’s major efficacy analyses for the plvotal om— study.
No problematic statistical i issues were-uncovered.
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Clinical Pharmacology Review Worksheet‘

Submission Date: 8/29/03, 9/22/03
: 12/17/03, 1/29/04
STN Number: 103234/5053

Product Name: Epogen®, Procrit® (Epoetin alfa, rHuEPO)
Dosage Form: Injectable, IV, SC,
2,000; 3,000; 4,000; 10,000; 20,000; 40,000 Units/mL
Indication: Treatment of anemia in patients receiving chemotherapy
Submission Type Labeling Supplement
Sponsor: - Amgen Inc., Thousand Oaks, CA
Reviewer: Hong Zhao, Ph.D.
Overview

- Epogen/Procrit epoetln alfa solutlon for injection is a biologic product contarmng the

active substance epoetin alfa (recombmant hurman erythrop01et1n r-HuEPO). The product -

is currently indicated for the treatment of anemia in cancer patients with non-myeloid

malignancies where anemia is due to the effect of concomitantly administered

‘chemotherapy. Epogen/Procrit is indicated to decrease the need for transfusion in patients

who will be receiving concomitant chemotherapy for a minimum of 2 months. The
current labeling recommends a starting dose of 150 Units’kg of Epogen/Procrit
subcutaneously administered 3 times per week (t.i.w.), with an increase in dose up to 300

- Units/’kg t.iw. if the response is not satisfactory in terms of reducing transfusion
: requlrements or increasing hematocrit after 8 weeks of therapy.

The purpose of the present submission is to obtain a dosing-regimen alternative to the
currently approved regimen. In the proposed alternative dosing regimen, the starting dose
would be 40,000 IU SC. administered once a week (q.w.), with an increase to 60,000 TU
q.w. if hemoglobin has not increased by at least 1 g/dL. In support of once-weekly

‘epoetin alfa dosing in anemic cancer patients receiving chemotherapy, 2 types of studies

were conducted: (1). a Phase 1 pharmacokinetic/pharmacodynamic study. to compare

- once-weekly and three-times weekly dosing in anemic cancer patients as well as in

healthy volunteers (Study EPO-PHI- 377) and (2) a Phase 3 placebo-controlled trial in

 cancer patients receiving chemotherapy (. —  Study PR98-27- 008): This
'Phase 3 trial prov1des pivotal support for the proposed new dosmg reglmen '

In addltlon to the data for Study PR98-27-008 and Study EPO-PHI-377, this submission
also includes data from 2 supportive studies: the Phase 1 Study EPO-PHI-370 in healthy
volunteers, which compared the epoetin alfa 150 JU/kg ti.w., and the proposed epoetin
alfa 40,000 IU q.w. dosing regimens, and a discontinued (due to-slow enrollment) Phase

" 3b study (Protocol EPO-CA-480) which compared no treatment (control group) with
. -epoetin alfa for 12 weeks administered in the following regimens: 150 IU/kg t.i.w., 300
- IU/kg q.w., 450 IU/kg q.w., 600 TU/kg q.w:, and 900 TU/kg q.w., in subjects with cancer

who were receiving platmum—contammg chemotherapy for the treatment of solid tumors

(as supportive for safety).



S

Also, submitted in the supplemental application is a request for deferral of pediatric study
of children ages 0-<5 and 5-16. The sponsor answer to the question “Is the indication for
a life-threatening condition that occurs in the pediatric population” is “No”. Reasons for
deferring pediatric study are as follows: Pediatric studies are on going but are not yet
completed. The condition under study does occur in the pediatric population, but the
number of children affected by this condition is much smaller and studies in children take
longer for patient recruitment. General information on the ongoing weekly dosing
pediatric study PR99-11-034/044 for children ages 5-18 is provided in this deferral.
Suggested deferral date for submission of studies are: 2Q2004 for ages 5-16. For ages 0-
<§ age group, the need for, timing of, and technical requirements for such a study will be
reviewed with the Agency following review of pediatric data from the ongomg study. At

this time, an indefinite deferral is requested.

- Pediatric Clim'cal Studies (PR99-11-034/044): Efficacy and safety evaluation of QW

dosing of -Procrit in children with solid tumors, Hodgkin’s disease, ALL, or NHL
undergozng myelosuppressive chemotherapy. This is a randomized, placebo- controlled,
double-blind, multi-center, 16-week treatiment study in children 5-18 years of age. PK/PD
data is to be obtained for 12 patients from PR99-11-034. A total of 224 patients enrolled,
169 patients have completed, and completion of study treatment for the final enrolled
subjects is projected in approximately November 2003.

Review of Study EPO-PHI-377 '
This Phase 1 study was entitled “Comparative Pharmacokinetics of Epoetin Alfa in
Anemic Cancer Subjects Receiving Cyclic Chemotherapy and-in Healthy Subjects afier

- Subcutaneous Administration of Epoetin Alfa 150 1U/kg 3 Times Weekly or 40,000 IU

Per Week for 6 Weeks”.

Study Design and Conduct: This was a randomized, open-label, "p‘arallel—design,,

‘multicenter study. Treatment period for healthy volunteers was 4 weeks instead of 6

weeks due to the possibility that excessive hemoglobin response might occur.

" Dosing Schedule :
Group " - Treatment (Epoetin Alfa) Day of Last dose - Other Treatment .
" A (patient) 150 TU/kg 3 times weekly x 6  Day 40 At least 1 cytotoxic chemotherapy agent
- -B(patient) - -~ 40,000 TU/week x 6 Day 36 Same as above

C (healthy) 150 TU/kg 3 times weekly x4 Day26  None
D (healthy) 40,000 IU/week x 4 Day22 None -

Lots for 10,000 IU/ml were R11209, R11707, R12129; and for 40,000 IU/ml were R11210, 11706 and R12130.

Study Perf_ormance : -
~ Population . ITT  Dosed Completed 'PK-Evaluable  PD-Evaluable
Patient . n=36 33 29 : 32 - 27

" Healthy =12 12 12 12 12



S

Démographic Characteristics

Group _ : Age(yr)  Sex(M/F,%) Race (W/B/A/H, %) ‘Weight (kg)

A (patient, 150IU/kg x3) 62.1+12.5 9/6 (60/40%) 12/1/0/2 (80/7/0/13%) 73.949.5
B (patient, 40,0001U/week) 56.7+11.4 ~ 2/16 (11/89%) 11/3/0/4 (61/17/0/22%) 68.1%10.7

.C (healthy, 150IU/kgx3) 35.8+14.1 3/3 (50/50%)  2/2/0/2 (33/33/0/33%)  77.7£19.0

D (healthy, 40,000IU/week) 36.2+15.9 3/3 (50/50%)  4/1/1/0(67/17/17/0%)  71.748.6

PK Sampling Schedule

Treatment : PK sampling time

~ 3:times-weekly dosing  Day 1 Predose, Day 5 predose, 3, 6, 9, 12, 24, 27, 36, 48, and 72 hours [predose

on Day 8] postdose, and predose on Days 15, 22, 29, 36, and 43

Day 15 predose, 9, 12, and 24 hours post dose, Day 17 predose, 9, 12, and 24
hours postdose and Day 19 predose, 3, 6, 9, 12, 24, 27, 36 and 48 hours [Day
21] postdose

Once weekly dosing Day 1 predose, and 3, 6, 9, 12,.24, 27, 36, 48, 72, 96, 120, and 144 hours
{Day 7] postdose, and predose on Days 8, 15, 22, 29, 36, and 43.
Day 15 predose and 3, 6, 9, 12, 24, 27, 36, 48, 72,96, 120, and 144 hours
{Day 21] postdose -

Because chemotherapy may affect endogénous erythropoietin levels, extensive blood

- sampling was done for all subjects during Week 1 to describe the PK profile of epoetin
- alfa when anemic cancer patients were receiving chemotherapy. A second period of

extensive PK blood sampling during Week 3 was optlonal for anemic cancer patients not
scheduled to recelve chemotherapy from Day 15 to Day 21.

v Analytical Procedure: Serum concentrations of erythropoietin were measured by e

———r——  USing a validated enzyme-linked immunosorbent

- assay (ELISA) method. The quantification range was ewmmsss  JU/ml. Since the

method cannot distinguish endogenous erythropoietin and administered. epoetin alfa, a
procedure of —we———————————— 10 estimate the PK of

exogenous epoetm alfa by ~

the study period. .

Study Results:

| - 1. Baseline Endogenous Elythropoietili Levels

Table 1. Baséline Endogenous Erythropoietin Levels (mIU/ml ) (Meanﬂ:SD)

Group A (patient) - B (patient) C (healthy) - D (healthy) :
o 150 TU/kg x3 40,000IU/week 150 IU/kg x3 40,000IU/week
Prior first dose - 29.4+19.5 (n=14)33.4125.8 (n=18) 10,1433 (n=6) - 9.842.4 (n=6)
Day 8 predose = 131140 86.9490.2 . 39.9+18.3 21.3%5.8

Day 22 predose 82.4+51.4 46.9+53.8 36.249.5 17.648.6

~ All predose range 15.3-469 9.7-1910 _ -233-76.1 . ~8.7-30.1

Summary: In 'genéral, the baseline endogenous erythropoietin concentrations in anemic

cancer patients were higher than in healthy volunteers. Predose serum erythropoietin-
levels in anemic cancer patients on Day 8 and Day 22 ranged from values near the upper
range of physiological level (30 mIU/ml) to slightly below 500 mIU/ml, whereas in

- healthy volunteers the levels ranged from 30 mIU/ml to slightly below 100 mIU/ml. The



mean serum levels of erythropoietin were above the upper end of the physiological range
throughout the dosing period in the 150 IU/kg t.i.w. groups, whereas the level returned to
baseline prior to the next dose for subjects in the 40,000 IU/week groups. However,
predose serum erythropoietin levels were substantially above 30 mIU/ml on Days 8 and
22 in most anemic cancer patients in the 40,000 [U/week group. '

2. 'Phar'macokinetic Results in Healthy Volunteers

Table 2. Pharmacokinetic Parameters of Epoetin Alfa Administered 150 IU/kg t.i.w. or 40,000 TU
gq.w. in Healthy Subjects (Corrected from Baseline) — PK Evaluable Population (MeantSD) - -

Parameter - Chnax Cuin . T max . AUC. 1681 tin ) - CL/F -
(mIU/ml) @Um) () @IUbml (b (mVh/kg)
N 6 6 "6 6 4-6 6
150 t.i.w. (Day 5)163+53.6 28.6£104.  9.043.3 157084327 25.0%7.1 312115
(Day 19) 125431.9 15.0£0.9 120133249  26.0i8.6  36.9+10.0
40,000 qw. (Day 1)10363238 92457 21.047.1  47469+13301 . 28.8+8.1 12.643.1

(Day 15) 909+398 - 24.518.8 3296947945 23.748.5 17.843.7

Table 3. Ratio of PK Parameter Means (40,000 IU/Week / 150 TU/kg t.i.w.) (Healthy Population)

Parameter Uncorrected for baseline = + Corrected for Baseline
: First PK profile Second PK profile First PK profile Second PK profile
Cnax Ratio - - 6.05 6.80. 6.37 727
" AUC. 1681 Ratio 2.82 2.37 ' 3.02 2.55

Relative Bioavailability 228% - 191% 244% 206%

Bioavailability of the 40,000 IU/week dosing regimen relative to that obtained after the
150 IU/kg t.i.w. dosing regimen was calculated using the following formula: :

(AUCo_lﬁgh 0f 40,000 TU/week/AUCq. 1650 0f 150 TU/kg t i.w.)x(450xmean body weight/40, 000) x100%
.Where AUC(HGS,, for the 150 TU/kg t.i.w. regimen = 2XAUCo s, + AUCo.7n

Summary: The 40 000 IU/week dosing regimen resulted a 6- to 7-fold higher Cmax and 2-

~ to 3-fold higher AUC to serum erythropoietin than that for the 150 IU/kg t.i.w. dosing

regimen in healthy subjects. The extent of exposure of the two dose regimens was similat
to those reported in the previous studies of healthy subjects.

3. Pharmaé'okinetic Results in Anemic Cancer Patients

. Table 4. Pharmacokinetic Parameters of Epoetin Alfa Admin_istet;ed 150 TU/kg t.i.w. or 40,000 IU.
. g-w.in Anemic Cancer Subjects (Uncorrected from Baseline) — PK Evaluable Population (Mean+SD)

Parameter - Cpax Crin . - AUCq.168n | Trax Ctp, - CLF
(mIU/ml) . (mIU/m) (mIU.W/ml) (h) , (h)  (ml/b/kg)
150 t.iw. (Day5) 4144312 43014137270 133124  43.7#39 2024159
N 14 : 14 14 , 3 14
(Day 19). 178i58' 904414 2108246909  14.246.7 41.9+14.8  23.619.5
' ' 14 4 4 2 4
_40 000 g.w. (Day1)1077_510 - 84205146999  38.5£17.8  35.3%16.8 9.2+4.7
N 18 o _ 18 ’ 18 11 18
- (Day 15) 8974322 1164230 - 48254£17658 22345  38.8£11.0 ' 13.947.6
N 7 _ 18 7 7 7 7. '



Table 5. Ratio of PK Parameters Means (40,000 IU/Week / 150 TU/kg t.i.w.) (Patient Population)

Parameter Uncorrected for baseline Corrected for Baseline

First PK profile Second PK profile First PK profile Second PK profile
Crax Ratio 2.60 5.04 2.71 6.12
AUCo_léghI Ratio 1.96 - 2.29 2.06 2.89
Relative Bioavailability 155% 199% 164% 251%

Summary: The ratio (40,000 IU/week /150 TU /kg t.i.w.) of the Cpax during the first PK

profile is much lower in the anemic cancer patients compared to that in healthy

volunteers (2.6 vs. 6.1), reflecting the unusually high mean Cpax in the 150 IU/kg t.iw.

regimen in anemic cancer patients. The extent of exposure of the 40,000 IU/week

regimen relative to that of the 150 IU/kg t.i.w. regimen in anemic cancer patients was
similar to that in healthy volunteers (in the order of 2- to 3-fold higher).

4. Pharmacodynamlc Results in Healthy Sub]ects

Table 6. Pharmacodynamic Parameters Uncorrected for Baseline Value in Healthy Subjects (PD-
Evaluable Population in Study EPO-PHI-377) (MeantSD)

Treatment Group N AUC (RETI) Ratio* AUC (HEMO) ' Ratiec AUC (RBC) Ratio.

- (%)  (gddL)  (x10”.d/L)
, ' 0-4 week S :
150 IU/kg tiw. 6 1008277 - 0.96 410+£19.9 1.0 13748.3 1.1 ~
40,000IUqw. 6 96.1+33.4 : 417+35.9 o 146+18.0°
R 0-6 week : _
150 I0/kg tiw. 6 125435.8 ‘0.97 T 6124443 1.0 206+16.7 1.1
40,000 IU q. w. 6 121+37.9 625+56 0 2214299

*Ratio of mean values for each parameter, calculated as (40,000 IU/weck /150 IU/kg tiw.)

Summaty In healthy subjects, the PD responses in terms of AUCs of the respectlve PD
parameters (percent reticulocytes, hemoglobln concentration and total RBC counts), were
similar between the 40,000 IU/week and 150 IU/kg ti.w. treatment groups despite a
larger exposure of the 40,000 IU/week dosing regimen than the 150 IU/kg t.i.w. dosing
regimen (the ratio of mean AUC serum erythropoietin was approximately equal 3).

5. Pharmacodynamic Results in Anemic Cancer‘ Patients

‘Table 7. Pharmacodynamlc Parameters Uncorrected for Baselme Value i in Anemlc Cancer Subjects
(PD-Evaluable Population in Study EPO-PHI-377) (MeanSD)

Treatment Group N AUC (RETI)  Ratio* AUC (HEMO) Ratio ~AUC (RBC) ' Ratio_

© (%.d) - (gddL) (x102.d/L)
_ : - 0-4 week : '
150 TU/kgtiw. 11 . 76.4424.6 13- 313%434 1.0  104£11.8 0.98
40,000 U q.w. 16 95.9426.9 321426.3 o 1024106 '
' ' ‘ . * 0-6 week ' -
150 IWkgtiw. 11 . 1124326 1.2 479+704 1.0 160£18.8 - 0.98
40,000 10 q.w. 16 1344350 . 495+44.0 157415.2 :

“*Ratio of mean values for each parameter, calculated as (40,000 IU/week 7150 IU/kg t. w.)



™ Figure 1. Mean Change in Percent Reticulocytes from Baseline Anemic Cancer Patients: PD-
] Evaluable Population
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Flgure 2. Mean Change in Hemoglobin from Baselme Anemlc Cancer Patients: PD-Evaluable
Population
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Figure 3. Mean Change in Red Blood Cells. from Baseline Anémic Cancer Patients: PD-Evaluable

Population
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/ The above three figures were taken from the sponsor s submission.



Summary: The 40,000 IU/week and 150 IU/kg t.i.w. treatment groups had similar
reticulocytes, hemoglobin concentration, and total RBC count responses in anemic cancer
“patients despite a larger exposure to erythropoietin in the 40,000 IU/week treatment
group (the ratio of mean AUC serum erythropoietin was approximately equal 2).

6. Compaifisons of PD between Healthy Subjects and Anemic Cancer Patients

Table 8. Ratio of AUC Means (40,000 IU q.w./150 TU/kg t.i.w.) (PD-Evaluable Population)

Population AUCggr; (%.d) AUCygmo (g.d/dL) AUCggc (#eellx10"2.d/L)
AUCoswk  AUCpsui AUCp4c  AUCq6wi AUCo4uc  AUCp6ui

Uncorrected from Baseline

Healthy Subjects 0.96 0.97 1.02 . 1.02 _ 1.07 1.07

Cancer Subjects 1.26 1.20. 1.03 1.03 . 098 0.98
: ~ Corrected from Baseline ‘ S

"Healthy Subjects 0.91 0.95 1.09- 1.14 1.10 1.12

Cancer Subjects 1.05 0.99 1.15 1.24 1.06 1.15

Table 9. Baselme and Mean Changes from Baseline in PD Parameters (PD-Evaluable Populatlon)
(Mean+SD) v

Parameter ‘ * Healthy Subjects : Anemic Cancer Patients - :

Baseline Day10  Day29 . Baseline Dayl10. Day29
o RETI (%)

150 IU/kg tiw. 1.7+0.8  2.1#12  2.041.5 22+1.0  0.1£1.8  1.3%1.6

- 40,000 JU/week- 1.7404 22425  1.7+1.0 2.640.8  0.9+1.8  -0.3%14

- : Hemoglobin
150 [U/kgtiw. 134406 1.0£02 1.7404 10.7+1.1 = 03+0.5  0.9409
40,000 IU/week 13.6+1.6 0.940.9 . 2.0+1.0 109409 -0.1+0.72 1.1£1.0
_ Total RBC o ‘ )
150 IU/kg tiw. 44402 0.4+0.1 0.840.1 35403 0.1302 0.3+0.3

40,000 IU/week 4.7+0.6  0.330.3 0.9+0.4 34104  0.020.2 0.440.3

Table 10. Comparison of AUC of Pharmacodynamic Response between Healthy and Anemic Cancer
Patients over 4-Week Period (PD-Evaluable Population) (Mean-_l-SD)

_ Parameter Uncorrected for Baseline Corrected for Baseline
(AUC) . Healthy Anpemic = Ratio . "~ Healthy  Anemic Ratio
. , . . -Percent Reticulocyte (%.d) - ,
150 IU/kg tiw. 10028 76425 - 0.76 52+18 32+19 0.61
40,000 IU/week 9633 96127 1.00 47426 33+16. - 0.70
' ' Hemoglobin (g.d/dL) o '
150 WWkgtiw. 41020 313+43 .  0.76 29463 15¢12 0.51
40,000 IU/week 417436 321126 . 077 ' 3116 17411 054
_ o ' - Total RBC Count (x10" cell.d/I)
150 IU/Kgtiw. 13748.3 10412  0.76 122422  5.3+4.0 0.44

40,000 IU/week 146+18.  102+11- - 0.70 13.4+6.1  5.743.0 042 .

- Summary: In healthy subjects, and anemic cancer patients the 150 [U/kg tiw. and
40,000 TU q.w. treatments produced similar changes in percent reticulocytes, similar
changes in hemoglobm and similar changes in RBC counts despite ‘a larger exposure to
erythropoietin in the 40,000 IU q.w. treatment group. These data suggest that total
* . systemic exposure is not the sole determinant of the pharmacodynamic effects of epoetin



alfa. Other factors, e.g., pattern of exposure or duration of exposure above a critical
threshold level, may also contribute to these effects.

Exploratory Analysis of 4-Week Responders

A 4-week responder was defined as a subject whose hemoglobin concentration increased

from baseline by at least 1 g/dL on 2 occasions through Day 29, 1ndependent of
~transfusion.

‘Table 11. Proportion of 4-WeeK Responders (PD-Evaluable Population)

. Treatment 150 IU/kg t.iw. n/N (%) 40,000 IU/Week n/N (%)
‘Healthy Subjects 6/6 (100%) _ 5/6 (83%)
Anemic Cancer Patients 6/11 (55%) 12/16 (75%)

- Summary: The proportion of anemic cancer patients who were 4-week responders in the
ITT population was similar in the 2 treatment groups. All but 1 of the healthy subjects
were 4-week responders.

- Conclusions

e There was no accumulatlon of serum erythropoietin after the 2 dosing regimens in
both healthy subjects and anemic cancer patients during the study period.

‘e In general, the concentration-time profiles and PK parameters of anemic cancer
patients were different from those in healthy subjects during Week 1 but similar
during Week 3. Most anemic cancer patients had higher Cyax, lower CL/F, and
longer Tiax than the respective parameters in healthy subjects during Week 1.

e The 40,000 IU/week regimen had a higher Cpax, higher exposUre (AUCo 168hr) Of
erythropoietin and lower CL/F than the 150 IU/kg t.i.w. reglmen in both healthy
subjects and anemic cancer patlents

o Despite'difference in pharmacokinetic exposure between the 150 IU/kg ti.w. and
40,000 TU/week treatment groups, results of this study indicate that the PD
responses (percent reticulocytes, hemoglobin concentration, and total RBC

- counts) of epoetin alfa were similar- between these two regimens - in healthy
‘ 'subJects and in anemic cancer patients.

o Epoetin alfa was safe and toletated by subjects in this study.

* Review of Phase 1 Study EPO-PHI-370 '
This was a single-center, parallel group, open label, randomized study to evaluate the PK
~-and PD profile of epoetin alfa (Procrit) after administration of 150 IU/kg t.i.w. or 40,000
IU q.w. Forty-nine (49) healthy adults were assigned by randomization to 2 groups and
received study treatment for 4 weeks. There were some technical difficulties with the -
study, primarily a relatively high degree of variability in hemoglobln values between the
- screening and baseline measurements. The problem with fluctuating hemoglobin levels at
screening and baseline resulted in a mean baseline hemoglobin in the 40,000 IU q.w.



group that was above protocol entry criteria. However, relative changes in hemoglobin in
the 2 treatment groups were consistent with the changes in reticulocytes.

Table 1. Pharmacokinetic Parameters (mean with range)

Treatment Group Cinax Chin 2 F

: (mIU/ml) (mIU/ml) (hr) (Relative)
150 TU/kg t.iw. 191 (78-447) 39 (7-88) - 31.8 : - 190%
40,000 IU q.w. 785 13 (<7.8-44) 39.3 ¢ 176%

Table 2. Pharmacodynamic Parameters Corrected for Baseline Value (Efficacy Poﬁulation in Study
EPO-PHI-370) (MeantSD) (% CV) '

Treatment Group N AUC (RETI) AUC (HEMO) AUC (RBC)
_ " (%.d) _ (g.d/dL) , (x102.d/L)
150 TU/kg ti.w. 24 62.9+20.6 (32.7%) 27.9+16.1 (57.8%) - 12.245.1 (41.7%)
140,000 IU q.w. 22 77.249.9 (12.8%) 31.0+12.5 (40.3%) 12.944.0 (31.1%)
Ratio (q.w. to the t.i.w.) ’ 1.23 _ 1.11 ' 1.06 ‘
PK/PD Relationship- -

The results of Phase 1 studies EPO-.PHI-377 and EPO-PHI-370 indicate that, although

~serum levels of erythropoietin were higher with the 40,000 IU q.w. dosing regimen as
compared to the 150 IU/kg tiw. tegimen, the two regimens produced similar
* pharmacodynamic responses, i.e., changes in percent reticulocytes, hemoglobin, and red

" blood cell counts.
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oy ' DEPARTMENT OF HEALTH AND HUMAN SERVICES
, _/CC ' Public Health Service
K ‘ : - Food and Drug Administration

Center for Drug Evaluation and Research

Memorandum
Date: Donna Peterson ‘?S}r/ |
. From: Monica Hughes/DRMP/ODE-VI/CDER

Subject: Amgen Supplement 103234/5053, Revisions to Package Insert

Donna,

Hello. Attached is the package insert for 103234/5053 with minbr FDA revisions. Please note
the following changes were made: _ ' '

1. Line 108: FDA is removing "In Anemic Cancer Patients”, Please begin this sentence
with “The” as originally proposed. Including this in the statement would be incorrect as
the data referred to covers both healthy and anemic cancer patients, not just anemic cancer

patlents
2. Inserted “the” on line 951 ‘
3. Repiééed “QW” with “Weekly” on lines 950, 1106,’.1128,. and 171279 for consisten_cy.
4. Added “by” in line 1137 .
Please let me know if you have any questions.

Thank you,
Monica Hughes, M.S.
Regulatory Project Manager



