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1 Executive Summary

1.1 Recommendation

The Office of Clinical Pharmacology /Division of Clinical Pharmacology 2
(OCP/DCP2) has reviewed Trial 1746 submitted on March 2, 2007 as a major
amendment to the complete response to the Agency’s not approvable (NA) letter for
NDA 21-809 for NovoLog Mix 30/70 (BIAsp 70) and NDA21-810 for NovoLog Mix
50/50 (BIAsp 50). '

Based on the pharmacokinetic (PK) and pharmacodynamics (PD) analyses, BIAsp b
70 and BIAsp 50 have been determined not to be distinct drug products from each other. (4)
However, as to BIAsp 70°and BIAsp 50 versus BIAsp 30, The Office of Clinical

Pharmacology could not conclude whether the moderate differences (15-18% difference)

observed in PD endpoint (AUCGR 4-121s) and 5 — 9% difference in PK endpoint (AUC,. 12

nrs) Will translate into clinically relevant benefits as distinct drug products in the treatment

of diabetic patients. In addition, bioavailability was reduced by 24% for BIAsp 50 as

compared to IAsp, the short-acting insulin product.

This recommendation should be conveyed to the sponsor as appropriate.

1.2 Summary of Clinical Pharmacology and Biopharmaceutics Findings

Trial 1746 showed that the two NovoLog mixes, BIAsp 70 and BlAsp 50, are not
distinguishable from each other from PK and PD analyses. Although the mean difference
in AUCqr 0.2 nrs as the early phase PD endpoint was 14% between BIAsp 70 and BlAsp
50, statistical analysis indicates that it is not statistically significant. The difference in the
intermediary phase PD endpoint, AUCGR 4.12 s, Was 4%. While the mean difference in
early phase PK endpoint of AUCiag, 02 hrs Was reported to be 48%, the mean difference in
the intermediary PK endpoint of AUC agp 4-12 hours Was only 4%.

Bigger differences were observed when BIAsp 70 and BIAsp 50 were compared
to BlIAsp 30. The difference in the PD endpoint of AUCGR 4.121s Was 15% as between
BIAsp 70 and BIAsp 30, and 18% as between BIAsp 50 and BIAsp 30. Based on the
composition of short- and long-acting insulins, the mean difference between BlAsp 70
and BIAsp 30 in PD endpoint should have been greater than that between BlAsp 50 and
BIAsp 30. However, the result indicated the opposite (15% vs 18%), suggesting great
variations in the study. The PK analysis showed that the differences in the intermediary
phase parameter of AUCjasp 4.12 hours are minimal for all three NovoLog mixes. The
differences in AUC;Asp 4-12 hours Were 6% as between BIAsp 70 and BIAsp 50, 9% as
between BlAsp 50 and BIAsp 30, and 5% as between BIAsp 70 and BlAsp 30. Similar
to the findings in the previous pivotal PK/PD Study 1086 of the original submissions,

. bioavailability is decreased with increasing fraction of long acting components in
NovoLog mixes. Bioavailability was reduced by 30% for BIAsp 30 and by 24% for
BIAsp 50, each as compared to [Asp, the short-acting insulin product.
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2. Background

On March 2, 2007, the sponsor submitted a new clinical trial (Trial ID:BIAsp-1746)
to the Agency, which extended the review cycle for additional 3 months for the
submission dated August 30, 2006 as a complete response to the Agency’s NA letter. In
the original submissions for both NovoLog Mix 30/70 and NovoLog Mix 50/50, the b( 4)
Agency issued a not approvable (NA) letter for NDA 21-809 and NDA 21-810, _
respectively because ¢

-

3. Trial BIAsp 1746

This is a double-blind, randomized, four-period crossover trial comparing the PK
and PD after single dose of BIAsp 30, BIAsp 50, BIAsp 70 and insulin aspart in subjects
with type 1 diabetes. The rationale sponsor described for the previous BIAsp-1086 trial
showing subtle differences in PD between the different BIAsp-formulations was that the
study was conducted in healthy subjects instead of patients. In particular, duration of
action appears to be longer in healthy subjects compared to subjects with type 1 diabetes.
Since the plasma glucose level decreases during the artificial, prolonged fasted state,
‘maintenance of euglycemia may stimulate endogenous insulin secretion in healthy
subjects and necessitate an exaggerated rate of glucose infusion. Therefore, in order to -
avoid any interference from endogenous insulin, the Trial 1746 was conducted in C-
peptide negative patients with type 1 diabetes. The trial was conducted in the laboratory
of Tim Heise, MD, Profil Institute for Metabolic Research, Ltd, Neuss, Germany, where b
trials for the Study 1806 and ¥  ~——u— were conducted. (4}

The primary objective was to compare the early pharmacodynamics of BIAsp 30,
BIAsp 50, BlAsp 70 and IAsp based on GIR results at the dose of 0.4 U/kg. The
secondary objectives were (1) to compare the pharmacokinetics of BlAsp 30, BIAsp 50,
BlIAsp 70 and IAsp; (2) to compare other single dose PD properties as defined as
standard GIR endpoints from the GIR curves among BIAsp 30, BIAsp 50, BIAsp 70 and
IAsp; (3) to compare end of action as derived from the blood glucose concentrations
during the clamp (end of action is defined as the time-point when blood glucose exceeds
160 mg/dL with no glucose infusion in the last 30 min or longer); (4) to compare PD
properties derived from the serum NEFA concentrations among BIAsp 30, BlAsp 50,
BlAsp 70 and [Asp and (5) to evaluate the safety of BIAsp 30, BIAsp 50, BlAsp 70 and
TAsp. , :
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The study design and flow are schematically shown in Figure 1.

Figure 1. Trial design

Screening Dosing Dosing Dosing Dosing Follow-up
Visit Visic 1 Visit 2 Visit 3 Visit4  Visit
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A Forty-six (46) subjects were screened. Thirty-two (32, twenty-one male and
eleven female subjects) aged 21 to 52 years, with type 1 diabetes ranging 5 to 33 years
were recruited and completed the trial. The mean BMI was 25 kg/m* (range 20 to 31
kg/m?), mean HbA 1¢c was 7.6% (range 6.3 to 8.5%), and C-peptide was < 0.14 nmol/L in
all subjects. All subjects were receiving basal-bolus treatment with soluble human
insulin, insulin lispro, insulin glulisine, neutral protamine hagedorn insulin, insulin
detemir or insulin glargine, but they were not previously treated with insulin aspart.

The results are summarized below.

Pharmacodynamic analysis:

The all four preparations for PD endpoints are presented in Figure 1. The values
for the primary endpoint, AUCg 9.2, were derived from the GIR profiles and are
summarized in Table 1. 1Asp and the three BIAsp preparations were compared with
respect to AUCGir 0.2 using an ANOV A model. For AUCGR .21, significant differences
were demonstrated between IAsp and BIAsp 70 and between BIAsp 50 and BIAsp 30.
AUCgir o-2n for IAsp was 26% higher than for BIAsp 70 and AUCgpr 0.2, for BIAsp 50
was 52% higher than for BIAsp 30. AUCgi o.2n for BlAsp 70 was 14% higher than for
BIAsp 50 but this difference was not significant (p=0.0933) (Table 2).
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Figure 2. Mean Smoothed Glucose Infusion Rate Profiles
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Table 1. Area under the GIR curve durmg the first 2 hours after s.c. mjectxon of
trial products (AUCG 021 ) in trial 1746 (from Table 14.2-8)

' IAsp . BIAsp 70 BlAsp 50 ‘BlAsp 30

Table 2. ANOVA Comparison of (AUCGR, 02 hr)
—_—

‘ N 31 31 31 31
Mean (SD) 540 : 429 376 .. 247
e ——— ——————————

IAsp vs BIAsp 70 vs | BIAsp 50 vs | BIAsp 70 vs
BlAsp 70 BIAsp 50 BIAsp 30 | . BIAsp 30
Mean ratio - 1.26 1.14 1.52 1.74
95% CI 1.08; 1.47 0.98; 1.33 1.31; 1.78 | "1.49;2.03
P value 0.0038 0.0933 <0.001 <0.001
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The secondary PD endpoints characterizing the time course of GIR following trial
drug administration were derived from the GIR profiles and are summarized in Table 3.

Table 3. Summary of analysis of secondary GIR endpoints in Trail 1746 (derived

from Table 14.2.9) '

Parameter IAsp BlAsp70 | BlAspS50 | BIAsp30 | IAsp/ BlAsp 70/ | BIAsp 50/ | BlAsp 70/
Blasp 70 Blasp 50 Blasp 30 BIAsp 30

AUCGR, 0-4 nr (mg/kg)

N 31 31 31 31

mesn 1416 1174 1001 725

ratio 1.21 117 1.38 1.62

AUCGqIR, 4-12 nr (2g/kg)

N 31 31 - 31 31

mean 543 876 846 1029

ratio 0.62 1.04 0.82 0.85

AUCGrR, p-6 hr (mg/kg)

N 31 31 31 31

mean 1901 1652 1396 1094

ratio 115 118 1.28 1.51

AUCGHR, p-12 br (mg/kg)

N 31 31 31 31

mean 2061 2124 1909 1777 '

ratio 0.97 1.11 1.07 1.19

AUCGR, 028 nr (mg/kg) -

N 31 31 31 31

mean 2060 2141 1972 1914

ratio 0.96 1.09 1.03 1.12

AUCGR, 6-12 ne (mg/kg)

N 29 31 30 31

mean 51 356 497 661

ratio ' 0.14 0.72 0.75 0.54

AUCqR, 6-28 nr (mg/kg)

N 29 31 30 31

mean 51 367 544 786

ratio : 0.14 0.67 0.69 - 0.47

GIR max (mg/kg/min)

N 31 31 31 31

mean 8.6 6.8 538 45

ratio 127 1.18 1.29 1.52
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Pharmacokinetic analysis:

The pharmacokinetic profiles of all four preparations are presented in Figure 3.

Figure 3. Mean Serum Insulin Aspart Profiles
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The maximum concentrations (Cmax) of serum IAsp are summarized in Table 4.
IAsp and the three BIAsp preparations were compared with respect to Cmax using the
same ANOVA model as for the primary endpoint (see Table 5). For Cmax, significant
. differences were demonstrated among all four trial products. Cmax for IAsp was 35%
higher than for BIAsp 70, Cmax for BIAsp 70 was 51% higher than for BIAsp 50 and
Cmax for BIAsp 50 was 49% higher than for BIAsp 30. The other PK parameters over
time profiles are summarized in Table 6.

Table 4. Cmax for serum IAsp and BIAsp preparations (mU/L)

e

TAsp BIAsp70 | BIAsp50 | BIAsp30
N 31 31 31 w31
Mean 191 141 94 63

Table 5. ANOVA Comparison on Cmax

e

IAsp/ BIAsp 70/ | BIAsp50/ | BIAsp 70/
BIAsp 70 BIAsp 50 BIAsp30 | BIAsp 30
Mean ratio '1.35 1.51 1.49 225 =
95% C.L. 1.22; 1.50 1.36; 1.67 1.34; 1.65 2.03; 2.49
P value <0.001 <0.001 <0.001 "<0.001
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Table 6. Summary of PK profiles in Trail 1746

Parameter TAsp BIAsp70 | BIAsp 50 BIAsp 30 | TAsp/ BIAsp70/ | BIAsp 50/ | BIAsp70/
Blasp 70 Blasp 50 Blasp 30 BlAsp 30

AUC IAsp, 0-2 hr (mU*h/L)

N_ 31 31 31 31

mean 261 192 130 87

ratio 1.36 1.48 1.48 2,20

AUC 1Asp, ¢4 hr (mU*h/L)

N 31 31 31 3

mean 460 337 239 172

ratio : 1.36 141 1.39 1.96

AUC IASp, 4.12 5 (mU*h/L)

N 31 31 31 31

mean 90 142 136 150

ratio : 0.63 1.04 0.91 0.95

AUC 1Asp, o6 nr (mU*h/L)

N 31 31 31 31

mean 530 407 294 224

ratio : 1.30 138 1.32 1.82

AUC IAsp, 0-12 hr (mU*h/L)

N 31 31 31 31

mesan 570 490 383 326

ratio . 1.16 1.28 118 - 1,51

AUC 1Asp, 928 ne (mU*h/L) '

N 31 31 31 31

mean 576 536 438 401

ratio 1.07 1.23 1.09 1.34

AUC JAsp, g.ins (mU*h/L)

N 29 31 30 31

mean 589 564 474 442

ratio 1.04 1.19 1.07 1.28

AUC IAsp, .28 nr (mU*h/L)

N ] 31 31 31 31

mean 32 116 130 170

ratio : 0.28 0.90 0.76 0.68

t1/2 (h)

N 31 31 31 31

Mean 2.2 (3.4) 4.22.2) 5.5(6.5) 7.6 (10)

Bioavailability:
The phenomenon of reduced bioavailability in Trial 1746 is similar to Trial 1086

though BIAsp 30 in type 1 diabetic patients exhibited a less magnitude in reduction of
bioavailability in comparison with BIAsp 30 in healthy subjects (Table 7).
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Table 7. The bioavailability with different NovoLog Mixtures in type 1 diabetic
patients in Trial 1746 and in healthy subjects in Trial 1086

Trial
NovoLog Mix 1746 1036
AUCugp, 0-28hr  [% of Soluble IAsp  |JAUC;,p, 0-24 br  |% of Soluble FAsp
(mU.mim./L) (mU.mim./L)
Soluble IAsp 34560 100 18407 (3153) 100
BIAsp 70 32160 193 17628 (3121) 95.8
IBIAsp 50 26280 76 13612 (2919) 74
IBIAsp 30 24060 70 11486 (4254) 62.4
[Neuntral protamine IAsp  [Not available INot available INot available [Not available
Analytical:

Insulin aspart was determined in serum by an enzyme linked immunosorbent
assay (ELISA). The lower limit of quantification for this assay was 12.5 pmol/L and the
detection limit is 5.3 pmol/L. Measurements were performed in the calibration range
between 0 and 877 pmol/L after appropriate dilution of the samples. Quality control
samples at three different levels were assayed in each analytical run (duplicate run). The

concentration levels were 33.1, 378, and 668 pmol/L. The inter-assay precision
(coefficient of variation) of the quality control samples ranged between

The mean inaccuracies of the quality control samples ranged between

DSI Inspection:

S

%.
1%,

—

The Division of Scientific Investigations (DSI) audited the clinical-
pharmacodynamic and analytical-pharmacokinetic portions of the study 1746. The
conclusions are as follows:

a. Dosing of subjects cannot be assured to have followed the randomization code.

b. For the experiments in the table below, the OCP/DMEP reviewer should evaluate the
reliability of the GIRs between 0 to 120 min (AUCgr 0-120 min), the primary endpoint

Subject ID Visit
Subject ID | Visit
#13 2
#35, #43 3
#32, #33 4
#25, #28 5

c. The nonesterified free fatty acids ‘NEFA) concentration data are unreliable as the
NEFA assay was found to be deﬁc1ent
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REVIEWER’S COMMENTS:

The sponsor chose 6nly the early phase PD parameter as their primary endpoint.
This reviewer thinks that both the early and intermediary phases of PK and PD profiles
are important endpoints to characterize the premixes as distinct products from each other.

The exposures of insulin aspart mixes are much greater in type 1 diabetic patients
in Trial 1746 compared to the Trail 1086 conducted in healthy subjects (see Table 7).
Part of reasons for a greater exposure is due to higher dose, 0.4U/kg used in the current
study in comparison to 0.3U/kg in original study with healthy subjects. But the
magnitude of difference can not only be attributed to the different doses used.

The differences between IAps and BIAps 70 are 26% and 38% for the PD
endpoints, AUCg, at early phase (0-2 hours) and intermediary phase (4-12 hours),
respectively, which makes BIAsp 70 sufficiently distinct from I1Asp.

The differences between BIAps 70 and BIAps 50 in PD parameters are minimal.
14% difference for the primary PD endpoint AUCgR o-2 nrs between these two mixes was
observed. But the statistical analysis indicated that the difference was not statistically
significant. The AUCG 4-12 ns between BIAsp 70 and BIAsp 50 also showed the ratio of
1.04, which made these two insulin mixes almost superimposable in the intermediary
phase.

The differences between BIAps 70 and BIAps 30 are 74% and 15% for the early
phase (0-2 hours) and intermediary phase (4-12 hours), respectively as shown in PD
endpoints. The greater difference in the early phase may be partially attributed by
reduced bioavailability in BIAsp 30 (30% reduced bioavailability for BIAsp 30 than
IAsp). The difference between BIAps 50 and BIAps 30 in PD parameters is similar to
what was observed between BIAsp 70 and BIAsp 30. The difference in the ratio for the
primary PD endpoint AUCGIR ¢-2 wrs between BIAsp 50 and BIAsp 30 was 52%. In the
intermediary phase AUCGiR 4.12 nrs, the difference in the ratio is 18%. The difference
between BIAsp 70 and BIAsp 30 should have been greater than that between BIAsp 50
and BIAsp 30 based on the composition of short- and long-acting insulins. However, the
result indicated the opposite (15% vs 18%), suggesting great variations in response to
these premixes in type 1 diabetic patients in this study.

Ful’thermore, PK analysis showed that the intermediary parameters AUCjaspa.12
hours 1S indistinguishable for all three Novol.og mixes. The differences in AUC;Asp 4-12 hours
are 6% between BIAsp 70 and BIAsp 50, 9% between BIAsp 50 and BIAsp 30,-and 5%
between BIAsp 70 and BIAsp 30 and these are even smaller differences than those in the
previous study conducted in healthy subjects (Study 1086).

These PK and PD results reveal that there are great variations within and between
studies. It can be concluded that BIAsp 70 and BIAsp 50 are not distinct products from
each other based on intermediary phase analysis. Whether the differences observed
between BIAsp 70 or BIAsp 50 versus JAsp and BIAsp 30 may translate into clinical
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benefits will depend on the evaluation of those supportive clinical trials, including phase
3 Study BIAsp-1440 being reviewed by the medical review team.

With regard to the DSI inspection, this reviewer did check on data for these seven
subjects on four visits. This reviewer judged that these findings would not affect overall
results as described in this review. A re-analysis may not generate additional values for
the natures of the study. Also, NEFA profiles are used by the sponsor as secondary PD
endpoints and the Agency does not use them as approval criteria. Therefore, the
deficiency in NEFA assay will not impact the Agency’s conclusion.

Appeors'This Way
On Criginal
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1. Trial 1746 Synopsis
2 Synopsis

Trial Registration ID-namber EudraCT number — EU only
Not applicable . 2005-004965-40
-Title of Trial

A Double-Blind, Randomised, Four-Period Crossover Trial Comparing the Pharmacodynamics and
Pharmacokinetics after Single Dose of Biphasic Insulin Aspar 30, Biphasic Insulin Aspart 50, Biphasic Insulin
Aspart 70 and Insulin Aspart in Subjects with Type 1 Diabetes

Investigator
Tim Heise, MD
Profil Insutute for Meiabolic Research, Ltd, Neuss, Germany

Trial Site
Profil Institute for Metabolic Research, Ltd, Neuss, Germany

Publications
None

Trial Period ‘ ) Development Phase
19 April 2006 to 20 July 2006 Phase 1

Objectives

Primary Objective:

¢ To compare the early pharmacodynamics of 0.4 U‘kg, BlAsp 30, 0.4 Uikg BIAsp 50, 0.4 Ukg BlAsp 70 and 0.4
Uikg IAsp, based on GIR results.

Secondary Objectives:

¢ To compare the pharmacokinetics of 0.4 Uikg BIAsp 30, 0.4 Uskg BIAsp 50, 0.4 U/kg BlAsp 70 and 0.4 Ukg
TAsp in subjects with type 1 diabetes.

¢ To compare other single dose pharmacodynamic propemes as defined as standard GIR endpoints from the GIR
curves between BlAsp 30, BIAsp 50, BIAsp 70 and TAsp.

¢ To compare end of action as derived from the blood glucose concentrations during the clamp (end of action is
defined as the time-point when blood ghicose exceeds 160 mg/dL with no glucose infusion in the last 30 min or
longer).

* To compare pharmacodynamic properties derived from the serum NEFA concemrations berween BIAsp 30,
BlAsp 50, BlAsp 70 and IAsp.

¢ _To evaluate the safety of BIAsp 30. BIAsp 50, BIAsp 70 and IAsp.

Methodolagy

¢ This was a randomised, single centre, four-period cross-over trial to compare the pharmacodynamics and
pharmacokinetics after single dose administration of four different products fbiphasic insulin aspart 30 (BIAsp
'30), biphasic insulin aspart 50 {BIAsp 30). biphasic insulin aspart 70 (BIAsp 70) and insulin aspart {JAsp}) on four
different occasions.

o Afier suceessful screening, subjects were randomised to one of eight treatment sequences, selected from the 24
possible treatment sequences, involving subcutancous (s.c.) single-dose administration of 0.4 Uske BlAsp 30, 0 4
Ulkg BIAsp 50, 0.4 Utkg BIAsp 70 and 0.4 UZkg TAsp, respectively. at four different dosing visits.

* There were wash-out periods of 7-14 days between the four dosing visits.

¢ At each dosing visit subjects recerved a controlted intravenous infusion of ghucose and nman soluble insulin
(Actrapid®) for 4-6 hours prior to trial drug administration in order to keep the blocd ghicose concentration stable
at a level of 90 mg/dL. (3.0 mmoliL). i.e. a ghucose clamp with a target blood glucose lavel of 90 meg'dL (5.0
mmol'L) was initiated. The glucose clamyp was rerminated after 12 hours post-dosing (IAsp) or 28 hours post-
dosing (BLAsp 30. BIAsp 50 and BIAsp 70) or earlier if blood ghucose levels increased to concentrations above
160 mg:dL (8.9 mmol:L) with no glecose mfusion during the last 30 min.
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Methodology (continued)

¢ Blood samples for measurement of serum IAsp, serum nonesterified fatty acids and blood ghucose were drawn
before dosing and frequently after dosing for the entire duration of the glucose clamp.

¢ Safety assessments included adverse events, physical examination, vital signs, electrocardiograms (ECGs), clinical
laboratory tests (haematology, biochemistry, urinalysis (incl. pregnancy test in females) and coagulation
parameters), hypoglycaemic episodes and local tolerability at the injection site.

Number of Subjects Planned and Analysed
It was planned to randomise 32 subjects in order for 28 to complete the trial. All 32 subjects completed the trial and _
all 32 subjects were included in the pharmacokinetic, phaxmacodynam:c and safety analysis.

Diagnasis and Main Criteria for Inclusion

Men and women (non-smokers) with type 1 diabetes aged 18-55 years, wnh diabetes > 12 months, BMI < 32 kg/m®,
serum C-peptide < 0.4 ng/mL, HbA, < 9% and receiving basal-bolus treatment with soluble human insulin, insulin
lispro, insulin glulisine, neutral protamine hagedorn insulin, insulin detemir or insulin glargine.

Test Product, Dose and Mode of Administration, Batch Number

Single dose (0.4 U/kg) of BlAsp 30 (Batch No. RQ50579), BIAsp 50 (Batch No. PQ50709), BIAsp 70 (Batch No.
PQS50675) or IAsp (Batch No. RQ50660), 100 UL, delivered in Penfill® 3.0 mL cartridges and mjected s.C. in the
umbilical region by using Micro-Fine™ syringes,

Duration of Treatment

Four single doses of BIAsp 30, BIAsp 50, BIAsp 70 and IAsp, respectively, administered at four different occasions
at intervals of 7-14 days.

Reference Therapy, Dose and Mode of Administration, Batch Number
There was no reference therapy. The four test products were compared.

Criteria for Evaluation — Efficacy

Pharmacokinetics: .

*» Serum [Asp concentrations for 28 hours (BIAsp 30, BIAsp 50 and BIAsp 70) or 12 hours (IAsp) following a
single dose of either BIAsp 30, BlAsp 50, BIAsp 70 or IAsp.

Pharmacodynamics:
¢ Glucose infusion rate (GIR) during a englycaemic clamp for 28 hours (BIAsp 30, BlAsp 50 and BIAsp 70) or 12
hours ([Asp) following a single dose of either BIAsp 30, BIAsp 50, BlAsp 70 or IAsp.
¢_Blood glucose and serum NEFA concentrations before dosing and for the entire duration of the glucose clamp.

Criteria for Evaluation - Safety

The safety evaluation was based on adverse events, physical examination, vital signs, ECG, clinical laboratory tests
(haematology, biochemistry, urinalysis and coagulation parameters), hypoglycaemic episodes and local tolerability at
the injection site.

Statistical Methods
Primary Endpoint:
* AUCqy oo the area under the curve (AUC) of the GIR curve from 0 to 2 hours

Pairwise tests for no difference between treatments in AUCGR oo, Were carried out using an analysis of variance
(ANOVA) mode! with a fixed treamment effect, a fixed periad effect, a random subject effect and a measurement
errof. AUCqr: oy Was log-transformed before analysis and the estimated treatment differences were back

transformed to the original scale to yield estimates of treatment ratios. A p-value of 3% was used as the level of
significance.

Secondary Endpoeints:

Seran Insudin Aspare

® Cpy. the maximal IAsp concentration during the glucose clamp

® tpaerssy the time of the maximal IAsp concentration during the glucose clamp
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Statistical Methods (continued)

AUC3. 0., the AUC of the IAsp curve from 0 to 2 hours
AUC,y.;, 6 1. the AUC of the IAsp curve from O to 4 hours
AUC1 0.0, the AUC of the IAsp curve from 0 to 6 hours
AUGCaq0.1m, the AUC of the TAsp curve from 0 to 12 hours
AUCrip0.2%, the AUC of the IAsp curve from 0 to 28 hours
AUCr10, 001 the AUC of the IAsp curve from O to infinity
AUC4p 4101 the AUC of the TAsp curve from 4 to 12 hours
AUCryp6.1m, the AUC of the IAsp curve from 6 to 12 hours
AUC456.20, the AUC of the TAsp curve from 6 to 28 hours
AUCr3 1290, the AUC of the [Asp curve from 12 to 28 hours
ty;, the terminal half-life of the [Asp concentration

* ¢ & 6 O O ¢ o ¢ ¢ o

Glucose Infusion Rate

¢ GIRu, the maximal GIR during the ghicose clamp

tmsx GIR. the time of the maximal GIR during the glucose clamp
AUComr o-1n. the AUC of the GIR curve from 0.to 4 hours

AUCqm 0.6, the AUC of the GIR curve from 0 to 6 hours

AUCqzp 0123, the AUC of the GIR curve fiom 0 to 12 hours
AUCqz o200, the AUC of the GIR curve from 0 to 28 houss
AUCg 412, the AUC of the GIR curve from 4 to 12 hours
AUCgm .12, the AUC of the GIR curve from 6 1o 12 houss
AUCeR s250. the AUC of the GIR curve from 6 to 28 hours
AUC¢ 1226 the AUC of the GIR curve from 12 to 28 hours

T 10% avcs the time't when AUCqR o equals 10% of AUCp o osn
tem 00 AUc, the time t when AUCGm_o.( oquals 90% OfAUCGg&o.m

® & o & & & & 6 & v

Serum Nonesterified Fauy Acids

Crimyesa, the mintmum NEFA concentration during the ghicose clamp
i vEFa- the first time of minimum NEFA concentration during the glucose clamp
AUCzz4 0. the AUC of the NEFA curve from 0 to 2 hours

AUCzr4 0. the AUC of the NEFA curve from 0 to 4 howurs
AUCxzra,0.6n. the AUC of the NEFA curve from 0 to 6 hours

AUCxzr4 0125, the AUC of the NEFA curve from 0 to 12 hours

sa. the AUC of the NEFA curve from 0 to 28 hours

123, the AUC of the NEFA curve from 4 1o 12 hours

123> the AUC of the NEFA curve from 6 to 12 howrs

22, the AUC of the NEFA corve from 6 to 28 hours

e & & & ¢ & ¢ " &0

Bivod Glucose Escape

¢ tGIRy, the time unti! GIR declined to zero defined as the last time-point of the Iast 5 min interval where GIR >
0.02 mg/kg/min

¢ BG escapeg, the time until blood glucose (BG) started to escape fiom the clawp target level of 90 mg/dL (5.0
mmolL) .

* BG escapeyy, the time until blood glucose exceeded 140 mg/dL (7.8 mmol/L) with no glucose infusion during the
last 30 min :

* BG escape;, the time until blood ghicose exceeded 160 mg/dL (8.9 mmol/L) with no glucose infusion during the
last 30 min
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Statistical Methods (continued)

The endpomts AUCIA.W 0-2hs AUCIASP,O—‘JI) AUCJASDO-GIb AUCIAS‘p O-12b AUC:[A_;}) 9-28h> AUCLHP O-inf> AUCL\SP ERL

AUCy 612, AUCH g 500, AUCIg 1225 oo AUCom 00 AUCo1R 050 AUCoz 0120 AUCGm 6250 AUCem 4120,
AUCqR g1, AUCeR, 62a. AUCom 12.2m. GIRmex, AUCxERA 020, AUCKEFA -, AUCKEFA p-00 AUCKEFA G120,
AUCn’grA.o.zah. AUCNEF,\’;JQ. AUC}\'_BEA:&]m AUCN‘EA__&'_)&, AUCNEFA,];'-:Bh and CminMA wete log—nansfoxmed and
analyszd using an ANOVA model as for the primary endpoint. The endpoints tGIRy, BG escapesy, BG escapeysp and
BG escape,, were analysed by a survival approach. An Accelerated Failure Time (AFT) model was estimated based
on a Weibull distribution. The AFT approach was chosen to enable a comparison between treatments as a ratio of
these four endpoints. The endpoints tmr Gm. tom 205 ATC, l6IR 00% ATC, toxc125p. tm and tumeps Were summarised but not

formally analysed.

Demography of Trial Popnlation

The 32 subjects with type 1 diabetes (11 females and 21 males) were 31 Caucasians and 1 black or African -
American. Their mean age was 37 years (range 21 to 52 years), mean weight was 76 kg (range 58 to 96 kg), mean
BMI was 25 kg/m’ (range 20 to 31 kg/m®), mean HbA;, was 7.6% (range 6.3 to 8.5%), C-peptide was < 0.14 nmol/L
in all subjects and they had a mean diabetes duration of 19 years (range 5 to 33 vears).

Efficacy Results

¢ The primary endpoint, AUCqs o, increased with increasing fraction of soluble IAsp. AUCqrw o o, Was 26%
higher with JAsp than with BIAsp 70 and 52% higher with BIAsp 50 than with BIAsp 30, while the 14% higher
AUCqr o with BIAsp 70 than with BlAsp 50 did not reach statistical significance.

¢ The maximom serum IAsp concentration, Cpay, and the maximunm glucose infusion rate, GIRyy, both increased
significantly with increasing fraction of soluble IAsp.

* The two endpoints, tme1asp a0 tuxx Gz Were both stmilar between the four IAsp preparations, i.¢. the time of
maximum serum IAsp concentration and the time of maximum metabolic activity did not depend on the fraction
of soluble IAsp.

» Early IAsp exposure increased significantly with increasing fmcuon of soluble IAsp. The three endpoints,

- AUCupp 2, AUCLp o-m and AUCop 0.6, all differed significantly between IAsp and BIAsp 70, between BIAsp
70 and BlAsp 50 and between BIAsp 50 and BIAsp 30.

¢ Early metabolic activity of IAsp, in terms of glucose lowering effect, increased significantly with increasing
fraction of soluble IAsp. The two endpoints, AUCqz oy, and AUCr o . both differed significantly between IAsp
and BlAsp 70, between BlAsp 70 and BIAsp 50 and between BIAsp 50 and BLAsp 30 (see above for findings on
the primary endpoint, AUCgR ).

o Late IAsp exposure was higher with the three BIAsp preparations than with JAsp. Between 6 and 12 hours after
trial drug administration (AUC;, . 5120), serom IAsp concentration was 63% lower with IAsp compared with
BlAsp 70. Between 12 and 28 hours after trial drug administration (AUCy,, 122z, serum IAsp concentration was
32% lower with BIAsp 50 compared with BIAsp 30. There was no significant difference in AUCri 32,06 between
BlAsp 70 and BlAsp 50.

¢ Late metabolic activity of IAsp. in terms of glucose lowering effect (AUCqRr) and lipolytic inhibitory effect
(AUGyzra). increased with increasing fraction of protaminated IAsp. AUCq ¢ 12 Was 86% lower with [Asp
compared with BIAsp 70. AUC gz, ¢.;o Was 66% higher with TAsp compared with BIAsp 70, 29% higher with
BlAsp 70 compared with BIAsp 50 and :$0% higher with BIAsp 50 compared with BIAsp 30. Moreover,
AUCqm 1225 and AUCxgr 32-2 both differed significantly berween the three BIAsp preparations.

¢ End of metabolic action, as evidenced by the four endpoints tGIRs, BG escapess, BG escapeyy; and BG escapesss,
occurred sigmificantly later with miereasing fraction of protaminated IAsp.

Safety Results

* There were a wotal of 20 AEs occurring in 3% of the trial population (11 subjects).

» Fourtzen (14) AEs were mild, 3 were moderate and 1 was severe. The latter was a circulatory collapse occurring 4
hours after adninistration of BIAsp 30. This AFE lasted 10 min_ was assessed to be possibly related to trial product
and the subject recoversd and completed the trial.

e Sixteen (16) AEs were assessed to be unlikely related to trial product. while 4 AEs were assessed to be possibly
related to trial product.
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Safety Results (continued) .

» The most frequent AE was headache (12'AEs). Other AFs were gastrointestinal disorders (5), nasopharyngitis (1),
hyperglycaemia (1) and circulatory collapse (1). :

¢ There was a higher incidence of AEs following adninistration of BIAsp 30 (60% of all AFs) compared with
BlAsp 50 (10%), BLAsp 70 (10%) and IAsp (20%). .

¢ There were no clinically relevant findings for biochemistry, haematology, urinalysis, coagulation parameters, vital
signs, ECG, physical examination, hypoglycaemic episodes and local tolerability at the injection site.

* In general, single-dose administration of BIAsp 30, BlAsp 50, BlAsp 70 and TAsp was well tolerated in subjects
with type 1 diabetes.

Conclusions

¢ Glucose lowering action in the early phase increased significantly with increasing fraction of soluble IAsp.

* Early phase pharmacokinetic properties were significantly different between BIAsp 30, BlAsp 50, BlAsp 70 and

¢ Serum IAsp concentrations and glucose lowering action between 6 and 12 hovrs after trial drug administration
were lower with IAsp compared with the three BIAsp preparations.

¢ The inhibitory effect of IAsp on lipolysis differed significantly between all four trial products befween 6 and 12
hours aftes trial drug administration as evidenced by serum NEFA levels.

* Between 12 and 28 hours after trial drug administration, the glucose lowering effect and the inhibition of lipolysis
induced by IAsp were both significantly higher with increasing fraction of protaminated IAsp. Within this time
frame, a higher serum [Asp concentration was seen with BIAsp 30 compared with BlAsp 50.

* End of metabolic action occurred significantly later with mcreasing fraction of protaminated IAsp.

* No safety concerns were raised. ) -

The trial was conducted in accordance with the Declaration of Helsinki and ICH Good Clinical Practice.

Glucose Clamp:

Subjects started receiving an i.v. infusion of glucose and human soluble insulin

(Actrapid®) at the latest 4-6 hours prior to trial drug administration in order to keep the
-blood glucose concentration stable at a level of 90 mg/dL (5.0 mmol/L). The glucose and
insulin infusion was controlled by a Biostator. The subjects remained fasting but were
allowed to drink water ad libitum, and stayed in a supine or semi-supine position during
the entire glucose clamp. For the Biostator's blood glucose concentration measurements,
a catheter was inserted into a wrist or hand vein of the left arm and connected to the
glucose sensor of the Biostator. The left hand remained in a “Hot-Box’ (55°C) throughout
the trial, resulting in an arterialisation of the venous blood. Another catheter was inserted
into a vein in the right forearm for infusion of a 20% glucose solution as well as a human

soluble insulin solution during the baseline period. Bolus injections of i.v. human insulin
could also be performed in order to reach the blood glucose target level, but no bolus
injection of insulin was allowed during the last 3 hours before trial drug administration.
From 3 hours prior to trial drug administration and onwards, the insulin infusion rate was
not allowed to exceed 0.2 mU/kg/min. From one hour prior to trial drug administration,
the insulin infusion rate was decreased as much as possible, so that the blood glucose
target level of 90 mg/dL was kept with as little glucose infusion as possible. The i.v.
insulin infusion was terminated completely 30 min before trial drug administration.
Following trial drug administration, blood glucose concentration was kept constant at the
target level (90 mg/dL) by means of an adjustable i.v. infusion of glucose through the
Biostator, which automatically calculated the appropriate adjustments of the GIR. The
blood glucose measurements of the Biostator were checked against blood glucose
measurements performed by an autoanalyser (see below). The glucose clamp lasted for
12 hours after IAsp administration and for 28 hours after administration of BlAsp 30,
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BIAsp 50 and BIAsp 70. The glucdse clamp was terminated early if blood glucose levels

increased to concentrations above 160 mg/dL (8.9 mmol/L), with no glucose infusion
during the last 30 minutes, to secure that the full metabolic effect of the trial drug had

been captured.

Table9—4  Dosing Visit Flow Chart

Approximate | Nominal | Insulin/elucoseiv. | Blood sampling for | Glucose check
howr timing infusion IAsp and NEFA during clamp
Mininmm Atbetween | Statofiv plicose
08:00-12:00 | -360minand | andiv. Actrapi
Maxinmm ~240 ziin nfusion
Blood glucose tarzet
08:00-14:00 at 90 mg'dl
09:00 -180 min Lastbolusiv of
Actrzpid®
£1:00 -60 min x
1145 -30 rmin Stop i-v. Actrapid® v
nfsicn 3
12:00 0 nxin Subcutaneons y
adwinistration of trial X
drug :
15min . X
30 rin X
45 nun X
13:00 th X Al
1h 20min X Atleast
~ every 30 min
" 1h 40 min X
14:00 3 X
14:30 2h 30min X
15:00 3h X
15:30 34 20min X
16:00 4h X
18:00 Gh X
20:00 gh X
24:00 12h Stop clanp procadira ¥
with Lsp’ -
04:G0 1¢h X
08:00 2th X
12:00 zh X
16:00 -38h Stop clarep procadum X
with BlAsp® 5
1. Arria;time coutd vary but it was arsured thar mial 4z adminismation occured 1o Sawar fhar - SO0 kowss,
2. Bleod sapla was drawa withn 5 maimizes before iejection of the wiad proéust

The glucos: tlamy Jrocedure wa

rinated earlier fa2 12 (14sT) of 28 (SLAsp) kouss poz-dese, 27 vlcod glucosa was
=160 mgdl (3.9 mmel 1) with no shucdse infuzion dusce the last 30 rn. .
4. Averzge shicoss :rfesion oate dusing the lass 90 mic pre-dozz should not exceed 1 meg kg min.
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14.2.3: Analysis of IAsp endpoints, PK Analysis Set

BlRop BlAzp BIAsp Lup 7 BIAspT7D # BIX=pSO / BIRepId /
ttat IAzp 70 E0 a0 BIRspi0 BIAapS0 BIA=pld BIRAzp3D
AC Idsp I-2h(=Uk/L)
| kS 31 ) 8 31
Mean 261 192 122 87
Ratio 1.35 1.32 1.48 2.20
o 4 £1.23, 1.59) i 1.34, 1.63) (.35, 1.641 {1.99, 2.a2)
Prob>T x. 0091 «<.0001 =.0201 <. DOD.
NIC Isp 0-4h (mUsh/L)
n 31 21 k) 8 a1
Menn 4co0 337 233 172 .
Ratio . 1.3¢ 1.4 1.39 1.56
<1 £1,2?, 1.36) {1.32, 1.62) (1.29, 1.49} $1.03, 2.11)
Prob>T <.0001 <.3001L <.0001 <. 2001
AUC IAsp 0-6h(mU*h/L)
)] ER E3 S 31 ax
Mean 530 107 a8 224
Ratio - 1.3p 1.28 1.32 . 1.82
C1 €1.22, 1.39 { 1.29, 1.48) € 1.23, 1.41) { 1.5, 1.84)
Prob>T «.0002 «<.9001 =.0001 . 3001
RUC IRap 8-12h{nU'h/L)
¥ K} 31 3] . ER
Mean 570 430 3e3 328
Ratis 1.3 1.28 1.18 1.51
€I (1.08, 1.25) $1.19, 1.37) (1.10, 1.28) {1.1.40, 1.62}
Prob>T <.009L <.000) <. 030, 3001
AUC IZsp 0-28hi{nUth/L} .
| 31 a1 3 31
Mean 578 8§36 418 [ 518
Raxis 1.07 - .23 1.09 1.3
I { 1.0, 1.135) 3 1.14, 1.32) t1.22, 1.19) {1.23, 1.34)
Prob>T D.0637 «<.9001 8.0220 ~-3001

Comparisen by linear moda]l with rreatment and visit as £
Endpoint ip log-trancformed before analysis and back
Ma2ana are LS Means ectimated frem tha wedel. Prob>T: Bignificance p:a!;:k—i}i
x12-1T26/E;

Analysis of Ixep =ndpointa, PK Analysis Set

ixed effects and -oubject a3 random effect.
~transformed to yield ratio sstimates.

geze_20961212 - 12DBC2066 -

t_sna 3acp asc.aas/e_sna iaep aec.txt

EAsp BlAsp Blisp . TAsp / BIASETD 7 BIRspSS / BIAzpT0 ¢
stat 125p 70 5 a0 BIhcp7B BIAsEEd BIAsp3d BIA-p3D
ATGC Thsp 2-ing {nUsh/L)
n 31 al 31 31
Hean 3:3:3 584 474 42 '
Ratio 1.04 1.12 1.07 .28
{1 (0.55, 1.,13) 1.1.09, 1.29; €3.59, 1.17) 3117, 1.39)
ProbsT 9.3080 <. 0091 L1012 <. D00
AT INep 4-12hInUvh/L) e
h:] N il 31 31
Hean 2] 2 133 :
Ratio 1.8 ) 0.68
21 i 0.89, 1.22) { 08.61, 1.1
ProbaT 3.6856D .5216
MIC Tisp €-12hinD%h L)
B RS 21 3l 3
Mean 29 7 e2 38
Ratis 3.32 0.54 3.38 2.7
{1 { 6.33, p.a85; {076, 1,16k L5682, 1.93) § 6.63, 5.5
ProbaT <. 0091 D637 0.0333 3.0233
20T IZop $-28hin0vh L)
n 31 21 3 3
HMean 22 1le 113 150
Ratis 2.23 2.6 378 O.€9
{1 (£.22. 0.34} i 0.73, 1.11) £ 2.€2, 3.3 ! 0.55. 0.09G)
ProbksT 2. 0021 2.3082 ©.0120 3.0028
AT Ixcp 12-27hinUhIL:
L] i3 2 S 3
Hean 3e 33 €3 N
Ratio .92 3.58
<1 : L85, 1,95 { D.53, 2.35) 6.723
BrabaT 9.2143 D.4322

Comparizzn by linear mod=l with traatuent snd wisit as Siwed affeces and
Endpoint is log-transisrmed before anslysis and kack.
Mzanz are LI Means estimatad frem the mzdel. ProboT:

subjest s= randcm 2ffecr.
ansformed t> yi=ld ratio =otimates.
ionificance prokebility
*14-1746/ Ermeze 20551212 - 13TBCIOCE - t_sna_iscp sac.oaaft_ans_iaop zec.txt
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14.2.8: Analysis of AUC GIR 0-2h

8IAcp . BIacp BIhop Ihep / BIAcpTd / BlAsps0 / BIAsp?0 /
Insp 0 €0 30 BIRAapT0 BIRopSo BIAsp3d BIAop30
PD Analysis Bet
AUC GIR 0~2h(mg/kg/min} °
cT €1.98, 1.47) [ 0.88, 1.331 { 1.31, 1.78) {( 1.43, 2.03)
Mzan 540 429 376 247
R 31 a1 31 a1 -
Prch>T ' . 0.0038 0.0933 <.0001 <.0001
Ratis 1.2¢ 1.13 1.82 1714
A1l Profilen Included
AUC GIR 0-2h(mg/kg/min)
cI {1.098, 1.4%) € 1.00, 1.35) { 1.30, 1.75) { 1.50, 2.033
Mzan 540 429 70 28
N 32 a2 2 32
Prcb>T 0.0029 D.0523 «.000L <.0001
Ratic 1.2¢ 1.16 + 1.83 1.75
14.2.9: Analysis of § dary GIR endpoints, PD Analysis Set
PlAop  EIAs BlAsp Iap / BIA=p70 / BIAZPS0 / BIAcp70 /
ctat Thap k) 0 ° 30 Bmgp'm nu:;s-: BIAIp3O BIACP30
AUC GIR 0-3h{ng/kg)
u 31 31 3 31
Mean 1416 1178 1901 725
Ratio .21 1.17 1.38 1.62
cI (2.00, 1.236) { 1.0§, 1.32) ( 1.23, 1.8§8) ¢ 1.8&, 1.92)
Brob>T 0.0017 2.2072 <. 000 «. 3001
AVC SIR 0-Bhing/kg)
8 22 3L 31 31
Mean 1901 1652 1396 1094
Ratio 1.15 1.18 1.2¢8 1.81
<1 €1.05, 1.27)  { 1.08, 1.30) (2.15, 1.40) ¢ 1.37, 1.56)
ProbsT £.0041 2.9095 <. 0001 <. 900,
AVC GIR -12h(mglkg)
b 31 31 kY 31
Mean 2061 212¢ 1309 1777
Ratio 0.87 1.11 1.97 1.13
c1 (0.87, 1.08) { 1.00, :,24) (9.97. 1.1% { 1.07, 1.33)
Prsb>T 0.5778 9.0483 ©.1928 3.0012
AVC GIR 0-28hloalkg)
b} 31 3L 31 31
Hean 2060 2341 1832 1918
Ratio 9.96 1.09 .m 1.12
cI (0,86, 1.67) ¢ ©,87, 3.21} { 2.82, 1.15} { 1.08, 1.26)
Prob>T 0.4930 91840 ©.5358 3.085¢
AUC GIR 4-12h(mz/kg)
n 31 3L 31 31
Mean 543 a7¢ 84s 1028
Ravis 9.52 .08 9,82 0.85
[<3 € 0.50, 6.57, 3 0.84, 1.26) 9.67, 1.81) ¢ 0.63, 1.0%)
Prob>T <.0021 9.7412 2.0835 9.1307
AUC GIR 5-12himzlkg) .
n 28 31 1 31 -
Hean s1 ase 487 5¢1

C:ﬁ/p;;i::»n by linsar mods) with traatnent and vizit as £ixed effects and subjest as randcm affect.

Means are LS Mesn= estimared

Sigrifican

Analysis of S=condary GIR endpoints, ED Analyeic Set

Bllsp

ce probability
x14-178E/ Exaeze_20061212 - 13LEC206E

efore analysis and back-rransformed to yisld ratio sotimatez.
frzm ths model. ProbsT:

- t_ama_gir_ces.

sanit_ana_gir_s=c.txt

EI2ep . BlAzp Tasp / BIXap3d § BIASpSC [ BINcp3d /
stat Tiap kD] 53 10 EIAzp32 BIR=p53 BIAspl0 BINGp33
Ratio 314 8.72 2.78 0.5¢
CI {0,067, 0. i 0.3¢, 1.23) [ 39.27, 2.51 i 0. L.o@}
Prob>T ~ . 0631 3,345} ©.4207 - 2.8%3¢
ROC 3IR §-22himg/kg)
n . 23 31 30 3
Hean 51 3573 s34 ki
Ratio 2.14 b, 57 2.8% €37
{1 10,07, i 0,32, 1.36; £ 2.24, 1.401 0,23, .84
Poabs>T =203 39,2875 0.330¢ 3.432E
AIC GIR 12-28kimaikal
:} 28 2¢ 31
Hean 1 7 L1d
Ratio 0.21 .17
<1 4 D.OE, I.72: 1 0,08, 3.87)
ProbaT 9.013¢ 6.0380
3IR Max imaikgiming
X 31 a3 31 31
HMean 9.5 6.8 .3 3.5
Ratin 1.7 1.18 1.2¢
<1 €1.15. 1.29) ¢ 1.86, 1,30} (1.17, 1.43) 1.33;
ProbnT %2031 2.9018 «.0001
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