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1  Executive Summary

Pramlintide (M.W. 3949 4) is an analogue of human amylin. Pramlintide is reported to
delay gestric emptying, reduce glucagons release, and reduce food intake. The effects
seem to be via central and vagus nerve systems. The proposed indication is an adjunctive
therapy to insulin in patients with type 1 or type 2 diabetes mellitus.

Pramlintide is proposed to be administered by subcutaneous injection immediately prior
to each major meal. The proposed dosing is dose escalation for type 2 diabetes from 60
mcg up to 120 meg with insulin dose adjustment to optimize glycemic control. For type 1
diabetes, the proposed starting dose of Symlin™ is 15 mcg, and dose titration up to 30
mcg or 60 meg in 15 meg increments is proposed with insulin dose adjustment to
optimize glycemic control. The dose adjustments of Symlin™ and insulin for both types
of diabetes are to be made only by the healthy care professionals. Pramlintide will be
provided as 0.6 mg/ml in 5 ml vials for use with a syringe. C

1
The sponsor received the second approvable letter (December 17, 2003) from the Agency
with several deficiencies including the following Clinical Pharmacology and

Biopharmaceutics issues (Note: These CPB comments were not approvability issues.):

(excerption from the letter)
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A. The primary pharmacodynamic (PD) endpoint was the plasma glucose
concentration-time curve from time zero to last time point (AUCo.4n). However,
AUC was not an optimal PD endpoint because of the averaging nature between
below and above the baseline (fasting glucose level).

B. The abdomen, arm, and thigh were proposed as injection sites. The exposure after
injection into the thigh was not different from exposure after injection into the
abdomen. However, for obese patients, pramlintide exposure as AUC was 20-
36% higher after injection into the arm compared to injection into the abdomen.
Therefore, for obese patients, the arm should onlty be cautiously recommended as
an alternative injection site because of considerations of further increased risk of
hypoglycemia due to the higher exposure.

There was no new study included in this submission for the CPB issues. However, the
sponsor addressed the issues using the cross study comparison.

For the first issue in the letter, the sponsor presented summary of postprandial glucose
concentrations-time profiles (e.g., Figure 1). However, the sponsor did not provide an
appropriate PD parameter(s) related to the area under the plasma glucose concentration-
time profile (AUC,,,) reflecting clinical consequences.
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Figure 1 Mean (n=20) plasma glucose concentrations in type 1 diabetic patients using lispro

insulin and pramlintide 60mcg

In the original NDA, AUCy, was a primary PD parameter, and calculated from time zero
to the last sampling (i.e., 4 hours) though the glucose concentrations were below and
above the baseline during the samplings. It indicated that AUC,, did not differentiate
between AUC under the baseline, a quantitative predictor for hypoglycemic events in
conjunction with Cg,, and AUC above the baseline, a predictor for efficacy.
Furthermore, concentrations below the baseline provided false positive for the effect of
lowering postprandial glucose excursion without reflecting hypoglycemic events in the
original NDA. In conclusion, AUCy,, ¢4n Was not a meaningful primary PD parameter
for pramliintide responses because of averaging nature. Therefore, it was recommended
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to optimize AUCyy g for the better understanding of the kinetic of drug action. One of
the options will be differentiation between AUC,, under the baseline and above the
baseline separately (Figure 2) in the future application.

Insulin alone
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Plasma glucose
concentration
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C'mm - AUC above
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tl last !
time
Figure 2 Schematic summary of proposed optimization of AUC,,, as PD parameter.

For the second issue in the letter, he sponsor proposes to limit the injection sites in the
abdomen and thigh area.

1.1 Recommendation
The Office of Clinical Pharmacology and Biopharmaceutics, Division of Pharmaceutical

Evaluation Il (OCPB/DPE-2) reviewed the amendment and finds it acceptable. This
recommendation and labeling comments should be sent to the sponsor as appropriate.

Appears This Way
On Original
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2 Labeling Comments

(Strikethrough indicates deletion and underlined. text indicates addition. Labeling claims
based on SYMLIN activity in the section of special population (in red) are pending upon
clarification on the results).

Pharmacokinetics

Absorption. The absolute bioavailability of a single SC dose of SYMLIN is
approximately 30-40%. Subcutaneous administration of different doses of SYMLIN into
the abdominal area or thigh of healthy subjects resulted in dose-proportionate for Cpa.
and AUG; . 1 (Table 1). C

!

Table1: Mean Pharmacokinetic Parameters Following Administration
of Single SC Doses of SYMLIN

SC Dose AUC 4., Cmax Tmax Elimination t.
(ug) (pmol*min/L) (pmol/L) {min) {min)
30 3750 39 21 55
60 6778 79 20 49
90 8507 102 19 51
120 11970 147 21 48

C
o -7 Injection into the arm showed higher exposure
with greater variability_compared to exposure after injection into the abdominal area or

thigh.

There was no strong correlation between the degree of adiposity as assessed by BMI or
skin fold thickness measurements and relative bioavailability. Injections administered
with 6.0 mm and 12.7 mm needles yielded similar bioavatlability.

Distribution. SYMLIN L L .
(approximately 40% of the drug is unbound in plasma), and thus should be
insensitive to changes in binding sites.

Metabolism and FElimination, In healthy subjects, the half-life of SYMLIN is
approximately 48 minutes. SYMLIN is metabolized primarily by the kidneys. Des-lys’
pramlintide (2-37 pramlintide), the primary metabolite, has a similar half-life and is
biologically active both in vitro and in vivo in rats.
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Special Populations.
Renal Insufficiency: Subjects with moderate or severe renal impairment (T

1 did not show increased SYMLIN exposure or reduced SYMLIN clearance,
compared with subjects with normal renal function. No studies have been done in
dialysis patients.

Hepatic Insufficiency: Pharmacokinetic studies have not been conducted in patients with
hepatic insufficiency. However, based on the large degree of renal metabolism (see
Metabolism and Elimination), hepatic dysfunction is not expected to affect blood
concentrations of SYMLIN.

Geriatric: Pharmacokinetic studies have not been conducted in the geriatric population.

C

1 SYMLIN should only be used in patients
known to be able to fully understand and adhere to proper insulin adjustments and
glucose monitoring no age-related differences in_the_activity of SYMLIN have
been observed in the geriatric population (N=539 patients 65 years of age or older in the

clinical trials).

Pediatric: SYMLIN has not been evaluated in the pediatric population.

Gender: A study has not been conducted to evaluate the gender effect on SYMLIN
pharmacokinetics. However, C i

1 no gender-related differences in the activity of SYMLIN have been
observed in the clinical trials (n-2799 for male, and n=2085 for fernale).

Race/Ethnicity: study has not been conducted to evaluate the effect of ethnicity on
SYMLIN pharmmacokinetics. However, T

3 no differences in the activity of SYMLIN have been
observed among pat!ents of dlffermg race/ethnicity in the clinical trials (n=4257 for white
n=229 for black, n=337 for Hispanic, and n=61 for other ethnic origins).

b

C

Drug Interactions

The effect of pramlintide (120mcg) on acetaminophen (1000mg) pharmacokinetics as a
gastric emptying marker was evaluated {n=24) in type 2 diabetic patients. Pramlintide did

not alter significantly AUC of acetaminophen. However, pramlintide decreased
acetaminophen 1= : T P _— z
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1  Executive Summary

Pramlintide (M.W. 3949.4) is an analogue of human amylin. Amylin is a 37-amino acid
protein co-secreted with insulin from the pancreatic beta-cells. Pramlintide is different
from the amylin in 3 amino acids: alanine (position 25), and serine {position 28), and
serine (position 29) of amylin are replaced with proline in pramlintide. The change of
three amino acids is reported to provide improvement in terms of stability, solubility,
non-adhesiveness, and non-aggregation compared to those in amylin. Pramlintide is
reported to delay gastric emptying and the effects seem to be via central and vagus nerve
systems. The proposed indication is an adjunctive therapy to insulin in patients with type
1 or type 2 diabetes mellitus.

Pramlintide is proposed to be administered by subcutaneous injection immediately prior
to each major meal. The proposed dosing is dose escalation for type | diabetes and 120
mcg for type 2 diabetes. The proposed starting dose of Symlin™ is 15 mcg and dose
titration up to 60 mcg in 15 meg increments is proposed for type 1 diabetes. Pramlintide
will be provided as a 0.6 mg/ml in 5 ml vials for use with a syringe. T

The sponsor received an approvable letter (October 10, 2001) by the Agency with several
deficiencies including the following Clinical Pharmacology and Biopharmaceutics issues:
(excerption from the letter)
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e The reduced bioavailability of pramlintide observed in patients with Type 2 diabetes
relative to those with Type 1 diabetes supports differential dosing between the two
populations. The difference in bioavailability may be related to skin thickness,
amount of subcutaneous fat, and/or site of injection. A clearer understanding of the
mechanism(s) responsible for the observed difference is necessary to guide the safe
use of the drug (e.g., in lean patients with Type 2 diabetes).

e The optimally safe and effective timing of Symlin™ and insulin administration
relative to food ingestion has not been established.

» The effect of concomitant Symlin™ administration on the pharmacokinetics of orally
administered drugs requires further characterization.

To explore the issues, the sponsor conducted three pharmacokinetic studies and

concluded as follows:

¢ There was no statistical difference in relative bioavailability 1) among injection sites
(abdomen, arm, and thigh) 2) between needle lengths (6.0-mm and 12.7-mm), and 3)
between types of patient (type 1 and type2) (protocol 137-153).

e The optimal timing of dose to the meals was immediately prior to meal ingestion
based on blood glucose results (protocol 137-151).

» For drugs that primary efficacy is dependent on rapid absorption and Crax (i€., pain
killer), the proposed dosing time window of co-administration was set as at least 1
hour prior to or 3 hours after pramlintide administration. The time window was
proposed based on the effect of pramlintide on oral acetaminophen (protocol 137-
154).

There are several major comments related to Clinical Pharmacology and
Biopharmaceutics as follow:

e The type 1 obese patients showed lower pramlintide exposure compared to that in
other patient groups (i.e., type 1 non-obese, type 2 obese, and type 2 non-obese). In
the original NDA, the pramlintide exposure in type 2 diabetes appeared to be lower
than that in type 1 diabetes according to the observations. In this regard, the relative
bioavailability difference between types of diabetic patient was not conclusive.

¢ The abdomen, arm and thigh were proposed as injection sites. The exposure after
injection into thigh was not different from that after in abdomen. However,
pramlintide exposure as AUC was 20-36% higher after arm injection compared to
that in abdomen for obese patients. Therefore, arm should be cautiously considered
as an alternative injection site for obese patients because of hypoglycemic safety
concern with the higher exposure.

s The primary pharmacodynamic endpoint was the plasma glucose concentration-time
curve from time zero to last time point (AUCy4n,). However, the AUC was not an
optimal PD endpoint because of averaging nature between below and above the
baseline (fasting glucose level).

e Inhibition of postprandial glucose excursion was one of the proposed beneficial
effects of pramlintide. Mean maximum postprandial glucose elevation (Cuaxgis) Was
observed as 87.2mg/dL for placebo (insulin alone), 77.7mg/dL for pramlintide dosing
15 minutes before breakfast, and 47.2mg/dL for pramlintide dosing immediate before
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breakfast in type 1 using lispro insulin group. However, the elevated glucose levels
(Cunax,giv) Were observed at the last sampling of the study (i.e., 4 hours after breakfast).
The some levels were as close as the maximum postprandial glucose elevations of
placebo. In these regards, it was premature to assess the beneficial role of pramlintide
to postprandial glucose excursion based on the results in the type 1 using lispro
insluin.

1.I Recommendation
The Office of Clinical Pharmacology and Biopharmaceutics, Division of Pharmaceutical
Evaluation II (OCPB/DPE-2) reviewed the amendment and finds it acceptable provided

that appropriate resolutions be made on the comments and labeling changes. This
recommendation and comments should be sent to the sponsor as appropriate.

1.2 Phase [V Commitments
N/A

on Original
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3  Question Based Review (QBR)

Detailed information on pramlintide is available from the original NDA and OCPB
review, and brief summary on background related to this amendment will be described in
the following QBR.

3.1 General Attributes

Pramlintide acetate is a synthetic analog of human amylin. Amylin is a 37-amino acid
polypeptide co-secreted with insulin from the beta-cells of pancreas. Pramlintide is
synthesized by replacement with proline at three amino acids in amylin as shown in the
following sequence;

| i
Lys-Cys-Asn-Thr-Ala-Thr-Cys-Ala-Thr-Gin-Arg-Leu-Ala-Asn-Phe-Leu-Val-His-Ser-Ser-
Asn-Asn-Phe-Gly-Pro-lle-Leu-Pro-Pro-Thr-Asn-Val-Gly-Ser-Asn-Thr-Tyr-NH, acetate
(salt) with a disulfide bridge between the two Cys residues.

The amino acid change is known to provide favorable physicochemical properties to the
pramlintide compared to those in amylin. Pramlintide acetate is a white powder and soluble

1n water.

3.2 General Clinical Pharmacology

Amylin appears to be a neuroendocrine hormone and primarily regulates blood glucese
by slowing gastric emptying and inhibiting postprandial glucagon secretion. The effect
of amylin on gastric emptying has been proposed through central mechanism.
Pramlintide is expected to control postprandial glucose control as an adjunctive to insulin.

It is reported that the fasting amylin levels are at the lower end of the available assay

range (4-8 pmol/L) and increased several fold from the baseline following meal ingestion.

3.3 Intrinsic Factors
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3.3.1 What are the effects of injection sites (abdomen, arm, and thigh), needle
lengths (6.0-mm and 12.6-mm), and ebesity in type 1 and type 2 on
pramlintide bioavailability?

Pramlintide exposure was assessed in a randomized, open-label, 4-way crossover study in
non-obese and obese patients with type 1 and type 2 diabetes (Protocol No. 137-15).
Patients were randomized to one of 4 treatments (Treatment A to D), and intravenous
administration (Treatment E) was followed other 4 treatments at the final day (Day 5).
Treatments were as follows:

Study Treatments

e Treatment A: Abdomen (SC) using 6.0-mm needle
Treatment B: Abdomen (SC) using 12.7-mm needle
Treatment C: Arm (SC) using 12.7-mm needle
Treatment D: Thigh (SC) using 12.7-mm needle
Treatment E: IV bolus

Pramlintide was administered immediately prior to breakfast. Doses were 60 mcg for
type 1 diabetes, 120 mcg for type 2 diabetes, and 20 mcg for intravenous administration
regardless of types of patient. There were 4 study groups as follows:

Parallel study with 4 groups

Study Group 1: non-obese subjects with type 1 diabetes (BMI < 27 kg/m?)
Study Group 2: obese subjects with type 1 diabetes (BMI 30 kg/m2 to 45 kg/m?')
Study Group 3: non-obese subjects with type 2 diabetes (BMI < 27 kg/m?)
Study Group 4: obese subjects with type 2 diabetes (BMI 30 kg/m? to 45 kg/m?)

The numbers of patients in the study are summarized in the following table. Conclusions
were based on the evaluable data and the sponsor sometimes excluded patients showing
significantly lower exposure possibly due to dosing error.

Table 1 The number of subjects by intent-to-treat (ITT), per protocol (PPT), evaluable, and
PK analyses among 75 subjects who enrolled for the study.

ITT PPT Evaluable PK analyses

Type 1 non-obese 20 19 18 16
Type 1 obese 15 15 15 15
Type 2 non-obese 17 t7 16 14
Type 2 obese 18 18 18 18
Total 70 69 67 63

Plasma samples were obtained to measure pramlintide and the immunoenzymetric assay
was used to measure pramlintide.
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Pharmacokinetic parameters are summarized in the following table.

Table 2 Mean (SD) plasma pramlintide pharmacokinetic parameters
Menn (SD) Plasma PrambBintide AUC;q and Coy, by Treatmeat aad Stady Growp
Poputation: Evaluable (N=6T)
Type 1 Nou-vhese (n=18} Praaiintide SC 60 pp
Abdomen Abdomen Arm Thigh
12.7-mm 6.6t 12.7-mm 12.7-mm
AUC{0-4 h) (pmel *b/L}
Muan {SD) t326¢70 N 117.6 {36.5) 144.7 (82.3) 135.5(81.2)
cv 833 48.1 368 S99
Emax (panol/l}
Mean (SD) 107.4 (46.2) 105.1 (32.8) 934 (49.4) 22.1 (19.9)
v 43 0 3.2 330 48.7
Tyvpe | Obese (n- 15) Pramlintide SC 60 pg
Abdnmen Abdemicn Arm Thigh
12.7-mim 6.0-1mm 12.7-mm 12.7-ram
AUCH-S h) (pmol*hiL)
Mean (SD) §8.6(37.4h 37 71369 122.9 ¢{89.4) 91 1446.T)
Cv 64 3 33 728 312
Craax (pmol/l.)
Mean (3D} 66 6 {26 T) 734228 A58 (38.9) 85213
Cv 40.1 3t 433 308
Tyie 2 Non-ohese (n=16) Prawbinicde SC 120 po
Abdomen Abdomen Arm Thigh
12.7-mm 6.9-mm 12.7-mm 12,7-mm

AUCH-4 b} (pmal*hiLy

Moenn (5D 281 L (195 3 1.7 (81, 1) 2736 (143 5} 2460 44130 1
v a4 5 398 32 S 34.1
Cmax (pmol’L)
Mean (SDY 1676433 167.6 (33.2} 166.0 (716} 127447223
v 31.7 L7 42 1 3606
Type 2 Obesc (n=18) Pramlintide SC 120 po
Abdumen Abdomen Arm Thigh
12.7-mm_ 6.0-mm 12.7-mm 12.7-mm
AUCH-! i) (pmol*hil)
Muan (SD) 266.3 {260 3 279.2 {242.5} WHL0{TTH 28902819
Cv UrT % 86.8 1956 474
Caoax (pmolfl)
Mean (5D 185 3 (143 3} i34.5¢1534. 1) 23252230 FSEL(EL4)
vV 713 4135 w3y 7558
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The exposure after pramlintide injection into thigh was not significantly different from
that after abdomen injection within the each study groups. However, injection into arm
showed higher exposure compared to abdomen injection in obese patients. In non-obese
patients, all three injection sites showed similar exposure with the same needle length. In
this regard, arm should be cautiously considered as an alternative injection site because of
hypoglycemic safety concern with the higher exposure.

There was no significant difference in exposure between different needle lengths (6.0-
mm vs. 12.7-mm). Results of relative bioavailability to abdomen as a reference are

summarized in the following table.

Table 3 Relative bioavailability te abdemen 12.7-mm needle length as a reference.
Relative Bivavailability of Pramlintide by Treatment by Study Group
Populntion: Fvalugble (N=67)
Type t Non-obese {ni=18) Pramlintide SC 60 pg
Abdamen Abdomen Arm Thigh
12.7-mmn &.U-snm 12.7-miom 12.7-mm
AUCH-4 k) {pmol*h/L)
Geometric LS Mean Ratio (SE) referenee 0493 (i 1y o011} 1.02 (6. k)
Cieomelne W C 1 reference (0.77_ 119 (Bal. .30y {086, 223
Cmax (pmol/L)
Ceametne LS Mcan Ratio (§1) referonce 108 (16 ) 34 (0 (Y} 0.73 (0. 4U8)
Cieotmeine W%, € | reference {084 1 21y {1474 1.42) {0 62, G 20y
Tvpe 1 Obese (n 153 Pramlintide §C 60 pg
Abdamien Abdomen Arm Thigh
12, 7-mm 6.0-mm 1X.7-mm 12.7-mm
AVCO- h) (pmol*hily
Geametne LS Mean Ratio (S0 neferance 1o3d1h) t 30 {0 13} 106 (B.11)
Givometne Y0'5 C ) eference (84 3 214 (LB 163 (089127
Cmax {(pmolfL)
Geometne LS Mean Rauo (SE) refaronce INEXTLRAD) L2913 0,89 (009
Geometne WO C I n:ference {53, | 33) (149 1.3 {075 115
Type 2 Non-obese (8=16} Pramlintide $C 120 pp
Abdomen Abdomen Arm Thigh
i2.7-mm 6.0-mm 11.7-mm 12.7-mm
AUCH-A b} {pmoi*h/L)
Cigametne LS Mean Ratio (81) reteeence (810 1)) 1030123 .91 (G.11)
Geometnic Wit {1 reference (G 67, 0w (.84, 1.26) (0.75, 1 1)
Cmax (pmobL)
Geometne LS Mean Ratio {SEY reference (59 {5114 O HI( 11} {.61 (0.0%)
Geomutne 9%, C | 1 refeence {072, | 14 (67, 113) {0.49_ 076}
Frype 2 Obese {n 18) Prambintide SC 120 pe
Abdomen Abdomen Arm Thigh
12.7-mm 6. f-mm 12.7-mm 12,7-mm
AL C({04 h) (pmol*hil.}
Cicanetne LS Muean Rane (50 referonve I 1 60y 115} [FUELERED] [ 99 {0 65
Cicometne W*a C 1 reforence sy | 24) {163 141 {285 L1&)
Cmax (pmob/L)
Geometne LS Mean Ratio ¢SE) reference 1} 9T (110 [MERTNRS] {76 (048}
Cieometrze Y0 | refencnee Ul 15 (a9t 1 3%) (064, (151}
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There was exposure difference in type 1 obese diabetes compared to that in other groups.
The pramlintide exposure in type 1 obese diabetes was about 62-72% to other patient
subsets based on dose normalized ratios of mean AUC and Cy,, in the proposed injection
site and needle length (ie., abdomen injection with 12.7-mm needle length). These
results were different from the observation in the original NDA. According to the review
of the original NDA, the exposure tended to be lower in type 2 compared to that in type 1
patients (refer the results from the original NDA review in the following table).
Therefore, the results on relative bioavailability difference in types of diabetic patients
are inconclusive and need to be elucidated further.

Table 4 PK results from the review of the original NDA (Study 137-143 and -144)
Type | (N=11} Type2 (N=12)
Dose Parameters Group 1 Group 2 Groupl Group?2
60 meg AUG, 74.14£34.26  51.6783337  62.39461.98  32.24+46.23
{pmol*hr/L)

Crax (pmol/L)  64.5423.7 66.9425.0 50.8420.3 36.4+18.5

90 mcg AUC, 118.5465.37  115.9+5429 53.93+52.15
(pmol*ht/L)
Crax (pmol/L) 9944314 123.9340.5 55.7425.7
120 meg AUC,, 143.0%139.9  76.24+54.37
(pmol*hr/L}
Chnax (pmol/L) 1174£1164 7404246

Intersubject variability was high in the exposure data and thus may provide the above
inconsistent resuits. In these regards, this reviewer explored the following two factors to
minimize the sources of intersubject variability in PK characterization.

¢ Patient population

Patient population in the study appeared to be heterogeneous and it may add variability to
the results. The sub-populations based on gender and ethnicity are summarized in the
following tabie. In general, the number and relative ratio of each sub-population varied
across the study groups. In addition, the number of patients was not large enough for
statistical power in most sub-populations. Therefore, it was not feasible to do exposure
comparison based on a homogenous population.

Table 5 Demographic summary on gender and ethnicity

Study Group L Black  Caucasian  Hispanic

Type | non-obese  Female 2 6 0
Male 0 8 0

Type 1 obese Female 6 4 1
Male 0 4 0

Type 2 non-obese  Female 4 4 0
Male 4 2 0

Type 2 obese Female 6 3 1
Male | 6 1
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¢ Absolute bioavailability

Absolute bioavailability may provide reduced intersubject variability in PK analyses.
Individual data were submitted in response to request by the reviewer and the summary
of absolute bioavailability is shown in the following table. The sponsor concluded the
results were not definitive because the data showed large variability that maybe be related
to small volumes required for IV administration.

Table 6 Absolute bioavailability

N Treatment A B C D
Type 1 non-obese 16 Mean 0916 0960 1.044 0963
SDh 0941 0892 0917 0965

Ccv 103 93 88 100
Type 1 obese 15 Mean 0448 0462 0739 0475
SD 0.377 0446 0.857 0.409

Ccv 84 96 116 86
Type 2 non-obese 14 Mean 0423 0576 0.622 0.524
SD 0473 0725 0811 0.604

Ccv 117 126 130 115
Type 2 ohese 18 Mean 0385 0364 0.517 0.381
SD 0268 0.256 0472 0.271

Cv 70 70 91 71

Overall for the factors affecting pramlintide bioavailability, the following conclusions
made by the sponsor are found to be agreeable:
* There was no significant difference in exposure between two needle lengths (6.0-
mm vs. 12.7-mm).
¢ Thigh may be an alternative injection site with comparable exposure with
abdomen injection.

Although the sponsor concluded that arm might be an alternative injection site, injection
mto arm, however, produced higher exposure in obese patients and higher exposure of
pramlintide may be related to hypoglycemic incidents.

In addition, the factor(s) showing lower exposure in the type 1 obese patients need to be
further explored. The original NDA showed lower exposure in type 2 compared to that in
type 1 diabetes. The sponsor explained that the dosing difference in types of diabetes
was based on the patterns of insulin requirement.
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3.3.2 What is the effect of pramlintide dose timing to nteal on postprandial plasma
glucose level?

The effect of pramlintide dosing time on postprandial glucose profiles was assessed in a
randomized, single-blind, placebo-controlled, 5-way crossover study with a type 1 and
type 2 diabetic patients. Treatments are summarized in the following table.

Table 7 Treatments
Treatment Study Timing relative to the
Medication breakfast

A Placebo -15 min
B Pramlintide -15 min
C Pramlintide 0 min

D Pramlintide +15 min
E Pramhintide +30 min

Pramlintide doses were 60 mcg, and 120 mcg for type 1 and type 2 diabetes, respectively.
There were three study groups as follows:
e Study group 1: patients with type 1 diabetes using insulin lispro (n=21; female=8,
male=13)
s Study group 2: patients with type 1 diabetes using regular insulin {n=19;
female=35, male=14)
» Study group 3: patients with type 2 diabetes using insulin lispro (n=19; female=10,
male=9)

Insulin lispro is a rapid-acting human insulin analog (tmax is about 30-90 minutes after SC
injection} and it is identical to the human insulin except reverse amino acids sequence
between 28 and 29 at B-chain. It showed to be equipotent to human insulin on a molar
basis. The timing of insulin dose was 0 min and -30 min to the breakfast for short-acting
insulin (lispro) and for regular insulin, respectively.

The primary phannacodynamic (PD) measure was under the plasma glucose
concentration-time curve from time zero to last time point (AUCqgqy,) after correction
with fasting glucose level. Descriptive comparison of the glucose profiles was also
included. In addition, pramlintide PK parameters were estimated using the same method
in the previous studies.

Plasma glucose concentration-time profiles after baseline correction are shown in the

following figures and the mean (SD) AUCy.4n after the treatments are summarized in the
following table.
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Plasma glucose concentration-time profiles. Upper panel; type 1 using lispro insulin,
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insulin. Left panel for mean and right panel for individual with Loess fit line.

Treatments are indicated as corresponding letters in the left panel.

Page Dol LY




Table 8 Mear (SD) plasma glucose AUC,
Mean {SD) Ineremental Plasma Glucose AUCyq 54y (mg=he/dL) Following a
Standardized Breakfast by Stndy Group and by Treatment
Evaluable Type | Subjects Using [asulin Lispro (N -20}
Macebo Pramlintide 60 jig
=15 munt <15 min O nmn +{5 min +30 nun
179 14198 @& 143186 &) 451 ¢169.2) 8L7(218.4) 1596 (164.4)
Evalugble Type § Subjects { sing Rexular Insolin (N 18)
Macebo Pramlintide 60 Jio
-15 ntn -158 min { mun +15% mmn 30 nun
FOR 11220 4 600 (1894 10 3 (T8 9) 34.0(183.4) Q227 2)
Evaluable Tyvpe 2 Subjeets € sing Insalin Lispro (N--19)
Placeba Pramiintide 126 jg
=15 mua =13 min O min -5 min + 30 min
IB7 {170y 19148 ) 6218 3130141 4 TORUTL )

The sponsor concluded that pramlintide administration immediately before the breakfast
observed the largest reduction. However, the parameter does not provide critical insight

of efficacy and safety aspects because of averaging nature.

conclusions based on the parameter were not acceptable.

In these regards, general

Descriptive summary of fasting glucose corrected plasma glucose levels are summarized
in the following table.
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Among the treatments, the mean lowest plasma glucose level (-12.3 to -31.9mg/dl.) was
observed in the treatment C (i.e., pramlintide injection immediately before the breakfast)
for the all study groups. From the results, the sponsor proposed the optimal dosing time
as the immediately prior to meal ingestion.

There were two issues for the conclusion. The first issue was related to efficacy. The
mean maximum postprandial glucose levels (Cmax i) Were observed at 240 minutes after
the breakfast in the treatment B and C as 78482.3mg/dL and 471+80.8mg/dL, respectively,
for type 1 using lispro insulin. The mean Craxg in placebo was 87+46.6mg/dL at 60
minutes after the breakfast. The Crax gt in treatment B was not significantly different
from that in placebo. In addition, the maximum was observed in the last sampling time
for the treatment B and C. The results indicated that pramlintide delayed gastric emptying
and postpone elevating postprandial glucose levels but did not reduce postprandial
glucose levels. Therefore, the results did not show the inhibition effect of pramlintide on
postprandial glucose excursion in the type 1 diabetes using lispro insulin. The second
1ssuc was about the optimal dosing time. The treatment C showed the most significant
reduction of mean postprandial glucose level below the baseline among treatments in the
all study groups. The results generated the highest hypoglycemic safety concern to the
proposed optimal dosing time. Collectively, the proposed optimal dosing time appeared
to be the highest safety concem without or minimal efficacy based on the plasma glucose
data. However, it should be noted that inter-subject variability is extremely high and data
interpretation using mean data may be caution.

Pramlintide pharmacokinetic results are summarized in the following figures and tables.
There was no statistical significant difference in pramlintide PK among treatments.

TrPa 3 Using Maguior ki (K18}, Prailefios Dea g
Trpem 4 Uning Lot b {20, Prmfiricn Gas SEiig

2382 ERATRENE
oXaBBEBEEEEEE

Framuionsts Eanaeniralion (pmasL)

5 & e © 170 [ " 2 -3 t58 15w 4 e 4 [ P 40
nates Chutaries fr viond] Wt (oot te bus)

g
£
H
3
~ 3
% :
- = '3
.3 - L.A_,L_i:‘fg:ﬁs—-_.ﬂ
5 - b 5 o

THPd 2 LIy Liepro nawlln (im (), Framirfids Dot 12009

Frutvinkda Gonconmation {pmel/L}
i

o¥85288

T e —r=
-3 -13-3 12 W 8 40 sa

" 1% 180 o 246
Winadey (Felaiva ko Lisal)

Figure 2 Plasma pramlintide concentration-time profiles: upper left panel-type 1 using lispro,
upper right panel-type 1 using regular insulin, and lower panel-type 2 lispro insulin
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Tabie 10 Mean (SD) pramlintide PK parameters
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In overall conclusion, pramlintide delayed significantly gastric emptying and thus
delayed the maximum postprandial plasma glucose excursion but did not inhibit
postprandial glucose excursion in type 1 patients using lispro insulin. The proposed
optimal dosing time should be further evaluated because of the inconclusive efficacy and
the highest hypoglycemic concern in the treatment C based on plasma glucose data as

well as large variability. In addition, the proposed primary pharmacodynamic endpoint
(AUCy.an) was not acceptable.

3.3.3 What is the effect of pramlintide on other drugs?

Pramlintide is known to delay gastric emptying time and thus it was recommended to
assess the effect of pramlintide on pharmacokinetics of other drugs. To address the issue,
the sponsor conducted a randomized, single-blind, placebo-controlled, 6-way crossover
study using acetaminophen (APAP) with type 2 diabetic pattents (n=24; female=9 and
male=15). Pramlintide of 120 mcg was administered immediately before breakfast and
1000 mg APAP was administered various time to pramlintide injection as follows:

Treatment Pramlintide or Dosing time of APAP to
Placebo pramlintide injection
A Placebo 0 hour
B Pramiintide 120 meg 0 hour
C Pramlintide 120 mcg -2 hour
D Pramlintide 120 mcg -1 hour
E Pramiintide 120 meg +1 hour
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+2 hour

Pramlintide 120 mcg

The primary PK parameters were the area under the plasma APAP concentration-time
profile (AUCy.j2n) and Crax. The results are summarized in the following figure and

table.
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Figure 3 Mean plasma APAP concentration profiles.
Table 11 Mean (SD) plasma acetaminophen PK parameters by treatment groups. (N=24)
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Acetaminophen has been reported having a gastric emptying limited absorption.
According to the results, pramlintide did not alter significantly AUC of APAP. However,
pramlintide decreased APAP Cp,, (about 29% at simultaneous co-admunistration) and
increased tmax (ranging from 48 to 72 minutes). The increased tmax could be from delayed
lag time and reduced half-emptying time according to the results in the original NDA
(Protocol 137-118) as summarized in the following table.
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Table 12 The effect of pramlintide (15 minutes before the meal) on mean gastric-emptying
time in type 1 patients (n=11).

Placebo  Pramlintide Pramlintide Pramlintide

30 mecg 60 meg 90 mcg
Breakfast  Half-emptying time 128.6 1872 200.1 2145
{min}
Difference from 589 69.4 86.3
placebo .
Lag time (min) 325 54.4 56.4 70.3
Difference from 219 239 37.8
placebo
Lunch Half-emptying time 136.9 138.5 140.6 145.4
{(mmn)
Difference from 24 24 38
placebo
Lag time (min) 342 46.5 40.0 48.2
Difference from 12.3 5.8 14
placebo

In general, the study results were properly incorporated in the label for drugs of which
primary efficacy is dependent on rapid absorption and Cuax (i.e., pain killer),

However, it should be of caution in the extrapolation of the results to other drugs.
Sometimes, gastric emptying affects the extent of oral bioavailability through several
factors (i.e., stability in the stomach, absorption window, or first-pass metabolism).
Particularly, type 2 diabetic patients can take other oral hypoglycemic drugs and the
effects of pramlintide on those should be cautiously interpreted with other confounding
factors.

3.4 FExtrinsic Factors

3.5 General Biopharmaceutics

c

3 In vials, each milliliter of SYMLIN

contains 0.6 mg of pramlintide (as pramlintide acetate). The common excipients are 2.25 mg
of metacresol as a preservative, D-mannitol as a tonicity modifier, and acetic acid and
sodium acetate as pH modifiers to obtain a pH of 4.0.

3.6 Analytical
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The pramlintide was measured using immunoenzymetric assay (IEMA) C
3 The assay was acceptable according to the review of

the original NDA.

4

5

Comments

The type 1 obese patients showed lower pramlintide exposure compared to that in
other patient groups (i.e., type 1 non-obese, type 2 obese, and type 2 non-obese). In
the original NDA, the pramlintide exposure in type 2 diabetes appeared to be lower
than that in type 1 diabetes according to the observations. In this regard, the relative
bioavailability difference between types of diabetic patient was not conclusive.

The abdomen, arm and thigh were proposed as injection sites. The exposure after
injection into thigh was not different from that after in abdomen. However,
pramlintide exposure as AUC was 20-36% higher after arm injection compared to
that in abdomen for obese patients. Therefore, arm should be cautiously considered
as an altemative injection site for obese patients because of hypoglycemic safety
concern with the higher exposure.

The primary pharmacodynamic endpoint was the plasma glucose concentration-time
curve from time zero to last time point (AUCy.). However, the AUC was not an
optimal PD endpoint because of averaging nature between below and above the
baseline (fasting glucose level).

Inhibition of postprandial glucose excursion was one of the proposed beneficial
effects of pramlintide. Mean maximum postprandial glucose elevation (Crnax glu) was
observed as 87.2mg/dL for placebo (insulin alone), 77.7mg/dL for pramlintide dosing
15 minutes before breakfast, and 47.2mg/dL for pramlintide dosing immediate before
breakfast in type ! using lispro insulin group. However, the elevated glucose levels
(Ciuax,giu) were observed at the last sampling of the study (i.c., 4 hours after breakfast).
The some levels were as close as the maximum postprandial glucose elevations of
placebo. In these regards, it was premature to assess the beneficial role of pramlintide
to postprandial glucose excursion based on the results in the type 1 using lispro
msluin. Comparison of individual data across treatments may provide further insight
of the results that were with significant inter-subject variability.

Labeling Comments

The labeling comments will be available when the final decision on the approvability on
the application is made.
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EXECUTIVE SUMMARY

On December 7, 2000, Amylin Pharmaceuticals submitted NDA 21-332 in support of Symlin™
(pramlintide acetate) injection. Pramlintide is the synthetic analogue of the 37-amino acid polypetide,
amylin. The proposed mechanism of pramlintide action is complex, with regulation of postprandial
glucagon concentrations and altered gastric emptying rate being the most well described.
formulation —f Symlin™ have been proposed for marketing, a 0.6 mg/mL (vial) formutation that will be
administered by syringe [

Symlin™ has been proposed for use as adjunctive therapy to insulin in patients with type
1 or insulin-requiring type 2 diabetes mellitus (DM),

Included in this application were 28 clinical pharmacology and biopharmaceutics related studies or
reports. Of these studies, 19 were used to make the CPB recommendation. Many of the early studies
were found to be unacceptable for review due to formulation and/or assay issues. Common 1o the studies
that were utilized in this review included: a formulation pH of 4.0 and/or the use of the current
immunoenzymetric assay (IEMA) for pramlintide pharmacokinetic {PK) studies.

The following is a brief description of Symlin™ attributes. First of all, there is a high degree of inter-
subject variability for all PK parameters, except t,, and Ty, This drug is absorption rate limited, has a
time to maximum pramlintide plasma concentration (T, of approximately 20 minutes, and a half-life of
about 50 minutes. Pramlintide is metabolized to des-lysine pramlintide, which has 100% of the activity as
pramlintide, and other none reactive fragments. There is no apparent drug accumulation following
multiple doses in either type 1 or type 2 diabetes patients.

In order to take full advantage of pramlintide’s delayed gastric emptying effect, Symlin™ should be
administered about 15 minutes before a meal — this timing would correspond with the pramlintide T,z
Symlin™ should be administered subcutaneously into the tissue of the anterior abdominal wall only, with
a maximum dose of 360 mcg/day — divided BID, TID, or QID.

During the course of this review, a series of questions were generated to address pertinent issues that
were thought to be key for the approval of this application. The most prominent of these questions are:

1) s the analytical method used to detect pramlintide in human plasma precise and accurate?
Yes, the immunoenzymetric assay used to detect human plasma pramlintide exhibits precision and
accuracy estimates that are acceptable. However, it should be noted that the samples used in the
quality control analysis were sufficiently far enough away from the calibration limits and the lower limit
of quantitation as to create some concern about the plasma concentrations that fall between the
LLOQ and the iowest quality contro!l sample.




2)

3)

4

5}

1)

7

8)

9

Is there any assay interference from endogenous substances or metabolites?

Yes, this assay is susceptible to interference by endogenous amylin, the des-lysine pramiintide
metabolite, and human anti-mouse antibody (HAMA). Also, the values reported as pramlintide
concentrations are actually pramlintide, the pramlintide metabolite, and amylin.

What is the absolute bioavaitability of Symlin™?

The bioavailability of a subcutaneously administered dose of Symlin™, relative to an equivalent
intravenously administered dose of Symlin™, is approximately 37%. Pramlintide exhibits absorption
rate limited pharmacokinetics.

What effect does pH, mixing, volume, or concentration have on the bioavailability of Symlin?
The formulation pH has a significant effect on the bicavailability of Symiin™. A formulation pH of 4.7
was shown to exhibit a 25% reduction in bioavailability compared to the to-be-marketed pH 4.0
formulation.

Compatibility studies, that would describe what substances could be mixed with pramiintide, were not
performed. However, in interaction studies where pramiintide and insulins were mixed in the same
syringe, pramlintide and sometimes insulin pharmacokinetics were significantly altered.

Volume and concentration had no apparent effect on Symlin™ bioavaitability.

Does Symlin™ exhibit dose proportionality over the entire proposed dosing range, 30 mcg to
180 mcg?

No, Symlin™ does not exhibit dose proportionality over the entire proposed dosing range. However,
studies in healthy volunteers and patients with type 1 and type 2 diabetes demonstrate a dose-related
exposure. Apparent clearance in normal healthy subjects ranged from 2.36 L/min to 2.87 L/min for
the dasing range of 30 mcg to 120 meg.

Given that Symlin™ will be available in — concentrations, are these formulations
bicequivalent?

Bioequivalence was established : T _ L. i

the vial formulation administered with a syringe. Ninety-five percent confidence limits were within the
80% to 125% boundaries for — C,,,, and AUC.

Since there will be three suppliers of pramlintide material for Symlin™, are there any PK-

related concerns about using multiple sources of this protein?

No, there are no cutstanding concerns related to the multiple sources of pramlintide. Information

submitted in the form of a BE study was sufficient to conclude that pramlintide materiat from €
were equivalent. Material from both C 1 was used

throughout the development program and was not considered different.

Are there any differences between the pramlintide PK profiles of type 1 and type 2 diabetes
patients?

Yes, there is a difference between the pramlintide PK profiles of type 1 and type 2 diabetes patients.
In the studies evaluated in this application, patients with type 2 diabetes exhibited lower relative
pramlintide plasma concentrations than did patients with type 1 diabetes. This fact is reflected in the
proposed diabetes type-specific dosing regimens.

Pramlintide is renally eliminated, what effect does renal insufficiency have on pramlintide PK?
The exact effect that renal insufficiency has on pramlintide PK cannot be stated with absolute
certainty due to the design limitations of the renal study (e.g., parallel design with 3 to 8 subjects per
group and inherent inter-subject variability). However, there was no observed trend in the data to
suggest that renal insufficiency adversely effects pramlintide PK. It should be kept in mind that
pramlinlide dosing in humans has spanned 30 mcg to 10 mg in single dose studies.

10) Can pramlintide be mixed with insulin(s)?

No, pramlintide should not be mixed in the same syringe with any insulin. The sponsor evaluated
mixing effects of pramlintide with rapid, short, intermediate, and long-acting insulins. The results
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1)

suggest that pramlintide PK, and sometimes insufin PK, is compromised when these agents are
mixed.

Since pramlintide delays gastric emptying time, what effect does Symlin™ have on orally
administered medications?

Two studies evaluated the effect Symlin™ has on the PK of Lo/Ovral, an oral contraceptive, and
ampicillin, a relatively acid-stable antibiotic. Results indicate that norgestrel, the progestin component
of LofOvral, achieves significantly lower and detayed Cy,, vafues when administered 15 minutes after
a dose of Symlin™. However, there was no difference in the extent of norgestrel exposure.

Conversely, pramlintide appeared to have no effect on ampicillin AUC or Cp,... However, T,,,, was
increased by approximately one hour,

The conclusion drawn from these studies would suggest that orally administered drugs that are
expected to have a rapid onset of action, or those that are adversely affected (e.g., degraded) by
prolonged gastric retention times, should be administered at least one hour prior to dosing
pramliintide.

12) What effect does a morning dose of pramlintide have on the gastric emptying of a lunchtime

meai?

There was no observed interference of a morning dose of pramlintide on a funchtime meal eaten
approximately 4 hours after pramlintide administration. This is consistent with pramlintide’s attributes
of a relatively short half-life of pramlintide, ~ 50 minutes, and the fact that there is no indication of
pramlintide accumulation.

Based upon the results of the studies that answer the above questions, it has been concluded that
Amylin, Inc. has supplied sufficient information to the PK section for Symlin™, NDA 21-332, to have been
adequately evaluated.

RECOMMENDATION

The Office of Clinical Pharmacology and Biopharmaceutics has reviewed NDA 21-292 for Symlin™
(pramlintide acetate) and finds the application acceptable, pending the indicated labeling changes (see
Comments to Sponsor and Labeling Changes).
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APPENDIX INDEX

Study # Title Page #
137-125 An open-label, randomized, four-period cross-over study in normal volunteers of the 21
bioavailability of selected concentrations of pramlintide in two different formulations.
137-142 An open-label, randomized, two-period crossover study in healthy volunteers of the 24
biceguivalence of two different formulations and dosage forms of pramlintide.
An open-label, randomized, four-period cross-over study of the proportionality of
137-126 | four subcutaneous doses of pramiintide (AC137) administered at a constant volume 27
in normat volunteers.
An open-label, single-dose, pharmacokinetic study of pramlintide in type 1 diabetics
137-127 - . ; 30
with renal impairment.
A randomized, double-blind, placebo-controlled, single-dose, two-period cross-over
137-133 study to evaluate the effect of pramlintide on the pharmacokinetics of ethinyl 13
estradiol and norgestrel in healthy female subjects receiving the oral contraceptive
ageng Lo/Ovral®.
A randomized, double-blind, placebo-controlled, single-dose, two-period cross-over
137-134 | study to determine the effect of pramlintide on the pharmacokinetics of ampicillin in 37
healthy subjects.
A randomized, double-blind, single-dose, two-period cross-over study of the safety
137-130 of pramlintide and lispro insulin administered as two separate subcutaneous 40
injections in conjunction with NPH, Lente, or Ultralente insulin in patients with type
1 diabetes mellitus.
An open-label, randomized, cross-over study in type 1 diabetes mellitus of the
137-115 | pharmacokinetics of subcutaneous pramlintide (AC137) and 70/30 insulin mixed 42
together and as separate single injections.
An open-label, randomized, five-period cross-over study of the pharmacokinetics of
137-119 subcutaneous pramiintide (AC137) versus placebo plus NPH and regular insulin 46
mixed together and as separate single injections in patients with type 1 diabetes
meliitus.
137-145 An open-label, randomized, two-period cross-over study in healthy volunteers to 55
test the bioequivalence of pramlintide supplied by two different manufacturers.
137-143 An open-label assessment of the single dose and multiple dose pharmacokinetic 58
profiles of pramlintide in subjects with type 1 diabetes mellitus.
137-144 An open-label assessment of the single dose and multiple dose pharmacokinetic 65
profiles of pramlintide in subjects with type 2 diabetes mellitus.
An open-label, randomized, five-period cross-over study of the pharmacokinetics of
137-120 subcutaneous pramiintide (AC137) versus placebo plus isophane and soluble 72
. insufin mixed together and as separate single injections in patients with type 1
diabetes mellitus.
137-118 | The effect of single doses of pramlintide on the gastric emptying of two meals. 82
137-137 A study to determine the effect of pramiintide on the gastric emptying of subjects 86
with type 2 diabetes mellitus currently requiring insutin.
REST | Characterization of pramlintide metabolites following bolus subcutaneous a0
98049 | administration in type 1 diabetic subjects.
REST | Characterization of binding of pramlintide to components from rat, dog, rabbit, 92
98044 | mouse, and human blood.

BACKGROUND - (from sponsor)

in people without diabetes, plasma glucose concentrations are tightly regulated by the co-secretion of the
hormones amylin and insulin from the pancreatic f-celis in response to nutrient intake, and by the
glucagon secretion from pancreatic o-cells in response to a variety of stimuli, including hypoglycemia and
elevated concentrations of amino acids. In people with type 1 diabetes, the pancreatic -cells are usually
destroyed by an autoimmune process, leaving patients deficient in both insulin and amylin. In people with
type 2 diabetes, insulin resistance leads to an increased demand for insulin, and initially results in
increases in f-cell secretion of both insulin and amylin. Over time, B-cell secretion fails, and relative
deficiencies of both insulin and amylin occur in conjunction with inappropriate fluctuations in glucose
concentrations, overt hyperglycemia, and increased risk of hypoglycemia.
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Results of nonclinical and clinical studies indicate that the 37-amino acid polypeptide amylin and the
amylin analogue pramiintide contribute to glucose regulation through several mechanisms including
reducing the postpranidal rise in glucagon concentrations without impeding the glucagon response to
insulin-induced hypoglycemia, and regulating the rate of nutrient delivery to the small intestine via an
effect on gastric emptying. It has been proposed that amylin's effect on gastric emptying may be exerted
via a central mechanism involving specific binding sites in the area postrema of the brain, with outflow
through the efferent pathways of the vagus nerve to the gastrointestinal system, rather than by direct
action on the stomach. Elevated glucagen concentrations favor increased rates of hepatic glucose
release, and a reduction in postprandial glucagon concentrations should result in lower rates of hepatic
glucose output during the postprandial period, thus favoring lower postprandial glucose concentrations. It
has been demonstrated that hypoglycemia overrides these effects.

Immunoassay of amylin in healthy human volunteers indicates fasting concentrations between 4 and 8
pmol/L, increasing two- to three-fold following ingestion of a mixed meal or an oral glucose load. In
patients with type 1 diabetes mellitus, amylin concentrations are near or below the limit of quartitation
under fasting conditions and do not increase in response to nutrient stimuli. In patients with type 2
diabetes mellitus or with impaired glucose tolerance, fasting amylin concentrations are comparable to
those seen in healthy human subjects. However, the postprandial responses vary considerably. The
postprandial responses tend to be decreased in relation to the prevailing level of glycemia and are
vitually absent in patients with type 2 diabetes who have progressed to insulin therapy. Amylin
deficiency in patients with diabetes mellitus may contribute to impaired glucoregulation.

TERMS and ABBREVIATIONS

AA Amino acid(s)

Agency Food and Drug Administration

AUC Area under the plasma-concentration-time curve
BA Bioavailability

BE Biocequivalence

BMI Body Mass index

Crnax Maximum drug concentration

DMEDP Division of Metabolic and Endocrine Drug Products
ocPB Office of Clinical Pharmacology and Biopharmaceutics
NDA New Drug Application

Tinax Time of maximum drug concentration (Cy,.,)

Lz Drug elimination half-life

DRUG CHARACTERISTICS

Drug Chemistry

Pramlintide acetate is a synthetic analogue of the endogenous human polypeptide, amylin. Pramlintide
differs from amylin in its replacement of amino-acid {AA) residues at 25 (alanine), 28 (serine), and 29
(serine) of the 37-AA amylin peptide, with proline residues. C

J Pramiintide acetate is an odorless white powder, is soluble in water, has a
molecutar weight of 3949.9, and a molecular formula of C171H267N510538:*xC,H,O,, where x is variable.
The structural formula is shown below, and includes the disulfide bridge between the two cysteine
residues:

[ ]
Lys-Cys-Asn-Thr-Ala-Thr-Cys-Ala-Thr-GIn-Arg-Leu-Ala-Asn-Phe-Leu-Val-His-Ser-Ser-
Asn—Asn-Phe-GIy—Pro-IFe—Leu—Pro—Pro—Thr-Asn—Val-G!y—Ser—Asn-Thr—Tyr—NHz acetate
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Drug Formulation

Muitipte formultations (i.e., vial = 26; ¢ I have been described in the development of Symlin™,
Of these formulations, AC-0137-E22 (vial) L 1 were chosen for marketing. The
formulations for - dosage units are presented in TABLE 1:

TABLE 1: Symlin™ Formulations

Vial - F22 I

Strength 0.6 mcg/mL (5 mL})
pH 4.0

Pramiintide 0.60 /. .
Acetate I
Mannitol l

Metacresol
Acetic Acid
Sodium Acetate Trihydrate j
Water for Injection

“Meets both the European Pharmacopeia (EP) and United States Pharmacopeia (USP) monographs B ]

Early pharmacokinetic studies utilized formulations other than those shown above that differed mainly in
their relative pH values — those studies were not reviewed. The data that provided the basis for the
Clinical Pharmacology and Biopharmaceutics recommendation was generated using the above to-be-
marketed formulations.

Additionally, the sponsor is using three suppliers of pramiintide in the manufacture of Symlin™, L
7 (see HUMAN PK - BIOEQUIVALENCE).

ANALYTICAL
Is the analytical method used to detect pramlintide in human plasma precise and accurate?

Is there any assay interference from endogenous substances or metabolites?

The detection of pramiintide is dependent upon a validated immunoenzymetric assay (IEMA) method that
relies on two monoclonal mouse antibodies (Ab): a capture Ab (FO24-4.4) and a detection Ab (F025-
27.4). Neither Ab is specific for amylin or pramlintide. Antibody F024-4.4 binds near the amino terminus
of pramiintide and Ab F025-27.4 binds to the amidated carboxy terminus of pramlintide. The F025-27.4
Ab is conjugated to alkaline phosphatase and a fluorescent substrate, 4-methylumbeiliferyl phosphate (4-
MUP). This method is able to detect bound, conjugated antibody, using a microplate fluorometer.
Relative fluorescence units (RFU) are correlated with concentration using a calibration curve defined in
the same assay. This assay uses L.
3

in TABLE 2, the quality control samples used in the assays for studies 137-142 and 137-145 are
presented. These two studies were chosen because they were the two pivotal bioequivatence studies
submitted with this application. Both accuracy and precision were within accepted parameters for these
studies. However, there is a concern related to the quality control samples,

Quality control samples were measured at the sponsor defined values of low, middle, and high. However,
because the extreme values were far away from the limits of the calibration curve, there exists some
doubt about the values obtained at the extremes, especially those plasma pramlintide values that fall
between the LLOQ and the lowest quality control sample value. Therefore, because of this issue and the
cross-reactivity with endogenous amylin, pharmacokinetic analysis will be confined to C,,, and AUC,,.

Assay interference was documented for endogenous amylin and for des-lysine pramlintide with 35% and
100% cross-reactivity, respectively. This cross-reactivity results in a total pramlintide concentration that is
actually a combination of amylin, des-lysine pramiintide, and pramiintide. Since under fasting conditions
endogenous amylin concentrations are usually undetectable, and the fact that the des-lysine pramlintide
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metabolite is equipotent with pramlintide, these findings are not likely to undermine the value of the
assay.

TABLE 2 - Assay Quality Contro! Results from Two Pivotal Bioequivalence Studies

Study 137-142 i 137-145

LLOQ (pmol/L}

[ . - - - —_—

Calibration Rangg

Precision (%CV)

\ \

Accuracy (%)

I

Stability freezefthaw cycles

Storage 1 year @ either —20°C or —70°C
Crossreactivity 35% — amylin: 100% -- des-lysine pramlintide
Homology 92% — amylin; 97% — des-lysine pramlintide

One important point. This IEMA utilizes monocional antibodies from a murine source — and, many
humans carry the human anti-mouse antibody (HAMA). HAMA, present in plasma, binds to the mouse
antibodies in the assay, which can result in a false signal, either positive or negafive. Strategies for
reducing this interference include: immunosuppressant therapy, and the use of humanized, polyethylene
glycolated, or Fab fragments of antibody agents. The sponsor chose to reduce the HAMA interference by
using a diluent that contained a high concentration of non-specific mouse igG which competes with the
specific mouse monoclonal antibodies for the human anti-mouse antibedy binding sites.

The above point was raised because several subjects were determined to be unevaluble in several PK
studies due to this assay interference. The Agency strongly encourages the sponsor to develop an assay
that does not utilize murine antibodies.

HUMAN PK - BIOAVAILABILITY/BIOEQUIVALENCE

Symlin is a parenterally (i.e., subcutaneously) administered sterile solution. As such, knowing the
absolute bioavailability is crucial. It is also imperative that there is a good understanding of the effect that
physiochemical alterations have on the product's bioavailability. Therefore, there are two primary
guestions that should be asked:

What is the absolute bioavaiiability of Symlin™?
What effect does pH, mixing, volume, or concentration have on the bioavailability of Symlin?

Absolute Bioavailability

The absolute bioavailability for Symlin was determined in an open-label, randomized, four-period
crossover study {137-125) in 40 (39 completed') healthy male subjects between 18 and 41 years of age.
The four treatments consisted of: A) 60 mcg (0.1 mL) pH 4.7 pramlintide administered subcutaneously
(formulation F11); B) 60 mcg (0.1 mL) pH 4.0 pramlintide administered subcutaneously (formulation F22);
C) 60 mcg (0.2 mL) pH 4.0 pramlintide administered subcutaneously (formulation F21); and D) 60 mcg
(0.1 mL) pH 4.0 pramlintide administered intravenously (formulation F22). Each of the treatments was
separated by a 1-week washout period.

Resuits, presented in TABLE 3 and PLOT 1, show that the absolute bioavailability (f) of a 60 mcg dose of
pramlintide, in a volume of 0.1 mL, administered to healthy volunteers under fasting conditions, is 37%.
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However, because the sampling times for the IV administered pramlintide did not include a sufficient
number of early time points, the absolute bioavailability of pramlintide may be overestimated.

TABLE 3 - Pramlintide Plasma Concentrations: SC vs. IV Administration

‘ Tx B:60 mcg (0.1mL}SC pH40 Tx D: 60 mcg (0.1 mb) IV pH 4.0

Parameter Units Mean sD %CV Mean SD %CV
Crmax pmoliL 89.23 24 01 269 - - -
Trnax minutes 205 6.51 319 - - -
AUCq pmol*min/L 6234 2154 346 17,950 6834 38.1
AUC0r pmoi™min/L 6803 2253 331 18,420 6795 36.9
t1r2 minutes 43.6 13.6 31.2 334 7.94 238
Comax / BMI pmot/L 3.90 1.19 305 - - -
AUC.:/ BM! pmol*min/L 2720 96.39 365 789.4 325.4 41.2
AUCsint / BMI pmoi*min/L 297.2 103.6 34.9 809.6 324.4 40.1

Analysis was also conducted to determine if body mass index {BMI) had any impact on the coefficient of
variation for both Cy,,, and AUC. Results do not indicate a significant difference between the uncorrected
parameters and those corrected for BMI.  This suggests that BMI has little influence on the
pharmacokinetics of pramlintide in healthy males,

Plot 1 - 137-125 Plasma Profiles: SC vs. IV Administration {1 x 60 mcg (0.1 miL)}

500

400 -

300 |

200

Plasma Pramlintide Concentrations (pmol/L}

0 50 100 150 200 250 300
Time (minutes)

Effect of pH on Bioavailability

Formulation pH was shown to have a significant effect on the bioavailability of subcutaneously
administered pramlintide. In study 137-125, a pH 4.7 formulation (F11} was compared with the to-be-
marketed pH 4.0 formulation (F22). Results, as shown in TABLE 4, revealed that the pH 4.7 formulation
had a 25% reduction in AUC and a 35% decrease in the mean Cqay. when compared with the pH 4.0
formulation. Because of this pH issue, earlier studies which utilized the pH 4.7 formulation were not
considered in this review.
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TABLE 4 - Pramlintide Plasma Concentrations: pH 4.7 vs. pH 4.0

. ] Tx A: 60 meg (0.1 mL} SC pH 4.7 Tx B: 60 mcg {0.1 mL) SC pH 4.0

Parameter Units ‘Mean E;sn T %GV Mean cﬂisn T %GV
Crmax pmolfL 59.70 24.01 40.2 8923 24.01 26.9
Timax minutes 20.7 13.2 63.8 205 6.51 39
AUCo pmot min/L 4485 2206 492 6234 2154 4.6
AUCoint pmol*min/L 5193 2208 42.5 6803 2253 33.1
tir minutes 493 18.9 38.3 43.6 13.6 31.2
Crmax / BMi pmol/L 2.62 1.15 43.9 3.90 1.19 305
AUC,. / BMI pmol*min/L 195.6 100.3 513 272.0 9939 365
AUCs.nt / BMI pmol*min/L 226.4 99.89 44 .1 297.2 103.6 34.9

Effect of Volume on Bioavailability

The effect of the volume of SC injections on pramlintide PK was described in several studies, with the
most indicative examples being the single/multiple dose studies conducted in type 1 and type 2 diabetes
patients. In study 137-143, patients with type 1 DM were administered either a 0.03 mL, 0.06 mL, or 0.09
mL of the 1.0 mg/mL cartridge formulation. In study 137-144, patients with type 2 DM were administered
either a 0.06 mL, 0.09 mL, 0.12 mL, or 0.18 mL of the 1.0 mg/mL cartridge formulation. In both cases,
AUC;.300 min and Cray values exhibited expected dose related changes (see HUMAN PK — TARGET
POPULATION). Similar results were observed in the absolute BA study, 137-125, where a 0.1 mL dose
of the 0.6 mg/mL vial formulation was compared with 0.2 mL of a 0.3 mg/mL “test” formulation. These
combined results suggest that the volume of the injection has no significant impact on the bioavailabitity
of Symlin.

Effect of Mixing on Bioavailability

The idea of mixing is an important consideration with Symiin, as it will be used as an adjunct to insulin
therapy. With this in mind, the sponsor has conducted numerous studies in which Symlin was mixed in
the same syringe with different insulin products (e.qg., regular insulin, insulin lispro, NPH insulin, etc.). The
overwhelming conclusion from reviewing these studies is that Symiin should not be mixed in the same
syringe with insulin because Symlin PK is significanlly affected and efficacy will likely be compromised
{(see HUMAN PK — EXTRINSIC — Drug-Drug Interactions).

Also, due to the importance of pH on the bioavailability of Symlin, mixing Symiin in the same syringe with
any agent that can potentially alter the pH is not recommended.

Effect of Concentration on Bioavailability

The effect of concentration on bioavailabiiity was evaluated in two studies, 137-125 and 137-142. Study
137-125 compared a single 60 mecg dose at a concentration of 0.1 mL at pH 4.0 (F22 - to be marketed
formulation — reference) with a single 60 mcg dose at a concentration of 0.2 mL at pH 4.0 (F21 — test).
Results indicate that a doubling of the injection volume, and hence a halving of the concentration, results
in a 6.5% reduction in the relative BA (AUCop.).

Study 137-142, discussed in HUMAN PK — Bioequivalence, demonstrated that a 1.0 mg/mL formulation
(cartridge) was bicequivalent to a 0.6 mg/mL formulation (vial). It also showed that the relative
bioavailability of the cartridge formulation to the vial formulation was about 97% (AUCq.300 min).

Therefore, small changes in drug concentration do not appear to have a significant impact on the
bioavailability of Symlin.

Dose Proportionality

Does Symlin™ exhibit dose proportionality over the entire proposed dosing range, 30 mcg to 180
mcg?

In order to characterize dose proportionality, the sponsor has conducted a randomized four-way
crossover study in 40 (38 completed) healthy male subjects using four single subcutaneous doses of
pramiintide administered at constant volume (0.2 mL). The treatments were as follows: Tx A — 30 mcg
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(as 0.1 mL of formulation F21 (lot 96-0201GB) plus 0.1 mL placebo (lot 95-0504GE); Tx B — 60 mcg (as
0.1 mL of formulation F22 (lot 96-0503JB) pius 0.1 mL placebo (lot 95-05804GE); Tx C — 90 mcg (as 0.1
mL of formulation F24 (lot 96-0506JB) plus 0.1 mL placebo (lot 95-0504GE); and Tx D — 120 mcg (as 0.2

mL of formulation F22(lot 96-0503J8).
period.

Each treatment phase was separated by a 1-week washout

Results (TABLE 5) indicate that SC administered pramlintide exhibits near linear kinetics between 30 and
120 mcg in normat healthy subjects ~ with a definite dose related increase in the PK parameters (see

Plots 2 & 3). However, this study failed to demonstrate dose proportionality.

TABLE § — Pramlintide PK Profiles in Normal Healthy Subjects - Single Dose

Parameter Units 30 meg 60 mcg 90 mcg 120 mcg
Crax pmol/L 39.26 £ 9.21 79.44 + 20.50 10248 +30.23 146.99 + 35.50
AUCq.500 pmol‘minll. 3215+ 1122 6261 + 2401 7939 + 2848 11380 + 3839
Tenax min 2141879 185+7.69 1912770 21.3+8.36
by min 549145 49.2 +153 51.1+20.0 481128
Ci (apparent) | L/min 2.36 2.42 2.87 2.67
Mean + SD
Plat 2: $37-126 - B_eu Lineatty Plot3: 137-126 - Doae Proportionality {30 moy dose enchored)
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Two additional studies, 137-143 and 137-144, considered dose linearity and dose proportionality in type 1
and type 2 diabetes patients, respectively. Results were similar to those seen in study 137-126, with
linearity being demonstrated between the range of 30 and 180 mcg (see HUMAN PK — TARGET
POPULATION).

HUMAN PK - BIOEQUIVALENCE
Given that Symlin™ will be available in ~— oncentrations, are these formulations bioequivalent?

Cartridge vs. Via!

~— dosage forms have been [ 7 by the sponsor, L )

1 and a vial dosage form, to be used for syringe administration. Study 137-142 was conducted
to establish bioequivalence between these two dosage forms. In this single center, open-label,
randomized, two-period crossover study consisting of two evaluation periods with a 24-hour washout
period between dosing events, a single 60 mcg dose administered by pen from the cartridge form (1.0
mg/mL) was compared with a single 60 mcg dose administered by syringe from the vial form (0.6 mg/mL)
in 30 subjects (20 females and 10 males). All doses were administered into the subcutaneous tissue of
the anterior abdominal wall.
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TABLE 6 - Pramiintide PK Parameters: Cartridge Formulation vs. Vial Formulation

Tx A: Pen System Tx B: Vial (syringe)
Parameter Units 60 mcg @ 1.0 mgfmlL 60 m 0.6 mg/mi

Mean sD %CV Mean SD %CV
Crmax pmol/L 71.2 23.75 334 65.7 21.89 333
Tnax minutes 218 9.51 436 252 15.17 60.2
AUCa 300 min pmol*min/L 5742.0 3366.3 58.6 5695.5 3489.35 61.3
AUCq pmol*min/L 6532.8 3499.7 53.6 6704.2 3725.05 55.6
tie minutes 52.8 16.51 31.3 59.4 26.55 447

TABLE 7 - Pramiintide BE Comparison: Cartridge Formulation vs. Vial Formulation

Tx A: Pen System

Tx B: Vial (syringe)

Tx: A/IB

90% CI

Parameter Units Mean® Mear® Ratio® T High, p-value®
Crax” pmol/L 67.3 62.1 108 .4 100.0 { 117.4 | 0.0986
Trax minutes 20.0 20.0 0.1226'
AUCoagemin: | pmot*minil. 4845 4679 103.6 93.3 115.0 0.5742
AUCq.nf" pmol*min/L 5673 5673 100.0 90.5 1105 0.9993
iz minutes 52.8 594 0.1554

a— Parameters were natural log-transformed before analysis.

b-

Means for the test {pen) and reference (syringe} treatment formulations;

- (geometric means — arfi-log of the means of the logs — for natural log-transformed parameters); and
- (arithmetic means are presented for ti» and median values presented for Tirax).

C—
d -
e —
f-—-

Ratio of geometric means calculated as Test/Reference.
90% C1 of the geometric means ratio T/R.
P-value from ANOVA (sequence, subject-within-sequence, period, & treatment) for testing treatment differences.
P-value from the Wilcoxon signed-rank test for the difference of 2 treatment formutations.

Results of this study indicate that the cartridge and vial formulations are bioequivalent when 60 mcg is
administered subcutaneously to healthy individuals. This study also suggests that small differences in
concentration, i.e., 1.0 mg/mL (cartridge) vs. 0.6 mg/mL (vial), results in non-significant differences in the
rate of absorption and no detectable difference in the extent of absorption for this product (see PLOT 4).

Plasma Concantration {pmolL)

=50

Plot 4 - 137-142 - Plasma Pramlintide Concentrations: Pen vs. Vial

80 -

E—'— Tx A -Pen '5-3':(

B.- Vial

100 1
Time (minutes}

50
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Since there will be three suppliers of pramlintide material for Symlin™, are there any PK-related
concerns about using multiple sources of this protein?

C J Material

There has been a great deal of concern about the adequacy of the chemical characterization of peptides
and their associated process impurities. Since the sponsor is proposing that three independent suppliers
of pramlintide provide material for Symlin, the Agency has requested comoarative bioavailability
inforration. Specifically, a comparison was requested between © ) 1, material, which has
never been used in clinical studies, and either T 1 material, both of which have been
used extensively in clinical development and are thought to be equivalent.

As such, the sponsor has submitted a two-way crossover design study {137-145) conducted in 30 normal
healthy male and female subjects. Treatments consisted of a single 60 mca dose from a 1.0 mg/mL
formulation in cartridge form with active ingredient manufactured by € . 3 JAC137-F28 (99-
0603KB) that was compared with a single 60 mcg dose from a 1.0 mg/mbL formulation in cartridge form
with active ingredient manufactured by — [AC137-F28 (99-0602KB)].

Results of this study (see TABLE 8) clearly show that the F28 cariridge formulation produced from the

C ) J pramlintide material is bioequivalent to the F28 cartridge formulation produced from the

- material.

TABLE 8 —- Pramlintide BE Comparison: C T ovs. L T Pramlintide Material

o T e [ TxA — 7T TxB: — Tx: A/B 90% CI° »

Parameter Units Mean® Mean® Ratio® Low High p-value

Coax” pmollL 504 518 0.97 89.4 105.9 0.5817
T max minutes 17.8 16.2 0.4747
AUCo.a00mn” | pmol*min/L 24631 2554.4 0.96 85.6 108.6 0.6067
AUCo pmol*min/L 3631.6 3609.9 1.01 89.6 113.1 09279
tin minutes 55.8 56.9 0.8657

a— Parameters were natural log-transformed before analvsis.

b - Means for the test £ J and reference © 7 treatment formulations;
- (geometric means — anti-log of the means of the logs — for natural log-transformed parameters); and
= (arithmetic means are presented for ty; and Toa,).

¢~ Ratio of geometric means calculated as Test/Reference.

d - 90% C! of the geometric means ratio TIR.

e — P-value from ANOVA (sequence, subject-within-sequence, period, & treatment) for testing treatment differences.

HUMAN PK — TARGET POPULATION

Are there any differences between the pramlintide PK profiles of type 1 and type 2 diabetes
patients?

Single and multiple dose PK/PD studies were conducted in both type 1 and type 2 diabetes patients.
Common findings to both of these sludies were: dose linearity over the study-specific dosage ranges,
similar confounding factors that led to inconclusive pharmacodynamic conclusions (e.g.. incomplete
insulin usage records), and no apparent dose accumulation between treatments days 1and 5. Of note, is
the observation that concentrations in type 2 patients tend to be lower than those seen in type 1 patients.

Study 137-143 assessed the single and multiple dose PK profiles of SC administered pramiintide in 11
type 1 diabetes patients. This study was a randomized, three-treatment, three-way crossover design with
two dosing frequency groups: three times daily (TiD) and four times daily (QID). The group 1 treatments
consisted of either 30 mcg, 60 mcg, or 90 mcg pramiintide doses administered SC using the 1.0 mg/mL
cartridge formulation and given just prior to breakfast, lunch, and dinner for 4 days followed by a single
dose prior to breakfast on the 5" day {13 consecutive doses). The group 2 treatments were similar to the
group 1 freatments, but with the addition of a fourth dose administered just prior to an evening snack (17
consecutive doses). Results are presented in TABLE 9.
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TABLE 9 ~ Pramlintide PK Profiles in Type 1 Diabetes Patients - Single & Multiple Dosing

Parameter |-Day-] 30 megTiD: | HOmcg TID |- 90.mep TID -] 30 meg QID -] 7760 meg QIO | =90 mog QID -
Conax 1 41.9+229 64.5+23.7 99.4+31.4 36.5+10.2 66.9 + 25.0 123.9 +40.5
{(pmoliL} 5 376+ 228 74.4 +200 92.7 +28.7 40.7 + 20.0 70.7 £ 23.3 88.6 + 30.1
Tinax 1 0.273+0.0753 | 0.365+0.237 | 0.321£0.115 | 0274100751 | 0.276 £0.0794 | 0273£0072
(hr} 5 0328+0.120 § 0.334+0.113 | 0.288+0.083 | 0.249 + 0.002 0,278 + 0,080 0.275 + 0.082
AUC,, 1 3286+28.40 | 7414+34.26 | 1185+65.37 | 20.10+ 11.46 51.67 +33.37 115.9 £ 54.29
{pmol*hriL) 5 264542193 | 796814808 | 1048+6353 | 2420+18.76 | 63.88 4983 102.0 + 41,77
AUCoin 1 81.37 £ 22.17 1026+37.4 | 144.2+65.74 48.88 + 7 72.01 +37.82 129.1 + 55.74
{pmot*hril} 5 654.96 + 9.63 117.2+4439 | 136.3+66.70 | 66.43+15.99 98.34 + 56.22 124.1£46.12
ti 1 1.12 +1.01 09700337 | 0.774+0.281 0.595+ 7 0.656 + 0.169 0.645 £ 0.165
(hr) 5 0.726 +0.230 | 0789+0.326 | 0.722+0.230 | 07130173 0.724 + 0.303 1.02 +£1.02
e 1 0.887+0.374 1 0796+0278 | 1.03+0.423 11642 1.13+0.316 1.14 +0.284
(1/hy) 5 102+0.282 1.00 + 0384 1.03 £ 0.281 100 £ 0.243 1.07 +0.342 1.03 +0.496
Mean + SD

Study 137-144 assessed the single and multiple dose PK profiles of SC administered pramlintide in 12
type 2 diabetes patients. This study was a randomized, three-treatment, three-way crossover design with
two dosing frequency groups: two times daily (BID) and three times daily (TID). The group 1 treatments
consisted of either 60 mcg, 120 mcg, or 180 mcg pramlintide doses administered SC using the 1.0 mg/mL
cartridge formulation (ot # 97-0403KB) and given just prior to breakfast and dinner for 4 days followed by
a single dose prior to breakfast on the 5 day (9 consecutive doses). The group 2 treatments included 60
mcg, 90 meg, and 120 mcg doses of pramlintide administered just prior to breakfast, lunch, and dinner
(13 consecutive doses). Results are presented in TABLE 10.

TABLE 10 - Pramlintide PK Profiles in Type 2 Diabetes Patients ~ Single & Multiple Dosing

Parameter : Day 50 mcg BID 120 mcg BID 180 mcy BiD 60 meg TI2 80 meg TiD 120 meg TID
Crnax 1 508 +20.3 117.4 + 116.4 1561.3 +67.2 36.4+18.5 557 + 25,7 7404246
(pmoliL) 5 559+ 24.6 97.8£34.0 13734364 42,2 +20.2 60.1+24.4 77.2+28.2
Trax 1 0.331+0.107 |} 0.341+0.105 | 0.368 +0.221 | 0.290+£0.077 0.253  0.008 0.260 + 0.030
(hr} 5 0.284 + 0.072 032410124 | 0339+0224 | 0.255+0.000 0.301 +£0.105 0.275 + 0.071
AUC,, 1 62.39+61.98 | 143.0+1399 | 17941299 | 32.04 +46.23 53.93 + 52.15 76.24 + 5437
(pmol*hriL} 5 61.18 1 52.32 123.1197.40 | 189.0+147.8 | 35.06+38.05 59.66 + 46.52 91.19 £ 77.00
AUC, i 1 119.1+86.42 | 201641600 | 201.0+1404 | 2015+ 111.6 124.9 + 85.32 119.2 £ 79.45
(pmol*hriL) 5 133.7 £+ 67.68 163.4 +111.0 | 2321 +166.2 107.7 £ 67.12 129.2 +63.29 1524 +102.7
tue 1 1.24 £ 0.774 1,24 £0.832 | 0.926 +0.496 2.72 +1.49 1.38 % 1.20 1.10 +0.778
{hr) 5 152 + 1.09 1.02+0502 ! 0881 +0.406 142 +1.40 1.43 +0.991 1.15 + 0.543
Ket 1 0.699+0.301 } 0.760+0.408 | 0.907 +0.385 | 0.300 +0.165 0.725 + 0.338 0.811+£0.338
(1/hr) 5 0594+0249 | 0B28+0369 | 08140297 | 0.791 +0.425 0615+ 0.243 0.686 + 0.231
Mean £ SD

Comparison of tables 6 and 7 would suggest that, on average, patients with type 2 diabetes tend to
exhibit lower total exposure than do patients with type 1 diabetes, when administered the same dose. It
should also be noted that there is incredible variation in the PK parameters. This variability may be due
to the route of administration, administration technique, and/or differences in body type.

Pramlintide is renally eliminated, what effect does renal insufficiency have on pramlintide PK?

Effect of Renal Insufficiency on Pramlintide PK

The sponsor conducted a study in order to evaluate the effect of renal insufficiency on pramlintide PK,
based upon a rat nephrectomy model, a study that showed that basal levels of amylin were significantly
higher in lean, non-diabetic patients with renaf failure on chronic hemaodialysis, and the fact that diabetes
is a leading cause of renal disease.

Study 137-127 evaluated the PK of pramlintide in an open-label, paraliel design study in 21 type 1 DM
patients with varying degrees of renal function. Individuals were stratified by renal function into 1 of 4
calegories based on creatinine clearance (CrCl): CrC! > 90 mL/min; CrCi 60-89 mi/min; CrC! 30-59
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mL/min; and CrCl < 30 mL/min. Each of the patients self-administered a single 60 mcg dose of
pramlintide into the subcutaneous tissue of the anterior abdominal wall.

Based on the results of this study (TABLE 11), the sponsor concluded that “impaired renal function has
no significant influence on pramlintide PK; therefore no dosing adjustment is required.” However, it
should be noted that because of the high inter-subject variability and the few number of patients enrolied
in this paralle! design study, there can be no definitive conclusion regarding dosing adjustment (i.e., this
study is inconclusive). Therefore, dosing of patients with compromised renal function should be
individualized based on efficacy and tolerability.

TABLE 11 — Renal Insufficiency - Plasma Pramlintide Parameters in Type 1 DM Patients

AUCq.y (pmolminfL} Group | Group 1} Group Hi Group IV

N 6 8 4 3

Mean + SD 8396 + 4360 5128 + 2655 10538 + 7064 5650 £ 4197

Min, max r |
Crmax (prmolfL)

Mean + SD 84.17 £ 30.69 60.70 + 30.58 86.10 £ 57.02. 60.83 + 35.00

Min, max L g
T raax (Min)

Mean + 8D 34.2+23.06 2191843 30.0 + 20.41 15.0 £ 5.00

Min, max (N 1
ty, (min)

Mean £ SD 49.4 +10.85 64.3£54.78 80.7 +21.94 49.4 + 35.11

Min, max L 1
CIfF

Mean £ SD 169.7 + 147 .9 236.1 £139.78 1355 £ 111.65 438.2 + 559.71

Min, max C I

Group | = CrCl = 80 mL/min; Group I = CrCl 50-80 mLimin; Group IIl = CrCl 30-50 mt/min; Group IV = < 30 mL/min ,

Drug-Drug Interactions
Symlin and Insulins

Can Symlin™ be mixed in the same syringe with insulin(s)?

The primary indication for Symlin™ is as an adjunct to insulin therapy. Since both pramlintide and insulin
are administered via the subcutaneous route, for convenience {e.g., fewer daily injections), it wouid be
ideal if the two could be mixed in the same syringe. With this in mind, the sponsor has conducted 4
studies (137-130, 137-115, 137-119, & 137-120) in which type 1 diabetes patients were administered
pramlintide and insulin(s) at the same time but in different syringes, or pramlintide and insulin(s) in the
same syringe. The insulins that were evaluated in these studies included: Regular, NPH, Lente,
Ultralente, & 70/30 (see APPENDIX).

The results of these studies, as a whole, strongly indicate that when pramiintide is administered in the
same syringe with any insulin product, that both pramlintide and insulin pharmacokinetics can be
substantially altered (see TABLES 12 & 13). This would then preclude the practice of “mixing™ for
reasons of compromised pramiintide and insulin efficacy. This conclusion is in line with that of the
sponsor. The labeling will clearly indicate that Symlin™ should not be mixed with any insufin product (see
LABELING COMMENTS).
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TABLE 12 - Plasma Pramlintide PK: Symlin™ Mixed with R or NPH Insulin vs. Alone

A 8 C
Parameters Units 30 mcg Symilin 30 mcg Symlin 30 mcg
+ R Insulin + NPH Insulin Symlin

Conax pmoliL 37.30 1 20.38 33.21+20.20 42.43+20.32
AUCo4 pmol*min/L 1669 + 1383 1513 £ 1200 1626 + 1160
Trvax min 22819283 3231154 18.5 + 9.07
iz min 51.7 +14.6 454+138 47.1+28.6
Mean = SD
TABLE 13 - Comparison: Symlin mixed with R or NPH Insulin vs. Alone
Parameters Units Avs.C Bvs.C

PE 90% Cl PE 90% ClI
Crnax pmoliL 86.2 73.1-994 77.2 64.0 -90.3
AUC pmol*min/L 88.9 76.7 -121.1 91.1 68.9-113.3
Mean + SD

Symlin and Lo/Ovral or Ampicillin

Since pramlintide delays gastric emptying time, what effect does Symfin™ have on oratly
administered medications?

As previously described, one of pramlintide’s primary mechanisms of action is to delay gastric emptying
time. Therefore, it is conceivable that if an orally administered drug were administered concomitantly with
pramiintide, an interaction may occur such that the object drug's efficacy could be compromised. With
this in mind, the sponsor has conducted two drug-drug interaction studies to determine the effect that
pramlintide has on an oral contraceptive (OC), Lo/Ovral™ and a relatively acid-stable antibiotic, arpicillin.

Study 137-133 evaluated the effect of pramlintide on the PK of ethinyl estradiol and norgestrel in healthy
female subjects receiving Lo/Ovral (30 mcg ethinyl estradiol + 300 mcg norgestrel). In this randomized,
two-period crossover design study, 18 females on OC treatment were subcutaneously administered either
a placebo injection (lot # 96-0302JE) or a 90 mcg dose of Symlin™ (lot # 96-0503JB ~ F22 — 0.6 mg/ml)
15 minutes before administration of a single dose of Lo/Qvral™ (Lot # 9978046, expiration: 3/2000).

Results as presented in TABLE 14 showed no statistically significant differences in the PK profile of
ethinyl estradiol on any of the calculated PK parameters. in contrast, the norgestre! component of
Lo/Ovral™ did exhibit significant differences when administered with Symlin™ {see TABLE 15). The
Crmax for norgestrel was reduced by about 30% and the time to C,,., was delayed by 45 minutes; AUC was
similar between treatments.

Appears This Way
On Original
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TABLE 14 - Effect of Symlin on Lo/Ovral {ethinyl estradioi) Pharmacokinetics

ot L 95% Gl
ETH} STRADIOL™ . | - Low | _High
| IBAUC 024 hours ]Eg*minIL[
LS Means (SE)° 10.4 (0.1) 10.4 (0.1) 0.981 100.3% 79.4% | 126.6%
GEOQ LS Means” 329902 33076.8
InAUCom (pg*min/L)
LS Means (SE)® 10.8 {0.1) 10.9 (0.1) 0.389 109.5% 88.1% | 136.0%
GEO LS Means” 43544.0 54227 .8
INCrax (pgi/L)
LS Means (SE)° 46(0.1) 4.6 (0.1) 0.842 98.5% 84.3% | 1152%
GEO LS Means” " 101.2 99.7
Tmax {mMin}
LS Means (SEY 740(14.1) | 101914y | 9176 27.9 139 1 697
t, (min)
L(S Means (SEV’ 4131 (64.9) | 468.8 (64.4) | 0412 55.6 848 | 1960
* = Based on ANOVA model which includes terms for sequence, subject within sequence, period and treatment
= Geometric means are the antilogs of the means of the natural logarithmic transformed endpoints.

TABLE 15- Effect of Symlin on Lo/Ovral (norgestrel) Pharmacokinetics

i LofOvral + = | Ratio or LSMeans 95% C!
NORGESTREL Lo/Ovral Symlin p-value Difference Low High |
InAUC .24 hours (Ng*min/L)
LS Means (SE)° 7.4(0.1) 7.4(0.1) 0.646 98.2 90.4% | 106.7%
GEOQ LS Means” 1658.3 1628.6
INAUCo.in (ng*min/L)
LS Means (SE)® 8.0 (0.1} 8.1 (0.1} 0.188 107.1 96.3% | 119.2%
GEQ LS Means® 3070.2 3288.8
INCmax (NG/L}
LS Means (SEY 1.5(0.1) 1.5 (0.1) < 0.001 68.9 60.4% | 78.5%
GEO LS Means® 4.7 32
Tmax (Min)
LS Means (SEJ° 689(117) | 11a2¢117y | 0014 453 109 | 796
v, (min)
LS Means (SET 1780 (205) 2054 (205) 0.197 2749 -162 712
® = Based an ANOVA mode! which includes terms for sequence, subject within sequence, period and treatment
= Geometric means are the antilogs of the means of the natural logarithmic transtormed endpoints.

The second drug-interaction study (137-134), which evaluated delayed gastric emptying, was a double-
blind, placebo-controlled, single-dose, two-period crossover design study in 12 {11 completed) healthy
male and female subjects. Subjects were given either placebo (lot # 96-032JE) plus a single 2 x 250 mg
oral dose of ampicillin (batch # 54763 B; expiration 8/2002) or a single 90 mcg subcutaneously
administered dose of Symlin™ (lot # 96-0503JB — F22 — 0.6 mg/mL) plus oral ampicillin. Results (TABLE
16) show that pramiintide has no significant impact on the AUC or Cinax of ampicillin, but similar to the
Lo/Ovral™ study, Trmax was increased by approximately one hour.
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TABLE 16 — Effect of Symlin on Ampicillin Pharmacokinetics

B A ) ISRy Ratio.orLoMgans | 95% 01
AMPICILLIN . % 7" Ampiciliia egaps 0 “High
INAUCss hours (nﬁg'mmIL)

LS Means (SE) 6.7 (0.1) 6.6 (0.1) 0.553 957 81.5% | 112.4%
GEOQ LS Means® 782.3 748.9
INAUG 4 {meg miniL]
LS Means (SE)° 6.7 (0.1) 6.6 (0.1) 0.559 95.8 81.5% | 112.5%
GEO LS Means” 792.9 1.6(0.1)
INCrmax (Meg/L)
LS Means (SE)° 1.5(0.1) 1.6 (0.1) 0.380 108.3 89.0% | 131.9%
GEO LS Means® 47 5.1
Tmax {mMin)
LS Means (SE)® 1100 (12.7) | 1762 (12.7y | 0003 66.2 29.1 ) 1033
ty, (min)
LS Means (SEV’ 501(32) | 51.0(32) | 0046 -8.2 162 | 02

¥ = Based on ANOVA model which includes terms for sequence, subject within sequence, period and treatment
® = Geometric means are the antilogs of the means of the natural logarithmic transformed endpoints.

Individually, the results from these studies are relatively unremarkable — especially given that the extent
of absorption was not affected by pramlintide in either case. However, both of these agents, ampicillin
and Lo/Ovral™, are used chronically and are not dependent upon rapid drug action, as are many oral
pain medications, etc. Therefore, as the sponsor has recommended, concomitant medications
susceptible to delayed gastric emptying times should be administered at least one-hour before
administration of Symlin™.

HUMAN PK — PLASMA/BLOOD

An in vitro protein binding study of pramlintide in anima! and human blood and plasma. A mean of 37% of
pramlintide tracer spiked into whole blood was bound to cefls, with the remaining in the unbound in the
plasma fraction. Thirty-three percent was bound to soluble plasma components, which leaves
approximately 40% total pramlintide available for receptor hinding.

HUMAN PK - EX VIVO - Placental Transfer

Placental transfer was evaluated in placentas from normal term vaginal or cesarean section deliveries.
Placentas were perfused as an open, non-circulating, system for 90 to 120 minutes and then as a closed,
circulating, system for an additional 90 to 120 minutes. Concentrations in the perfusate ranged from 206
to 458 pmol/L.

No detectable pramlintide was detected on the fetal side after 120 minutes of the open-loop perfusion
stage. One sample of fetal perfusate, during the closed loop phase, had detectable pramlintide at 60
minutes, but was undetectable at 90 minutes. These ex vivo resuits suggest that fetal exposure to
pramiintide in utero is low.

PHARMACODYNAMICS

What effect does a morning dose of pramlintide have on the gastric emptying of a lunchtime
meal?

Effect of Pramlintide on Gastric Emptying

Delay gastric emptying time is one of the two well described mechanisms of pramlintide action. Gastric
emptying, as a pharmacodynamic (PD) endpoint, was formally evaluated in two studies (also see HUMAN
PK — EXTRINSIC - Drug-Drug Interactions). The first of these studies, 137-118, determined the dose-
response relationship of single doses of pramlintide on the rate of gastric emptying of the liguid and solid
components of a radio-labeled standardized meal (500 kcal — 55% CHO; 35% fat, 10% protein) and to
determine if a dose of pramlintide administered 15 minutes before breakfast has a “carry-over” effect on
the emptying of the lunch time meal. This four-way cross-over study in 14 (11 evaluable) type 1 diabeles
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patients compared treatments of 30 mcg, 60 mcg, and 90 mcg (lot # 95-0902GB - F21 — 0.3 mg/mL
formulation) with placebo (lot # 95-0504GE).

Results of this study showed that when pramlintide is administered 15 minutes before a standardized
breakfast consisting of a liquid component, 3-ortho-methyl-glucose {3-OMG) labeled milkshake, and a
solid meal, *"Technetium-amberiite resin labeled pancake, gastric emptying time was significantly
delayed compared with placebo. The time to maximum plasma 3-OMG concentration {Tmax) Was
increased from about 80 minutes for placebo to 200 minutes for the 90 mcg dose (see TABLE 17). The
time to achieve haif-gastric emptying was similarly increased (see TABLE 18). There was no observed
“carry-over” effect of the morning pramlintide dose to the lunch time meal.

TABLE 17 - Liquid Meal ~ Plasma 3-OMG PK Parameters by Treatment (n=11)

~ Breakfast (1° meal) Placebo 30 meg 60 meg 90 meg
AUCq.240 o (Mmool min/L)
Arithmetic mean 412 31.0 26.6 29.7
p-value vs placebo NA 0.0057 0.0005 0.0028
Crnax {mmol/L}
Arithmetic mean 0.26 0.20 0.20 0.21
p-value vs placebo NA 0.0004 0.0008 0.0051
Tona (i)
Arithenetic mean 818 170.9 200.0 1911
p-value vs placebo NA 0.0006 0.0001 0.0001
Lunch (2™ meal) Placebo 30 mcg 60 mcg 80 mcg
AUC240480 min (MMol*min/L)
Arithmetic mean 57.9 62.3 60.1 59.9
p-value vs placebo NA 0.3389 0.6669 0.4977
Crnax ﬁanVL)
Arithmetic mean 0.33 0.34 0.33 .33
p-value vs placebo NA 0.6960 0.7775 0.8379
Trmax (min)
Arithmetic mean 318.2 316.4 322.0 308.9
p-value vs placebo NA 0.8157 0.9782 0.5282
NA = not applicable; p-values from t-tests for muttiple comparisons following ANOVA
TABLE 18 — Solid Meal — Gastric Emptying Parameters by Treatment (n=11)
Breakfast (1~ meal) Placebo 30 meg 60 mcg 90 meg
Half-Emptying Time (min)
Arithmetic mean 128.6 187.2 200.1 2145
p-value vs placebo NA 0.0002 0.0001 0.0001
Lag Time {min)
Arithmetic mean 32.5 54.4 56.4 70.3
p-vaiue vs placebo NA 0.0173 0.0130 0.6001
Lunch (2™ meal) Placebo 30 meg 60 mcg 90 meg
Half-Emptying Time (min)
Asithmetic mean 136.9 138.5 140.6 1454
p-value vs placebo NA 0.7497 0.7497 0.2590
Lag Time (min)
Arithmetic mean 34.2 46.5 40.0 48.2)
p-value vs placeho NA, 0.1938 0.5772 £.1353

NA = not applicable; p-values from t-tests for multiple comparisans following ANOVA

The second gastric emptying study, 137-137, consisted of a two-way crossover design in 10 type 2
diabetes patients that were administered either placebo (lot # 97-0101GE)} or a 90 mcg dose of
pramlintide (ot # 96-1002JB — F24 — 0.9 mg/mL) 15 minutes prior to a ®™Technetium breakfast (381 kcal
~ 48% CHO, 26% fat, & 26% protein). The results, as presented in TABLE 19, demonstrate that
pramlintide significantly increases the haif-emptying time and lag time of a solid meal in patients with type
2 diabetes compared with placebo.

Cdmautop\temp\N21332 Review.doc 18




TABLE 19 - Solid Meal — Gastric Emptying Parameters

Breakfast Placebo
Half-Emptying Time (min}
Arithmetic mean 80.50 127.00
p-value vs placebo NA 0.0011
Lag Time (min)
Arithmetic mean 17.00 28.80
p-value vs placebo NA 0.0232

NA = not applicable; p-values from standard ANOVA for 2x2 crossover

LABELING

Labeling will be addressed in an amendment to this review that will be submitted after the Advisory
Committee Meeting scheduled for July 26, 2001. Attached is the sponsor’s proposed labeling.

COMMENTS TO THE SPONSOR

Assay

The immunoenzymetric assay (IEMA) used to detect human plasma pramiintide exhibited reasonable
precision and accuracy estimates. However, the samples used in the guality control analysis were
sufficiently far enough away from the calibration limits and the tower limit of quantitation as to create
some concern about the plasma concentrations that fall between the lower limit of guantitation (LLOQ)
and the lowest quality control sample. in addition, the LLOQ appeared to be highly variable between
studies. Hence, the reported plasma values that fall on the lower end of the plasma profile curve are not
considered reliable.

There is also the issue of using a non-specific assay to characterize the pharmacokinetics of pramlintide.
As you have pointed out in your submission, we're actually looking at pramlintide, the pramlintide
metabolite(s), and any endogenous materiai, when describing pramfintide PK. However, the relative
contribution of each component is not well described. There is also the potential for additional
interference from the human anti-murine antibody (HAMA).

With these issues in mind, the Office of Clinical Pharmacotogy and Biopharmaceutics strongly suggests
that you consider developing a more specific assay for pramlintide that overcomes the described
limitations of the IEMA.

Additional Studies .
As was made evident during the Advisory Committee meeting held for Symlin™, there are two clinical
pharmacology and biopharmaceutics issues that need to be answered through further research:

1. Why is there a difference in the relative bioavailabilities of Symlin™ between patients with type 1 and
type 2 diabetes? If this is a body compesition issue, then how does one dose Symlin™ in obese
patients with type 1 diabetes? Can the differences in bioavailability be overcome by administering
Symlin™ at different injection sites e.g., thigh or buttocks as opposed to the abdomen?

2. The timing of dosing for Symlin™ and insulin in relation to the time of food ingestion is an issue that
needs {0 be discussed further. Consider conducting a clinical pharmacology study in patients with
type 1 diabetes whereby the liming of the Symlin™, insulin, and foad ingestion are optimized for
glycemic control and incidence reduction of hypoglycemia. This optimized timing scheme should then
be utilized for any further phase 3 studies.
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NAME OF INDIVIDUAL STUDY TABLE §{FOR NATIONAL AUTHORITY
SPONSOR/COMPANY: REFERRING TO PART OF USE ONLY

Amylin Pharmaceuticals, inc. THE DOSSIER

NAME OF FINISHED Volume:

PRODUCT:

pramlintide injection Page:

NAME OF ACTIVE

INGREDIENT{S): pramlintide

acetate

Protocol No.: 137-125

Title of Study: An Open-Label, Randomized, Four-Period Cross-over Study in Normal Volunteers of the
Bioavailability of Selected Concentrations of Pramlintide in Two Different Formulations*

Investigators and Study Centers -

J

Tublication (Reference): None

Studied Period (Years): September 1996 - April 1997 _fPhase of Development: |
Objectives: To determine and compare the bioavailability of similar single subcutaneous (SC) injections of
pramlintide (60 ug, 0.1 mL injection volume} formulated at pH 4.7 (formulation F11; trcatment A [0.6 mg/mi.]
and at pH 4.0 (formulation F22; treatment B [0.6 mg/mL]); to determine the abselute bioavailability of
pramiintide formulation F22 (SC = treatment B versus 1V = treatment D [0.6 mg/mL]); and to determine the
relative contribution of injection volume 1o the pharmacokinetic behavior of two different concentrations of
pramlintide sumilarly formulated at pH 4.0, formulation £21 (0.3 mg/mL, 0.2 mL SC injection volume):
treatment C, and formulation F22 (0.6 mg/mL, 0.1 mil. SC injection volume): trcatment B.

Methodology: This was a single center, randomized, open-label, single dose, four-way crossover study
consisting of four evaluation periods, with a washout period of 1 week between study Ireatments. Safety data
for all 56 subjects are presented in this report, white pharmacokinetic evaluations were done only for subjects a
the site. Subjects were randomized to one of four possible treatment sequences: ABDC, BCAD,
CDBA, or DACB.

Number of Subjects: Fifty-six male subjects between the ages of 18 and 41 years of age, inclusive, were
randomized at two study sites. A total of 37 subjects provided sufficient data for all four periods and met all
other criteria to be considered evaluable for pharmacekinetic analysis.

Diagnosis and Main Criteria for Inclusion: Healthy, male volunteers who met ali inclusion and exclusion
criteria.

Test Product, Dose and Mode of Administration, Batch No.: Formulation Fi 1 pramlintide acetate, 0.1 mL
(60 pg), pH 4.7, for SC administration, Lot No. 94-0904FB; Formulation F22: pramlintide acetate, 0.1 mL
(60 pg), pH 4.0, for SC administration, Lot No. 95-0802GB; Formulation F21: pramintide acetate, 0.2 mL
(60 pg), pH 4.0 for SC administration, Lot No.95-0902GB.

Reference Therapy, Dose and Mode of Administeation, Batch No: Formulation F22; pramiintide acetate,
(60 pp), pH 4.8, for IV administration, Lot No. 95-0802GB.

Duration of Treatment Four single doses of pramlintide were given with a washout period of | week.

* Three formulations of pramlintide were used in this study.
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Criteria for Evaluation:

Phammacokmetics: The area under the plasma concentration-time curve from time 0 to infinity
(AUC...)), area under the plasma concentration-time curve from time 0 to 300 minutes (AUG 300)),
concentration maximum (G, ), the apparent terminal elimination half-life (t,5), and time of maximum
concentration (T, ), relative bicavailability (AUG,,, /AUC,4 1), and absolute bicavailability
(AUCsc/AUC,y) were calculated for each evaluable subject for each treatment.

Safety: Safety was assessed by adverse events, concomitant medications, physical examinations,
electrocardiograms, and routine labs including clinical chemistry, hematology, and urinalysis.
Statistical Methods:

Phammacokinetics: Summary statistics (mean, standard deviation, geometric mean, median, minimum,
maximum, and N) for each parameter for each {reatment were determined for evaluable subjects.
Equivalence of C.,, Topa, and AUG,..., values afier SC administration of formulations of differing pH
were evaluated using 90% (G, AUC) or 95% (T,.,,) conventional confidence intervals based on an
ANOVA model; log, transformed C,,,, AUC0.300, and AUGg...) values and untransformed T, and t,,;
values were evaluated. The ANOVA model included terms for sequence, subjects within sequence,
period, weatment, and carry-over. The carry-over effect was tested at the 0_10 significance level and was
removed from analyses if not significant.

Safety: Adverse events, vital signs, and clinical labaratory values were summarized by descnptive
statistics.

SUMMARY-CONCLUSIONS:

PHARMACOKINETIC RESULTS:

The pharmacokinetic objectives were met. The findings were:

»  Mean T, values ranged from 20.3 min to 21.8 min, and {,, ranged from 43.6 min 1o 49.3 min for the
three SC formulations. Pramlintide was eliminated following 1V administration, with a J, of 34.1
min.

*  Doubling the SC injection volume from 0.1 mL to 0.2 mL produced negligible changes i (..,
AUGg ., and T, values for the F21 (0.2 mL) formulation relative to the F22 {0.1 mL) formulation.
Mean G, values were 80.3 pmol/L and 90.0 pmol/L, AUG, .., values were 6334 pmolmin/L and
6639 pmolmin/L., and T, values were 21.8 min and 20.3 min for the F21 and F22 formulations,
respectively.

* A higher formulation pt (4.7 vs 4.0) substantially decreased both €, and AUC,q .., parameters
foltowing SC administeation,

*  Fonnulation pH apparently had no effect on the mean T,,, parameter following SC administration.
The elimination half-life (1) was consistent among SC treatments bul was somewhat shorter
following IV administration (34.1 min).

*  Absolute bicavaitability of SC-administered pramlintide (pH 4.0 formulation) was between 38% and
40% compared to 1V administration.
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SAFETY RESULTS:

Adverse Events:

Adverse events were reported separately for each treaiment period (up to 300 minutes posidose) and the
subsequent post-treatment period (300 minutes postdose up until the next dose period). The incidence of
adverse events occurring on the day of treatment was 37.5%, overall. Incidences were similar following
either of the 0.1 mL SC injection volume treatments (treatment A, 3.7%: treatment B, 3.8%), slightly
higher fellowing the 0.2 mL SC injection volume treatment (treatment C, 7.5%), and considerably higher
foliowing the IV administration of pramlintide (treatment D, 36.0%).

The most common adverse event for all treatment periods was nausea. There was no nausea reported
between treatments. The incidence of nausea was 3.7%, 1.9%, 1.9%, and 28.0% for treatments A, B, C,
and D, respectively. Other events reported on the day of treatment with SC pramhintide included
headache, diarrhea, and zbdominal pain. Events other than nausea reported on the day of treatment with
1V pramlintide included enlarged abdomen, hot flushes, dizziness, dysesthesia, headache, paresthesia,
flatulence, dry mouth, vomiting, and taste perversion. Taste perversion had the second highest incidence
among adverse events occurring following 1V administration of pramlintide.

There were no withdrawals from the study because of adverse cvents, no setious adverse events, and no
deaths.

Clinical Laboratory Values:
There were no clinical laboratory resulls that were of clinical concer or suggested a relatonship to

treatment with pramlintide.

CONCLUSION;

‘ *  The administration of single 60u1g SC and 1V doses of pramlintide to healthy male subjects was
well tolerated in this study.

*  Coax and AUGg .y were substantially decreased with a higher formulation pH {4.7).

*  The absolute bioavailability of the SC-administered, pH 4.0, formulation was between 38% and
40% compared to 1V administration.

*  Therelative contribution of injection volume io the pharmacokinetic behavior of two different
concentrations of pramlintide, both similarly formulated at pH 4.0, was negligible.

Date of the report: 17 Mar 00
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Protocol No.: 137-142

Title of Study: An Open-Label, Randomized, Two-Period Cross-Over Study in Healthy Volunteers of the
Bioequivalence of Two Different Formulations and Dosage Forms of Pramlintide (ACIL3D

Investigators and Study Centers: *-

Pub]icatio:;_(;leférence): None

Studied Period (Years): November 1999 - December 1999 Phase of Development: 1

Objectives: To determine the bicequivalence of pramiintide (AC137) administered by two different delivery
systems (a pen-cartridge system using a 1.0 mg/mL formulation and a vial-syringe system using a 0.6 mg/mL
formulation).

Methodology: This was a single—center, open-label, randomized, two-period crossover study consisting of two
evaluation periods with a period of 24 hours between each dosing event, desi gned to evaluate the
bioequivalence of vial and cartridge dosage forms of pramlintide, Subjects received the following single dose .
treatments (A and B) of pramlintide on alternating days as scheduled according to a balanced randomization
scheme.

A. 60 pgina 1.0 mg/mL formulation in cartridge dosage form for pen administration.

B. 60 pgina 0.6 my/mb formulation in vial dosage form for syringe administration.

Number of Subjects: Thirty subjects (20 female, 10 male; mean age 42.4 years) were enrolled in this study.
All 30 subjects completed all study procedures and study visits {screening, Day 0, Period 1 [Day 1], Period 2
[Day 2], and study exit on Day 2). Evaluable subjects were defined as subjects who satisfied all criteria for
entry into the study, completed each of the two treatment periods, and had sufficient concentration data from
both dosing periods to ailow pharmacokinetic analysis.

Diagrosis and Main Criteria for Inclusion: Normal, healthy males or females, aged between 18 and
65 years.

Test Form, Dose and Mode of Administration, Batch No.: Cartridge, pramlintide 1.0 mg/mL, 0.06 mL per
subject, pen administration of subcutancous injection, Lot number: (AC137-F26) 97-0402KB.

Duration of Treatment: Two singic-dose periods with at least a 24-hour washout period between dosing,

Reference Form, Dose and Mode of Administration, Batch No: Vial, pramlintide 0.6 mg/mL, 0.10 mL per
subject, syringe administration of subcutaneous injection, Lot number: (AC137-F22) 97-1204JB.
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Criteria for Evaluaation:

Phamacokinetics: The primary pharmacokinetic measures for demonstrating bioequivalence were C,,. and
AUC0.300 min)- Since minimum detectable concentrations at the end of the concentration-time profile, and
concentrations at —15, -5, and 0 minutes were set to zero, AUCg 300 mny IS €quivalent to AUCg.y

Safety: Safety and tolerabiiity were assessed throughout the study period by monitoring adverse events, vital
signs, and clinical laboratory tests.

Statistical Methods:

Pharmacckinetics: Bioequivalence between the pen-cartridge and syringe-vial delivery systems was based on
an ANOVA of natural log transformed C,, and AUC.300 min) parameters. Ninety percent confidence
intervals were calculated for the ratios {pen-cartndge/vial-syringe) of the geometric means. Bicequivalence
was concluded if the 90% confidence intervals fell within (80%, 125%).

Safety: Adverse events, clinical laboratory values, and vital signs were presented using descriptive statistics.

SUMMARY - CONCLUSIONS:

PHARMACOKINETIC RESULTS: The pen-cartridge system using a 1.0 mg/mL pramlintide formulation
and the vial-syringe system using a 0.6 mg/mL pramlintide formulation were bicequivalent: the 90%
confidence intervals for the ratios between geometric means for Cryy, AUC(5300 gyn, and AUCq.,all fell
within 80%-125%. In addition, the median T rax and mean t2 remained relatively unchanged.

Parameter Treatment A Treatment B Treatment A/Treatment B°  90% C.1¢ P-valuc®
Mean® Mean” Ratio (%) (%) Treatment
Crrax® (pmol/L) 67.26 62.07 108.37 {100.0,117.4) 0.0986
AUCo 00 mm® (pmolemin/L) 484530 2678.83 103.56 (93.3, 115.0) 0.5742
AUC" {pmol*min/L) 5673.14 5672.87 100.00 £90.5,110.5) 0.9993
tiz (min) 52.79 5040 85.89 {759, 101.8) 0.1554
Tonax (min) 20 00 20,00 0.1226

Note: Treatment A: 60 pg pen-cartridge system using a 1.0 mg/mL formulation. Treatment B: 60 jug vial-syringe system using a
0.6 mg/mL formulation.

Parameters were natural log-transformed before analysis.

Geometric means (anti-Jog of the means of the logs) were analyzed for the natural log-transformed parameters. Arithmetic means

arc presented for 12 and median values presented for Tomg,,

Ratio of geometric means calculated as Treatment A/ Treatment B (test/reference).

90% confidence interval of the geometric means ratio Treatment A/Treatment B.

P-value from ANOVA (including terms for sequence, subject-within-sequence, period and treatment) for testing treatment

differcnces. For Tou,, the p-value from the Wilcoxon signed-rank test is presented.
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SAFETY RESULTS:

Adverse Events: Of the 30 randomized subjects, seven {23.3%) experienced seven adverse events during
the study. The overall incidence of adverse events was similar between treatments {10.0%-Treatment A;
13.3%-Treatment B). Headache (6.7%) and nausea (6.7%) were the most commonly occurting adverse
cvents. All adverse events were assessed as mild in intensity by the Investigator.

Dyspesia (3.3%) and nausea (6.7%) occurred only during Treatment A, while dizziness (3.3%), dreaming
abnormal (3.3%), and headache (6.7%) occurred only during Treatment B. .

Six (20.0%) subjects experienced six adverse events that were possibly or probably related to study drug
according to the investigator. The overall incidence of possibly or probably related adverse events was
the same berween treatments { 10.0%-Treatment A: 10.0%-Treatment B). Possibly or probably related
adverse events were nausca (6,7%, Treatment A), headache {6.7%, Treatment B), dizziness (3.3%,
Treatment B), and dyspepsia (3.3%, Treaunent A).

Deaths: None

Serious Adverse Events: None

Clinical Laboratory Values: No clinically meaningfil or unexpected changes were reported in clinical
laboratory variables.

Vital Signs and Physical Examinations: No clinically meaningful or unexpected changes were reported in
vital signs or physical examinations.

CONCLUSIONS:

Pramlintide administered subcutaneously by two different delivery systems (a pen-cartridge system using

2 1.0 mg/ml formulation and a vial-syringe system using a 0.6 mg/mL formulation) was shown to be
bicequivalent.

Pramlintide administered subcutaneously by two different delivery systems (a pen-cartridge system using
a 1.0 mg/mL formulation and a vial-syringe system using a 0.6 mg/mL formulation) appeared to be safe
and well-tolerated.

Date of the report: 02 June 2000
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Protocol No,: 137-126

Titte of Study: An Open-Label, Randomized, Four-Period Cross-Over Study of the Proportionality of Four
Subcutancous Doses of Pramlintide (AC137) Administered at Constant Volume in Normal Volunteers

Investigators and Study Centers: T

Publication (Reference): None

Studied Period (Years): October 1996 to March 1997 Phase of Development: |

Objective: Determuine the profiles and comparative relationship of plasma pramlintide concentrations after
subcutaneous administration of single, consecutive randomized 0.2 mL doses of each of three different
strengths (0.3, 0.6, and 9.0 mg/mL.) of the Phase 3 clinical trial formulation. Doses to be assessed were 30, 60,
90, and 120 pg. The 120 pg was attained by administering 0.2 mL of the 0.6 mg/ml presentation. Thirty, 60,
and 90 pg doses were achieved by administering 0.1 mL of 0.3, 0.6, and 9.0 mg/mL presentations respectively,
and 0.1 mL of placebo.

Methodology: This was a randomized, single center, open-label, four-way cross-over study consisting of four
evaluation periods with a washout period of | week berween each dosing event. Each subject received four
different doses (30, 60, 90, and 120 pg) of pramiintide administered as subcutaneous injections. Thirty, 60, and
90 pg doses were achieved by administering 0.1 ml of 0.3, 0.6, or 0.9 mg/mL concentrations respectively,
combined in the same syringe with 0.1 ml. of placebo. The 120 pg dose was attained by administering 0.2 mL
of the 0.6 mg/mi. concentration.

Number of Subjects: Forty healthy male subjects between the ages of 18 and 40 years, inclusive, were
randomized to study medication. A total of 38 subjects completed all four evaluation periods of the study.

Thirty-six subjects were evaluable for pharmacokinetic analysis. All 40 randomized subjects were included in
the safety analyses.

Diagnosis and Main Criteria for Inclusion: Nomal, healthy male subjects who met al! inclusion and
exclusion criteria were eligible for study inclusion.

Test Product, Dose, 2and Mode of Administration, Batch No.: Pramlintide acetate 30 pe: 0.1 mL of AC137
Formulation code F21 (Lot No. 96-0201GB) and 0.1 ml. of placebo (Lot No. 95-0504GE); Pramlintide acetate
60 ug: 0.1 mL of AC137 Formulation code F22 (Lot No. 96-0503JB) and 0.1 mL of placebo (Lot No.
93-0504GE); Pramiintide acetate 90 ug: 0.1 mL of AC137 Formulation code F24 (Lot No. 96-05063B) and
0.1 mL of placebo (Lot No. 95-0504GE); Pramlintide acetate 120 ug: (0.2 mL of AC137 Formulation code
F22 (Lot No. 96-0503JB). All administered by subcutaneous injection,

Duration of Treatment: Four single, subcutaneous doses were scheduled for each subject with a washout
period of 1 week between doses.

Reference Therapy, Dose and Mode of Administration, Batch No: None

164
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Criteria for Evaluation:

Pharmacokinetic: The pharmacokinetic parameters used to summarize each subject’s plasma pramlintide
concentration profiles were as follows: concentration maximum (C,.,), time of maximum concentration
(Tma), area under the plasma concentration-time curve from time 0 to infinity (AUC,..), and half-life (tin).
Safety: The following parameters were assessed throughout the study period to assess safety: adverse
events; concomitant medications; routine labs including clinical chemistry, hematology and urinalysis;
vital signs; physical examinations and electrocardiograms.

Statistical Methods:

Pharmacokinetic (Pramlintide). AUC g 30, AUCq.., and Cp,, were dose-normalized and then were log-
transformed. The log-transfonned AUC.300 AUCgu, a0d Cpra, were analyzed by the ANOVA model,
which included terms for treatment, period, sequence, carryover, and subject within sequence. Sequence
was tested by the subject-within-sequence error term, while period, carryover, and treatment were tested
by the intra-subject error term. The carryover effect was tested at the 0.05 significance level. Ninety
percent confidence intervals were constructed for the differences in the least squares means of the log-
transformed dose-normalized AUC and C,,, data between each pair of the two doses. Dose-independent
pharmacokinetic parameters (T .., and t,,»} were analyzed stmilarly without any transformation, and the
93% confidence intervals were calculated for the pairwise differences between the doses.

Summary statistics, including mean, geometric mean, standard error of the mean (SEM}, median,
minimum, maxirmum, and N were calculated for AUC 3300, AUCo., and C,,, Trax and ty, for all
evaluable subjects within each treatment.

Safety: Adverse cvents, vital signs, and clinical laboratory values are presented using descriptive
s1ansfics.

SUMMARY - CONCLUSIONS:
PHARMACOKINETIC RESULTS:

¢ Pramlintide concentrations increased with increasing subcutaneous dose over the dose range of 30 to
120 pg.

*  AUC., for baseline-adjusted pramlintide increased with increasing dose in a nearly dose-
proportional manner.

*  Cn, for baseline-adjusted pramlintide increased with increasing dose in 2 dose-proportional manner.

* The pharmacokinetic parameters T, and elimination half-life (ty.) appeared to be independent of the
pramlintide doses evaluated in the present study.
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SAFETY RESULTS:

Adverse Events: Of the 40 randomized subjects, 17 (42.5%) subjects cxperienced a total of 35 adverse
events (treatment periods + post-treatment periods). The most commonly occurring adverse events were
headache (27.5%). nausea (10.0%) and pharyngitis (10.0%). The majority of headaches were reported
during the post-treatment periods and wete not reatment-related.

No relationship was observed between the dose of pramlintide and incidence of adverse events during the
300-minute treatment period. The highest incidence of adverse events was reported by Treatment B

(60 pg; 10.3%), followed by Treatment C (90 pg; 7.7%) and Treatment D) (120 ug; 5.1%). No incidence
of adverse events was reported for Treatment A {30 pg; 0.0%). Headaches occurred in 5.1% of subjects
receiving Treamment B (60 pig), and 2.6% of subjects receiving Treatments C (90 pg) and D (120 pg). The
incidence of nausea ranged from 2.6% for subjects receiving Treatment D (120 pg) to 5.1% for subjects
receiving Treatment B (60 ug) and Treatment C (90 pg).

Eleven (27.5%) subjects reported 24 events that were considered possibly or probably treatment-related
by the investigator. The most commoniy occurring of these were headache (17.5%) and nausea (10.0%).
During the pramlintide treatment periods, only two headaches and five nausea events were considered
treatment-related. The same subject (5026} experienced three of the five treatment-related nausea events
during different treatment periods (B, C, and D). Other treatment-related adverse events included
dizziness, astheniz, hot flush, rash and flushing.

Deaths: No deaths were reported in this study.
Serious Adverse Events: No sefious adverse events occurred during this study.

Clinical Laboratory Values: No clinically meaningful or unexpected changes were reported in clinical
laboratory variables.

Vital Signs, Physical Examinations and ECGs: Pramlintide reatment appeared to have no effect on vital signs,
physical examinations, and electrocardiogram measurements.

CONCLUSION:
Plasma pramiintide AUC and C,,,, increased with stngle subcutaneous pramiintide doses (30, 60, 90, and
120 pg) in a dose-proportional manner, while Ty, and 1, were generally independent of dose.

Subcutaneous administration of single, consecutive, randomized 0.2 mL doses (30, 60, 90, and 120 ug) of
pramlintide appeared to be well tolcrated. No unexpected findings or dose trends were observed for
subjects receiving pramiintide.

Date of the report: 14 Apr 2000
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Protocol No.: 137-127

Title of Study: An Open-Label, Single-Dose, Pharmacokinetic Study of Pramlinude in Type | Diabetics With
Renal Impairment

Investigators and Study Centers: [

H _ ‘ ) J

Publication (Reference): None

Studied Period (Years): August 1997 - May 1998 Phase of Development; |

Objectives: 1) To determine the cffect of different degrees of renal impairment on the plasma concentration
profiles and pharmacokinetics of pramlintide. 2) To determine the safety of administering pramlintide 1o
subjects with different degrees of repal impairment.

Methodology: This was an open-label. single dose. parallel-group study of the effects of renal impatrment on

the pharmacokinetics of pramlintide tn subjects with type | diabetes mellitus. Following completion of study

procedures and a baseline tothalamate and PAH evaluaton. subjects received a single subcutaneous dose of
ramlintide (60 pg) and blood samples for pharmacokinetic evaluation were collected during a | 0-hour period.

Number of Subjects: Twenty-one subjects (5 temale, [6 male; mean age 41.0 years) were enrolled in this
study. All 21 subjects completed all study procedures and study visits (screening, baseline iothalamate and
PAH evaluations, pharmacokinetic evaluations. and swudy termination). Evaluable subjects were defined as
those who satisfied all criterta for cntry into the study, finished the baseline iothalamate and PAH evaluation.
and had sufficient blood samples collected during the pharmacokinetic evaluation period to allow
pharmacokinetic analysis. All subjects that received study medication were evaluable and were also included in
the safety analyses.

Diagnosis and Main Criteria for Inclusion: Healthy and ambulatory, males or females, aged 18 years or
alder, with type | diabetes mellitus requiring treatment with insulin for at least 12 months prior to the screening
visit. Renal function fell into one of four categories based on creatinine clearance: Group [: creatinine
clearance 280 mL/min; Group II: creatinine clearance 50-80 mL/min; Group [lI: creatinine clearance

30-50 mL/min; and Group IV: creatinine clearance <30 mL/min. )

Test Form, Dose and Mode of Administration, Batch No.: Pramlintide 0.6 mg/mL. 0.10 mL per subject,
administered subcutaneously, Lot number: 95-0802GB (AC137-F22).

Duration of Treatment: One single-dose period followed by a ten hour pharmacokinetic evaluation.

Reference Form, Dose and Mode of Administration, Batch No: Not applicable.
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Criteria {or Evaluation:

Pharmacokinetics: The pharmacokinetic measures for deterfuning the effect of different degrees of renal
impairment on the plasma concentration profiles and pharmacokinetics of pramiintide were Coayy Tinax
AUC ..., 1,2, apparent clearance (CL/F), and cumulative urinary excretion (CUE).

Safety: Safety was assessed throughout the study by monitoring adverse events, clinicai laboratory tests, vital
signs, physical examinations, and electrocardiograms.

Statistical Methods:

Pharmacokinetics: Descriptive statistics were presented for all the pharmacokinetic parameters. Individual
concentration profiles and mean concentration profiles were plotted within each creatinine clearance category.
individual concentration profiles were also plotted in semi-log scale. The linear relationship between the
pharmacokinetic parameters and renal function was examined to determine whether dose adjustment was
necessary for subjects with different degrees of renal impainment. Regression models were run to predict each
of the above pharmacokinetic parameters based on the measures of renal function.

Safety: Adverse events. clinical laboratory values, and vital signs were presented using descriptive statistics.

SUMMARY - CONCLUSIONS:

PHARMACOKINETIC RESULTS: Similar mean plasma pramiintide concentration profiles were obscrved
among the four creatinine clearance groups foliowing the subcutaneous administration of a single 60 ng dose of
pramlintide. As shown below, there was no significant correlation between renal function (glomerular filtcation
rate [creatinine and iothalamate clearances) and renal plasma flow {PAH clearance]) and the pharmacokinetics
of pramlintide.

24-Hour Creatimne Clearance fothalamate Clearance PAH Clearance
Corretation Correlation Correlation
PK Parameter Coetficient p-value Coeflicient  p-value Coefficient  p-value
Caax (pmol/L) [{N ] 0.641 011 0.627 -0.07 0.779
Tean (min) 0.12 0.343 013 0.573 011 0.622
AUCpw {pmol-min/L) 0.07 0.768 -0.29 0.198 -0.23 0.321
t,x (min) .13 0.323 -0.17 0468 -0.60 0.990
CUF (Lfhr) -0.23 0.324 [{1 0487 -0.09 0.695

CUE (mL) 0.10 0.651 0.05 0815 0.25 0.269

11
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SAFETY RESULTS:

Adverse bvents: Of the 21 randomized subjects, nine (42.9%} experienced a total of 15 adverse events during
the study. The most commonly occurnng adverse events were headache {23.8%), nausea (9.5%). and
dizziness (9.5%). The majority of adverse events were assessed as mild in intensity. Six (28.6%) subjecis
experienced a total of |1 adverse events that were considered possibly or probably related to study drug
administration (4-headaches. 2-nausea, 2-dizziness, 1-asthenia, {-diarrhea. and 1-sweating increased).

There did not appear to be any correlation between degree of renal impairment and incidence of adverse
events. The overall incidence of adverse events was highest for Group IV (66.7%) and Group {1 {62.5%),
followed by Group 1 (33.3%). No adverse events were reported for Group I11.

Deaths: None

Senous Adverse Events: None

Hvpoglycemic Episodes: Four (19.0%) subjects recorded a hypoglycemic episode during the srudy; three
{37.5%) subjects from Group Il and one (25.0%) subject from Group 111. Glucose concentrations were as
tollows: Group Il-subject 000! {88 mg/dL); subject 0009 (165 mg/dL); and subject 0029 (68 mg/dL);
Group III-subject 0004 (537 mg/diL). All four episodes were resolved by administering a snack, juice, or oral
glucose.

Clinical Laboratory Values: There were no unexpected changes reported in clinical laboratory values. The
most frequent potentially clinically imponant laboratory values were: elevated urine glucose, decreased
hematocrit, decreased hemoglobin, elevated creatinine, elevated bleod glucose, and elevated urea. All of
these were probably not attributed to pramlintide, but rather to the underlying disease (renal impairment and
diabetes mellitus type 1) of the study population. Additionally, there was no correlation between the degree of
renal impairment and incidence of potentially clinically important laboratory values.

Vital Signs, Physical Examinations, and Electrocardiograms: There were no clinically meaningful or
unexpected changes reported 1n vital signs. physical examinations, or electrocardiograms.

CONCLUSIONS:
¢ [mpaired renal function had no significant influence on pramlintide pharmacokinetics; therefore, no
dosing adjustment is required for pramiintde when administered to subjects with impaired renal function.

=  The subcutaneous administration of a 60 ug dose of pramlinude in subjects with different degrees of renal
impairment appeared to be consistently safe and well-tolerated.

Date of the report: 11 fuly 2000
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NAME OF INDIVIDUAL STUDY (FOR NATIONAL AUTHORITY
SPONSOR/COMPANY: TABLE REFERRING TO PART | USE ONLY)
Amvlin Phanmaceuticals, Inc. OF THE DOSSIER
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PRODUCT:
pramlintide injection Page:
NAME OF ACTIVE
INGREDIENT(S);
ramiintide acetate

Protocol No.: 137-133

Title of Study: A Randomized, Double-Blind. Placebo-Controlled, Single-Dose, Two-Period Crossover Study
to Evaluate the Effect of Pramlintide on the Pharmacokinetics of Ethinyl Estradiol and Norgestrel in Heaithy
Female Subjects Receiving the Oral Contraceptive Agent Lo/Ovral®

Investigator and Studv Center:

Publication (Reference): None

Studied Period (Years): May 1998 — June 1998 J Phase of Development: |

Objectives: To evaluate the effect of pramlintide on the pharmacokinetics of cthinyl estradiol and norgestre]
in healthy female subjects receiving the oral contraceptive agent Lo/Ovral (30 pug of ethinyl estradiol and

300 ug of norgestrel). To evaluate the safety and tolerability of concomitant administration of pramlintide and
the oral contraceptive agent Lo/Ovral.

Methodelogy: This was a single-center, randomized, double-blind, placebo-controlled, single-dose, 2-period
crossover study with at least a 2-week washout between doses in Period 1 and Period 2. Subjects were
randomized to one of two treatment sequences, A:B or B:A, where A=placebo and B=pramlintide.

Number of Subjects: |3

Diagnosis and Main Criteria for Inclusion: Subjects were healthy, non-smoking adult females (18-38 vears
inclusive) with a history of regular menstrual cycles, who were not currently using oral or injectable
contraceptives.

Test Product, Dose and Mode of Administration, Batch No.: 90 pg (0.15 mL of a 0.6 mg/ml. solution)
pramiintide (AC0137-F22: Lot no. 96-0503JB) administered by subcutaneous injection. followed by a single
tablet of Lo/Ovral (30 py ethinyl estradiol and 300 pg of norgestrel, Wyeth Ayerst. Lot #9978046. expiration
3/00) administered orally 15 minutes later.

Duration of Treatment: Two single doses of study medication (active or placebo) were given with a 2-week
washout period between doses. Subjects remained in-house on Days 1-3 of each dosing period and returned on
Days 4-9 for blood sampling. Study exit procedures were done on Day 9 of Period 2.

Reference Therapy, Dose and Mode of Administration, Batch No: 0.15 mL placebo (Lot no. 96-0302JE)
administered by subcutaneous injection, followed by a single tablet of Lo/Ovral (30 pg ethinyl estradiol and
300 pg of norgestrel, Wyeth Ayerst, Lot #9978046, expiration 3/00) administered orally {5 minutes later.

Criteria for Evaluation:

Pharmacokinetics: Blood samples were collected up to 168 hours after Lo/Ovral dosing during each study
period for the determination of ethinyl estradiol and norgestrel plasma concentrations. The Coaxe 12 Trnaxs
AUCq 1an, and AUCy ¢ of each component for the 2 treatments, i.e., with and without concomitant pramlintide
administration, were compared,

Safety: Safety and tolerability were assessed throughout the study by monitoring adverse events and by
clinical laboratory evaluations, vital signs, physical examinations, and ECGs.

Statistical Methnds: .
Pharmacokinetics: Pharmacokinetic parameters were analyzed for evaluable subjects by ANOVA, and the
95% confidence intervals were calculated for the ratios or differences between the least squares means or
geometric means for the two treatments,

Safety: Selected safety data were summarized for all randomized subjects (intent-to-treat).
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SUMMARY -~ CONCLUSIONS:
PHARMACOKINETIC RESULTS:

There were no statistically significant differences in the pharmacokinetic parameters of ethinyl estradiod after
pramlintide, compared with placebo, as seen below, based or an analysis excluding potential outlier

concentrations.

$£.SMean' (SE) Ratio or 95% C1 of the ratio or

Parameter Treatment  {Geometric LSMean}? p-value! difference of the difference
{units) LSMeans
Ethinyl estradiol
in AUC(0-24h) Placebo 10.440.1) 0.981 100.3% {79.4%. 126.6%)
(pg*mmvmL) £32990.1}
Pramlintide 16,4 {0.1)

133076.8! .
ln AUC{0-tnf) Placebo 10.8t0.1) 389 109.5% (88.1%a, 136.0%
{pg*muvmL) 9540}

Pramlintide 10.% (0.1}

15422783
In Cimax) Placebo 4.6 (0.1 0842 98.3% 184.3%, 115.2%)
{(pmL} 1012

- Pramlintide 4.6 (0,11

$99.7}
W(1:2) Placebo $13.1 (64.1) 0412 356 t-84.8. 196.0)
{mtn} Pramlintide 468.8 (64.4)
T(max) Placebo 740 (1.1} 0.176 279 (-13.9.69.7)
{rmun) Pramlintide 101.9 (14.1)

In=natural logarithm

! Based on an ANOVA mode] which included terms for sequence, subject-within-sequence, period. and treatment
2 Geometric means are the antilogs of the means of the natural logarithmic transformed endpoints.
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pramlintide injection

NAME QF ACTIVE
INGREDIENT(S):

ramlintide acetate

OF THE DOSSIER

Volume:

Page:

Coax Was decreased and Ty, and t, were delayed after pramlintide treatment, as seen below. The overall
exposure to norgestrel, as reflected in AUCy..¢ . was not different after co-administration of Lo/Qvral with

pramlintide.
L.SMean' (SE) Ratia or difference of 95% CI of the catio or
Parameter Treatment {Geometric p-value' the LSMeans difference
{units) LSMean}’
Norgestrel
In AUC{0-24h) Placebo 74 (0.1) 0.646 98.2% 190.4%. 106.7%)
{ng*misvmlL) 11658.3}
Pramlintide 740D
11628.6
in AUC{0-1nf) Placebo B.0¢0.1) 0.188 107.1% {96.3%. 119.2%)
(ng*minvmL) 130702}
Promlintide 8.1 (0.1}
13288.8!
In Ctmax) Placebo 1.5¢0 1) <0.001 68.9% (60.4%, 78.5%)
{ng'mL} LT
Pramiintide E200.1)
13.2]
2] Placebo F779.5(204.8) 0.197 2749 (-162, 712.0)
(mun) Pramiintide 20543 (204.8)
Ttman) Placebo 690117 0014 453 {10.9, 79.6}
{min) Pramlintide 42T

In=natural logarithm

| Based on an ANOV A model which included terms for sequence, subject-within-sequence. period, and treatment
= Geometric means are the antiloys of the means of the natural logarithrmic transformed endpoints.

Appears This way

On Criginal




Final Clinical Study Report (Protocot 137-133) Page xi

Pramlintide Report 137-CSR-133 26 July 00
SYNOPSIS (continued)
NAME OF INDIVIDUAL STUDY (FOR NATIONAL AUTHORITY
SPONSOR/COMPANY': TABLE REFERRING TO PART | USE ONLY)
Amylin Pharmaceuticals, Inc. OF THE DOSSIER

NAME OF FINISHED PRODUCT: | Volume:
pramiintide injection

Page:

NAME OF ACTIVE
INGREDIENT{S):

pramlintide acetate

SAFETY RESULTS:

Adverse Events: [n this cross-over study. similar safety profiles were observed when pramlintide or placebo was
co-administered with Lo/Ovral. The number of subjects reporting adverse events was similar for both
treatments, with 8§ (44.4%) subjects reporting adverse events during treatment with pramlintide and 9 (52.9%)
during treatment with placebo. Headache was the most commonly reported adverse event, reported by

3 (16.7%) and 5 (29.4%) subjects in the pramlintide and placebo treatment periods, respectively. The second
most commonly reported adverse event was nausea, reported by 4 subjects (22.2%) receiving pramiintide and
zero subjects receiving placebo. However, | subject in each treatment group {pramlintide and placebo)
experienced vomiting. There were no hypoglycemic events.

Deaths: There were no deaths.

Serious Adverse Events: There were no serious adverse cvents.

Clinical Laboratory Values: There were no laboratory parameters that appeared to be adversely affected by
pramlintide when co-administered with Lo/Ovral.

Yitai Signs and Physical Examination: There were no vital signs resuits that would suggest an adverse effect of
pramlintide co-administered with Lo/Gvrai.

CONCLUSIONS:
* Pramlintide administered as a single 90-ug dose concomitantly with the oral contraceptive agent Lo/Ovral
(30 pg ethinyl estradiol and 300 pg of norgestrel) was well-tolerated.

*  There were no statistically significant differences in the pharmacokinetic prafile of ethinyl estradiol for
AUCq2a, AUCqinf, Craxe i and T, after treatment with pramlintide compared with placebo.

*  The C,y, for norgestrel was reduced by approximately 30% and the T, was delayed by 45 minutes after
pramlintide treatment. These differences were statistically significant, There were no statistically
significant differences in AUC,.2y,, AUCq 0, or ty2 after treatment with pramiintide or placebo, suggesting
that total exposure to norgestrel is not affected by pramlintide. The C,, for norgestrel observed after
treatment with pramlintide is consistent with therapeutic concentrations observed after norgestrel treatment
as described in the literature.

Date of the report: 26 July 00
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Protocol No.: 137-134

Title of Study: A Randomised, Double-Blind, Placebo-Controlled. Single-Dose, Two-Period Crossover Study
to Determine the Effect of Pramlintide on the Pharmacokinetics of Ampicillin in Healthy Subjects

Investigator and Study Center: T ]
Publication (Reference): None

Studied Period (Years): 1998 | Phase of Development: [

Objectives: The primary objective of this study was to evaiuate the effect of pramlintide on the
pharmacokinetics of ampicillin in heaithy subjects. The Crax, Toax, 4 and AUC g4y, of ampiciliin from the two
treatments, i.e., with and without concomitant pramlintide administration, were to be compared. The secondary
objective was to evaluate the safety and tolerability of single-dose concomitant administration of pramlintide
and ampicillin. During the course of the statistical analysis, a decision was made to calculate AUC pinn as well
as AUC(M}. )

Methodology: This was a single-center, randomized, double-blind, placebo-controlled, single-dose, two-
period crossover study with at least a seven day washout period between doses in Period 1 and Period 2.
Subjects were to be randomized to one of two treatment sequences (A:B or B:A), where A was placebo and B
was pramiintide (30 ug, 0.6 mg/mL}).

Number of Subjects: 12 (5 maies and 7 females)

Diagnosis and Main Criteria for Inclusion: Subjects were to be fasted, healthy male (at least four) and
female (at least four) adults (18 o 55 years of age, inclusive), with no history of cardiovascular, renal,
pulmoenary, hematological, CNS or Gl disease. Females were to be surgically sterile, post-menopausal or
practicing appropriate contraception te ensure that pregnancy would not occur during the study. All subjects
were to be drug and alcohol free, have no history of penicillin allergy and were not to be taking any other
concomitant medication.

Test Product, Dose and Mode of Administration, Batch No.: Pramlintide (90 pg, 0.15 mL of 2 0.6 mg/mL
solution) injected subcutancously (Lot no. 96-0503)B).

Duration of Treatment: Two single doses of the study medication (pramlintide or placebo) were given with
at least a 7-day washout period between doses,

Reference Therapy, Dose and Mode of Administration, Batch No; Placebo (0.15 mL) injected
subcutaneously (Lot no. 96-0302JE). Ampicillin (as the trihydrate, C . 2x250-mg
capsules, 1. Batch No.: 54763 B. Expiry date: August 2002). Two
capsules/dose were administered orally 15 minutes after subcutaneous pramlintide or placebo injection.

Criteria for Evaluation:

Pharmacokinetics: Blood samples were collected from each subject at 0 min (pre-dose), 15 min, 30 min,
45min, 1 h, 1.5h,2h,25h,3h,4h,5h, 6 h, and 8 h after the ampicillin dose in each period to determine the
concentration of the antibiotic in the isolated plasma. Initially, the variables to be analyzed were AUC g g3,
Cax, 2 and To, for ampicillin. The highest plasma concentration (Crmax) and the time to C, (T, for each
subject were determined from the observed data. The area under the plasma concentration-time curve for
ampicillin for the time interval 0 min (pre-dose) to 8h post dose (AUC g.e)) was estimated from the obscrved
data, by applying the linear trapezoidal rule and subsequently used to calculate the AUC g0

Safety: Safety and tolerability were assessed throughout the course of the study by monitoring adverse events,
clinical laboratory evaluations, vital signs. and physical examinations,
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Stztistical Methods:

Pharmacokinetics: Ampicillin pharmacokinetic parameters were to be analyzed for all evaluable subjccts by
ANOVA and the 95% confidence intervals were to be calculated for the ratios or differences of the adjusted
means (LSMeans) of or between the two treatment groups.

Safety: The safety data was to be summarized for all randomized subjects (intent-to-treat).

SUMMARY — CONCLUSIONS:

AMPICILLIN PHARMACOKINETIC RESULTS:

Of the 12 subjects completing the study, 11 were determined to be evaluable,

AUCo.in9: The mean (SD) value for subjects administered pramlintide (90 pg) was 789.7 (191.1) pg*min/mL
and the mean (SD) value for the same subjects administered placebo was §19.7 (252.4) pg*min/ml..

Cims: The mean (SD) values for the pramlintide (90 pg) and placebo treatments were 5.2 (1.0) pg/ml and 4.9
(1.7} ug/mL, respectively.

tiz: The mean (SD) for the pramlintide (90 ug) treatment was 50.7 {9.2) minutes and the mean (SD) for the
placebo treatment was 59.4 (11.4) minutes.

Ty  The mean (SD) ampicillin Ty, value was 176.2 (36.6) minutes during the pramlintide (90 Ug) treatment
pertod and was 111.0 (44.0) minutes during the placebo treatment period.

The statistical analysis of the ampicillin results for the 11 evaluable subjects are presented in the following
table.

LSMEAN (SEX 1) LSMEAN (SEX 1} 95% CONFIDENCE
{GEOMETRIC LSMEAN(2)} (GEOMETRIC LSMEAN(2)} INTERVAL OF
{95% C.L(3)] [95% C.1. (3)) P-VALUE RATIO OR DIFFERENCE THE RATIO OR
PARAMETER A (4) B (4) £1) (5) OF THE LSMEANS DIFFERENCE(S)
In AUC g gny 6.7(0.1) 6.6 (0.1) Q.553 95.7% £1.5%, 112.4%
(pg*min/ml) {782.3}) {748.9})
[660.4, 926.8] [632.2, 887.3]
In AUC p.in1y 6.7 {0.1) 6.6 (0.1) 0.559 95.8% B1.5%, 112.5%
(ug*min/ml) {792.9} {759.3}
[667.7, 941.5] [639.5, 9G1.7)
In Coax 1.5(0.1) 1.6 (0.1) 0.380 1083% 89.0%, 131.9%
{(pg/mL) {4.7} {5.1}
[3.9, 5.6] 43, &1
LT3 591 (3.2) 51.0 (3.2) 0.046 -8.2 -162, 02
(min) [52.4, 65.8] {44.2,57.7
Tomx 1100 {12.7) 176.2 (121 0.003 682 29.1, 1033
(min) [83.3, 136.7] [149.5,202.8)

| BASED ON AN ANALYSIS OF VARIANCE MODEL WHICH INCLUDED TERMS FOR SEQUENCE, SUBJECT-WITHIN-
SEQUENCE, PERIOD AND TREATMENT

2 GEOMETRIC MEANS ARE THE ANTILOGS OF THE MEANS OF THE NATURAL LOGARITHMIC TRANSFORMED
ENDPOINTS

3 FOR AUC AND Cppy, THE C.L IS BASED ON THE GEGMETRIC MEAN AND FOR Toux AND 42, THEC.L IS
BASED ON THE RAW MEAN
4 A =PLACEBQ AND B = PRAMLINTIDE

5 FOR THE GEOMETRIC LSMEANS THE RATIO = exp {In{B] - In[A]}*100 AND FOR THE UNTRANSFORMED LSMEANS
THE DIFFERENCE = {B - A}
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SAFETY RESULTS:

Adverse Events: No adverse events were reported during this study.

Deaths: No deaths were reported during this study.

Serious Adverse Events: No serious adverse events were reported during this study.

Clinical Labomatory Values: There were no laboratory parameters that appeared to be adversely affected by
pramlintide or placebo.

Vital Signs and Physical Examination: No clinically significant values for heart rate and systolic and diastolic
blood pressure were observed during the course of this study. * At screening or study exit, ECG recordings and
physical examination parameters were all normal.

CONCLUSIONS:

¢ A single 90 pg subcutaneous dose of pramlintide administered 15 minutes prior to a 500-mg oral dose of
ampicillin does not alter the ampicillin pharmacokinetic parameters AUC g inft; Coy OF ty3 in fasted, healthy,
male and female subjects.

+ Consistent with the effects of pramlintide on delaying the rate of nutrient defivery from the stomach, a
single 90 ug subcutancous dose of pramlintide administered 15 minutes prior to a 500-mg oral dose of
ampicillin delays the ampicillin T,,, from approximately 2 hours to approximately 3 hours, compared to
placcbo in fasted, healthy, male and feale subjects.

+ A single 90 ug subcutaneous dose of pramlintide administered 15 minutes prior to a 500-mg oral dose of
ampicitlin is generally well tolerated in fasted, healthy, male and female subjects.

Appears This Way
On Original
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1. PURPOSE

The original clinical study reports focused on the safety aspects of pramlintide treatment.
In order to standardize the pharmacokinetic assessments across studies, a uniform
analysis approach was applied in this addendum. While there are some specific
differences between the analyses in this addendum and those in the clinical study report,
the overall pharmacokinetic and pharmacodynamic findings and conclusions are
generally similar.

The purpose of this addendum is 1) to provide additiona! anatysis of glucose
pharmacodynamics, 2) to compare the pharmacodynamic parameters using an
ANCOVA model with the predose baseline glucose values as individual covariates, and
3) to provide mean and individual plots of baseline corrected plasma glucose.

2, SYNOPS!S

PK MEASURES

AND METHODS: The pharmacodynamic effect on glucose following pramlintide
administration was assessed by comparison of postprandial
glucose concentrations following administration of pramlintide or
placebo concomitantly with lispro insulin and NPH, lerte, or
ultralente insutin (administered as three separate subcutaneous
injections). Parameters Cmax, AUC{0-300), Tmax, Cmin, and
Tmin were compared between treatments. (For definitions of
abbreviations and symbols, see Section 3).

RESULTS: Of the 12 Type 1 diabetic subjects initially dosed, data from the
11 subjects who completed at least one period were included in
the pharmacodynamic and statistical analyses.

The arithmetic means and standard deviations of baseline
carrected plasma glucose pharmacodynamic parameters and their
statistical comparisons are summarized in the following table.

Summary of the Pharmacodynamic Parameters of gaseline Corrected Plasma Glucose for Treatments a and E

---------- plasma Glucose ----------

Treatment 8 Treatment A
pharmacokinetic Arithmetic Arithmetic X Mean
Parameters Mean so Mean so 90X CI* Ratio"
Cmax {mg/dL} 84 75 124 86 13.9-109.3 64.1
omin{mg/dL) -51 46 -45 68 224.4~ 14.9  119.6
Tmax{min) 170 71 119 65 L. .
Tmin{min) 125 115 146 148 .- . .
AUC{D-300) (mg*min/dL) 7205 14788 17085 24926 -39.5-114.9 37.7

Treatment 8 = 1 x 60 ug/0.1 mL SC pramiintide Plus Lispro Insulin and NPH, Lente,
or ultralente Insulin (Test)

Treatment A = 1 x 0.1 e SC Placebo Plus Lispro Insulin and NPH, Lente, or
ultraltente Insulin (Reference)

* = Based on LS Means from Table 10.
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CONCLUSIONS:

. Aithough individual responses were variable, based on the
mean baseline corrected glucose concentration-time data,
the overail differences in glucose pharmacodynamics were
markedly different between the pramilintide and piacebo
treatment groups. A single 60 ug dose of pramiintide
essentially neutralized the plasma glucose response
following a meal.

. Compared to the placebo treatment, the pramiintide-
treated group showed a mean reduction of 36% in Cmax
and mean reduction of 62% in AUC(0-300) for baseline
corrected glucase.

. Pramlintide (60 pg) delayed the time of onset for
postprandial increases in glucose for approximately
90 min. In addition to decreasing the overall magnitude of
the peak, pramlintide delayed the time to peak by close to
1 br relative to placebo.

3. PHARMACODYNAMIC AND STATISTICAL MEASURES AND METHODS

To correlate with the methodoiogy of other pramlintide protocols, actual times of blood
sampie collection for glucose measurement for this re-analysis were calculated with
respect to drug (pramiintide or placebo) administration. Nominal times were stili fixed at
-10 (predose, baseline), 5. 15, 30, 45, 60, 75, 90, 120, 150, 180, 210, 240, and 300 min
but relative to study drug administration rather than to start of the meal. This introduced
a difference of approximately 5 min in the blood draw time deviations compared with the
data presented in the original report, since pramiintide and insulin injections were staried
and completed within 5 min prior to breakfast. The listing of the resultant blood draw
times and deviations is presented in Appendix 2 to this addendum.

Baseline corrected glucose concentrations were abtained by subtracting the individual
predose [baseline, t(0)] glucose concentration value from each of the subsequent
giucose concentrations throughout the sampling period. The baseline used was specific
to treatment. The resultant positive and negative concentrations were alf included in the
calculation of the parameters.
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1. PURPOSE

The original clinical study reports focused on the safety aspects of pramlintide treatment.
In order to standardize the pharmacokinetic assessments across studies, a uniform
analysis approach was applied in this Addendum. While there are some specific
differences between the analyses in this Addendum and those presented in the clinical
study report, the overall pharmacokinetic and pharmacodynamic profiles and
conclusions are generally similar.

The purpaose of this addendum is 1) to provide additional analysis of pramlintide
pharmacokinetics following each of the two treatments after deletion of concentration
values below the quantifiable limit (BQL values), 2) to provide additional pharmacokinetic
and statistical analyses for pramlintide and insulin using an ANCOVA model with the
predose baseline values as individual covariates, 3) to provide additional
pharmacodynamic and statistical analyses of glucose data following subtraction of
baseline (predose) glucose levels, and 4} to pravide mean and individual plots of
pramiintide, insulin, and glucose concentrations versus time data.

2. SYNOPSIS

PK MEASURES

AND METHODS: Pharmacokinetic and pharmacodynamic effects of mixing
pramlintide with insulin in the same syringe were assessed by
measuring the concentrations of pramiintide, insulin, and glucose
following co-administration of 30 ug pramlintide with Humulin®
70/30 as either single (Treatment B) or separate (Treatment A)SC
injections. Equivalent bicavailability was shown if the 90%
confidence intervals (C!) of the ratio of product means for
Cmax, AUC(0-t), and AUC(0-inf) for pramiintide, and for
Cmax, AUC(0-300), and AUC(0-600) for insulin were
within the range of 80 to 125%. Pharmacodynamic effects on
glucose were also assessed based by the comparison of Cmax,
Tmax, Cmin, Tmin, and AUC(0-300) calculated from baseline-
corrected glucose concentrations. {For definitions of abbreviations
and symbols, see Section 3)

RESULTS: Data from all 27 subjects enrolled in the study were included in the
pharmacokinetic and statistical analyses.
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The arithmetic means of plasma pramiintide pharmacokinetic
parameters and their statistical comparisons are summarized in
the following table.

Summary of the pharmacokinetic Parameters of Plasma pramlintide for Treatments B and A

-------- Plasma Pramlintide --------
Treatment 8 Tréatment A

Pharmacokinetic arithmetic Arithmetic % Mean

Parameters Mean SD Mean 5D 90% cI* Ratio®
Cmax(pmo1/L) 28.31 18.49 45 .64 23.7% 48 .8- 75.6 62.2
Cmax BMprmcl/L) 1,21 0.89 1.92 1.17 48.7- 77.2 63.0

Tmaxém n .4 18.0 231.5 14.6 .- . .
AUC §53”°""’ 2804 2241 3111 2288 74.7-106.6 90.7
AUC MI(pmo *mln L) 120.5 108.2 133.% 112.6 73.6-108.1 30.8
-in pmal 4741 2283 4536 2485 73.6-107.2 0.4
Auc 0 1nf BMI(pmoiﬂm1n/L) Zog.l 118.4 193.0 127 .4 70.8-108.3 89.6
Tl n) 3.1 343 %9.6 35.4 25.6-145.4 122.90
el /m1n) 0.0109 0.00345 0.0144 0.00613 .0- 96.2 79.6

c 0.758 8.1&3 0.769 0. .- . .
3 3.221 L5790 3.694 0.5153 51.0- 71.6 60.4
ln Auc t); 7.635 1-050 7.806 d.7051 62 0-105.8 81.90
Inlauc{0-in¥)] B.378 0.4113 8.280 0.5491 78.0-106.0 90.9

Treatment B = 1 x 30 ug in Q.1 mL Pramlintide and Bumulin 7
Treatment 4 = 1 x 30 ug in 0.1 mL_Pramlintide and Humylin 70
* = gased on LS Means rom Tahle 8.

0 Insulin as Single 5C Injection
G Insulin as Separate SC Injections

The arithmetic means of serum insuiin pharmacokinetic
parameters and their statistical comparisons are summarized in
the following table.

Summary of the Pharmacokinetic Parameters of Serum Inselin for Treatments B and A

---------- Sarum IASulin —eeoo---ao
Treatment B Treatment A
Pharmacokinetic Arithmetic Arithmetic % wMaan
Farameters Mean S0 Mean S0 90% CI* ratio®
cmax (ul/me) 93.96 6832 100,73 76.10 85.6-105.1 as5.
cmin(min 21.59 23.04 22,71 17.36 53.5-130.3 91.9
Tmax(min 198 53.1 139 64.8 I . .
Tmin{min 178 250 29.] 114 .- . .
AUCE -30 }EuU*m!n/mL 21021 16485 22??0 13439 83.1-105.2 99.1
AUC{0-600) (uu*min/mL 37085 29413 393/3 29244 86.8-105.9 86.4
In{Cmax 4. 350 §.5954  4.444 0.%3% $1.9-105.% 93.1
In{<nin 2.723 0.8223 2.909 0.6431 58.2-114.3 B81.5
In AUCE —3003] 9.75%4 0.5993 9.873 0.5364 80.7-102.7 91.0
Inlauc(0-4600 10.131 0.6176 10.40 0.5700 84.4-103.2 93.3
Treatment B = 1 x 30 ug in 0.1 m. Pramlintide and Humulin 70/30 Insulin as Single SC Injection
1 n 70/30 Insulin as Separate $¢ Injections

Treatment A= x ug in 0.1 mL Eram11nt1de and Humuli
r .

= Based on LS Means om Table
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The arithmetic means of baseline corrected plasma glucose
pharmacodynamic parameters and their statistical comparisons

are summarized in the following table.

Summary of the Pharmacodynamic parameters of Baseline Corrected Plasma Glucose for Treatments 8 and A

Plasma Glucose
Treatment B Treatment A

Pharmacokinetic Arithmetic Arithmetic % Mean

Parameters Mean S0 Mean sD 90% CI* Ratio<
cmax{mg/dL) 8¢ 75 69 71 86.0-144.9  115.%

Cmin{min -56 67 -74 78 110.8- 40.4 75.6

Tmax{min 220 178 183 177 - . .

Tmin(min . 189 121 141 112 .- R .

AUCE -30 fmg=m1n/dL 4057 .2 17757 -2422.3) 22284 86.3- -458 -185.9

AUC(D-600) (mgZ*min/dL BIB4a.1 41932 -4927.6 46340 84.3- -439 -177.4

Jreatment 8 = 1 x 30 wg in Q.1 mL Pramlintide and Humulin 70/30 Insulin as Single SC Injection
Treatment a = 1 x 30 u% in 0.1 mL Pramliwntide and Wumulin 70/30 Insulin as Separate 5C Injections
¢ = Based on LS Means from Tabte 29.

CONCLUSIONS:

Mixing pramlintide with Humulin® 70/30 insulin in a single
syringe resulted in an interaction between the two drugs
which significantly affected the pharmacokinetics of
pramiintide, particularly its rate of absorption. Following
separate injections, pramiintide concentrations increased
more rapidly and to a 40% greater Cmax and then
declined with a 22% shorter half-life compared to mixed
single injection.

Mixing pramlintide with Humulin® 70/30 insulin in a single
syringe had marginal effects on insulin bicavailabiiity since
despite the longer median Tmax for Treatment B, the 90%
Ct for insulin Cmax, AUC(0-300), and AUC(0-600)

for the comparison of Treatments B to A were within

the acceptable 80% to 125% range. Based on the mean
figures, serum-free insulin concentrations appeared to
increase more quickly, then declined at a similar rate
following separate injections of pramlintide and insufin
compared with combined pramiintide and insulin.

The combined effects on the pharmacokinetics of
pramlintide and insulin following mixed administration
resulted in baseline corrected plasma glucose
concentration-time profiles that were consistently less for
separate injections of pramiintide and insulin compared to
mixed pramlintide and insulin.
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Statistical comparison of baseline corrected plasma
glucose pharmacodynamic parameters showed that
Treatment B had on average 15% greater Cmax and 24%
greater Cmin compared to Treatment A, with no significant
differences in Tmax or Tmin. However, the differences in
the mean baseline corrected glucose AUC(0-300) values
were dramatic, with a mean ratio of -186% for the
comparison of Treatment B to A.

While a pharmacokinetic interaction between pramlintide
and Humulin 70/30 insulin significantly affects the
pharmacokinetic parameters of pramlintide, suggesting
that these two drugs shouid not be mixed in the same
syringe prior to administration, there is no indication that
mixing resuilts in any undue risk to patients with regard to
the insulin dose administered. The pharmacodynamic
effects indicate potentially better glucose control with
separate injections, however, contribution of the basal
glucose values may make these differencas not clinicaily
significant.

3. PHARMACODYNAMIC AND STATISTICAL MEASURES AND METHODS

Although the limit of quantification (LOQ) for pramlintide for the IEMA assay is

-— pmol/L, due to dilution factors the actual limit of quantification for this study, referred
to as BQL, was — pmol/L. Any value below that limit has been reset to zero in the
concentration tables and for the purpose of pharmacokinetic analysis.

The following pharmacokinetic parameters were calculated from the pramiintide
concentrations:

Cmax

Tmax

AUC(0-)

AUC(0-inf)

Maximum observed concentration within the sampling
interval obtained without interpolation.

Time of the maximum observed concentration.

Area under the drug concentration-time curve from time
zero to time t, AUC(0-t), where tis the time of the last
measurable concentration (Ct).

Area under the drug concentration-time curve from time
zero to infinity, AUC(0-inf) = AUC(0-t) + Ct/Kel, where Kel
is the terminal elimination rate constant.
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1. PURPOSE

The original clinical study reports focused on the safety aspects of pramiintide treatment.
In order to standardize the pharmacokinetic assessments across studies, a uniform
analysis approach was applied in this addendum. While there are some specific
differences between the analyses in this addendum and those in the clinical study report,
the overall pharmacokinetic and pharmacodynamic findings and conclusions are
generally similar.

The purpose of this addendum is 1) to provide additional analysis of pramiintide
pharmacokinetics following each treatment after deletion of concentration values below
the quantifiable limit (BQL values), 2) to provide additiona! pharmacokinetic and
statistical analyses for pramiintide and insulin using an ANCOVA model with the predose
baseline values as individual covariates, 3) to provide additional pharmacodynamic and
statistical analyses of glucose data following subtraction of baseline {predose) glucose
levels, and 4) to provide mean and individual plots of pramiintide, insulin, and glucose
concentrations versus time data.

2. SYNOPSIS
The treatments were as follows:
Treatment A: 1 x 0.1 mL Placebo Plus NPH Plus Regular Insulin in One Syringe.

Treatment B: 1 x 30 ug/0.1 mL Pramiintide Plus NPH [n One Syringe
and Regular Insulin in a Separate Syringe.

Treatment C: 1 x 30 ug/0.1 mL Pramiintide Plus Regular Insulin in One Syringe
and NPH in a Separate Syringe.

Treatment D: 1 x 30 ng/0.1 mL Pramlintide, Regular Insulin and NPH Each as
Separate Injections.

Treatment E: 1 x 30 ug/0.1 mL Pramlintide, NPH Plus Regular Insulin All Mixed
in One Syringe.

Comparisons of interest are summarized, by analyte, in the following table:

_Pramiintide | Insulin Glucose
f__BD T AD T EA
[ __Co @b Fp
C B e T BID.

“ED 1 cio :

i ANET
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PK MEASURES

AND METHODS: Pharmacokinetic and pharmacodynamic effects of co-
administering pramlintide with insulin mixed together in the same
syringe in various combinations, as specified, and as separate
subcutaneous injections were assessed by measuring the
concentrations of pramiintide, insulin and glucose following each
of the five treatments. Equivalent bioavailability of compared
treatment pairs was shown for pramlintide and insulin if the 90%
confidence intervals (Cl) of the ratio of product means for
Cmax, AUC(0-t), and AUC(0-inf) for pramilintide, and for
Cmax, AUC(0-300), and AUC(0-600) for insulin were
within the range of 80 to 125%. Pharmacodynamic effects on
glucose were also assessed based by the comparison of Cmax,
Tmax, Cmin, Trmin, and AUC(0-300) calculated from baseline-
corrected glucose concentrations. (For definitions of abbreviations
and symbols, see Section 3)

RESULTS: Thirty-five subjects were randomized and the data from the 34
who completed at least one period were included in the analyses
of glucose and insulin data. Subject 2021, whose data was not
reportable due to assay interference, was excluded from the
pharmacokinetic analysis of pramlintide, for a total of 33 subjects.
Additionally, subject 1013, who compieted only the placebo arm,
was excluded from the statistical analyses for pramiintide for a
total of 32 subjects.

The arithmetic means of plasma pramiintide pharmacokinetic
parameters and their statistical comparisons for Treatments B, C
and E versus Treatment D are summarized in the following

3 tables.

summary of the pharmacokinetic Parameters of Plasma Pramlintide for Treatments 8 and D

w-e----- Plasma Pramlintide --------

JTreatment B Treatment D
Pharmacokinetic Artthmetic Arithmetic % Mean
Parameters Mean S0 Mean sb 0% C1* Ratio*
Cmax (pmol/L) 37.87 16.45 42.20 20.11 80.3- 97.3 8E.8%
Cmax /BMI (pmol /1) 1.65% 0.87 1.86 1.04 79.0- 96.1 87.6
Tmax(min) 27.9 11.2 17.3 5.21 .- . .
AUC(0-t) (pmal*hr/L} 2730 1641 2309 1569 97.2-1306.0 113.8
AUC(D-t)/8MY {pmol*min/L) 119.4 82.22 103.5 78.72 91.8-127.7 109.8
AUC(O-1nf) (pmol*min/L) 1778 1749 3088 16%4 97.4-126.6 112.0
AUE(0~inf)/BMI(pmol*min/L)  166.0 90.24 137.1 87.45 93.1-123.9 108.5
T1/2(min) 49.7 18.3 37.5 14.6 105.8-131.1 118.4
kel(1/min) 0.0153 0.00425 0.0211 0.00771 67.1- 87.4 77.2
AUCR 0.7717 0.0874 0.794 0.103 .- . .
Tn{Cmax) 3.53% 0.4565 3.625 0.5150 82.0-102.8 91.8
Ta{auc(0-t)) 7.718 0.6305 7.502 0.7719 104.0-146.9 123.6
Tafauc(0-inf)] 8.141 0.4450 7.914 Q.4915 102.7-134.3 117.4

Treatment B = 1 x 30 ug in 0.1 nL Pramlintide Plus NPH in One Syringe and Regular Insulin in
a Separate Syringe

freatment 0 = 1 x 30 ug in 0.1 aL Pramlintide, Regular Insulin and NPH Each as Separate
Injections

¥ = Based on LS Means from Table 19.
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Summary of the pharmacokinetic Parameters of Plasma Pramlintide for Treatments C and D

-------- plasma Pramlintide ~---uo--
Treatment C Treatment D
pharmacokinetic Arithmetic Arithmetic % Mean
Parametaers Mean sD Mean SD 90% CI* Ratio®
Cmax(pmol/L) 37.13 16.30 42.20 20.11 76.8- 93.8 85.3
Cmax/BMI{pmol /L) 1.63 0.87 1.86 1.04 76.4- 93._4 84.9
Tmax{min) 22.6 11.6 17.3 5.23 .- . .
AUC(0-t) (pmal*hr/L) 2355 1742 2309 1569 79.1-111.9 95.5
AUC(0-t) /BMI{pmol*min/L) 105.5 88.19 103.5 78.72 77.1-113.1 95.1
AuC{0-inf) (pmoi*min/L) 3262 1902 1048 1694 83.1-112.2 47,7
AUC(0~inf) /BMI{pmol*min/L) 146.1 99.68 137.1 B87.4% 81.5-112.3 96.9
T1/2{min) 47.1 20.7 37.% 14.6 106.0-131.3 118.6
kel(1l/min) 0.0171 0.00625 0.0211 0.00771 70.2- 9.4 80.3
AUCR 0.768 0.0862 0.794 0.103 .- . .
In{Cmax) 3.508 0.4979 3,625 0.5150 77.2- 96.8 86.5
Tn{auc(0-t)] 7.49% 0.7902 7.502 0.7719 79.8-112.7 94.8
In[auc{0-inf}] 7.939 0.5607 7.914 0.4915 86.9-113.7 99.4

Treatment C = 1 x 30 vg in 0.1 mL Pramlintide Plus regular Insulin in One Syringe and NPH in
4 Separate Syringe

Treatment D = 1 x 30 ug in 0.1 mL Pramlintide, Reguiar Insulin and NPH Each as Separate
Injections

* = Based on L5 Means from Table 20.

Summary of the Pharmacokinetic Parameters of Plasma pramlintide for ¥reatments E and D

-------- Plasma Pramlintide --------

Infauc(B-1t)] .821 0.6979  7.502 0.771%  113.7-160.7  135.
Infauc(0-inf)] .298 0.3863  7.914 0.4915 119.0-155.7 136.

Treatment € = 1 x 30 ug in 0.1 mL pramlintide, NPH Plus Regular Insulin A1l Mixed in One Syringe
Treatment D = 1 x 30 ug in 0.1 mt pramlintide, Regular Insulin and NPH Each as Separate
Injections

* = Based on LS Means from Table 21.

Treatment E Treatment O

Pharmacokinetic Arithmetic Arithmetic % Mean
Parameters Mean sb Mean 50 90% c1* rRatia®
Cmax (pmol/L) 16.138 13,93 42.20 20.11 78.6-~ 95.6 87.1
Cmax/8MI (pmol /L) 1.57 0.77 1,86 1.04 78.4~ 95.4 86.9
Tmax(min) 32.6 11.7 17.3 5.23 .- . .
AUC(D-t) (pmoT*hr/L) 3048 1880 2309 1569 114.0-146.9  130.4
AUC(0-t) /eMI(pmol*min/L) 135.0 102.5 103.5 78.72 112 .6-148.5 130.5
AUC(O-inf) (pmol*min/L) 4320 1762 3088 1694 113.9-143.0 128.5
AUC{D-1ATH/BsM1{pmOl *minsL) 18%.9 103.3 137.1 B7 .43 111.8-142.6 127.2
Ti/2{min) 54.8 13.0 37.% 14.6 123.4-148.86 136.0
Kel{l/min} L0134 .00323  0.0211 0.60771 56.3- 76.6 66.4
ALCR 712 0.0916 0.79%4 0.103 .-

8

2

1

0

0 - .
In{cmax) 3.503 0.4469  3.625 G.5150 79.3- 99.5 83.

7

8
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The arithmetic means of serum insulin pharmacokinetic
parameters and their statistical comparisons for Treatments A, B,
C, and E versus Treatment D are summarized in the following 4
tables.

Summary of the pharmacokinetic Parameters of Serum Insulin for Treatments A and D

—————————— serum Insulin ---=-=-a--u

Treatment A Treatment O
Pharmacokinetic Arithmetic Arithmetic % Mean
Parameters Mean S0 “ean se 90% CcI* Ratio*
Cmax {ul/mL) 122.58 109.30 121.41 116.31 78.5-130.1 104.3
cmindmin) 30.33 35.01 38.93 51.88 58.1-101.3 79.7
Tmax{min} 193 59.6 144 83.6 i . .
Tmin{min) 171 258 337 273 . - . .
AUC(0-300) (uur=mi n/me ) 27031 24657 27640 26633 8§5.4-117.7 101.6
AUC(0-600) (u*min/mL) 46539 50045 46076 50957 $3.1-12¢0.9 107.0
In{Cmax) 4.612 0.5728 4.5%66 0.6158 90.0-125.5 1i06.3
Tn(Cmin) 3.099 0.7568 31.238 0.8053 62.7-100.9 79.5
Tn{Aauc(0D-300}] 10.011 0.55497  9.9955 0.61471 91.6-116.8 103.4
Tn{Auc(0-600)1] 10.523 0.57588 10.480 0.6221% 95.9-120.4 107.5

Treatment A = 1 x 0.1 mL Placebo Plus NPH Plus Regular Insulin in One Syringe

Treatment 0 = 1 x 30 ug in 0.1 mL Pramlintide, Regular Insulin and NPH Each as Separate
Injections

* = gased on LS Means from Table 48.

Summary of che Pharmacokinetic Parameters of Serum Insulin for Treatments B and 0

ST o 3gfuM LU - m e

Treatment B Treatment D
Pharmacokinetic Arithmetic Arithmetic % Mean
Parameters Mean sD Mean SD 90% CI* Ratio*
Cmax (uu/mL) 126.8% 99.84 121.41 116,31 79.2-134.2 106.7
Cmin{min) 35.16 13,19 38.98 51.88 68.3-114_4 91.3
Tmax(min) 158 60.5 144 83.6 .- . .
Tain{min) 388 264 3137 273 .o . R
AUC(0-300) (uu*min/mL) 29981 25130 27640 26633 94.3-128.7 111.5
AUC{0-600) (uu*min/mL) 48179 42667 46076 50957 93.9-123.6 108.8
Tn{Cmax) 4.675 0.5304 4.566 0.6158 93.8-133.6 111.9
Tn(Cmin) 3.243 0.7849  3.288 0.8053 70.1-116.5 90.3
Tn{AucC{0-300)] 10.127 0.54443 9.9955 0.61471 100.1-129.6 113.9
Tafauc(0-600) ] 10.588 (0.5573% 10.480 0.62219 99.9-127.3 112.8

Treatment 8 = 1 x 30 ug in 0.1 mL Pramlintide PYus NPH in One Syringe and Regular Insulin in
a Separate Syringe

Treatment 0 = 1 x 30 ug in Q.1 mi Pramiintide, Regular Insulin and NPH Each as Separate
Injections

* = @ased on LS Means from Table 49.
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Summary of the Pharmacokinetic Parameters of Serum Insulin for Treatments C and D

---------- Serum Insulin -+ --ocaoos
Treatment C Treataent D
pharmacokinetic arithmetic Arithmetic % Mean
Parameters Mean SD Mean S0 90% C1* Ratio*
cmax(uu/mL) 132.65 82.49 121.41 116.31 80.3-134.3 107.3
cmin(min) 36.94 34,42 38.98 51.88 72.3-117.5 94.9
Tmax{min) 144 74.0 144 831.6 . - . .
Tmin{min) 195 241 137 273 .- . .
AuC(0-300) (wurmin/mL) 26492 18073 27640 26633 78.1-111.9 95.0
AUC(0-60C) {uu=min/mL} 42646 11729 46076 50957 78.5-107.7 93.1
Tn{Cmax) 4,722 0.5802 4,566 0.6158 93.9-133.0 111 8
In(Cmin) 3.354 0. 6880 3.288 0.8053 78.1-128.7 100.3
Tnfauc{0-300)] 10.037 0.51749 9.9955 0.61471 88.7-114.3 100.7
Talavc(0-6001] 10.499 (.53277 10.480 0.862219 89.0-112.9 100.3

Treatment € = 1 x 30 ug in 0.1 mL Pramlintide Plus Regular Insulin in One Syringe and HPH in
a separate Syringe

Treatment 0 = 1 x 30 ug in 0.1 mL Pramlintide, Regular Insulin and NPH Each as separave
Injections

* = Based on LS means from Table SO.

summary of the Pharmacokinetic Parameters of Serum Insulin for Treatments E and D

mcroem---- Gerum Insulim ---e-mmao o

Treatment £ Tredtment D

Pharmacokinetic Arithmetic Arithmetic % Mean
Parametars Mean sD Mean sSD 90% CI* Ratig*
Cmax (uy,/mL )} 134.01 159.80 121.41 116.31 102.4-158.1 130.2
Cmin{min) 29.72 30.42 38.98 51.88 60.0-106.7 83.4
Tmax(min) 203 109 144 83.6 .-

Tmin{min) 218 271 337 73 .- . .
AUC{Q~3007 (uusmin/mL) 26840 31511 27640 26633 94.7-129.6 112.2
AUC(-600) (Cuu*min/meL) 44305 49715 46076 50957 95.1-125.2 110.2
in(cmax) 4.544 0.7718 4.566 0.6158 91.7-131.4 109.8
n{cmin) 3.115 0.6936  3.288 0.8053 68.0-113.8 88.0
1n[AUC(0-300)) 9.8930 0.71061 9.9955 0.51471 87.8-114.1 100.1
Tn{ApC{0-600)] 10.425 6.67030 10.480 0.62219 92.1-117.7 104.1

Treatment E = I x 30 ug in 0.1 mL Pramlintide. NPH Plus Regular Insulin A1l Mixed in one Syringe
Treatment 0 = L x 30 ug in 0.1 mL Pramlintide, Reguiar Insulin and NPH Each as Separate Injections
* = Based on LS Means from Table $1,
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The arithmetic means of serum insulin pharmacokiretic
parameters and their statistical comparisons for Treatment A
versus Treatment € is summarized in the following table

summary of the Pharmacokinetic Parameters of Sarum Insulin for Treatments A and E

Pharmacokinetic
Parameters

---------- Serum Insulin --------=ax

Treatment A

Treatment €

Cmax (u/mL}
cmin{min)

Tmaxn(min)

Tmin{min)

AYC(0-300) (uu*min/meL)
AUC(0-600) (uu=min/mL)
1n{Cmax)

In(Cmind
In[Auc{0-300}]
Tn{AuC(0-600)1

Arithmetic

Mean 5D
122.58 109. 34
30,33 35.901

193 59.6

191 258
27011 24657
46539 50045
4,612 0.5728
3.099 0.7568
10.011 0.55497
10.523 0.57588

Arithmetic % mean
mean 50 0% 1= Ratio*
134.01 159.80 60.1-100.0 80.1
29.72 30.42 69.5-121.7 9%.6
203 109 .- . .
218 271 .- . .
26840 31511 76.1-10%5.0 90.5
441305 49715 84.4-109.9 97.1
4.544 Q.7718 81.9-114.5 26.8
3.115 0.6936 71.1-114.9 90.4
9.8930 0.71061 91.5-116.8 103.3
10.425 0,67030 92.0-115.7 103.2

Treatment A = 1 x 0.1 mt Placebo Plus wPH Plus Regular Insulin in One Syringe

Treatment £
syringe

* = Based on LS mMeans from Table 52.

1 x 30 ug in 0.1 m_ pPramlintide, MPH Plus regular Insulin All Mixed in Ghe

The arithmetic means of baseline corrected plasma glucose

pharmacodynamic parameters and their statistical comparisons
for Treatments E versus A and Treatments E, B and C versus O
are summarized in the following 4 tables.

summary of the Pharmacodynamic Parameters of Baseline Corrected Plasma Glucose for Treatments € and A

---------- Plasma Glucose ------uv---

Treatment E

Pharmzcokinetic Arithmetic
Parameters Mean sD
Cmax{mg/mL) 80 74
cmin{min) -106 95
Tmax{min) 138 148
Tmin(min) 266 217
AUC(0-300) {mg*min/mL) -2072.1 25584
AUC(0-600) (mg*min/mL) ~-5071.4 50659

Treatment £ = 1 x 30 ug in 0.1 mL Pramlintid

One %yringe

Treatment A

Arithmetic % Mean
mean 5D 90% CI* Ratio*
128 74 49.0- Bl.6 6.3
-125 112 110.4- 63.7 87.1
204 190 .- . .
32: 209 .- . .

7567.2 23071 -65.9- 67.4 0.7
-74.547 47528 -405-291.9  -56.7

€, NPH Plus Regular Insulin A1 Mixed in

Treatment A = 1 x 0.1 m. PTacebo Plus NPH Plus Regular Insulin in one Syringe

* = Based on LS Means from Table 79.
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summary of the pharmacodynamic Parameters of gaseline Corrected Plasma Glucose for Treatments E and D

---------- Plasma Glucose ——--------
Treatment £ Treatment 0

Pharmacokinetic Arithmetic Arithmerig % Mean
Parameters maart S0 Main 50 90% CI®  Ratio*
Cmax(mg/mL} 80 74 109 100 56.0- 93.5 74.7
Cmin(min) -106 99 -103 109 136.4- 78.3 107.4
Tmax{min) 148 148 264 219 .- R .
Tmin(min) 266 217 233 175 .- . .
AuC{0-300) (mg=min/mL) -2072.1 25584 -2403.0 30603 -804-821.5 6.8
AUC{0-690) (mg*min/mL) ~5071.4 50659 2777.5 65026 -212-152.8 -29.4

Freatment € = 1 x 30 ug in 0.1 mL Pramiintide, NPH Plus Regular Insulin All Mixed in
one Syringe

Treatment 0 = 1 x 30 ug in 0.1 mL Pramlintide, Regular Insulin and NPH Each as
Separate Injections

* = Based on LS Means from Table BO.

Summary

of the Pharmacodynamic Parameters of Baseline Corrected Plasma Glucose for Treatments B and D

Plasma Glucose

Treatment B

Treatment 0

Pharmacokinetic Arithmetic Arithmetic % Mean
Parametears mean sD Hean sD 0% CI* Ratio*
cmax(mg/mL) &7 63 109 100 45.9- 83.7 64 .8
cmin(min) -124 94 -103 109 149 .9- 31.4 120.6
Tmax{min) 275 221 264 219 .- . .
Tmin{min) 265 203 233 175 .- . .
AUC(0-300) (mg*min/mL) -8411.6 20525 -2403.0 30601 -1409-226.6 -5%91.4
AUC(0-600) (mg*min/mL) -13778 45693 2777.5 65026 -310- 56.5 -126.8

Treatment & = 1 x 30 vg in 0.1 m. Pramlintide Plus NPH in One Syringe and regular
Insulin in a $eparate Syringe

Treatment 0 = 1 x 30 ug in C.1 mL pramlintide, Regular Insulin and NPH Each as
Separate Injections

“* = Based oh LS Means from Table B1.

Summary of the pharmacodynamic parameters of Baseline Corrected Plasma Glucose for Treatments C and O

---------- Plasma Glucose -----—-----
Treatment Treatment D

Pharmacckinetic Arithmetic Arithmetic % Mean
Parameters Mean SD Mean sD 90% Cc1I* Ratio*
Cmax{mg/mL) 38 75 109 100 631.0-100.7 81.9
cmin{min) -119 97 -103% 109 146.3- 83.1 117.2
Tmax{amin) 252 222 264 19 -

Tmin{min) 264 179 233 175 .- . .
AUC(0-300) (mg*min/mL) -4798.8 25264 -24031.0 30603 -969-659.7 -154.7
AUC(0-600) (mg*minsmL) -3016.7 53740 2777.5 65026 -162-203.0 20.5

Treatment C = 1 x 30 ug in 0.1 mL Pramlintide Plus Re

NPH in a Separate Syringe

gular Insulin in One Syringe and

Treztment D = 1 x 30 ug in 0.1 mL Pramlintide, Regular Insulin and NPH Each as

Separate Injections
* = Based on LS Means from Table 82.
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CONCLUSIONS:

Mixing pramlintide with NPH and/or regular insulin in a
single syringe substantially affected the pharmacokinetics
of pramlintide, as none of the mixed Treatments B, C, or E
could be considered bioequivalent to unmixed Trealment
D. Mixing pramlintide with regufar insulin decreased Cmax
by approximately 12%, while mixing pramlintide with NPH
nearty doubled the median Tmax and increased the extent
of pramlintide absorption. Mixing of all three compounds
combined these effects.

Comparison of the placebo mixed with the two insulin

types in the same syringe (Treatment A} with Treatment D
(pramiintide, regular insulin, and NPH in separate
syringes), and with Treatment E (pramlintide, regular
insulin, and NPH mixed in the same syringe) indicates
relatively equivalent rate and extent of insulin absorption in
the presence of pramilintide compared to the placebo,
regardless of whether the pramlintide is given in a separate
syringe or mixed.

Mixing pramlintide with NPH and/or regular insulin in a
single syringe had variable effects on insulin
pharmacokinetics. Neither Treatments B, C, nor E could be
considered bicequivalent to Treatment D. The rate and/or
extent of insulin absorption was variable with the
magnitude and direction of change depending on whether
NPH or regular insulin were mixed with pramilintide.

Comparison of mean baseline corrected concentration time
profiles for glucose indicates that addition of pramlintide to
insulin, even if the two insulin types and pramiintide were
mixed in the same syringe (Treatment E), essentially
abolished the effect of food by maintaining glucose
cancentrations at or below baseline levels through at least
the first 300 min after the meal compared to when the two
insulins were given alone (Treatment A). Based on the
mean figures, administering pramlintide in a separate
syringe from the two insulin types (Treatment D) further
decreased the baseline corrected glucose concentrations,
at least within the first 180 min after meal, compared to
when pramlintide, NPH and regular insulin were given in a
single injection (Treatment E).
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. Comparisons of baseline corrected data from Treatments
B and C versus Treatment D showed that mixing
pramiintide with one of the insulins also reduced the mean
glucose Cmax and AUC({0-300) compared to when
pramiintide and both insulins were given as three separate
injections. The effect of mixing NPH with pramlintide
(Treatment B) was more exaggerated compared to when
regular insulin was mixed with pramliintide (Treatment C).

. Because of the variable and inconsistent effect of mixing
on pramlintide and insulin concentrations, it is
recommended that NPH and/or regular insulin should not
be mixed with pramlintide, however, there is no indication
that mixing results in any undue risk to patients with regard
to giucose control.

3. PHARMACODYNAMIC AND STATISTICAL MEASURES AND METHODS

Although the lower limit of quantitation (LLLOQ) for pramiintide for the IEMA assay is

— pmal/L, due 1o the lot of standards used, the actual limit of quantitation for this study,
referred to as BQL, was — pmol/L. Any value below that limit has been reset to zero in
the concentration tables and for the purpose of pharmacokinetic analysis.

The following pharmacokinetic parameters were calculated from the pramiintide
concentrations:

« Cmax Maximum observed concentration within the sampling
interval obtained without interpolation.

s  Trnax Time of the maximum observed concentration.

«  AUC(0-t) Area under the drug concentration-time curve from time
zero to time t, AUC(0-1), where t is the time of the last
measurable concentration (Ct}.

s AUC(0-inf) Area under the drug concentration-time curve from time
zero to infinity, AUC(0-inf} = AUC(0-t) + Ct/Kel, where Kel
is the terminat elimination rate constant.

» AUCR The ratio of AUC(0-t) to AUC{0-inf).

e T1/2 Effective elimination haif-ife, calculated as in(2)/Kel.

e Kel Apparent first-order elimination or terminal rate constant

calculated from a semi-log plot of the plasma concentration
versus time curve. The parameter was calculated by linear
least-squares regression analysis using the last three (or
more) non-zero plasma concentrations.
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SYNOPSIS

. NAME OF FINISHED Volume:

NAME OF INDIVIDUAL STUDY N Al RI
SPONSOR/COMPANY: TABLE REFE, PART { USE ONLY)
Amylin Pharmaceuticals, Inc. THE D R

PRODUCT:

premlintide injection Page:

NAME OF ACTIVE
GREDIENT(S):

pramlintide acetate

Protocol No.: 137-145

Title of Study: An Open-Label, Randomized, Two-Period Crossover Study in Healthy Volunteers to Test the
Bioequivalence of Pramlintide Supplied by Two Different Manufacturers

Investigators and Studv Centers: [

Publicatior (Reference): None

Studied Period (Years): November 2000 Phase of Development: |

Objective: To establish the biocquivalence of single subcutancous (SC) injections of a formulated pramlintide
product, with the active ingredient supplied by two different manufacturers,

Methodology: This was a single-center, open-label, randomized, two-sequence crossover study consisting of
two treatment periods (Period | and Period 2), with a 24-hour interval between each period. Subjects received
the following single dose treatments (A and B) of pramlintide on alternating days as scheduled according to a
balanced, randomization scheme.

A. 60 ugina 1.0 mg/mL formulation in cartridge form with active ingredient manufactured by {

3
B. 60pgina 1.0 mg/mL formulation in cartridge form with active ingredient manufactured by . [_ |

Number of Subjects: Thirty subjects were enrolled in this study. Evaluable subjects were defined as subjects
who satisfied all study eatry criteria, completed both treatment periods, and had adequate plasma pramiintide
concentration data to allow reliable calculation of pharmacokinetic parameters.

] Key Demographics: Of the 30 randomized subjects, 16 (53.3%) were female and 14 (46.7%) were male. The

majority of subjects were Hispanic (90.0%), and the mean age of the subject population was 38.4 years. Age,
height, weight, and body mass index (BMI) appeared to be similar between treatment sequences.

Subject Disposition: All 30 subjects completed all study procedures and study visits (screening, baseline
[Day 0], Period 1 [Day 1], Period 2 [Day 2], and study exit [Day 2]).

Diagnosis and Main Criteria for Inclusion: Normal, healthy males or females, aged between 18 and
65 years, who met alt other protocol defined inclusion and exclusion criteria.

Test Form, Dose and Mode of Administration, Batch No.: T 1 pramlintide, 1.0 mg/mL,
.06 mL per subject, pen administration of SC injection, Lot number: (AC137-F28) 99-0603KB.

Daration of Treatment: Two single-dose periods with at least a 24-hour interval between doses.

Reference Form, Dose and Mode of Administration, Batch No: [ 3 pramlintide, 1.0 mg/mL, 0.06 mL
per subject, pen administration of SC injection, Lot number: (ACi37-F28) 99-0602KB.
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NAME OF VIDU UDY {FOR NATIONAL AUTHORITY
SPONSOR/COMPANY; T RE T |USEONLY)
Amylin Pharmaceuticals, Inc. F THE IER
E INISHED Volume:
PRODUCT:
pramlintide injection Page:
NAME O TIV
INGREDIENT(S):
pramlintide acetate

Criteria for Evaluation:

data.

Eharmacokipetics: The primary pharmacokinetic measures for demonstrating bicequivalence were area
under the plasma concentration-time curve from time zero to last time point (AUC  (0-300 miny) 2nd peak
concentration {C ). Other pharmacokinetic measures included time to peak concentration (T ..;), terminal
half-life (1)), and area under the plasma-concentration-time curve from time zero to infinity (AUC ..

Safety: Safety and tolerability were assessed throughout the study period by monitoring adverse events,
clinicat laboratory measures, vital signs, physical examinations, and collecting anti-prarnlintide antibody

Statistical Methods:

active ingredient supplied by . [_

statistics.

confidence intervals fell within 80% to 125%.

Pharmagokinetics: Bioequivalence between the two treatments - [
on an ANOVA of natural log transformed AUC (0300 aia) And Crrae parameters, Ninety percent confidence
intervals were calculated for the ratios of the least squares (LS) geometric means between the pramlintide

J ) was based

1 Bioequivalence was concluded if the 90%

Safety: Adverse eveats, clinical laboratory measures, and vital signs were presented using descriptive

SUMMARY - CONCLUSIONS:

PHARMACOKINETIC RESULTS: Pramlintide from two manufacturers .
\ was shown to be bioequivalent when administered SC using a pen-cartridge delivery system: the 90%

confidence intervals for the ratios of the LS geometric means for C p,, AUC 0300 miny» 8nd AUC .., 21l fell
within 80% to 125%. In addition, the mean T . and t,,; remained relatively unchanged.

Notc: Treatment A: 60 pg, 1.0 mg/ml formulation in cartridge form from . &
Treatment B: 60 pg, 1.0 mg/mL formulation in canridge form from . { JI(LotNo: 99-0602KB),

Plasma Pramlintide Pharmacaldnetic Par ters: Statistieal Analysls From An ANOVA Model
Treatment A Trcatment B 50% C.1 of the
(mean)* (mean)* Ratio (A/B) or Ratio or 95% C.L Treatment
Parameter (Unit) N=29 N=29 Difference of (A-B)' § _of the Difference! p-value
Coux (pmol/L) 50.4 (2.99) 51.8(3.08) 0.97 (0.894, L.059) 0.5817
AUC0.300 oy (prcl-min/L) | 2463.1 (247.41) | 2554.4 (256.58) 0.96 (0.856, 1.086) 0.6067
AUC (pmol-min/L) 3631.6 (316.99) | 3609.0 (312.26) L0l (0.896, 1.131) 0.9279
Touax (i) 17.8 (1.91) 162 (1.91) 1.63 (-2.981, 6.238) 0.4747
ty (min} 558 (6.45) 56.9{6.37) v 3 (14475, 12.250) 0.8657

(Lot No: 99-0603KB).

*LS geometric means {anti-log of the LS means of logs) for natural log-transformed parameters, arithmetic means for Ty, and ty;.
*Ratio (A/B) and 9% C.1. for Cous, AUC .30 ey, and AUC gy, difference (A-B) and 95% C.1. for T 20d 1y
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NAME OF INDIVIDUAL STUDY (FOR NATIONAL
SPONSOR/COMPANY: TABLE REFERRING TO PART | A TY L
Amylin Pharmaceuticals, Inc. QF THE DOSSIER

NAME QF FINISHED Volume:

PRODUCT:

pramlintide injection Page:

NAME OF ACTIV

INGREDIENT(S):

pramlintide acetate

SAFETY RESULTS:

{Day 2).

Adverse Events: No treatment-emergent adverse events were reported during this study.

Clinical Laboratory Values: No clinically meaningful changes were reported for hematology or blood
chemistry values. Five subjects (107, 112, 121, 123, and 128) had clinically noteworthy elevations in
utine glucose concentrations at study exit (Day 2) that were not present at baseline (Day Q). Three of
these subjects returned afier study end for unscheduled glucose tolerance tests (GTT) to further evaluate
these observations. Although these subjects met the inclusion criteria of heaithy subjects at screening,
these subjects evidenced high postprandial glucose concentrations during the oral GTTs indicating
abnormai ghucose tolerance. After careful review of all available laboratory data, the Investigator
concluded that there was no relationship between the incidence of glucosuria and study medication.

Yital Signs and Physical Examinations; No clinically meaningful or unexpected changes were reported in
vital signs or physical examinations.

Anti-Pramliptide Antibodies: All subjects had a negative anti-pramlintide antibody response at study exit

CONCLUSIONS:

Prarulintide from two manufacturers
when administered SC using a pen-cartridge delivery system.

Framlntide trom two manufacturers [
administered SC using a pen-cartridge delivery system.

Date of the report: 07 March 2001

C 1 was shown to be bioequivalent

1 was well-tolerated when
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TITLE:

SPONSOR:

STUDY SITE:

PRINCIPAL

INVESTIGATOR:

OBJECTIVES:

STUDY DESIGN:

REPORT SYNOPSIS

An Open-Label Assessment of the Single Dose and Multiple Dose
Pharmacokinetic Profiles of Pramlintide in Subjects With Type 1
Diabetes Mellitus

Amylin Pharmaceuticals, Inc.
9373 Towne Centre Drive
San Diego, CA 92121

C

L d

The primary objective of this study was to assess the single dose
and multiple dose pharmacokinetic profiles of subcutaneously (SC)
administered pramlintide in subjects with type 1 diabetes mellitus.

The secondary objective was to assess the single dose and multiple
dose pharmacodynamic profiles of glucose in subjects with type
1 diabetes mellitus treated with pramlintide.

This study had a randomized, open-label, three-treatment,

three-way crossover design with two dosing frequency groups: TID
and QID.

i
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A-F: Pramlintide 1.0 mg/mL
(1.5 mL muitiple dose cartridges)
Manufactured by ' L a
Lot No.: 97-0403KB
Expiration date: 10/17/2000

Subjects in Group 1 were assigned to the TID pramlintide
treatments A-C in a randomized fashion, as follows:

Group 1:  Treatment A: 30 pg, SC, TID, given Jjust prior to
breakfast, lunch, and dinner for 4 days followed by a
single dose prior to breakfast on the Sth day
(13 consecutive doses).

Treatment B: 60 yg, SC, TID, given just priot to
breakfast, lunch, and dinner for 4 days followed by a
single dose prior to breakfast on the 5" day

(13 consecutive doses).

Treatment C: 90 ug, SC, TID, given just prior to
breakfast, lunch, and dinner for 4 days followed by a
single dose prior to breakfast on the 5" day

(13 consecutive doses).

Subjects in Group 2 were assigned to the QID pramlintide
treatments D-F in a randomized fashion, as follows:

Group 2: Treatment D: 30 pg, SC, QID, given just prior to
breakfast, lunch, dinner, and evening snack for 4 days
followed by a single dose prior to breakfast on the 5th
day (17 consecutive doses).

Treatment E: 60 ug, SC, QID, given just prior to
breakfast, lunch, dinner, and evening snack for 4 days
followed by a single dose prior to breakfast on the 5th
day (17 consecutive doses).

Treatment F: 90 pg, SC, QID, given just prior to
breakfast, lunch, dinner, and evening snack for 4 days

il
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followed by a single dose prior to breakfast on the Sth
day (17 consecutive doses).

Pramlintide doses were administered with T

J+ Insulin Pen and the cartridge device intended for marketing,
Pharmacokinetic (pramlintide) and pharmacodynamic (glucose)
assessments were made following administration of the first and
last doses of each of the six subcutaneous pramlintide dosing
regimens by measuring serial plasma concentrations from which
the parameters Crox, Tenax, AUC(04), AUC(o.im), AUCR, ts, and Kel
were calculated for pramlintide, and parameters Crax, Tmax, Comins
Tonin, and AUC(p.300) were calculated for baseline corrected glucose.
At each dose level, subjective comparisons were performed
between Day 1 and Day 5 parameters for the same dose level.
Subjective dose proportionality assessment was performed for
pramlintide Cpax and AUCq. for parameters of subjects within
each group.

For the TID group, 11 subjects completed Treatments A, B, and C,
Day 1; 11 subjects completed Treatment B, Day 5; and 10 subjects
completed Treatments A and C, Day 5. For the QID group, 11
subjects completed Treatment D (Days 1 and 5); 10 subjects
completed Treatment E (Days 1 and 5); and 12 subjects completed
Day 1 and 11 subjects completed Day 5 of Treatment F. Data from
all subjects who completed at least one dosing period were
included in the pharmacokinetic and pharmacodynamic analyses.

Arithmetic means of the plasma pramlintide pharmacokinetic

parameters for all 6 treatments are summarized in the following
four tables.

iv
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Ssummary of the Pharmacokinetic parameters of plasma pramlintide, Pay 1

----------------- Plasma Pramtintide w--woconccemo
Treatment A Treatment B Treatment C
N=11 N=11 N=11
pPharmacokinetic Arithﬁ:tic Arithmetic Arithmetic
Parameters Mean S Mean 50 Mean sD
cnaxgﬁmo1/L) 41.9 22.9 645 23.7 99.4 1.4
Tmax 0.273 0.0753 0.365 0.237 4.321 0.115
Aucgo t)g l'hrg 32.86 28.40 74.14 34.26 118.5 65,37
AUC(D 1n gm:ma1‘ r/L) 81.37 22.17 102.6 37.24 144.2 65.74
T1/ 1.12 101 0.970 0.337 0.774 0.281
xe1(1/hr) C.887 0.374 0.796 0.278 1.03 0.423
AUCR 0.738 D.155 0.784 0.065%0 0.879 0.0308

Treatment A = 1 x 30 pg Pramlintide TIp
Treatrent & = 1 x 60 pg Pramlintide TID
Treatment € = 1 x 90 pg Pramlintide TID

summary of the Pharmacokinetic Parameters of Plasma Pramlintide. Day §

----------------- Plasma Pramlintide -—--secc—cemaaa o
Treatment A Treatment 8 Treatment C
N=10 N=11 N=10

pharmacokinetic Arithmetic Atithmetic Arithmetic
Parameters Maan a0 mcan - 1¥] Maan
Cmax(gmollL) 37.6 22,8 74.4 20.0 92.7 26.7
Tmax( 0.328 0.120 0.334 0.113 0.288 0.0827
AUC(D- t)( mol*hr/L) 26,45 21.93 79.68 48.98 104 .8 63.53
AUC(0- 1nf§(pmo1*hr/L) 64.96 9.629 117.2 44.39 136.3 66.70
T1/2¢hr 0.726 0.239 0.789 0.326 0.722 0.230
Ke1(1/hr) 1.062 0.282 1.00 G.384 1.03 0.281
AUCR 0. 300 0.0873 0.835 0.0707 0.867 0.0455

Treatment A = 1 x 30 pg framlintide TID
Treatment B = 1 x 60 pg Pramlintide 110
Treatment C = 1 x 90 pg PramTintide TID
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summary of the pharmarokinetic Parameters of Plasma Pramlintide, pay 1

----------------- Plasma pramlintide —-=~------cmrauan
Treatment D Treatment E Treatment F
N=11 N=10 N=12

Pharmacokinetic Arithmetic !Arithmetic ) Arithmetic
Parameters Mean S0 Mean sb Mean S0
Cmax(gmo1/L) 36.5 10.2 66.9 25.0 1211.9 40.5
Tmax( 0.274 0.0751  0.276 0.0794 0.273 0.0721
AUC(0-t) (pmoT*her /L) 20.10 11.46 51.67 33.37 115.9 54.29
AUC(O 1nf§?pmal' r/L) 48.88 . 72.01 37.82 129.1 55.74
TY/2 0.595 R 0.656 0.169 0.645 0.165
Ke (1/hr) 1.16 . 1.13 ©¢.316 1.14 0.284
AUCR 0.801 . 0.806 0.0897 0.883 0.0544
Treatment 0 ug Framlintide Qiu

o0-1x3
Treatment £ = 1 x 60 ug Pramlintide QID
Treatment ¥ = 1 x 90 ug Pramiintide QID

summary of the Pharmacokinetic Parameters of Plasma pPramlintide, Day §

Plasma Pramlintide ---—------c-muueeo
Treatment £ Treatment F
N=10 N=11
Pharmacokinetic Arithmetic Arithmeric
Parameters Mean S0 Mean 5D Mean S0
Cmax(ﬂm01ft) 40.7 20.0 70.7 23.3 98.6 30.1
Tmax 0.249  0.00205 G278 0.0797 0.275 0,0818
AUC{0-1 $§m01'hr/L) 24.20 18.76 63.88 49,83 102.9 41.77
AUC(O 1n (pmol*hr/L) 66.43 15.99 98.34 56.22 124.1 46.12
T172( 0.713 0.173 0.724 0.303 1.02 1.02
xe}(l/hr) 1.00 0.243 1.07 0.342 1.03 0.496
AUCR 0.745 0.0730 0.852 0.0614 0.828 0.129

Treatment D = 1 x 30 pg Pramlintide QID
Treatment E = 1 x 60 ug Pramlintide qIp
Treatment F = 1 x 90 pg Pramlintide QIp

vi
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The arithmetic means of the baseline corrected plasma glucose
pharmacodynamic parameters for all six treatments are summarized in the
following four tables. Mean Cr,x values reflect the maximum magnitude
of glucose increase following meal, while mean C,y, values reflect the
maximum glucose decrease.

Summary of the Pharmacodynamic Parameters of Baseline Corrected ¢lasma Glucese, Day 1

pharmacekinetic
Parameters

Treatment A

Baseline Corrected Plasma Glucose

cmax(mg/dLg
cmin(mg/dyL
Toax{hr
Tmin(hr

AUC(0-300) (mg*hr/dL)

N=11
Arithaetic
Mean 50
77.64  T1.9%
-38.30 37.81
2.33 1.88
2.39 1.66
£9.52 278.2

Treatment B
Nall
Arithwetic
Mean 5D
54.34 61.13
-47.47 63.24
2.40 1.90
1.58 1.18
5.804 268.9

Treatment ¢
Nall
Arithmetic
Mean
39,40 45.84
-68,.35 79.40
2.17 2.16
2.21 1,68
-88.89 294.0

Treatment A
Treatment B
Treatment C

30 pg Pramlintide TID
60 pug Pramiintide TID
90 ng Pramlintide TID

Summary of the pharmacodynamic Parameters of Baseline Corrected Plasma Glucose, Day §

pharmacokinetic
Parameters

Treatment A

BRaseline Corrected Plasma Glucose

Treatment B
N=11

Treatment

arithmetic
Mean 50

cmax(mg/dL)
cmin(mg/dL)
TmaxChre
TminChe

)
AUC(0-300) (mg*hr/dL)

H=10

Arithmetic
Mean 5o
47 .60 48.15
-87.90 93.56
1.85 1.68
3.15 1.84
-97.17 367.0

37.09 58.07
~105.1
1.49

.41
-188.3

N=10

Arithmetic
Mean S0
44.42 44 . 0Q
-49.64 59.42
2.90 2.07
1.75 1.57
-29.03 301.6

Treatment A
Treatment B
Treatment C

nun
et ok
oo ox

30 pg Pramlintide TID
60 pug Pramlintide T1D
90 pg Pramlintide TID

vii
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summary of the Pharmacodynamic Parameters of Baseline Corrected Plasma Glucose, Day 1
--------- Baseline Corrected Plasma Glucose ~---~=-==n
Treatment D Treatment £ Treatment F
MNwll N=10 N=12
Pharmacokinetic Arithmetic Arithmetic Arithmetic
Parameters Mean sSD Mean Mean 50
l:laax?ug/dLg 71.19 69,92 50.80 62.83 35.50 37.%1
cmin{mg/dL -83.85 95.00 -91.03 98.90 -80.16 58.98
Tmax(hr 1.9% 1.7§ 2.03 1.97 1.95 1.82
TainChr 2.70 2.02 3.55 1.87 3.09 1.8
AGC(G-300) (mag*hr/dL) -42.84 368.9 -4B8.43 357.2 -100.1 213.3
Treatment D = 1 x 30 pug Pramlintide QID
Treatment € = 1 x 60 pg Pramiintide QID
Treatment F = L x 90 ug Framlintide qQId
summary of the Pharmacodynamic Parameters of Baseline Corrected Piasma Glucose, Day 5
--------- gaseline Corrected Plasma Glucose ---~-—«---
Treatment D Treatment £ Treatment F
N=11 N=10 N=11
Pharmacokinetic Aritl;metfc ) arithmetic Arithweric
Parameters Mean sb Mean sD Mean sD
Cmax (mg/dL) 72.26 68,40 48.30 53.65  £7.36 66.73
Cmin(mg/dL) -490.79 114.86 -104.7 109.67 -87.57 57.42
Tmax(hr 2.23 1.92 2.30 1.83 2.96 .12
TminChr 2.59 2.01 t.75 1.60 2.64 1.94
AUC(0-300) (mg*hr/dL) -33.61 4B2.9 -192.1 505.4 -89.720 293.4
Treatment 0 = 1 x 3¢ yg Pramlintide QID
Treatment € = 1 x 60 pug Pramlintide QIp
Treatment F = 1 x 90 ug Pramlintide QID
CONCLUSION:

* Pramlintide did not accumulate in the plasma of subjects with
type 1 diabetes during the 5-day SC administration of either 30
}g, 60 ug, or 90 pug, TID or QID.

¢ Mean pramlintide concentration pharmacokinetic parameters
Conax and AUC o, increased relatively proportionally with
increasing doses of pramlintide across the 30 to 90 pg dosing
range.

L

Baseline corrected glucose concentrations generally remained
in a range similar to or less than predose, pre-meal levels
throughout the 5-hour post-breakfast period in these subjects
with type 1 diabetes. This was observed on both Day 1 and Day
5. The lack of a placebo group and the presence of confounding
factors including insulin dosage timing relative to the meal,
amount of meal consumed, and an incomplete record of insulin
usage during the study periods make it difficult to draw
pharmacodynamic conclusions.

viil
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REPORT SYNOPSIS

TITLE: An Open-Label Assessment of the Single Dose and Multiple Dose
Pharmacokinetic Profiles of Pramlintide in Subjects With Type 2
Diabetes Mellitus

SPONSOR: Amylin Pharmaceuticals, Inc.
9373 Towne Centre Drive
San Diego, CA 92121

STUDY SITE: C

—-“
4

PRINCIPAL

INVESTIGATOR: € 1

OBJECTIVES: The primary objective of this study was to assess the single dose
and multiple dose pharmacoknetic protiles ot subcutaneously (SC)
administered pramlintide in subjects with type 2 diabetes mellitus.
The secondary objective was to assess the single dose and multiple
dose pharmacodynamic profiles of glucose in subjects with type 2
diabetes mellitus treated with pramlintide.

STUDY DESIGN:  This study had a randomized, open-label, three-treatment,

three-way crossover design with two dosing frequency groups: BID
and TID.

ii
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TREATMENTS:

A-F: Pramlintide 1.0 mg/mL
(1.5 mL multiple dose cartridges)
Manufactured by ]
Lot No.: 97-0403KB
Expiration date: 10/17/2000

Subjects in Group 1 were assigned to the BID pramlintide
treatments A-C in a randomized fashion, as follows:

Group 1. Treatment A: 60 pug , SC, BID, given just prior to
breakfast and dinner for 4 days followed by a single
dose prior to breakfast on the 5™ day (9 consecutive
doses).

Treatment B: 120 pg, SC, BID, given just prior to
breakfast and dinner for 4 days followed by a single
dose prior to breakfast on the 5® day (9 consecutive
doses).

Treatment C: 180 g, SC, BID, given just prior to
breakfast and dinner for 4 days followed by a single
dose prior to breakfast on the 5 day (9 consecutive
doses).

Subjects in Group 2 were assigned to the TID pramlintide
treatments D-F in a randomized fashion, as follows:

Group 2: Treatment D: 60 png, SC, TID, given just prior to
breakfast, lunch, and dinner for 4 days followed by a
single dose prior to breakfast on the 5" day
(13 consecutive doses).

Treatment E: 90 png, SC, TID, given just prior to
breakfast, lunch, and dinner for 4 days followed by a
single dose prior to breakfast on the 5 day

(13 consecutive doses).

Treatment F: 120 pg, SC, TID, given just prior to
breakfast, lunch, and dinner for 4 days followed bya

iii
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single dose prior to breakfast on the 5" day
(13 consecative doses).

Pramlintide doses were administered with .C

7 Insulin Pen and the cartridge device [ N]
Pharmacokinetic (pramlintide) and pharmacodynamic (glucose)
assessments were made following administration of the first and
last doses of each of the six subcutaneous pramlintide dosing
regimens by measuring serial plasma concentrations from which
the parameters Crax, Tmax, AUCg.y), AUCq.inn, AUCR, ty, and Kel
were calculated for pramlintide, and parameters Crax, Tmaxs Conins
Tomin, and AUC g.300) were calculated for baseline corrected glucose.
At each dose level, subjective comparisons were performed
between Day 1 and Day S parameters for the same dose level.
Subjective dose proportionality assessment was performed for
pramiintide Cyx and AUC ., for parameters of subjects within
each group. For pramlintide, Crmax, AUC(g.y, and AUC(q.iny)
parameter values were also normalized for individual Body Mass
Index (BMI}.

“For the pharmacokinetic and pharmacodynamic analyses, data are

presented for 12 subjects in the BID group who completed
Treatments A, B, and C; and for 12 subjects who completed
Treatments D and F and 11 subjects who completed Treatment E in
the TID group.

Arithmetic means of the plasma pramlintide pharmacokinetic

parameters for all 6 treatments are summarized in the following
four tables.

v
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summary of the Pharmacokinetic parameters of Plasma Pramlintide, Day 1

e Plasma Pramlintide ----~--uamo—u -

Treatment A Treatment B Treatment C

Nal? Nw=12 N=12
pharmacokinetic Arfthmetic Arithmetic Arithmetic
Parameters Mean 50 Mean sD Mean SO
Crax pmol/L 50.8 20.3 117.4 116.4 151.3 67.2
Cmax/anl prol/L 1.8 @9 4.6 6.4 5.4 3.4
Tmax hr 0.331 0.107 0.341 0.10% ¢. 358 Q.221
AUC(O- t; pmol *hr, { £2.39 61.98 143.0 13¢.9 179.4 129.9
AUC(O-t)/BMI pmal*hr/L 2.163 2.069 5.509 6.990 6.310 5.138
AUC(0-i1nf) pmol*hr/fL 119.1 86.42 201.6 160.0 201.0 140.4
AUC(D-inf)/BMI pmol*hr/L 4,045 2.570 7.750 8.205 7.048 5.488
T1/2 hr 1.24 0.774 1.24 a.832 0.926 0,496
Kel 1/hr 0.699 0.301 0.760 0.408 0.907 0.38%
UCR 0.748 0,144 0.838 0.0879 0.881 0.0438

Treatment A = 1 x &6fig Pranlintide Al
Treatment B = 1 x 12fig Pramlintide gID
Treatment € « 1 x 18Qg Pramlintide BID

Surmary of the pharmacokinetic Parameters of Plasma Pramlintide, Day S

----------------- Plaspa Pramlintide -—---—-comeo—omo-
Treatment A Treatment 8 Treatment €
N=12 Nal2 N=12
Pharmacokinetic Arithmetic Arithmetic Arithmetic
Parameters Mean sSD Mean S0 Mean i14]
cmax pmol/L 55.9 24.6 97.% 34,0 137.3 36.4
Cmax/BMI pmal/L 2.0 1.4 3.5 1.8 4.8 1.6
Tma. 0.284 0.0723 0.324 0.124 0.339 0,224
AUC 0- t; pnol *he/L 61,18 52.32 121,1 §7.40 189.0 147.8
AQC(0-t) /81 pao "hr/L 2.158 2,007 §.321 j.674 6,452 5,178
AUC{D- \nf; pmalThr, 131.7 67.68 163.4 111.09 132.1 .
AUC D-Inf /BMI ptno 'hr/L 4.557 2,421 5.701 4.140 7.934 5.814
1.52 1.09 1.02 502 .981 0.406
Uhr 0.594 0.24% 0.828 0.1369 0.814 0.297
A R 0.712 0.106 0.839 D.0683 0.883 g.0197

Treatment A = 1 x 6fig Pramlintide BID
Treatment B = 1 x 12fig Pramlintide BID
Treatment € = 1 x 18Qg Praalintide aIp
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Swmary of the Pharmacokinetic Parameters of Plasma Pramlintide, Day 1

----------------- Plasma Pramlintide meecaer-—naemunnan
Treatment D Treatment E Treatoeat ¥
Nal2 Nw1l N=12
Pharmacokinetic Arithnetic Arithnetic Arithmetic
Farameters Mean SO Mean 5D Mean 50
Cnax pmol/L 36.4 18.5 55.7 25.7 74,0 4.6
cnax/BMI pmol/t 1.3 0.8 1.9 i.2 1.6 1.1
Tmax hr 0.290 0.0723 0,253 0,00808 0.260 0.0303
AUC(O- tg pmalthe/L 32.24 46.23 $31.93 52,15 76.24 $4,37
AUC(O-1)/aMI pm 'hr/l.. 1.164 1,697 1.924 2.032 2.693 2.095
AUC{0- 1ng 201,5 111.6 124.9 85.32 119.2 79.4%
Auc 0~1n }’BHI 'hr/L 7.532 3.259 4.592 3,145 4,231 974
72 1.49 1.38 . 1.10 0.778
Ke 1/hr 4.100 0. 165 0.725 G.338 0.811 0.338
AUCR 0.620 0.0558 0.757 0.0832 0.78% 0.0700

Treatment D = 1 x 69 Pramlintide ¥ID
Treatnent E = 1 x 909 Pramlintide ¥ID
Treatment F = 1 x 12fig Pramlintide TID

Summary of the pharmacokinetic Parameters of plasma Pramlintide, pDay $

----------------- Plasna Pramlintide -------c-r---o-oa

Tredtment O Treatment E Treatfent F

N=12 N= H=12
fharmacokinetic Arithmetic Arithmeric Arithnetic
Parameters Mean 50 Mean S0 Mean S0
Cmax pmol/L 42.2 20.2 60.1 24.4 7.2 28.2
cmax/lm[ prol/L 1.4 0.8 2.0 1.0 2.7 1.3
Tmax hr 0.25%  0,00862 0.301 0.105 ¢.275 0.0712
AUC (D~ tg pmol*hr/L 35.06 35.05 $9.66 46.52 91.19 77.00
AUC{0-1}/BMI pm "hrfL 1.235 1.471 2.070 1.744 3.252 2.942
AUC{0-1nf} pmol*h 107.7 67.12 129.2 63.29 152.4 102.7
AUC{0-inf}/BMI plnu "hr!l 3.813 2.682 4.550 2.519 5.532 3.6852
T1/2 br by 1,40 1.43 0.991 1.15 0.54]
ol 1/hr 0.791 0.425 0.615 0.243 0 0.231
AUCR 0.75% 0.100 0.760 0.0943 0.783 0.0527

Treatment 0 = 1 x Gflg Pranlintide TID
Treatment £ = 1 x 9fig Pranilintide TID
Treatment F = 1 x 12Qg Prarlintide TiD

The arithmetic means of the baseline corrected plasma glucose
phammacodynamic parameters for all six treatments are
summarized in the following four tables. Mean Cp,ay values reflect
the maximum magnitude of glucose increase following meal, while
mean Cy,;, values reflect the maximum glucose decrease. In the
four cases where predosc values were not available for baseline
correction, no glucose response data are reported.

vi
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Summary of the Pharmacodynamic Parameters of aseline Corrected Plasma Glucose, Day 1

--------- Baseline Corrected Plasma Glucose ---——-=-va-

Treatnent A Treatuent B Treatment €

W12 H=12 N=11
Pharmacokinetic Arithmetic Arithmetic Arithmetic
Parameters Mean S0 Mean 50 Hean 5D
Cmax mg/dl.g 109.9% 432,03 82,06 36.77 103.73  39.54
Cmin(mg/do -22.79 54.88 -34.82 42.23 -14.27 ¢2.41
max hr' 2.53 0.923 2.13 1.21 2.91 0.4%0

2.08 z.17 3.17 1.98 2.0% 1.93
AUC(D-3UO)(’|9'hr/dL) 219.6 193.4 135.7 165.3 220.2 116.1

Treatment A = 1 x 609 Pramlintide ATH
Treatment B = 1 x 129 Pramlintide BIn
Treatment € « 1 x 189 Pramlintide BID

Summary of the fharmacodynanmic Parameters of paseline Corrected Plasma Glucose, Day §

--------- Easeline Corrected Plasma Glucose ———————..

Treatment A Treatment 0 Treatment C

H=12 =10 H=1l
Pharmacokinetic Arithmetic Arithmetic Ari ;:fneti c
Parameters Mean 50 Mean S0 Mean
Cmax(mg/dL 91.383 &0.15 94.42 $9.21 54.5% 51.96
min(mg/dL -49.08 71.15% -31.48 52.0L -51.61 30.38
Tmax hr 1.34 1.04 2.60 1.17 2.14 1.36
TrinChr j.28 1,80 3.85 1.89 3.3 2.10
AUC{0-300) (mg*hr/dL) 122.0 335.2 170.4 262.8 25.33 242.3

Treatment A = 1 x 6{ig Pramlintide BID
Treatment 8 = 1 x 12{lg #ran)intide 8ID
Treatment ¢ = 1 x 18{ig Pramlintide BID

Summary of the Pharmacodynamic Parameters of Baseline Corrected pPlasma Glucose,
--------- Baseline Corrected Plasma Glucose ---------

Treatment O Treatmnt 3 Treatment F
N=12 N=11 N=12

Pharmacokinetic Arithmetic arithmetic
Parameters Mean Maan 5D
Crax(mg/dL) 120.01  45.50 Te3.03 4322
cmin{mg/dL £8.93 20.39 -4.6% 9.77
Tmu hr 2,67 0.723 2.50 0.429

0.542 0.144 6.910 1.27
AuC(O-!OO)(ng'hr/dL) 298.0 131.9 227.6 1331

Treatment 0 = 1 x 6flg Pramlintide TID
Treatment £ = 1 x 9y Pramlintide TID
Treatment F = 1 x 120y Pramlintide TID

vii
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Summary of the pharnacodynamic Parameters of Baseline Corrected Plasma Glucuse, Day §
--------- Baseline Corrected Plasma Glucose -=-assoveo
Treatment D Treatmont E Treatment ¢
N=g ] N=9
Pharmacokinetic Arithmetic Arithmetic Arithmetic
Parameters Mean Mean 50 Mean 5D
onangugray 31 44 43.8%  103.11  52.06  89.37  33.80
min(mg/dL -37.90 39.71 -19.98 43,33 -11.41 11.10
Tmax(hr, 2.11 0.558 1,22 0,793 2.78 1.06
Tainthr 2.67 2.26 1,56 1.96 1.67 1.92
AUC(O-300) {mg*hr/dL) 187.% 187.2 286.4 195.3 07.8 112.0
Treatment D = 1 x 6fig Praalintide TID
Treatment £ = 1 x Mg Praslintide TID
Treatment F = 1 x 12{ig Pramlintide TID
CONCLUSIONS: = Pramiintide did not accumulate in the plasma of subjects

with type 2 diabetes during the 5-day SC administration of
either 60, 120, or 180 pg BID; or 60, 90, or 120 pg TID.

. Mean pramlintide concentration pharmacokinetic
parameters Cpna and AUC.) increased relatively
proportionally with increasing doses of pramlintide across
the 60 to 180 g dosing range.

. Following multiple dose administration of pramlintide
(Day 5), the mean baseline corrected plasma glucose Cpae
for all treatment doses/regimens was similar to or lower
than that observed on Day 1. The lack of a placebo group
and the presence of confounding factors including insulin
dosage timing relative to the meal, amount of meal
consumed, and an incomplete record of insulin usage
during the study periods make it difficult to draw
pharmmacodynamic conclusions.

viti
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1. PURPOSE

The original clinical study reports focused on the safety aspects of pramlintide treatment.
in order to standardize the pharmacokinetic assessments across studies, a uniform
analysis approach was applied in this addendum. While there are some specific
differences between the analyses in this addendum and those in the clinical study report,
the overall pharmacokinetic and pharmacodynamic findings and conclusions are
generally similar.

The purpose of this addendum is 1) to provide additional analysis of pramlintide
pharmacokinetics following each treatment after deletion of concentration vatues below
the quantifiable limit (BQL values), 2) to provide additional pharmacokinetic and
statistical analyses for pramlintide and insulin using an ANCOVA model with the predose
baseline values as individual covariates, 3) to provide additional pharmacodynamic and
statistical analyses of glucose data following subtraction of baseline (predose) glucose
concentrations, and 4) to provide mean and individual plots of pramlintide, insulin, and
glucose concentrations versus time data.

2. SYNOPSIS
The treatments were as follows:

Treatment A: 1 x 0.1 mL Placebo Plus Isophane Plus Soluble Insulin in
One Syringe.

Treatment B: 1 x 30 ug/0.1 mL Pramlintide Plus Isophane in One Syringe
and Soluble Insulin in a Separate Syringe.

Treatment C: 1 x 30 ug/0.1 mL Pramlintide Plus Soluble Insulin in One
Syringe and Isophane in a Separate Syringe.

Treatment D: 1 x 30 ug/0.1 mL Pramiintide, Soluble Insulin and Isophane
Each as Separate Injections.

Treatment E: 1 x 30 ug/0.1 mL Pramiintide, Isophane Plus Soluble Insulin
All Mixed in One Syringe.
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Comparisons of interest are summarized, by analyte, in the following table:

Jp— -s s e ey

& Pramlintide ! insulin . Glucose g
5 B/D _,,_HH A/ID o EA

c/D B/D E/D 5
’ e oo : B/

E/D ' C/o

!
AE ]

PK MEASURES
AND METHODS:

RESULTS:

Pharmacokinetic and pharmacodynamic effects of co-
administering pramiintide with insulin mixed together in the same
syringe in various combinations, as specified, and as separate
subcutaneous injections were assessed by measuring the
concentrations of pramlintide, insulin, and glucose following each
of the five treatments. Equivalent bicavailability of compared
treatment pairs was shown for pramlintide and insulin if the 90%
confidence intervals (Cl) of the ratio of product means for

Cmax, AUC(0-t), and AUC(0-inf) for pramlintide, and for

Cmax, AUC(0-300), and AUC(0-600) for insulin were

within the range of 80 to 125%. Pharmacodynamic effects on
glucose were also assessed based by the comparison of Cmax,
Tmax, Cmin, Tmin, and AUC(0-300) calculated from baseline-
corrected glucose concentrations. (For definitions of abbreviations
and symbols, see Section 3)

Data from all 29 subjects were included in the pharmacokinetic
{insulin), pharmacodynamic (giucose) comparisons, and statistical
analyses performed. Data from 28 subjects were included in the
pramlintide comparisons and statistical analyses since data from
Subject 1010 was not reported due to high background in the
assay.

The arithmetic means of plasma pramlintide pharmacokinetic
parameters and their statisticai comparisons for Treatment B,
Treatment C, and Treatment E versus Treatment D are
summarized in the following 3 tables.
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summary of the pharmacokinetic parameters of Plasma eramlintide for Treatments B and D

flasma Pramlintide
Treatment B Treatment 0

pPharmacokinetic Arithmetic Arithmetic % Mean
Parameters Mean S0 Mean so 90% C1* Ratio*
Cmax{pmolsL) 3321 20.20 42.43 20.32 64.0- 90.3 7.2
Cmax/BMI(pmol /L) 1.47 1.02 1.86 0.99 64.7- 91.5 78.1
Tmax{min) 32.3 15.4 18.5 9.07 .o . .
ABC{O-I (pmol*hr /L) 1513 1200 1626 1160 68.9-113.3 91.1
AUC(D-t) /BMI(pmol*min/L) 67.06 55.66 70.86 54.07 70.1-115.4 92.8
AUC(0-inf) (pmol*min/L) 4378 915.3 4274 1153 93.7-155.8 124.38
AUC(0-inf) /BMI(pmo) *min/L)  192.2 45.13 187.7 4B.65 95.7-154.5 125.1
T1/Z(min) 45.4 13.8 47.1 8.8 31.3-147.2 89.2
Kel{1/min} 0.0164 0.00472 0.0173 0.00494 68.9-131.8 100.4
AUCR 0.674 0.0967 0.658 0.175 .- . .
Tn{Cmax) 3.523 0.4495%5 3.756 0.3702 GR_B- B3.1 77.9
Tn{auc(0-t}] 7.090 1.011 7.279 0.6330 58.4-107.9 79.4
Tn[auc(0-inf)} 8.364 0.2362 8.329 0.2665 95.8-157.7 122.9
Treatment 8 = 1 x 30 ug in 0.1 mt Pramlintide Plus Isophane in One Syringe and Soluble

Insulin in a Separate Syringe

Treatment D = 1 x 30 ug in 0.1 mL Pramlintide, Scluble Insulin and Isophane Each as Separate
Injections

* = Based on LS Means from Table 19.

Summary of the Pharmacokinetic Parameters of Plasma Pramlintide for Treatments ¢ and O

plasma Pramlintide
Treatment C Treatment D

Pharmacokinecic Arithmetric Arithmetic % Mean

Parameters Mean 1) Mean 50 90% C1* Ratio*

Cmax(pmal/L) 37.30 20.38 42_43 20.32 73.1- 9.4 86.2
Cmax/BMI{pmol/L) 1.61 0.96 1.86 0.99 71.8- 98.¢6 85.2
Tmax(min} 22.8 9.83 13.5 8.07 .- . -

AUC(O-t) (pmol~hr /L) 1669 13183 1626 1160 76.7-121.1 58.9
AUC{0-t) /BMI(pmol=min/L) 71.5% 61.99 70.86 54.07 74.6-119.9 97.2
AUC(D-inf)(pmol*min/L) 4495 1706 4274 1153 78.2-140.3 105.3
AUC(0-inf) /8MI (pmol *min/L) 187.8 85.48 187.7 48.65 81.3-140.0 110.6
T1/2(min) S1.7 14.6 47.1 28.6 40.6-156.6 98.4
xel{l/mim) 0.0143 0.00346 0.0173 0.00494 $6.7-119.7 B3.2
AUCR 0.625 0.143 0.658 0.17% .- . .

Tn{Cmax) 3.672 0.3596 3.756 ¢.3702 77.8- 99.6 83.0
Tnlauc(0-t)] 7.266 0.8262 7.279 0.6330 64.9-119.9 88.2
Infauc(0-inf)] 8.34% 0.33%9 §.329 0.2665 81.8-134.6 104.9

Treatment =
Isophane in
Treatment 0 =
separate Injections

* = Based on LS Means from Table 20.

1 x 30 ug in 0.1 ot pramlintide Plus Soluble Insulin in One Syringe and
a Separate Syringe
1 x 30 ug in 0.1 mL Pramlintide, Soluble Insulin and Isophane Each as
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Summary of the Pharmacokinetic pParameters of Plasma Pramlintide for Treatments £ and D

-------- Plasma Pramlintide --------

Treatment E Treatment D
Pharmacokinetic Arithmetic Arithmetic % Mean
Parameters Mean sD Mean 5D 90% CI* Ratio®
Cmax(pmoi/L) 30.21 22.6% 42.43 20.32 56_0- 82.4 69.2
Cmax/BM™MI(pmol/L) 1.34 1.02 1.86 0.99 56.5- 831.3 69.9
Tmax(min) 32.1 10.9 18.5 9.07 .- . .
AUC{0-t){pmoi*hr/L) 1631 1451 1626 1160 73.9-118.4 96.2
AUC{O-t) /8MI (pmo 1 min/L) 71.82 63.97 70.86 54.07 74.5-119.8 97.2
AUC(Q-inf) (pmoil“min/L) 4805 1311 4274 1153 92.3-154.5% 123.4
AUC(0-inT) /BMI(pmol*min/L) 210.8 51.03 187.7 48.65 93.6-152.4 123.0
T1/2(min) 52.2 15.6 47 .1 28.6 72.5-188.5 1310.5
Kal{l/min) 0.0142 0.00353 0.0173 0.00494 42.7-105.7 74.2
AUCR 0.636 0.0840 0.658 0.175 .- . .
Tn(Cmax) 3.631 0.4124 3.756 0.3702 69.4- 88.9 78.5
Infauc(0-t)] 7.413 0.9623 7.2719 0.6330 66.7-123.3 90.7
Tn{AauC(C-inf)] 5.441 0.2944 B8.329 0.2665 94.2-155.1 120.9

Treatment € = 1 x 30 ug in 0.1 m. Pramlintide, Isophane Plus Soluble Insylin A1l mixed
in One Syringe

Treatment D = 1 x 30 ug in 0.1 mt Pramlintide, Soluble Insulin and 1sophane Each as
Separate Injecrions :

* = Based on L5 Means from Table 21.

The arithmetic means of serum insulin pharmacokinetic
parameters and their statistical comparisons for Treatment A,
Treatment B, Treatment C, and Treatment E versus Treatment D
are summarized in the following 4 tables.

summary of the Pharmacokinetic Parameters of Serum Insulin for Treatments A and o

---------- serum Insulin ~--------ax

Treatment A Treatment D
Pharmacokinetic Arithmetic Arithmatic % Mean
Parameters Mean sSD Mean S0 90% CI* Ratio*
Cmax (uu/mL) 118.44  205.00 84.59 45.27 78.4-187.0  132.7
Cmin{min) 26.74 23.75 28.54 21.86 73.3-105.3 89.3
Tmax(min} 195 91.2 139 98.6 Lo .
Twin{min) 279 286 325 254 .- . .
AUC (0-300) (uurmin/mL) 21410 17098 18140 11523 597.6-131.5 114.5
AUC(0-600) (uu*min/mL) 36363 25726 30334 13892 163.9-130.0 116.9
Tn{Cmax) 4.406 0.6359 4.124 0.4795 87.8-132.1 107.7
Tn{Cmin) 3.066 0.6155 3.143 0.6421 71.0-107.8 B87.5
1n[AuC{0-300)) 9.8155 0.49506 9.6820 0.46619 96.3-131.8 112.6
Tn[AUC(0-600)] 10.364 0.47468 10.198 0.46726 101.6-132.9 116.2

Treatment A = 1 x 0.1 oL placebo Plus Isophane Plus Soluble Insulin in One syringe
Treatment 0 = 1 x 30 ug in 0.1 mL Pramlintide, scluble Insulin and Isophane Each as
Separate Injections

* = Based on 15 Means from Table 48.
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summary of the Pharmacokinetic Parameters of Serum Insulin for Treatments

—————————— Serum Insulim -----------

Treaiment B Treatment 0
pharmacokinetic Arithmetic arithmetic
Parameters Maan S0 Mean S0 0% CI*
Cmax {uu/mL) 107.77 94 .50 84.%9 45.27 72.4-172.
cmin{min) 28.63 20.42 28.54 21.86 81.2-110.
Tmax{min) 156 71.0 139 98.6 .-
Tmin{min) 361 278 325 254 .
AUC{0-300) (uuemin/mL) 24672 21978 18140 11523 113.0-144.
AUC(D-600) (uu*min/mL) 38210 23301 30334 18892 109.3-133.
Tn{cmax) 4.496 0.53%3  4.324 0.4795 95.6-139.
Ta{Cmin) 3.155 0.65%8 3.143 0.6421 78.3-114.
Tn{auc(0-300)] 9.9266 {.53584 9.6820 0.46619 106.6-142.
1n{auC(D-600)] 10.406 0.438158 10.198 0.46726 105.8-135.

Yreatment B = 1 x 30 ug in G.1 mL rramlintide plus Isophane in One Syringe
soluble Insulin in a Separate Syringe

8 and O
% Mean
Ratio*

3 122.

7 96.0

1 128.6

3 1213

1 115.3

] 94.8

1 123.1

4  119.7

and

Treatment 0 = 1 % 30 ug in 0.1 mL Pramlintide, 50luble Insulin and Isophane Each as

Separate Injections
* = pased on LS Mmeans from Tahle 49.

sunmary of the pharmacokinetvic Parameters of serum Insutin for Treatments

---------- Serum Insulin ~---e-—oeo

Treatment C Treatment O

Pharmacokinetic arithmetic Arithmeric

Parameters Mean SO Mean sD 90% C1*
Cmax (uld/mL) 82.61 4478 84.59 45.27 33.5-157.
Cmin{min)} 31.865 21.17 28.54 21.86 88._5-125.
Tmax({min) 114 65.0 139 98.6 A .
Tmin{min) 415 229 325 254 .- .
AUC(0-300} (uu*min/mL) 19073 11515 18140 11523 82.7-121.
AUC(0-600) (uu*min/mL) 31375 20378 30334 18892 86.1-115.
Tn(Cmax) 4.322 0.4015 4.324 0.4795 77.7-123.
In{Cmin) 3.313 0.5119 3.143 .6421 88.3-142.
InlAaucC(0-300)] 3.7546 0.41259 9.6820 0.46619 B7.7-125.
1n[AUC(0-600)] 10.243 0.42900 10.198 0.46726 B8._0-119.

______________________________________ A i et R e -

C and D

104.

Treatment € = 1 x 30 ug in 0.1 m. Pramlintide Plus Soluble Insuwlin in One Syringe

and 1sophane in a separate syringe

Treatment 0 = 1 x 30 vg in 0.1 mL Pramlintide, Scluble Insulin and Isophane Each as

Separate Injections
* = gased on LS Means from Table SO.
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Summary of the Pharmacokinetic parameters of Serum Insulin for Treatments E and O

—————————— serum INSUlify ~=-coowoo o
Treatment £ Treatment 0
pharmacokinetic Arithmetic Arithmetic % Mean
Parameters Mean 50 Mean sD 90% CI* Ratio*
Cmax(uy,/mL) 84.60 45.01 84.59 45.27 44.5-155.0 99.7
cmin(min) 24.64 16.59 28.54 21.856 68.8-101.4 85.1
Tmax{min) 227 84.1 139 98.6 .- . .
Tmin{min) 221 282 325 254 . - . .
AUC{0-300) (uurmin/mL) 18874 10885 18140 11523 86.7-121.2 104 .0
AYC(0-600) (uu*rmin/mL) 33255 19638 30334 18892 96.7-123.2 1i0.0
Tn{Cmax) 4,337 0.4341 4.324 0.479% 83.4-126.3 102.6
In(Cmin) 31.066 0.4957 1,143 0.6421 73.9-113.1 91.4
InfAuc(0~300)] 9.7380 0.43610 9.6820 0.46619 90.9-125.0 106.6
In{AuC(0-600)] 10.305 0.43183 10.198 0.46726 97.9-128.7 112.3

Treatment E = 1 x 30 ug in 0.1 L Pramlintide, Isophane Plus Soluble Insulin A1l Mixed
in One Syringe

Treatment O = 1 x 30 ug in 0.1 mL pramlintide, Soluble Insulin and Isophane Each as
Separate Injections

* = Based on LS Means from Table S51.

The arithmetic means of serum insulin pharmacokinetic
parameters and their statistical comparisons for Treatment A
versus Treatment E is summarized in the following table

Summary of the Pharmacokinetic Parameters of Serum Insulin for Treatments A and E

---------- serum Iasolin ----comoans

Treatment A Treataent €
pPharmacokinetic Arithmetic Arithmetic % Mean
Parameters Mean 5D Mean SO 90X CI* rRatio*
cmax(uw)/mL) 118.44 205.00 84.60 45.01 77.9-188 .3 133.1
Cmin{min) 26.74 23.7% 24 .64 16.59 85.9-124.1 105.0
Tmax(min) 195 91.2 227 84.1 .- . .
Tmin{min) 279 286 221 282 .- . .
AUC{0-300) Cuu*min/mL) 21410 17098 18874 10885 93.7-126.7 110.2
AUC(0-690) (uu*min/mL) 36363 25726 313255 19638 94.3-118.4 106.4
Tn{Cmax) 4._406 0.6359 4,337 0.4341 85.4-129.1 105.0
In{Cmin} 1.066 0.6155 3.066 0.4957 77.4-118.3 95.7
In{AUC{0-300)) 9.8155 0.49506 9.7380 ©,43610 99.2-123.9  105.7
In[AuC(0-600)] 10.364 0.47468 16.305 0.43183 90,4-118.6 103.5

Treatment A = 1 x 0.1 aL Placebo Plus Isophane Plus Soluble Insulin in One Syringe
Treatment E = 1 x 30 ug in 0.1 mL Pramlintide, Isophane Plus Soluble Insulin A}l Mixed
in One Syringe

* = Based on L5 Means from Table 32.

The arithmetic means of baseline comrected plasma glucose
pharmacodynamic parameters and their statistical comparisons
for Treatments E versus A and Treatments E, 8 and C versus D
are summarized in the following 4 tables.
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Summary of the Pharmacodynamic Parameters of Baseline Corrected prlasma Glucose for Treatments € and A

---------- Plasma Glucose --=-------
Treatment E Treatment A
Pharmacokinetic arithmetic Arithmetic % mean
Parameters Mean 50 Mean S0 90% C1* Ratio®
Crmax{mg/mv.) 133 82 181 61 52.5~ 93.2 72.8
Cmin{min) -74 82 -91 74 109.7- S4.6 82.1
Tmax{(min) 304 200 266 192 .- . .
Tmin(min) 226 194 290 183 .- . .
AUC(0~-300) (mg*min/mL) 7035.9 27803 12726 22219 -24.5-121.3 48.4
AUC(0-5600) (mg*min/mL) 22176 49960 26396 38067 8.2-152.3 80.3

Treatment E = 1 x 30 ug in 0.1 mL Pramlintide, Isophane Plus Soluble Insulin All
Mixed in One Syringe
Treatment A = 1 x 0.1 mL Placebo Plus Isophane Plus Soluble Insulin in one syringe

* = gased on LS Means from Table 79.

Summary of the Pharmacodynamic Parameters of gaseline Correcred Plasma Glucose for Treatments E and D

R R plasma Glucose ----- -
Treatment E Treatment O
Pharmacokinetic arithmetic Arithmetic % mean
Parameters Maan sD Mean 5D 90% C1* Ratiop*
Cmax{mg/mL) 133 a2 120 91 76.8-136.4 106.6
cmin{min) -74 a2 -80 58 134.2- 66.8 100.5
Tmax{min) 304 200 282 178 .- - . .
Toin{min) 226 194 257 210 .- . .
AUC(0-300) {mg=min/mL) 7035.9 27803 2715.2 21250 -95.5-471.9 188.2
AUC(0-600) (mg=min/mL) 22176 49960 18961 45767 10.0-185.0 97.5

Treatment £ = 1 x 30 ug in 0.1 mt pramlintide, Isophane Plas Soluble Insulin All
Mixed in One Syringe

Treatment 0 = 1 x 30 wg in 0.1 mL Pramlintide, Soluble Insulin and Isophane €ach as
Separate Injections -

* = Based on LS Means from Table 80.

Suemary of the Pharmacodynamic Parameters of saseline Corrected Plasma Glucose for Treatments B and O

---------- Plasma Glucose -~--~----
Treatmeant B Treatment D
Pharmacokinetic Arithmetic Arithmetic % Mean
Parameters Mean Sb Mean sD 90% CI* Ratio®
Cmax (mg/mL ) 117 77 120 91 64.8-124.4 94.6
cmin{min) -90 66 -80 58 153.7- 86.3 120.0
Tmax(min) 368 198 282 178 A . .
Tavin(min) 244 162 257 210 .- . .
AC(0-300) (mg*min/mL) ~3489.2 23468 1715.2 21250 -447-120.9 -163.0
AUC(0-600) (mg*min/mL) 10611 44414 18961 45767 -45.7-129.5 41.9

Treatment B = 1 x 30 ug in 0.1 mL Pramlintide #lus Isophane in One Syringe and soluble
msulln In a separace >¥yringe

Treatment & = 1 x 30 ug in 0.1 mL Pramiintide, Soluble Insulin and Isophane £ach as
Separate Injections

* = Based on LS Means from Table 81.
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Summary of the pharmacodynamic Parameters of Baseline Corrected Plasma Glucose for Treatments C and O

---------- Plasma Glucose -~---—--—

Treatment ¢ Treacmant D
Pharmacokinetic Arithmetic Arithmetic % Mean
Parameters Mean sD mean 50 90% CI® Ratgioe*
Cnax {mg/mL) 142 105 120 91 83.9-143 .4 113.6
Cmin(min) -37 80 ~-80 58 150.0- 82.7 116.3
Tmax(min) 356 178 282 128 R . .
Tain(mind 213 154 257 210 .- . .
AUC{0-300) (mg*min/mL) -812.11 26466 2715.2 21250 -365-202.8 -B0.9
AUC(0-600) (mg*min/mL) 20745 57503 18961 45767 2.7-177.7 90.2

Treatment € = 1 x 10 ug in 0.1 mL Pramlintide Plus Soluble Insylin in One Syringe
and Isophane in a Separate syringe

Treatment D = 1 x 30 ug in 0.1 mL Pramlintide, Soluble Insulin and Isophane Each as
separate Injections

* = pased on LS means fromw Table 82.

CONCLUSIONS:

* Mixing pramlintide with Isophane and/or soluble insulin in a
single syringe substantially reduced the rate of pramiintide
absorption compared to administering each in separate
syringe (Treatment D). The extent of absorption also
decreased, but the effects were generally less pronounced.
The decreases in mean ratios for Cmax were 22.1%, 12%,
and 21.5% for the comparisons of Treatment B, Treatment C
and Treatment E versus Treatment D, respectively. Mean
ratios for the respective comparisons of AUC(0-t) were
20.6%, 11.8%, and 9.3%. Neither Treatment B, Treatment C,
or Treatment E could be considered bioequivalent with
Treatment D.

* Comparison of placebo versus pramlintide mixed in the same
syringe with the two insulin types (Treatment A versus
Treatment £) showed that addition of pramiintide had little
effect on insulin rate and extent of absorption. The mean ratios
of Cmax, AUC(0-300), and AUC{0-600) were
105.0%, 105.7%, and 103.5%. However, compared to
administering pramiintide and each insulin type in separate
syringe (Treatment D), placebo mixed in the same syringe with
the two insulin types resulted in increased rate and extent of
insulin availability
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Mixing pramlintide with Isophane and/or soluble insulin in a
single syringe had variable effects on insulin
pharmacokinetics. Co-administration of soluble insulin in the
same syringe with pramlintide (Treatment C) had no effects on
the rate or extent of insulin absorption compared to reference
Treatment D. Similarly, co-administration of both Isophane and
solubie insulin in the same syringe with pramiintide
{Treatment £) had littie effect on insulin rate and extent of
absorption, at least within the first 300 min. Co-administration
of Isophane in the same syringe with pramlintide

(Treatment B) resulted in an increase in both the rate and
extent of insulin absorption. Due to the large variability in
individual parameters, the 90% C! for all treatment pairs were
wide, extendeding outside the acceptable 80% - 125% range.
Consequently, none of these four treatments couid be
censidered bioequivalent with Treatment D.

Comparison of mean baseline corrected concentration time
profiles far glucose indicates that addition of pramiintide to
insulin, even if the two insulin types and pramlintide are mixed
in the same syringe, essentially abolishes the effect of food by
maintaining glucose concentrations at or below baseline levels
through at least the first 300 min after the meal. Administering
pramlintide in a separate syringe from the two insulin types
shows no substantial differences in mean Cmax of baseline
corrected glucose concentrations; however, the baseline
corrected AUC(0-300) was almost twice as high for Treatment
E compared with Treatment D {Table 80). When non-baseline
corrected giucose AUC {0-300) was anlyazed, no differences
were observed between the two treatments (mean ratio =
97.7%).

Comparisons of Treatment B and Treatment C with

Treatment D showed that, based on baseline corrected
glucose data, mixing pramlintide with one of the insulins also
overall reduced the mean glucose Cmax and AUC(0-300)
compared to when pramiintide and both insulins were given as
three separate injections. The effect of mixing Isophane with
pramiintide (Treatment B) was more pronounced compared to
when soluble insulin was mixed with pramiintide (Treatment
C).
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» Because of the variable and inconsistent effect of mixing on
pramlintide and insutin concentrations, it is not recommended
that Isophane and/or scluble insulin be mixed with pramlintide
the same syringe prior to administration; however, there is no
indication that mixing results in any undue risk to patients with
regard to glucose control.

3. PHARMACODYNAMIC AND STATISTICAL MEASURES AND METHODS

Although the lower limit of quantitation (LLOQ) for pramiintide for the IEMA assay is

— pmol/L, due to the standards used, the actual limit of quantitation for this study,
referred to as BQL, was — ! pmol/L. Any value below that limit has been reset to zero in
the concentration tables and for the purpose of pharmacokinetic analysis.

The following pharmacokinetic parameters were calculated from the pramlintide

concentrations:

+ Cmax Maximum observed concentration within the sampling
interval obtained without interpolation.

*  Tmax Time of the maximum observed concentration.

s AUC(0-t) Area under the drug concentration-time curve from time
zero to time t, AUC(0-t), where t is the time of the last
measurable concentration (Ct).

*  AUC(0-inf) Area under the drug concentration-time curve from time
zero to infinity, AUC{0-inf) = AUC(0-t) + C/Kel, where Kei
is the terminal elimination rate constant.

¢ AUCR The ratio of AUC(0-t) to AUC(0-inf).

e T1/2 Effective elimination half-iife, calculated as In(2)/Kel.

s Kel Apparent first-order elimination or terminal rate constant

calculated from a semi-log plot of the plasma concentration
versus time curve. The parameter was calculated by linear
least-squares regression analysis using the last three {or
more) non-zero plasma concentrations.

In addition, individual parameters Cmax, AUC(0-t), and AUC(0-inf) were corrected for
Body Mass Index (BM}).

10
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Protocol No.: 137-118

Title of Study: The Effect of Single Doses of Pramlintide on the Gastric Emptying of Two Meals

Investigators and Study Centers: R.B. Tattersall, Department of Diabetes, University Hospital, Queen's
Medical Centre, Nottingham, United Kingdom

Publication (Reference): Kong M-F, Stubbs TA, King P, Macdonald 1A, Lamboumne JE, Blackshaw PE,
Perkins AC, Tattersall, RB. The effect of single doses of pramlintide on gastric emptying of two meals in men
with IDDM. Diabetologia 1998:41:577-583.

Studied Period: April 1996 - August 1996 | Phase of Development: 2

Objectives: The primary objective was to determine the dose-response relationship of single doses of
pramlintide (30, 60, and 90 pg) on the rate of gastric emptying of the liquid and solid components of a standard
meal and to establish if a dosc of pramlintide administered before breakfast has a “carry-over” effect on the
emptying of the junchtime meal.

Methodology: The study was a single-blind, randomized, four-way crossover comparison of three dose levels of
pramiintide and placebo administered subcutaneously to subjects with type | diabetes. Each period began the
evening before dosing, and timed study evaluations continued up to 480 minutes post-dose. A breakfast meal was
administered 15 minutes after dosing and a lunch meal was administered 4 hours later.

Number of Subjects: Fourteen subjects with type 1 diabetes were randomly assigned to one of four treatment
sequences. The subjects were all white males. ranging in age from 20 to 42 years old. The overal! range of
diabetes duration was 0.8 to 27.5 years. Baseline HbA ,_ ranged from 6% to 15%. Baseline C -peptide
concentration ranged from <30 pmol/L to 52 pmol/L for 13 of the 14 subjects, and was 456 pmol/L in the one
subject with recentty (0.8 years) diagnosed type 1 diabetes. All 14 subjects were dosed with study medication
and completed the study. Of the 14 subjects, 3 received an insulin infusion during test period and were
considered uncvaluable for pharmacokinctic and pharmacodynamic analyses. All 14 subjects were evaluated for
safety and constitute the intent-to-treat population.

Diagnosis and Main Criteria for Inclusion: Males between 18 and 50 years of age with a history of type |
diabetes mellitus (as documented by a history of diabetic ketoacidosis or a C-peptide concentration 1.0 ng/mL
[331 pmol/L]} for at least two years but not exceeding 20 years. In addition, the subjects must have met all
inclusion and exclusion criteria specified in the protocel, and must have followed protocol-specificd restrictions
throughout the study.

Test Product, Dose and Mode of Administration, Batch No.: 95-0902GB (Final Drug Product [FDP)).
Pramlintide 0.3 mg/mL (AC-0137-F21) for subcutancous injection formulated as sterile liquid in glass vials
containing mannitol, metacresol. and adjusted to pH 4.0 with acetic acid and sodium acetate trihydrate. The test
product was diluted as necessary with reference product, so that for each dose level of pramlintide an injection
volume of 0.3 mL provided the requisite amount of active drug.

Duration of Treatment: A single dose of study medication (pramlintide 30 ug, 60 ug, or 90 ug, or placebo) was
self-administered during each of the four crossover periods according to the single-blind randomization schedule,
A washout of 7 to 4 days was scheduled between treatment periods. Subjects returned to the clinic for a medical
evaluation 10 to 14 days after the final treatment.

Reference Therapy, Dose and Mode of Administration, Batch No: 95-0504GE. A single subcutaneous
injection of placebo (0.3 mL) was self-administered by subjects during one of the four crossover periods
according to the single-blind randomization schedule. Placebo was provided by the Sponsor as a Reference
Product Formulation identical to test product, except containing no pramiintide.
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Criteria for Evaluation:

Pharmacodynamic Evaluation: Gastric emptying of solid content following the first meal was assessed by
calculating the percent of radicactive label remaining in the stomach at timed intervals after 2 "™ Technetium-
labeled standard meal (breakfast), Gastric emptying following a second mcal was based on the percent tabel
remaining in the stomach following an '"'Indium-labeled standard meal (lunch). Gamma camera imaging
pravided counts per minute that were adjusted for background and decay and were used to derive the percent
label remaining. Zero time for all evaluations was the start of the breakfast meal. The subject’s regular insulin
dose was self-administered at -30 minutes, and the single dose of study drug at -15 minutes relative to this meal.
The standard breakfast and funch meais included liquid containing 3-ortho-methy! giucose (3-OMG), 2 non-
metabolized sugar which served as a surrogate marker for the emptying of the liquid contents of the meals.
Pharmacokinetics: Plasma pramlintide concentrations were measured at selected times up to 480 minutes afier
the start of breakfast (495 minutes after dosing with pramlintide). PK parameters (AUCq 46 min, AUC40 480 mins
Comx, and Ty, were calculated using the time of the breakfast meal as time zero (0).

Safety: Safety evaluations included adverse event monitoring, clinical laboratory assessments, physical
examinations, electrocardiograms, and vital signs (puise rate and systolic and diastolic biood pressure (BFP}).

Statistical Methods: AUCs, Cpy,, and T, were calculated from the concentration over time profiles for plasma
pramlintide. blood glucese, plasma 3-OMG, and scrum insulin. The pramiintide AUCs, C,., and Tp,. and the
total stomach emptying (%); the half-emptying times (ts) in minutes; and the lag times (min), for the first meal
and second meal data, were analyzed using an ANOVA model for a 4 x 4 crossover trial with parameters for
subjects, periods, treatments, and first-order carryover effects. Treatment differences, t values, p-values and 95%
confidence intervals for treatment differences between each dose group and placebo, and between dose Eroups
constructed from the adjusted means (LS means} and error mean square of ANOVA from SAS® PROC GLM.
were also reported. Individual and mean profiles by treatment group were plotied for concentration over time
data of the evaluable subjects for post-prandial glucose profiles, plasma pramlintide profiles, serum insulin
profiles, 3-OMG plasma profiles, and rate of gastric emptying of solid component of meal. Descriptive summary
statistics {n, mean, standard deviation, median. minimum, and maximum) were also tabulated. Individual subjects
haif-emptying times (ts, in minutes) of solid component of the first meal and of the second meal were plotted

| against dose for each meal separately.

SUMMARY - CONCLUSIONS:

PHARMACODYNAMIC RESULTS:

Gastric Emptying of Liguid Food (3-OMG): The appearance of 3-OMG in plasma after breakfast was delayed
after administration of all three doses of pramiintide compared with placebo. However. the moming dose of
pramlintide had no effect on the subsequent appearance in plasma of the 3-OMG ingested with lunch. Afler
breakfast (the first meal). compared with placebo, each of the three doses of pramlintide brought about a
statistically significant (p0.0006) prolongation in the time to peak plasma concentrations of 3-OMG (T, ). and
corresponding statistically significant (p<0.0057) decreases in the AUC 0240 mim aNd Cpnay 0f 3-OMG. After lunch

(the second meal). none of the pramlintide vs placebo comparisons were statistically significant.
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PHARMACODYNAMIC RESULTS (continued):

Gastric Emptying of Solid Food: The percent ®™T¢ label remaining in the stomach afier breakfast was greater
after all moming doses of pramlintide compared to placebo during the 240-minute assessment period. Both the
haif-emptying time and the lag time of the soiid component of breakfast (based on *™Tc) were prolonged in an
apparent dose-related manner afier a moming dose of pramlintide. Compared with placebo, each of the three
doses of pramlintide resulted in a statistically significant delay in both the half-emptying time and the lag time of
the solid component of breakfast {p<0.0002 for half-emptying time and p<0.0173 for lag time). In contrast to
pramlintide-induced delays in gastric emptying seen after the breakfast meal, no such delays were seen afier the
lunch meal. No significant differences between placebo and any of the pramlintide doses were observed for half-
emptying time or lag time of the solid component of lunch (based on '''In). Gastric emptying results showing the
gastric emptying of solid foods are summarized below.

Gastric Half-Emptying Time and Lag Time by Treatnent Group, Population: Evaluable (N=11)

Placebo Pramlintide 30 ung Pramlintide &0 ug Pramlintide 90 ug

BRAKFAST (first wmeal}

Half-Emptying Time {min}
arithmetic mean 128.6 187.2 206.1 21a.5
adjusted mean (SE) 129.0 (9.8} 187.8 (9.8} 198.3 {9.8) 215.3 (9,41
difference vs placebo NA s8.9 69.4 86.3
p-vatue[l] vs placebo KA ¢.0002 0.0001 0.0001

Lag Time {min)
arithmetic mean 32.5 54.3 56.4 Te.3
adjusted mean (SE) 32.1 (6.2) 54.6 (6.2) 55.6 16.2) T1.2 (6.2)
difference vs placebo NA 2z.a 23.5% 39.1
p-value{l] vs placebo Nh 0.0173 0.0130 0.0001

LUNCH (second meal)

Half-Emptying Time (min)
arithmeti¢ mean 116.9 138.5 140.6 145.4
adjusted mean (SE) 136.9 (5.4} 139.4 {5.4) 139.4 (5.4} 145.7 (5.4}
difference vs placebo NA 2.4 2.4 B.8
p-value[l] vo placebe NA 0.7487 0.7497 0.75%0

Lag Time {min}
arithmetic mean 34.2 46 .5 40.0 48.2
adjusted mean (SE) 34.0 (6.7 46.8 (6.7} 19.4 (6.7} 48.7 {6.7)
difference vs placebo NR 2.7 5.4 14.7
p-value[l] vs placebo NA 0.1938 0.5772 0.1353

[1] p-values from t-tests for multiple comparisons following ANOVA
HA=nUL appllcdble
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PHARMACOKINETIC RESULTS: The mean (SD) plasma pramlintide concentrations at 0 time (15 minutes
afier subcutaneous injection of pramlintide) were 36.4 (22.7), 59.3 (40.1), and 96.6 (42.5) pmol/L after doses of
30, 60, and 90 pg pramlintide, respectively. At 60 minutes (75 minutes after subcutaneous injection of
pramlintide), mean (SD) plasma pramtintide concentrations were 21.7 (14.6), 28.1 (14.4), and 47.5 (34.6) pmol/L
for pramlintide 30, 60, and 90 pg treatments, respectively. By 120 minutes (135 minutes after subcutaneous
injection of pramlintide), mean (SD) plasma pramlintide concentrations had declined, but were still measurable:
11.8(9.3). 15.0(10.4), and 24.4 (22.9) pmol/L for pramlintide 30, 60, and 90 ug treatments, respectively: and at
240 minutes (255 minutes after subcutaneous injection of pramlintide) the corresponding mean (SD) pramiintide
concentrations were 1.5 (2.6), 4.2 {4.5), and 6.6 (9.5) pmol/L. AUC 4249 mini and Cyye increased with increasing
doses of pramlintide, whereas T, was essentially unaffected by dose. Pairwise comparisons between treatments
for AUC (6.510 mn) showed a statistically significant difference between the 90 pg dose and each of the other two
doses: for 90 pg vs 60 pg, p=0.0148 and for 90 pg vs 30 pg, p=0.0010. The difference in AUC (0-240 mm) DEtWEECH
the 60 pg and 30 pg treatments was not statisticalty significant (p=0.1802). For C ,, all the pairwise
comparisons between the three pramlintide doses showed statistically significant differences (p<0.0114). None of
the pairwise comparisons were statistically significant for Ty, ( p=>0.7967).

SAFETY RESULTS: Pramlintide was well-tolerated in this study. The overall incidence of adverse events was
similar after administration of placebo. 60 pg or 90 pg pramlintide (28 6% cach) and lower after administration
of 30 pug pramlintide (14.3%). Nausea was the most common event, reported by 6 subjects (42.9%). The next
most common was hypogiycemia, reported by 5 subjects (35.7%). Other reported events included dizziness,
diarrhea, hyperglycemia, and inflicted injury. All events were mild or moderate in intensity. none was severe.
There were no deaths or other serious adverse events, and no subject discontinued treatment due to an adverse
event. There were no clinical laboratory findings, vitai signs resulits, physical examination findings, or ECG
findings of clinical concern.

CONCLUSION: This study demonstrates that a subcutancously administered single dose of 30, 60, or 90 ug of

pramlintide in subjects with type | diabetes mellitus results in a significant delay of gastric emptying for both

liquid and solid foods, The delay in gastric emptying is limited to the meal following drug administration, with

no canry over to a meal ingested 4.25 hours Jater. Pramlintide’s effects on gastric emptying occur at plasma

pramlintide concentrations similar to the physiological concentrations of endogenous amylin found post-
randially in healthy subjects. Pramiintide is well tolerated at the dosages used in this study.

Diate of the Report: 20 June 2000
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Protocol No.: 137-137

Title of Study: A Study to Determine the Effect of Pramiintide on the Gastric Emptying of Subjects with Type
2 Diabetes Mellitus Currently Requiring Insulin

_ —

J

Investizators and Study Centers: T

Publication (Reference): None

Studied Period: February 1998 — June 1998 | Phase of Development: 2

Objectives: The primary objective of this study was to compare the effect of pramlintide with placebo on
gastric emptying rates for solid components of a standard breakfast meal, following a single subcutaneous dose.
The comparison between pramlintide and placebo was to be made in a cross-over design.

The sccondary objectives were to determine the safety of pramlintide when administered to this group of
subjects and to determine the effect of pramlintide compared to placebo on motilin, glucagon, C-peptide,
triglycerides and pancreatic polypeptide concentrations.

Methodology: This was a single-center, double-blind, randomized, crossover study comparing a single
subcutaneous 90 pg dose of pramlintide to placebo on the rate of gastric emptying of the solid component of a
standard breakfast meal. Gastric emptying was assessed by radiolabeling the test meal with technetium 99m
(*™Tc) and monitoring by gamma camera the percent of label remaining in the stomach over time.

Number of Subjects: Ten subjects (five malcs, five femalcs) with a mean age of approximately 66 years were
enrolled in this study. All subjects completed the study.

Diagnosis and Main Criteria for Inclusion: Males and females between 35 and 75 years of age with a history
of type 2 diabetes mellitus (no past history of diabetic ketoacidosis), requiring treatment with insulin for a
period of 6 months or more at study screening. In addition, the subjects were to have fulfilled the requirements
of all inclusion and exclusion criteria specified in the protocol, and were to have followed protocol-specified
restrictions throughout the study.

Test Product, Dose and Mode of Administration, Batch No.: Pramlintide (AC-0137-F24), 0.1 mL of 0.9
mg/mL (90 pg) administered subcutaneously, Lot No. 96-1002JB.

Duration of Treatment: A single dose of study medication {pramlintide 90 pg or placebo) was administered
during each of the two crossover periods. A washout period of 7 to 14 days was scheduled between treatment
periods,

Reference Therapy, Dose and Mode of Administration, Batch No: Placebo identical to test product except
containing no pramlintide, 0.1 mL administered subcutaneously, Lot No. 97-010i GE
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Criteria for Evaluation:

Pharmacodynamics: Gastric emptying of solid content following a meal was assessed by caleulating the
percent of radioactive label remaining in the stomach at timed intervals after a “™Tc-labeled standard meal
(breakfast). Time zero for all evaluations was the start of the breakfast meal. The subject’s regular insulin dose
was self-administered at -30 minutes, and the single dose of study drug at -15 minutes relative to this meal,
Concentrations of circulating blood glucose, plasma motilin, plasma glucagon. serum C-peptide, serum
trigtycerides, and plasma pancreatic polypeptide were measured at selected times up to 300 minutes after the
start of breakfast to determine the effect of pramlintide versus placebo on the various analytes.
Pharmacokinetics: Plasma pramlintide and serum insulin concentrations were measured at selected times up to
300 minutes after the start of breakfast (315 minutes after dosing with pramlintide). Pharmacokinetic
parameters {AUC:0.300 mn» Crmaxs 30d Ty} were calculated using the time of the breakfast meal as time zero
(t=0).

Safety: Safety evaluations included adverse event monitoring, clinical laboratory assessments, physical
examinations, ECGs, and vital signs (pulse rate and systalic and diastolic blood pressure).

Statistical Methods:

Gastric half-emptying time (T ) was defined as the time in minutes at which 50% of the radioisotope (**™Tc)
had left the stomach. Gastric lag time quantifies the initial phase of gastric emptying and was defined as the
time in minutes required for 10% of the ingested isotope to leave the stomach. AUC, C,a,, and Trnay Were
calculated from the concentration over time profiles for plasma pramlintide, blood glucose, serum insulin,
plasma motilin, plasma glucagon, serum C-peptide, serum triglycerides and plasma pancreatic polypeptide.

The variables Tsg, T1g, AUC, Cppay, and T, were analyzed using standard analysis of variance (ANOVA)
models for the 2 x 2 crossover design. [f pretiminary exploratory analysis of the summary measures data
showed that ANOV A assumptions were strongly violated. an alternative non-parametric approach was used.

Summary statistics including sample size (N), arithmetic means, adjusted means (in case of imbalance), and
standard errors of means or adjusted means were given for each treatment group. Treatment differences.
t-values, p-values and 95% confidence intervals for treatment differences between the pramiintide and placebo
groups, were also reported.

Individual and mean profiles by treatment group were plotted for concentration-time data from the évaluable
subject population (all randomized subjects were considered evaluable) for blood, plasma, and serum analytes
and for percent of ®™T'c remaining in the stomach, Descriptive statistics (n, mean, standard deviation, median,
minimum, and maximum) were also performed.
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pramlintide injection
Page:
NAME OF ACTIVE
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pramlintide acetate

SUMMARY - CONCLUSIONS:

PHARMACODYNAMIC RESULTS: Pramiintide 90 ug administered by subcutaneous injection prior to a
meal significantly delays gastric emptying of the solid food contents in subjects with type 2 diabetes mellitus
using insulin. Compared with placebo, pramlintide 90 pg resulted in a statistically significant delay in both
half-emptying time (Tso) and the lag time (T,y) of the solid component of a meal (p=0.0011 for half-emptying
time and p=0.0232 for lag time).

Gastric Emptying Parameters, Population: Evaluable (N=10)

Placebo Pramlintide 90
Half-Emptying Time {min)
arithmetic mean 80.50 127.00
adjusted mean (SE) (1] 79.79 {6.69) 126.67 (6.69)
p-value [2] NA G.0011
Lag Time (min)
arithmetic mean 17.60 28.80
adjusted mean (SE) [{] 17.29(3.33) 30.46 (3.33)
p-value [2] NA 0.0232

(1] from fitting a standard analysis of variance model for 2 X 2 crossover design
[2] p-value from standard ANOV A for 2 X 2 crossover
NA = not applicable

Pramlintide 90 pg significantly decreases postprandiai plasma pancreatic polypeptide concentrations, and
delays its appearance.

No changes in motilin concentrations were observed, suggesting that this hormone is unlikely to mediate the
effects of pramlintide on gastric emptying.

SAFETY RESULTS:

Adverse Events: Pramlintide was well-tolerated in this study. One subject reported two incidences of diarrhea,
one during the placebo treatment period and one during the pramlintide treatment period. Both events were
mild and considered by the investigator to probably not be related to the study medication,

Deaths: There were no deaths.

Serious Adverse Events: There were no serious adverse events.

Clinical Laboratory Values: There were no laboratory findings of clinical concern.

Vital signs, Physical Examinations and ECGs: There were no marked changes in the mean values of systolic or
diastolic blood pressure or heart rate over time, and no apparent differences after the administration of
pramlintide as compared to placebo. No clinically important physical examination changes from basetine
were reported for any subject during the study. ECGs were only recorded at screening, at which time two
subjects had overall ECG interpretations that were considered abnormal but not clinically important.
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pramlintide injection
Page:
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pramiintide acetate

CONCLUSION: Pramlintide, administered subcutaneously prior to a meal as a single 90 pg dose to subjects
with type 2 diabetes mellitus using insulin results in a significant detay in gastric emptying of the solid
component of a meal. Pramlintide 90 ug significantly decreases the amount of circulating pancreatic
polypeptide present after the meal, and delays its appearance. The lack of changes in plasma motilin
concentrations suggests that this hormone is unlikely to mediate the effects of pramlintide on gastric emptying.
Pramlintide is well tolerated when given as a single 90 pg dose to subjects with type 2 diabetes metlitus using
insulin.

Date of the Report: 27 September 2000
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