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Reference: Pharmacology/Toxicology Review & Evaluation of NDA 22-472
(eCTD SN 0074)

Background

Afrezza or Technosphere insulin (Tl) is inhaled as a dry powder with the aid of a Gen2 inhaler.
Technosphere insulin is comprised of recombinant human insulin, a novel excipient fumaryl
diketopiperazine (FDKP), the MannKind proprietary excipient and primary component of
Technosphere, and  ®® polysorbate 80 (PS80). FDKP undergoes acid-induced intermolecular
self-assembly in aqueous solution resulting in adsorption of insulin onto the Technosphere
particles to form Technosphere insulin.

This NDA 22472 (originally submitted under IND 61729) has gone through two review cycles
since 2008 and both cycles resulted in Completed Response letters being issued. All
correspondents between FDA and the sponsor to address deficiencies were documented in
DARRTS. The NDA was resubmitted on Oct 2013.

Drug Product

Technosphere Insulin is provided as a 0.35 mg (10 U) insulin cartridge (3.33 mg Tl powder) and a
0.7 mg (20 U) insulin cartridge (6.67 mg Tl powder), based on cartridge fill weights.

The highest anticipated clinical dose for Tl is 4 U/kg/day or 300 U/day (assuming 75 kg body
weight). It will be administered during meal time 3 to 4 times daily. Appropriate doses for each
patient will be established by titration. Note: The sponsor’s designation of U refers to Units
of Afrezza not International Units of insulin. For example 300 U Afrezza=99 mg Tl= ®® mg
insulin + ®@mg Technosphere (FDKP).

Regulatory History

March 2009 — original NDA submission with the MedTone device

= Dec 2009 - Nonclinical reviews are in DARRTS. Pharm/tox recommended approval.
Labeling recommendation was also included in the review.

= March 2010 — FDA issued a CR letter containing clinical, clinical pharmacology, labeling, and
device deficiencies

= June 2010 — EOR meeting was held. The sponsor resubmitted this NDA application with the
Gen2C device later that month.

= Jan 2011 — FDA issued another CR letter containing clinical, clinical pharmacology, product

quality, device, and labeling deficiencies.

May 2011 — EOR meeting was held.

Oct 2011 — Type C meeting: written response was granted.

Nov 2011 — The briefing document for the Written Response was submitted (eCTD SN 0064).

Jan 2012 - Nonclinical memo is in DARRTS. The sponsor submitted one 28 day repeat-

dose toxicity study to support their impurity limits (MKC-PC-2010-0042; 37 out of 813 pages

was provided). This study focused on Tl-related impurities/degradants.
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= August 2012 — Meeting package was submitted re: Labeling and Human Factors Usability.
Written Responses Letter was issued in Nov 2012,

= Feb 2013 — Meeting package was submitted re: Clinical and Labeling. Written Responses
was issued in March 2013.

= Oct 2013 — Resubmission of NDA

There are two pivotal Phase lll clinical trials conducted in T1DM (Study No. MKC-TI-171) and
T2DM (Study No. MKC-TI-175). These studies intend to demonstrate that the efficacy of the TI-
Gen2 group (Technosphere Insulin Inhalation Powder administered using the Gen2C inhaler in
combination with a basal insulin) will be non-inferior to the insulin aspart group (insulin aspart in
combination with a basal insulin) by measuring HbA1c levels in T1DM or T2DM patients.

Nonclinical Aspect of Afrezza

During 1% cycle NDA submission, Pharm/tox reviewed all nonclinical studies with Technosphere
Insulin (TI) and/or Technosphere particles alone (FDKP was the novel excipient). Pharm/tox
concluded that there might be lung irritation, based on 39 week inhalation dog study, where
minimal to mild alveolar/bronchial interstitial neutrophil infiltration was seen in lungs for all Tl-
treated groups. However, these findings regressed after 8 weeks recovery.

During 2™ cycle NDA (re)submission, pharm/tox did not provide any additional comments since
there were no new nonclinical studies submitted. Even though the delivery device was changed
from the MedTone system in 1% review cycle to Gen2C system in 2™ review cycle, such a switch
in device did not affect the outcome of Afrezza’s nonclinical development program.

With this resubmission, the sponsor includes 1) one study (MKC-PC-2010-0042) to qualify insulin
impurities, 2) assessment of PCNA (proliferating cell nuclear antigen) evaluation of lung tissues
from the prior 26 week rat inhalation toxicity study and the 39 week dog inhalation toxicology
study, and 3) updated safety margins based on FDKP exposure data obtained from a new clinical
study (MKC-TI-176) with Gen2 inhaler. MKC-TI-176 is a Phase I study in healthy volunteers
using GenZ2 inhaler, with doses of 10U (10U cartridgex1), 30U (10U + 20U cartridge), 60U (20U
cartridgex3) and 80U (20U cartridgex4).

The MKC-PC-2010-0042 was originally submitted under IND 61729 annual report period: Jan
2010-Jan 2011. This was a 28-day toxicity rat study with 14-day recovery for insulin impurities
qualification. The study was previously reviewed (see memo in DARRTS dated Jan 2012. At that
time, only 37 out of 813 pages were submitted for review. Based on this study, impurities were
appropriately quantified and there were no impurity-related safety concerns. See Appendix for
study details.

Reassessment of PCNA Analysis

26 Week Rat Toxicity Study

In the 26 week rat toxicity study (MKC-PC-2003-2002), exposure to Technosphere particles at 10
mg/kg/day in males and 12.8 mg/kg/day in females caused an increase in cell replication in the
epithelium of large bronchioles in female rats and terminal bronchioles in male and female rats
when compared to air exposed rats. Such increase in cell replication in the large and terminal
bronchioles, but not the alveoli, of rats may be due to the load of Technosphere particles
impacting the conducting airway epithelium. Due to their size, inhaled particles would be
expected to deposit primarily in the conducting airway. On the contrary, exposure to Tl (particles
+ insulin) at both of the exposure levels did not increase cell replication in the epithelium of large
bronchioles or terminal bronchioles of male or female rats. There was also no increase of cell
replication observed in the alveolar epithelium of male or female rats in this study.

Group Identification. Exposure, and Number of Male Rats
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Group ID

Thearetical Achieved Dase

Number of Rats

1 Air Control 10
= Technosphere particles 10
B 10.5 mg/kg/d

2 Technosphere Insulin 10
) 1.05 mg/kg/d, 2.94 [U/kg/d, respectively

4 Technosphere Insulin 10

1.91 mo/ke/d. 5.18 IU/kg/d, respectively

Group ldentification, Exposure, and Number of Female Rats

Group ID Theoretical Achieved Daose Number of Rats
1 Air Control 10
> Technosphere particles 10
B 12.8 mg/kg/d
x Technosphere Insulin 10
- 0.404 mg/kg/d, 1.14 IU/kg/d, respectively
4 Technosphere Insulin 10

1.28 mo/ke/d, 3.46 1U/kg/d, respectively

Mean P

=
=

srcent PCNA-Labeled Epithelial Cells in Male Rats at 26 Weeks

Percent Labeled Percent Labeled |Percent Laheled
Group R Large Bronchiolar |Terminal Bronchiolar Alveolar
1D pe: Epithelial Cells Epithelial Cells Epithelial Cells
Mean (5D) Mean (5D) Mean (SD)
1 Air Control 0.67 (0.41) 0.78 (0.49) 0.64 (0.30)
Technosphere
2 particles 1.77 (1.34) 2.04(1.04) 0.57 (0.30)
10.5 mg'kg/'d
Technosphere
Insulin
3 1.05 mg'kg/d, 0.92 (0.51) 1.23 (0.44) 0.79 (0.35)
2.94 IU/kg/d,
respectively
Technosphere
Insulin
4 1.91 mg'kyg/d, 1.04 (0.50) 1.06 (0.47) 0.74 (0.33)
5.18 IU/kg/d,
respectively

Mean Percent PCNA-Labeled Epithelial Cells in Female Rats at 26 Weeks

Reference ID: 3464275




Percent Labeled Percent Labelec Percent Laheled
Group E ] Large Bronchiolar |Terminal Bronchiolar Alveolar
ID Tposure Epithelial Cells Epithelial Cells | Epithelial Cells
Mean (5D) Mean (5D) Mean (5D)
1 Air Control 0.65 (0.42) 0.79 (0.39) 0.55 (0.36)
Technosphere
2 particles 1.25(0.57) 1.46 (0.52) 0.73 (0.40)
12.8 mg/ko/d
Technosphere
Insulin
3 0.404 mg'kg/d, 0.63 (0.35) 0.79 (0.39) 0.46 (0.23)
1.14 TU/kg/d,
respectively
Technosphere
Insulin
4 1.28 mg/kg/d, 0.78 (0.56) 0.93 (0.34) 0.52 (0.20)
3.46 1U/kg/d,
respectively

39 Week Dog Toxicity Study

In the 39 week dog toxicity study (MKC-PC-2003-0004), PCNA stained cells within alveolar and
bronchiolar epithelia were qualified. There were no differences observed in the cell proliferating
activity of control and treated groups (Tl at 0.39 mg/kg/day in males and 1.92 mg/kg/day in
females) of the sacrifice occasions between sexes. Since cell proliferation activity was observed
in the lungs of animals across all treatment groups and sacrifice occasions, the labeling was
attributed to a response to the inhalation procedure and unrelated to treatment with test or control

article.
Sacrificed Sacrificed Recovery
Daose Week 26 Week 39 Animals
Grp | Treatment {mg.-'l-:g-"dn}']h M F M F M E
1 Air Control 4 4 4 4 2 2
2 Technosphere 24 4 4
particles (Low dose):
3 Technosphere 109 4 4
particles (High dose)
4 | TI 0.39/0.04" 4 4
(Low dose)
3| TI 1.92/0.227 4 4 4 4 2 2
(High doze)

Shown are dozas for T (mzpkz/day) [ nsulin (mzke'day)
¥ Mean of males and famales

Abbreviations: F = Femala; Gap = group; M = Mala; TI = Technosphere®™ Insulin

There was no indication that insulin caused or exacerbated epithelial cell replication or
proliferation. No hyperplastic or metaplastic signals indicative of cell proliferation were observed.
The NOAEL was considered 1.91 mg/kg/day in males and 1.28 mg/kg/day in females for Tl and
10.5 mg/kg/day for males and 12.8 mg/kg/day for females for Technosphere particles.
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Summary of PCNA analysis (generated by the reviewer based on individual data provided

by the sponsor)
Group Day 183 Day 274 Recovery
M F M F M F
Alveoli | Others | Alveoli | Others | Alveoli | Others | Alveoli | Others | Alveoli | Others | Alveoli | Others

1- Air 0 7 3 85 1 5 14 14 0 0 1 2

2-T 1 8 18 14

low

3-T 1 9 11 20
high

4-TI 2 11 2 2

low

5-TI 1 3 1 5 0 5 1 1 0 0 3 8
| high

Individual data of PCNA analysis (provided by the sponsor in the original NDA
submission
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Impurities

The original NDA submission included studies to address FDKP impurities. This resubmission
includes a new study to qualify insulin related compounds present at' ®@% (MKC-PC-2010-
0042) and presumably adjust specification limits for these impurities. The primary degradation
products of insulin in Tl were A21 desamido insulin and high molecular weight proteins (HMWP)
which are primarily covalent insulin dimers. Insulin impurities containing modification of a single
amino acid residue were present at much lower levels are grouped together by the sponsor as
total other impurities (TOI). The results of this 28-day rat toxicity study administered product
containing these impurities qualify acceptance criteria of | % for A21 @@ for HMWP and®® for
TOIl. See Appendix for study details.

Safety Margin Readjustment

In original NDA submission, human FDKP exposure used to calculating safety margins were
determined using data from clinical studies with the MedTone® Inhaler. Subsequent to the
completion of this section of the NDA, clinical trials were conducted with the Gen2 Inhaler. The
Gen2 Inhaler produced human FDKP exposure values that were higher than when using the
MedTone Inhaler. The sponsor provided their calculations in the tables below.

Drug product of 10U = 3.3 mg TI = @ mg insulin +|®® mg T (FDKP)
Maximum daily dose of 300 U/day = 99 mg Tl = ®@mg insulin + @@ mg T

The sponsor indicates that the maximum human dose is changed from 315 U Afrezza/day with
the prior MedTone device to 4 U/kg/day or 300 U/day (assuming a 75kg human) with the Gen 2
device. A human dose range study with the Gen2 device was performed for 10-80 U doses,
which shows dose proportionality. Higher doses were not tested. Human PK data indicates that
15 U delivered by the MedTone device is comparable to 10U delivered by the Gen2 device.
Based on the comparability across devices and adjustment for maximum human dose it seems
reasonable the safety margins calculated across devices should be similar. Therefore the initial
labeling comments from the Dec 18, 2009 Pharm/Tox Supervisory Memo should still be valid.
The sponsor has decided to readjust safety margins for nonclinical studies based on
technosphere alone. This is rationale based on the focus of the toxicology program being the
FDKP in the Technosphere and not rh-insulin. However the label needs to reflect the drug
product being administered. These cross-species calculations are only estimates because of the
nature of the route of drug administration in the animals (nose, nose-mouth passive inhalation)
compared to humans with an inhaler device.

Safety Margin: Repeated Dose Toxicity Studies

In 26 week inhalation rat study, there were increases in pulmonary organ weights, which
correlated with T administration, in a dose-related manner at Week 26. Histopathological
findings, such as eosinophilic globules and epithelial degeneration in the nasal cavities, were
observed in M and F given T and Tl in non dose-dependent fashion, suggesting a local effect of T
inhalation. These changes were diminished in females, but not in males, during the recovery
period. In addition, the PCNA (proliferating cell nuclear antigen) analysis showed a slight change
in epithelial cell activity in the upper airway bronchial cells in both T and Tl groups at Week 26.
However, no histopathological changes of epithelial hyperplasia were noted in any of the
respiratory tree tissues. Carcinogenicity studies confirmed an absence of
preneoplastic/neoplastic findings. Furthermore, there was minimal to slight myocardial
degeneration/necrosis seen in 50% T-treated males at 11.7 mg/kg/day. Three deaths post-
dosing were also found in T-treated group.

In 39 week inhalation dog study, there were minimal to mild alveolar and/or bronchial-interstitial
neutrophil infiltrate of the lungs in both Tl groups after 39 weeks of treatment. These findings
regressed after 8 weeks of recovery. This lung irritation appeared to be in a T-dose dependent
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manner. Other findings, such as minimal to mild thymic atrophy (high-dose T), minimal to
moderate hypocellularity of the seminiferous epithelium and minimal to mild germ cell
degeneration (low-dose T and high-dose TI) were noted.

Species Duration Route Doses Findings
(mg/kg/day)
NOAEL/NOEL
Spraque- 26 wk w/ Inhalation T:11.7 = | body wt in T control and HD TI
Dawley 30d Pivotal groups in T dose-dependent
recovery, (nasal) Tl: 1.05/0.04 (m/f), manner
daily for 35- 1.91/1.28 (m/f) = | glucose at HD Tl groups
180 min * 1 pulmonary wt in T dose-related
NOAEL+: <11.7 fashion
= Eosinophilic globules and
NOAELq: epithelial degeneration were noted
1.91(m)/1.28(f) in the nasal cavities of both T and
Tl groups

= 1 PCNA (bronchial cells) in Tl
groups, diminished during 4 wk
recovery.

= 50% T-treated males: myocardial
degeneration/necrosis, no
functional effects seen.

Beagle 26/39 wk | Inhalation T: 2.4,10.9 = | Serum glucose
Pivotal = Neutrophil infiltrate of the lung in
(nose & TI: 0.39, 1.92 TI groups after 39 wk, regressed
mouth) during 8 wk recovery
NOAELs: 2.4 » Thymic atrophy in 6/8 high-dose T
group at Week 29

NOAELy: 1.92 » Hypocellularity of the seminiferous
epithelium and germ cell
degeneration in ¥4 low-dose T and
2/4 high-dose TI groups at Week
39

In all species tested, safety margins for Technosphere® particles alone were considered
underestimated since Technosphere NOAELs were tested the at the maximum dose. Safety
margins for Technosphere® insulin were modest because doses were limited by hypoglycemia,
which was an expected pharmacological activity of insulin.

Safety margin: The NOAELs for T in both rats and dogs are approx. 1.5x in rats and <1x in
dogs, based AUCs for FDKP.

According to the sponsor re: human exposure:
Maximum daily dose of 99 mg TI
Approx. 89 mg Technosphere, with AUC = 398,155 ngemin/mL

In 26 week rat study:
NOAEL of T = 11.7 mg/kg/day in rats
AUC (FDKP) on Day 182 = 514362 ngemin/mL (male) and 703445 ngemin/mL (female)
Combined M and F AUC = 608904 ngemin/mL

In 39 week dog study:
NOAEL of T = 2.4 mg/kg/day in dogs
AUC (FDKP) on Day 182 = 102,604 ngemin/mL (male) and 112,946 ngemin/mL (female)
Combined M and F AUC = 107775 ngemin/mL
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Safety Margin: Reproductive Toxicity Studies

In rats, Technosphere® particles did not have effects on male fertility, however pre- and post-
natal implantation loss was observed at 100 mg/kg/day (NOAEL=30 mg/kg/day). There is an
effect on pre/postnatal development (i.e. learning impairment at higher doses of T). In rabbits,
Technosphere® particles seemed to produce maternal toxicity (i.e. weight loss at 2 mg/kg/day)
and some malformations in fetuses (i.e. absent lung lobe and gallbladder in survived fetuses and
cleft palate in dead fetus).

Species Duration Route Doses Findings
(mg/kg/day)
NOAEL/NOEL
Spraque- M: 4 wk prior SC T: 10, 30, 100 No maternal toxicity
Dawley to mating injection Fertility No effect upon fertility
rats F: 2 wk prior to No early embryonic
mating - GDs - NOAEL for FO (M/F): 100 developmental toxicity
7, twice daily NOAEL for F1 (litters): 100
Spraque- GDs 6-17 (f) SC T: 10, 30, 100 No maternal toxicity
Dawley 21.d (m) injection Pivotal Seg Il Only minor anomalies
rats (e.g. dilated ureters), but
NOAEL for FO (F): 100 no difference between
NOAEL for F1 (litters): 100 the control and treated
groups
New GDs 7-19, SC T: 2,10, 100 Maternal toxicity: One
Zealand once daily injection Pivotal Seg Il mortality at 100
White mg/kg/day, Scant and
rabbits NOAEL for FO (F): <2 soft/liquid feces, and
NOAEL for F1 (litters): < 2 Reduced body weigh at
2 mg/kg/day
Sponsor: NOAEL for FO: 10 Malformations (i.e. cleft
Sponsor: NOAEL for F1 palate in one dead fetus,
(litters): 100 absence lung lobe and
gallbladder in survived
fetuses) at 2 mg/kg/day
Spraque- GDs 7 to LDs SC T: 10, 30, 100 FO: No maternal toxicity
Dawley 20, twice daily | injection Pre/postnatal F1: Some pups failed to
rats learn from at 30
NOAEL for FO (F): 100 mg/kg/day groups
NOAEL for F1 (M): 10 F1: Decreased male
NOAEL for F2 (F): 100 reproductive organ
weights (testes and
Sponsor: NOAEL for F1: 100 epididymides absolute
weights) at 100
mg/kg/day
F2: No T-treated gross
external alternations
observed in F2
generation.

Safety margin: FDPK safety margin is approx. 21x in rats and 1.3x in rabbits, based on

AUC.
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According to the sponsor re: human exposure:

Maximum daily dose of 99 mg TI
Approx. 89mg Technosphere, with AUC = 398,155 ngemin/mL

Seqg Il rat study:

For NOAEL of T = 100 mg/kg/day in rats

AUC on GD 7 = 8,335,854 ngemin/mL




Seg Il rabbit study:
For NOAEL of T < 2 mg/kg/day in rabbits
AUC on GD 19 (at 2 mg/kg/day) = 506,098 ngemin/mL

Safety Margin: Carcinogenicity Studies

In rats, no pre-neoplasia and/or neoplasia were seen in the lung with both Technosphere®
particles (46 mg/kg/day) and Technosphere® Insulin (up to 1.23 mg/kg/day). In mice, there was
no evidence of increased oncogenicity associated with Technosphere® particles (25 or 75
mg/kg/day) or with Technosphere® Insulin (2.5 and 5 mg/kg/day in males or 0.6 and 1.25
mg/kg/day in females).

Species Duration Route Doses Findings
(mg/kg/day)
Spraque- 104 wk Inhalation | T:1.1041/0.6784 | = Adrenal cortical carcinoma (significant
Dawley rats Pivotal (m/f), 41/46 (m/f) in high-dose Tl females)
= Malignant astrocytoma (in low- and
TI: high-dose T males)
0.6572/0.4413 = Malignant schwannoma in nasal cavity
(m/f), (of low-dose T males)
1.2313/0.7608 = Fibroma in the skin/subcutis (in low-
(m/f) dose Tl males and females)
= Pituitary adenomal/carcinoma (in low-
Insulin: dose Tl males)
0.0787/0.0529 Lacks of dose-response and low
(m/f), incidences, within historical (background)
0.1457/0.0900 rates, indicate not drug-related.
(m/f)
rasH2 mice 26 wk SC T: 25/75 = Bronchiolar-alveolar
injection adenomal/carcinoma in the lung
Pivotal TI: 2.5/0.6 (m/f), | = Hemangioma/hemangiosarcoma,
5/1.25 (m/f) primarily spleen
= Harderian gland adenomal/carcinoma
= Squamous cell neoplasms at multiple
sites — stomach and skin/subcutis
= Mpyeloproliferative neoplasia
Found in the sham, vehicle control, high
T, and high Tl groups, not drug related.

Safety margin: FDPK safety margin is approx. 5x in rats, based on relative body surface
area across species.

According to the sponsor re: human exposure:
Maximum daily dose of 99 mg TI
Approx. 89 mg/day Technosphere = 55 mg/m2 (based on 60 kg adult)

104 week inhalation rat study:
For NOAEL of T = 41/46 mg/kg/day in M/F rats (246/276 mg/m2)

Updated Safety Margin for FDKP Provided by the Sponsor
Safety margins for FDKP, administered as Technosphere particles, from

10
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toxicology studies

Species | Duration NOAEL' f’ﬁ'l‘.:.‘l.i*.l'.JL1 AUC* Multiples based on:
; (mgkg) | (mgm’) | (mg:min/mL) | mg/kg | mgm’ | AUC”

Mouse |0 75 240 4080875 |577 |47x  |102x
subcutaneous
4-week, : 391,500 ™ 1.0x

ek ke | @2 7830000 | 4% |37 0y
— S 608.904 i %

Rat inhalation | 17 82 1.217.808) |°% 16x |39

Dog 4-week, 40.3 806 2,931,000 31x | 158x |[7.4x
inhalation

Dog Eh‘;f:ti |10 218 461.584 S4x |43x |12x
Daily =

Human |37 . 13 51 398.155 ; : :

* Average of male and female AUC
1) NOAEL represents highest dose of Technosphere particles tested in each study

1) Conversion factors from CDER Guidance Document: Estimating the Ma ximumn Safe Starting Dose in
Initial Clinical Trials for Therapeutics in Adult Healthy Volunteers; July 2005

Mouse (body weight 24 g) conversion factor mg/kg to mg/m’ = 3.2

Rat (body weight 250 g); conversion factor mg/kg to mg/m’ =7

Dog (body weight 10kg): conversion factor mg/kg to mg/m” = 20

Human (body weight 70kg); conversion factor mg/kg to mg/m* = 39

" Note: Rat AUC values in parenthesis represent conservative estimates of FDEP exposure including the 32-
hour period that anmimals were in the chamber (See PK report MEC-PC-2006-0024). Concentrations of
FDEPF appear to reach steady state (~80% of C p,,) at about 40 minutes into a 150 minute exposure and are
assumed to have a linear increase from =0 to 40 minutes. Unaccounted FDEP exposure is estmated as
Cmax x 0.8 (1 40 minutes) + Cmax x 0.8 (40 minutes x 0.5) = Ix AUC at end of exposure. Sources for data
found in study reports: Mous (MEC-PC-2005-0011), Rat (PDC-PC-1996-0002 and MEC-PC-2003-0002),
Dog (PDC-PC-1997-0001 and MEC-PC-2003-0004) and . for maximum daily human exposure. see Clinical
Summary (Study MEC-TI-1746)

“Human FDEP AUC at maximum daily dose of 315U with earlier MedTone Inhaler was 224,245 ng'min/mL.
Revised FDEP AUC at maximum daily dose (4U/kg or 300 Units) with Gen2 Inhaler was 398,155

ng min/ml.
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Original NDA Resubmission Update
Species Duration Multiples based on": Multiples based on™":
- mg/kg | mg/m’ | AUC |mgks| mg/m’ | AUC
Mouse | 13Weeks | gool yoc | 181x | 577 | 47x | 102«
subcutaneous
4-week, -z = 1.7x - = L.0x
Rat inhalation | 4% | 8% | ai5n |45 8% |
26-week, 2.7x 1.5x
Rat imhalation | °% | Y | san | % | M | Gay
Dog d-week, 31x | 158x | 131x | 31x | 158x | 7Tdx
inhalation
Dog | 0-Week | guc | 43x | 21x | 84x | 43x | 12x
= inhalation
* Human FDEP AUC at maximum daily TI dose of 315U with the MedTone inhaler was 224,245 ng'min/mL
(MEC-TT 141)

4 Revised human FDEP AUC at the maximum daily TT dose (4U/kg or 300 Units) with the Gen-2 inhaler
was 398,155 ng'min/mL (MEC-TI-176)

Safety margins for FDKP, administered as Technosphere particles, from
carcinogenicity studies

Species Duration NOAEL' | NOAEL®? | AUC*/Cpax | Multiples based on:
(mg'kg) (mg/m™) | (ng-oun/ml) mgkg | mg'm® | AUC
Mouse | 20 Weeks 75 240 2.860.975" 577 |47 7.2
subcutaneous
104-weeks - T A
Rat inhalation 435 305 3374 ng/mL 335 6.0 9.5
Human™ | D2 13 51 308,155/563 | - i ]
mhalation ) ) TroEmmmTE

* Average of male and female AUC
**Average of male and female C,,; (ng/ml FDEP)
~Safety Margin multiple based on Cppy (Cpay in humans is = 563 ng/mL)
1) NOAEL represents highest dose of Technosphere particles tested in each study
2) Conversion factors from CDER. Guidance Document: Estimating the Max immm Safe Starting Dose in Initial
Clinical Trials for Therapentics in Adult Healthy Volunteers; July 2005
Mouse (body weight 24 g) conversion factor mg'kg to mg,-"mz =32
Rat (body weight 250 g); conversion factor mg/'kg to mg,-"m“ =7
Human (body weight 70kg); conversion factor mg'kg to mg-"m“ =39
Sources for data found in study reports: Mouse (MEC-PC-2007-0003), Rat (MEC-PC-2004-0001) and, for
maximum daily human exposure, see Clinical Summary (Study MEC-TI-176)

**Human FDEFP AUC at maximum daily dose (315 Units) with earlier Medtone Inhaler was 124,245
ng'min‘mL. Revised FDEP AUC at maximum daily dose (4U/kg assuming 75 kg body weight or 300 Units)
with Genl Inhaler was 398,155 ng'min/mL; Cmax = 563 ng/mL.

Overall Conclusion: The results of these additional data, changes, and subsequent
evaluations do not change the original overall non-clinical conclusions.

Labeling

Sponsor proposed Labeling

8 Use in Specific Populations

8.1 Pregnancy

12
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FDA recommendations
'8 | Use in Specific Populations
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8.1

Pregnancy

Teratogenic Effects: Pregnancy Category C
AFREZZA has not been studies in pregnant women. AFREZZA should not be
used during pregnancy unless the potential benefit justifies the potential risk to
the fetus.

In pregnant rats given SC doses of 10, 30, and 100 mg/kg/day of carrier
particles (vehicle without insulin) from gestation day 6 through 17
(organogenesis), no major malformations were observed at up to 100 mg/kg/day
(a systemic exposure 21 times the human systemic exposure, resulting from the
maximum recommended daily dose of 99 mg Afrezza based on AUC.

In pregnant rabbits given SC doses of 2, 10, and 100 mg/kg/day of carrier
particles (vehicle without insulin) from gestation day 7 through 19
(organogenesis), adverse maternal effects were observed at all dose groups (at
human systemic exposure following a 99 mg Afrezza dose, based on AUC.
Fetal mortality and malformations observed included cleft palate, non-patent
nares, absent intermediate lung lobs, absent gallbladder, as well as
vertebral/rib/scapular malformations and irregular ossified skull bones.

In pregnant rats given SC doses of 10, 30, and 100 mg/kg/day of carrier
particles (vehicle without insulin) from gestation day 7 through lactation day 20
(weaning), decreased epididymis and testes weights and impaired learning
were observed in pups at > 30 mg/kg/day (a systemic exposures less than the
human systemic exposure at the maximum daily AFREZZA dose of 99 mg
based on AUC).

8.2

Nursing Mothers

Many drugs are excreted in human milk. A study in rats indicates that the carrier is
excreted in milk at approximately 10% of maternal exposure levels. It is therefore highly
likely that AFREZZA is excreted in human milk. A decision should be made whether to
discontinue nursing or suspend use of the drug since AFREZZA has not been studied in
lactating women.

8.3

Pediatric Use
AFREZZA has not been studied in patients younger than 18 years of age.

13

Nonclinical Toxicology

13.1

Carcinogenesis, Mutagenesis, Impairment of Fertility

In a 104 week carcinogenicity study, rats were given doses up to 46 mg/kg/day
of the carrier and up to 1.23 mg/kg/day of insulin, by nose-only inhalation. No
increased incidence of tumors was observed at systemic exposures equivalent
to the insulin (5 times the systemic exposure to Technosphere at a maximum
daily AFREZZA dose of 99 mg based on a comparison of relative body surface
areas across species).

In a 26 week carcinogenicity study, transgenic mice (TgrasH2) given doses up
to 75 mg/kg/day of Technosphere and up to 5 mg/kg/ day of AFREZZA. No
increased incidence of tumors was observed.

AFREZZA was not genotoxic in Ames bacterial mutagenicity assay and in the
chromosome aberration assay, using human peripheral lymphocytes with or
without metabolic activation. The carrier alone was not genotoxic in the in vivo

Reference ID: 3464275
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mouse micronucleus assay.

In female rats given SC doses of 10, 30, and 100 mg/kg/day of carrier particles
(vehicle without insulin) beginning 2 weeks prior to mating until gestation day 7,
there were no adverse effects on male fertility at doses up to 100 mg/kg/day (a
systemic exposure 21 times that following the maximum daily AFREZZA dose of
99 mg based on AUC). In female rats there was increased pre- and post-
implantation loss at 100 mg/kg/day (21 times higher systemic exposure than the
maximum daily AFREZZA dose of 99 mg based on AUC) but not at 30
mg/kg/day (less than the systemic exposure from an AFREZZA daily dose of 99

mg).

Reference ID: 3464275
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Appendix 1

STUDY No. MKC-PC-2010-0042

Study title: Insulin Impurities: A 28-day Subcutaneous Toxicity Study with a 14-Day Recovery
Period in Spraque-Dawley Rats

Key study findings:

= Spraque-Dawley rats were treated with a mixture of insulin-related compounds (0, 0.0244,
0.1435, or 0.3021 mg/kg/day) twice daily for 28 days via sc injection and with 14 day recovery
period. Since the sponsor submitted incomplete final study report, most data was not reviewed
in details.

= There was one death (attributed to hypoglycemia) in HD group.

= No test article-related adverse effects on clinical signs, body weight, food consumption,
ocular toxicity, coagulation, and organ weights.

= There were several changes in hematological parameters (i.e. white blood cell populations in
treated groups and neutrophils, monocytes, eosinophils, basophils, and large unstained cells
in HD group). These changes were recoverable.

= There were dose-dependent increases in AST and TRIG levels on Day 29. These changes
were recoverable.

= There were also increased urine volume and decreased specific gravity in HD males. These
changes were recoverable.

= Dark areas were seen at injection sites of both control and treated animals. This correlated
with microscopic findings (i.e. sc haemorrhage and mixed/mononuclear cell infiltrates).

= One test-article related microscopic finding was noted. Dark areas of the glandular stomach
were seen in 2/20 MD animals and 8/19 HD animals. This correlated with microscopic
findings (i.e. focal/multifocal erosion in 1/20 MD animals and 13/19 HD animals,
focal/multifocal mucosal congestion/haemorrhage in 4/20 MD animals). These were not
present during the recovery period.

= The NOAEL for this study was a total mean daily dose of 0.024 mg/kg/day (A21: 0.0097
mg/kg/day, HMWP: 0.0034 mg/kg/day, and combined other insulin related impurities . ®®@

0.0113 mg/kg/day) due to stomach findings (i.e. hemorrhage and erosion in the

glandular stomach) in MD and/or HD groups.

Study no.: MKC-PC-2010-0042

Volume #, and page #: 813 pages

Conducting laboratory and location: ®@
Date of study initiation: Nov 2™ 2010

GLP compliance: Yes

QA report: yes (x) no ( )

Drug, lot #, and % purity: Lot No. FD10294 with 7.52% purity

= Test article is a mixture of 9 insulin impurities

Reporting group |Name of group | Components (Molecular Weight)
1 O®

[ = L R ]

=] &0
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Description of insulin-related compounds tested

Compound Description
A1 Deamidation of asparagine at A21 to aspartic acid
HMWP Covalently linked insulin dimers
Total (b)(4)
(Orthers
Methods

= Doses: 0,0.0244, 0.1435, or 0.3021 mg/kg/day. The test article was prepared as a mixture
of impurities without insulin to avoid exaggerated insulin pharmacology, hypoglycemia.

. Group . Group MNominal dose | Nominal dose Toxicology Animals Toxicokinetics
Numbers Designation I{..E‘I."EI per day mm:mtmtlun Main Recovery Animals
pi';r:;,.-‘:;;m“ (hgmL) Male | Female| Male | Female| Male |Female
1 Control* 0 0 10 10 & ] 3 3
2 Low Dose 04034/ 0.017 4.26 10 10 - - i ]
3 Mid Diose 0.168 /0.084 21.00 10 10 - - i ]
4 High Dose | 0.335 /0,167 41.85 10 10 5 ] i ]

* Control animals received the Control/Vehicle [1X FES (phosphate buffered saline), pH 7.4]

Mean achieved daily dose levels for insulin degradation products

Mean daily dose for insulin-related compounds (mg/kg/day)
Calculated from mean of dosing solution assays
¥ (b)(4)
So DES;‘;ED“ Azl Hvwp | “Combined T toTAL | N

1 Conirol ] 0 ] ] ]
2 Low Dose ®@ ]
3 Mid Dose ]
1 High Dose

* Individual results of the insulin impurities are included in the formulation analysis report

_ Amendment No 1
| Mean daily dose for insulin-related compounds (mg'kg/day)

| Calculated from mean of dosing solution assays |

lz}runp G:rl'nup: A1 HMTWVP *Combine d(b)(z)(ﬂ') TOTAL Nominal
Number | Designation
1 Control 0 0 0 0 0
2 Low Dose (b) (4)
3 | MidDose |
4 High Dose

* Individual results of the insulin impurities are inchided in the formulation analvsis report.

Mean achieved doses of individual insulin-related compounds
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Mean Daily Dose (mg/kg/day)
Component Group 2 Group 3 | Group 4
A2l (b) (4
HMWP
Other Impurities™ (b) @
b) (4
TOTAL

(b) (4

Species/strain: Spraque-Dawley rats

Number/sex/group or time point (main study): 10/sex/group

Route, formulation, volume, and infusion rate:

Satellite groups: Recovery: n=5 for control and HD groups and TK: n=3 for control and 6 for

LD, MD, HD groups.

Age: 8-10 weeks

= Weight: 266-385¢g for males and 216-258 for females

= Sampling times: Blood samples were collected from each TK phase rat on Days 1 and 28:
predose, 5, 15, 30 min, 1, 2, 4, and 6 hrs.

= Unique study design or methodology (if any): None.

Obervations and Results
Mortality: Once a day)
One HD animal was found dead on Day 28 due to hypoglycaemia.

Clinical signs: Once a day
No test-article related clinical signs were observed in these animals.

Body weights: Days 1, 7, 14, 21, 28 (main and recovery animals), 35 and 42 (recovery animals)
No test-article related adverse effects on the mean body weight in these animals in this study.

Food consumption: Weekly

No test-article related adverse effects on food consumption in these animals during dosing
period. However, the mean food consumption for the HD males was lower compared to the
concurrent control during the recovery period. This might be due to individual variation.

Ophthalmoscopy: Once pre-treatment, once during Week 4, and at the end of recovery period
No test-article related adverse ocular effects were observed in these animals.

EKG: N/A
Hematology: Day 29 (main) and Day 43 (recovery)
Red blood cell count Mean corpuscular hasmoglobin (calculated)
Haematocrit (calculated) Mean corpuscular volume
Haemoglobin Morphology of cells
White blood cell count Platelet count
WEBC differential (absolute) Reticulocyte (absolute and percentage)

Mean corpuscular haemoglobin
concentration (calculated)

The WBC in the treated groups was differed from the controls in a dose-dependent manner.
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Others, including neutrophils (NEUT), monocytes (MONO), eosinophils (EOS), basophils (BASO),
and large unstained cells (LUC), were also elevated in the HD group. These changes were
somewhat reversed by the end of recovery period (Day 43). These findings were within normal
reference ranges.

Relative difference from control in white blood cell populations at the end

of treaiment
| Percentage change by Group and sex
Parameter Croup 2 ' Croup 3 Croup 4
Male Female Male Female Male Female
WBC -1.7 -12.6 8.4 19.9 14.1 18.9
NEUT 23.1 -20.8 19.2 -19.3 57.6 BO.T*
MONO 6.2 -30.8 62.5* 0.0 1o0.0** 46.5"
EOS 11.1 0.0 22.2 12.5 222 25.0
BASO -20.0 0.0 0.0 313 20.0 333
LUC 0.0 0.0 0.0 250 BE.T 50.0
Statistical significance is noted above as follows: * = p<0.05 and ** = p=0.001 {Dunngett's).
Relative difference from control in white blood cell populations on
Day 43 following Recovery period
Percentage change by Group and sex
Croup 4 Croup 4
s Day ;EI Day i:l
Male Female Male Female

WBC 14.1 18.9 0.2 10,0

NEUT 57.6 BO.7* 6.8 -22.0

MONO 1o0.o** 46.5" -33.3 -40.0

EOS 222 250 0.0 16.7

BASO 20,0 333 0.0 0.0

LUC 667 50.0 0.0 0.0

Statistical significance is noted above as follows: * = p<0.05 and ** = p<0.001 (Dunnett"s).

Clinical chemistry: Day 29 (main) and Day 43 (recovery)

Batch 1: Batch 2:
Alanine aminotransferase Albumin
Aspartate aminotransferase Total Protein

Creatinine AJG ratio (calculated)
Urea Globulin icalculated)
Batch 3: Batch 4:

Chloride Bilirubin (Tatal)
Potassium Alkaline phosphatase
Sodium Glucose

Calcium Cholesteral (total)
Phosphorous (inorganic) Triglycerides

Gamma glutamyl transpeptidase (GGT)

The serum AST and TRIG were higher on Day 29 in the treated groups than the controls in a
dose-dependent manner. Both AST and TRIG are linked to the pharmacology of insulin. These
changes were reversed by the end of recovery period (Day 43). These findings were within
normal historical ranges.

Relative difference from control in AST and triglyceride levels
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Percent difference from control
Group AST Triglycerides
Number Day | Males Females Males Females
2 24 42 3.9 32.3 17.2
3 29 7T 10.2 [ Sl 31
! 29 133 50.8%* B7.1*"* 38
43 -2.3 -19.8 -18.8 18.2
** = pel 01 (Dunnett’s)
¥*® = p= 0,001 (Dunnett's)
Urinalysis: Day 29 (main) and Day 43 (recovery)
Bilirubin Protein
Blood Sediment microscopy
Color and appearance Specific gravity
Glucose Urohilinogen
Ketones Volume
pH

There were no effects on urinalysis parameters except the HD males had increased urine
volumes, corresponding decreased specific gravity. This was comparable to the control group.
The toxicological significance of this finding was unknown. NOTE: No data was provided for review.

Gross pathology: Day 29 (main) and Day 43 (recovery)

Dark areas around injection sites were observed but there were no comparable between the
control and treated groups. This is probably due to the administration procedure. There changes
were still observed at the end of recovery period. They correlated with microscopic findings (i.e.
haemorrhage and inflammation). In addition, depressed areas of the glandular stomach were
noted in 2/20 MD animals and 9/19 HD animals. These findings correlated with microscopic
findings (i.e. erosion).

Incidence of treatmeni-related macroscopic finding in main study animals

Sex Males Females
Group 1 2 3 4 1 2 3 4
Mumber of animals examined| 10 10 10 9 10 10 10 10
Stomach
Depressed area ] 0 1 1 0 ] 1 4

Organ weights: Day 29 (main) and Day 43 (recovery)

No test article related changes in mean absolute or relative organ weights were seen. There
were some significant differences but were not consistent across dosing groups or between
sexes. These changes were not associated with any macroscopic or microscopic findings.

Histopathology: Adequate Battery:
Peer review:

yes (x), no( )
yes ( ), no (x)
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Retain|Weigh[Examine IR etain|[Weigh| Examine

ORGANS/TISSUES () | [« (E) ORGANS/TISSUES = |+ (€}
Adrenals * v £ Duodenum * £
Animal identification [ Jejunum " E
Aorta (thoracic) * £ leum . £
Elood * S, cervical * £
Bone marrow smears (3 . Spleen - v £
Brain * v £ Sternum & marrow * £
Cecum . £ Stomach - £
Colon * 3 Testes * ¥ 3
Epididymides = £ Thymus . ¥ £
Esophagus . £ Thyroid gland'parathyroids * ¥ £
Eves " 3 Tongue = 3
Femur & marrow . £ Trachea " £
Heart * v 3 Urinary bladder * 3
Kidneys * v £ Uterus - ¥ £
Liver (2 lobes) . o E Wagina - E
Lungs (2 lokes) b » 3
LM, mandibular * £ Abnormal findings * £
LM, mesenteric . E
Mammary gland (inguinal) * £
Opric nerves =3 E Additional Tissues presented below
(Chvaries . ¥ £ Last dosing sit=* . £
Pancreas . £ 1L} microchip .
Pituitary * v 3
Prostate * v £
Hectum . E
SG . mandibular * £
Sciatic nerve . £
Seminal vesicles * £
Skeletal muscle * £
Skin & subcutis (inguinal) * £

a Davidson's fluid (euthanized animal cnly)

b Lungs were infused with 10% neutral buffered formalin {euthanized animal onlv)

c Lungs were weighed with trachea and recorded in Provantis as lungs in organ weight record

d Bouins fluid {euthanized animal only)

LM Lymph node

56 Salivary gland

SC Spinal cord

£ Examined microscopically

* All dosing sites were collected but only the last site was examined histopathologically

Motes:
Paired organs weighed together
Parathyroids, mammary gland and optic nerves will only be examined histologically if present in routine sections

Incidence of subcutaneous haemorrhage and subcutaneous mixed or mononuclear cell infiltrates
was observed at dosing/injection sites in both control and treated animals. In addition, there was
test article related focal or multifocal erosion of the glandular stomach seen in 1/20 MD animals
and 13/19 HD animals. Focal or multifocal mucosal congestion/haemorrhage of the glandular
stomach was also seen in 4/20 MD animals. These findings were consistent with studies in rats
exposed to insulin alone at high doses by sc injection or animals under chronic stress. All
stomach microscopic findings were no longer present, suggesting complete recovery.

Incidence and severity of ireatmeni-related microscopic findings
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Studdy Phse Main Recovery

SEx Males Females Males Females
Croup 1 A 3 4 1 2 3 4 1 4 | 4
Mumber of animals examined 10 10 10 g9 10 | 10 10 1] 5 4 5 5
Stomach, plandular
Frosion 0 ] 0 3 0 0 1 g 0 0 0 0
minimal 5 1 g . -
Congestionfaemorrthage | 0 ] 2 0 ] 0 2 0 ] ] ] 0
minimal ; 2

Toxicokinetics: Days 1 and 28 (predose, 5, 15, 30 min, 1, 2, 4, 6 hours)

TK data was used to confirm systemic exposure of the test article in animals. Twice daily sc
injections of the test article in rats for 28 days resulted in consistent insulin detection (with dose-
related increases in exposure).

Other:

Formulation analysis: The results of LD, MD, and HD samples collected for analysis were lower
than expected: ®@% for Group 2 ®@% for Group 3, and ®®@% for Group 4. These measured
concentrations did not meet the acceptance criterion of ®@ % of the nominal concentration,
so the measured concentrations were used to calculate dosage. These low results may be due
to loss of protein to the glass and the filter and such loss had more effect on lower dose groups
(i.e. more diluted solutions).

Mean achieved daily dose levels for insulin degradation products

Mean daily dose for insulin-related compounds (mg/kg/day)
Caleulated from mean of dosing solution assays

1- (b) (4]
i Deg;*;ﬂm A2l awp | ComPinedy | ToTAL |
1 Control Ml i} M M (b) (4)—|
2 Low Dose |
3 Mid Dose ]
1 High Dose

* Individual results of the insulin impurities are included in the formulation analysis report

Overall Conclusion:

This 28 day toxicity study with a 14 day recovery was to qualify a mixture of insulin related
compounds (impurities and degradation products) in Technosphere Insulin Inhalation Power (TI).
The sponsor identified 7 impurities which were then subdivided into three groups: A21 (A21
desamido insulin), HMWP (high molecular weight proteins, primarily covalent insulin dimers), and
Total Others (mixtures of ®®@ Due to their structural similarity to insulin, all
compounds were expected to have biological activity of insulin.

This study showed one mortality in HD group (hypoglycemia), no adverse effects on clinical
sign/body weight/food consumption/organ weights, some changes (but recoverable) in
hematological parameters (i.e. 1 WBC/NEUT/MONO), clinical chemistry (i.e. 1 AST and TRIG),
and urinalysis (i.e. 1 urine volume and specific gravity). The study also found macroscopic
changes (dark areas at injection sites in control/treated groups and dark areas in glandular
stomach in MD/HD groups). These gross findings further correlated with microscopic findings
(i.e. injection site inflammations in both control/treated groups and stomach erosion and
inflammation in MD and/or HD groups). Based on all these study findings, NOAEL was
established at the LD (total dose of 0.0244 mg/kg/day).

Based on these study findings, the NOAEL was the low dose. However, the sponsor argued the
mid dose should be the NOAEL based on the fact that such stomach findings were known
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species-specific pharmacologic effects of insulin doses > 0.087 mg/kg (2.5 U/kg) or chronic.
Even though the sponsor provided references to establish the probable association between
chronic hyperinsulemia and increased incidence of ulcer, the NOAEL for this study should remain

at the low dose, where no toxicity was observed.

All'in all, based on this 28 day toxicity rat study, insulin impurities and degradation products in the
Technosphere Insulin Inhalation Powder were qualified and had 1 to 3 fold safety margins at the
proposed acceptance criteria.

Estimate safety margins based on NOAEL (low dose):

Impurites Mean Level Acceptance Max. Dose Multiple
Achieved Qualified Criterion Anticipated
Dose Clinical Dose*
(mg/kg/day) (mg/kg/day)
A21 ®@
HMWP ]
Total other
- wgw (b)
impuritie @
I (b) (4)
23
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Reviewer: Miyun Tsai-Turton, Ph.D., M.P.H.

NDA 22-472/Mid-cycle meeting

Pharmacology/Toxicology Mid-Cycle Deliverables

Since this NDA 22472 is a resubmission. Goal date time line is no longer applied. This resubmission
has a 6 month review cycle. The resubmission includes 1) one new study (MKC-PC-2010-0042) to
qualify insulin impurities, 2) assessment of Proliferating Cell Nuclear Antigen (PCNA) evaluation of
lung tissues from the 26 week rat inhalation toxicology study and the 39 week dog inhalation
toxicology study, 3) updated safety margin based on FDKP exposure data obtained from a new
clinical study (MKC-TI-176) with the Gen2 Inhaler.

NDA 22472 is for Afrezza (inhaled insulin). The NDA was first submitted in 2009. Original
nonclinical review can be found in DARRTS. In original review, there were no nonclinical safety
concerns relevant to clinical use. Only possible lung irritation was noted based on 39 week inhalation
dog study, where minimal to mild alveolar/bronchial interstitial neutrophil infiltration was seen in
lungs of all TI (insulin+FDKP) treated groups. However, these findings regressed following 8 weeks
recovery. Hence pharm/tox recommended approval during the last review cycle.

Mid-Cycle Deliverable

Goal Date

Status

Filing Review Meeting
e Deliverable: Regulatory history,
summary of pharmacology and

45- day of NDA

toxicology findings from preliminary | submission NA
review of existing data, adequacy of
NDA submission

Genetox Study Review (impurities and N/A

drug substance)

e Deliverable: Draft review, label
recommendation/interact with
genetox committee

2-3 months of
NDA submission

= Negative findings by chromosome
aberration assays (T and TI) and by
mouse micronucleus test (T only)

Carcinogenicity Study Review

1-month of NDA

¢ Deliverable: Identify statistical o N/A
. submission
reviewer
o Deliverable: Schedule ECAC meeting | 1-month of NDA N/A
submission
e Deliverable: Draft review of 6-months of
Carcinogenicity study with statistical o N/A.
. . N NDA submission
input, Interact with statistician
e Deliverable: ECAC review of
carcinogenicity study, incorporation
of eCAC comments in the review, 7- month of NDA | N/A

Identification of issues from
Carcinogenicity study & related post
marketing commitments, labeling
recommendation

submission

=  Negative for carcinogenicity

ReproTox Study Review (Seg I and I)

e Deliverable: Draft review, Identify
issues (special studies for post
marketing commitments), labeling
recommendation, Interact with
Reprotox committee

5- month of NDA
submission

N/A
= Category C labeling is proposed.

Impurity/Extractable Qualification

e Deliverable: Begin review; interact
with CMC

3-month of NDA
submission-will
depend on CMC
also

Currently under review
= A new study was conducted to
qualify insulin-related impurities
(MKC-PC-2010-0042)

o Deliverable: Identify whether the

5-6 month of

N/A
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Reviewer: Miyun Tsai-Turton, Ph.D., M.P.H.

NDA 22-472/Mid-cycle meeting

impurities are qualified, Identify
approvability/post marketing
commitment issues

NDA
submission-if
sponsor has final
formulation

Toxicokinetic Study Review

e Deliverable: Draft review; Interact
with Clinical Pharmacology for dose
and ADME, Interact with Medical
Reviewer for adverse event
comparison and dose multiples

6- months of
NDA submission

N/A

Chronic Toxicity Study Review
e Deliverable: Draft review

6- months of
NDA submission

Currently under review.

An assessment of cellular
response based on new data from
a GLP Proliferating Cell Nuclear
Antigen (PCNA) evaluation of
lung tissues from the 26 week rat
inhalation tox study (MKC-PC-
2003-0002; Report No 09-RS-
006) was conducted.

A more detailed summary of
GLP PCNA analysis from the 39
week dog inhalation tox study
(MKC-PC-2003-0004) was
conducted.

Safety margins have also been
updated based on FDKP
exposure data (AUC margins
only) obtained in a new clinical
study with Gen2 Inhaler (MK C-
TI-176)

Pharmacology Study Review
e Deliverable: Draft review, identify
PD issues

6- months of
NDA submission

N/A

Tox findings compared in animal
chronic studies and human phase 3
studies

e Deliverable: Input in ODS database

8- months of
NDA submission

Pending completion of comprehensive

review
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Reviewer: Miyun Tsai-Turton, Ph.D., M.P.H. NDA 22-472/Mid-cycle meeting

Study MKC-PC-2010-0042
Study design: To qualify insulin impurities administered to rats by sc injection as a solution twice daily for
28 days followed by 14 day recovery.

Dose groups in study MKC-PC-2010-0042

Mean Achieved Daily Doses of Main Studv | Recovery Toxicokinetic
Group | Treatment | Insulin Impurities (mg'kg/day)® | © llf\l-"seu:] y (stex) Groups
Al HMWP TOI T ' (MN/sex)
1 Control 0 | ] | 0 10 3 3
2 Low Dose ey 10 0 6
3 Mid Dose 10 0 ]
4 High Dose 10 3 ]

Hote: Total daily dose was admimistered as twice daily (6-8 hours apart) subcutaneous mjections.
#* The pnmary mmpurities of TI have been 1dentified as:

1} A2l desamido insulin (A21)

2} High Molecular Weight Protemms (HMWP, primanly covalent msulin dJ.m.er] and

3) Total Other Impurities (TOI) identified as ®@

Findings: Hypoglycemia caused mortality in the high dose group (0.3021 mg/kg/day). The other treatment-
related change was erosion and congestion/hemorrhage of the glandular stomach (limited to surface of the
mucosa), which is consistent with studies in rats exposed to high dose of insulin by sc injection or animals
under stress. Such glandular stomach erosion was not noted in the recovery animals. The NOAEL was the
low dose of 0.0244 mg/kg/day. The NOAEL can be further broken down by component: . ®® mg/kg/day
for A21 and @@ mg/kg/day for HMWP, and @@ mg/kg/day for other insulin-related compounds
combined ®@

EReport Title Inzulin Impurities: A 18-Day Subcutaneous Toxicity Study with a 14-Day Recovery Period in Sprague-Dawley Rats

Species/Strain: Fat, Sprague- Duration of Doszing: 28 days Study No.

Dawley MEC-PC-2010-0042
Initial Age: 8 to 10 weeks Duration of Postdose: 14 days Location in CTD Vol Page
Date of First Dose: November 10, 2010 (Method of Subcutanecus

Adminiztration:

1X PBS (phosphate buffared
sahne), pH 7.4,

Vehicle Formulation: GLP Compliance: Yes

Special Features: BID dosing

No Obzerved Adverse Effect Level: Total dose = 0.0244 mgkg'day, Component A21: (b) (4)ng"kg"cia\-'. Component HMWP: ((tk;) (4))mg"]sg"day and

(0) @z kz/day for other insulin-related compounds combined | ) (4
Diaily Achieved Dose (mg'kz'day) 0 (Control) 0.0244 (Low Dose) 0.1435 (Mlid Dose) 0.3021 (High Diose)
Number of Animals AM: 15 F: 15 AL: 10 F: 10 AL 10 F: 10 M: 15 F: 15
Insubin Equivalent Temcokineties:
Day 1;
AUC last (pU equevehiml) BQL BQL 296 273 270 278 701 387
C e (pU equiviml) BQL BQL 249 184 156 135 596 279
T (B) BQL BQL 0250 0.500 0.500 0.250 0.083 0.500
Day 28;
AUC last (uU equiveh/mL) BQL BQL 61.6 456 378 362 815 1445
C o (017 equiv/ml) BQL BQL 346 2438 200 218 533 in
T BQL BQL 0.083 0.250 0.500 0.250 0.500 0.500
Dhed or Euthanized Monbund 0 0 a 0 ] ] 1 0
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Daily Achieved Dose (mg'kg'day) 0 {Comirol) 0.0244 (Low Dase) 0.1432 (Mid Doze) 0.3021 (High Dose)
Number of Animals M: 15 F: 15 M:10 F: 10 Al: 10 F: 19 M: 15 F:15
Body Weight (%) - Day 28 490(=) 303 (=) 12 50 55 40 02 20
-Day 42 578(=) 331(=) - - - - -5.0 21
Food Consumption (%) - Day 28 234 (=) 169 (=) 1.7 59 43 65 14 36
-Day 42 298 (=) 174 (=) - - - - -10.7 17

- Mo reportable resalts.
‘At end of dosmz peried  For controls. group means are shown. For trested sroups, percent differences from controls are shown
-BQL (Below Level of Quanttation)

Noteworthy Findings

Daily Achieved Doze (mz'ks) 0 (Contrel) 0.0244 (Low Doze) 0.143% (Mid Doze) 0.3011 (Hizh Dwase)
Number of Animals A: 15 F:15 AL 10 F: 10 AM: 10 F: 10 M: 15 F:15
Hematology - Day 29
WBC (10°1) 9.06 6.02 891 5.26 9.87 122 10.34 7.16
Neutrophal= (10%L) 0.78 0.57 0.96 040 0.93 046 1.23 1L.03*
Monocytes (10%L) 0.16 0.13 0.15 0.09 026* 013 0 32+ 0.19*
Eosinophals (10%L) 0.0% 0.08 0.10 0.08 0.11 0.09 0.11 0.10
Bazsophils (10%L) 0.035 0.03 0.04 0.03 0.05 004 0.06 0.04
Large unstaned cells (10°1) 0.08 0.04 0.06 0.04 0.06 0.05 0.10 0.06
-Day 43
WBC (10°L) 385 487 - - - - 583 5.36
Neutrophals {10%L) 088 0.68 - - - - 0.94 0.53
Monocytes (10"1) 0.27 0.15 - = = 2 0.18 0.09
Eozinophals (10%L) 0.10 0.06 - - - - 0.10 0.05
Basoplhuls (10"1) 0.03 0.01 - - - - 0.03 0.01
Large unstamned cells (107/1) 0.06 0.03 - - - - 0.06 0.03
Daily Achieved Doze (mz'ke) 0 (Contral) 0.0244 (Low Dosze) 0.143% (AMlid Daze) 0.3021 (High Daze)
Number of Animalz M: 15 F: 15 M:10 F: 10 M:10 F: 10 M: 15 F:15
Semum Chemistry - Day 29
Aspartate aminotransferase (/L) 143 128 149 133 154 141 162 193*=
Tryglycerides (mmealL) 031 0.29 041 0.34 05354+ 0.38 058+ 0.40
-Day 43
Aspartate aminotransferase (/L) 130 162 - - - - 127 130
Tryglycendes (mmolL) 044 0.33 - - - - 0.36 039
*. p=(.05 ; =* p=0.01;*** p=0.001
(Dunmett’s)

- Mo Reportable Results
Urmalysis - Day 29

Volume (mL) g 81.032 13 7 13 8 | ¥ 7
Specific gravity 1.035 1.026 1.028 1.025 1.026 L.01g*** 1.028
-Day 43 4
Jolume (mL) 10.0 1.038 - - - - 4 6
Specific gravity 1.027 - - - - 1045 1.033
Gross Pathology - Day 29
Stomach - Depressed area 010 0/10 0o 10 110 110 49 410
- Day 43

Stomach - Depressed area - - = = - - .- -

Histopathelogy - Day 29
Stomach, glandular - erosion

Minimal 010 0/10 010 ] o010 110 59 810
Congestonhemorthage

Minimal 010 010 010 (] 210 2110 09 oo
-Day 43
Stomach, glandular - erosion

Minimal 05 o's 05 0/5 05 03 074 05
Congestionhemorrhage
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Reviewer: Miyun Tsai-Turton, Ph.D., M.P.H. NDA 22-472/Mid-cycle meeting

Draily Achieved Doze (mg'ks) 0 (Contrel) 0.0244 (Low Doze) 0.143% (Mid Doze) 0.3021 (High Dose)
Number of Animals M: 15 F: 15 AL: 10 F: 10 M: 10 F: 10 M: 15 F: 1%

Minimal 05 0/s 0/5 0/s 0/5 05 04 0/5
- No Reportable Results

- - No Noteworthy Findings
* p=0.03; ** - p=0.01;**#* - p=0.001
(Dhunnett’s)

Pre-termmal animal (40054) —
Climical Signs - Day 28
Decreazed activity
Body cold to touch
Lass of coordination
Difficulty using the hind legs

i

Gross Pathology
Diark red area at dosing site ‘:
Discoloration of the mandibular K

lymph node

Histepathology
Heart: Mmmmal focal A
myocardial degensration
Liver: Mimimal A
microgranuloma/mononuclear cell
infiltrate
Epidiymis: Mimmal foeal
interstitial monomuclear cell mfiltrate

v = present for pre-terminal ammal
40054

PCNA analysis: 26 week rat tox study

Findings: Exposure to Technosphere particles at 10.5 and 12.8 mg/kg/day caused an increase in cell
replication in the epithelium of large bronchioles in female rats and terminal bronchioles in male and
female rats.

Mean Percent PCNA-Labeled Epithelial Cells in Male Rats at 26

Weeks
Males |
Percent Labeled
Percent Lﬂb‘:lﬁj Terminal Percent Labeled
Large Bronchiolar . I
Group Exposure ST Bronchiolar Alveolar Epithelial Cells
Epithelial Cells Epithelial Cell M SD
Mean (SD) prietia’ L elis Mean (SD)
Mean (5D)
1 Air Control 0.67 (0.41) 0.78 (0.49) 0.64 (0.30)
Technosphere -
g 3
2 Particles 1.77(1.34) 204 (1.04) 0.57(0.30)
3 Low Dose TI 0.92(0.51) 1.23 (0447 0.79 (0.33)
4 High Dose T1 1.04 (0.50) 1.06 (0.47)° 0.74 033

i3=0.01 compared to Group ; "p=0.05 compared to Group 2

Mean Percent PCNA-Labeled Epithelial Cells in Female Rats at 26
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Reviewer: Miyun Tsai-Turton, Ph.D., M.P.H. NDA 22-472/Mid-cycle meeting

Weeks
Females |
Percent Labeled
ercentLabeled | Termunal Percent Labeled
Group Exposure g€ ol Bronchiolar Alveolar Epithelial
Epithelial Cells | £ i clial Cells | Cells Mean (SD
Mean (SD) pithelial Cells ells Mean (SD)
Mean (SD)
| Air Control 0.65 (0.42) 0.79 (0.39) 0.55 (0.36)
Technosphere I ..
2 szﬂ_s 1.25(0.57) 146 (0.52) 0.73 (0.40)
3 Low Dose TI 0.63 (0.35)° 0.79 (0.39)" 0.46 (0.23)
4 High Dose TI 0.78 (0.56) 0.93 (0.34) 0.52 (0.20)

* p=0.05 compared to Group 1; * p=0.05 compared to Group 2; © p=0.0] compared to Group 1;

¢ p=001 compared to Group 2

PCNA analysis: 39 week dog tox study

Findings: PCNA stained cells within alveolar and bronchiolar epithelia were quantified. There were no
differences observed in the cell proliferation activity of control and treated groups at any of the sacrifice
occasions of between sexes.

Updated safety margin

In original NDA, human FDKP exposures used to calculating safety margins were determined using data
from clinical studies with the MedTone® Inhaler. Subsequent to the completion of this section of the
NDA, human trials were conducted with the Gen2 Inhaler. The Gen2 Inhaler produced human FDKP
exposure values that were higher than when using the MedTone Inhaler since the Gen2 Inhaler delivers
powder more efficiently than the MedTone Inhaler.

Summary of Safety Margin Update

Original NDA Resubmission Update
: e Multiples based on": Multiples based on**:
Species | Duration mg'ke | mg/m* | AUC |mg/keg | mgm’ | AUC
Mouse | LWk |50 | gox | 18ax | 577 | 47x | 102
subcutaneous
4-week, - - 1.7x - - 1.0x
Rat inhalation 47.5x 8.5x (3.51) 47.5x 8.5x (2.0x)
26-week, 27z 1.5x
Rat | halation | °% | 10 | Gag | ™ | 9% | ¢iy)
Dog d-week, 31 | 158x | 131x | 31x | 158x | Tdx
inhalation
Dog | 9-vweek | guv | 43x | 21x | 84x | 43x | 12x
inhalation

* Human FDEP ATC at maximum daily TT deze of 31507 with the AMedTone inhaler wasz 214,245 ngmin'mL
MEC-TI141)

*% Revized human FDEP AUC af the maximum daily TI dose (41/kz or 300 Units) with the Gen-2 inhaler
waz 398,155 pgmin'ml (MEC-TI-176)
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Food and Drug Administration

Memorandum

Date: January 5" 2012

From: Miyun Tsai-Turton PhD, MS; Pharmacology; DMEP
Subject: Pharmacology/Toxicology Memo

To: NDA 22-472 Afrezza/Mannkind

Reference: Pharmacology/Toxicology Review & Evaluation of NDA 22-472 (eCTD SN 0064)

Background

Afrezza or Technosphere insulin (Tl) is inhaled as a dry powder with the aid of a Gen2 inhaler.
Technosphere insulin is comprised of recombinant human insulin, a novel excipient fumaryl
diketopiperazine (FDKP), the MannKind proprietary excipient and primary component of
Technosphere, and | ®® polysorbate 80 (PS80). FDKP undergoes acid-induced intermolecular
self-assembly in aqueous solution resulting in adsorption of insulin onto the Technosphere
particles to form Technosphere insulin.

This NDA 22472 (originally submitted under IND 61729) has gone through two review cycles
since 2008 and both cycles resulted in Completed Response letters being issued. All
correspondents between FDA and the sponsor to address deficiencies were documented in
DARRTS.

Regulatory History:

= March 2009 — original NDA submission with the MedTone device

= March 2010 — FDA issued a CR letter containing clinical, clinical pharmacology, libeling, and
device deficiencies
NOTE: In original NDA submission, the sponsor did one 28 day repeat-dose toxicity study to
support their impurity limits. This study focused on FDKP-related impurities. The pharm/tox
was OK with that study.

= June 2010 — EOR meeting was held. The sponsor resubmitted this NDA application with the
Gen2C device later that month.

= Jan 2011 — FDA issued another CR letter containing clinical, clinical pharmacology, product
quality, device, and labeling deficiencies.

= May 2011 — EOR meeting was held.

= Oct 2011 — Type C meeting: written response granted

= Nov 2012 — The briefing document for the Written Response was submitted (eCTD SN 0064).
NOTE: The pharm/tox is assisting CMC to address comment 7 under Product Quality. The
sponsor submitted one 28 day repeat-dose toxicity study (which is being reviewed here) to
support their impurity limits. This study focused on Tl-related impurities/degradants.

For clinical development thus far, there are two proposed Phase Il studies which will be
conducted in T1DM (Study No. MKC-TI-171) and T2DM (Study No. MKC-TI-172). There studies
intend to demonstrate that the efficacy of the TI-Gen2 group (Technosphere Insulin Inhalation
Powder administered using the Gen2C inhaler in combination with a basal insulin) will be non-
inferior to the insulin aspart group (insulin aspart in combination with a basal insulin) by
measuring HbA1c levels in T1DM or T2DM patients.
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Study Title: A Phase 3, Multicenter, Open-label, Randomized, Forced-titration Clinical
Trial Evaluating the Efficacy and Safety of Technosphere® Insulin Inhalation Powder
Admunistered Using Two Different Inhalation Devices in Combination with Insulin
Glargine Versus Insulin Aspart in Combination with Insulin Glargine in Subjects with
Type 1 Diabetes Mellitus Over a 24-week Treatment

Study Title: A Phase 3. multicenter. open-label. randomized, forced-titration clinical trial
to evaluate the efficacy and safety of Technosphere® Insulin Inhalation Powder
administered using two different mhalation devices (Gen2C and MedTone C) in
combination with mnsulin glargine versus insulin aspart in combination with insulin
glargine in subjects with Type 2 diabetes mellitus over a 24-week treatment period.

Nonclinical Aspect of Afrezza

During 18 cycle NDA submission, Pharm/tox reviewed all nonclinical studies with Technosphere
Insulin (TI) and/or Technosphere particles alone (FDKP was the novel excipient). Pharm/tox
concluded that there might be lung irritation, based on 39 week inhalation dog study, where
minimal to mild alveolar/bronchial interstitial neutrophil infiltration was seen in lungs for all Tl-
treated groups. However, these findings regressed after 8 weeks recovery.

During 2™ cycle NDA (re)submission, pharm/tox did not provide any additional comments since
there were no new nonclinical studies submitted. Even though the delivery device was changed
from the MedTone system in 1 review cycle to Gen2C system in 2" review cycle, such switch in
device did not affect the outcome of Afrezza’s nonclinical development program.

According to the most current annual report (report period: Jan 2010-Jan 2011) for IND 61729,
there were two ongoing nonclinical studies: MKC-PC-2010-0043 (HPLC analytical method
validation and MKC-PC-2010-0042 (insulin impurities qualification with a 28 day toxicity study
with 14 day recovery in rats). There were no nonclinical studies planned. NOTE: The 28 day
toxicity study is reviewed in this memo.

STUDY No. MKC-PC-2010-0042

Study title: Insulin Impurities: A 28-day Subcutaneous Toxicity Study with a 14-Day Recovery
Period in Spraque-Dawley Rats

Key study findings:

= Spraque-Dawley rats were treated with a mixture of insulin-related compounds (0, 0.0244,
0.1435, or 0.3021 mg/kg/day) twice daily for 28 days via sc injection and with 14 day recovery
period. Since the sponsor submitted incomplete final study report, most data was not reviewed
in details.

= There was one death (attributed to hypoglycemia) in HD group.

= No test article-related adverse effects on clinical signs, body weight, food consumption,
ocular toxicity, coagulation, and organ weights.

= There were several changes in hematological parameters (i.e. white blood cell populations in
treated groups and neutrophils, monocytes, eosinophils, basophils, and large unstained cells
in HD group). These changes were recoverable.

= There were dose-dependent increases in AST and TRIG levels on Day 29. These changes
were recoverable.

= There were also increased urine volume and decreased specific gravity in HD males. These
changes were recoverable.

= Dark areas were seen at injection sites of both control and treated animals. This correlated
with microscopic findings (i.e. sc haemorrhage and mixed/mononuclear cell infiltrates).
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= One test-article related microscopic finding was noted. Dark areas of the glandular stomach
were seen in 2/20 MD animals and 8/19 HD animals. This correlated with microscopic
findings (i.e. focal/multifocal erosion in 1/20 MD animals and 13/19 HD animals,
focal/multifocal mucosal congestion/haemorrhage in 4/20 MD animals). These were not
present during the recovery period.

= The NOAEL for this study was a total mean daily dose of 0.024 mg/kg/day (A21:
mg/kg/day, HMWP:  ®® mg/kg/day, and combined other insulin related impurities

mg/kg/day) due to stomach findings (i.e. hemorrhage and erosion in the

glandular stomach) in MD and/or HD groups.

(b) (4)
(b) (4)

Study no.: MKC-PC-2010-0042

Volume #, and page #: 813 pages (Note: Only 37 out of 813 pages were provided)
Conducting laboratory and location: ®@
Date of study initiation: Nov 2™ 2010

GLP compliance: Yes

QA report: yes (x)no ( )

Drug, lot #, and % purity: Lot No. FD10294 with 7.52% purity

= Test article is a mixture of 9 insulin impurities

Reporting group |Name of group | Components (Molecular Weight)
1 ®@
2
3
4
6
'-l_l —
Description of insulin-related compounds tested
Compound | Deescription
(b) (4
Methods

= Doses: 0, 0.0244, 0.1435, or 0.3021 mg/kg/day. The test article was prepared as a mixture
of impurities without insulin to avoid exaggerated insulin pharmacology, hypoglycemia.
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. Group . Group Mominal dose | Nominal dose Toxicology Animals Toxicokinetics
Numbers Designation }.E‘I."El per day cnntmtrﬂtlnn Main Recovery Animals
p-:rr'r:;ﬁ{e;;lun (hg/mL) Male | Female| Male |Female| Male |Female
1 Control* 0 0 10 10 5 5 3 3
2 Low Dose 01034 /0017 4.26 10 1 - - G i
3 Mid Dose 0168/ 0.054 21.00 10 10 - - [i] i
4 High Dose 0.335 /0L16T 41.85 10 10 5 5 ] i

* Control animals received the Control™Vehicle [1X PBES (phosphate buffered salinel, pH 7.4]

Mean achieved daily dose levels for insulin degradation products

Mean daily dose for insulin-related compounds (mg/kg/day)

Calculated from mean of dosing sol utlg);l(assays
4

o Deg;‘;ﬂnn A21 mwp | Comiee, o ToTAL |
l Control ] 0 0 0
2 Low Dose (b) (4
3 Mid Dose
1 High Dose

* Individual results of the insulin impurities are included in the formulation analysis report

Mean achieved doses of individual insulin-related compounds

Mean Daily Dose (mg/kg/day)
Component Group 2 | Group 3 | Group 4
A7 (b) (4
HMWP
(ther 1rl(lg,1)1(1£)i[ic!f,*
TOTAL
*Total combined dose of Impuritie ®@ e the individual resulis of these impurities are

included in the formulation analysis report.

= Species/strain: Spraque-Dawley rats

= Number/sex/group or time point (main study): 10/sex/group

= Route, formulation, volume, and infusion rate:

= Satellite groups: Recovery: n=5 for control and HD groups and TK: n=3 for control and 6 for
LD, MD, HD groups.

= Age: 8-10 weeks

= Weight: 266-385¢ for males and 216-258 for females

= Sampling times: Blood samples were collected from each TK phase rat on Days 1 and 28:
predose, 5, 15, 30 min, 1, 2, 4, and 6 hrs.

= Unique study design or methodology (if any): None.

Obervations and Results
NOTE: Since the sponsor only submitted partial final study report (37 out of 813 pages), most data
were not available for review.

Mortality:
= Once a day
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One HD animal was found dead on Day 28 due to hypoglycaemia.

Clinical signs:
= Once a day

No test-article related clinical signs were observed in these animals. NOTE: No data was provided
for review.

Body weights:
= Days 1, 7, 14, 21, 28 (main and recovery animals), 35 and 42 (recovery animals)

No test-article related adverse effects on the mean body weight in these animals in this study.
NOTE: No data was provided for review.

Food consumption:
= Weekly

No test-article related adverse effects on food consumption in these animals during dosing
period. However, the mean food consumption for the HD males was lower compared to the
concurrent control during the recovery period. This might be due to individual variation. NOTE:
No data was provided for review.

Ophthalmoscopy:
= Once pre-treatment, once during Week 4, and at the end of recovery period

No test-article related adverse ocular effects were observed in these animals.

EKG:
= This was not examined in these animals.
Hematology:
= Day 29 (main) and Day 43 (recovery)
Red blood cell count Mean corpuscular haemoglobin (calculated)
Haematocrit (ralculated) Mean corpuscular volume
Haemoglobin Morphology of cells
White blood cell count Platelet count
WEC differential (absolute) Reticulocyte (absolute and percentage)

Mean corpuscular haemoglobin
concentration (calculated)

The WBC in the treated groups was differed from the controls in a dose-dependent manner.
Others, including neutrophils (NEUT), monocytes (MONO), eosinophils (EOS), basophils (BASO),
and large unstained cells (LUC), were also elevated in the HD group. These changes were
somewhat reversed by the end of recovery period (Day 43). These findings were within normal
reference ranges. NOTE: Only summary tables were provided.

Relative difference from control in white blood cell populations at the end
of treatment
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| Percentage change by Croup and sex
Parameter Croup 2 Croup 3 Croup 4
Male Female Male Female Male Female
WEC -1.7 -12.6 B9 15.9 14.1 18.9
NEUT 23.1 -29.8 19.2 -19.3 376 gO.T*
MONO 6.2 -30.8 625" 0.0 Loo.o** 46.57
EOS 11.1 0.0 22.2 12.5 22.2 22.0
BASO -20.0 0.0 0.0 33.3 200 333
LuC 0.0 0.0 0.0 250 B6.T 50.0
Statistical significance is noted above as follows: * = p<0.05 and ** = p=0.001 (Dunnett’s).
Relative difference from control in white blood cell populations on
Day 43 following Recovery period
Percentage change by Group and sex
Group 4 Croup 4
e Day ;EII Day EE-
Male Female Male Female

WEBC 14.1 18.9 0.2 10.0

NEUT ar6 BO.TT 6.8 -22.0

MONO 100.0** 46.37 -33.3 -40.0

EOS 222 25.0 0.0 16.7

BASO 20,0 333 0.0 0.0

LUC B6.T 500 0.0 0.0

Statistical significance is noted above as follows: * = p<0.05 and ** = p<0.001 (Dunnett's).

Clinical chemistry:

Batch 1:

= Day 29 (main) and Day 43 (recovery)

Alanine aminotransferase
Aspartate aminotransferase

Batch 2:
Albumin
Total Pratein

Creatinine AJG ratio (calculated)
Urea Globulin (calculated)
Batch 3: Baich 4:

Chloride Bilirubin (Total)
Potassium Alkaline phosphatase
Sodium Glucose

Calcium Cholesteral (tatal)
Phospherous (inerganic) Triglycerides

Gamma glutamy| transpeptidase (GGT)

The serum AST and TRIG were higher on Day 29 in the treated groups than the controls in a
dose-dependent manner. Both AST and TRIG are linked to the pharmacology of insulin. These
changes were reversed by the end of recovery period (Day 43). These findings were within
normal historical ranges. NOTE: Only summary table was provided.

Relative difference from control in AST and triglyceride levels
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Percent difference from control
Group AST Triglycerides
MNumber Day | Males Females Males Females
2 24 4.2 3.8 32.3 17.2
3 29 7.7 10.2 [l Sl 31
1 29 13.3 50.8%* B7.1*"* 8
43 -2.3 -19.8 -18.8 18.2
** = p=0.01 (Dunnett’s)
¥** = p = 0.001 (Dunneti’s)
Urinalysis:
= Day 29 (main) and Day 43 (recovery)
Bilirubin Protein
Blood Sediment microscopy
Colaor and appearance Specific gravity
Glucose Urobilinogen
Ketones Volume
pH

There were no effects on urinalysis parameters except the HD males had increased urine
volumes, corresponding decreased specific gravity. This was comparable to the control group.
The toxicological significance of this finding was unknown. NOTE: No data was provided for review.

Gross pathology:
= Day 29 (main) and Day 43 (recovery)

Dark areas around injection sites were observed but there were no comparable between the
control and treated groups. This is probably due to the administration procedure. There changes
were still observed at the end of recovery period. They correlated with microscopic findings (i.e.
haemorrhage and inflammation). In addition, depressed areas of the glandular stomach were
noted in 2/20 MD animals and 9/19 HD animals. These findings correlated with microscopic
findings (i.e. erosion). NOTE: Only summary table was provided.

Incidence of treatment-related macroscopic finding in main study animals

Sex Males Females
Group | 2 3 4 1 2 3 4
Mumber of animals examined | 10 10 10 9 10 10 10 10
Stomach
Depressed area ] 0 1 1 0 ] 1 4

Organ weights (specify organs weighed if not in histopath table):
= Day 29 (main) and Day 43 (recovery)

No test article related changes in mean absolute or relative organ weights were seen. There
were some significant differences but were not consistent across dosing groups or between

sexes. These changes were not associated with any macroscopic or microscopic findings.
NOTE: No data was provided for review.

Histopathology: Adequate Battery:
Peer review:

yes (x), no ()
yes (), no (x)
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Retain|Weigh(Examine IR etain[Wegh(Examine
DRGANS/TISSUES = | i+ (€} ORGANS/TISSUES = |+ (€}
Adrenals . ¥ 3 Duodenum . 3
Amnimal identification [ Jejunum [ E
Aporta (thoracic) [ 3 lleum [ 3
Elood * S, cervical * 3
BEone marmow smears 31 . Spleen . ¥ £
Brain . ¥ 3 Sternum & marrow . 3
Cecum . £ Stomach . £
Colan . 3 Testes i ¥ 3
Epididymides « £ Thymus . I £
Esophagus . £ Thyroid gland'parathyroids . ¥ £
Eves "3 £ Tongue » £
Femnur & marmow * 3 Trachea 0 3
Heart . ¥ £ Urinary bladder . £
Kidneys . ¥ 3 Uterus . ¥ 3
Liver (2 lobes) " o E Yagina " E
Lungs (2 lokes) b ¥ £
LM, mandibular * £ Abnormal findings *
LM, mesenteric . E
Mammary gland (inguinal) * £
Optic nerves " E Additional Tissues presented below
Chvaries . ¥ £ Last dosing site* . £
Pancreas * 3 1D microchip *
Pituitary . ¥ £
Prostate . ¥ 3
Rectum . £
S, mandibular [ 3
Schatic erve * 3
Serminal vesicles . £
Skeletal muscle * £
Skin & subcutis (inguimal) . E
a Davidson’s fluid (euthanized animal cnly)
b Lungs were infused with 10% neutral buffered formalin (euthanized animal onlv)
C Lungs were weighed with trachea and recorded in Provantis as lungs in organ welight record
d Bouin’s fluid {euthanized animal onlv)
LM Lymph node
SG Salivary gland
SC Spinal cord
3 Examined microscopically
* All desing sites were collected but cnly the last site was examined histopathologicalby
Motes:
Paired organs weighed together
Parathyroids, mammary gland and optic nerves will only be examined histologically if present in routine sections

Incidence of subcutaneous haemorrhage and subcutaneous mixed or mononuclear cell infiltrates
was observed at dosing/injection sites in both control and treated animals. In addition, there was
test article related focal or multifocal erosion of the glandular stomach seen in 1/20 MD animals
and 13/19 HD animals. Focal or multifocal mucosal congestion/haemorrhage of the glandular
stomach was also seen in 4/20 MD animals. These findings were consistent with studies in rats
exposed to insulin alone at high doses by sc injection or animals under chronic stress. All
stomach microscopic findings were no longer present, suggesting complete recovery. NOTE:
Only summary table was provided.
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Study Phase Main Recovery
SEx Males Females Males Femules
Croup 1 z2 3 4 | 2 3 4 1 4 | 4
Mumber of animals examined 10 10 10 9 10 | 10 ] 10 5 4 5 B
Stomach, plandular
Erosion 0 ] 0 5 ] 0 | g ] 0 I} 0
minimal 5 1 g
Congestionhaemorrhage | 0 ] 2 0 ] 0 2 0 ] ] ] 0
minimal 2 2

Toxicokinetics:
= Days 1 and 28 (predose, 5, 15, 30 min, 1, 2, 4, 6 hours)

TK data was used to confirm systemic exposure of the test article in animals. Twice daily sc
injections of the test article in rats for 28 days resulted in consistent insulin detection (with dose-
related increases in exposure). NOTE: No data was provided for review.

Other:
= Formulation analysis

The results of LD, MD, and HD samples collected for analysis were lower than expected: ® @
for Group 2. ®@®@9% for Group 3, and ®©@% for Group 4. These measured concentrations did not
meet the acceptance criterion of  ®®9% of the nominal concentration, so the measured
concentrations were used to calculate dosage. These low results may be due to loss of protein to
the glass and the filter and such loss had more effect on lower dose groups (i.e. more diluted
solutions). NOTE: Only summary data was provided.

Mean achieved daily dose levels for insulin degradation products

Mean daily dose for insulin-related compounds (mg/kg/day)
Calculated from mean of dosing solution assays

W b) (4
— mﬁ;‘;ﬂun AzI amwp | Comhieed 0 ToTAL Nominal
1 Control 0 0 ] ]
2 Low Dose (®) (4)_
3 Mid Dose |
1 High Dose

* Individual results of the insulin impurities are included in the formulation analysis report

Overall Conclusion:

This 28 day toxicity study with a 14 day recovery was to qualify a mixture of insulin related
compounds (impurities and degradation products) in Technosphere Insulin Inhalation Power (TI).
The sponsor identified 7 impurities which were then subdivided into three groups: A21 (A21
desamido insulin), HMWP (high molecular weight proteins, primarily covalent insulin dimers), and
Total Others (mixtures of ® @ Dye to their structural similarity to insulin, all
compounds were expected to have biological activity of insulin.

This study showed one mortality in HD group (hypoglycemia), no adverse effects on clinical
sign/body weight/food consumption/organ weights, some changes (but recoverable) in
hematological parameters (i.e. 1 WBC/NEUT/MONO), clinical chemistry (i.e. 1 AST and TRIG),
and urinalysis (i.e. 1 urine volume and specific gravity). The study also found macroscopic
changes (dark areas at injection sites in control/treated groups and dark areas in glandular
stomach in MD/HD groups). These gross findings further correlated with microscopic findings
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(i.e. injection site inflammations in both control/treated groups and stomach erosion and
inflammation in MD and/or HD groups). Based on all these study findings, NOAEL was
established at the LD (total dose of 0.0244 mg/kg/day).

Based on incomplete final study report prepared by the CRO (
low dose. However, the sponsor argued the mid dose should be the NOAEL based on the fact
that such stomach findings were known species-specific pharmacologic effects of insulin doses >
0.087 mg/kg (2.5 U/kg) or chronic. Even though the sponsor provided references to establish the
probable association between chronic hyperinsulemia and increased incidence of ulcer, the
NOAEL for this study should remain at the low dose, where no toxicity was observed.

® @) the NOAEL was the

All in all, based on this 28 day toxicity rat study, insulin impurities and degradation
products in the Technosphere Insulin Inhalation Powder were qualified and had 1 to 3 fold
safety margins at the proposed acceptance criteria.

Estimate safety margins based on NOAEL (low dose):

Impurites Mean Level Acceptance Max. Dose Multiple
Achieved Qualified Criterion Anticipated
Dose Clinical Dose*
(mg/kg/day) (mg/kg/day)
A21 (b)(4)_
HMWP 1
Total other
. - b
impurities 8
B (b) (4

Pharm/tox-related CMC Issue

= In FDA’s Jan 2011 2™ CR letter

Conduct a study of the insulin adduct impurities and nsulin-related degradanis in
support of the limits on these compounds as proposed in the November 24, 2010
amendment to the NDA. Submit adsquate supporting data, including a validated method
Jjor monitoring msulin-FDEP adducts on stabilin.

= Sponsor’s question

« Comment 7: MannKind believes that the completed GLP 28-day rat toxicology study
supports the acceptance criteria for A21, total others, and HMWP. Does the Agency agree?

= Sponsor’s rationale

Reference ID: 3067377
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A 28-day subcutaneous toxicity study with a 14-day recovery period (MEC-PC-2010-
0042) was conducted in Sprague-Dawley rats to gqualify a mixture of insulin-related
compovnds (impurities and degradation prc:-ducts] in AFREZZA [Tec]mﬂsphere ' Insulin
Inhalation Powder] that could exceed &2"'@ during the intended shelf life. Subcutanecus
administration of the insulin-related degradation products twice daily for 28 consecutive
days in rats was well tolerated with no clinical signs and no adverse effects on body
weight/foed consumption, or ephthalmic evaluations. A summary of this toxicology
study is provided below and additmual details are provided in Appendix 1. MannKind
Evaluation and Appendix 2, Slud}r Beport.

On-going registration stability studies indicate that the accepta.ﬂce criteria suwbmitted in

the November 74 2010 amendment, sequence number 0033, 3.2.P.5.1 Specification
(Techno _-phEIE ' Insulin Inhalation Powder) will requue(%mdjﬁcatmﬂ a(%ud support
medifying the acceptance criteria for A21 from NMT | @)e to NMT! HMWP from
NMT D9 to NMT P, 12 Total Ottiers from NMTO®% to NM1 D A summary
of the on-going registration stability data for A21. HMWP, and Total Dthers 13 provided

below

Based upon ICH gnidelines, insulin impurities and degradation products in the
Technosphere Insulin Inhalation Powder are qualified and demonstrate greater than a 10-
fold safetv margzin at the proposed acceptance criteria.

Pharm/tox Response to Comment 7:

Based on your 28 day toxicity study provided in your briefing document, insulin impurities
and degradation products seemed appropriately qualified. The impurities were considered
qualified at the following levels: A21 -~ @9%; HMWP-®®@o%; total other impurities ®®% and
are now considered safe.

Other pharm/tox comments:

For the 28 day rat toxicity study report, the ®® Study Report in Appendix 2 was
incomplete; there were only 37 out of 813 pages submitted in your briefing document for

review. We also do not agree that there was a 10-fold safety margin at the proposed

acceptance criteria, using the mid dose as your NOAEL. The NOAEL of this study should

be based on the dose which there was no observable toxicity, which would be the low

dose used in this study.

Reference ID: 3067377
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Memorandum

Date: December 18, 2009

From: Karen Davis-Bruno PhD; Pharmacology Supervisor; DMEP
Subject: Pharmacology/Toxicology Supervisor’s Memo

To: NDA 22-472 Afrezza/Mannkind

Reference: Pharmacology/Toxicology Review & Evaluation of NDA 22-472

Afrezza or Technosphere insulin (TI) is inhaled as a dry powder with the aid of a
MedTone inhaler. Technosphere insulin is comprised of recombinant human insulin, a
novel excipient fumaryl diketopiperazine (FDKP) and primary component of
Technosphere, and | ®® polysorbate 80 (PS80). FDKP undergoes acid-induced
intermolecular self-assembly in aqueous solution resulting in adsorption of insulin onto
the Technosphere particles to form Technosphere insulin. A 28-day rat inhalation
toxicity study with Technosphere particles containing ®® PS80 was conducted which
was unremarkable in its outcome. This exposure to PS80 represents a 25X higher rat
PS80 dose than with the maximum human TI dose on a mg/kg basis.

The proposed clinical indication is Type 1 and Type 2 diabetics, administered at
mealtime 3-4X daily. The maximum recommended human daily dose (MRHD) is 315 U
of insulin in 105 mg TI powder ( {§ mg insulin +*® mg T). Tl is intended as rapid acting
insulin with a faster onset of action and shorter duration than other marketed insulins.
This pharmacokinetic profile is proposed to result from the efficient delivery of TI
powder into the deep lung where it dissolves rapidly. This is in part a function of the
Technosphere particle diameter being 2-2.5 um. Rl

Larger particles may be deposited in the upper
airways/bronchial tree. The insulin from these larger particles may also be absorbed. A
variation in the particle size pulmonary distribution (because of differing inhalation flow
rates) may affect the amount of insulin absorbed. The mechanism involved in the rapid
systemic absorption of insulin from Technospheres has not been established. It may be
related to some unidentified action of FDKP on the pulmonary cells. Cell-based studies
were performed to demonstrate that FDKP and TI do not disrupt cellular tight junctions
and FDKP does not increase the permeability of cell membranes. Technospheres
administered alone. did not result in a reduction in blood glucose, confirming that FDKP
has no effect on blood glucose concentrations.

Nonclinical Development Program The nonclinical development program for TI focused
on the effects of local toxicity of inhaled insulin and on characterization of
FDKP/Technospheres. FDKP is not metabolized and undergoes renal excretion,
unchanged. The pharmacology/toxicology of inhaled human insulin has been well
established in humans and animals over the last 90 years.




Afrezza Carcinogenicity: A 2-year carcinogenicity study in rat and a subcutaneous
transgenic mouse study (Tg.rasH2) were performed. The results of the carcinogenicity
assessment with Technosphere and TI indicate an absence of any drug-induced neoplastic
findings with administration either via inhalation (2-year rat) or subcutaneous (Tg.rasH2
mouse) routes at systemic exposures of Technosphere (FDKP) 13X and 1X respectively,
compared to the AUC at the MRHD (105 mg). Cell proliferation activity (proliferating
cell nuclear antigen; PCNA) was confirmatory of the absence of neoplasias/pre-
neoplastic signals as assessed in alveolar and bronchiolar cells across treatment and
control groups from the rat carcinogenicity study. The genotoxicity of Technosphere and
insulin was assessed in an Ames bacterial mutagenicity assay, chromosome aberration
assay in human peripheral blood lymphocytes with and without metabolic activation as
well as a mouse micronucleus assay with Technosphere alone. All genotoxicity studies
were negative.

Carcinogenicity of Related Insulin Products

Exubera (NDA 21-868; 2006) was the first marketed recombinant human insulin in
powdered form, delivered via a pulmonary inhaler. Marketing ceased in 2007 by Pfizer
because the product failed to gain acceptance among patients and physicians. In April
2008, Pfizer announced that Exubera may have been associated with lung cancer (6/4740
patients vs. 1/4292 placebo patients from clinical trials). This incidence was not
statistically significant. Carcinogenicity studies were not performed with Exubera
because recombinant human insulin is identical to the endogenous hormone and
treatment is considered replacement therapy. Chronic toxicity studies indicated there was
no effect on cell proliferation indices in alveolar or bronchiolar areas of the lung in either
species. Compared to control animals, there were no drug-related adverse effects in
either rats or Cynomolgus monkeys following 6-month duration repeat-dose chronic
toxicity studies with regard to pulmonary function, gross or microscopic morphology of
the respiratory tract or bronchial lymph nodes.

Lantus (NDA 21-081) is a recombinant human insulin analogue (insulin glargine) which
is modified to slow the release of microprecipitated insulin glargine from the
subcutaneous injection site. Two year life-time carcinogenicity bioassays with insulin
glargine were performed in mice and rats at doses up to 0.455 mg/kg at exposures 10-
times in the rat and 5-times in the mouse compared to human exposures at the starting
dose of 10 IU (0.008 mg/kg/d) based on body surface area comparisons across species
(mg/M?). Female mice had survival issues during the study and the findings were
inconclusive as a result of the excessive mortality in all dose groups attributable to
hypoglycemia. Malignant histiocytomas were observed at the injection sites in male rats
and male mice. The histiocytomas reached statistical significance in the male rats (2-fold
human exposure at 10 IU) but was not statistically significant in the male mice.
Histiocytomas were not observed in female rats, saline control, or in the insulin
comparator group using a different (non-acidic) vehicle. Indices of mitogenicity and
relative IGF-1 receptor binding were reported as slightly higher for insulin glargine
compared to human insulin.

Afrezza General Toxicology: The chronic inhalational toxicology studies included 6-
month rat and 9-month dog studies. Toxicology data with Technospheres suggest some
potential for respiratory irritation with therapeutic use. The chronic toxicity studies (rat,



dog) indicate minimal to mild respiratory irritation at 2X human systemic exposure. This
did not correlate to any preneoplastic or neoplastic findings as discussed previously.

In the 26-week chronic rat study with dose groups: 11.7 mg/kg/d for T, low dose (LD) TI
(1.05 M, 0.404 F mg/kg/d) and high dose (HD) TI (1.91 M, 1.28 F mg/kg/d) administered
by nose only inhalation, respiratory findings including increased lung weights, nasal
cavity eosinophilic globules and epithelial degeneration were observed. These findings
were recoverable in females but remained in the males following a 4-week drug
withdrawal period. A slight increase in bronchiolar cell PCNA (but not alveolar cells) in
the upper respiratory tract in T and in LD, HD TI groups may be associated with
particulate impaction. This is in contrast to the results from the 2-year rat carcinogenicity
study showing an absence of bronchiolar and alveolar cell PCNA. Insulin is known to
have an adaptive effect on late phase G1 in conjunction with IGF-1, therefore an
increased proliferation rate of exposed, regenerating cells such as the bronchial cells is
not surprising. However since these cells did not show neoplastic findings and PCNA
analysis was negative after lifetime exposure in rat, the slight increase in bronchiolar cell
PCNA in the chronic rat study may be considered an adaptive response. These results
showing a slight increase in the upper airway (bronchial) but not in the deep alveolar
tissues suggest that rats were exposed to larger Technosphere particles than proposed for
human use with the MedTone (DPI) inhaler. In addition to pulmonary effects,
approximately half the males treated with T (11.7 mg/kg/d) had evidence of myocardial
degeneration/necrosis which was not observed in any TI treated groups nor was this
observed in female rats or in the dog. The 2-year rat carcinogenicity study with lifetime
exposure did not show any increase in treatment related cardiac findings above
concurrent controls. The NOAEL for the chronic rat toxicity study was 1.91 mg/kg/d in
males and 1.28 mg/kg/d in females. Based on FDKP exposure, the NOAEL was 2-fold
greater than the maximum anticipated daily human therapeutic exposure (105 mg
Afrezza) based on AUC.

In the 2-year rat carcinogenicity study, with nose only inhalation, the nasal cavity of the
HD Technosphere (41, 46 mg/kg/d) treated group had goblet cell hyperplasia of the
respiratory epithelium, accumulation of eosinophilic droplets in the olfactory and
respiratory epithelium. These findings were considered an adaptive response to chronic
inhalation of Technospheres because they were seen at comparable severity/frequency in
the control and TTI treated groups. Consistent with this observation, is the minimal to
slight mixed macrophage and neutrophils infiltrates and degenerative skeletal muscle
myopathy seen in the subcutis in the SC transgenic mouse carcinogenicity study in all
groups, including controls.

In the 39-week chronic dog study with administered doses of: LD T (2.4 mg/kg/d), HD T
(10.9 mg/kg/d and LD TI (0.39 mg/kg/d) and HD TI (1.92 mg/kg/d) were tested using
oronasal exposure. Respiratory findings included increased minimal to mild neutrophils
infiltration of the lungs in the HD TI group which recovered following an 8-week drug
withdrawal. Thymic atrophy and hypocellularity of the seminiferous epithelium and
germ layer degeneration were observed in the T and TI groups. These findings are
commonly associated with immature dogs, consistent with age 7-8 month old dogs at



study initiation. These male reproductive effects were not observed in the subsequent

reproductive toxicity test battery. The NOAEL for the chronic dog toxicity study was

1.92 mg/kg/d. Based on FDKP exposure this NOAEL provides an exposure margin 2-
fold greater than the maximum anticipated daily human therapeutic exposure (105 mg

Afrezza) based on AUC comparisons across species.

Afrezza Reproductive Toxicity: A reproductive and developmental toxicology study
battery was performed in rats with assessment from preconception through lactation and
during organogenesis in rabbits via subcutaneous exposure (SC) to Technospheres.
There were no adverse effects on fertility in male rats administered a dose of 100
mg/kg/d which is 180X the projected maximum human exposure (105 mg Afrezza) based
on AUC comparison. This suggests that the male seminiferous epithelium and germ cell
degeneration in seen in the chronic dog toxicity study could be attributable to the
immaturity of the dogs used instead of drug-associated findings. In assessing female rats
fertility an increased incidence of pre- and post-implantation loss was observed at 100
mg/kg/d (180X human exposure) but not at 30 mg/kg/dwhich is 50X the maximum
human exposure (105 mg Afrezza) based on AUC comparison. FDKP was detected in
rat fetal circulation at concentrations comparable to maternal plasma concentrations on
gestation day 18. FDKP was present in rat milk at ~10% of the maternal systemic
exposure.

The rabbit is more sensitive to Technosphere (FDKP) than the rat during organogenesis.
Maternal toxicity is seen in pregnant rabbits as evidenced by significantly decreased body
weight at all doses. Mortality is seen in pregnant female rabbits at 100 mg/kg/d. In
pregnant rabbits given subcutaneous doses of Technosphere (2, 10, 100 mg/kg/d),
resulted in malformations in 2-3 fetuses (1 dead fetus with many of these findings) which
included: cleft palate, non-patent nares, absent intermediate lung lobes, gall bladder as
well as vertebral/rib/scapular malformations and irregular ossified skull bones at 2
mg/kg/d which is 10X the human systemic exposure at the 105 mg Afrezza dose based on
AUC. However since there is clear evidence of maternal toxicity in rabbits at the 2
mg/kg/d dose these fetal findings may be attributed to this confounder. Pregnant women
would not be dosed to toxicity. The rabbit appears to have greater systemic exposure
(AUC=10X higher) to Technospheres than the rat at the same mg/kg dose and greater
exposure may account for the increased toxicity observed in the rabbit.

Pregnant rats given subcutaneous doses of 10, 30, 100 mg/kg/d Technosphere during
organogenesis resulted in no major treatment related findings at 180X the projected
human systemic exposure at the 105 mg TI dose based on AUC comparison. In pregnant
rats given the same doses from organogenesis through weaning (lactation day 20),
decreased absolute epididymis and testes weights (without histopathological correlates)
and impaired learning were observed in pups at >30 mg/kg/day. These developmental
delays at 50X the human systemic exposure at the 105 mg Afrezza dose based on AUC
comparison across species occur at exceedingly high systemic exposures.

Afrezza | mmunogenicity: The immunogenicity assessment of TI and Technosphere
particles following inhalation or SC administration to rats for 28 days followed by a 28



day recovery period indicate no adverse effects on lymphoid tissue, lymphocyte
subpopulations or T-cell dependent antibody responses. There was a decrease in absolute
and relative percentages of NK lymphocytes observed in animals given 75 mg/kg/d SC
Technospheres but the absence of an SC control group makes the interpretation of this
observation unclear. Anti-drug antibody responses were not evaluated in chronic toxicity
studies for this application.

Potential I mpurities/Extractables/L eachables

Additional studies evaluating the toxicity of FDKP manufacturing process impurities as
well as qualification of extractables, leachables and foreign particles were provided by
the sponsor.

I mpurities: @@EDKP process impurities N
were identified and qualified. The major process impurities O® Were
qualified in a 28-day rat SC toxicology study where each of these impurities were tested
at @ @04 respectively. The results of this study support the sponsor’s proposed
release specifications. This 28-day rat impurity qualification study tested impurities
levels that were >10X the maximum human TI dose of 105 mg based on mg/m” body
surface area comparison across species. Impurities: 0@ were
not qualified in this study because they were previously qualified in other studies at >8X
the maximum human TI dose based on mg/m” body surface area comparison across
species. FDKP impurity ®® was not qualified because it was removed during
reformulation to TI. Bacterial mutagenicity studies with FDKP impurities alone or
FDKP containing impurities were not conducted due to solubility limitations in vitro.
Genotoxicity testing of FDKP were negative.

Impurity NOAEL Impurity @ MRHD | Multiple of human impurity
(mg/m?) (mg/m?) dose based on specification
(b) (4)

Reference is made to the ONDQA chemistry review of Dr. Alan Schoeder regarding
concerns for the safety of leachables/extractables/foreign particles in the insulin/device
combination of Afrezza.
Leachables: Drug product was stored for 12 months at 5°C plus 4 months at 25 °C/60%
relative humidity. The headspace of the cartridge was evaluated for potential leachables
consisting of the five largest extractable peaks N

The five largest
extractable peaks, which make up the list of potential leachables, are listed below along
with their quantitation limits. Since the five largest potential leachables were not present,
the likelihood of finding other, smaller extractables peaks as leachables in the drug



product is low.

The Division of Pulmonary and Allergy Products (DPAP) accept the
extractable/leachable qualification limits in the Product Quality Research Institute
(PQRI) proposal for orally inhaled and nasal drug products. The PQRI qualification
threshold of 0.15 pg/d for leachables having a structural alert for inhalational products is

Therefore there potential leachables listed at or below their proposed product
specification does not elicit a safety concern.

Extractables. Analysis for potential extractables found using extreme testing conditions,
for the inhaler mouthpiece and chamber

have been performed.




The risk seems to be

quite small here, for a dry powder inhaler.

Foreign particulates. The mass of foreign particles um in size) obtained from the
emitted dose of the drug product observed in multiple batches is provided in section
3.2.P.5.6.8 of the original NDA (Technosphere Insulin Inhalation System). Estimation of
uantification uses the following assumptions:

The following is the applicant’s
summary of the characterization of foreign particulates in the drug product:

At FDA’s request, the applicant has (subsequent to the original NDA) also proposed
acceptance criteria for particle sizes larger than. microns. The revised foreign
particulate acceptance criteria are listed below:

Table 2. Proposed Acceptance Criterion for Foreign Particulates between
ﬁum

Total Total Count Total Count

Proposed Acceptance Criterion

Since the sponsor is setting the specification for forei

limit (particle m) based on an assumption that H
- a worse case scenario and this specification

articles as NMT /d




clearly meets the EPA limits and in accordance with an IPAC-RS “International
Pharmaceutical Aerosol Consortium on Regulation and Science”, this is acceptable.
Afrezza Product Labeling
Sponsor’s proposed label:




(b) (4)

Conclusions:

The pharmacology and toxicology of insulin has been established over the last 90 years.
Therefore the supporting nonclinical data for Afrezza have focused on the novel
components of the inhalational Technosphere delivery system. A complete nonclinical
development program of repeat-dose, genetic, reproductive/developmental, local
tolerance, sensitization, immune toxicology and carcinogenicity studies have been
performed. The results of these studies have suggested some potential for pulmonary
irritation with Afrezza at maximum clinical exposures (105 mg Afrezza). This is based on
minimal to mild lung irritation observed in rats and dogs following chronic exposure to
Technospheres by inhalation at 2-fold higher exposures in animals relative to therapeutic
exposure at the maximum clinical dose (105 mg Afrezza). These findings in test species
did not have any functional significance on respiratory function. The respiratory
irritation appeared to recover with discontinuation of Technosphere inhalation in animals.
Evidence of pulmonary inflammation was not observed following chronic inhalational
administration in rats and dogs, including lifetime exposure in rat. Based on the limited
nature of these nonclinical findings, this application is recommended for approval with
the enclosed labeling comments.
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EXECUTIVE SUMMARY
l. Recommendations
A. Recommendation on approvability
Pharmacology recommends approval of this application.
B. Recommendation for nonclinical studies
No further nonclinical studies will be needed.
C. Recommendationson labeling
See draft labeling changes on pages 456 — 458.
1. Summary of nonclinical findings
A. Brief overview of nonclinical findings

In nonclinical studies, both Technosphere® Insulin (TI), insulin absorbed to
Technosphere® particles) and Technosphere® particles (T) alone were tested.
Technosphere® particles are comprised of a novel excipient, fumaryl
diketopiperazine (FDKP). TI doses were limited by the pharmacology of insulin,
which resulted in hypoglycemia, so higher doses of Technosphere® particles
were administered alone to maximize FDKP exposure.

The toxicology of TT and T was characterized in repeated-dose inhalation
studies in rats and dogs. TI and T were well-tolerated in general. The primary
toxicity was related to expected exaggerated insulin pharmacology
(hypoglycemia) at high doses. In 26 week rat study, 11.7 mg/kg/day for T and
1.05/0.404 (male/female, low-dose TI) and 1.91/1.28 (male/female, high-dose TI)
mg/kg/day TT were tested by nose only inhalation. There were some findings: 1)
increased lung weights in rats with no histological correlation, 2) eosinophilic
globules and epithelial degeneration observed in nasal cavities of T group, which
regressed in females but remained in males after a 4-week recovery, 3) slightly
increased bronchial proliferating cell nuclear antigen activity in the upper
respiratory tract, probably related to exposure duration and upper airway
particulate impaction in T alone (in males) and low/high-dose TI (in males and
females) groups, and 4) degeneration and necrosis of the myocardium and
infiltration of mononuclear cells in approx. 50% males treated with T, which
remained in males after 4 week recovery. Such cardiac finding, associated with
T, was not observed in dog histopathological finding. The airway findings were
consistent with minimal to mild respiratory irritation at 2x human systemic
exposure and did not correlate to any preneoplastic or neoplastic findings. This
suggests the possibility of some mild airway irritation with clinical use. The
NOAEL: was < 11.7 mg/kg/day and the NOAELr; was 1.91/1.28 (male/female)
mg/kg/day. The safety margin based on FDKP exposure was approx 1.5-fold
greater than maximum anticipated daily exposure.
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In 39 week dog study, 2.4 (low-dose T) and 10.9 (high-dose T) mg/kg/day T and
0.39 (low-dose TI) and 1.92 (high-dose TI) mg/kg/day TI were tested. There
were some findings: 1) increased minimal to mild neutrophil infiltrate of lungs in
high-dose TI group, which regressed after an 8-week recovery and 2) thymic
atrophy, hypocellularity of the seminiferous epithelium, and germ cell
degeneration seen in both T and/or TI groups. The NOAELt was 10.9
mg/kg/day and the NOAELy was 1.92 mg/kg/day. The safety margin based on
FDKP exposure was approx 2-fold greater than maximum anticipated daily
exposure.

Genotoxicity studies were conducted in vitro with Technosphere (T) and
Technosphere + insulin (TI) and in a mouse micronucleus assay (T only). T and
TI showed no apparent genotoxic potential.

Carcinogenicity studies in rats (inhalation) and transgenic mice (subcutaneous)
were conducted. There was no evidence of increased oncogenicity, as well as
microscopic pathological findings, related to TI or T. NOAELSs for T in the
mouse (75 mg/kg/day) and rat (46 mg/kg/day) carcinogenicity studies were at the
maximum doses tested, and represented approx. 1.2- and 0.2-fold of the projected
maximum human exposure (or max blood levels) respectively.

Technosphere® particles were evaluated in reproductive and developmental
toxicity studies in rats and/or rabbits (subcutaneous). In rats, there was no T-
induced impairment of fertility and no teratogenic findings at 100 mg/kg/day, and
some effects (learning impairment and decreased male reproductive organ
weights) on offspring at 30 and 100 mg/kg/day. Exposure was confirmed in
pregnant animals, and a separate rat fetal TK study confirmed in utero. FDKP
was also present in the mother’s milk in rats at about 10% of the maximum
concentration detected in the systemic circulation. FDKP was also detected in rat
fetal circulation at concentrations comparable to the maternal plasma
concentrations of GD (gestation day) 18. In rabbits, there was maternal weight
loss and malformations observed at 2 mg/kg/day T. In addition, T had safety
margins for tolerability and embryo/fetal development, ranging from approx. 3 to
8-fold human exposure multiples in rats and rabbits) during pregnancy.

(b) (4)
(b) (4)

Additional studies to toxicity of processimpurities were also performed.
impurities
) were identified and qualified in toxicology studies. Major impurities
®® were further studied in 28-day
SC rat study and there was no additional systemic toxicity seen in these animals,
compared to the parent drug.

B. Pharmacologic activity

I n vitro study results, from an evaluation of FDKP binding to 63 diverse
receptors or enzyme of neurotransmitter-related receptors, steroids, ion channels,
secondary messenger, prostaglandins, growth factors or hormones, and brain or
gut peptides showed that only 1 of 63 receptors (y-Bungarotoxin insensitive
nicotinic receptor was inhibited at > 50%. In follow-up experiments, the K;
values ranged from 95.9 to 333 uM, suggesting weak inhibition. The anticipated
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maximum concentration of FDKP in humans is approx. ®® uM, so the safety

margin is 96-fold the maximum anticipated clinical dose for this receptor.

I n vitro study results, from inhalation studies in rats and dogs, showed that blood
glucose reductions were observed in rats and dogs, in a dose-dependent manner,.
In dogs, following TI inhalation, the nadir in glucose levels happened approx. 20
to 60 min postdose. This was correlated to mean peak serum insulin levels that
occurred approx.10 min postdose. On the other hand, following T inhalation, no
reduction in blood glucose was observed, suggesting that FDKP had no effect on
blood glucose levels.

C. Nonclinical safety issuesrelevant to clinical use

There might be lung irritation, based on 39 week inhalation dog study, where
minimal to mild alveolar/bronchial interstitial neutrophil infiltration was seen in
lungs of all TI-treated groups. These findings regressed following 8 weeks
recovery.
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2.6 PHARMACOLOGY/TOXICOLOGY REVIEW

26.1 INTRODUCTION AND DRUG HISTORY

NDA number: 22-472

Review number: 001

Sequence number/date/type of submission: 0000 (original application as a 505(b)(1)
submission), March 16™ 2009, e-CTD submission.

Information to sponsor: Yes () No (x)

Sponsor and/or agent: MannKind Corporation (Paramus, NJ)
Manufacturer for drug substance: MannKind Corporation (Danbury, CT)
Reviewer name: Miyun Tsai-Turton, Ph.D., M.P.H.

Divison name: DMEP

HFD # 510

Review completion date: December 1%, 2009

Drug:
Trade name: Afrezza
Generic name: Insulin monomer human [rDNA origin]
Code name: FDKP/Fumaryl Diketopiperazine/224
Chemical name: FDKP as:

(E1-3,6-bis[4-(N-carboxy-2-propeny]jamidobutyl]-2,3-
diketopiperazine
3.6-bis[N-fumarvl-N-{n-butylamine ]2, 5-diketopiperazine

CAS registry number: 11061-68-0 (insulin); 294659-59-9 (FDKP)
Molecular formula/molecular weight: C,s7H383N65077S6/ 5808 (insulin)

CyH2sNgsN,Og / 452.46 (FDKP)
Structure: See below.

Recombinant Huoman Insulin
Chain A

o

L g 1w 1 12 13 [ i 7 1E (1] 20 i |
]

:-I-G'.:f'-IlE-‘»’a]-Glu—G]JJ-Cj-'s-C}'s-Th:-Eue:-Ile-CJ5-5er-LE‘u-T}'r-G'.:-Leu-Glu-.i'c.su-T}T-C}'s-AE:-OE
1 2 3 & s & 7

H-Phe-Val-A m-Glu-HL:-Le:;-J}'s-Gl}'- Ser-His-Leu-Val-Glu-Ala-Leu-Tyr-Len-Val-Cys-Gly-Glu-
1oz 7

3 4 5 & B4 F 1o 11 | Je 13 14 15 13 17 13 1% 20 21
Chain B HO-Thr-Lys-Pro-Thr-Tyr-Phe-Phe-Gly-Arg |
3 B @Wm oW O® OB oM OB on
FDEP
[v] (o]
Huuc"'ﬁv’J‘“x’[{Hﬂ“ “NH
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Technosphere + insulin (T]) drug product is prepared by absorption of recombinant-
human insulin onto Technosphere particles which are comprised of FDKP. FDKP
undergoes acid-induced intermolecular self assembly in water.

Relevant INDYNDASDMFs: IND 61,729, DMF =~ ©@

Drug class: Hyperglycemic agent

Intended clinical population: TIDM ®®@ and T2DM §
Clinical formulation: 15 U insulin (5 mg TI powder) and 30 U insulin (10 mg TI powder),
Technosphere® Insulin (TI) Inhalation Powder/MedTone® Inhaler combination: human insulin,

fumaryl diketopiperazine (FDKP), ®@ polysorbate 80.

Note from thereviewer: MRHD =315 U insulin (105 mg Tl powder in divided doses over 3
meals (90 U or 30 mg/meal) and 1 snack (45 U or 15 mg).

: - Quantity .
Component Grade (per mg of formulation) Function
hﬁ‘ﬂfﬁﬂf USP 3017 Drug Substance
ana.t}-l (b) (4) Raws al
Diketopiperazine In-house w miaterial 1o
(FDKP) form carrier particle
Polysorbate 80 NF ®) @
(b)(4)

(b) (4

Route of administration: Oral inhalation using a novel device; MedTone® Inhaler

Disclaimer: Tabular and graphical information are constructed by the reviewer unless cited
otherwise.

Studiesreviewed within thissubmission: PD, safety pharm, PK, and tox

Pharmacodynamics (3 studies)
= MKC-2002-2009: IC50/Ki in vitro study (non-GLP)
= MKC-2006-0023: PD/PK study in dogs
= MKC-2006-0024: PD/PK study in rats
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Safety Pharmacology (8 studies)

= PDC-PC-2002-0007: CNS study in rats
PDC-PC-2002-0005: CV in vivo study in dogs
MKC-PC-2005-17: CV in vitro study
MKC-PC-2006-38: Renal study in rats
MKC-PC-2007-21: Pulmonary study of T in rats - fxn
MKC-PC-2007-22: Pulmonary study of TI in rats - fxn
MKC-PC-2007-23: Pulmonary study of T in rats - RR and TV
MKC-PC-2007-24: Pulmonary study of TI in rats — RR and TV

Pharmacokinetics (23 studies)
= Absorption
= PDC-PC-2000-2011: T in rat lung

MKC-PC-2005-0003
MKC-PC-2006-0001

MKC-PC-2006-0002:
MKC-PC-2006-0034:
MKC-PC-2006-0035:
MKC-PC-2006-0036:
MKC-PC-2007-0005:
MKC-PC-2007-0009:
MKC-PC-2007-0010:
MKC-PC-2007-0011:
MKC-PC-2007-0012:
MKC-PC-2007-0013:

: 14-day sc PK study in CD-1 mice (T)

: PK sc study in male dogs (T1)

PK sc study in minipigs (TI)

AME after a single iv in rats (T)

AME after a single iv in rats (T1)

AME after a single iv in dogs (T)

AME after a single IT, sc, or po in rats (T)
AME after a single IT, sc, or po in dogs (T)
AME after a single IT or po in rats (TI)
AME after a single iv in dogs (T)

AME after a single iv in rats (T])

AME after a single iv in rats (T)

= Distribution
= PDC-PC-2002-0008: PK/Distribution after a single IT in rats (TI)
= Metabolism
= PDC-PC-2000-0004: Cytochrome P450 activity (T)
= MKC-PC-2003-0007: Metabolite stability and profiling using hepatocytes (T)
= MKC-PC-2004-0009: In vitro metabolism of FDKP
= MKC-PC-2006-0014: Cytochrome P450 (T and TI)
* Elimination
= PDC-PC-2000-0007: Excretion in urine after iv in rats (T)
= MKC-PC-2004-0020: Metabolite profile in urine and recovery in feces after a single IT or
sc in rats (T)
» PK Drug Interaction and Other PK
= MKC-PC-2003-0018: Protein binding in plasma (T)
= MKC-PC-2006-2008: PK of TT after sc, iv, po in rats (TI)
= MKC-PC-2006-0009: PK of TI after crossover sc and po in dogs (T])

Single dose toxicity (3 studies)
= PDC-PD-1993-0001: acute oral tox rat study
= PDC-PC-1993-0002: acute oral tox rat study
= PDC-PD-1004-0002: acute oral tox dog study

Repeat dose toxicity (11 studies)
= PDC-PC-1994-0001: 4-week study in dogs
= PDC-PC-1996-0001: 5-day study in dogs
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PDC-PC-1996-0002: 4-week study in rats
PDC-PC-1997-0001: 4-week study in dogs
PDC-PC-1999-0002: 26-week study in rats
PDC-PC-2000-0003: 13-, 26-, 39-week study in dogs
MKC-PC-2003-0002: 26-week study in rats
MKC-PC-2003-0004: 39-week study in dogs
MKC-PC-2003-0022: 5-day study in dogs
MKC-PC-2005-0011: 13-week study in CD-1 mice
MKC-PC-2006-0011: 28-day study in rasH2 Hybrid mice

Carcinogenicity (2 studies)
= MKC-PC-2004-0001: 104-Weekinhalation study in rats
= MKC-PC-2007-0003: 26-Week sc study in transgenic mice

Reproductive Toxicity (7 studies)
» Fertility and early embryonic development (T only)
= PDC-PC-2001-0006: fertility study in rats
= MKC-PC-2004-0003: development study in rabbits
= Embryofetal development (T only)
= PDC-PC-2002-0012: embryo-fetal dev study in rats
= PDC-PC-2001-0003: teratology study in rats
= MKC-PC-2004-2004: dev tox study in rabbits
= MKC-PC-2006-0010: fetal TK study in rats
» Prenatal and postnatal development (T only)
= PDC-PC-2004-0008: peri/post-natal repro tox study in rats

Local tolerance & special toxicity (14 studies)

MKC-PC-2007-0019:

skin irritation in rabbits

PDC-PC-2001-0001: antigen

MKC-PC-2007-0004:
MKC-PC-2008-0001:
MKC-PC-2008-0002::
MKC-PC-2008-0005:
MKC-PC-2008-2006:
MKC-PC-2008-0016:
MKC-PC-2008-0018:
MKC-PC-2008-0019:
MKC-PC-2008-0020:

MKC-PC-2008-0021

phototox

ecotox, Daphnia magna

ecotox, green alga

PS80 tox/TK profile

impurity

skin irritation w/ 3 FDKP intermediates

delayed contact hypersensitivity w/ 3 FDKP intermediates
cute oral tox w/ 3 FDKP intermediates

immunotox

: partition coefficient of FDKP
MKC-PC-2008-0023:

eye irritation w/ 3 FDKP intermediates

MKC-PC-2008-0024:biodegradability of FDKP

Studies not reviewed within this submission: None.

Note: For NDA reviews, all section headings should beincluded.

Introduction and drug history:

Afresa™ is an ultra rapid acting prandial insulin for treatment of TIDM and T2DM in adults. It
consists of Technosphere® Insulin Inhalation Powder pre-metered into unit dose cartridges and
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NDA No. 22-472

the MedTone® inhaler. Technosphere® Insulin (TI) Inhalation Powder is a dry powder
formulation of insulin. It is administered by the reusable, high resistance, breath-powered
MedTone® inhaler. TI is comprised primarily of insulin and a novel excipient, fumaryl
diketopiperazine (FDKP).

TI is formed by adsorbing insulin into the surface of Technosphere® particles. Technosphere
particles are formed prior to insulin adsorption by the acid-induced crystallization of FDKP.
Subsequently, those crystals were self-assembled into particles with a compact, approximately
spherical shape. TI particles have a median diameter of approx. 2.5 wm and are sized
appropriately for inhalation into the deep lung. Following inhalation, TI particles dissolve
immediately at physiological pH and insulin and FDKP are absorbed systemically. Peak
circulating insulin concentrations occur within 12-14 min after administration. This closely
mimics the natural mealtime insulin release characteristics of healthy individuals.

Regulatory history of Technosphere® Insulin Inhalation System is listed below, provided by the

Sponsor.

Type of Interaction

Event

Date

Location of Documentation in
NDA

IND Serial Submizssion 0000

Acceptance of IND 61,729 for Technosphere®™

Insulin Inhalation System

2001-01-03

WA

Special Protocol Assessment
— MNonclimieal

CAC Beview: 2 Year Rat Carcinogenicity
Protocol & Dose Selection

2004-05-03

1.6.3 Correspondence Eegarding
Meetings

Type B Llesting

End of Phase 2 Meating

2004-10-12

1.6.3 Correspondence Eegarding
Meetings

Special Protocol Assessment
- Climeal

Fesponse to Special Protecol Assessment:
MEC-TI-030

2005-04-21

1.6.3 Correspondence Regarding
Meetings

Special Protocel Assessment | Eesponse to Special Protocol Assessment: 2005-10-14 | 1.6.3 Correspondence Regarding

— Climieal MEC-TI-102 Meetings

Special Protocel Assessment | Agency Comments on MEC-TI-105 Protocol 2006-04-10 [ 1.6.3 Comespondence Fegarding

- Climeal Meetings

Type B Mesting Fequest Fesponse to CMC Meeting Fequest 2006-11-09 | 1.6.3 Comrespondence Fegarding
Meetings

Type B Meeting Request Besponse to CMC Devics Question 2007-01-12 [ 1.6.3 Correspondence Fegarding

Meetings

Special Protocol Assessment
— Nonclimeal

CAC Beview: 6 Month Transgenic Mouse
Carcinogenicity Protocol & Dose Selection

2007-05-02

1.6.3 Correspondence Eegarding
Meetings

Letter Comespondence

FDA Fesponse to MannKind CMC Batch
Related Questions

2007-07-30

1.6.3 Correspondence Regarding
Meetings

Letter Comrespondence

Proposed tradename AFRESA

2007-09-29

N/A
(IND 61,729 Serial No. 0222)

10
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Type of Interaction Event Date Location of Documentation in
- NDA
Letter Comrespondence Proposed tradename AFRESA; Follow-up 2007-11-12 | N/A
(IND 61,729 Serial No_ 0229)
Letter Comespondence Proposed tradename AFRESA, Follow-up 2007-11-26 (WN/A
(IND 61,729 Serial No_ 0231)
Information Amendment Now 2007 DSME Letter - Neoplasia 2008-01-16 [N/A
(IND 61,729 Senal No_ 0239)
Fesponse to Request for MannKind Response to FDA request for 2008-02-27 (N/A
Information information regarding neoplasm and (IND 61,720 Serial No. 0245)
cardiovascular events
Fesponse to Eequest for MamnFind Eesponse to FDA request for 2008-03-21 | N/A
Information mformation regarding reports of lung cancer m (TND 61,720 Serial No. 02500
Technosphere Insulin climeal mals
Type B Mesting Pre-NDA Meeting 2008-07-14 | 1.6.3 Correspondence Regarding
Meetings
Fesponse to Bequest for MamnFind Eesponse to FDA request for 2008-10-06 | N/A
Information mformation regarding cardiovascular event (IND 61,729 Serial No. 0303)
rates

26.2 PHARMACOLOGY

2.6.2.1 Brief summary

The pharmacology program was conducted with both T and TI. Pharmacodynamic studies were
done to evaluate the glucose lowering capability of insulin, administered as TI. Safety
pharmacology studies included both in vitro assays (hERG channel assay) and in vivo studies (CV
studies in dogs, respiratory function studies in rats, a CNS study in rats, and a renal study in rats)
with T and TL

Primary pharmacodynamics: 1n vitro study results, from an evaluation of FDKP binding to 63
diverse receptors or enzyme of neurotransmitter-related receptors, steroids, ion channels,
secondary messenger, prostaglandins, growth factors or hormones, and brain or gut peptides
showed that only 1 of 63 receptors (y-Bungarotoxin insensitive nicotinic receptor) inhibited at >
62%. In follow-up experiments, the K; values ranged from 95.9 to 333 uM, suggesting weak
inhibition. The anticipated maximum concentration of FDKP in humans is approx. @@ uM, so
the safety margin is 96-fold the maximum anticipated clinical dose with TI for this receptor. In
addition, in vitro study results, from inhalation studies in rats and dogs, showed that blood
glucose reductions were observed in rats and dogs, in a dose-dependent manner,. In dogs,
following TI inhalation, the nadir in glucose levels happened approx. 20 to 60 min postdose. This
was correlated to mean peak serum insulin levels that occurred approx.10 min postdose. On the
other hand, following T inhalation, no reduction in blood glucose was observed, suggesting that
FDKP had no effect on blood glucose levels.

Safety pharmacology: These studies demonstrated that neither T nor TI affected CV, respiratory,
CNS, or renal functions.

= CNS safety pharmacology study used a Functional Observational Battery (FOB) test,
including grip strength, hind limb splay, body temperature, and motor activity, to detect
potential undesirable CNS effect of T and TIL, in albino male rats. When compared to predose
values, there was a decrease in motor activity in the 0.125 mg/kg TI group. When compared

11
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to high-dose T (12.5 mg/kg) group, there was an increase in motor activity in the 0.125 mg/kg
TI group. This might suggest that T could lead to decreased motor activity if compared to
untreated control group. This finding was considered, by the sponsor, biologically irrelevant
because predose motor activity in the TI group was higher than postdose motor activity.
However, with no untreated control group was included in this study, it would be hard to
determine the relevance of this finding.

* Invivo CV safety pharmacology study demonstrated that there was no evidence of cardiac
adverse effects in telemeterized, conscious dogs in a single-dose, as well as in a 39-week dog
inhalation toxicity study. There were no effects on ECG or QTc¢ intervals. Hemodynamic
changes were seen in dogs received T containing PS80, a component of TI powder.
However, these changes were not seen with PS80-free T and were considered to be species-
specific. Invitro CV safety pharmacology study also showed that T and TT did not
significantly block the hERG channel at levels up to 100 uM, which were 65- and > 96-fold
over the maximum human serum FDKP levels, respectively.

= Respiratory safety pharmacology studies indicated that T up to 50 mg/kg and TT up to 0.32
mg/kg, via the IV and IT routes, did not alter tidal volume, respiratory rate, airway resistance,
mean arterial pressure, dynamic lung compliance, or heart rate in conscious and anesthetized
rats. Safety margins for Technosphere particles (T) were 15X and 2X for Technosphere +
insulin (TI). Maximum FDKP levels attained in these studies were approx 90-fold greater
than the max anticipated human exposure. On a mg/kg basis, for the tidal volume and
respiratory rate, safety margins were 33-fold for T and 2-fold for TI. For airway resistance,
mean arterial pressure, dynamic lung compliance, and heart rate, safety margins were 33-fold
(IV injection) and 15-fold (IT delivery) for T and 2-fold for TI.

= Renal safety pharmacology study revealed that T up to 50 mg/kg and TI up to 0.32 mg/kg had
no effects on electrolyte concentration, urine output, and creatinine clearance, in rats via the
IV route, suggesting no renal toxicity and normal renal function.

» Drug-drug interaction studies showed that FDKP did not bind to proteins in mouse, rat,
rabbit, dog, monkey, and human plasma. Up to 200 uM FDKP did not inhibit CYP1A2,
CYP2C8, CYP2C9, CYP2C19, CYP2D6, and CYP3A4 in vitro, indicating that FDKP was
not an inhibitor of cytochrome P450 enzymes. Therefore, it was unlikely to cause clinically
relevant drug-drug interactions when administered with cytochrome P450 substrates,
including warfarin, simvastatin, and dextromethorphan. In addition, FDKP-+insulin and up to
10 uM FDKP did not induce CYP3A4 activity in cultured human hapatocytes. Thus, neither
TI nor T was likely to cause decreased exposure of CYP3A4 substrates.

2.6.2.2 Primary pharmacodynamics

M echanism of action: To lower blood glucose levels by stimulating peripheral glucose uptake
by skeletal muscle and fat, and by inhibiting hepatic glucose production.

Drug activity related to proposed indication:

2 studies were provided by the sponsor.

= MKC-2006-0023: PD/PK study in dogs
= MKC-2006-0024: PD/PK study in rats

12
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MKC-PC-2006-0023: Single Dose Inhalation Pharmacokinetics and Pharmacodynamic Study of
Technosphere® and Technosphere®/Insulin in Beagle Dogs [By ©®“ Study No. 65016]

This study was to determine the PD and PK profile of T and TI following a single oronasal
inhalation administration to dogs. Twenty-four animals were allocated to 4 groups (3/sex/group).
Groups 1, 3, and 4 animals were exposed once for 15 min where as Group 2 animals were
exposed for 65 min. Blood samples were collected predose, during dose (10 min after the start of
dosing for all groups, and 20 and 40 min after the start of dosing for Group 2), immediately after
dosing (within 5 min), 10, 20, 40, 60 min, 2, 4, 8, 24 hrs after the end of dosing.

Group

Destgnation

Group Mo Tumber of animals

Exposure time (mums)

Technosphers® particles -
Low

2 Teclmespher=® particles -
Hish

Technesphere® Insulin - Low

Technosphore® Insulin - Hizh

—
LA
Lad  |LL
L

&

L
a3
Lad

. e

LAa| LA
Laa| Las
iaa| Las

tion of Blesdmg fimapomnts
Gron e Drwing dosing (mimttes | -
e dosing Pre-dozs fr-:-zaniie s:alilt-{:-f':ﬂl;i};: After dosing (time from the end of dosmsz)
1 15 Within 1 hot 10
2 63 m’ ﬁfﬂ}e - t;t 10.20,40 Iemedistely (within 3 mimtes), 10, 20,
3 15 r GfliD'IJl: 10 40, 60 nummtes, 2, 4, & and 24 hows
] 5 hE 10
Achieved Asrosol
Achieved Dose Level (mgks) Cencentration
Group (mgL)"
Desimnation TEdJ:':'EP]-‘EEn@ particles Insulin (T & Total Techne- Totzl
i sphers® | Insulin .
J 2 &L 2 Q I&C 3 = J&% [particles
Teclmosphere® | e 1 111 | 108 0 0 ] e | 116 | 113 | 2093 0 2.193
particles - Low
Techmosphere® | 00 | 451 | 389 0 0 0 395 | 420 | 408 | 1729 0 1.512
particles - Hizh
Tecknosphere® | . .. ic R 0041 | 0083 [ 0042 | hags | 1 ] 7
oo r| 0333 | 0351 | 0342 aog | 1z | an 0383 | 0404 | 0394 | 0088 | 0.0081 | 0.078
Technosphere® - 0130 | 01ed | 0135 . ;
Tnclin - Faogh | 107 | 114 11| 395 | o0 | gy | 134 | 142 | 139 | 0213 | 00300 0
A

Achieved dose levels wers estimated nsing moup mean body weights

Achieved asrosol concentrations were measured gravimedmically.

The achieved dose and asrosol concentration values quoted for Technosphere® particles and insulin were measured
analytically,

The values for msulin deoses meluded in the tzble in parentheses are mfemational units (IU) — the conversion factor from
mg'ke to 171z 26315,

=]

Findings: T and TI were well tolerated by the dogs. There were no significant treatment related
mortalities or clinical observations noted during or immediately after exposure. For insulin, dose
related increases in insulin C,,,x and AUC ., as a function of dose were seen in both males and
females. These increases were greater than dose-proportional. No sex differences in insulin t%s
and t,,,, were seen for both insulin dose levels. For FDKP, it was detected in all samples
collected from all groups, following the initiation of T and TI treatments. Dose-related increases
in Cp,, and AUC, were observed in this study. These increases were approx. dose-
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proportional. No sex differences in the PK of FDKP were noted. For glucose, a dose-dependent
decrease in glucose levels was seen 10 min after the end of dosing in both sexes of Groups 3 and
4, ranging between 19 and 47%, when compared to their respective pre-treatment levels. The
lowest glucose levels were seen 20 to 40 min after treatment, down to 44 and 33% of pre-
treatment levels for Group 4 males and females, respectively. These glucose levels returned to
normal by the 2 hr timepoint in males and by the 4 hr timepoint in females. The decrease in the
glucose levels was more pronounced in Group 4 (high TI) than in Group 3 (low TI) animals. As
the decrease in glucose levels was expected pharmacology of treatment with insulin, they were
not considered to be of any toxicological significance.

MKC-PC-2006-0024: Single Dose Inhalation Pharmacokinetics and Pharmacodynamic Study of
Technosphere® and Technosphere®/Insulin in Spraque Dawley Rats [By ®® Study no. 75022]

This study was to determine the PD and PK profile of T and TI following a single nasal inhalation
administration to rats. Seventy-two animals were allocated to 4 groups (9/sex/group). All
groups, except females from Groups 3 and 4, were exposed once for 60 min. Females from
Groups 3 and 4 were exposed for 20 and 36 min respectively. Blood samples were collected
during dose (20 and 40 min after the start of dosing), immediately after dosing (within 5 min), 10,
20, 40, 60 min, 2, 4, 8, 24 hrs after the end of dosing.

Arhieved Diose Leveal Achieved Asrosol Concenfraton
Group . (mzkzday)’ (mzL)*
T roup Technosphara® .
st A Inzulin (ILT) Tl - L
Dresignation particles Te..hux:a?p._mwe@f —— Tatal
- P - 2 E P particles
b |Technosphan=®) 1) 2 | 375 | g 0 115 | 117 0.299 0 0.299
partcles - Lowr
al -~ | N
2 |Technosphere® | o0 | 465 | 0o | 458 | 68 1191 0 1191
particles - High
3 Technosphere® 21| ape | 0095 0.033 P 4oy 8 0 naay ¥ . g
Tneulin - Low 0.843 0288 (2.5) {0.9) 0838 032 0.0221 0.0025 0.0248
4 Technosphers® | 4 3| 163 0.101 p 1 0 nagy ¥ - P
Insulin - Hish | - 462 7 | 0.ERE 4.3) 2.7 1.627 0200 0.0381 0.0043 0.0424

Achieved dose levels were estimated based on mroup mean body weizhts and aclieved levels of Technesphere®
particles and insulin (measured analyvtically).

Achieved zerosol concentations were measurad analytically.

The achisved dose and zerosel concentration values quoted for Teclmosphere® particles wers estimated assuming
the proportion of msulin was 11.3% m the measuwred atmosphere, as indicated m the ceriificats of analyas, as only
msulm levels were analyzad for Groups 3 and 4.

The values for msulm doses meluded in the table in parentheses are international wmits (TUT) — the conversion factor
from mp'kg to I 15 26315,

Ilale Rats

r Dhrasi Duing Dosing

g - Laacm Fre-Dese (mnutes from the After Dosing (tme from the end of dosing)
Na. of Dosing start of dosing)

1 Within 1
2 50 hour prior to 10,40 Immnediztely (within 5 minutes), 10, 20, 40, 60 mimnses,
3 the start of T 2.4, 8 and 24 hours
4 dosing

Findings: T and TI were well tolerated by the rats at all doses administered and no treatment
related mortalities or clinical observations occurred during or immediately after exposure. For
insulin, quantifiable levels of insulin were observed in Groups 3 and 4 after a single nasal
inhalation TI administration. The increases in C,,, and AUC.,4, were dose-dependent. Female
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rats seemed to have higher systemic exposures of insulin after adjusting for the administered
dose. The elimination half-life of human insulin in rats was short and approx. 1 hr where
determinable. For FDKP, it was detectable in the serum of male and female rats after a single
nasal T or TI administration for at least 9 hrs after the initiation of administration. Peak serum
levels (Cyax) of FDKP in rats were achieved with 1.17 hrs after the start of dosing at all dose
levels. Serum FDKP levels declined bi-exponentially with half-life values ranging from 1.2 to
3.8 hrs, when able to calculate. In general, C,,,x values were higher in female rats than in male
rats after adjusting for the administered dose, with the exception of Group 3 in which the males
had a higher C,,,. There was no clear relationship between AUC,,,; values and sex. Increases in
dose resulted in increases in FDKP C,,.« and AUC,_ in both males and females. These increases
were nearly dose-proportional. For glucose, dose-dependent decreases in glucose levels were
observed after completion of treatment, attaining 19% in Group 4 males and 23% in Groups 4
females, when compared to pre-dose levels. Glucose levels were back to normal, or higher, 60
min after treatment in Group 4 (high TI).

2.6.2.3 Secondary pharmacodynamics
MKC-PC-2002-0009: Receptor Binding: IC50/Ki Determination [By ®® _Non-GLP]

No study summary was provided. The results from this non-GLP study were described in the
Module 2.4 Nonclinical Overview. Only 1 of 63 receptors (y-Bungarotoxin insensitive nicotinic
receptor) from the Ames Assay was inhibited at > 50%. The K; values for this receptor ranged
from 95.9 to 333 UM, suggesting weak inhibition.

2.6.2.4 Safety pharmacology
8 studies were provided by the sponsor.

= PDC-PC-2002-0007: CNS study in rats

= PDC-PC-2002-0005: CV in vivo study in dogs

= MKC-PC-2005-17: CV in vitro study

= MKC-PC-2006-38: Renal study in rats

= MKC-PC-2007-21: Pulmonary study of T in rats - fxn

* MKC-PC-2007-22: Pulmonary study of TI in rats - fxn

» MKC-PC-2007-23: Pulmonary study of T in rats - RR and TV
* MKC-PC-2007-24: Pulmonary study of TI in rats — RR and TV

Neurological effects:

PDC-PC-2002-20007: Safety Pharmacological Assessment: Effects of Technosphere® and
Technosphere®/Insulin on the Central Nervous System of the Albino Rat [By N
Study No. 93556]

The study was to detect undesirable effects of T (vehicle) or TI (test article) on the CNS
following IV administration to male albino rats. All animals were observed twice daily for signs
of reaction to treatment. A FOB (Functional Observational Battery) assessments of grip strength,
hind limb splay, and body temperature, and motor activity were performed for all animals once
predose and at approx. 15 min, 1, and 24 hrs postdose.
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Dose Level
) ) of FDEP1
Group/Tdentification me'k Mo, of Male
1 Technosphere™ 0.125 8
2 Technosphere™ 12.5 8
3 Technosphere™ Tnsulin 0125 g

Findings: There were no deaths and no clinical signs observed in these rats. No biological
significant effects on FOB parameters were observed. However, at the 15 min post-dose
timepoint animals given TI at 0.125 mg/kg showed increased total activity counts when
compared to the groups given T at 0.125 and 12.5 mg/kg. This trend continued at the 1
hr and 24 hr post-dose timepoints. The significance of this increase motor activity in TI
group was uncertain since when compared the animals’ predose values, motor activity
was decreased. In addition, this finding might suggest that T could lead to decreased
motor activities if compared to untreated controls. However, there was no untreated
control group except pre-dose values from each dose group.
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Cardiovascular effects:

PDC-PC-2002-20005: A Pharmacological Assessment of Intravenous Administration of
Technosphere®/Insulin Formulations on the Cardiovascular System of the Conscious
Telemetered Beagle Dog [By ®® Study No. 93554]

This study was to evaluate the pharmacological effects of T (control article) and TI (test article)
with and without Tween, on the cardiovascular system following IV bolus administration to the
conscious beagle dog. The vehicle article was PBS in this study. These dogs were instrumented
with radiotransmitters for the recording of systemic blood pressure (mean, systolic, and diastolic),
heart rat, and modified lead Il ECG. The test articles were administered by IV bolus injection to
a peripheral vein. These animals were observed for mortality and signs of reaction to treatment
twice daily. In addition, details examinations were performed once prior to treatment initiation
and after each dosing occasion. Blood samples were collected for plasma histamine levels,
approx. 10-14 min postdose, commencing on Dose 4 through Dose 7. Blood samples were also
collected for immunoglobulin levels, prior to treatment for Doses 5 through 7, and at approx. 24
hrs post treatment for Doses 4 through 7.
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Dose Level*

Dose Mo, Technosphere®  Dose Volume Number of Amnimals*
Identification (mg/le] (mlEz) Males

1 WVehicle 0 1 6

2 Technosphere® 0.123 1 6

3 Technosphere® 125 1 6

4 Tween—free Technosphere™ 125 1 &

5 Technosphere® Insulin 0123 1 &

6 Technosphere® 1.25 1 6

7 Technosphere®** 125 1 &

il

All six dogs received each of the seven escalating doses administered with at least a 2-day
washout period between the beginning of cne admimistration and the start of the next admimstration.
#* The seventh dose administration was from a batch of Technosphere” used previously on
PCS-MTL PN 91739

Findings: Treatment-related clinical sings were seen immediately following Dose 3 (125 mg/kg
T) on Day 8 in 4/6 dogs. Clinical signs included labored breathing, elevated respiratory rate,
defecation, moderate to hyper salivation, pale skin, and reduced activity. There reactions to
treatment were consistent with the systemic release of histamine. However, no reaction treatment
was observed on Days 1 to 4 or subsequent (Days 53, 57, 64, and 71) dose occasions.

The CV studies showed that on Dose 2, Day 4, there were no hemodynamic effects associated
with 0.125 mg/kg T. On Dose 3, Day 8, 2 animals (1001 and 1002) had slight but transient
elevations in heart rate post-dosing at 12.5 mg/kg T. However, it was not determined if the blood
pressure was reduced or maintained between 0 and 30 min postdose. One animal (1004) had the
largest but transient heart rate increase postdose and a slight reduction in blood pressure (approx.
25 mm Hg), which resolved between 2 and 3 hrs postdose. One animal (1005) had a transient
reduction in blood pressure (approx. 20 mm Hg), which resolved by approx. 3 hrs postdose.
These observations were suspected to be related to the histamine reactions observed in most
animals at this dose level. Two other animals (1003 and 1006) were unaffected. On Dose 4, Day
52, there were no hemodynamic effects associated with Tween-free T at 12.5 mg/kg. On Dose S,
Day 57, 3 out of 6 animals (1002, 1003, and 1005) showed slight but transient reduction in
systolic blood pressure (approx. 15-20 mm Hg) following dosing with TI at 0.125 mg/kg. These
changes were considered to be related to animals’ activity and/or the experimental procedure. On
Day 6, Day 64, mild but transient blood pressure effects were noted in 50% of the dogs receiving
T at 1.25 mg/kg. These were considered likely related to Tween formulation and subsequent
histamine release in some animals. On Dose 7, Day 71, 1 animal (1003) had a transient reduction
in blood pressure and heart rate postdose at 12.5 mg/kg T. It was considered due to individual
variation rather than a direct effect of T.

The ECG results showed that there were no test article related effects following any of the 7
treatments. The histamine levels were also measured in these dogs. At Doses 4-7, very low
levels of histamine (< 1.5 ng/ml) were seen in 2/6 to 5/6 animals. In the TI group (Dose 5), 2/6
animals had detectable histamine levels, compared to all other dose groups. At Doses 3 and 7
(given 12.5 mg/kg T), the highest number of animals with detectable histamine levels were
observed. However, there was no correlation with the presence of histamine or histamine levels
and hemodynamic changes.
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MKC-PC-2005-0017: Effect of Technosphere® and Technosphere® Insulin on Cloned hERG
Potassium Channels Expressed in Mammalian Cells [By ®® Study No.
050726.NBD]

The invitro effect of T and TI (test articles) on hERG currents were evaluated in HEK293 cells
stably expressing hERG channel. E-4031 was a reference substance, which was prepared in
DMSO (test article carrier), to selectively inhibits hERG current with ICs, of 12 nM. Findings: T
inhibited hERG current by 14% (n=3) at 100 uM. Since a mean current inhibition at this
concentration did not exceed 20% the lower concentrations selected for this study, IC50 was not
determined. In addition, TI inhibited the hERG currents by 1.3%, 12.9%, 27.4%, and 61.2% at 1,
10, 30, and 100 uM. The IC50 of TI for hERG currents was calculated to be 67.64 uM. By
contrast, the positive control, 60 nM Terfenadine (positive control article), inhibited the hRERG
current by 82%.
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Pulmonary effects:

20



Reviewer:Mivun Tsai-Turton NDA No. 22-472

MKC-PC-2007-0021: Influence of Technosphere® Powder on Pulmonary Function in the
Anaesthetized, Ventilated Spraque-Dawley Rat [By ®® Study no. ©®
07043-RPT01988]

This study was to assess the effects of T (test article) administered 1) at doses of 5 mg via the IT
(intratracheal) route, and 2) at a dose of 11 and 50 mg/kg via the IV (intravenous) route, on
airways resistance (Ry), dynamic lung compliance (Cyyn), heart rate, and mean arterial blood
pressure (MAP) in anaesthetized, ventilated male rats, and to determine the FDKP levels in rat
serum. There were 5 treatment groups with 8 rats per group. Each rat received a single IT or IV
dose. Rats were then anaesthetized, paralyzed, and ventilated via a tracheal cannula with a
mixture of air and oxygen. PBS was used as the vehicle article and acetylcholine chloride was
used as the reference article in this study.

Group 1 Wehicle (100 pLit.n=28)

Group 2 Technosphere” Powder (5 mg i.t.: n = 8): Concentration 50 mg/mL
Group 3 Wehicle (1 mL/kg, 1.v.; n=§)

Group 4 Technosphere” Powder (11 mg/kg 1.v.; n = 8); Concentration 11 mg/mL
Group 5 Technosphere” Powder (50 mg/kg iv.; n = 8); Concentration 50 mg/mL

Findings: One animal from Group 5 died under anesthesia approx. 45 min after dosing. The
death was related to problems in cannulation of the carotid artery.

» For dosing solution analysis, all dosing solution samples contained < 90% of the projected
concentration. Actual concentrations ranged from 64.0 to 84.0%. Therefore, the actual doses
of the test substance were approx. 3.54 mg (Group 2), 8.14 mg/kg (Group 4), and 33.9 mg/kg
(Group 5).

» For respiratory function via the IT route, T (5 mg) had no effect on Ry at any time. A small
decrease in Cg4y, was observed (see figure below). However, these changes were not
significantly different when compared to time-matched VH (PBS) treated animals. A small
but significant decrease in heart rate was seen 15 and 25 min after dosing, when compared to
time-matched VH treated animals (see figure below). No significant decrease was observed
at any other time point and it was likely that such effect was not biologically significant.
Administration of ACh (100 pg/kg) at 120 min caused a substantial increase in Ry, and a
decrease in Cgyy, heart rate, and MAP. T at 5 mg did not significantly affect the magnitude of
the response to ACh.
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Figure 5 Effect of vehicle and Technosphere” Powder administered intratracheally on change in dynamic lung compliance in
anaesthetised, ventilated rats
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Figure 7 Effect of vehicle and Technosphere” Powder administered intratracheally on change in heart rate in anaesthetised,
ventilated rats
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* For respiratory function via the IV route, T (11 and 50 mg/kg) had no effect on R and Cay, at
any time. Transient decreases in heart rate and MAP were observed right after IV dosing
with either VH or T. T had no effect on either heart rate or MAP at any time point in the
study. Administration of ACh (100 pg/kg) at 120 min caused a substantial increase in Ry,
and a decrease in Cyyp, heart rate, and MAP. T at 11 and 50 mg/kg did not significantly affect
the magnitude of the response to ACh.
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All in all, T had no significant effect at the doses used in this study on either Ry, Cgyn, heart rate,
and MAP when administered by either the IT and IV routes.

MKC-PC-2007-0022: Influence of Technosphere®/Insulin on Pulmonary Function in the
Anaesthetized, Ventilated Spraque-Dawley Rat [By ®® Study no. ®¢
07044-RPT01989]

This study was to assess the effects of TI (test article) administered 1) at doses of 1 mg via the IT
route, and 2) at a dose of 0.32 mg/kg via the IV route, on airways resistance (R ), dynamic lung
compliance (Cyyn), heart rate, and mean arterial blood pressure (MAP) in anaesthetized, ventilated
male rats, and to determine the FDKP levels in rat serum. There were 4 treatment groups with 8
rats per group. Each rat received a single IT or IV dose. Rats were then anaesthetized, paralyzed,
and ventilated via a tracheal cannula with a mixture of air and oxygen. PBS was used as the
vehicle article and acetylcholine chloride was used as the reference article in this study.

Group 1 Vehicle (100 pL 11,0 =8)

Group 2 Technosphere " /Insulin (1 mg i.t.; n = 8); concentration 10 mg/mL

Group 3 Vehicle (1 mL/kgiv. n=8§)

Group 4 Technosphere®/Insulin {Dose 0.32 mg/kg 1.v.; n = 8); concentration
0.32 mg/mL

Findings:

» For dosing solution analysis, all dosing solution samples contained < 90% of the projected
concentration. Actual concentrations ranged from 40.17 to 57.3%. Therefore, the actual
doses of the test substance were approx. 0.51-0.57 mg by the IT route and 0.13 mg/kg by the
IV route.

» For respiratory function via the IT route, TT (1 mg) or VH (100 uL PBS) caused an increase
in Ry and a reduction of Cyy, (see figures below). However, the magnitude of the changes in
response to TI was not significantly different from VH except for Cqy, at 20 min after dosing
(small decrease when compared to time-matched VH treated animals). Since no significant
decrease was seen at any other time point, it was likely that this effect was not biologically
significant. In addition, TI had no effect on heart rate and MAP at any time after IT
administration. Administration of ACh (100 pg/kg) at 120 min caused a substantial increase
in Ry, and a decrease in Cqyy, heart rate, and MAP. TI at 1 mg did not significantly affect the
magnitude of the response to ACh.
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Fizure 3 Effect of vehicle and Technosphere™/ Insulin administered intratrackeally on change in airwavs resistance in
anaesthetized, ventilated rats
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Figure 5 Effect of vehicle and Technosphere " Insulin administered intratracheally on change in dynamic lung compliance
in anaesthetized, ventilated rat
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» For respiratory function via the IV route, TI (0.32 mg/kg) had no effect on Ry, heart rate, and
MAP at any time. A small but significant increase in Cyy, Was seen only at 10 min after
dosing, when compared to time-matched VH treated (1 ml/kg) animals (see figure below).
Since no significant decrease was observed at any other time point, it was likely that the
effect was not biologically significant. Administration of ACh (100 pg/kg) at 120 min
caused a substantial increase in Ry, and a decrease in Cqyy,, heart rate, and MAP. TI at 0.32
mg/kg did not significantly affect the magnitude of the response to ACh.
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Figure 13 Effects of vehicle and Techuosphere " Insulin administered intravenously on changes in dyoamic lung compliance
in anaesthetised, ventilated rat
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Overall, TT had no biologically significant effect at the doses administered in this study on Ry,
Cayn, heart rate, and MAP, when administered by either the intratracheal or intravenous routes.

MKC-PC-2007-0023: Effect of Technosphere® Powder on Respiration Rate and Tidal Volume in
Conscious Rats [By ~ ©® Study No. ©® 07044 — RPT01989]

This study was to assess the effect of Technosphere® Powder (test article), at 11 or 50 mg/kg by
bolus IV injection, on respiration rate and tidal volume in conscious rats. There were 4 treatment
groups with 8 rats per group. Because of the concentration for the high dose group formulation
was found to be out of specification, the actual concentration was 64.4% (32.2 mg/kg) of the
projected 50 mg/kg. PBS was used as the vehicle article and morphine was used as the reference
article in this study.

D Vehicle for Technosphere” Powder 1 mL/kg

A Technosphere” Powder 11 mg'kg
B Technosphere™ Powder 50 mg'kg
C Morphine 10 mg'kg

Findings: For respiration rate, [V administration of T at 11 and 32.2 mg/kg did not significantly
affect the respiration rate of rats at any of the time points tested, when compared to VH group
data. On the contrary, morphine caused a significant decrease in respiration rate at 5, 10, and 60
min post-dose, when compared to pre-dose values, which was consistent with its known
pharmacological activity. For tidal volume, IV administration of T at 11 and 32.2 mg/kg did not
significantly affect the tidal of rats at any of the time points tested, when compared to VH group
data. However, morphine caused a significant decrease in tidal volume at 5, 10, and 60 min post-
dose, when compared to pre-dose values. All in all, bolus IV administration of T at 11 and 32.2
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mg/kg did not affect the respiration rate or tidal volume of male rats at any of the time points
tested.

MKC-PC-2007-0024: Effect of Technosphere® Insulin on Respiration Rate and Tidal Volume in
Conscious Rats [By  ®® Study No. ZNA14662.002]

This study was to assess the effect of TI (test article) at 0.32 mg/kg administered by IV injection
on respiration rate and tidal volume in conscious Spraque-Dawley male rats. There were 3
treatment groups with 8 rats per group. PBS was used as the vehicle article and morphine was
used as the reference article in this study.

B Vehicle for Technosphere” Insulin lml/kg
A Technosphere™ Insulin 032 mgkg
C Morphine 10 mg'kg

Findings: For respiration rate, IV administration of TI at 0.32 mg/kg did not significantly affect
the respiration rate of rats at any of the time points tested, when compared to VH group data. On
the other hand, morphine caused a significant decrease in respiration rate at 5, 10, and 60 min
postdose, when compared to VH group values, which was consistent with its known
pharmacological activity. For tidal volume, IV administration of TI at 0.32 mg/kg did not
significantly affect the tidal of rats at any of the time points tested, when compared to VH group
data. However, morphine caused a significant decrease in tidal volume at 5, 10, and 60 min post-
dose, when compared to VH group values. All in all, bolus IV administration of TI at 0.32 mg/kg
did not affect the respiration rate or tidal volume of male rats at any of the time points tested.

Renal effects:

MKC-PC-2006-0038: Effect of Technosphere® Particles and Technosphere® Insulin: Effects on
Renal Function in the Rat Following Intravenous Administration [By ©® Study no. 2778-
001]

The study was to determine if treatment with T or TI (test articles) would modify renal function
in the rats by examining the potential effects on creatinine clearance, urine output, and electrolyte
excretion. The vehicle article for the T and TI was 29.6% ammonia in water for injection,
whereas the diluent for T and TI was PBS. Groups of 5M and 5F Spraque-Dawley rats were
given a single bolus IV administration of VH, test article, or reference compound, via a tail vein.
After dosing, the animals were placed into individual metabolic cages and the urine volume
measured at 1, 2, 3, 4, 5, 6, and 24 hrs postdose. After the 6 and 24 hr observation, the urine was
collected for electrolyte and creatinine analysis. To determine creatinine clearance, a blood
sample was also taken following the urine collection at 6 and 24 hr post-dose.
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Crowp Treatreant Dioze leval Formwlation Anmmzl Numbers
fmg'kg) concentation (mgml) Males  Femnalos
1 Velncle - - 1-5 &-10
2 Technoephes® particles 11 11 11-15 16-20
3 Technospher=® particles =0 50 21-25 26-30
4 Technosphere™ msulin® 032 032 31-35 3640
5 Furcsenmda 10 10 4145 45-50
& Unaeated - - 151155 156-160

* Insulin dose was approximately 170 kg.

Findings:

For female rats given T, IV administration at dose levels of 11 or 50 mg/kg (Groups 2 and 3) had
no effect on urine output, urinary electrolyte excretion (Na+, Cl-, K+) or creatinine clearance,
when compared to the VH-treated animals (Group 1). For male rats given T, [V administration at
dose levels of 11 or 50 mg/kg had no effect on urinary electrolyte excretion during 0-6 hrs post-
dose, when compared to VH-treated animals. However, for 6-24 hrs post-dose urine sample,
there was a significant increase in K+ in both dose groups, Na+ in 11 mg/kg group, and Cl- in 50
mg/kg group. The findings were not thought to be of any biological significance since these
electrolyte values were comparable to the levels seen in untreated group. In addition, there was
no effect on creatinine clearance in male rats given 11 mg/kg T, when compared to the VH-
treated group. On the other hand, there was a significant increase in creatinine clearance in male
rats given 50 mg/kg T 6 hr post-dose. The significant was attributable to the relatively low group
mean of the VH control group, which was likely to have resulted from n=3 (rather than n=5), due
to insufficient plasma samples for analysis from 2 animals in this group. This finding was not
biologically significant as the clearance value was comparable to male rats in the untreated group
(Group 6). For female and male rats given TI, IV administration at a dose level of 0.32 mg/kg
(Group 4) had no effect ton urine output, urinary electrolyte excretion or creatinine clearance,
when compared to the VH-treated group (Group 1). For female and male rats given furosemide
(Group 5) at 10 mg/kg, it produced a significant increase in urine output, when compared to the
VH group. A significant decrease in CI- (males), Na+ (females) and K+ (males and females) was
observed at 0-6 hrs post-dose. In addition, a significant decrease in Na+ (males) and increase in
K+ (males) were observed at 6-24 hrs post-dose. Moreover, furosemide had no effect on
creatinine clearance in male rats, but did have an effect (significant decrease) in female rats at 6
hrs post-dose. Overall, IV administration of T (11 or 50 mg/kg) and TI (0.32 mg/kg) to male and
female rats had no effect on creatinine clearance, electrolyte concentration or urine output.
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Effect of Technosphere” particles and Technosphere”/insulin on group mean
urine cutput in the rat following intravenous administration

Growp Intravenous Sex | Group mezn accumulative wins volume (ml =sd) at e (heow) post-dose
treatment and dose - 1 c .
level (meks) : - - 4 ) 5 M
1 Vehicla M 07 21 32 38 30 41 100
i =72 =63 =095 =51 =098 +1.01 =2 60
F 10 20 il 33 36 4.0 e
=0.0] =137 +1.30 =132 £] 26 =] 36 3 16
2 Tachnosphere™ M 0.7 20 3l 36 39 41 89
particles 060 =050 0.2 =067 074 =074 £] 24
11 F | 1s 13 10 47 19 50 9.6
=] 27 =130 +1.72 =165 =] 68 =] 58 =107
3 Tachnosphere M 1.1 23 7 41 5.1 54 102
particlas 068 =115 +1.33 =151 +] 30 =] 53 £241
30 F| 12 24 28 35 40 41 75
+£].1] =1.73 =147 =144 £] 55 =] 58 £]54
4 Tachnosphere® M 0o 23 4.0 46 32 53 102
sl =042 =064 =067 =028 =0 82 =076 =211
0.3 F 0s 18 27 31 34 34 77
=021 =0.72 =102 =058 £]1 08 =101 £] 03
5 Furpsemida M T 2%k 12 0wEx | [3 [#ek | ]3 J#54 13 3% 13 3%&= [ 17 Jxk
10 +] 32 =153 +1.35 =135 +] 5] +] 43 =308
F O 1=%% [0 TeeE | [0 EE* [ ) g 11 Q%% ] S#é= [ 14 g
104 =102 =108 =1.08 +] 22 =001 +] 63
) Untreated M 10 18 38 30 49 54 102
) 065 =1.14 +].25 =165 =] &7 =] 39 £ 86
F 11 16 7 42 48 53 10.7
=045 =045 +1.02 =095 =090 +0 87 =1.36

= standard deviation
M =male F =femals

*Insulin dose was approxmately 100kz.

Statistical sigmficance of difference from velicle-treated group: **P=0.01, *+P=(.001
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Effect of Technosphere” particles and Technosphere” finsulin on group mean

electrolyte output and creatinine clearance in the rat at 6 hours following

intravenous administration

Group | Infavenous treatment | Sex Group mean electolyte concentration Group mean
and dose level (mzks) (mumel'L =sd) at & hows post-dose cleatiiune
clearancs
cr K Na' il /mm =sd)
Vehicle M 183 126 129 1.1=
=169 +17.7 +54 =013
F 209 10a 175 14
=531 456 +19.0 =029
2 Iech:ﬂsphmgﬁ M 189 124 130 14
particles =2 .7 £10.3 022
11 F 162 20 150 13
309 +16.8 +15.1 .22
3 Tech:ﬂsphp_m“ M 170 114 135 1.8+
particlas =355 +189 +20.1 =033
30 F 193 103 155 1.1
=05 +49.2 +35.3 =040
'I' TECI'].'L'IDE'D].'IH'ER i’ }'-I 1-"2 115 1:1 ..T
imelin® =138 +20.1 +10.2 =041
0.3 F 216 134 147 12
SR E N8 Y Y
3 Furosemids M 148%* 35%3% 134 13
10 59 +7.1 =40 =025
F 145 4= 127 1.o*
+37 =54 =11 =011
6 Untraated M 17 108 132 2.0%=
) =97 +24.6 +28.5 =134
F 150 73 144 14
269 +20.4 +10.8 =043

sd standard deviabeon
o[ =mmnle, F=female

n =15, except for * where n=3

" Inzuhin deoss was spproxmately 1U0kz.
Statisfical mgmificance of difference from veluels treated group: *P=0.05, *=*P={ 01, *+*P=0 001
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Effect of Technosphere” particles and Technosphere”/insulin on group mean
electrolyte output and creatinine clearance in the rat at 24 hours following

intravenous administration

Grovwp | Inavenmous Trezmment | Sax Group mean elactrolvie concantration Group mean
and Doz Laval (mumeol'L =sd) at 24 hows post-doss creatining
(mz'ksz) ] . . clearance
cl K Na (zoL/min +sd)
1 Vehicla M 152 312 163 14
=11138 +132.2 =533 +0.50
F 206 450 202 12
=151.0 +=203.5 =101.8 =022
2 '[E:]mmphﬂre" M 394 51 268+ 13
particles =244 =42 4 =336 +0.19
11 F 273 411 189 13
=1213 =194.1 =68.7 =011
3 Technosphere” M 421+ 4a1= 252 13
particles =56.2 =09 =643 +0.28
50 F 310 418 213 0.9
=639 +107.8 =258 +0.11
4 Te.z]mmp':,em" M 33 414 243 13
inenlin® =1343 =147 =810 +0.38
032 F 378 398 257 12
=433 +2B.5 =398 +0.32
5 Furosenude M 175 G1o= 83 1.5
10 =60.1 +205.5 =342 £0.26
F 151 485 10% 1.2
=36.2 +753 =470 +0.23
5 Untreztad M 410 482 261 14
=845 +103.3 =61.0 £0.26
F 261 318 162 13
=482 =B5 =182 £0.08
zd standard deviation

M=male, F = femals

n=3

* Insulin dose was approcamately 1U0ks.
Statistical mpnificance of difference from vehicle-treated group: *P=0.05

Gastrointestinal effects: Not provided.

Abuse liability: Not provided.

Other: None.

2.6.2.5 Pharmacodynamic drug interactions

Not provided by the sponsor.

263 PHARMACOLOGY TABULATED SUMMARY
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2.6.3.1. Pharmacodynamics: Effect on Blood Glucose Levels after a Single

Dose Inhalation to Rats

Test Article: Technosphere” and
Technosphere Insulin Inhalation

Powder

Study Number MEC-PC-2006-0024 O @W75023)
Species Rats Rats Rats
Test article Technosphere Technosphere Technosphere Insulin Technosphere Insulin
Sex (M/F)n OM/SF (Group 1: low) OM/9F (Group 2; high) OMYOF (Group 3, low) ONLOF (Group 4; hugh)
Vehicle/formmlaton Powder (asroscl) Powder {aerosol) Powder (aerosol) Powder (asrosol)
Method of adnumstration Oronasal mhalation Oronasal inhalation Oronasal mhalation Oronasal mhalation
Analyte Glucose, Technosphers Glucese, Technosphere, Insulin
Assay Glucose — Acen-Soft Advantage™
Technosphere (Groups 1.2) 13 11.7 458 458 0933 0.321 1.627 0.999
or TI (Groups 3.4) (mg'kg)
Insulin (mg'kg) NA NA NA Na 0.093 0.033 0.163 0.101
Insulin (Ukg) NA NA NA NA 23 0% 43 27
Pharmacokinetics Male Female Male Female Male Female Male Female

Glucose (Mean + 5D) mmolT
Predose 58+036 54032 57=031 54=040 6.1+0.29 3.6 59+040 5.6+031
10 mmn (dunng mbalation) NS NA NS NA NS 78 NS T3+£1.04
20 mun (during mbalation) 75+1.08 7.6=0.35 80=0091 93=0.13 70023 6.8=0.40 63036
40 min (during inhalation) 73£0.350 6.7=046 64=130 690352 6.6=0.71 I 64=025 NA
Immediate (1 min postdose) | 6.5 =030 6.3=036 6.8=033 712033 66071 73 5.7+0.66 550382
10 min 6.6+040 6.7=093 6.7=033 6.7+0.33 38046 71 418078 53z146
20 min 6.2+0.35 61021 64129 6.1+0.40 6.1+049 53 52+089 480462
40 min 6.7+£049 5.4=0.30 6.6=0.06 6.1+0.44 67+038 6.0 58+090 43106
60 min 67+£123 57017 69030 6.5=0.75 6.6+0.61 6.7 50+035 6.7£1.29
2h 6.2+0.66 590067 6.1=1.16 6.0+0.26 67+038 59 6.4+040 5402
4h 6.6+0.21 55032 632067 58+0.30 67+1.43 5.9 63+0.15 6302
8h 6.6+0.29 5.8=045 6.5=0.71 59+0.70 66017 6.2 6.9+0.21 6.1=0.68
Study Number MEC-PC-2006-0024 ©@75022)
Species Rats Rats Rats Rarts
Test article Technosphere Technosphere Technosphere Insulin Technosphere Insulin
24h 6.2+0.60 | 50=046 58=1.02 | 63013 64+£0.70 | 56+029 6.1+035 | 59=025

Location in CTD

Module 4.2.1.1

Additional Information: Slight to modarate reductions in blood gluicese levels were observed in zroups 3 and 4 amimals from 20 or 40 nun post dose.

Abbreviations: CTD, commaon technical document; F, femals; M, male; WA, not applicable; No., mmber; 5D, standard deviation.

31



Reviewer:Mivun Tsai-Turton

NDA No. 22-472

2.6.3.2. Pharmacodynamics: Effect on Blood Glucose Levels after a

Single Dose Inhalation to Dogs

Test Article: Technosphere and

Technosphere Ins

ulin Inhalation Powder

Study Number MEC-PC-2006-0023 (®) @§3016)

Species Dogs Dogs Dogs Dogs

Test article Technosphere Technosphere Technosphere Insulin Technosphere Insulin

Sex (M/TEWN of animals 3MUSF (Group 1; low) 3MUY3F (Group 2; high) 3M/3F (Group 3, low) 3MU3F (Group 4; hugh)

Feeding condition Fasted Fasted Fasted Fasted

Vehicle/formulation Powder (aerozol) Powder (aerosol) Powder (aerosel) Powder (asrosal)

Method of administration Oronasal inhalation Oronasal inhalation Oronasal inhalation Oronasal inhalation

Analyte Glucose, Technosphere Glucose, Technosphere, Insulin

Assay Glucese — Accu-Soft Advantage”

Technosphere (Groups 1.2) 10 116 39.5 420 038 0.40 1.34 43

or TI (Groups 3.4) (mg/kg)

Insulin (mg/kg) A NA NA NA 0.04 0.04 0.15 0.16

Insuln (Ukg) NA NA NA 1.1 1.1 4.0 42

Pharmacokinetics Male Female Male Female Male Female Male Female
Glucose (Mean = 5D) mmolL

Predose 42026 442032 43=013 40=036 41=036 422057 45021 45012

10 min (during mhalation) 37030 41=021 43=084 38021 316044 3170353 42£015 49150

20 min (during mnhalation) NA NA 435067 38036 NA NA NA NA

40 min (during inhalation) NA NA 42+168 41=042 NA NA NA NA

End of dosing or 1 min after | 42+0.30 44021 50070 45=0357 41030 420350 39+£040 55312

dosing

10 min 42+0.10 47=017 48=074 37079 14£119

20 mun 42+015 41=031 50076 43061 J0+085

40 mumn 43025 46=013 46=036 44=020 17+173

60 mun 13029 14033 48070 43031 17062

2h 34+076 34=104 43=020 30=042 11£0.28

4h 11+0.17 37=017 17=036 317=040 47+015

Zh 14047 46=037 41=020 38=0090 43060

Study Number MEC-PC-2006-0023 | ® @§3016)

Species Dogs Dogs Dogs Dogs

Test article Technosphere Technosphere Technosphere Insulin Technosphere Insulin

24h 4300 | 45038 47049 | 45049 42029 | 43058 45+012 | 462071

Locationm CTD Module 4.2.1.1

Additienal Information: Dose dependent reductions in ghicose levels were observed following reatment with Technosphere Insulin up to 1 or 2 hours post

eXposure.

NOTE: The conversion factor from mg'kg te Ulkg insulin is 26.315.

2.6.3.3. Secondary Pharmacodynamics: Diversity of

Test Article: Technosphere Inhalation Powder

Receptor Binding
Study Numhber PDC-PC-2002-0000 ( (b) @p4-0357) | Location in CTD: Module 4.2.1.1
E; (M) Ref % Inhibition by
Assay Radicligand K4 (M) Reference Compound Cpd Activity | FDKP at L.OE-4
Neurastransmitter
Related
Adenosine, FHINECA 77E9 Naca 757E9 No 13.15%
nonsslechve
i [*H]7-MeOxy-Prazosin 2.0E-10 Phentolamine 8.50E-9 Mo 13.50%
PHRY £21002 1.5E9 Phentolamine 3.16E-9 Mo -1.99%
ergic, PHIDHA 174E9 Alprenale HCI 441E9 Mo 1.13%
nonselechve
Dopamine Danzporter TE[WIN 35,428 780ED GBRI2905 L.O0ES Mo 0.58%
Dopamime, P = L . B 2
nomselective ["H]Spiperone 0.7E-S Spiperone HCL 4.29E-10 Neo 3.95¢
GABA & azonist zite FHIGABA I7E7 GABA L.OSES o 53%%
GABA A, BDZ, FHIFlumitrazepam 14E5 Rol5-1788 9.93E-10 Mo 5.58%
alpha 1 zita
GAEAB FHICGP 546264 12E9 () Baclofen S85E7 Yo 307%
Clutamate, AMPA PHIAMPA 28E-8 (=)AMPA HBr 215E-6 Yo §.43%
Glutamate, kaiuate PHKainic acid 16E-9 Kainic acid 8.76E-9 Mo 7.61%
fj;i“l‘f"_‘_.f'e'\"‘m;‘ [PHICGP 39653 7E-9 NMDA 1.28E-3 Mo 169%
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[FH}-MDL-105,519 2E-8 MDL-105.519 344E-8 No -15.49%
Glycne, & rehni 18 0F trychnine ni 245 I 08
steychiiine:sensifive [PH]Strychnine 30E9 Strychnine nitrate 245E-8 No -6.59%
Histamime, H1 [:H]P}':]lnmiue 13E9 Trprolidine 541E-9 No 10.02%
Histanune, H2 [1251]-Ammopotentidine TE-10 Tlotidine 928E-9 No -18.64%
Histamine, H3 [FHIN-a-MeHistamine 0.37E-9 N-a-Methylhistamine 6.71E-10 No 20.78%
= :
Mkt [1251]-2-lodomelatonin 66E-12 2-Todomelatonin 1.53E-10 No -3.55%
nonselective
Muscaninic, M1 (h) [:‘H]Sccpclamine. N-Methyl SE-11 (-)5copolamine. MeBr FABE-11 No 1.99%
Muscannic, M2 (h) ["H]Scopolamine, N-Methyl 28E-10 (-)Scopolamine. MeBr 247E-10 No 18.49%
Muscarme, £ 23 a = - a0
R ey ’HIQNB 1.0E-10 Atropime sulfate 2.18E-10 No 483%
Muscarinic,
nonselective [SH]O_T'IB 03E-9 Atropine sulfate 5.27E-10 No 11.61%
peripheral
Nicotimic (a-
bungarotoxin [*H]Epibatidine 63E-12 (=) epibatidine 6.72E-11 Yes 61.89%
inzensitive}
Norepinephrine CH]Nisoxetine 09ED Desimipramine HC 1.80E-9 No 6.13%
Tansporter
Opiod, nonselective FH]Naloxone 20E-9 TMaloxone HCL 131E-9 No 3.02%
Orphanin (h} [EH]I\'ociceptm 5E-10 Nociceptin 967E-10 No 16.42%
Serotonin transporter PHICitalopram, N-Methyl 1.7E-9 Imupramine HCI 290E-8 No 11.17%
Seibtpans [HILSD T2E9 Methysergide maleat 4.60E-9 No 10.50%
nonselective i
Sigma, nonselective [HIDTIG 300E-% Haloperidol 2.90E-9 No -6.43%
Steroids
Esmogen [1 17B-Estradiol. 16a S0E10 17-B-Esmadiol | 1.19E-10 No 7.25%
Tesiostetone [3HMethyltrienclone 40E-9 Methyltrienclone 9.79E-10 No 11%
(cytosolic) ] ]
Ion Channels
Calcium channel,
type L i o oo o o ¥
(Dibydropyridine [3H]Nitrendipine 0.20E-9 Nifedipine 6.25E-10 No 661%
site)
E’;‘:‘{‘Pn channel, 1]-Conotoxin GVIA 1.0E-11 w-Conotoxin GVIA 3.00E-11 No 031%
oo chaungl, [*H]Glibenclamide D2SE-9 Glibenclamide 324E-10 No 12.56%
oo, [12511Apamin TOE-11 Apamii LI3E-10 No A17.59%
Potassium channel, 3 n ; < " 7

317 2 = Q £ SE_4 5.10%

1[Kr] (hERG) (b) [FH]Astemizole 100E-2 Terfenadine 6.13E-6 No 5.10%
Sodium site 2 LIt mioma A 32.0E.0 Aconitine T42E7 No 1659%
Second
Messengers
Nitmie Omide, NOS s s = e - Sy
(Neuroral Binding) [HINOARG 25.0E- NOARG 213E-8 No -13.92%
Prostoglandins
Leukotriene, I TB4 T No data . o
A) No data available 1E9 bl Wo data available
Leukotrene LTDM ['HILTD4 5. LTD4 164E-0 No 290%
Thromboxane A2 (h) ["H]3Q 29,548 2.0E-! Pinane-thromboxane 1.00E-7 No -2.29%
Growth
Factors/Hormones
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Corticotropin
releasing factor, [1251]Tyro-oCRF 4.45E-9 Tyro-o-CRF 286E-9 No -1.62%
nonselective
Onytocin [H]Oxytocin 1.2E-9 Ourytocin 1.15E-9 No -335%
Platelet activating 3 e y = x ;
& 1P 1 PA TE- 16-PA A7E . 20.2294
factor (PAF) Hexadecyl-["H]-aceryl-PAF 1.7E-9 C16-PAF 147E-8 Mo 20.22
Thyrotropin releasing E L T e T = 2 s
hormone (TRH) ["H]-(3MeHis2)TEH 23E-9 TEH 6.71E-8 Mo -2.09%
Brain/Gut
Peptides
g’%g“’“m‘ L ATL | (19513 (Sarl le®)Angiotensin | 8.5E-10 Angiotensin 1l (Human) 1.33E-8 Mo 1.65%
Angiotensm [1. AT2 [1251]Tvr4-Angiomsm 11 04E-9 Angiomsin I {(Human) 4.25E-10 MNo -16.71%
Bradykinin, BE2 ["H]Bradykinin 0.4E-9 Bradykinin TFA Salt 233E-10 Mo -4.49%
Cholecystokimin, R — - 0 felE 2 . —
CCK1 [CCKA) [1251]CCK-2 3.17E-11 CCE-8 (sulfated) 6.38E-11 Mo 3.15%
Cholecystokinin, F1As110C 5 T : o gt
CCK2 [CCKB) [1251]CCK-2 0.2E-9 CCE-2 (sulfated) 1.30E-9 No -1.75%
Endothelin. ET-A (h) [1251]Endothelin-1 1.6E-10 Endethelin-1 3.96E-10 Mo -1937%
Endothelm, ET-B () [1251]Endothelin-1 21E-10 Endothelin-1 1.68E-10 MNo -12.02%
Galanin nonselective [1251]Galanm 1.0E-10 Galanm (Porcine) 2 83E-10 Mo -3.63%
Neurckinin, NK-1 [*H]Substance P 14E-9 Substance P J.15E-9 MNo 808%
?ﬁ;ﬂ;’:ﬂl HEL [1251)-NKA SE-10 Neurokinin A 641E-10 Mo 20.12%
;if{g}“m HES [1251[Eledoisin 15E-9 Eledoisin 4.08E-0 No 22.79%
VAEOACtIve ieelina] [1251]VIP 1.0E-9 VP 240E-9 No 17.91%
peptide. nonselective
Vasopressin 1 ["H]Vasopressin-1 Antagonist 0.3E-9 Argd-Vasopressin 5.09E-9 No 9.19%
Enzymes
Eho e [#ClAcety! Coenzyme 15E-6 Bromoacetylcholine 733E-7 No 12.33%
acetyltransferase : = =
Bsterase; Acetylthiocholine 14E4 Eserine 3.70E-7 No 13.71%
acetylcholme 2
it amisisgtad [*C]Glutamic acid 13E.6 Aniadbiy sceieaid 201E-10 No 453%
decarboxylase :
Oxilise MAD:A, [**C]-SHT (Serotomin) 8TES Ro 41-1049 631E9 No 10.60%
peripheral
Dadist, MUO, [“CTPhenylethylamine 4.0E-8 Ro 16-6491 HCL 1.70E-8 No 12.02%
peripheral H 4
I Ic’s., detel'ln.inﬂrilon for Nicotinic (a-Bungarotoxin iuseusidrei I I
Expeniment 1 Expenment 2
% Specific %% Specific
FDEP Concentration %o Inhibition 3 Spe_m:l._ FDEP Concentration % Inhibition ! _Spe i
binding binding
1.0E-7 0.47% 10047% 1.0E-7 -0.62% 109.68
1.0E-6 -331% 103.31% 1.0E-6 -1.63% 10163
30E-6 3.88% 96.12% 30E-6 0.76% 109.76
1.0E5 5.30% 0461% 1.0E-5 482% 104.82
30E-5 10.46% 89.54% 30E-3 3.60 95.40
1.0E-4 34.535% 65.65% 1.0E4 1470 85.30
310E4 62.14% 37.86% 30E4 27.81 72.19
1.0E-3 T4.56% 25.04% 1.0E-3 3504 44.06
(%) epibatidine ICs 7.79E-11 (= epibatidine ICs 1.90E-10
K 114E-11 K 7.90E-11
Slope -0.82 Slope -1.03
FDEP ICy 1.33E4 FDEP ICsq 8.01E-4
K 9. 39E-5 K 3.33E4
Slape -0.94 Slope -0.87
Abbreviations: AMPA, alpha-amino-3-lrydroxy-5-methyl-4-1soxazolepropionic acid; Arg, arginine; AT, Angiotensm; ATP. adenosine triphosphate; BE, Bradvkimin: C. carbon:

Ca, calcm: CCK. cholecystokmin: CRF. corticotropin releasing factor: DHA, docosahexaenoic acid; DTG, 1.3-di-(2-tolyl)guanidine; ET, endothelimn; GABA . gamma-
ammobutyric acid; H. hydrogen: HBr. hydrogen bromide; hERG, human Ether-a-go-go Related Gene; HCL hydrochloric acid; ICy;, concenmation of 50% inlubition; Ky,
diszociation constan dissoctation constant for mhibitor binding; LTB, lymphotoxin beta; LTD, lymphotoxin delta; NK. neurokinm; MeHis, neethyl histone; MOA,
menoamine oxidase; NMDA, N-methyl-D-aspartic acid; NOARG, NG-mifre arginine; PAF, Platelet activating factor; Ref Cpd, reference compound; TRH. thyrotropin
releasing homeone: VIP, vasoactive intestingl peptide.
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2.6.3.4. safety Pharmacology Studies

Test Article: Technosphere (FDEP),
Technosphere Insulin (FDEP Insulin)

Organ Sex;
System Species | Method of Dosage Number GLP Study
Evaluated /Strain | Administration | (mg/'kg) per group | Findings Compliance | Number
CNS Rat' w Single dose; Male; No effiect on Functional Yes PDC-PC-
Sprague 0.125 meke 8/group Ohbservational Battery, 2002-0007
Dawley FDEP Insulin assessments of grip strength,
0.125.12.5 hind limb splay, body
mg"—l;g F‘]-jkP temperature, or motor activity
Cardiovascular | Inwitro Invitro hERG assay | Upto 100uM | NA IC50 of FDEP =100 ulM: IC30 | Yes MEC-PC-
FDEP; Up to of FDEP Insulin =67 4 uM{ 2005-0017
100 uM FDEP
Insulin
Cardiovascular | Dog/ w Single dose; Male; No QTc prolongation of ECG | Yes PDIC-PC-
Beagle 0.125 FDEP 6/group effects. Hemodymamic changes 2002-0003
Tnsulin: 0.125. with Tween formmlations
125and 125 (species-specific). No effect on
meke FDEP blood pressure with Tween-free
T formmlations
Respiratory Fat/ Intratracheal and iv | Single dose: Male; FDEF had no biclogically Yes MEC-PC-
{Anesthetized) | Sprague 125 mgksg &/group significant effect at the deses 2007-0021
: Dawley FDEF used in this smdy on either
intratracheal; alrway resistance, dynamic
11 and 50 g comphance, heart rate, or
mg'kg FDEP mean arterial blood pressure.
Intravenous
Respiratory Rat/ Intratracheal and iv | Single dose; Male; FDKT Insulin had no Tes MEC-PC-
{Anesthetized) Sprague 15 meke 8/group biologically sigmficant effect at 2007-0022
) Dawley intratracheal- the doses used m this study on
032 meke either airway resistance,
FDEP Insulin dynamic lung comphiance,
intravenous heart rate, or mean arterial
blood pressure.
Organ Sex;
System Species | Method of Dosage Number GLP Study
Evaluated /Strain | Administration | (mg/kg) per group | Findings Compliance | Number
Respiratory Ratf v Single dose; 11 | Male; FDEP had no bislogically Yes MEC-PC-
(Conscious) Sprague and 32.2 mg'kg | &/group significant effect at the doses 20070023
: Dawley FDEP used in this study on either
respiratory rate or tidal velume.
Pespiratory Ratf w Simgle dose; Male; FDEP Insulin had no Yes MEC-PC-
{(Conscious) Sprague 032 mgke &/group biclogically sigmficant effect at 2007-0024
Dawley FDKFP Insulin the doses used n this smdy on
either respiratory rate or tidal
valume.
Renal Rat/ w Smgle dose; Male and No effect on creatinine Yes MEC-PC-
Sprague 0.32 mgke Female; clearance, urine output, and 2006-0038
Dawley FDKP Insalin: | 3/sex/group electrolyte concentration with
11 and 50 FDEP Insuln at 0.32 mg'kg or
meke FDKP FDEP up to 50 mgks.

Abbreviations: CNS, central nervous system; ECG, elzetrocardiomam; GLP, Good Laboratory Practice; iv, intravenous; QTe, QT intarval conected for rata.

264 PHARMACOKINETICSTOXICOKINETICS

2.6.4.1 Brief summary

The PK profiles of insulin (Technosphere® Insulin) and FDKP (Technosphere® particles) were
characterized. The ADME of TI and T were also characterized. There studies were done in rats
and dogs via various routs including inhalation, PO, SC, and IV. Technosphere particles have a
median diameter of 2-2.5 um; a size designed for deep lung delivery.

The HPLC and LC-MS methods were used to validate assays for FDKP in serum and plasma, test
solutions, and air sampling substrates, such as filters. The assays for insulin included ELISA,
electrochemiluminescence (ECL) immunoassay, and radioimmunoassay methods.
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These PK studies showed that T was absorbed rapidly in all nonclinical species tested, and the
PK profile was consistent with the human PK profile. The PK profiles for both insulin and FDKP
have remained the same throughout the clinical and nonclinical TI programs. The mean t,,,, for
insulin and FDKP were about 15 min after dosing across all studies. Insulin levels returned to
near baseline between 180 and 240 min postdose, and the mean t }2 ranged between 135 and 170
min. Insulin and FDKP exposure following TI inhalation were approx. dose linear.

Clinical Exposure:
1 mg Technosphere Insulin = ®® mg insulin (or 3 U) +| @@ mg FDKP
1 U insulin = 0.0347 mg insulin
MRHD = 105 mg Technosphere Insulin

FDKP AUC following 40 mg Technosphere without insulin: 1631.16 (ng*h/mL) (CV% 27.32)
FDKP AUC following 30 U Technosphere with insulin at Day 7 following 7 days administration: 20658
(min*ng/mL) (CV% 36.2)

PK and absorption:

» In rats, following the IV administration, FDKP showed moderate systemic clearance (approx.
2-fold GFR), moderate volume of distribution (1.5-4-fold of body water volume), and a short
terminal ' life. There were no apparent PK differences between T and TI. Theses data
showed that insulin did not influence the PK disposition of FDKP. Following the SC
administration, systemic exposure was equivalent to the exposure following IV
administration. However, following the PO and IT administrations, minimal absorption
occurred. There were no notable sex-related differences in the PK of FDKP in rats.

» In dogs, following the inhalation administration, the PK of FDKP and insulin were evaluated
with doses up to 46.8 mg/kg T and 1.27 mg/kg T1. After dosing, serum insulin levels rose
rapidly in a dose linear manner and peaked at 18 min, with apparently elimination half-lives
ranging from 10 to 30 min. Dose-dependent reductions in glucose levels were seen only in
the TI dose group up to 1 hr in males or 2 hrs in females. Higher insulin C,,,x and AUC.4p,
were observed in females compared with males. Increased FDKP C,,,x and AUC,_4, were
observed in a dose-dependent manner. In addition, the dose-normalized FDKP systemic
exposure was about 4-time higher than that observed following IV administration, indicating
that approx. 25% bioavailability by the oronasal route. No sex differences in FDKP C,,,, and
AUC.1ast> tmax, OT to were observed. Following the IV administration, FDKP was highly
bioavailable and systemic clearance approximated the GFR. Following the SC
administration, FDKP was also highly bioavailable. On the other hand, following the PO
administration, the relative bioavailability of FDKP was about 3% compared to the SC
administration. There was no evidence of any sex-related differences in the PK of FDKP in
dogs.

* In both rats and dogs, FDKP bioavailability was high by the IV route, moderate (20 to 30%)
by the inhalation route, and poor following the PO administration. Regardless of route of
exposure, the primary route of excretion was through the kidney.

Distribution:
= FDKP did not bind to proteins in human, mouse, rat, dog, monkey, and rabbit plasma.

Following IT instillation (as a solution) or insufflation (as a dry powder) of '*C-FDKP,
radioactivity levels were highest and AUC,_,; was largest in the lungs and trachea (site of
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administration) and kidneys (site of excretion). Notable radioactivity was also observed in
the thyroid/parathyroid glands, in the walls of the GI tracts, and the wall of the urinary
bladder. The lowest radioactivity was found in the eyes, brain, spinal cord, seminal vesicle,
and testis.

» In general, the tissue to plasma ratios remained constant over the study interval, indicating
that radioactivity was cleared at approx. the same rate from plasma and tissues. The FDKP
levels in milk of lactating rats were approx. 1/10 of peak plasma levels, indicating that FDKP
distributed into milk to a modest extent. FDKP did cross blood-placental barrier in a facile
manner in rats, with comparable levels attained in maternal and fetal blood.

Metabolism:

= |nvitro studies showed that FDKP was not metabolized in the presence of cryopreserved
hepatocytes from mice, rats, rabbits, dogs, and humans, suggesting that FDKP was not a
substrate for Phase I or I metabolism. FDKP was also not metabolized when incubated with
human liver microsomes in the presence of NADPH. Moreover, in vivo studies in rats and
dogs showed that FDKP was not metabolized. Based on these findings, metabolism was not
likely to contribute to the clearance of FDKP in either animals or humans. FDKP was not
metabolized in humans.

Excretion:

» "“"C_-FDKP excretion was evaluated in rats and dogs following IV, SC, and PO, and IT
administrations. Following a single IV dose of '*C-FDKP or '*C-FDKP-+insulin to rats, 85-
95% of the administered '*C-FDKP was excreted, unchanged, in the urine within 18 hr
postdose. The remainder of the administered dose was eliminated by the hepato-biliary route.
In addition, following the SC administration to rats, approx. 83% of the administered '*C-
FDKP was excreted in the urine, with a minor amount (13-16%) excreted in feces. Following
the PO administration to rats, 87-96% of the dose was recovered in feces with 2-5% in the
urine, and <1% in bile. All these findings indicated that limited absorption of '*C-FDKP
from the GI tract. Following the IT administration, 72-85% of the administrated dose was
recovered in feces with 6-12% in the urine, and <1% in bile. Moreover, following a single IV
dose of "*C-FDKP to dogs, approx. 95% of the administered dose was recovered in urine and
<1% by biliary and fecal elimination.

2.6.4.2 Methods of Analysis
[See under individual study reviews]

12 studies were provided by the sponsor.
Note from the reviewer: study conclusions were cut and pasted from each study report.

MKC-PC-2003-2027: Validation of a HPLC method for the determination of Technosphere on
Filers

MKC-PC-2003-2028: Method validation of an LC-MS/MS assay for the determination of
fumaryl technosphere in rat serum
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The method presented here for the determination of Fumaryl Technosphere in rat
serum samples shows an acceptable linearity within the low calibration range of
0.25 ng/mL to 70 ng/mL and the high calibration range of 0.07 pg/mL to 20 Lg/mL, with
good precision and accuracy. In addition, the method is specific and selective for
Fumaryl Technosphere and its internal standard, Fumaryl
Technosphere was found to be stable under the storage conditions investigated.

MKC-PC-2003-2029: Assay of insulin in technosphere/insulin: collected from air sampling
substrates

The High Performance Ligquid Chromatograpiuc (HPLC) method for the determination of
insulin collected from air sampling substrates has been successfully validated.

The data generated in this study have met the required criteria for the selectivity,
linearity, range, precision, accuracy, and sensitivity.

The mtermediate precision (ruggedness) of the assay has also been demonstrated to the
required standards.

The stability of the insulin Stock Standard within acceptable tolerances is 14 days when
stored at 2 - 8°C.

The stability of insulin Calibration Standard solutions within acceptable tolerances is
3 days when stored at 2 - 8°C.

Recovery of insulin from the sampling substrates has been established within acceptable
limsts (100=5%) for substrate loadings of up to 1000 pg mnsulin,

MKC-PC-2003-2031: Method validation of an LC-MS/MS assay for the determination of
fumaryl technosphere in dog plasma

The method presented here for the determination of Fumaryl Technosphere in dog
plasma samples shows an acceptable linearity within the low calibration range of
0.25 ng/mL to 70 ng/mL and the high calibration range of 70 ng/mL to 20000 ng/mL,
with good precision and accuracy. In addition, the method is specific an(q:tl,) a;alecﬁve for
Fumaryl Technosphere and its internal standard, Fumaryl
Technosphere was found to be stable under the storage conditions investigated.

MKC-PC-2004-0021: Technosphere: HPLC analytical method validation for the assay of
Technosphere: collected from air sampling substrates

The High Performance Liquid Chromatographic (HPLC) method for the determination of
Technosphere collected from air sampling substrates has been successfully validated in
this study.

The data generated in this study, based on STD selutions prepared in TDV, have met the
required acceptance criteria for:

1. Specificity

All components of the testing met their respective acceptance criteria.
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2. Linearity and range
Over the specified range of 1600 — 50 pg/mL, the vnweighted regression model
met the acceptance criteria.
3. Precision
CV walues were less than 2% (n = 6 samples) across the specified range.
4. Accuracy
The unweighted regression model met the accuracy criteria on all three occasions.
Consequently. Sample analysis may be performed using unweighted regression
model in future analyses.
5. Ruggedness
The results were within the acceptance criteria specified for each test indicating
that the assav is not dependent on the analyst or column.
6. Stability
For the stability assessment of Technosphere in stock and standard solutions, the
established stability periods are summarized below:
Storage Temperature Stability Period Established
Stock solutions Calibration Standards
Foom temperature & hours & hours
ca. 4°C 15 Days Not establizshed
Autosampler (4£2°C) N/AP 24 hours
N/AP = Notapplicable
7. Recovery
Recovery of Technosphere from the sampling substrates has been established
within acceptable limits {100=3%) for substrate loadings of up to 10 000 ug
Technosphere. .
7\
Consequently, the method can be used at O@ for the

gquantitative analvsis of Technosphere collected from air sampling substrates.

MKC-PC-2006-0006: Mouse serum validation study: determination of human insulin in mouse
serum by ELISA

An ELISA method | ®“ method 197-0501) has been validated for the quantitation of human
insulin in mouse serum from 2 — 200 pU/ml..
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Title: Mouse Serum Validation Study: Determination of Human Insulin in Mouse Serum by
ELISA

Report: 197-0501

Species: Mouse

Matrix: Serum

Sample Volume: 20 pl.

Intra-Batch | Intra-Batch | Inter-Baich | Inter-Baich
Analyte Assay Range Precision Accuracy Precision Accuracy
Ya (Yelnff) CACV) (%eDiff)
Human 210200 pllimlL | 1.8 to 2.4% <2910 8.6% | 3.7t07.5% | 0.1103.0%
Insulin

MKC-PC-2006-0007: Rat serum validation study: determination of human insulin in rat serum by
ELISA

An ELISA method { O@ methoad 197-0502) has been validated for the guantitation of human
insulin in rat serum from 2 — 200 pU/ml.

Title: Rat Serum Validation Study: Determination of Human Insulin in Rat Serum by ELISA

Report: 197-0502

Species: Rat

Matrix: Serum

Sample Volume: 20 puL

Intra-Batch Intra-Batch Inter-Batch Inter-Batch
Analvte Assay Range Precision Accuracy Precision Accuracy
i (%aDift) % (%Diff)
Human 20 200 umL | 1.0t03.3% | -52tw011.5% | 241069% | -1.8to 7.6%
Insulin

MKC-PC-2006-0013: Dog serum validation study: determination of human insulin in dog serum
by ELISA

An ELISA method ( ®“ method 197-0503) has been validated for the quantitation of human
insulin in dog serum from 2 — 100 pU/mlL.
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Title: Dog Serum Validation Study: Determination of Human Insulin in Dog Serum by ELISA

Report: 197-0503

Species: Dog

Matrix: Serum

Sample Volume: 20 uL

Intra-Baich Intra-Batch Inter-Batch Inter-Batch

Analyte Assay Range Precision Accuracy Precision Accuracy
{%CV) (%aDiff) {24CVY) S

2t0 100 pll/mL | 2.5106.5% | -9.41t015.6% | 3510 16.6% | -6.7 o 14.7%

Human
Insulin

MKC-PC-2006-0015: A cross validation of an HPLC method to determine levels of
Technosphere® and Technosphere®/insulin formulated in DMSO

The High Performance Liquid Chromatographic (HPLC) method for the determination of
Technosphere™ has been successfully cross validated for the analysis of the
Technosphere™ content of  Technosphere” and Technosphere”/Insulin  solutions

formulated in DMSO,
The data generated in this study, based on STD solutions prepared in DMSO, have met
the required acceptance criteria for:

1. Robustness

The method was successfully tested with diluted sample solutions containing up
to 10% wiv DMSO.
2. Stability

For the stability assessment of Technosphere” in samples of the Technosphere”™
and chhncrsphcrc’:."]nsu]i|'| formulatzd in DMS0 are summarized below:

Storage Stability Period Established for DMSO Formulations
Temperature Technosphere” |  Technosphere”™/Insulin
Room Temperaturs .
: 4 2 4 .
(protected from light) 4 Lim A i

. (b) (4) ’
The method can therefore be used at for the analysis of

Technosphere™ and Technosphere™/Insulin solutions formulated in DMSO.

MKC-PC-2006-0018: Stability determination and validation of an analytical method for the
determination of Technosphere® particles and Technosphere®/insulin particles in PBS
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A. Technosphere® Particles in PBS
)@
In accordance with SOP OPACO0379 “Analytical Method
Validation for Commercial Mammalian and Genetic Toxicology Studies™ all
acceptance criteria were met and the Analytical Method for the Determination
of Technosphere” Particles in PBS was validated.

Technosphere® Particles in PBS was found to be stable for at least 24 hours
when stored at room temperature, the results are summarized in Table 48,
Table 48: Room Temperature Stability Summary for Technosphere® Particles

Cone. of Yoof T=0 at Each Time Point (Hours)
Form. 0 8 | 12 24
0.5 100 1049 | 1082 105.7
5 100 1052 | 998 | 1054
20 100 97.2 96.4 97.4
50 100 99.9 105.8 100.5
110 100 103.2 104.2 104.4

Technosphere® Particles in PBS was found to be stable for at least 33 days when

stored at 2-8°C, the results are summarized in Table 49.

Table 49: 2-8°C Stability Summary for Technosphere” Particles

Cone. of %of T=0 at Each Time Point (Days)
Form. 0 8 15 22 33
0.5 100 1036 | 1050 | 1017 | 997
5 100 104.5 103.4 102.4 104.3
20 100 95.7 96.7 95.7 96.7
50 100 98.7 103.1 98.0 89.2
110 100 101.3 102.6 08.5 100.5
Table 50: -5 to -30°C Stability Summary for Technosphere® Particles
| Conc. of %of T=0 at Each Time Point (Days)
Form, 0 8 33 62
0.5 100 103.5 98.2 104.6
5 100 104.6 104.5 103.8
2 100 g97.9 96.1 95.2
50 100 08.6 97.8 103.6
110 100 100.7 100.9 101.5

B. Technosphere®/Insulin Particles in PBS

In accordance with @ SOP OPAC0379 “Analytical Method
Validation for Commercial Mammalian and Genetic Toxicology Studies™ all
acceptance criteria were met and the Analvtical Method for the Determination
of Technosphere®/Insulin Particles in PBS was validated.

Technosphere®/Insulin Particles in PBS was found to be stable for at least 24
hours when stored at room temperature; the results are summarized in Table 51.
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Table 51: Room Temperature Stability Summary for Technosphere®/Insulin Particles

Technosphere®/Insulin Particles in PBS was found to be stable for at least 33

Conc. of %of T=0 at Each Time Point (Hours)
Form, 0 8 20 24
0.5 100 112.4 109.5 110.3
5 100 101.1 99.8 99.2
20 100 90.1 08.9 0.4
a0 100 103.4 101.3 95.5
110 100 101.2 99,5 101.5

days when stored at 2-8°C, the results are summarized in Table 52.

Table 52: 2-8°C Stability Summary for Technosphere®/Insulin Particles

NDA No. 22-472

Cone. of %of T=0 at Each Time Point {Days)
Form. 0 8 15 21 33
0.5 100 90.5 88.8 104.1 102.9
5 100 96.4 95.1 98.7 52.2
20 100 973 97.4 95.8 93.2
i 50 100 Q0.8 90.5 98.9 952
| 110 100 | 982 98.9 9.9 98.3

Technosphere®/Insulin Particles in PBS was found to be stable for at least 65
days when stored at -5 to -30°C, the results are summarized in Table 53.

Table 53: -5 to -30°C Stability Summary for Technosphere”/Insulin Particles

Cone. of %of T=0 at Each Time Point (Days)
Form. 0 8 15 33 63
0.5 100 90.8 87.2 105.7 854
_______ 5 100 96.1 95.7 93.6 93.1
20 100 96.9 57.5 97.6 93.9
50 {100 o1.5 88.1 04.1 85.0
110 | 100 100.3 09.2 97.5 04.9

MKC-PC-2007-0025: Validation of FDKP determination in mouse serum by LC/MC/MS
(addendum 2)

An LC/MS/MS assav for the determination of FDKP in mouse serum was partwlly—vuhdﬂtud
from human serum = " 197-0602). Samples were spiked with intemal standard  ©%,
processed by solid phase extraction and analyzed using reverse-phase HPLC 'I(‘é)l{l‘slo Inn
Spray® MS/MS detection. Positive ions for FDKP and internal standard were
monitored in MRM mode. Drug-to-IS peak area ratios for the standards were used to create a
linear calibration curve using 1/x? weighted least-squares regression analysis. A detailed
description of the method and sample preparations can be found in Appendix A, Experiments
were conducted to evaluate the stability of FDKP in mouse serum al room temperature,
through freeze/thaw cyeles at -20 *C and -70 °C, and long-term storage stability,. FDKP
stability was assessed in processed samples (RT autosampler stability). Selectivity,
extraction recovery, matrix effect, dilution tests, and injection carry-over were also evaluated.

MKC-PC-2008-0010: Analytical method validation for the HPLC assay of FDKP in PBS
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The High Performance Ligoid Chromatographic (HPLC) method for the deternunation of
Fumaryl Diketopiperazine (FDEP) in Phosphate Buffer was successfully validated.

The data zenerated in this study, based on STD solutions prepared in Diluent have met the
required acceptance criteria for
1. Linearity

Orver the specified nominal ranges 73 — 225 pg/ml, the vnweighted and l/concentration
(1/C) and 1/concentration” (1/C™) weighted calibration models met the acceptance
criteria.

Specificity

(5]

All components of the testing except for one injection in the carryover test met their
respective acceptance criteria.

3. Precision
CV% values for FDEP O @ were less than 2% (0= 3 samples) across
the specified range.

4. Accuracy

The single point calibration method and the unweighted, 1/concentration (1/C) and
lconcentration” (1/C7) weighted regression models met the accuracy criteria on all three
occasions.

Consequently, sample analysis will imitially be performed using the single point
calibration method.

5. Ruggedness

The results were within the acceptance criteria specified for each test indicating that the
assay 15 independent of the analyst and HPLC column.
6. Stability

For the stability assessment of the test article in stock and standard solwtions, the
established stability pericds are sumumarized in Table D

Table D: Summary of Stability Data

Storage Stability Period Established
Temperature Stock solution Working Standard
Foom Temperature 24 hours 24 hours
4*C (range 2- 8°C) 14 days 14 days
Autosampler (8 = 3°C) NA 222 hours

MA = Mot applicable.
7. Impurities

All impurities O@ with a
peak area % of ® @and above were assessed along with the sum of impurity 0@ :
total impurities. sum of FDKP O @ FDEP ] O®@ and %

FDEP and was reported from the triplicate injection of a previcusly analysed FDEP
solution (nominal concentration 150 po/ml) prepared with the simulated FDEP bulk
material. Further impurity assessment was conducted from three samples prepared with
the Impurity emriched FDEP Lot No. FDJ8064, analysed mn study 70569, Impurity
assessment results of the impurity enriched FDEP Lot WNo. FDOS064 was considersd
similar when compared to the Certificate of Analysis.

The method can therefore be used at ®@ for the analysis of
FDEP in Phosphate Buffer dosing formmlations.
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2.6.4.3 Absorption
13 studies were provided d by the sponsor.

= PDC-PC-2000-2011: T in rat lung

= MKC-PC-2005-0003: 14-day PK SC study in CD-1 mice (T)

= MKC-PC-2006-0001: PK SC study in male dogs (T])

= MKC-PC-2006-0002: PK SC study in minipigs (T])

= MKC-PC-2006-0034: AME after a single IV in rats (T)

= MKC-PC-2006-0035: AME after a single IV in rats (TI)

» MKC-PC-2006-0036: AME after a single IV in dogs (T)

= MKC-PC-2007-0005: AME after a single IT, SC, or PO in rats (T)
= MKC-PC-2007-0009: AME after a single IT, SC, or PO in dogs (T)
= MKC-PC-2007-0010: AME after a single IT or PO in rats (TI)

» MKC-PC-2007-0011: AME after a single IV in dogs (T)

» MKC-PC-2007-0012: AME after a single IV in rats (TI)

= MKC-PC-2007-0013: AME after a single IV in rats (T)

PDC-PC-2000-0011: *H-Mannitol and Technosphere™ in Rat Lungs [ 24
®® Study No. RD.2000.01]

This study was to compare the rate of elimination of mannitol from rat lungs following IT
administration with and without T. Since pulmonary administered TI could be absorbed more
rapidly through the lung into the systemic circulation than insulin alone. One explanation for this
might be due to opening of the tight junctions. This study was conducted to determine whether
tight junctions play a role in Technosphere™ absorption enhancement. Three tritiated PBS,
containing 1 mM mannitol (mannitol, T+mannitol, EDT A+mannitol), were given to anesthetized
rats via IT instillation. After 0, 65, or 120 min, the rats were sacrificed and their lungs were
removed and counted for radioactivity. Findings: There was no significant difference in the
amount of *H-mannitol remaining in the lungs following all absorption periods with or without T.
Therefore, it was unlikely that Technosphere™ opened or disrupted the tight junction region. On
the other hand, the EDTA addition significantly enhanced the absorption of mannitol,
theoretically by opening the tight junctions.
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6.4. Comparison of the amount of 3H-mannitol remaining in the lung at 0, 65 and
130 min. post intratracheal administration
Mean amount of mannitol remaining in rat
lungs following i.t. instillation

18.00
16.00
14.00

amount (ug)
B
a

Time (min.)

[ technosphere/m anmtull ﬁ;lann.it:;i-lj mannitol/EDTA |

PDC-PC-2005-0003: Technosphere®-Particles: A 14-Day Subcutaneous PK Study in CD-1 Mice
[By ®® Study No. 7634]

This study was to generate the PK profile of T during the course of SC administration to CD-1
mice once daily for 14 days. The dose levels evaluated were 10, 25, and 75 mg/kg/day. The
study population was subdivided into replicates (A and B). The mice of Replicate A were dosed
only on Day 1 and subgroups of these animals (3/sex/timepoint) were bled terminally at 6
specified time points (10, 20, ,30, 45, 60, and 120 min) during the 24 hr period, following single
SC administration of T or the VH (PBS). The mice of Replicate B were dosed on each of 14 days
and were bled terminally at 6 specified time points during the 24 hr period, following the final
Day 14 treatment. The animals were monitored for mortality and clinical signs, and weighted at
intervals for dose calculation purposes.

Giroup Giroup [Doge Level Do Dose Mumbers of Animals
Mumbers | Designation | (mg'ke/day) Volume* | Concentration
(mL& g day) (mg/mL]) Males Females
1 Contral ** {0 10 { 36 36
2 Low Dose 1] 10 1 36 16
3 Mid Dose 25 1 25 36 in
4 High Dose 75 1 1.5 16 16

* The volume (10 mL/'kg body weight) of each dose that was given to each relevant mouse each day was
administered as a smgle bolus by subcutzneous injection.

** The mice of Group 1 received sterile Phosphate Buffered Saline (PBS).

Findings: The exposure was approx. dose proportional, and there did not appear to be any change
in exposure (ACUpg or ACU,,y), when compared single dose to multiple dosing for 14 days. No
sex difference was observed. The mean serum ACU;,s was approx. 4280,000 ngemin/mL for the
high dose T animals, and the t5 ranged from 12.6 to 16.3 min. No apparent differences were
observed due to the amount of the daily dose or the number for daily doses. In addition, daily SC
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injection of T at doses up to 75 mg/kg/day was well-tolerated. The NOEL was considered as 75
mg/kg/day, and therefore acceptable for long-term repeated studies.

TABLE 1. FDKP Mean Serum Toxicokinetic Metrics Following Daily Subcutancous Injection of Technosphere®
Particles to Male and Female CD-1 Mice for up to 14 Days

Sample Group 2 Group 3 Group 4
Day (10 mg/kg/day) {25 mg/kg/day) (75 mg/kg/day)
- Female Male Female Male Female Male M+F
cu 1 18070 20658 49409 48044 96247 99652 93558
(ng/mL) 14 19258 16080 58554 52440 77714 100435 89075
20
e 1 10 10 10 10 10 20
(min) 14 15 15 15 15 15 15 15
AUC, 1 566198 586203 1376943 1303105 5401028 4168730 4784887
(ng*min/mL) 14 539702 495473 1740710 1442827 3919243 4600399 4259755
AUC,ys 1 570437 588032 1384071 1307162 5450536 4208961 4829572
(ng*min/mL) 14 541789 499434 1752580 1446085 3929507 4642224 4283338
1 16.0 13.2 14.8 13.2 16.3 15.7 16.0
tin (I.’I]l[l:l
14 13.6 16.1 15.3 12.8 12.6 16.0 13.8

TABLE 2. FDKP Mean Serum Concentrations Following Daily Subecutaneous Injections of Technosphere” Particles to Female and
Male CD-1 Mice for up to 14 Days

10 mg/kg/day 25 mg/kg/day 75 mg'kg/day
Time Day 1 Day 14 | Day 1 Day 14 Day 1 Day 14
{min) Female Male Female Male Female  Male Female Male | Female Male Female  Male
Pre- mean 7.30 117 BQL BQL 6.12 11.6
dose SD 8.31 198 0.657 4.37
3 msean BQL BOQL BQL BQL BQL BQL
SD
10 mean 18070 20658 49409 48044 96247 78856
5D 1944 1779 10551 11267 36998 10336
5 mean 19258 16080 58554 52440 o 77714 100435
SD 5807 639 18109 16080 38774 9488
30 mean 17461 19945 40422 41181 | 87464 99652
SD 1377 3178 9354 9389 3473 34132
30 mean 9679 8933 10689 9571 22526 23346 33903 24250 89894 89072 72735 77600
__SD 2816 1970 3204 3102 6119 5192 8884 8541 8840 26141 57961 57017
45 mean 3027 4535 3810 2450 7139 8313 11536 8040 53439 58632 37145 61889
- 5D 999 230 783 1177 1104 2432 4833 1721 23010 15823 10312 24047
60 mean 2244 1314 803 1812 | 5427 2681 4392 4442 | 48426 14260 29022 25252
SD 167 261 261 529 476 545 1604 329 33630 8418 6537 15819
120 mean 184 26.0 106 171 333 213 537 176 2110 1772 565 1816
SD 117 32.0 10.7 o0.7 220 156 612 . 130 1832 2422 310 1247

BQL = below the limit of quantization.
Blank spaces indicate that no blood sample was taken.

MKC-PC-2006-0001: PK of Human Insulin Following Subcutaneous Dose Administration to
Non-Naive Male Beagle Dogs [By ®®Study No. LCL00006]

This study was to investigate the PK of Humalog insulin, regular insulin, and TT formulations (in
suspension or solution), following the SC administration to non-naive male beagle dogs. 18 male
dogs were placed into 3 groups of 6 animals. For Dose Session 1, Group 1 animals received
regular insulin via SC injection at 0.5 U/kg. Group 2 animals received Humalog via SC injection
at 0.5 U/kg. Group 3 received T1I, in sterile water, via SC injection at 0.5 U/kg. For Dose Session
2, Group 3 animals were given a 2-day washout period and assigned as Group 4 to receive T1, in
6.6% Tribasic phosphate solution/93/4% PBS, via SC injection at insulin dose of 0.5 U/kg.
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Viabilities and clinical observations were recorded. Blood samples from all animals were
collected via direct venipuncture of a cephalic vein, prior to dosing and at the following time
points: 5, 10, 20, 30, 40 min, and 1, 2, 4, 6 hrs following SC administration. Findings: TIin
suspension and in solution had higher insulin exposure (C,,x, AUCp.s, and AUCy,¢) then either
regular insulin or Humalog insulin following SC administration. The PK profile of insulin
administered as TI in suspension showed that the shortest t,,, but was comparable to that of
Humalog insulin. Humalog insulin had the shortest terminal ' life. Overall, the kinetics of
insulin over time was similar among Humalog insulin, TI suspension, and TI solution groups for
the earlier portion of the graph, while the regular insulin curve showed slower kinetics and
reached a lower C,,,,. Animals given regular insulin showed a slower insulin onset and a lower
max circulating insulin level. Moreover, TI suspension produced higher FDKP exposure (Cax,
AUC,,y, and AUC;y) than TI solution, following the SC administration. There was no significant
difference in t,,, for FDKP between TI suspension and solution. TI suspension had a shorter
terminal ' life for FDKP (72.51 min) than TI solution (94.77 min) following the SC
administration.

I'ABLE L. Insulin Mean Plasina Toxicakinetie Metros Following a Single Subeuianeows
Injection of Repular [nsolin, Humalog™ [nsulin, Technosphere fMnsulin Suspeonsion aud
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FIGURE 1. Insolin Mean Plema Concenleations Following a Sinple Subeulanesus
Injection of Regular Insulin, Homalog”™ Insulin, Techimsphere Ansulin Suspension and
Technosphers Mnsulin Solution to Male Bengle Dogs
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FIGURE 2 FORE Mesn Plasma Concenirations Fallowing a Single Subcobineous Tnjeclion
of Technusphere Ansulin Suspension amd Technosphore Musulin Selution (o Maole Benple
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MKC-PC-2006-0002: PK Study of Regular Insulin, Humalog® Insulin, and
Technosphere®/Insulin Following Subcutaneous Administration of Minipigs [By
Study No. 11803.01.01]

(b)(4)

This study evaluated the PK profile of TI vs. regular and fast acting (Humalog) insulin, via SC
injection to male pigs. Blood samples were collected for insulin and PDKP analysis at 0, 5, 10,
15, 20, 30, 40, 60, 90 min and at 2, 4, 6 hrs after dosing. Mortality and clinical observations were
also recorded.

Group | Number of Dose Volume | Dosze Level
MNumber | Animals Test Article (mL/kg) (Uikg)
1 4 Regular Insulin 0.0125 0.125
2 4 Humalog® Insulin 0.0125 0.125
3 4  |Dayl; Technosphere™/Insulin|  0.0125 0.125

(suspension)

Day 3: Technasphere™/Insulin
(solution)

Findings: No clinical signs of toxicity or hypoglycemia were observed in all treatment groups.
No treatment-related change in body weight was seen during dosing period (Days 1-3). For
glucose levels, SC administration of 0.125 U/kg TI as a suspension (2/4 pigs) or a solution (3/4
pigs) was associated with slightly less consistent insulin responses and less steep drops in glucose
value than those observed for insulin responses with SC administration of 0.125 U/kg regular
insulin or Humalog. A trend for glucose levels to remain lower than baseline values at the 120,
240, and 360 min was seen for pigs given TI, but not for pigs given regular insulin or Humalog.
The trend for continued lower glucose levels seen in pigs given T1 was considered a potential test
article related effect. In addition, no definitive between-group differences in glucose responses
were seen between two TI formulations (solution or suspension), although a slightly higher
incidence (3/4 vs. 2/4) of pigs with insulin responses was observed with the solution formulation
than with the suspension formulation.
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TABLE 1. Insulin Mean Plasma Toxicokinetic Metrics Following a Single
Subcutaneous  Injection of  Regular  Insulin, Humalog” Insulin  and
Technosphere®/Insulin to Male Gottingen Minipigs®
Grp. 1 Grp. 2 Grp. 3 Grp. 4
Regular Insulin Humalog® Insulin T/ Suspension T/ Solution
Cruax
(pU/mL) 115.00 86.17 85.00 106.25
Bmax
(min) 13.75 13.75 16.25 20.00
AUCy
(WU*min/mL) 10,150.62 4,516.12 11,836.25 16.866.25
AUC,
(pU*min/mL) 15,237.05 6,147.99 18,407.82 26,582.30
typz (min)
187.30 194.50 208.71 222.85

TABLE 3. FDKP Mean Plasma Toxicokinetic Metrics Following a Single Subeutancous
Injection of Technosphere®/Insulin Suspension and Solution to Male Gottingen Minipigs®
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Grp. 3 Grp. 4
‘T/1 Snspension T/ Solotion
Cl'lhi
(pg/mL) 0.17 0.15
| T
(min) 35.00 25.00
AUCq
(pg*min/mlL) 15.25 14.46
AUC,,
(pg*min/mL) 20.78 17.80
L2 (min)
206.69 147.28 ]

FIGURE 1. Insulin Mean Plasma Concentrations Following a Sin Subcutaneons
Injection of Regulur Insulin, Humalog® Insulin and Technosphere /Insulin to Male
Gottingen Minipigs®
PHARMACOKINETICS OF HUMAN INSULIN FOLLOWING SUBCUT ANEDUS
DOSE ADMINISTRATION TO MINIPIGS
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FIGURE 2. F[IIEI‘ Mean Plasma Concentrations Following a Single Suhmlamus Injection
of Technosphere®/Insulin Suspension and Solution to Male Gottingen Minipigs”
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MKC-PC-2006-0034: Absorption, Metabolism, and Elimination Study of '*C (Lysine Arm
Labeled) FDKP Following a Single IV Administration in CRL:CD(SD) Rats [By ~ ®® Study
No. N107962A]

The absorption, metabolism, and elimination of '*C FDKP was examined following a single IV
dose of "*C FDKP to male and female Spraque-Dawley rats. The target dose level of the FDKP
was 10 mg/kg with a target radioactivity ('*C-FDKP) dose of 200 uCi/ml for the Excreta group
and 50 uCi/ml for the PK group. Urine, cage rinse, bile, feces (Excreta group) and blood (PK
group) were collected at the protocol-specified times from each animal. Metabolic profiles were
generated for selected urine, bile, and plasma samples when a concentration of radioactivity was
sufficient to generate an adequate metabolic radiochromatographic profile.

Study Design — Core Study Animals

Target ]
Target Dose Concentration Dose _-"._mm'.ll ]]3
Group-Dose  FDKP/Insulin® FDKP/Insulin® Volume Nuwmbers
Route mg/keg) (mg/mL) imL/kg) Males  Females
l. IV PK 10 2 5 101-118 15]1-164
2. IV excreta 10 2 5 201-205 251-255

* The target radioactivity dose was 1| mCi/kg for the exereta group animals and 250 pCilkg
for the PK group animals.

" The target radioactivity concentration was 200 pCymL for the exereta group animals
and 50 pCymL for the PK group animals.

® 5 rats/sex were used for bile/feces/unne collection through 96 hours post-dose. 18 rats
per sex were used for repeated blood draws (maximum 3 blood drawsrat) for the PK
sampling

Findings: the majority of the total radioactivity for male and female rats was excreted in the
urine. The % administered dose recovered in the urine was 82.0+6.7% in males and 94.4%7.4%
in females. Greater than 90% of the radioactivity found in the male and female rat urine was
eliminated during the 0-6 hr collection period with the exception of one male (> 90% of
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radioactivity excreted in 0-12 hrs) and two females (>90% of radioactivity excreted during the 6-
12 hr collection period). The % administered excreted in the bile and feces was approx. 5-6%
and 1-2% of the total radioactivity administered. Greater than 90% of the radioactivity was found
in bile collected during the 0-3 hr collection period and in feces collected up to 72 hrs. These
findings suggested that the major pathway of elimination occurred by the kidney with greater than
90% of the elimination radioactivity recovered in the urine. The liver represented a minor
pathway of elimination as the percent of elimination radioactivity was low in the bile and feces.

In addition, there was no evidence that FDKP was metabolized as there were no new peaks in the
metabolic profiles. This finding indicated that FDKP was eliminated unchanged. There was no
evidence that FDKP was metabolized extensively as there were no peaks in the metabolic profiles
that suggested even minor metabolites were found. Moreover, the '*C FDKP plasma radioactive
equivalent concentrations vs. time curves were biphasic, indicating that there was a distribution
phase that preceded the elimination phase. Peak concentration at a 10 mg/kg FDKP target dose
was 20.0 pg-eq/ml for males and 20.5 pg-eq/ml for females. The Y% life was 6.27 hrs and
clearance value was 730 ml/hg/kg. Lastly, the findings of this study using FDKP alone were very
similar to the findings with FDKP+insulin, taking into account of the 10 vs. 1 mg/kg difference.
The 10X difference had no effect on clearance or % life but did result in a dose-proportional
increase in Cy,,x and AUC.

Table 11. Summary of PK Parameters Following a Single 1V Administration®

Observed  Elimination Elimination Predicted

N Rate Constant  Half-Life Cl-pred® Vepred® AUC,, ALC,,

Sex (mg/ml) ihr™) ihr) (mL/hr'kg) (mL/Kg)y  (ng'mL-hr) ing/mlL-hr)
Males” 20000 0.165 421 00 4250 14200 14300
Females 20500 (0.111 .27 730 f5 ) 13400 13700

a. Walues are reported to three significant figures.

b. Cuux was an observed concentration at the first time point (0.167 hours). Units could also be expressed
as ng-eq'mL.

¢. Clearance observed and ¥4 observed values were similar or the same.

d. Calculated parameters are not considered reliable since the best fit line for the terminal linear phase
was .57, which was not within the acceptance criteria (0. 85).

MKC-PC-2006-0035: Absorption, Metabolism, and Elimination Study of '*C (Lysine Arm
Labeled) FDKP/Insulin Following a Single [V Administration in CRL:CD(SD) Rats [By o
Study No. N107962B]

The absorption, metabolism, and elimination of '*C FDKP was examined following a single IV
dose of "*C-FDKP/insulin to male and female Spraque-Dawley rats. The target dose level of the
FDKP/insulin was 1/0.13 mg/kg (FDKP/insulin), with a target radioactivity (‘*C-FDKP) dose of
100 uCi/ml and the target radioactivity concentration dose of 20 uCi/ml. Urine, cage rinse, bile,
feces (Excreta group) and blood (PK group) were collected at the protocol-specified times from
each animal. Metabolic profiles were generated for selected urine, bile, and plasma samples
when a concentration of radioactivity was sufficient to generate an adequate metabolic
radiochromatographic profile.

Study Design — Core Study Animals
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Target .
Targel Dose Concentration Dose i"""lﬂl ”{
Group-Dose FDKP/Ansulin®  FDKP/Insulin " Volume umbers
Route (mgkg) {mg/mL) (imL/kg) Males Females
1 -1V PK 17013 0.2/0.026 ] J01-318  351-36H
2 -1V excreta 170013 0.2/0.026 5 401405 451-455

a. The target radioactive dose was 100 pCi of “C-FDKP/kg.

b. The target radioactive concentration was 20 pCi'mL.

c. Five rats/sex were used for bile/feces/urine collection through 72 hours post-dose. 18 rats per
sex were used for repeated blood draws (maximum three blood draws/rat) for the PK sampling.

Findings: The majority of the total radioactivity for male and female rats was excreted in the
urine. The % administered dose recovered in the urine was 83.5+7.3% in males and 87.7£14.8%
in females. Greater than 95% of the radioactivity found in the male and female rat urine was
eliminated during the 1% 6 hrs after dose administrations. The % administered excreted in the bile
and feces was approx. 3-6% and 2-3% of the total radioactivity administered. Greater than 90%
of the radioactivity was found in the bile collected during the 0-3 hr collection period and in the
feces collected during 48 hrs. These findings suggested that the major pathway of elimination
occurred by the kidney with greater than 90% of the elimination radioactivity recovered in the
urine. The liver represented a minor pathway of elimination as the percent of elimination
radioactivity was low in the bile and feces.

In addition, there was no evidence that FDKP was metabolized as there were no new peaks in the
metabolic profiles. This finding indicated that FDKP was eliminated unchanged. There was no
evidence that FDKP was metabolized extensively as there were no peaks in the metabolic profiles
that suggested even minor metabolites were found. Moreover, the '*C-FDKP plasma radioactive
equivalent concentrations vs. time curves were biphasic, indicating that there was a distribution
phase that preceded the elimination phase. Peak concentration at a 1 mg/kg FDKP target dose
were 1.66 g-eq/ml for males and 1.52 pg-eq/ml for females. The elimination % life was
4.87(M)/4.15(F) hrs and clearance value was 839(M)/985(F) ml/hg/kg. There was no evidence of
a gender-related effect. Lastly, the PK findings of this study using FDKP alone were very similar
to the findings with FDKP+insulin, taking into account of the 10 vs. 1 mg/kg difference. The
10X difference had no effect on clearance or % life but did result in a dose-proportional increase
in Cx and AUC.

T'able 11. Summary of PK Parameters Following a Single 1V Administration™

Elimination

Observed Rate Elimination
Cond Constant Half-Life CL _pred® V4 Pred® AUC,,; Pred AUC,
Sex ing/mL}) (hr'"} (hr) imL/hr'kg)  imL/kg)  (ng/ml-hr) (ng/mL-hr)
Males 1 660 0.142 4.87 839 AR90 1180 1190
Females 1520 0.167 4.15 085 5800 [ 0 1015

a.  Values are reported to three significant figures.

b,  Cou was an observed concentration at the first time point (0. 167 hours). Units could also be presented
as ng-eq/mlL.

¢c. Clearance observed and V3 observed values were the same or similar.

MKC-PC-2006-0036: Absorption, Metabolism, and Elimination Study of '*C (Lysine Arm
Labeled) FDKP Following a Single IV Dose in Beagle Dogs [By ~ ®® Study No. N107963]
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The absorption, metabolism, and elimination of '*C FDKP was examined following a single IV
dose of "*C-FDKP to male and female Beagle dogs. The target dose level of the FDKP was 3
mg/kg with a target radioactivity ("*C-FDKP) dose of 75 uCi/Kg. Urine, cage rinse, bile, feces,
and blood were collected at the protocol-specified times from each animal. Metabolic profiles
were generated for selected urine, bile, and plasma samples when a concentration of radioactivity
was sufficient to generate an adequate metabolic radiochromatographic profile.

I'ext Table 1. Study Design — Single Intravenous Dose Administration

Iarzet
l'areet Dose Concentration Daose . :
Animal 1D Numbers
FDKP FDKP" Volume
Dose Route (mg/kg)" (mg/mL) (mL/kg) Males  Females
l. Intravenous 3 0.6 5 101, 103, 151, 133,

103 1535

a. The target radioactive dose was 75 pCi of “C-FDKP/kg.
b. The target radioactive concentration was 1 5.0 pCimL.

Findings: the majority of the total radioactivity for male and female dogs was excreted in the
urine. The % administered dose recovered in the urine was 96.8+2% in males and 94.8+2.8% in
females. Greater than 95% of the radioactivity found in the male and female dog urine was
eliminated during the 1% 12 hrs after dose administration. The % administered recovered in the
bile was 0.710.2% in males and 0.510.3% in females. Greater than 95% of the radioactivity
found in the male and female dog bile was eliminated during the 1* 6 and 12 hrs after dose
administration. The % administered recovered in the feces was 0.3+0.2% in males and 0.7£0.4%
in females. Greater than 95% of the radioactivity found in the male and female dog feces was
eliminated during the 1** 84hrs after dose administration.

In addition, the urine, bile, and plasma metabolic profiles showed that FDKP was eliminated
unchanged. There was no evidence that FDKP was metabolized extensively as there were no new
peaks in the metabolic profiles that suggested even minor metabolites were formed. Moreover,
the '"*C-FDKP plasma concentration vs. time profiles was biphasic. The time-dependent PK
parameters, such as 2 life and clearance, showed that FDKP underwent rapid phase elimination.
The Y% life values for this phase were 0.639+0.024 hrs for the males and 0.804£0.095 hrs for the
females. On the other hand, the }: life values for the slow phase elimination ere approx. 6 hrs for
the males and 7 hrs for the females. Clearance values were approx. 270 ml/hr/kg for the males
and 200 mg/hr/kg for the females. This was in agreement with the GFR for dogs (368 ml/hr/kg),
indicating the kidney had a major role in clearing the drug. Furthermore, observed C,,.x values
were 11.1£1.1 and 12.7£1.1 pug/ml for the males and females respectively, whereas ACU;,svalues
were 104001200 and 14300+2500 ng/mlehr for the males and females respectively. There was
no evidence of any sex differences.
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Iable 11. Summary of PR Parameters Following a Single 1'V Administration®

Observed  Elimination  Elimination Predicted Predicted Predicted
Animal Cnax Rate Constant  Hall-Life  Clearance Ya AUCq AUC s
Sex 1 (ng'ml) (hr j} (hr) (mL/hr/kg) (mL/kg) (hr*ng/mL) (hr*ng/mL}
Fast Elimination Phase
101k G230 1.14 0610 3l 274 SO00 SO00
103k 11200 1.12 0619 287 256 G530 G530
Male 105 13000 1.01 0687 224 22 12800 12800
Mean 1100 1.0 0639 274 150 10400 10h400
SE 110 .04 024 i 15 1200 1200}
Slow Elimination Phase
101k G230 (0.0935 741 310 3320 SO00 QO30
103k 11200 0.301 230 286 a51 G530 G540
Male 105 13000 0.0RGS T.75 22 2480 12800 12500
Mean 1100 161 5.42 273 21250 10400 TOE00
SE 110 0070 1.76 i Rl 1200} 1200}
Fast Elimination Phase
131K 13300 1.03 0673 226 219 12100 12100
153k 14300 0,701 0989 144 206 19300 19300
Female 155 10500 0,923 0.751 234 254 11500 11500
Mean 12700 (LHRS 0804 201 126 14300 14300
SE 1140 a7 095 29 14 2500 2500
Slow Elimination Phase
131K 13300 0116 5.95 225 1930 12100 12100
153k 14300 00798 B .60 142 1780 19300 19500
Female 155 10500 0.0974 T7.12 233 23490 11500 11600
Mean 12700 (LOw7e 7.25 200 2040 14300 14400
SE 1140 (LT 79 29 180 2500 2ipHb

a. Walues are reported to three significant figures.

MKC-PC-2007-0005: Absorption, Metabolism, and Elimination Study of '*C (Lysine Arm
Labeled) FDKP Following a Single IV Dose (IT, SC, or PO) in CRL:CD(SD) rats [By ~ ®®
Study No. N107964A]

The absorption, metabolism, and elimination of '*C FDKP was examined following a single
intratracheal (IT), oral (PO), or subcutaneous (SC) administration of '*C-FDKP dose to male and
female Spraque-Dawley rats. The target dose level of the FDKP, following IT, PO, and SC
dosing, was 50 mg/kg, with a target radioactivity (‘*C-FDKP) dose of 100 uCi/Kg for Excreta
group rats and 50 nCi/Kg for PK group rats. Urine, cage rinse, bile (not collected for SC
animals), feces, and blood were collected at the protocol-specified times from each animal.
Metabolic profiles were generated for selected urine, bile, and plasma samples when a
concentration of radioactivity was sufficient to generate an adequate metabolic
radiochromatographic profile.
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Tarzet
Target Dose Concentration  Dose Animal ID Numbers"
FDKP* FDKP* Volume

Dosze Route Group (mg/kg) (mg/mL) (mL/kg) Males Females
IT (Excreta group) 50 50 1 540-544  585-5890
IT (PE group) 50 a0 1 506-320  336-570
PO (Excreta group) S0 10 5 701-705  500-304°
PO (PE group) 50 10 5 T06-720  736-770
SC (Excreta group) S0 10 5 640-644  680-684
S5C (PE group) 50 10 5 606-620  6356-670

a. The target radicactive dose was 100 uCi'kg for the excreta group animals and 30 uCikg
for the PE group animals.

b. The target radioactive concentration was 250 nCi/mL (IT group females),
333 pCr/'mL (IT group males) or 20 pCi'mL (PO and SC groups) for the excreta group
animals and 123 pCr'mL (IT group females), 167 pCi/mL (IT group males) or
10 pCi/ml. (PO and 5C groups) for the PE group animals.

c. Five rats/sex were used for bile/feces/urine collection through 96 hours post-dose; 13 rats/sex
were used for repeated blood draws (maximum three draws/ rat) for the PE sampling.

d. Low mass balance results required a second set of female rats to be tested.

Findings: Feces. For IT and PO groups, the majority of the total radioactivity for male and
female rats was excreted in the feces. The % administered dose recovered in the feces from IT
group rats was 85.3118.5% in males and 72.2+16.9% in females. The % of administered dose
recovered in the feces from PO group rats was 87.1£11.2% in males and 96.11£2.9% in females.
For most animals in the IT and PO dose groups, greater than 95% of the radioactivity found in the
male and female rat urine was eliminated by 48 hrs after dose administration. The %
administered recovered in the feces from SC group rats was 13.314.8% in males and 16.517.5%
in females. For most animals that received a SC dose, greater than 95% of the radioactivity found
in feces was eliminated during the 1% 36 hrs after dose administration. Urine. For IT and PO
groups, the minor of the total radioactivity was excreted in the urine. The % administered
recovered in the urine from IT group rats was 6.4242.30% in males and 12.3+£10.9% in females.
For most animals in IT group, greater than 95% of the radioactivity found in the male and female
rats was eliminated during the 1% 48 hrs after dose administration. The % administered recovered
in the urine from PO group rats was 4.8313.11% in males and 2.30+£1.09% in females. For most
animals in PO group, greater than 95% of the radioactivity found in the male and female rats was
eliminated by 60 hrs after dose administration. The % administered recovered in the urine from
SC group rats was 83.2+14.9% in males and 83.419.5% in females. For most animals that
received a SC dose, greater than 95% of the radioactivity found in urine was eliminated during
the 1% 6 hrs after dose administration. Bile: The % administered recovered in the bile from IT
group rats was 0.41910.142% in males and 0.43610.227% in females. For most animals in IT
group, greater than 95% of the radioactivity found in bile was eliminated during the 1% 36 hrs
after dose administration. The % administered recovered in the bile from PO group rats was
0.118%0.024% in males and 0.321+0.476% in females. For most animals in PO group, greater
than 95% of the radioactivity found in the male and female rats was excreted by 60 hrs after dose
administration. Therefore, based on these findings, the major pathway of elimination was GI
tract following IT (equivocal) and PO administration and the kidneys following SC
administration. Although the dose was administered intratracheally, the results indicated that the
dose spilled over into the esophagus, thereby resulting in poor absorption and elimination by the
Gl tract.

In addition, the metabolic profiles of urine from the IT, PO, and SC rats, and bile from PO rats
showed that FDKP was eliminated unchanged. There was no evidence that FDKP was
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metabolized extensively as there were no new peaks in the metabolic profiles that suggested even
minor metabolites were formed.

Moreover, for the IT dose group, the '*C-FDKP plasma radioactivity equivalents concentration
vs. time curves had highly variable absorption and elimination phase that included multiple peaks
and sawtooth appearances. Tmax occurred at 1 hr for the males and females. The elimination %
life values were 4.12(M)/2.74(F) hrs, and clearance values were 35.2(M)/26.8(F) ml/hr/kg.
Systemic exposure PK parameters (C,,.x and AUC) were similar for males and females. Peak
concentrations were 0.274(M)/0.455(F) pg-eq/ml. AUCeo values were 1.42(M)/1.86(F)
ug/mlehr. There was no evidence for any sex differences. For the PO dose group, the '*C-FDKP
plasma radioactivity equivalents concentration vs. time profiles had a sawtooth appearance in the
absorption phase and a flat appearance in the terminal linear phases that precluded any PK
analysis, except for the observed PK endpoints. T, and C,,., were similar for box sexes and the
values were approx. 1 hr and 0.440 pg-eq/ml, respectively. For the SC dose group, the '*C-FDKP
plasma radioactivity equivalents concentrations vs. time profiles were well-defined. T« and '2
life values were 0.5 and 0.7 hrs, respectively for box sexes. Clearance values were
762(M)/727(F) ml/hr/kg. Peak concentrations (C,,) were 47.5(M)/47.8(F) pg-eq/ml. AUCeo
values were 65.6(M)/68.7(F) pg/mlehr. There was no evidence for any sex differences. All in
all, the SC route of administration compared to the IT and PO routes produced an earlier T, and
higher systemic exposure (C.x and AUC with > 10X). These findings were likely due to the
poor absorption by the PO route.

Summary of PK Parameters Following a Single Administration, IT*®

Elimination
Eate Elimination C1-F Vg-F Pred.
Cmar Tmar Constant  HalfLife Predicted® Predicted®  AUCuy AUC.
Sex (ng/mL) (hr) {]u"l} (hr) (mL/hr'kg) (mL/kg) (ng'mL-hr) (ng/mL-hr)
With Outliers
Males 2930 0.780 0.444 1.56 13300 20000 36460 3760
Females 3080  0.167 0.253 274 16200 84000 2800 3100
Without Outliers
Males 274 1.00 0.168 412 33200 200000 1020 1420
Females 435 1.00 0.253 2,74 26800 106000 1380 1860

a. Values are reported to three sigmificant figures.

b. Values are reported with and without apparent outliers (see text).
c. Units could also be reported as ng-eq/mlL.

d. Apparent clearance and V; observed values were similar.

Summary of PK Parameters Following a Single Administration, PO*®

Elimination
Eate Elimination Cl-F Vg-F Pred.
Cmar® Tmr  Constant  Half-Life  Predicted?® Predicted® AUCuy AUC.
Sex  (ng/mL) (hr) {'hr'l) {hr) (mL/hr'kg)  (mL/kg) ingml-hr) (ng/mL-hr)
Males +44 1.00 [0.0808] [11.4] [13500] [223000] [1390] [3620]
Females 443 1.00 [0.0806] [11.4] [12600] [209000] [1580] [3950]

WValues are reported to three significant figures.

. Bracketed values are suspect due to poorly defined terminal linear phasze. See text.
Units could alse be reported as ng-eq/mlL.

. Apparent clearance and V;observed values were sinular.

oo

Summary of PK Parameters Following a Single Administration, SC*
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Elimination
Rate Elimination C1-F Vd-F Pred.
Crar  Tmer Constant  Half-Life Predicted® Predicted® AUC. AUC,
Sex  (mgmL)® (hr) () (hr)  (mLMrkg) (mLkg) (ng/mL-hr) (ng/mL-hr)
Male 47500  0.500 0.991 0.699 762 760 65600 65600
Female 47800 0500 0.940 0.730 727 766 G3700 68700

a. Valugs are reported to three significant figures.
b. Units could alse be reported as ng-eq/mL.
c. Apparent clearance and V', observed values were sinilar.

MKC-PC-2007-0009: Absorption, Metabolism, and Elimination Study of '*C (Lysine Arm
Labeled) FDKP Following a Single Dose (IT, SC, or PO) in Beagle Dogs [By ~ ®® Study No.
N107965A]

The absorption, metabolism, and elimination of '*C FDKP was examined following a single
intratracheal (IT), oral (PO), or subcutaneous (SC) administration of '*C-FDKP dose to male and
female dogs. The target dose level of the FDKP, following IT, PO, and SC dosing was 50 mg/kg,
with a target radioactivity (14C—F DKP) dose of 50 uCi/Kg. Urine, cage rinse, bile, feces, and
blood were collected at the protocol-specified times from each animal. Metabolic profiles were
generated for selected urine, bile, and plasma samples when a concentration of radioactivity was
sufficient to generate an adequate metabolic radiochromatographic profile.

Target
Target Dose Concentration Dase Animal ID Numbers
FDEKP* FDEP* Volume
Dose Route (mg'kg) (mg/mL) (mL/kg) Males Females
IT 30 50 1 201-203 251-253
PO 50 5 10 401-403 451-453
sC 30 30 1 301-303 351-333

a. The target radicactive dose was 30 pnCi'kg.
b. The target radicactive concentration was 30 nCi'ml.

Findings: Urine: For IT and SC groups, the majority of the total radioactivity for male and
female rats was excreted in the urine. The % administered dose recovered in the urine from IT
group dogs was 80.2+21.8% in males and 68.9£11.6% in females. Greater than 89% of the
radioactivity found in the urine was eliminated within 24 (M) and 36 (F) hrs after IT dose
administration. The % of administered dose recovered in the urine from SC group dogs was
89.115.0% in males and 97.7£8.1% in females. Greater than 80% of the radioactivity found in
the urine was eliminated during the 1* 18 hrs after dose administration. On the contrary, urine
was a minor excretory route for PO group dogs. The % administered recovered in the urine from
PO group dogs was 23.8+21.3% in males and 7.31£3.99% in females. Greater than 90% of the
radioactivity found in feces was eliminated within 24-36 hrs after dose administration. Feces:
For IT and SC groups, the minor of the total radioactivity was excreted in the feces. The %
administered recovered in the feces from IT group rats was 16.31322.0% in males and 18.9+9.2%
in females. Greater than 93% of the radioactivity found in the feces of male and female dogs was
eliminated within 84 hrs after dose administration. The % administered recovered in the urine
from SC group dogs was 2.27+0.89% in males and 1.37+0.41% in females. Greater than 84% of
the radioactivity found in the feces of male and female dogs was eliminated within 48 hrs after
dose administration. On the other hand, feces were the major elimination route for the PO dose
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group. The % administered recovered in the feces from PO group rats was 63.0+27.9% in males
and 99.2+10.2% in females. Greater than 92% of the radioactivity found in feces was eliminated
during the 1% 36 hrs after dose administration. Bile: Only traces of radioactivity were recovered
in the bile for males (0.105+£0.056%) and females (0.041120.0211%) that received an IT dose.
Similarly, only a minimal % of the total radioactivity was excreted in the bile (approx. 0.06 and
0.04% of the administered PO dose was recovered in the male and female dog bile, respectively).

In addition, the urine metabolic profiles from the IT, PO, and SC groups indicated that FDKP was
eliminated unchanged. The feces water extracts metabolic profiles from selected dog receiving
PO dose indicated that FDKP was also eliminated unchanged. There was no evidence that FDKP
was metabolized extensively as there were no new peaks in the metabolic profiles that suggested
even minor metabolites were formed.

Moreover, for the IT. PO. or SC dose groups, the '*C-FDKP plasma radioactivity equivalents
concentration vs. time profiles had well-defined absorption, peak concentration, and elimination
phases. Based on T, values, absorption occurred faster following by the IT (0.75 and 0.92 hrs)
and SC (1.6 and 1.3 hrs) routes than by the PO (2.3 and 1.7 hrs) route. IT route achieved an
earlier T, than SC route. Thus, the IT route of administration provided the fastest achievement
of a max plasma concentration, although the differences following a SC administration was not
clearly biologically relevant. Regardless route of administration, % life values were similar. This
was expected since the dosage was the same for all routes and systemic concentrations achieved
following each route did not culminate in rate limited elimination. Clearance values following
PO administration differed by approx. an order of magnitude to the IT and SC groups. However,
a direct comparison of clearance by route of administration was not possible unless the fraction
absorbed following each route was known, since clearance was dependent on fraction absorbed
for non-1V routes of administration.

Lastly, systemic exposure was greater following IT and SC administration than following PO
administration. Based on C,,,, values, the highest levels were achieved after a SC administration
(31.7 and 29.2 pg-eq/ml). The IT administration produced C,,, values about %2 as much (16.3
and 15.4 pg-eq/ml) but the actual administrated dose was lower than what was administered SC.
The lowest C,,,x values were obtained after the PO administration (4.52 and 1.73 pg-eq/ml),
which indicated poorer absorption occurred by this route. The relative degree of systemic
exposure among the different routs was supported by the AUCee estimates (IT: 90.5 and 87.2,
PO: 37.5 and 15.7, and SC: 224 and 232 hrepig/ml for males and females respectively). However,
such estimates indicated a much larger systemic exposure occurred after the SC administration
and the relative difference could be biological relevant.
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Summary of PK Parameters Following a Single Administration, IT"

Observed Observed Elimination P]‘:ﬁi;i 2 Vd F Predicted
Animal Cgyx Tmax Half-Life (mL/hr/kg) Predicted® AUC AUC,
Gender ID  (ng/mL)®  (hrs) {hr) o (mL/'kg) (hr-ng/mL) (hr-ng/mL)
20 15400 0.750 452 316 2060 122000 25000
202 15300 0.750 5.24 378 2860 69700 71400
Male 203 18300 0.750 5.03 647 4700 73400 75200
Mean 16300 0.750 4.93 447 3210 88300 20500
SE 1000 0.000 0.21 101 780 16800 17300
251 16600 0.750 3.60 530 2750 58300 58900
252 0950 1.00 4.85 548 3830 53800 55100
Female 233 19600 1.00 431 346 2150 145000 148000
Mean 15400 0.017 4.25 475 2010 85500 87200
SE 2000 0.083 0.36 65 490 29500 30300

2. Values are reported to three sizmficant figures.
b, Apparent clearance and V; observed values were similar.
¢ Units could also be presented as ng-eqg/ml.

Summary of PK Parameters Following a Single Administration, PO"

Observed Observed Elimination Cl_F Vd_F Predicted

Animal  Cgg T... Half-Life Predicted® Predicted® AUC,, ATC..

Gender ID  (ng/mL)® (hrs) {hr) (mL/hr'ke) (mL/kg) (ng/ml-ks) (hr-ng/mL)
4m 1020 3.00 018 4080 40200 10300 12000
402 2360 2.00 5.06 631 17900 72500 76100
Male 403 4170 2.00 .44 1970 34000 22300 24400
Mean 452 233 7.56 2230 27500 35000 37500
SE 2130 .33 1.27 1000 14400 19000 19600
451 204 2.00 6.43 4010 37300 10900 12000
452 2750 2.00 3.82 1980 10900 24300 24700
Female 453° 1640 1.00 108 4640 72600 8200 10500
Mean 1730 1.a7 7.03 3540 40200 14500 15700

SE 560 0.33 205 800 17900 S000 4500

Values are reported to three significant figures.

Units could also be presented as ng-eq/'ml.

Apparent clearance and V; observed values were similar.

R value was 0.81. If a user-defined terminal linear phase (R*=0.99) was used, which involved omitting
the 24 how concentration time point, then the PE parameters that were affected for Animal 433 were:
elimination half-life = 3.3 hours; apparent clearance = 5600 mL hr'kg; apparent V; = 453100 ml /kg; and
AUC, = 8560 ng'ml-hr.

oo

Summary of PK Parameters Following a Single Administration, SC
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Obzerved Observed Elimination Cl F Vd_F Predicted
Animal  Cga: Toa Half-Life Predicted” Predicted® AUC,., AUC..
Gender ID  (ng/mL)® (hrs) {hr) (mL/hr/ke) (mL/kg) (ng/mL-hr) (hr-ng/mL)

30 31600 2.00 157 209 1380 220000 225000
302 33800 2.00 6.21 194 1740 228000 241000
Male 303 29600 0.73 6.33 228 2150 194000 205000
Mean 31700 1.58 .77 210 1760 214000 224000

SE 1200 .42 0.61 10 220 10000 10000
is 33400 1.00 6.38 164 1550 263000 284000
352 25600 1.00 7.64 249 2750 173000 182000
Female 353 28600 2.00 171 210 1120 220000 223000
Mean 29200 1.33 5.08 208 1510 220000 232000

SE 2300 0.33 1.17 25 490 27000 28000

a. Values are reported to three significant figures.
b, Uluts could also be presented as ng-eq/ml.
c. Apparent clearance and V; observed values were simuilar.

MKC-PC-2007-0010: Absorption, Metabolism, and Elimination Study of '*C (Lysine Arm
Labeled) FDKP/Insulin Following a Single IV Dose (IT or PO) in CRL:CD(SD) Rats [By
®® Study No. N107964B]

The absorption, metabolism, and elimination of '*C FDKP was examined following a single
intratracheal (IT) administration of "*C-FDKP/insulin dose to male and female Spraque-Dawley
rats. The target dose level of the FDKP/insulin was 1.1/0.125 mg/kg, with a target radioactivity
("*C-FDKP) at 100 pCi/Kg for the Excreta group animals and 50 pCi/Kg for the PK group
animals. Urine, cage rinse, bile, feces (Excreta group), and blood (PK group) were collected at
the protocol-specified times from each animal. Metabolic profiles were generated for selected
urine, bile, and plasma samples when a concentration of radioactivity was sufficient to generate
an adequate metabolic radiochromatographic profile.

Study Design — Single Intratracheal Dose Administration

Target .
Target Dose Concentration Dose _’:‘m;'l I[f
Group-Dose FDKP/Insulin®  FDKP/Insulin ° Volume SN UIMDers
Route (mg/kg) (mg/mL}) (mL/kg)  Males Females
1-1T 1.1/0.125 1.1/0.125 1 801-820 851-870

a. The target radicactive dose was 100 uCikg for the Excreta group animals and 30 pCikg for
the PE group animals.

b. The target radicactive concentration was 100 nCiml for the Exereta group animals and
50 uCi/mL for the PK group animals.

c. Five rats/sex were nsed for bile/feces/unne collection through 72 hours pre-dose; 13 rats per
sex were used for repeated blood draws (maximum three draws/rat) for the pharmacokinetic
sampling.

Findings: Based on the radioactivity recovery pattern following IT administration, it appeared
that absorption did not occur via the lungs. The majority of the radioactivities for most animals
were recovered in the feces and not in the urine or bile, indicating that the radioactivity recovery
results were more typical of oral than pulmonary absorption. The % administered dose recovered
in the feces was 55.3£17.9% in males and 70.6229.1% in females. Greater than 90% of the
radioactivity found in the male and female rat feces was eliminated within 48 hrs after dose
administration. The % administered recovered in the urine was 6.01+2.1% in males and
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16.24+4.4% in females. Greater than 90% of the radioactivity found in the male and female rat
urine was eliminated within 48 hrs after dose administration. The % administered recovered in
the bile was 0.755%0.551% in males and 0.79320.607% in females. Greater than 90% of the
radioactivity found in the male and female rat bile was eliminated within 60 hrs after dose
administration.

In addition, the metabolic profiles showed that FDKP was eliminated unchanged. There was no
evidence that FDKP was metabolized extensively as there were no new peaks in the metabolic
profiles. Moreover, the '*C-FDKP plasma radioactive equivalent concentration vs. time profiles
had no absorption phase but had a sawtooth appearance. The latter concentration time points (= 4
hrs) allowed the terminal linear phases to be measured but the resulting PK parameters were
questionable due to the uncertainty of the route of administration (PO vs. IT). The PK parameters
for males and females were 96.3 and 83.4 ng-eq/ml (Cyax), 1 hr (Tiay), and 1.20 and 1.59 hrs (V4
life), 4170 and 3410 ml/hr/kg (appearance clearance).

Summary of PK Parameters Following a Single IT Administration®

Elimination
Observed Observed Rate Elimination CL_F VaF Predicted
Cosd Tew Constant  Half-Life Predicted® Predicted® AUC,,, AUC,
Sex (ng/mL) (hr) {hr) (hr) (mL/hr/kg) (mL/kg) (ng/mL*hr) (ng/mL*hr)
Male 063 1.00 0573 1.20 4170 7250 257 264
Female 834 1.00 0434 1.59 3410 7830 303 323

3. Values are reported to three sigmificant figures.
L. Units could also be presented as ng-sg/mL.
c. Apparent Clearance and V; observed values were sinmlar.

MKC-PC-2007-0011: Absorption, Metabolism, and Elimination Study of '*C (Fumaryl Arm
Labeled) FDKP Following a Single IV Dose in Beagle Dogs [By ®® Study No. N107967]

The absorption, metabolism, and elimination of '*C (fumaryl arm labeled) FDKP was examined
following a single IV administration of '*C-FDKP dose to male and female Beagle dogs. The
target dose level of the FDKP was 3 mg/kg, with a target radioactivity (‘*C-FDKP) at 75 uCi/Kg.
Urine, cage rinse, bile, feces, and blood were collected at the protocol-specified times from each
animal. Metabolic profiles were generated for selected urine, bile and plasma samples when a
concentration of radioactivity was sufficient to generate an adequate metabolic
radiochromatographic profile.

Study Design — Single IV Dose Administration

Target . i
Target Dose Concentration Daose Animal ID Numbers
Group-Dose FDKP* FDKP® Volume
Rourte (mg/kg) (mg/mL) (mL/kg)  Males  Females
1-Intravenous 3 0.6 3 101-103  151-153

d. The target radipactve dose was 75 wli of HC FDEF kz.
b. The target radipactve concentration was 15.0 pCifmL

Findings: The majority of the total radioactivity for male and female dogs was excreted in the
urine. The % administered dose recovered in the urine was 103£9% in males and 99.6+2.5% in
females. Greater than 90% of the radioactivity found in the male and female dog urine was
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eliminated 1% 12 hrs after dose administration. The % administered recovered in the bile was
0.4% in males and 0.2% in females. The % administered recovered in the feces was 0.4% in
males and 0.5% in females. Greater than 84% and 83% of the radioactivity were found in the vile
and feces collected 6 and 60 hrs after dose administration, respectively.

In addition, the metabolic profiles showed that FDKP was eliminated unchanged. There was no
evidence that FDKP was metabolized extensively as there were no new peaks in the metabolic
profiles. Moreover, the '*C-FDKP plasma concentration vs. time profiles were biphasic. The
time-dependent PK parameters, such as % life and clearance, showed that FDKP underwent rapid
phase elimination. The - life values for this phase were 0.667+0.043 hrs for the males and
0.67010.007 hrs for the females. Late phase elimination %% life values approx. 6 hrs. However,
for the slow (late) phase, the terminal linear portions of the profile were not characterized for the
necessary number of % lives and the R? values were less than 0.85, suggesting that the PK
parameters determined were from a poor regression. Clearance values were 342432 ml/hr/kg for
the males and 332+51 mg/hr/kg for the females, which were in close agreement with the GFR for
dogs (368 ml/hr/kg), indicating kidney had a major role in clearing the drug. Furthermore,
observed C,,,, values were 9.9120.65and 12.1£1.3 pg/ml for the males and females respectively,
whereas ACU;,rvalues were 95902610 and 10500+£1400 ng/mlehr for the males and females
respectively. However, to negate any effect of poor regression of the terminal linear phase, the
observed AUC, was used to evaluate systemic exposure. The AUCy, values were 95801610
and 105001400 ng/mlehr for the males and females, respectively. The AUC for the females
were slightly larger than the males but the differences was not considered to be biologically
relevant since the time-dependent PK parameters were similar. There was no evidence of any sex
differences. Lastly, the PK parameter results for '*C-fumaryl arm vs '*C-lysine arm labeled
FDKP study were similar.

Summary of PK Parameters Following a Single IV Administration®

Observed Elimination Elimination Predicted Predicted Predicted
Animal Cmay® Rate Constant Half-Life Clearance Va AUC 55 AUC:
Sex ID {ng/mL) (hr') (hr) (mL/hr'ke) (ml/kg) (ng/ml*hr) (ng/ml ~hr)
Early Elimination Phase
101 10400 1.16 0.597 386 332 2730 8730
Male 102 10700 0932 0.744 280 300 10800 10800
103 2630 1.05 0.661 361 344 0240 Q240
Mean 9010 1.05 0.667 342 326 9580 0580
SE 650 0.07 0.043 32 13 610 610
Late Elimination Phase’
101 - 0.0044 734 385 4080 A -
Male 102 - 0.140 4_66_5 279 1880 - --
103 - 0.100 635 361 3310 - --
Mean - 0.117 6.12 342 3090 - --
SE - 0.016 0.78 32 as0 - --
a. Walues are reported to three significant figures.
b. Observed maxinmm concentration.
c. Characterized by a poor regression fit.
d. Chraw AUC,.. and AUC. values are the same as reported for the early elimination phase.
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Observed Elimination Elimination Predicted Predicted Predicted
Animal Cm® Rate Consiant Half-Life Clearance Va AUChast AUC.
Sex ID (ng/mL) (hr') (hr) (mL/hrke) (mL/kg) (ng/mL*hr) (ng/ml*hr)
Early Elimination Phase
151 0560 1.05 0.662 435 415 7700 7700
Female 152 12800 1.04 0.663_ 204 281 11100 11100
153 13800 1.01 0.685 269 266 12500 12500
Mean 12100 1.03 0.670 333 121 10500 10500
SE 1300 0.01 0.007 52 47 1400 1400
Late Elimination Phase’
151 -0 0.09a69 715 434 4430 -1 -
Female 152 - 0.119 :l:.33 203 2470 - --
153 - 0.134 518 269 2010 - --
Mean - 0.116 6.06 332 2900 - --
SE - 0.011 0.58 51 760 - --
a. Values are reported to three significant figures.
b, Observed maximum concentration.
c. Charactenized by a poor regression fit.
d. Cpue AUC,,. and AUC, values are the same as reported for the sarly elimination phase.

MKC-PC-2007-0012: Absorption, Metabolism, and Elimination Study of '*C (Fumaryl Arm
Labeled) FDKP/Insulin Following a Single IV Dose in CRL:CD(SD) [By ®® Study No.
N107966B]

The absorption, metabolism, and elimination of '*C (fumaryl arm labeled) FDKP was examined
following a single IV administration of '*C-FDKP/insulin dose to male and female rats. The
target dose level of the FDKP/insulin was 1/0.113 mg/kg, with a target radioactivity ('*C-FDKP)
at 100 uCi/Kg for the Excreta group and PK group animals. All animals had jugular vein catheter
for IV dosing, additionally Excreta group animals were bile-duct cannulated and PK group had
femoral vein catheter (blood collection). Urine, cage rinse, bile, feces, and blood were collected
at the protocol-specified times from each animal. Metabolic profiles were generated for selected
urine, bile and plasma samples when a concentration of radioactivity was sufficient to generate an
adequate metabolic radiochromatographic profile.

Study Design — Single IV Dose Administration

Animal ID
Target Dose  Target Concentration Numbers
FDEP/Insulin® FDKP* Dose Volume
Group-Dose Route (mgkg) (mg/mL) (mL/kg) Malez Females
1-IV (Excreta group) 1/0.113 0.2/0.0226 3 201-205  251-235
2.IV (PK group) 1/0.113 0.2/0.022 3 101-1153  151-165

2. The target radioactive dose was 100 pCikg.

k. The target radioactive concentration was 20 pCimL.

c. Five rats/sex were used for bile/feces/urine collection through 96 hours post-dose; 15 rats/sex were
used for repeated blood draws (maximum three draws/rat) for the PK sampling.

Findings: The majority of the total radioactivity for male and female dogs was excreted in the
urine. The % administered dose recovered in the urine was 85.242.9% in males and 89.5+3.2%
in females. Greater than 95% of the radioactivity found in the male and female rat urine was
eliminated during the 1% 6 hrs after dose administration. The % administered recovered in the
feces was 1.54+0.91% in males and 1.14+0.73% in females. Greater than 93% of the
radioactivity was found in the feces collected 48 hrs after dose administration, respectively. The
% administered recovered in the feces was 0.4% in males and 0.5% in females. The %
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administered recovered in the bile was 4.81+£2.95% in males and 6.11£3.23% in females. Greater
than 98% of the radioactivity was eliminated during the 1* 6 hrs after dose administration.

In addition, the metabolic profiles showed that FDKP was eliminated unchanged. There was no
evidence that FDKP was metabolized extensively as there were no new peaks in the metabolic
profiles. The administration of insulin along with FDKP had no effect on metabolism and
excretion of FDKP. Moreover, the '*C-FDKP plasma radioactivity equivalents concentration vs.
time curve was biphasic. Closer-selected time points were used to define the terminal linear
phase since the WinNonlin algorithm did not make a distinction between the 2 phases. The peak
concentrations at a 1 mg/kg FDKP target dose were 2.56 and 2.65 pg-eg/ml for males and
females, respectively. The elimination 2 life and clearance values were similar between genders;
2.23 and 3.37 hrs and 625 and 611 ml/hr/kg for males and females, respectively. There was no
evidence of a gender-related effect. Lastly, the findings of this study with FDKP/insulin were
very similar the finings with FDKP alone, taking into account the 10 vs. 1 mg/kg dosage
difference. The 10X difference had no effect on clearance or '% life but did result in a dose
proportional increase in C,,, and AUC.

Summary of PK Parameters Following a Single IV Administration®

Elimination
Observed Rate Elimination Predicted
Cmsr” | Constant | Half-Life | C1 pred® |Va pred’| AUCus AUC
Gender | (ng/mL) () {hr) (mL/hr/kg) | (mL/kg) | (hr*ng/mL) | (hr*ng/mL})
Male 2460 0.298 2.33 625 2100 1590 1600
Female | 2650 0.206 3.37 611 2970 1630 1640

8. Values are reported to three significant figures.
b. Crex was an observed concentration at the first time point (0167 hours).
c. Clearance observed and V; cbserved values were the same or simular.

MKC-PC-2007-0013: Absorption, Metabolism, and Elimination Study of '*C (Fumaryl Arm
Labeled) FDKP Following a Single IV Dose in CRL:CD(SD) [By ®® Study No.
N107966A]

The absorption, metabolism, and elimination of "*C (fumaryl arm labeled) FDKP was examined
following a single IV administration of '*C-FDKP dose to male and female rats. The target dose
level of the FDKP/insulin was 10 mg/kg, with a target radioactivity ('*C-FDKP) of 1 uCi/Kg for
the Excreta group animals and 500 uCi/Kg for PK group animals. Urine, cage rinse, bile, feces,
and blood were collected at the protocol-specified times from each animal. Metabolic profiles
were generated for selected urine, bile and plasma samples when a concentration of radioactivity
was sufficient to generate an adequate metabolic radiochromatographic profile.

Study Design — Single I'V Dose Adminisiration
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Animal ID
Target Dose  Target Concentration Numbers'
Group-Daose FDKP* FDKP" Doze Volume
Route (mg/kg) (mg/mL}) (mL/kg) Males  Females
I‘l': i P | i) i IE1_T55
(Excreta zroup) 1o - - 201-205 231253
IV (PE group) 10 2 3 101-115  151-165

2. The target radicactive dose was 1 mCi'kg for the Exereta group animals and 300 pCikg for the

PE group ammals.

The target radicactive concentration was 200 pCiml for the Exereta group animals and

100 uCimL for the PE group snimals.

¢. Five rats/sex were used for bile/feces/urine collection through 95 hours post-dose; 15 rats/sex
were used for repeated blood draws (maximum three drawsrat) for the PE sampling.

b.

Findings: The majority of the total radioactivity for male and female dogs was excreted in the
urine. The % administered dose recovered in the urine was 94.7+£6.2% in males and 92.9+4.3%
in females. Greater than 95% of the radioactivity found in the male and female rat urine was
eliminated during the 1* 12 hrs after dose administration. The % administered recovered in the
feces was 1.3241.05% in males and 1.62+1.54% in females. Greater than 91% of the
radioactivity was found in the feces collected 72hrs after dose administration, respectively. The
% administered recovered in the feces was 0.4% in males and 0.5% in females. The %
administered recovered in the bile was 3.28+1.81% in males and 2.85+2.71% in females. Greater
than 95% of the radioactivity was eliminated during the 1** 6 hrs after dose administration.

In addition, the metabolic profiles showed that FDKP was eliminated unchanged. There was no
evidence that FDKP was metabolized extensively as there were no new peaks in the metabolic
profiles. The administration of insulin along with FDKP had no effect on metabolism and
excretion of FDKP. Moreover, the '*C-FDKP plasma radioactivity equivalents concentration vs.
time curves was biphasic. User-selected time points were used to define the terminal linear phase
for the males (not the females) since the WinNonlin algorithm did not make a distinction between
the 2 phases. The peak concentrations at a 10 mg/kg FDKP target dose were 22.7 and 25.9 ug-
eg/ml for males and females, respectively. There was no evidence of a gender-related effect,
except for longer elimination ' life for males than females. Lastly, the findings of this study with
FDKP alone were very similar the finings with FDKP insulin, taking into account the 1 vs. 10
mg/kg dosage differences. The 10X difference had no effect on clearance or ' life but did result
in a dose proportional increase in C,,,, and AUC.

Summary of PK Parameters Following a Single IV Administration®

Elimination
Observed Rate Elimination Predicted
Copar® Constant | Half-Life | C1_pred® |Vy_pred'| AUC;. AUC,
Gender | (ng/mL) (11:"1} {hr) (mL/hr/kg) | (mL/kg) | (hr*ng/mL) |(hr*ng/mL)
Male 22700 0.224 3.10 658 2040 15100 15200
Female [ 23000 0.531 1.30 615 1160 16200 16200

a. WValues are reported to three sigmficant fizures.
b. Coy Was an observed concentration at the first time point {(0.167 hours). Units could also be expressad

as ng-eq/mlL

¢. Clearance observed and Vi observed values were the same.

2.6.4.4 Distribution
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PDC-PC-2002-0008 (memo to file: MKC-PC-2003-0007): PK, Tissue Distribution and Mass
Balance of Radioactivity in Spraque-Dawley Rats Following a Single IT administration of
Radiolabeled Technosphere®/Insulin [By ~ ®® Study No. 440035]

This study was to determine 1) the concentration and/or content of radioactivity in whole blood,
urine, feces, cage wash, expired CO2, and carcass, and 2) the distribution in tissues, whole blood,
and plasma, after a single IT administration of '*C-Technosphere/’H-insulin in rats, at a target
dose level of 1.13 mg/kg (Groups 1 and 2) and 0,965 mg/kg (Groups 3 and 4) T and 0.113 mg/kg/
(Groups 1 and 2) and 0.097 mg/kg (Groups 3 and 4) insulin. For Groups 1 and 3 animals, blood
samples were collected at selected time point prior to euthanasia. Following sacrifice,
radioactivity concentration in tissues was obtained by quantitative whole-body
autoradioluminography (QWBA). For Groups 2 and 4 animals, urine, feces, expired air, and cage
rinses were collected over designated intervals up to 169 hrs post-dose. Carcasses were also
solubilized in-toto at 168 hrs post dose for radioactivity concentration analysis. The radioactivity
concentration in blood/plasma sample was measured.

The animals were assigned to study groups as follows:

Group No. Identificat; Target Dose® Target Dose? Animal Numbers
roup ~o. tdentiication (pnCi/animal) from B (pnCi/animal) from ‘H Males
1 10.323 130 1001-1033
2 10.323 130 2001-2005
3 8.2 101 3001-3016
3 8.2 101 4001-4003
* 4 tarzet dose level of 0.113 mz/kg of Insulin and 1.13 mz/'kg of Techrosphers®™ were administered for Groups |
and ? animals and a targst dose level of 0.097 mg/'kg of Insulin and 0.965 mz/ke of Technosphere®™ were

administerad for Groups 3 and 4 animals.

Findings: For all groups, following IT administration of '*C-T and *H-insulin, the observed
radioactivity concentrations in whole blood were fairly low, indicating that little dose-related
material was present in the systemic circulation at any one time. This might suggest that that
absorption of test article-related material from the IT dosing was limited or that absorbed material
was preferentially distributed to the tissues.

For Groups 1 and 3, PK parameters, the values for plasma, whole blood, and RBCs (where
applicable), were calculated. See Table below. Also, the highest tissue radioactivity
concentrations and largest AUC_ s Were generally observed in the lung, trachea, and kidney for
both '*C and *H. Notable levels of radioactivity were also observed in the thyroid/parathyroid
glands, in the walls of the GI tract, and in the urinary bladder wall. The smaller AUC_y.5; Was
generally observed in the eye, brain, spinal cord, seminal vesicle, and testis.
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Parameter Group 1 Group 3
Sample: Whiole Blood FPlasma Whole Blood Plazma RBC*
14 e Mo H 4 H L4 e e Sy
tmax (b) 0.33 24 0.33 24 008 43 0.08 48 0.33 48
CI"—"."_ 0.37 045 077 051 0.27 0.23 045 0.26 0.07 019
(pz ag/ml)
*:"*L'C.':'-'Jas: y 5 3 27 3 ¥ T4 4 b . 4
(ug eqhml) 1.23 46.5 24 522 020 244 (.37 280 (.04 198

* Units forred blood cell (RBC) concentration are ug eq'g (Co) and pg eg-hig (AUC).

Moreover, the tissue to plasma ratios for Groups 1 and 3 remained constant over the study
interval, indicating that radioactivity was cleared at approx. the same rate from plasma than from
tissues. For lung and trachea (except for Group 3 for *C), the tissue to plasma values generally
decreased over the study interval, suggesting a faster clearance from these tissues than from
plasma. This was expected since the lung and trachea were the sites of administration.

For Groups 2 and 4, the excretion routes for "*C were via urine (with approx. 33% and 25%
recovered for Groups 2 and 4 respectively) and feces (with approx. 42% and 38% recovered for
Groups 2 and 4 respectively) at 168 hrs post dose. Excretion of radioactivity in expired air
accounted for < 1% for both groups. Recovery in the cage washes was < 3.0% for both groups.
The excretion routes for *H were via urine (with approx. 31% and 30% recovered for Groups 2
and 4 respectively) and feces (with approx. 10.2% and 7.3% recovered for Groups 2 and 4
respectively) at 168 hrs post dose. Recovery in the cage washes was 2.1% and 0.79% for Groups
2 and 4, respectively. When compared to '*C with *H, the majority of the recovered radioactivity
was excreted by 72 hrs postdose with '*C, whereas a more constant excretion was seen
throughout the collection period up to 168 hrs with *H. A similar pattern of excretion was seen,
regardless of the method of IT administration (e.g. liquid vs. powder).

Lastly, no labeled metabolites or degradation products were detected on the
autoradioluminograms, indicating that the tritium might be linked to smaller molecules, which
would not have been retained during the protein transfer from the gel to the nitrocellulose
membrane. “H-insulin was detected only in the rat plasma at the 10- and 20- min time points.
Therefore, radioactivity detected in plasma from time points 2 hr and higher was not linked to the
parent *H-insulin.

2.6.4.5 Metabolism

PDC-PC-2000-0004: Inhibition of Cytochrome P4501A2, P4502C8, P4502D6, P4502C19,
P4502C3 A4 Catalytic Activities by Technosphere [By ®® Study No.
000720b]

This study was to determine whether the selected test substances inhibit human cytochrome P450
activity. The inhibition study consisted of the determination of an ICs, for the test substance of
each enzyme. Findings: Technosphere was essentially non-inhibitory at the highest
concentration tested for all enzymes selected for this study.

Summary of ICsp values. Data represent duplicate determinations and are in

units of micromolar.
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o " Test Substances
I_ Enzyme Technosphere | Positive Control”
' CYP1AZ | =200 | =200 1.0 1.1
i CYP2CE =200 | =200 47 4.9
cYP2C8 > 200 > 200 0.24 0.23
CYP2C19 = 200 =200 | 12z | 18
| CYP2D6 (AMMC) > 200 =200 0004 | 0.004 |
i' CYP3A4 (BzRes) | = 200 =200 014 ] 0.13
|” CYP3A4 (BFC) =200 | =200 0028 | 002

* - The positive controls used were furafylline (CYP1A2), quercetin (CYP2C8),
sulfaphenazole (CYP2C9), tranylcypromine (CYP2C18), quinidine (CYP2DE) and
ketoconazole (CYP3IAL).

MKC-PC-2003-0007: Metabolite Stability and Profiling of 14C-Technosphere Particles Using
Cryopreserved Hepatocytes from Rats, Dogs, Rabbits, Mice, and Human [By ~ ®®, Study No.
400011]

This study was to evaluate the metabolic stability and profiling of T in cryopreserved primary
hepatocytes from rats, dogs, mice, rabbits, and humans. First, two concentrations (5 and 50 uM)
of T were incubated with cryopreserved primary human hepatocytes at various concentrations of
viable cells/ml and for various time points to determine the optimal incubation conditions and the
time-dependent nature of the metabolite profile of T. Next, at 2 time points (0 and 4 hrs) and 1
cell concentration (ca 400,000 viable cells/ml), T at 5 and 50 uM were incubated with
cryopreserved primary hepatocytes from rats, dogs, mice, rabbits, and humans to compare the
metabolic profile between species. Additionally, "*C-T were incubated with cryopreserved
primary hepatocytes from rats, dogs, mice, rabbits, and humans at 1, 5, and 50 uM for 0 and 4 hrs
in order to facilitate the detection of metabolites that may have gone undetected in unlabeled
incubations. Unlabeled samples were analyzed by HPLC equipped with a photodiode array
detector. The presences of any novel peaks were quantitated for each chromatogram.
Radiolabeled samples were analyzed by HPLC equipped with radiometric detection. Findings:
No metabolites were detected across the species tested by HPLC equipped with a photodiode
array detector. Also, no '“C-labeled metabolites were detected in presence of rats, dogs, mice,
rabbits, and human primary hepatocytes. The almost complete recovery or T and "*C-T in all
incubations, indicating that the test article was not metabolized by cryopreserved primary
hepatocytes. This study showed that T was not a substrate for hepatocytes for any of the species
tested.

MKC-PC-2004-0009: In Vitro Metabolism of FDKP in Human Microsomes [By ey
Study No. 04774]

In vitro metabolism of FDKP in human liver microsomes (HLM) was examined. The metabolic
stability of FDKP in HLM incubation was determined by LC/MS/MS in MRM mode. Screening
for possible metabolites of FDKP was performed by highly sensitive LC/MS/MS method
developed at. ®® Metabolites search was based on the possible metabolic pathways such as
oxidation, hydroxylation, and hydrolysis. The calculated molecular and respective fragment ions
of 14 proposed possible metabolites were search. Findings: FDKP was found to be stable after
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incubations with HLM for up to 1 hr at 5 and 25 uM. having a mean recovery of > 95% as FDKP.
However, no FDKP metabolites were detected. This study concluded that FDKP was stable
under in vitro HML experimental conditions.

MKC-PC-2006-0014: Technosphere® and Technosphere®/Insulin: Evaluation of CYP450
Induction using Primary Cultures of Human Hepatocytes [By ®® Study No. 7260-101]

This study tried to measure the extent of induction of CYP3A4, following exposure of human
hepatocytes from three donors to T (FDKP) and TI and to compare the effects of the test articles
with those of a prototypical inducer (rifampicin). Fresh human hepatocytes were exposed to 0.1,
1, or 10 uM FDKP containing in T or TI, rifampicin, or representative solvent control for 72 hrs.
The doses were refreshed every 24 hrs during this exposure period. The CYP3A4 activities were
evaluated by incubating testosterone for 1 hr and determining the rate of production of 63-
hydroxytestosterone using LC/MS/MS detection.

FDEF Concentration Fold Induction
Compound (TAE] Doner 1 Doner2  Domer 3
Technosphere™ 0.1 1.80 133 1.08
1 0.953 112 143
11 0832 118 132
Fifampicin (positive control) 50 210 6.33 5.63
Technosphere™ Insulin 0.1 142 0.760 0.927
1 0.933 112 0.677
11 1.86 148 0.877
Fafampicin (positive control) 50 14.0 547 4.40
MWotes:  All results are the mean of thres raplicates. Fold mduction 1= caleulated relative to an

appropriate solvent control. An mduction response =40% (Bjomsson er al., 2003} of that of
the pretetypieal inducer is considered siznmificant.

Findings: Inducibility of CYP3A4 in human hepatocytes from all donors was demonstrated by
rifampicin. Exposure of human hepatocytes to 0.1, 1, or 10 uM FDKP in T alone or TI did not
result in notable induction of CYP3A4 activity in vitro. If the concentration of FDKP in the liver

is maintained consistently at or below 10 uM for up to 72 hrs, no in vitro induction effect on
CYP3A4 isoform activity would be anticipated in humans.

Fold induction caused by Technosphere® and Technosphere®/TInsulin and
prototyvpical inducer on testosterone 6p-hydroxylase activity (CYP3A4) in human

hepatocytes
Concentration Fold Induction
Compound (uhd) Dongr 1 Dongr 2 Donor 3
Technosphere” 0.1 1.80 1.35 1.08
1 0.953 1.12 143
1 0.832 1.18 132
Rifampicin (positive contral) 30 21.10 6.33 5.63
Technosphere™ Insulin 0.1 1.42 0.760 0927
1 0.933 1.12 0.677
10 1.86 148 0.877
Fifampicin (positive controld 30 14.0 547 4.40
Note:  All results are the mean of three replicates.
a Fold induction iz calculated relative to an appropriate solvent control.
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2.6.4.6 Excretion

PDC-PC-2000-0007: Technosphere™ Excretion in Urine Following IV Administration to Rats
[By PDC]

The study evaluated the urinary excretion of T in 9 male Spraque-Dawley rats, following the IV
administration at 40 mg/kg T (FDKP in solution). FDKP was analyzed in urine samples collected
at specific time points to 24 hrs postdose. The amount of FDKP in the urine was determined by
HPLC with UV detection. Each amount was then added together to define the total amount
excreted from each rat. Findings: Cumulative recoveries ranged from 64-117% of the total
amount injected. The majority of FDKP was excreted in the urine within 3 hrs post dose. Mean
% cumulative recovery of FDKP in the urine was 95.5%=*18.4% after 24 hrs, suggesting that
urinary excretion of FDKP was a major clearance mechanisms in rats.

Table 1 Recovery of FDEP in Urine (mg FDEP Recovered)

Time* (hrs) 2112000 21272000 2i32000 2772000 218/2000 21912000  2M10/2000 2121i2000 212472000

0.5 2.67 7.25 9.81 ] 6.81 G.63 74T 5.81 6.24
1 7.39 6.44 4.02 224 B.2§ 277 7.48 0.68
1.5 4.35 345 1.73 9.56 307 213 5.24 1.83
2 4.99 1.39 480 0.91 1.07 0.71 631 0.90
2.5 1.00 0.37 122 0.24 0.80 017 519
3 0.09 0.57 0.33 0.50 0.05 0.10 0.05 1.60
3.5 0.02 0.15 0.08 012 0.05 0.25 0.00
4 0.11 0.00 0.08 1.95 0.00 0.29
4.5 0.04
5 0.44 0.11 0.03 0.co 0.00 014 0.00 1.00
5.5 0.05
3 o.co 0.00 0.00
24 0.00 0.00 0.00 0.z20 0.00 0.00 0.10 0.00 3.B82
Cumulative
Recovery (mg) 20.95 18.73 20.80 2264 17.59 13.81 2343 12.83 20.07
Cumulative
Recovery (%) 10475 98.65 104.00 113.2 87.85 65.05 117.15 64.15 100.35

*Hours post dose

Average Amount of Technosphere Recovered in
Urine and Wash Post i.v. injection

10
— a+T
S T
3 T
5 L] _4‘i T
3 A ||J-|I|I|I-I|I|I N |I|
5 > 25 3

35 4 45 5 55 6 4

Time post injection (hr)
MKC-PC-2004-0020: Metabolite Profile of Radioactivity in Urine and Recovery of Radioactivity
in Feces from Spraque-Dawley Rats following a Single IT or SC administration of Radiolabeled
FDKP [By ®® Study No. 440105]

This study was to determine 1) the metabolite profile of '*C-FDKP and major "*C-FDKP
metabolites in urine sample, and 2) the recovery of radioactivity in feces up to 7 days postdose, in
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Spraque-Dawley rats after a single IT or SC administration of '*C-T powder. Twelve male rats
(Groups 1 and 2) were given “C-FDKP powder by IT administration via an insufflator, whereas 3
male rats (Group 3) were given '*C-FDKP by sc injection. Blood sample were collected from
animals at selected timepoints prior to euthanasia for possible metabolite profiling in plasma.
Urine and feces (for Groups 2 and 3 animals only) were also collected over designated intervals
up to 168 hrs post-dose. Following sacrifice, carcasses were discarded without further
examination. The profile of '“C-FDKP and major '“C-labelled metabolites in urine samples were
determined. Plasma samples were not examined due to suspected low concentrations of
radioactivity in these samples. Findings: No difference was observed in the recovery of
radioactivity in feces between the animals administered powder via IT instillation (Group 2, a
dose level of 1.54 mg/kg '*C-FDKP) and the animals administered a formulation subcutaneously
(Group 3, a dose level of 1.45 mg/kg “C-FDKP). This study suggested that for Groups 2 and 3
animals, the radioactivity was absorbed into the general circulation and recovered in feces via
biliary excretion. However, it was possible that some radioactivity was transferred into the GI
tract through swallowing, following the IT instillation (Group 2). HPLC analysis also showed
that in every urine sample except one, almost the entire radioactivity excreted from rats,
following a single IT or SC administration of '*C-FDKP, was the intake parent compound.

The ammals were assigned to study group as follows:

Group No. Target Dose” Number of Animals
Identification  (pCi/animal) from "*C
Males
1 47 2
2 60 10
3 60 3

* A target dose level of 1.13 mg'kz (Group 1) or 1.66 mg'ke (Groups 2 and 3) of FDEP was admmistered.
2.6.4.7 Pharmacokinetic drug interactions

MKC-PC-2003-0018: Determination of Protein Binding of Technosphere in Various Species of
Plasma [By ®® Study No. TTP-MFN-M0002]

This study determined protein binding of FDKP in various species of plasma (human, canine, rat,
rabbit, mouse, and monkey). Concentrations of FDKP at 200, 400, 800, and 1200 ng/ml were
used to against the various species of animal plasma using 96-well equilibrium dialysis. The
concentrations of FDKP were determined suing LC/MS/MS.

Percent Binding Results for Each Matrix
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Ja. Human Plasma

Amount | Amount | Difference Total Average Nm.]-
Sample | Plasma | buffer | plasma- | ool ed | % Binding [T, (ng/mL)| Tollevel | “Pecific
side side huffer L L binding
(ng/mL) | (ng/mL) | (ng/mL} (ng/mL} (ng/ml) | Nopy o)
200)-1 34.8 107 -22.2 192 -12 170 -8
200-2 104 102 2 206 1 180 178 =16
200-3 BE.6 101 -12.4 190 -7 183 -7
4001 245 233 1z 478 3 432 =17
A00-2 156 229 =73 i8S 19 398 409 a
400-3 183 202 -19 385 -5 08 6
800-1 367 411 =44 T78 -fi 859 1l
B00-2 174 405 -29 T81 -4 ( 204 872 10
§00-3 407 413 =6 E20 -1 362 [
12001 525 674 =144 1199 -12 1180 2
1 200-2 596 707 =111 1303 -4 Ii 1240 | 1223 -7
12003 | 599 659 -60 1258 | 5 1250 | 3
Average Binding -6 | Averape NSB -1
Data can be found in TTP-MFN-M0002, Protein Binding, Notebook 1, LDR. 46,
3b. Canine Flasma
:‘l.mt b&gt Diil'l'ereme | Total o o Nﬂfli-_
ASMa uller asma- | . v SpeciTc
Sample Psiﬂe e PhuITeI‘ | rmo:'ﬁied % binding (ng/mL) {ngEmL} hl;ndlng
(ng/mL) | (ng/mL) | (ng/mL) (ng/mL) (NSH) (%)
2001 189 141 48 330 15 231 I A6
2002 | 190 134 56 324 17 235 | 226 4
200-3 152 141 11 293 4 i 212 =30
4001 255 238 17 a3 3 401 20
ann-2 215 237 22 452 -5 | 434 410 -0
400-3 235 239 =i 474 -1 396 -16 ]
&00-1 460 455 3 0145 1 221 -11
800-2 441 412 20 R53 3 822 321 =4
B00-3 414 410 9 829 1 765 -1
1200=1 653 627 26 1280 2 1160 =10
1200-2 G50 582 51 1232 [ 1170 1160 -
1 200-3 G330 627 12 1266 1 1150 -4
Average Binding 4 | Averapge NSB -17

Data can be found in TTP-MFN-MO002, Protein Binding, Motebook 1, LDR 45
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3c. Rabbit Plasma

Amount | Amount | Difference Total Average Non-
Sample plasma | buffer | plasma- | o ooooeq o5 Binding | T, (ng/mL)| Televel specific
side side buffer (ng/mL) (ag/mL) binding
(ng/mL) | (ng/mL) | (mg/mL} (NSB) (%)
200-1 114 99.7 14.3 214 7 | 22 -2
200-2 124 99 25 223 11 | 215 210 -6
200-3 125 106 19 231 & 193 -10
400-1 209 237 =28 446 -6 458 0
400-2 194 235 -41 429 -10 429 446 4
400-3 293 164 129 457 28 450 -3
800-1 350 443 -53 833 - 793 a
B00-2 432 448 =16 230 -2 863 B35 -5
B00-3 472 iw 75 6% 9 B30 -
1200-1 597 678 &1 1273 =6 1250 =2
1200-2 639 &0 30 1248 2 1220 1247 0
1200-3 597 670 | 73 | 1267 | 6 1270 2
Average Binding (%) 2 AverageNSB(%)] 2 |
Data can be found in TTP-MFN-M0O002, Protein Binding, Notebook 1, LDR 52,
id, Hat Plasma
Amount | Amount | Difference Total Av e Mon-
Sample pl;sdr: . b:jzf:r p;uma- recavered | % Binding | T, (ng/mlL) TJ[;::'EI s?eclﬂn
uffer (ng/mL) (ag/aL) binding
(ng/mL} | (ng/ml) | (ng/mL}) (NSEB) (%)
200-1 107 JU) 3 211 1 ur 3
200-2 116 i15 | 231 0 214 217 =7
200-3 127 115 12 243 5 219 -12
400-1 249 282 -13 531 -6 386 -29
400-2 239 206 i3 445 T 416 412 -8
400-3 228 220 B 448 2 435 -9
B00-1 347 450 -143 BT -17 B0 3
A0-2 354 454 -145 B33 =17 G928 Bo5 1
R00-3 380 461 =81 B41 =10 86l 3
1200-1 583 579 4 1162 0 1330 13
1200-2 e 0T =150 1308 -11 1350 1340 2
1200-3 SET | 686 =95 1273 -B 1340 | 5
Average binding (%) -4 | Average NSB (%) -3

Data can be found in TTP-MFN-MO002, Protein Binding, Notebook 1, LDR 53,
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3e. Monkey Plasma

Amount | Amount | Difference Total Average Nom- |
Sample | Plasma | buffer | plasma- § 3 |9% Binding |T, (ng/mL)| Tolevel | SPECific
side side buffer hinding
mgiml) | mg/mL) | (agimry | 8L (ng/mL) | nap) (52)
200-1 126 g | 8 244 3 191 | 23
200-2 99§ 98,4 1.4 198 | | 183 198 0
200-1 132 105 27 237 1 221 -19
400-1 209 210 - 419 0 507 13
400-2 199 240 41 439 9 460 482 9
400-3 220 222 2 442 0 479 8
800-1 428 528 -100 956 -10 1020 2
B00-2 184 453 -6l 837 -& G40 9E0 | |5
£00-3 364 433 7] 759 -4 523 I
1200-1 00 | 706 206 1206 -17 1280 r-2
1200-2 572 | 585 | 23 1167 2 1330 1178 | 1
12003 |  sa2 748 | 206 1290 16 1240 L -0
1 Averaze Binding (%) -3 Average NSB {%}| I

Data can be found in TTP-MFN-MO00Z2, Protein Binding, Notebook 1, LDR 58,

3 f. Mouse Plasma

Amount | Amount | Difference Total Average Nl,llil.—
Sample | Plasma | buffer | plasmas | o ored |% Binding | Ty (ng/mL)| Tylevel | SPECITC
side side buffer (ng/mL) (ng/mL) binding
(ng/mL) | (ng/mL) | (ng/mL) (NSB) (%)
200-1 ) < MA A MA < MNa
200-2 187 <} MNA M WA =} \ MA MNA
200-3 4 L =0 MNA WA | WA =) MNA
4001 168 <) MA MA ] WA 187 MA
400-2 267 <0 A MA MNA 249 26 NA
400-3 393 =0 | MNa MA MA 15.7 NA
R00-1 276 69,1 2069 345 60 504 P
B0O-2 386 803 290.7 475 i) 494 488 3
B00-3 36 101 215 417 52 465 14
1200-1 454 281 173 715 24 10440 29
1200-2 345 489 144 834 =17 1070 1031 19
1200-3 280 3129 --Il‘_:'l 1 609 -8 Q83 41
Averape binding (%)) -1 | Average NSB (%) L]
1200 ngfmL 1200 ngfml P 4

Mote: Due to interference of the FDEP peak at the lower levels, only data at 1200 ng/mL
conzidered reliable.
Data ¢an be found in TTP-MFN-MO002, Protein Binding, Notebook 1, LDE 61.

2.6.4.8 Other Pharmacokinetic Studies

MKC-PC-2006-0008: Pharmacokinetics of Technosphere/Insulin Following Subcutaneous,
Intravenous and Oral Administration to Male and Female Spraque-Dawley Rats [By ~ ©®
, Study No. LCL00007-06-574]

This study was to study the effect on blood glucose levels and the PK profiles of TTand T
following the SC, IV, and PO administration to male and female Spraque-Dawley rats. Rats were
placed into 9 groups (6M/6F per group). For Dose Session I, Group 1 animals received T at a
target dose of 100 mg/kg whereas Group 2 animals received at a target dose of 50 mg/kg via an
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IV bolus injection via the jugular vein catheter. For Dose Session II, Group 3 animals received
TI at a target dose of 1.0 U/kg insulin and 0.32 mg FDKP, via an IV bolus injection via the
jugular vein catheter. Group 4 animals received T at a target dose of 11 mg/kg, via a sc injection.
For Dose Session 111, Group 5 animals received T at 50 mg/kg via a sc injection. Group 6
animals received TI at a target dose of 2.5 U/kg insulin and 0.8 mg/kg FDKP, via SC injection.
For Dose Session IV, Group 7 animals received T at a target dose of 11 mg/kg via oral gavage.
Group 8 animals received at a target dose of 50 mg/kg via oral gavage. For Dose Session V,
Group 9 animals received TI at a target dose of 156 U/kg insulin and 50 mg/kg FDKP via oral
gavage. Viabilities and clinical observations were recorded. All rats were sacrificed at the
conclusion of the in-life study. Blood samples were collected prior to dosing and 5, 10, 15, 20,
30, 40 min, and 1, 2, 4, and 6 hrs following the SC, IT, or PO administration.

r B »
Sestion | Group .P‘;ﬁr Test !'I:Mlm Techeosphese™ | Dosc rﬂmna
= | Number |~ 0 = - Dose Level | Volume | . Vebiicle' | Denc Roate
= Article | Level {~mgkg) {~mltg) Cuncentration
[ f-Likg) {mp/mily
1 1 12 T HiA it 1 il soletion
WIEmG [ 3 iz T | HiA i 1 50 simtion | T¥-Hols
i 3 12 T#l L0 .32 1 032 solwtton
e 4 2 T IA 1 1 I stilulion
1 5 12 T M 11] 1 50 saluion | Subowiareois
LG [ j ™ | 25 0.B | 0.5 saluzlon
v 7 12 T NIA 11 2 35 sulation
M & 12 T | X4 30 2 25 slRtion | o) purape
Jﬂ‘u‘m a9 12 TH O 156 50 - 30 snlmtion

Cone, = Coecertration.  T= Technosphere™  T/T= Technmphere™ Insulin (the teclnosphiere particies
wll contain ibe insulin dose} MIA= not spplicable

*Alf amimails will be treated cnee on dey one. Session nember only Indicases how many anfmals will be
dosed each day.

== Al apismals will be Implemonted with dual jupular veie canolas o fcilitare ineavenous dasing ond
biood cellecrian (0 males and 6 fenuales per group}

“Sodution of T consistz of 5.5, 11,25 o SOmgmb of T o ptl 7.4 4 0.2

Sclwtion of TA consists of 0.32, 0B, or SO sgfml. TA o piL 7.4 +-02

Findings on glucose analysis: No animals became hypoglycemic, therefore no Dextrose
treatments were given.

Findings on TK analysis: The exposure of FDKP increased with dose, following IV, SC, or oral
administration as either a solution of T or TI. There were no significant differences in exposure
of FDKP between males and females. Exposure to the rats to human insulin following the TI
administration via the IV and SC routs showed sex differences of greater exposure in the male
rats than the female rats. There were only a few of the rats that had quantifiable human insulin
within oral administration group of TL.
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TABLE 1. Combinad [Male plus Female) Mean FOKF Plasma Toxlookinede Metrics Following a Single Administration af
Technosphers® Microparticles {T) or TechnosphereTasulinin (T/T) 1o Male and Female Sprague-Dawley Rats by IV Bolus, or
the Subcwianeons (SC) or Oral (FO) Rootes [n=vsex)

IV Balus | SC PO
mglke  11(T)  30(T) O33(KT| 11(T)  SO(T) 08O(IM | S5(T)  IS(T)  SO(LD
Mesn 32625 120878 €77 | 15408 76600 851 132 318 440
{“E?":'LJ D 2026 18595 806 | 3124 G7s8  ace 616 282 o572
wCvV 897 15.4 19 | 203 127 245 Bez §9.4 217
" Mesn 5.0 542 5D | 128 128 146 5.8 596 186
s 5D 0 1.44 D 498 237 1.44 827 100 110
- %oV 0 28.6 0 38.6 7o 8% 100 111 50.1
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TABLE 2. Mean [osulin Serum Foxicokinetic Metrics Following 2 Single Administration of Technospbere/Insulin (T/I) to
Miale and Female $prague-Dawley Rats by IV Bolus, or the Subeutaneons (SC) or Ozal (F'0) Routes (r=f/sex)

TV Baolus (1 Tkz) 50 (15 Ukg) PO (156 Thkg)
fex  Male Femole M+ F | Male Feruale M+ F Male"  Femak' M+ F
Mean 3222 2466 2844 | 130 1260 1285 | 228 827 154
(nE;E:L‘u 5D 1601 1765 1654 583 418 484 838 0.8 g1z
) & O 90 4 143 116 85.1 88.0 78 736 746 118
Mean 5.00 500 5.0 B -14.2 133 ) 13.8 28.3 &0.0 458
(ut;ﬂ;} 5D Q.00 0.00 0.0 2.04 4.08 241 12.8 B55 ri
woy 00 0.0 00 | 288 612 452 | BaB 141 182
Mean 28653 22689 25671 | 62140 42216 52178 | 7549 6937 5806
” ﬁﬂiﬁm SD 12039 12767 12244 | 22324 14498 20745 | 2332 8235 4448
WOV 84.C 113 595.4 T149 BR.7 7.5 ' 81.B 2374 163
Men 28781 22788 25784 | 62047 42578 52762 | 7605  NC NA
{'l:uJ::icm'::u ;SO 12024 12767 12231 | 22585 14485 20990 | 2284
wWlw BIE 112 2R T1.8 EE.0Q 786 | 50.1
Mesnw 803 723 763 | 288 194 241 | 102 NC  NA
tys (min) 5D 1.20 2,37 184 | 424 a7 628 | BS5B
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MKC-PC-2006-0009: Pharmacokinetics of Technosphere/Insulin Following Crossover
Subcutaneous and Oral Administration to Non-Naive Male and Female Beagle Dogs [By
Study No. LCL00008-06-555]

(b) (4)

This study was to study the effect on blood glucose levels and the PK profiles of Tl and T
following the SC or PO administration to non-naive male and female beagle dogs. Dogs were
placed into 2 groups (3M/3F per group). The dogs received a single oral or sc dose via oral
gavage or an interscapula region of the dorsal thorax once on 3 occasions. For Dose Session I,
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Group 1 animals received at a target dose of 11 mg/kg via SC injection. The Group 2 animals
received T at a target dose of 50 mg/kg via SC injection. For Dose Session II, Group 1 animals
received T at a target dose of 11 mg/kg via oral gavage. Group 2 animals received T at a target
dose of 50 mg/kg via oral gavage. For Dose Session III, Group 1 animals received TI at a target
dose of 0.25 U/kg insulin and 0.08 mg/kg FDKP via SC injection. Group 2 animals received TI
at a target dose of 156 U/kg insulin and 50 mg/kg FDKP via SC injection. Viabilities and clinical
observations were recorded. All rats were sacrificed at the conclusion of the in-life study. Blood
samples were collected prior to dosing and 5, 10, 15, 20, 30, 40 min, and 1, 2, 4, and 6 hrs
following SC and PO administrations.

A. Study Design Toble

Uil Technosphere® | Dose | Techaosphere

3 ; L]
Session | Group | No. Te'ili F”""'l Dose Level | Violuee | ® Dose Conc, | Wehicle® E;i
el e T e
] 1 6 T NIA 1] [ 116 | solution | 5Q
wizoe [ 2 6 | T RIA 50 05 110 solution | 8Q
] 3 [1] T NIA 1L 5 22 soluthon Chral
15106 [ T A 50 5 10 solutlon | Owal
ii] [ T 0.25 0.08 0.1 0.8 soluticn | %0Q
WUNOS 5 T 156 £ H i solution | Ol

No. = Number  Cone, = Concentralion Vol, = Volume T= Technosphere:  1/t= Technosphere™/ Insulin
[l vechnosyiivare will contain the insulin dose) YA = nat applicable

Walution of T consists of 110, 2.2, or 10 mp/mL of T ot gl 7445 0.2, Selutien of T/ consists of 08 or 10
mpfml T/ ot pHT A+ 02,

*The samiple size will consist of 3 males ond 3 females per dose group

Findings for glucose analysis: In Dose Session I, Groups 1 and 2, there was an effect on blood
glucose levels from dosing to the 6 hr time point. In Dose Session II, Group 1 males, there was a
transient increase in blood glucose levels from dosing to the 1 hr time point. The blood glucose
levels then decreased to within 3.5% of the baseline average by the 6 hr time point. For Group 1
females, there was no effect on blood glucose levels from dosing to the 6 hr time point. For
Group 2 males, there was no effect on blood glucose levels from dosing to the 6 hr time point.
For Group 2 females, there was a transient increase in blood glucose levels from dosing to the 2
hr time point. The blood glucose levels then decreased to 25% below baseline average by the 6
hr time point. In Dose Session III, Group 1 males, there was a dramatic decrease in blood
glucose levels starting at the 5 min time point and continued until the 1 hr time point, where the
blood glucose level was 34.9% of the baseline average. The blood glucose levels then began to
increase and were 90.1% of the baseline average by the 6 hr time point. For Group 1 females,
there was a dramatic decrease also in blood glucose levels starting at the 15 min time point and
continued to drop until the 30 min time point, where blood glucose level was 48.8% of the
baseline average. The blood glucose levels then began to increase and were 86.3% of the
baseline average by the 6 hr time point. For Group 2 males, there was a transient decrease in
blood glucose levels from dosing to the 40 min time point. The blood glucose level then
increased to within 0.5% of the baseline average by the 6 hr time point. For Group 2 females,
there was a transient decrease in blood glucose levels from dosing to the 30 min time point. The
blood glucose levels then increased to within 88.3% of the baseline average by the 6 hr time
point.

Findings for TK analysis: The exposure in dogs to FDKP following either SC or PO
administration of FDKP as T or TI increased in approx. a dose proportional manner. There were
no significant differences in exposure of FDKP between males and females. The relative
bioavailability of the PO vs. SC is approx. 3%. The mean t,, following oral administration was
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approx 85 min with a large variability. The mean t,,,x following sc administration was approx. 45
min for the lower doses and 70 min for the 50 mg/kg dose of T. Where calculable, the mean
plasma t'2 values ranged from 44 to 57 min for FDKP by the sc route and 84-110 min following
the oral route. In addition, the interpretation of the insulin concentration data was confounded by
the cross-reactivity of endogenous dog insulin with the ELISA used to measure the administered
human insulin. After adjusting with the time zero insulin (baseline), the sc administration of TI

(approx. 0.25 U/kg) produced a C,,,x of 59 and 94 uU/ml in the females and males respectively,
with a tmax of approx. 30 min.

TARLE 1, Combiped {Male plus Female) Mean FIDEFP Plasma Toxicokivetie
Metrics Following a Simgle Administration of FKFP Solation () in Male and Female
Beagle Dogs by the Subcufameces (5C) or Oral (170 Rowles {n=3/sex)

Group 10T Growp 2 ('T)
(11 mige) {50 mzfi)
=i Ly iy Py
Moan 158T% 33z 54314 mu
ani A9 ] 437
(ngmL) S0 260 121 7509 3437
W TV 226 6.5 15.8 121.8
Moean 45.3 5.0 700 T8I
"“." S0 13.3 99 4.5 BE.]
{min)
OV 215 2.0 35.0 103.5
Mean 2431511 TOEH  BIS0033  3E3SS1
."!.UC_'ﬂr_ y fl ] Ak a3
(ng*minmL) sD G719 TRET S 1724728 303834
STy 5.0 404 184 9.2
Mean 2453800 HEEAS LS B SR ASH 1R
Al gy ] e T = T
(ng* min‘ml) sD GA51T7 ATIT4 1830242 35TG05
WOy A3.3 429 193 T84
Meam 478 1085 S €nE
g (il S0 6,75 i5.10 1.3 15.1
Y 4.1 158 252 1a8.5

ay N=3 as the concentration data from one femabes dog did net allew (e caloulation of e

terminal imetrks,
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TABLE . Combined {Male plos Femake) Mean FDEFP Plasma Toxicokinetic
Motrics Following a Single Administration of Technosphere/dnsulin Selutivn [T/1) in
Make and Female Beagle Dogs by the Suboutancous (SC) oor Oral (PO Rowtes

(n=3/5ex]
Group 1 5C Group X PO
(008 mpfke} {30 marhg)
M 122 1753
C :

{lg.fT:L.] D 4 1045
% CY 283 507
Mean 43.3 85.0

til“
(mlu} 0 13.7 828

OV s ar.s
Mean 16305 323530

AU

{ng*minfml) &0 3945 142970

B OV 241 44,2

NAUCIM Menn I FRH RS G471
Mean 1453490 “ageong’

AUC ,
gt mininl) o0 625177

% OV 255
Mean 43.5 g4.4*

Tz (imin) &D 583
% oY 127

a) N=| only one fomale dog hed FOKP concentration datn that ablowed the caloslation of
the terminal metrics.

TABLE X Mean Bascline Correeted Insulin Serum Toxicokinetic Metries Following
a Single Administration of Technosphere/Toselin Soletion (TT) in Male and Female
Beaghe Dogs by the Subeutaneons (SC) Route (n=3/sex)

Male Femle Combimed
o mMHr

Mean 93.0 53.0 T8.0

C .
(nUAnL) 8D 46.2 186 36,6
TR 48.7 CIE 48,1
Mean 30.0 28.3 70,2
e S0 10.0 126 10.2

(muin)

Yo OV 133 44.4 5.0
Mean 10085 7163 BG624

AN gy :
[l mwin L) i 2041 3226 2886
TR 202 45,0 198
Mean 12367" BM9 9878

AT, i
(WU*minimL) 0 4T85 4120 3707
ey 38 50,2 17s
Mean 40.8° 558 498
fyix (i} 5D 1.7 14.6 14.4
WLV 288 26,1 20.0

) M=2 dogs with evaluable weiminal kinetics
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2.6.5

PHARMACOKINETICSTABULATED SUMMARY

[Pivotal studies pertinent to the primary indication and core pharmacology studies
relevant to the primary pharmacodynamic effect, as available and as provided by the

sponsor]

Note from the Reviewer: Usually this section refers to studies demonstrating MOA.

However, the sponsor included an extensive tabulated summary, which most these
studies were non-GLP. Only PK overview tabulated summary is included here.

2.6.5.1 Pharmacokinetic Overview Test Article: FDEP
Individual Study Reports Location

Type of Method of
Study/Description GLP" | Test System | Administration Testing Facility | Study No. Module
Abszorption
Pharmacokinetics of "C-FDKP | No SD rat iv (b) (4) MIKC-PC-2007- 42322
after singls dose 0013 (b) (4)

N1079664)
Pharmacokinetics of Mo SD rat iv MEC-PC-2007- 4222
MC.FDKP/Tnsulin after single pol2. @
dosa N1079668)
Phanmacokinetics of "C-FDEP | Mo SD rat iv MEC-PC-2008- 4222
after single dose 003414 b))

N1079624)
Pharmacokinetics of Mo SD rat iv MEC -“F-‘(T)tgl‘(ta) 4222
O FDEP/ Tnsulin after single 0033
doza N107962E)
Administration of regular Mo Mmipiz st MEC-PC-2006- 4222
insulin, Humolog® msulin and oooz
Technosphere Insulin 11803.01.01)
Pharmacokinetics after single Mo SD rat z¢, po, intratracheal MEC-PC-2007- 4222
dosa 0005 (N1079644)
Absorption after a single dose No 5D rat Intratracheal MEC-PC-2007- 4222

0010 (N1079648)
Pharmacokmstics and effecion | Mo 5D rat 3¢, po, iniratacheal MEC-PC-2008- 4227
blood glucose oa0s () (4)

LCLO0O0T)
Pharmacckmetics and effecten | Mo 5D rat Inhalation MEC-PC-2006- 4211
blood glucese 00244 ®)75022)

(4)

Pharmacokmstics and sffecton | No Beazle dog se, po MEKC -P%—JE{G&- 4227
bloed glucese 0009 ¢ ) (4)

LCLOCO0S)-
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Individual Study Reports Location
Type of Method of
Study/Description GLP* | Test System | Administration Testing Facility | Study No. Module
Pharmacokmetics and sffecton | Wo Beagle dog Inhalation (b) (4} MEC-PC-2006- 4211
blood glucose 0023 53{55315)
Pharmacokinetics of No Beagla dog w MEC-PC-2005- 4222
M {lysine) FDEP after single BUELS
o ®) @
N1075963)
Pharmacokinetics of Mo Beagle dog v MEC-PC-2007- 4222
3 -{fiumaryl) FDKP after 0011
single dosa () @)xr107967)
Pharmacokmetics of human No Beazle dog sc MEC-PC-2006- 42232
msulin ooo1 | ©@
LCLO0D0E)
Diztribution
Abscrption, dishibution and Yes 5D rat Intratracheal MEC-PC-2002- 4223
excretion ooos | ()@
440035)
Plazma protein binding of Yes Mouse, rat, In vitra MEC-PC-2003- 4226
FDEP rabbat, doz, 0018 (TTP-MFN-
mozkey, human K0002)
Pharmacokinetics in pragnant Yes Female Sprague | sc MEC -“QB;?‘?)-I- 42353
rats and lacteal secretion Dawley rat 0008 |
LCLO0O03)
Placental transfer Ye: Female Sprague | sc MEC-PC-2006- 423151
Dawley rat 0010 (®)@
LCLOUU0Y)
Metabolizm
In vitro metabelism of No Cryopreserved | Inwitro MEC-PC-2003- 4224
4C-Technosphere hepatocytes 0007 (b)@
Technosphers Particles from rat, dog, 400011)
rabbrt, muce and
lmmaan
Individual Study Reports Location
Type of Method of
Study/Description GLP" | Test System | Administration Testing Facility | Study No. Module
In vitro matabolism of FOKP | No Human liver In vitro (B) A MEC-EC @ 4214
microsomes 0009 ¢
01214) Project #
04774
Cytochrome P430 induction Mo Human In vitro MEC-PC-2006- 4224
hepatocytes 0014 (b)(4)
T260-101)
Cytochvome P450 mibition No Fecombinant In vitro PDC-PC-2000- 4224
human 0004 ( (b)(4)
cvtochrome 000720
P450 1sozymes
Exeretion
Bletzbelism and excretion Tes Sprague- Intratracheal and se MEC-PC-2004- 4224
Dawley rat 0020 (b) (4)
440105)
Pharmacolkinetics - Other
"H-Mannitol absorption in rat No Bt Intratracheal instillation PDC-PC-2000- 4222
lomgs 0001
Bicanalytical methods
IMethod vahdation of LC- Tas Rat serum NA MEC-PC-2003- 4221

MS/MS assay for the
determination of Fumaryl
Technosphers in rat serom
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Individual Study Reports Location

Type of Method of
Studyv/Description GLP" | Test System | Administration Testing Facility | Study No. Module
LC-BS/MS aszay validation of | Yes Human plasma | WA (b) (4) MEC-FC.2006- 4221
FDEP in K,EDTA human 0040 (A]'_??.
plasma 0504)
Long term frozen storage Yes Human serum NA MEC-PC-2006- 4221
stability of FDKP in human 0012 [(B) (4) 37
serum 0602y
LC-MS/ME assay validation of | Yes MMonse serum NA MEC-PC-2007- 4221
FDEP m mouse senum 0025 ) @)o7.

0708)
LC-MS/ME assay validation of | Yes Doz plasma NA MEC-PC-2003- 4221
FDEP m dog plasma 0031/ (0) @n3059)
Determimation of lnman Yes Diog serum NA MEC-PC-2006- 4221
msulm 1 dog serum by ELISA 0013 (b) (@) 97.-

0503)
Deternmmation of lnman Tes Rat serum A MEC -%C-iﬂ{lﬁ- 4221
insulin in 12t sarum by ELISA 0007 (B) @) g7,

0502)
Deternmmation of lmman Yes Mousze serum A MEC-PC-2008- 4221
msulin in meuse serm by 0006 ¢ 197-
ELISA 0501)
Analytical performance of the Yes Human serumm NA MEC-PC-2006- Modula 5
Lmneo Lispre Insulin 0042
Radioimmuncaszay (RIA)
Insulin: bioanalviical assay Ye: Human senum NA MEC-PC-2006- Module 5
validation 0041

Individual Study Reports Location

Tvpe of Method of
Study/Description GLP" | Test Sysiem | Administration Testing Facility | Study No. Module
Crossvalidstion of an BPLC | Yes DMSO stock | NA (b) () 2K C.FC-2006- 4221
meathod to determme lavels of solutions po1s ® (4)100693
Technosphars and
Technosphera Insulm
formulated in
dimethylsulfoxida
Stability and methed validation | Yes Phosphate NA MEC-PC-20086- 4221
for Technosphars and buffered salmea 0018
Technosphera Insulm (b) (4)
HPLC analytical mathod N A sampling NA TMEC-PC.0005- 4221
validation for the assay of substrates 0029 (4)423'.":-
msulin {in Technosphers)
collected from air sampling
substrates
HPLC analytical mathod N A sampling NA MEC-PC-2004- 4221
validation for Technosphere substrates o021 ) (4)1304:-
collectad from air samplhng
substrates
Validation of a HPLC methed | Yes Arr sampling NA MMEC-PC-2003- 4221
for the determination of filters 0027/(0) @150085
Technosphara on filters

" An enmy of "YVes" indicaras that the smdy mclndes 3 GLP compliance statement.
Abbrevistions: "IC, carhon-14; DMSO0, dimethylsulfoxide; GLP, Good Laboratory Practice; HPLC, high parformance lignid chromatography; iv, miravenous; LC-M3/MS,
Liquid chromstography-tandem mass spectroscopy; 1A, not applicable; No., number; po, oral; sc, subcutanecus; 5D, Spragns Dawley.

26.6 TOXICOLOGY

2.6.6.1 Overall toxicology summary

General toxicology: The toxicity of Tl and/or T alone was evaluated in single-dose studies in rats
and dogs by the PO route and in repeat-dose studies in mice, rats, and dogs by the SC, PO, or
inhalation routes.
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Single dose studies showed that T was well-tolerated acutely at the limit dose of 5 g/kg
administered by the PO route. The focus of this review is the inhalational route since this is the
intended clinical route.

Repeat dose studies were done with both T and T alone in mice (SC route only), rats (inhalation
route only), dogs (inhalation, PO, and SC routes). The rat inhalational studies were primarily
nose only and dog inhalational studies were nose and mouth. In all studies, FDKP administered
as Technosphere particles (T) and TI were well tolerated. There were no target organs affected
by chronic exposure across species. The primary effects were pharmacologic in nature and
related to high doses of insulin.

Test Written Tabular
Study Number Study Title Article(s)” Summary Summary
MEKC-PC-2006-0011 28-Day Study 1 rasH2 Hybnid Mice | T, TI 26631 2676
MKC-PC-2005-0011 13-Week Study in CD-1 Mice T.T1 26632 2677A
PDC-PC-1996-0002 4-Week Study m Rats T 26633 267.7B
PDC-PC-1999-0002 26-Week Study m Rats T 26634 26.79.7C
MKC-PC-2003-0002 26-Week Study in Rats T,T1 26635 2677D
PDC-PC-1996-0001 Preliminary 5-Day Study in Dogs T 26636 2676
MKC-PC-2003-0022 3-Day Study in Dogs T.T1 26637 2676
PDC-PC-1997-0001 4-Week Study m Dogs T 26638 26.797E
PDC-PC-1994-0001 4-Week Study m Dogs T 26639 26796
PDC-PC-2000-0003 13, 26, or 39-Week Study in Dogs T.TI 266310 2677F
MKC-PC-2003-0004 39-Week Study in Dogs T.TI 266311 2677G

# T=Technosphere particles; TI=Technosphere Insulin

In mice, T and TI were tested in TgrasH2 for 28 days and CD-1 mice for 13 weeks by the SC
administration. The transgenic mouse study was also used to identify doses for the subsequent
carcinogenicity study. The CD-1 mouse study was used to support repeat-dose exposure as
second rodent specie. There was evidence of hypoglycemia at high insulin doses in both studies.

= Transgenic mouse study: Up to 75 mg/kg/day T and up to 35 mg/kg/day TI was given to
mice by the SC route for 28 days. Because there were early deaths, likely due to
hypoglycemia, additional lower dose TI groups were added. Blood glucose levels were
variable in these transgenic mice following TI administration. In addition, T alone was well-
tolerated and did not affect glucose levels. Moreover, insulin and FDKP C,,,, and exposure
(AUC.ip) increased with increasing doses in males and females. High circulating insulin
levels were achieved within 15 min post dosing. The transgenic mouse study revealed that
the NOAEL for TI was 5 mg/kg/day, and the NOAEL for T was 75 mg/kg/day.

= CD-1 mouse study: T (10 and 75 mg/kg/day) and TI (10 and 35 mg/kg/day) were given to
mice by sc route for 13 weeks. At 35 mg/kg/day TI, deaths were seen and considered as
secondary to hypoglycemia. There was an increased body weight which was apparently
treatment-related. Blood glucose levels were lowered substantially in these CD-1 mice
following TT administration. Additionally, T alone was well-tolerated and did not impact
glucose levels. The CD-1 mouse study showed that the NOAEL for TI was 10 mg/kg/day
and the NOAEL for T was 75 mg/kg/day.

Note from the reviewer: Re: 26 week rat study vs. 39 week dog study: When compared to rat
inhalation study, there were no decreased body weights in dogs, and there were also no increased
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lung organ weights observed in dogs in a T dose-dependent fashion. In addition, no increased
proliferating activity in bronchial cells was detected in dogs treated with T and TI. With regards
to histopathological findings, a local effect of T inhalation in the nasal cavities (i.e. eosinophilic
globules and epithelial degeneration; unrecoverable) was seen in rats, whereas a local effect of T
inhalation in the lungs (i.e. alveolar and/or bronchial interstitial neutrophil infiltrate; recoverable)
was observed in dogs. Moreover, T could also lead to degeneration and necrosis of the
myocardium and infiltration of mononuclear cells, which was not recoverable in rats, whereas T
(or TI) could lead to thymic atrophy, and hypocellularity of the seminiferous epithelium, germ
cell degenerations in dogs.

In rats, three inhalation studies up to 26 weeks were conducted. For T, it was well-tolerated with
no apparent dose-limiting toxicities observed. In 4-week study, there was no change in body
weight. However, in 13- and 26-week studies, there was a slight decrease in male body weights.
For TI, there was a dose-related decrease in blood glucose levels. In addition, upon necropsy,
pulmonary organ weights were apparently increased in a T dose-related fashion. However, there
were no gross or histological correlates. There were also histological findings, such as
eosinophilic globules and epithelial degeneration (olfactory, respiratory epithelium and maxillary
sinus) with higher severity and incidence, noted in the nasal cavities of T groups, indicating a
local effect of T inhalation. These changes did not show recovery after 30 days following
discontinuation of treatment. Approx. 50% males treated with T had degeneration and necrosis of
the myocardium and infiltration of mononuclear cells. The cardiac effects were not recoverable.

= The PCNA (Proliferating Cell Nuclear Antigen) analysis (non-GLP) was performed to assess
epithelial cell activity in selected sites of the respiratory tree. A slight numerical imbalance
was observed in the upper airway bronchial cells in the T and TI groups at week 26.
However, the magnitude of change was below the threshold, i.e. > 3x increase over
background. This change was likely related to duration of exposure and upper airway
particulate impaction, since alveolar airway cells were not affected. No histological changes
of epithelial hyperplasia or metaplasia were observed in any of the respiratory tree tissues. In
addition, insulin was not likely to cause these changes because these changes also occurred in
animals not receiving insulin, and were limited to upper airways. In addition, no histological
changes of hyperplasia or metaplasia indicative of biologically significant cell proliferation
were observed.

= The rat inhalation studies revealed that the NOAEL was < 11.7 mg/kg/day for T and 1.9
mg/kg (males) or 1.3 mg/kg (females) for TI. Hyperplasia and metaplasia are seen in various
organs including lung but not in a T dose-dependent manner. Other T related toxicities were
seen, including nasal and heart effects with mortality so NOAEL would be lower than 11.7
mg/kg/day. However, only one dose of T was tested in this 26 week rat study. Note: NOAEL
of 11.7 mg/kg/day was determined by the sponsor.

In dogs, six studies up to 39 weeks were conducted. For T, no effects on clinical signs, body
weight, feed consumption, or hematology/clinical chemistry parameters were observed up to 15-
17 mg/kg/day. Measurable plasma FDKP levels (C,x — 4.56-12.15 ng/ml) were observed.

* In 5-day study, TI was well-tolerated and had dose-dependent decreases in blood glucose
levels. In 30-day study, 50 mg/kg/day T was well tolerated following via PO administration.
A greater incidence of occasional emesis and change in feces was observed in animals
receiving T. In 4-week study, up 40.3 mg/kg/day T via the inhalation route was well-
tolerated. The NOAEL for T was 40.3 mg/kg (mean C,,,x of 18.6 pig/ml and mean AUC .41,
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of 55 pgeh/ml). In 26-week study, 1.9 mg/kg/day TI produced an increase in the female body
weight.

» In one 39-week study, Up to 38 mg/kg/day T produced no toxicologically significant effects.
In another 39-week study, both TI (0.36 mg/kg/day for males and 1.92 mg/kg/day for
females) and T (2.4 mg/kg/day for males and 10.9 mg/kg/day for females) were well
tolerated. Minimal toxicity was observed at the high TI dose and was characterized by
neutrophil infiltrate of the lung that regressed following 8 weeks of recovery. In addition, TK
analyses showed that T and TI were absorbed quickly and C,,,x was achieved within 20 min
after the end of dosing. The NOAEL for T was at the highest dose of 10.9 mg/kg/day and for
TI was at the highest dose of 1.92 mg/kg/day.

Genetic toxicology: In vitro studies with TI and T (bacterial reverse mutational and mammalian
chromosomal aberration w/ S9) and in vivo studies with T only (mouse micronucleus) showed
that there was no mutagenic potential and no apparent genetic toxicity with either T alone, or TI
in valid studies. Note from the reviewer: The sponsor did not give an explanation why a mouse
micronucleus assay was not done with TI. This might be due to the fact that the genotoxic
potential of insulin is well established (negative).

Carcinogenicity: Two studies were done in rats (via inhalation administration for 104 weeks) and
transgenic mice (via SC administration for 6 months).

* In mice, they were given T at 25 and 75 mg/kg/day and TI at 2.5 and 5 mg/kg/day (in males)
and 0.6 and 1.25 mg/kg/day (in females) for 6 months via the sc route. In rats, they were
given T up to 46 mg/kg/day and TI up to 1.23 mg/kg/day (in males) and 0.76 mg/kg/day (in
females) for 24 months via the inhalation route. In both studies, the survival rates were not
different among groups. Hypoglycemia-related mortality was observed at the higher doses in
the transgenic mouse study. The observed dose-limiting toxicity was related to hypoglycemia
at high insulin doses. No evidence for carcinogenicity due to T alone or TI in either species.

= In the mouse study, exposure to FDKP was dose proportional and there were no sex
differences or evidence of accumulation. Exposure to T was also dose-proportional for
males but greater than dose-proportional for females, with no evidence of accumulation. In
addition, no evidence of increased oncogenicity or microscopic pathological effects related to
T alone or TI in both male and female transgenic mice.

* In the rat study, both T and TI were well-tolerated by inhalation. Exposure to FDKP
increased with increasing dose in all treated groups. There was no definitive TK analysis was
not definitive due to the variability in circulating insulin concentrations measured in TI
treatment groups. There were no indications of carcinogenic potential of either T alone or TI
in both males and females. In addition, lung PCNA analysis showed that alveolar and
bronchiolar cells were not different across all groups.

Reproductive toxicology: Reproductive and development toxicity studies were done in rats and
rabbits via the sc route. Only T alone was studied to avoid potential confounding effects of
insulin-induced hypoglycemia. In rats, there were no teratogenic findings (during organogenesis)
and no impairment of fertility or effects on offspring. However, in rabbits, there was maternal
toxicity as well as teratogenic findings (i.e. major malformation) during organogenesis.
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= Exposure to FDKP was confirmed in pregnant animals; where the exposure was substantial in
pregnant rats and rabbits during the critical gestation periods for both species. In rats given
100 mg/kg/day T, AUC,,s was 8,335,854 ngemin/mL on GD7. In rabbits given 2 mg/kg/day
T, AUC,,, was 482,240 ngemin/mL on GD19. Inaclinical setting, the projected human
AUC would be approx. 46,000 ngemi n(/bgr(ﬂ) with the projected human daily exposure of 105
mg Tl

» Utero-exposure was confirmed in a separate rat fetal TK study. This study determined fetal
blood FDKP levels in rats after maternal exposure to sc injection of T (0, 10, 30, and 100
mg/kg/day) on presumed GD 6 through 17, indicating dose-proportional fetal exposure at
concentrations. Also, the FDKP was still present at least 24 hrs after exposure to the dam.

* In rats, there was no maternal toxicity. The NOAEL in pregnant rats was 100 mg/kg/day,
whereas the fetal NOAEL was 100 mg/kg/day. In rabbits, there was a death at the high dose
of 100 mg/kg/day. There was also body weight loss at lower doses of 2 mg/kg/day,
indicating maternal toxicity. The NOAEL in pregnant rabbits was < 2 mg/kg/day, whereas
the fetal NOAEL was 100 mg/kg/day.

Special toxicology: Local tolerance toxicity, Immunotoxicology, PS80 toxicity, photoxicity,
environmental toxicology, industrial toxicology of FDKP intermediates, and FDKP impurities
qualification study were evaluated for T and/or TI.

» Local tolerance of T and TI was evaluated in a primary skin irritation study in rabbits and as
part of a guinea pig dermal hypersensitivity study (T only). In rabbits, both T and TI were
similar in dermal response, with early signs of irritancy abating after 24 hrs. Both T and TI
were considered non-irritating, using U.S. FDA criteria. In guinea pigs, there was no dermal
sensitization after single intradermal injections of T (5% wt /volume), followed by dermal
application (25% wt/wt) with dermal application challenges twice, every 2 weeks.

* An immunotoxicity assessment was conducted in rats exposed to T or TI by inhalation
administration once daily for 28 days. These animals were evaluated for absolute and relative
numbers of lymphocytes, and the ability to mount an antibody response to antigen (T-cell
dependent). Up to 44 mg/kg/day (males) and 47 mg/kg/day (females) T and up to 1.33
mg/kg/day (males) and 0.79 mg/kg/day (females) TI were achieved. In addition, a separate
subgroup received a dose of 75 mg/kg/day daily by the SC administration. These animals
had no significant changes in lymphocyte subpopulations or response to T-cell dependent
antigen. However, a decrease in NK cells was noted after the SC administration but was no
known clinical relevance in the absence of the control group by the same route of exposure.

* The toxicity of PS80 (polysorbate 80), a component of TI, was studies in rats given T
containing  ®® PS80 for 28 days. The NOAEL was the high dose of 43 mg/kg/day T (1.11.
mg/kg/day PS80). The safety margin for PS80 administered by pulmonary delivery at the
maximum anticipated human dose was 24.7 fold, based on mg/kg basis for TL.

» The photoxicity of T and TI were study in mouse 3T3 fibroblasts cells, in the presence or
absence of UVA light, which was assessed by neutral red uptake. Neither TI nor T particles
was considered to be phototoxic at the highest concentration (1000 mg/L) tested.

» The exotoxicity potential of FDKP was studied in freshwater fishes and algae at a maximum
concentration of 100 mg/L, in the presence of Daphnia magna. FDKP showed no exotoxic
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potential. In addition, FDKP can be biodegraded in the presence of microorganisms in
sewage treatment plant. It is not likely to bioaccumulate or result in terrestrial exposures due
to its low octanol-water partition coefficient.
Seven FDKP impurities N

were monitored during manufacturing development. These impurities were
qualified in core toxicology studies and in an additional 28-day impurity qualification study
with three major impurities ®® by the SC administration.
There were no systemic toxicities with these major impurities. Others such as o

were not tested in this 28-day study, but had been qualified previously

at 16-, 10-, and 7.5-fold the maximum anticipated human dose, respectively. O@ was
only not tested because it could be removed during TI formulation. Moreover, Ames
mutagenicity studies for these individual FDKP impurities were not conducted due to
solubility issues. However, mutagenicity studies with FDKP containing the impurities were
negative.

Written Tabular
Study Number Study Title Test Article(s)’ | Summary Summary
MEC-PC-2007-0019 Primary Skin Irritation Study in T.TI 2.6.6.7.1 2.6.7.16
Fablbits
PDC-PC-2001-0001 Dermal Sensitization Study in Guinea | T 16681 26717
Pigs
MEC-PC-2008-0020 28-Day Immunotoxicity Study in Rats | T. TI 16682 26717
MEC-PC-2008-0006 28-Day Toxicity Study with 3 Known | T 16683 16717
Impurities in Rats
MEC-PC-2008-0003 28-Day Toxicity Study of PS80- T 16684 16717
Eariched Technosphere” Particles in
Eats
MEC-PC-2007-0004 Phototoxicity Assay in Balb/c 3T3 T.TI 16685 16.7.17
Mouse Fibroblasts
MEC-PC-2008-0016 Primary Dermal Irritation/Corrosion Intermediates 2.6.6.8.10.1 16717
Study with 3 FDEP Intermediates in
Rabhbits
MEC-PC-2008-0018 Dermal Sensitization Study in Guinea | Intermediates 2668102 2.6.7.17
Pigs with 3 FDEF Intermediates
MEC-PC-2008-0019 Acute Oral Toxicity Study with 3 Intermediates 2.6.6.8.10.3 1.6.7.17
FDEF Intermediates in Rats
MEC-PC-2008-0023 Primary Ocular Irritation/Corrosion Intermediates 1668104 1.6.7.17
Study with 3 FDEP Intermediates in
Fablbits
MEC-PC-2008-0021 FDEP Partition Coefficient T 26688 26717
MEC-PC-2008-0001 Acute Toxicity to Daphnia Magna T 16686 16717
MEC-PC-2008-0002 Algal Growth Inhibition Assay T 16687 16.7.17
MEC-PC-2008-0024 Ready Biodegradabality: Modified T 16689 26717

Sturm Test

T=Technosphere; TI=Technosphere Insulm

NDA No. 22-472

2.6.6.2 Single-dose toxicity

3 studies were submitted by the sponsor:

= PDC-PD-1993-0001: acute oral tox rat study
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= PDC-PC-1993-0002: acute oral tox rat study
= PDC-PD-1004-0002: acute oral tox dog study

PDC-PC-1993-0001 - Acute, Single Dose Oral Toxicity in Rats; Limit Test

Young Spraque-Dawley adult rats (5/sex/group) were given a single dose on Day 1 at 5 g/kg
FDKP (25% w/v) or 20 ml/kg (0.1 M) citric acid as VH control by gavage. These animals were
observed for clinical signs for 14 days after dosing. Body weights were obtained on the day of
the dosing and at the end of the 14-day observation period. Findings: There were no clinical
signs and no changes in body weight related to TI or VH control. The acute oral LDs, for 0.1M
citric acid was > 20 ml/kg and for FDKP was > 5 g/kg, in both male and female rats.

PDC-PC-1993-0002 — Acute Oral Toxicity Study in Rats (Limit Test) with Technosphere
Calcitonin

Young Spraque-Dawley adult rats (5/sex/group) were given a single dose on Day 1 at 50 mg/kg
FDKP by gavage. These animals were observed for clinical signs for 14 days after dosing. Body
weights were obtained on the day of the dosing and at the end of the 14-day observation period.
Serum chemistry analysis was done before the study and at the end of the 14-day observation
period. Animals were sacrificed at the end of the study and examined grossly at necropsy.
Histopathology was also done on heart, lung, liver, kidneys, esophagus, stomach, duodenum,
jejunum, ileum, colon, rectum, mesenteric lymph node, bone with marrow, and all gross lesions.
Findings: There were no FDKP treatment related clinical signs, changes in body weight, serum
chemistry parameters, gross, or histopathology findings. The acute oral LDs, for FDKP was > 50
mg/kg in both male and female rats.

PDC-PC-1994-0002 — Acute Oral Toxicity Study of Technosphere in Dogs (Limit Test)

Beagle dogs at age of 5 months (2/sex/group) were given a single oral dose on Day 1 at 5 g/kg
FDKP (paced in gelatin capsules). These animals were observed for clinical signs for 14 days
after dosing. Body weights were obtained on the day of the dosing and at the end of the 14-day
observation period. Animals were sacrificed at the end of the study and examined grossly at
necropsy. Findings: There were no mortalities in this study. However, a moderate amount of
emesis, containing traces of test material, was seen at 5 and/or 24 hrs after dosing. Firm/liquid
feces were also seen, with trace amounts of test material present, within the 1 24 hrs after
dosing. There were no test article-related gross findings at necropsy.

2.6.6.3 Repeat-dosetoxicity
11 studies were submitted by the sponsor:

PDC-PC-1994-0001: 4-week study in dogs
PDC-PC-1996-0001: 5-day study in dogs
PDC-PC-1996-0002: 4-week study in rats
PDC-PC-1997-0001: 4-week study in dogs
PDC-PC-1999-0002: 26-week study in rats
PDC-PC-2000-0003: 13-, 26-, 39-week study in dogs
MKC-PC-2003-0002: 26-week study in rats (pivotal)
= MKC-PC-2003-0004: 39-week study in dogs (pivotal)
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= MKC-PC-2003-0022: 5-day study in dogs
= MKC-PC-2005-0011: 13-week study in CD-1 mice
= MKC-PC-2006-0011: 28-day study in rasH2 Hybrid mice

PDC-PC-1994-0001: Technosphere And T/Calcitonin (5% Load), 4 Week Toxicity Study in
Dogs, Inhalation and Subcutaneous [By ®® Study No. 94443]

Sixteen dogs (8 M/8 F) were assigned into 4 groups and administered with VH control (saline), T,
or T+Calcitonin at either 5 mg/kg or 50 mg/kg for 30 days.

[ Dose Groups Dose Daily Number Number
Suspensions Dosa of of
mg/mL malkg Males Females
Vehicle Control 0 0 2 2
Saline pH 5.7 ) _ {1&2) (3 &4)
Technosphera™ 50 50 2 2
B _ (5 & 6) (7 & 8)
Technospherg™ 5 5 2 2
plug Calcitonin (9 & 10) (11 & 12)
Technosphara™ 50 50 2 2
plus Calcitonin (13 & 14) (15 & 16)

Animal numbers appear in parentheses.

Findings: All dogs survived to their terminal sacrifice. No-test article related toxicity was noted
in any of the antemortem parameters measured in these dogs. However, a greater incidence of
occasional emesis and changes in feces were evident in animals receiving T (Groups 2, 3, and 4).
Similarly, no test-article related postmortem changes were found in these dogs. However, there
were few gross changes, including small right thyroid in one VH control male, tan/pink mottling
of the left cranial and left cardiac lobes of the lung in one 50 mg/kg T male, and red/congested
axillary lymph node in one 50 mg/kg T male. There were also some microscopic tissues changes,
such as peribronchiolar and granulomatous inflammation, thymus atrophy, and axillary lymph
hemorrhage. Nonetheless, these gross and microscopic changes observed in this study were not
related to T or TI treatment. All in all, the study indicated that T and T+Calcitonin did not
produce pathologic changes in beagle dogs.

PDC-PC-1996-0001: Preliminary 5-Day Inhalation Feasibility Study in Dogs on Technosphere
[By ®® Study No. 196009, reviewed by Herman Lee and his
review was dated 08/20/02 in DARRTS]

This inhalation feasibility study was performed in 2 beagle dogs (1 M/1 F). These dogs were
given FDKP powder daily for 5 days (15.18 mg/kg BW/day for the male and 16.74 mg/kg
BW/day for the female). Findings: The FDKP was well-tolerated. There were no mortalities and
no toxicologically changes in clinical observations, body weight gain, food consumption,
hematology, and clinical chemistry parameters. In addition, TK analysis showed the evidence of
FDKP exposure with a C,.x, ranging from 4.56 to 15.0 pg/ml, approx. 15 min after the end of
exposure. The values of the females were approx. 3X as high as the plasma levels of males.

PDC-PC-1996-0002: Fumaryl-Technosphere (Powder) Four-Week Inhalation (Nose-Only)

Toxicity Study in the Rat [By ®® Study No. 196032, reviewed by
Herman Lee and his review was dated 08/20/02 in DARRTS]
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A total of 140 (70 M/70 F) rats were dosed daily for 4 weeks with an inhalation exposure system
for dusts. The dust was administered 60, 150, and 180 min. The effectively achieved doses were
calculated to be 0.5 (low dose), 14.4 (mid dose), and 61.7 (high dose) FDKP mg/kg BW/day.

Number of rats in groups:
Group male rats fernale rats
1 1045 10+5
2 10+ 5 10+5
i 10+5 10+5
4 1041045 10+10+5
Mrer GROUP NG T fEAPPLICATIONS] - | ESTIMATED - . | ACHIEVED INHALED | ANIMAL NUBMBER
S o 2AN ] mumﬁm DOSE OF FUMARYL- MALE-ND. -
LR & ] -resgFUMARVL. - : FEMALE-NO.
e * Wﬁ":'_:r_ 'WE e
P ™ e W) ¥
T e =, kg BW] T T e
G1 (AIR CONTROL) 7 - 101 - 115
151 - 165
G2 (LOW DOSE) 1515 0 0a 03 T00- 215
15] -2 65
T3 (MID DOSE) 1515 150 10 4.4 3001 - 313
351 - 365
G4 (HIGH DOSE) 2525 180 120 B1.7 400 = 425
451 = 475

Findings: There were 7 deaths but these were not caused by the test article. All deaths were from
TK animals due to blood sampling or cardiac puncture. There were no test article-related changes
in clinical signs, body weight, food consumption, ophthalmology, hematology, clinical chemistry,
and urinalysis parameters, observed in these animals. In addition, there were no test-article
related organ weight changes, as well as gross or histopathological findings observed in these
rats.

PDC-PC-1997-0001: Fumaryl-Technosphere™/ Fumaryl-Technosphere™ about 5% Salmon
Calcitonin 4-Week Toxicity Study in Dogs, Inhalation and Subcutaneous Administration [By
®® Study No. 197003]

A total of 36 (18 M/18 F) Beagle dogs were dosed for 4 weeks. The animals from Groups 2, 3,

and 5, were dosed once a day for 8 min whereas the animals from Groups 1 and 4 were dosed
three times a day for 21 min each.
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3 - Animals - T Test |  Target _Routeof | Dumation
Group |- Number | Identificati, | Asticle |° Dose Administration | of Exposure
: s | \_I:inplf_:'- SOm 1. . U . '
“7| Pharmaco- | o (mg/kg) | (min)

kinetic)- |* - . - .

] Im 101-103 Air ! Izialative GI**
3IF 151-153

1 Im 200-203 Fumeryl- o4 Inhalative E
af 241.243 Technosphere™

3 im 301-303 Fomaryl 4.0 Inhalative |
arf 331-353 Technospher=™

4 3im 401403 Fumaryl- 0.0 [nhalative g3>
af 451453 Techoosphere™

5 Im F01-50% Salman 4.0 Irhalutive ]
if 551-553 Calcisomin

Technosplere™

& 3m E0)-E03 Salram O L= Subcutaneousy

ar B51-653 Caleizamin

Findings: There was no compound-related mortality. Clinical signs, including emesis, were seen
in Group 4 females and in Group 5 males and females. Emesis was probably caused by the high
amount of dust, causing local and unspecific irritation in the pharynx. Females were more
affected. In addition, there were no changes in mean body weight gain and mean food
consumption in animals treated with Technosphere alone. However, a severe decrease in body
weight due to reduced food intake was observed in animals treated with Salmon Calcitonin
Technosphere (Groups 5 and 6). There was also were no changes in ECG, and ophthalmology,
urinalysis, bone marrow parameters. Moreover, for hematology, animals treated with T showed
no compound-related changes. However, animals treated with T+Calcitonin or Calcitonin
showed a tendency to slightly increased platelet counts. Male animals from this group also
showed slightly decreased thrombin times. For clinical chemistry, animals treated with T
revealed no dose or time dependent changes that could be attributed to the test article. However,
animals treated with T+Calcitonin or Calcitonin had minor changes, such as slight reductions of
APT in Groups 5 and 6 females, decreased bilirubin levels in Group 6 males and females, and
slight decrease of total protein in Group 6 animals. Furthermore, there were no gross
pathological findings and organ weight changes that could be attributed to test compound. No
treatment-related histopathological findings were seen in the respiratory tract or other organ
systems. Lesions at the sc injection site were indicative of mild to moderate local toxicity of the
compound. Lastly, the NOAEL of T was 40.3 mg/kg, with overall mean C,,,, of 18.6 pg/ml and

AUCO_24h of 55 p.g*h/ml

MKC-PC-2003-0022: Technosphere®/Insulin: A 5-Day Dose Range Finding Inhalation Toxicity
Study in Beagle Dogs [By ®® Study No. 6031]

This study was conducted to help select target doses for a subsequent 39-week inhalation study in
the dog (pivotal study #2). The animals were exposed to T or TI for 15 min via an oronasal face
mask once daily for 5 days. Estimated achieved dosages were 0, 0.0265, 0.0894, and 0.1996 mg
Insulin/kg/day for Groups 1, 2, 3, and 4, respectively.
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Overall Dose Level of
Dose Group / Diose Level of Insulin Technosphers® or No. of Animals
Treatment Ulkg/day"™ (mg/kz/day) Technosphers"Tnsuln T ;
imgke/day) ¥
IaIgEt'J‘ Achieved Theoretical hMales | Females
1 (Control) 0* 0° 1.966
2 (Low Dose) 1.092/ (0.0379) 0.764/ (0.0263) 0.265 1
3 (Mid Dose) 32770001137 2576/ (0.0804) 0.854 1
4 (High Dase) 5461/ (0.1895) 5.666/ (0.1966) 1.966 1

A= Target value was calculated based on an estimated body weight of 8 kg.

B = Control animals were exposed at a target aerosol concentration of Technosphere® gravimetrically equivalent to
that of the High Dose group.

®=Target and achieved dose levels were converted to International al Unit (1) using a conversion factor of 11U
msulin = 0.0347 mg of Insulm.

T = Theoretical dose levels for Technosphere® Tnsulin (Groups 2 to 4) were caleulated assuming that the achieved
msulin dosage was 10-%: and the rest of 90% was Technosphere®.

Findings: There were no mortalities during the study and there were no adverse clinical signs
observed. No changes in body weights and food consumption in treated animals. There were
dose-dependent decreases in plasma glucose levels, following exposure in mid and high dose
groups (Groups 3 and 4). However, levels steadily increased to within 20% of predose levels by
4 hrs post exposure. TK analyses showed that high dose TI was able to produce measurable
plasma exposure to T (as measured by plasma FDKP) and to Insulin. For both plasma FDKP and
insulin, female dogs seemed to receive a greater exposure than the male dogs. A decrease in
exposure to both FDKP and Insulin by Day 5 was also observed in the mid and high dose groups
(Groups 3 and 4). However, only 1 dog/sex/group, the significance of these findings could not be
established.

MKC-PC-2005-0011: A 13-Week Study of the Comparative Toxicokinetic Profile and of the
Comparative Toxicity of Technosphere®-Particles and of Technosphere®-Insulin in CD-1 Mice
[By ®® Study No. 7679]

This study was conducted in mice given T or TI daily for 13 weeks via SC injection. The test
article doses evaluated were 10 and 75 mg/kg/day T and 10 and 35 mg/kg/day TI. The SC
injection was the route of administration chosen because it was the route by which TI would be
evaluated in a subsequent carcinogenicity study in mice.

Ciroup Gmoup Dose Diose Diose Mumbers of Amimals
Mumber Diesignation Level*** Volume* Concentration Main Study Toicokinetic
(mg'kg/day) {mg/mlL}) Phase
(mLkg'day) Males | Females Males Females
1 Contro| ** il 10 ] 11 10 bl 9
2 Low Dose T 10 10 1 110 10 > 24
3 High Dase T 75 10 7.5 1 10 4 54
4 Low Dose T 110 110 1 11 10 54 54
5 High Dose ™ 35 10 15 10 10 L2 54

T* - Technosphere®-Particles

T%1 - Tec hniosp here™ - Insulin

* The vohume (10 mL/kg body weight) of cach dose given to cach relevant mouse cach day was administered as a
sing le bolus by subcutaneous injection.

** The mice of Group 1 received sterile Phosphate Buffered Saline (PBS).
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Findings: Nine mice were found dead. Since these animals belonged to high dose TI group (35
mg/kg/day), their deaths were considered to be related to a hypoglycemic response. Besides
hypoglycemic responses, there were no compound-related adverse clinical signs. The body
weight, food consumption, hematology, and clinical chemistry parameters, were unaffected by
the T or TI treatment. With regards to blood glucose levels, 10 and 35 mg/kg/day TI resulted in a
lowering of blood glucose to approx. 50% (or less) when compared to control and pre-treatment
levels. This effect was comparable at both doses and showed no sign of reversal during the 120
min post-dosing sampling period. In addition, there were no effects on organ weight and
macroscopic/microscopic findings when treated with T or TI. As for TK analysis in mice, after
SC injection up to 13 weeks, exposure to FDKP was approx. dose-proportional. Based on the
similarity of the exposure to FDKP in Group 2 and 4, FDKP exposure did not appear to be
affected by the presence of insulin with T. On the other hand, insulin exposure increased with an
increase in dose, although less than dose-proportionally. Exposure was also slightly higher in the
male mice, although generally less than 20% greater than seen in the female mice.

Overall, daily SC injection of T (up to 75 mg/kg/day) produced no adverse effects on any of the
parameters evaluated. Daily SC injection of TI (up to 35 mg/kg/day) caused deaths in a total of 6
animals receiving 35 mg/kg/day and 3 animals at the same dose levels euthanized for humane
reasons. Decreased blood glucose levels were observed in both 10 and 35 mg/kg/day groups
treated with TI. This was, however, known as a pharmacological effect of insulin. No other
adverse effect in any of the other parameters evaluated. Also, insulin exposure, as measured by
Ciax and AUC, was less than dose proportional, with slightly higher exposures in males when
compared to females. In the high dose group, the insulin exposures were slightly decreased after
repeated exposure when compared to a single dose. Lastly, based on the mortality observed in
mice receiving TI at a dose of 35 mg/kg/day, the NOAEL for TI was 10 mg/kg/day. Based on
lack of changes in any of the parameters evaluated, the NOEL for T was 75 mg/kg/day.

MKC-PC-2006-0011: 28-Day Repeated Dose Subcutaneous Toxicity Study in Model 00178-W
CBO6F1/Jic-TgrasH2@Tac Hybrid Mice [By ®® Study No.
AB29DV/AB29DW.2S3R @

This study was designed for the selection of doses for the subsequent pivotal TgrasH2 6-month
carcinogenicity original and supplemental study. Animals were treated with VH alone (PBS), T
or T1I, daily for 28 days via sc injection. The dose levels for the T were 10, 35, 75 mg/kg/day
whereas the dose levels for the TI were 2.5, 5, 10, 15, and 35 mg/kg/day.

. Mam .
Group Mominal Dose Temeokinetic
Number Test Asticle (mzkezday) Group Group I/Sex
MiSex
1 Vehicle (PBS) 0 10 5
-\ Technosphere ®
- Particlas 10 10 0
3 Techuc-:?]:-':ereﬁ 35 10 20
Particlas
4 Te-:hJ.m:?]:u':erERE 75 10 20
Particles
5 Tachnosphere®/ Inzulin 10 10 20
] Technosphere®/Insulin 33 10 20
7 Vehicle (PBS) 0 10 5
B Tachnosphere®/ Insulin 2.5 10 20
9 Technosphere®/Insulin 5 10 20
10 Technesphere®/Insulin 15 10 20
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Findings: 22 moralities were seen following treatment with TI (1 at 2.5 mg/kg, 2 at 10 mg/kg, 3
at 15 mg/kg/day, and 16 at 35 mg/kg) among main and TK animals. Male groups had increased
mortalities of 3.3%, 3.3%, and 16.7% following treatment with 10, 15, and 35 mg/kg/day TI,
respectively. Female groups had increased mortalities of 3.3%, 6.7%, and 33.3% following
treatment with 10, 15, and 35 mg/kg/day TI, respectively. Mortality in TI-treated animals was
presumed to be the result of severe hypoglycemia. During cageside and hands-on observations,
lethargy was noted in 1 male at 10 mg/kg/day Tl and in 1 female at 35 mg/kg/day T. A hunched
appearance was also noted in 1 female at 35 mg/kg/day TI. During unscheduled observations,
comatose, prostrate, labored/dyspnea, and lethargy were noted in 1 TK animal at 15 mg/kg/day
TI. In addition, treatment with T or TI did not have effects on body weights, body weight gains,
and weekly and total food consumption (Groups 2-6 vs. Group 1, and Groups 8-10 vs. Group 7)
in either sex. Several hematology (i.e. decreased WBC, lymphocytes, and monocytes in some
males and decreased RBC, hemoglobin with increased platelets and lymphocytes in some
females), and clinical chemistry (i.e. increased Na+ and Cl- in Group 2 male [vs. Group 1] and
increased K+ and AST in Groups 8 and 10 females [vs. Group 7]) parameters were significantly
different in treated groups when compared to the corresponding VH group. However, these
changes were considered, by the sponsor, to be biologically insignificant due to lack of dose
dependency and corresponding microscopic findings. Furthermore, there were no changes in
organ weights in males or females across all does groups. No macroscopic and microscopic
findings were observed in treated animals.

As for TK analysis, high circulating insulin levels were achieved within 15 min after sc injection
of TI. Insulin, FDKP C,,, and AUC, ;s increased exponentially with increasing doses in male
and female mice. At dose < 15 mg/kg, the relationship between C,,,x and dose was linear. The
doses > 15 mg/kg, C..x increases were not linear in both males and females. Multiple dosing of
TI lead to higher systemic insulin exposure in females compared to males in 3/5 dose groups
evaluated (5, 10, and 35 mg/kg/day). All in all, based on this study, the suggested MTD for use
in a 26 week oncogenecity transgenic mice was 10 mg/kg/day for TI. The NOAEL for TI in this
study was 5 mg/kg/day. The NOAEL and MTD for the T were determined to be 75 mg/kg/day.

PDC-PC-1999-0002: A 26-Week Inhalation Toxicity Study of Fumaryl Technosphere™
®® in the Albino Rat [By ®® Study No. 91740, reviewed by
Herman Rhee and hisreview was dated 08/20/02 in DARRTS]

Rats (141 M/141 F) were given FDKP daily via inhalation for 26 week. The animals in the
Group 1 were exposed daily to conditioned room air for the same duration as the high dose group
(Group 3). The animals in the treated groups were exposed daily to a powder formulation of

FDKP ®® The theoretical achieved doses were 5.3 and 51.3 for Groups 2 and 3,
respectively.
Target
Group No. Daose Level Main Study= Recovery Animals Toxicoldnetic
Identification (mz'kg/dav)  Alales Females Males Females Males Females
1 Aircontrol 0 1001-1030  1501-1530  1031-1035 1531-1335 - -
2 Low dose 3 2001-2030  2501-2530  2031-2035 2531-2535 2036-2038 2536-2538
3 High dosa 5 3001-3030  3501-3530  3031-3035 3531-3535 3036-3038  3536-3538
4 Health serzen - 40014010 4501-4510 - - - -

*  The first 15 rats/sex/group of the main study animals were euthanized following 13 weeks of
treatment. The remaining 135 rats/sex/group were enthanized following 26 weeks of treatment.
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Active | Exposure Theoretical
Group | Gender BALV conc’n duration | MMAD | Deposition | Body weight | Achieved Doze
(L min) {mz/L) {min] {nm) Fraction (k=) {mg/ke/day)
0205 0450 10
Low Male 0.137 0276 &0 22 065 0.2430 56
Female z312
Male 0.197 0.4249 452
Hizli | Female 0.134 204 ] 27 083 0.2561 44
£1.34

a Mean of Males and Famales.

Findings: There were no treatment related deaths, clinical signs, or ocular changes. A slight
decrease in mean body weight was observed in the high dose males, starting from Week 6 and
was still evident following the 4-week recovery period. However, there was no toxicologically
significant effect on food consumption, clinical pathology parameters (hematology, clinical
biochemistry, and urinalysis), or organ weight (except minor adrenal weight change). In addition,
there were no treatment-related macroscopic findings. Minor increases in the number of alveolar
macrophages and phagocytic activities were noted (see table below). Such increases, however,
were considered to be a normal physiological response to the inhalation of particulate matter than
a toxic effect. These increases were absent after 4-week recovery. Other histological changes
included foci of tension lipidosis in livers, renal pelvic dilation, erythrocytosis in lymph nodes,
and thymic, possibly agonal, focal hemorrhage. These changes were considered, by the sponsor,
to be spontaneous in origin. Overall, daily 60 min exposure of rats to FDKP O for 26
weeks resulted in slightly decreased body weights at the high dose. Therefore, the NOEL was
determined to be <48 mg/kg/day.

Males Females

Grm._tp Mo, 1 2 3 1 2 1
13 weeks:

Number of animals examined 15 15 15 15 15 15
Alveolar macrophage accumulation - 5 12 - - 5
20 weeks:

Mumber of animals examined 15 16 15 15 15 16
Alveolar macrophage accumulation 1 4 11 - 2 &

Herman Rhee’ s review on this study:

Conclusion: MOAEL appeared to be =5 mgfkg/day in rats, which is approximately 25 times
of the recommended human doze. There were significant reductions in body weight during
the enfire study pericd even after the recovery period without significant changes in food
consumption in male rats.
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Gross and Histopathology: There were pale areas in the liver and dark foci in cccasional
lymph nodes and the thymus. The sponser considered that they appeared to be incidental
az reporied in 12-week studies. Other histological changes seen were foci of lipidosiz in
livers, renal pelvic dilatation, enythrocytosis in lymph nedes and thymic hemorrhage
appeared to be spontaneous in origin. Mo higtological changes were seen that might
account for the miner adrenal weight change reporied in a 26-week study and most of the
gross changes were obsarved in control air group as shown below. The severity scores in
the histopathological findings at Week 27 and after recovery period were also summarized
in the table below.

Fumaryl Technosphere'” Effects on Histology after 26-Week Treafment & Recovery in Rats

Treatment Duration Findings at 26-Wesk | Findings After 4-Wesk
Treatment Recovery

Groups Contral [ LD HD Contrgl | LD HD

Sex M |[F[MIFIM|FIM [FM|F |M|F

Epididymis: Oligo/Aspermia 1 1

Lymph node mandibular: Plasmacyiosis 1

Lymph node tracheobkronchia 2

hemorrhage

Reproductive: Testes-atrophy 1 1

Pituitary- Cyst 1

Pituitary- Hyperplasia at pars distalis 1 i

Liver: Tension lipidos 1

Thymus: Atrophy/necrosis — lymghoid 1

1, 2, and 3 indicate mmnmal, slight, and moderate histopathelogizal findings. respectively. Blank indcates

negative finding and cther tssues such as kidney and urinary bladder wers examinsd.

PDC-PC-2000-0003: 13, 26, or 39 Week I nhalation Toxicity Study of Fumaryl
Technosphere ®® or Insulin with Fumaryl Technosphere O powder
Formulation in the Beagle Dog [By ®® study No. 91739, reviewed by
Herman Rhee and hisreviewswere dated 08/20/02 and 09/17/02 in DARRTS]

The animals in the Group 1 were exposed daily to conditioned room air for the same duration as
the high dose group (Group 3). The animals in Groups 2 and 3 were exposed daily to a
Technosphere powder. Individual doses for Group 4 animals were calculated based on the most
recent body weight to achieve a target dose of 5 U insulin/kg/day. The targeted doses for FDKP
for Groups 2 and 3 were 5.2 and 40.5 mg/kg/day respectively.

Group No. Target
Identification Dose Level Toxicology Animals* Eecovery Animals
(mg/kg/day) Males Females Males Females
1 Air control 0 101-108 151, 152, 160, 107-109 157-159
154,155, 161
2 Low dose 5 201-208 251,260,261, 207-209 257259
254-256
3 High dose 50 310,302-306 351,352, 307-309 357-359
360,354-356
4 Insulin S5U/Kg/day 401-403 451453 404-405 454435
* 3 dogs/sex/group of the main study were euthanized following 13 weeks of treatment

(Groups 1 to 3) and 3 dogs/sex in Group 4 were euthanized following 26 weeks of treat-
ment. The remamming 3 dogs/sex in Groups 1 to 3 were euthanized following 39 weeks of
treatment. The recovery animals were maintained untreated for a period of 4 weeks follow-
ing the appropriate treatment period.
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Findings: There was no deaths and no treatment-related clinical signs, ocular, or cardiovascular
changes during the treatment period. There was an increased body weights in females exposed to
TI. Food consumption and clinical chemistry parameters were not affected by treatment. There
were also no treatment-related changes in the hematology parameters. However, higher
eosinophil counts were observed in 3 treated males during the main study when compared to
control animals. Due to a huge individual variability, this finding was not considered treatment
related. In addition, there were no treatment related changes in organ weights (except an increase
in lung weights in males after 13 weeks, a trend decrease in kidney weights in males and females
after 13 weeks, and an increase in adrenal gland weights after 39 weeks) and pathological
findings (except occasional changes in localized foci or inflammation sites of the respiratory
tract). Moreover, spontaneous changes (i.e. congestion or hemorrhage in lymph node sinuses,
localized areas of inflammation within the lungs, accompanied by fibrosis and increased width of
subpleural alveolar septae, pituitary cysts, and thymic atrophy) were observed in animals from all
treatment and recovery groups. However, these findings were considered, by the sponsor, within
the normal range of common findings for dogs of this age. Overall, daily exposure of FDKP to
dogs for 26 weeks produced an increase in the body weight of females but not in the males.
However, daily exposure of FDKP (as high as 42.0 mg/kg/day) to dogs for 39 weeks produced no
toxicologically significant effects.

Herman Rhee' s review on this study:

Study Title: A 13-Week Inhalation Toxicity Study of OO ymaryl

Techncuspherem alone or with Insulin in Dogs

Ceonclusicn: Fumaryl Technosghere™ had ne remarkable treatment-related effact in 13-
week toxicity study in dn&js. MOAEL must be at or near £2 mog/kg/day (achieved dose of

Fumaryl Technosphers™ " dogs).

Gross and Histopathology:

There were no drug-related gross lesions cbhserved in any of the treated animals. Mo dirsct
and treatmeni-related histogathological changes were 2een in the respiratory tract or in the
lung. A few gross findings appeared to be sporadic and not drug-freated related.
Spontaneous lezions were obaerved in confrol and treated animals with similar incidences
and saverity, which appeared to be incidental{Fleases see the two tables below). There
were no gender specific histopathological findings.
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FROJECT WO, : 81738

INCIDEHCE OF AWIMALE WITH MICROSCOFIC FINDINGS BY CRGAN/ GROUR / BEX

WEEK 13
MALE
DOSE GROUF DESTIMATION 1 z ki
HUMBER OF ANIMALS EXAHTHED 3 3 3
L.HODE MANDIBULAR EXAMIN: 3 3 1
L.NOOE HESEFTERIC T N
LARYHL EXAMIE: 3 1 :
- Inflammakion - - 1
LIVER EXAMIN: 3 3 3 i
LUOHG EXAMIN: 3 3 3
- Inflammation 2 z -
= Inflammaticn: bronchoalweolar = - i
- Inflammation: pleura - - 1
= Macrophage accumulaticn 1 - 1
Fe: IND 61,729
Technosphere
. {Insulin Inhalation System)
Serial Number: 007
Project 91739
Waek 13
“Waak 13 i I
iy G ¢ . 3 5 3
Case {mo/kg bow.iday) R - & 1 50 5+ 5 Uinsuin
fninals {rale, Tensle) __1 — o m @ m m f i f
Murnbser of animals sacrificed | 3 3 3 E] El 1 a [T
| | .
Carcovascular Systemn N [ : I
|hematoeyst A
_— hapéc 1hyroid _
|Respiratary Svetam | [
[ong-nflammation | T I I
Gronchu-irfammalien | T s |
laryrmlammaton | 1 1 T 5] !
Liver  |congestior| i 1N ! S I
meproductva Syslem | o i
Tesies-atrophiy ) | § - I
Epicicymis-oligoazospenia {_ — S S !
_____ mmﬂj‘ F B | |
[Endocrine System | i |
 itdaryeyst | ! LT —]
paratiyroid-Sysl 1 1 R
o irymus-atrephy I .
Lymphebe Systam | ———
meciasting nede-hemorhage
| medasting node-pigment depost H e .
- |genical ymph node-hyperplasla e
trachechronshial pmph nodehemortiage | A | 5
I~ |deen cervical [ymph node-hemorhage | | | - ]
[ mezantenc lymph rode-tamorhage [ i
o miesanieric lympn node-hypenplasia |
[ apheen-inhammation i [
irfegumentary System i :
BRIM-Crsst | 1 . ! ]
skincuiceration [ | |

Capital amd small letrers indicate malac-and female dogs, respectively. All are moderate in
sewerdty, % indicates severity score was marked.
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Study Title: A 39-Week Inhalation Toxicity Study of O G ymaryl

Technogphere ™ alone and with Insulin in Dogs including 4-Week Recovery Study

Conclusion: Fumaryl TEBhnGSphEFEW had no remarkable treatment-related effect in 13- or
39-week toxicity study in dogs except an increase in adrenal weight in HD male gr{:-L#J.
MOAEL must be at or near 42 mg/kgiday (achieved doze of Fumaryl Technogphers “in
dogs).

Gross and Histopathalogy:

Mo clear treatmeni-related histopathological changes were seen in the respiratony tract orin
the lung. & few gross findings appeared to be sporadic and not drug-freated related.
Spontanesous lesions were observed in control and treated animals with similar incidences
and severity, which were documented in teo tables below.  In the group 4 {5 mg
technosghere and 5 U insuling, more dogs had histogathological findings with high severity
scores in both s2x. Thiz may indicate that the incidences are more common with insulin
than with technosghere. There were no gender apecific histopathological findings during the
39-week study and after additional 4-week recovery period as shown below.

Hizgtopathological Findings in 39-Week Toxicologic Studies in Dogs(#291739)

Treatment Duration 38-Week Treatment Recovery at Wesk-
43
Coze in malkgl/day Air | 5 s | 5+* |AIr |5 a0 |5+
Mumber of dogs examined ] 6 ] B ] E |6 [4
Cardiac/Hematoeyst 1% 1 1
“IEctopic thyroid 1
Respiratory/Lung inflammation 1 1

“IBronchus-inflammation
“ILanynx-inflammation

Liver congestion 1

Reproductive/Testes-atrophy 1
YEpididymiz-chligo/azospermia 1 1 1@
IOvary-cyst 1

Endocrine/Fituitary-cyst 1 1

YParathyroid-cyst
Thymus-atrophy 1

—_
= |
i

Lymphatic/Mediastinal node-hemorrhage 3 Yo |3 28 1 12
‘"Mediastinal node-pigment deposit
‘ICervical lymph node-hyperplasia 1
‘Mrachectronchial lymph node-hemo”® Yo 13
/Deep cervical lymph node-hemomrhags 1~

Mesenienc ymph node-hemorrhage

Mesenteric lymph node-hyperplazia

S pleen-inflammation 18 18 1

Integumentary/Skin-crust 1

“ISkin-ulceration 1

"This dose groups had insufn (5 Units) on top of 5 mg/kgiday technosphere and were examned at Weeks 26
and 30 for recovery. *Hemaorrhage. The same signs such as @, § or & indicate the same animal
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Re: IND 61,729
Technosphare
{Insulin Inhalation System)
Serial Numbar; 007
Projects 31739
Week 26
(Weak 16

Shuty Group “‘ 1 . 1 | il 29 | 3 al
|Dose [mp'kg bow.iday) _ | 1 5! o &0 [S%E Tinsuin
Arimnis (make, amaie] - “m ; - i o 7 = L LIS
Fumaar of anmals aeerFicad [ il ] ] 5 B a3
]
I

Cardiavascuar Sysem - T — - ! - I I R
_ nematacyst [ S B R R
| |ecloplciyroll =~ | ] — T
Fespiralory Systar | i m—e-
[Lifg-inN amrnation - - ] 1 | 1 | Tm
___branchus-nfammaticn N
Teryroenfammatin i - C—
Liver |cangastiar _ - [ N N —]

Reprocuctive System : ) _' I I A
Tasies-alropmy i T oD -

Epidicymi==cligelazospermia | i ) R
s : - . - S— S
Endacnnn Sy“m ) - | 1 1 - I ) |
S T L - i ; I
ng'ﬂ'w?‘cml' T 1 | e -
para [ — I -
Lymh&'&ymum L A I W S I — — ]
) [mediasinal node-hemornaga | | . ' BB S
I e &ETra node=nigment denosit o i I R .
cervical lymph rode-hyperslasia | — 1 | I
irachecoronchial mph noge-hamorrhage ) 1

oaep cenvical lymah node-hamanhage | ’ - ——
- masereric lymph node-hemorhaps ] : .
e Barilanic lyroh node-hyperplasia
- apinen-flammatice | ] . - : B8
Irtequmentary Sysiem I : : —
skin=onusd | | i
‘akin-ulcaration | [ o . |

Capical and small letters Indicate male and Female dogs,
severity. * indicates geverlty score wap machked.

respectivaely. A1) are moderste in

Recovery Study: Recovery group animals previously exposed to O @ powder of
technosghere with or without insulin showed that there were no grozs treatment-related
changes. Small number of histological changes that were seen in animals from all treated
and recovery groups were within normal range of commen findings for dogs of the age. The
minor changes included congestion or hemorrhage in lymph node sinuses, localized area of
inflammation within the lungs with filbriziz, pituitary cysts, or thymic atrophy as indicated
previously and in a table below.
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Ra: IND 61,729
Technmasphare
{Insulin Inhalation System)
Serlal Numbear: 007
Frojectd 81738
Weeak 30 (recovary]

|'||'MH. A0 {recoveny] |

Sy Grop | - [ S S A S E— V—

T ——
Arumals imale, female) i e I |m__ ! _ _ L - LI B
IFiber of arimais sacrificed i [1] i i 2 L i 2

P: — T | S S I S R R _l

nrﬂl:\lm.ra S‘y:ﬂ:rr

- —_— —_—

[heenatocys | ! \FF

- ety —_— e } ! N SN - o S — A
RnapualaL‘._ﬂam |
g -nflammatan

==

(Eemnchug-rflamanation
Jargnyirdemmation | . 1 ; - | B I
AT |eongestion) 1. A R S N R
|Reoradustve Syetem | | . . ) ] )
_ Tesles- al.nE;. I | i . S S S ——
I_ "|:||:I||J:.'m :-:Hmu.azﬂau-a g i )
D-'an ry-cyBl!
Em:k:c'me_zsh
JAitutany- :ys
[ |persthyrokd-cyst
Ir'r'u:-almphf
|__£'I'|:|‘.;|'I"_.'||5|E'"I
. mediastingl r.c-d&hamo-'rr'at'e T D SR

Mﬂlﬂshl’\a nuc.a-:ﬂrrnnt dEP:!!a' ) - 1 . | P
__eervieal ymph node-hyperplasia | —_— e 1

Iral:l'mbru'-chn_:_l h1'||:h nlbdl:—h!!"‘ll:rr"mgﬁ
|deep cervical lymph node-Ramorhage
m-smr.c lymah node-hamartags
| mesenterk: lymah node-hyperriasa
mr rrl'larr'rnaun'l
Inh;-gl..rll's{;r't.'lrE sim | N ] ) I N R I AN R R S
|skin=grust | |

skireuzeralion

Capital and gmall letters dndicate male and fenale doge, respectively. All are mederate in
sevarley. * dndicates severicy score was marked.

Pivotal Study #1

Study title: A 26-Week Inhalation Toxicity Study of A Powder Technosphere®/Insulin
Formulation In The Albino Rat With A 13-Week Interim Kill and A 30-Day Recovery Period
(MKC-PC-2003-2002)

Key study findings:
= Exposure to T (11.7 mg/kg/day) and TI (as high as 3.46 [U/kg/day in females and 5.18
1U/kg/day in males) were stable and respirable. T and TI were well-tolerated by the rats after
26 weeks of exposure.

» Hypoglycemic responses were observed, leading to the death of 1 high dose male, which was
considered pharmacological responses to T1.

= There were no other clinical signs that were considered of toxicological significance that
could be attributed to T or TI treatment.

» Decreased body weights and/or body weight gains were noted in T control (Group 2) and
high dose TI (Group 4) males and females, in a T-dose dependent manner. Decreased body
weights (i.e. approx. 8% on Day 183) were also observed in females from the T control group
(Group 2). In addition, slightly decreased food consumptions were observed in T control
(Group 2) females when compared to air control Group 1. Decreased body wt was
consistently seen with T treatment in rodents.

* No treatment related changes were observed on ophthalmology, hematology, clinical
chemistry, and urinalysis parameters. No change in monthly insulin levels that could be
attributed to treatment.
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= Slightly increased glucose levels, prior to exposure, were observed in high-dose TI males and
females (Group 4) during the Month 6. Glucose levels at a dose of 3.46 (F)/5.18 (M)
1U/kg/day were slightly to significantly decreased in rats from both sex on Days 1 (main
group and newly added TK group single-dosed on Study Day 176), 90, and 182 following the
exposure.

» The T administration correlated with an increase in pulmonary weight in a dose-related
manner when compared to control (Group 2 [5.9%] > Group 4 [3.4%] > Group 3 [2.9%]) at
Week 26. However, the toxicological significance could not be clearly confirmed as this
dose did not correlate with any gross or microscopic findings.

» There were no macroscopic changes observed that could be attributed to treatment. Most of
microscopic findings, such as eosinophilic globules and epithelial degeneration in the nasal
cavities, seen in M and F given T and TI were not dose-dependent. Higher severity and
incidence of these findings were observed in the T control group, suggesting that the changes
observed in the T/TT animals were likely due to the inhalation of the T particulate. In
addition, the presence of insulin did not influence either the incidence or severity of these
lesions. Moreover, histological alterations were limited to those consistent with impaction on
the nasal epithelium. There were no signs of recovery in the males and a slight decrease in
the incidence of the findings was observed in females.

* Minimal to slight myocardial degeneration/necrosis was seen in 50% T-treated males at 11.7
mg/kg/day.

* There was no dose-dependent lung histopathology observed with T or TI. The PCNA
analysis in the lung sections showed that an increase in proliferation rate of bronchial cells
was observed at Weeks 13 and 26 in the TI-treated groups. However, there were signs of
recovery in high-dose TI animals (Group 4) following a 4-week recovery period. This was
considered as a pharmacological effect of the insulin. In addition, there were no increases in
alveolar cells PCNA.

» For TK analysis of insulin, C,,,, and AUCg_g. values were generally slightly higher in
females when compared to males after corrected for insulin dose. There was a slight increase
detected following repeated TI exposure, however such increase was not considered to be the
result of accumulation to steady-state levels, due to the relatively short terminal 1/2 life seen
and the general lack of quantifiable levels at pre-dose. For TK analysis of FDKP, as
measured by mean serum C,,,, and AUC,, as a function of dose across a single blood
sampling day, showed an increase with dose, but was less than dose proportional.

= A dose-dependent increase (1.4-1.6 fold) in CYP3A1/2 activity was seen in low-dose and
high-dose TI (Groups 3 and 4) male rats.

» The NOAEL for TI (Technosphere+ insulin) was 5.18/3.46 (MF) IU/kg/day or 1.91/1.28
(M/F) mg/kg/day.

* The NOAEL for T (Technosphere) was < 11.7 mg/kg/day due to 50% male having
myocardial degeneration/necrosis and 3 deaths post-dosing.

Study no.: PCS-MTL Study No. 78235
Volume#, and page# Module 4.2.3.2 repeat-dose-tox, 1468 pages

Conducting laboratory and location: o

Date of study initiation: April 2003.
GLP compliance: Yes. Few exceptions were listed below.
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- Prestudy flier analysis performed at MannKind Corporation (non-GLP); as this was for prestudy
atmosphere characterization only and not for animals' reatment, this is not considered o have any
impact on the study data.

- Proliferating Cell Nuclear Antigen (PCNA) evaluation; the data provided by this evaluation can be
used as investigational only, Actual GLP evaluation would need 1o be performed in order to suppor
this study or program.

Test article analysis was performed under Good Manufacturing Procedures at MannKind
Corporation
- QA reports for TK report (FDEP) were not provided to test facility siudy divector,

QA report: yes (x)no ()
Drug, lot #, and % purity: See below.

2.1. Control Article

Identity Technosphere”

Batch/Lot No. D03317.03.002, D0O3517.03.003, D03517.03.005, D0O351.03.006

Retest Date December 31, 2004, February 28, 2003, March 31, 20035, March 31, 2005
Description White powder

Purity At least 99%

Storage Conditions Foom temperature, dark and desiccate
Handling Precautions Lab coat, gloves, goggles and mask (respirator was worm during treatment)
Supplier MannKind Corporation

2.2, Test Article

Identity Technosphere™ Tnsulin

Batch/Lot No. DO43R.03.003, DO43E.03.004, DO43EB 03.001, DO43RB.03.002

Retest Date February 28, 2005, March 31, 2005, June 30, 20035, July 2005 (Expiry date for
lot DO43EEB.03.002)

Description White powder

Purity 2.0 to 9.1% Insulin

Storage Conditions -20°C, dark, over desiccant

Handling Precautions Lab coat, gloves, goggles and mask (respirator was worn during treatment)
Supplier MamnKind Corporation

M ethods
Doses: See table below.
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Technosphers Insulin Animal Number
Group No. Target Doze | Target Doze Males
Tdentification Level Level 13 Weak 16 Week Recovery Toxicokinetic**
(mg'kg/day) | (IUkg'day) Phase* Phaze*
1 Air control 0 0 1001-1015 101&-1030 1031-1035 1036-1047
? Technozphere” 11.2 0 - 2001-2015 - 2016-2027
control
3 Technosphere” /insulin 1.12 3 3001-3015 3016-3030 - 3031-3042
4 Technosphere” insulin 1.87 5 4001-4015 4016-4030 4031-4035 4036-4048
£ Health sereen - - 5001-5010 - - -
Females
Identification 13 Week 16 Week Recovery Toxicokinetic**
Phaze* Phaze*®
1 Air control 0 0 1501-1515 1516-1530 1531-1535 1535-1547
? Technosphere® 11.2 0 - 2501-2515 - 2516-2527
control
3 Technosphere” /insulin 0.37 1 3501-3515 3516-3530 - 3531-3542
4 Technosphere” /insulin 1.12 3 4501-4515 4516-4530 4531-4535 4536-4547
£ Health sereen - - 5501-5510 - -

¥ Atthe end of the 13- and 26-week pariods, 10 animals/sex/sroup were randomly selected for conduet of termunal procedures.
% Mo smudy parameters other than body weight were recorded for toxicokinetic animals.

Speciedstrain: Spraque-Dawley CD® (Crl: CD® (SD) BR) rats
Number/sex/group or time point (main study):
15/sex/group (#1, #3, and #4) for 13 week or 26 week phase
15/sex/group (#2) for 26 week phase only
10/sex/group (#5) for 13 week phase only
Route, formulation, volume, and infusion rate: Inhalation, exposure daily
180 min for Groups 1 and 2
35 and 100 min for Groups 3 and 4 females respectively
110 and 180 min for Groups 3 and 4 males respectively
Satellite groups used for toxicokinetics or recovery:
TK: 6/sex/group; Recovery: 5/sex/group
Age: 9to 10 weeks of age
Weight: Between 309-393 g (males) and 153-258 g (females)
Samplingtimes. See Observations and Times.
Unique study design or methodology (if any): TK and 30-day recovery period,
inhalation by nose only

Observations and times:

Mortality: Twice daily

Clinical signs: Twice daily

Body weights: Weekly

Food consumption: Weekly

Ophthalmoscopy: Once prior to the start of treatment and again on Weeks 13 and 26.
EKG: Not done.

Hematology: During Week 13 and again at study termination (Weeks 13 and 26 phases)
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Parameters examined:

*7 activated partial thromboplastin fime
blood cell morphology
ervthrocyte indices (MCV, MCH, MCHC and EDW)
hematocrit
hemoglobin
mean platelet volume
platelet count
* prothrombin time
red blood cell count
reticulocyte count
white blood cell count (total, absolute and percent differential)

At termination and for pre-euthanized animals.

Clinical chemistry: Same as above.

Parameters examined:

ASG ratio (calculated)
alanine aminotransferase

albumin _

alkaline phosphatase # glucose

aspartate aminotransferase mmorganic phosphorus
blood urea nitrogen potassinm

calcium #+*zemum insulin
chloride sodinm

cholesterol total bilirubin
creatinine total protein

globulin (calculated) triglycerides

# Performed monthly on the first 5 rats/sex/group prior to dosing.
+ Serum insulin not performed on health screen animals.
* Serum insulin was analyzed by PCE-MTL s Innmunochemistry group.

Urinalysis: Same as above.

Parameters examined  microscopy of centrifuged deposit

nitrite
bilimbin pH
blood protein
color and appearance specific gravity
glucosze urobilinogen
ketones volume

Gross pathology: Upon completion of the treatment and recovery periods.

Organ weights: At the end of the study.

For each main study amimal euthanized at completion of treatment and recovery periods, the following
organs were dissected free of fat and weighed:
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adrenal glands

brain pituitary

heart prostate

kidneys spleen

liver thymus

lungs thyroid lobes and parathyvroid glands

ovaries'testes  uterus

Histopathology: Adequate Battery: yes (x), no ( ) - explain: See below for tissues collected.

Peer review: yes (), no (x) — Not mentioned by the sponsor.

abnormalities
animal identification
adrenals
aorta (thoracic)
ik bone and marrow (stermum)
brain {cerebrum, cerebellum, midbrain and medulla oblongata)
bronchi
Ceclm
CEIVIX
colon
duodenum
* epididyvmides
esophagus
eyes
Harderian glands
heart {including section of aorta)
ileum
Jejunum
kidneys
larynx
lacrimal glands
liver (sample of 2 lobes)
++ lungs(all lobes)
lymph nodes (trachecbronchial, mandibular and mesenteric)
+ mammary gland (inguinal)
skeletal muscle

skin {inguinal)
L L ) spinal cord (cervical)

**++ nasal cavities and sinuses (3 levels) spleen
*+  optic nerves stomach

ovaries * testes

pancreas thymus

pharynx + thyroid lobes {and parathyroids)

pituitary tongue

prostate trachea
: rectum urinary bladder

salivary gland uterine horns

sciatic nerve uterus

seminal vesicles vagina
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* Fixed in Zenker's fluid (euthamized animals only).

ok Bone decalcified prior to sectioning.

+ Examined histopathologically if present in routine sections of eves (optic nerves), thyroid lobes
{parathyroid glands), or skin (mammary gland).

Infused with neutral buffered 10% formalin {all animals).

Retained but not processed.

Tissues listed under tissue preservation

Blespiratory tissues (lungs, larynx, pharynx, bronchi, trachea and nasal cavities
and sinuses, tracheobronchial lymph nodes)

All gross lesions

Groups 1, 2 and 4:
Group 3:

TK/Cytochrome P450 Analyses:

= P450 analysis: At termination of the 13 Week phase. Activities of CYP1A1/2, 2B1/2,
3A1/2, and 2E1 were determined.

» TK analysis: Blood samples were collected on Days 1 and 90, Day 176 (7 time points), and
on Day 182 (6 time points)

The animals bled on Day 178 (following a single dose administration, see above) after the start of dosing
are as follows:

Group Pre-dose 2 min 10 min 40 min 3 hours 8 hours 24 hours
post-Rx post-Ex post-Bx post-Ex post-RBx post-Rx
1 1042-1044 10435-1047 1042-1044 10435-1047 1042-1044 1045-1047 1042-1044
1542-1544 1543-1547 1342-1544 15435-1547 1542-1544 1545-1547 1542-1544
. 2022.2024 2025-2027 2022-2024 2025-2027 2022-2024 2025-2027 2022-2024
3 2522-2524 2525-2527 2522.2524 2525-2527 2522-2524 2525-2527 2522-2524
1 3037-3039 3040-3042 3037-3039 3040-3042 3037-3039 3040-3042 3037-3038
B 3537-3539 3540-3542 3537-3539 31540-3542 3537-31539 3540-3542 3537-3539
4 40434045 4045-4043 4043-4045 40446-4048 40435-4045 4046-4048 40434045
4542-4544 4545-4547 4542-4544 4545-4547 45424544 4545-4547 4542-4544
The animals bled on Day 182 after the start of dosing are as follows:
Group Pre-dose 1 min 10 min 40 min 3 hours 5 hours
post-Kx post-Rx post-Ex post-Rx post-Ex
! 1036-1038 1030-1041 1036-1038 1039-1041 1036-1038 1039-1041
1536-1538 1530-1541 1536-1538 1530.1541 15356-1538 15301541
- 2016-2018 2019-2021 2016-2018 2019-2021 2016-2018 2019-2021
~ 2516-2518 2519-252]1 2516-2518 2519-2521 25316-2518 2519-2521
3 3031-3033 3034-3036 3031-3033 3034-3036 3031-3033 3034-3036
3531-3533 3534-3536 3531-3533 3534-3536 3531-3533 3534-3536
1 40364038 4039-4041 4036-4038 4039-4041 4036-4038 4039-4041
45364538 4530-4541 4536-4538 45309-4541 4536-4538 45309-4541

Note from the reviewer: Anti-drug antibody detection was not found in this study.

Results

Mortality: On Day 2, one high-dose TI male (No. 4038) had neurological dysfunction with 3

mg/dL glucose (historical range was 104-223 mg/dL). On Day 56, one high-dose TI female (No.
4531) had a moderate mass and severe lesion on the abdominal region. On Day 73, three T
control group (Nos. 2504, 2508, and 2517) died immediately after dosing. These three animals

110




Reviewer:Mivun Tsai-Turton

NDA No. 22-472

were weak, cold to touch, and had decreased activity. On Day 86, one high-dose TI male (No.
4008) died after ophthalmology assessment. On Day 176, one high-dose TK female (No. 4542)
died after blood collection. On Day 182, one Air Control female (No. 1539) and one high-dose
male (No. 4042) died also after blood collections. These signs were typical of hypoglycemic
shock in Tl-treated animals. However, the deaths in T-treated animals suggest that the T dose at
11.7 mg/kg/day exceeds the MTD. Note from the reviewer: Based on cardiac histopathology, it
indicates that these deaths might be cardiac related since these animals were given insulin.

Clinical signs: Clinical signs included protruding eyeballs in 2 low-dose TI females (Group 3) on
Days 52/59 and in 2 high-dose TI females (Group 4) on Days 73/80/87. The sponsor considered
this was not related to treatment even though this was not observed in the control animals. In
addition, other clinical signs included thin fur cover and/or staining of the fur in various regions,
scabbing and/or dried skin or scab of the tail, and broken teeth. These observations were sporadic

and were considered unrelated to treatment.

TABLEMO. 5

GROUP 1 - AIR CONTROL

GROUP 2 - TECHNOSPHERE COMTROL

INCIDENCE OF CLINICAL CBSERVATIONS
MALES

GROUF 3 - LOW DOSE TECHMOSPHERE INSULIM 21 1Ukg/day

PROJECT NO. 78235

GROUF 4 - HIGH DOSE TECHNOSPHERE™INSULIM 573 1Wkgiday

Count of Frequency Number

Clinizal Sign'Site

Group { Sex

im

2m

3m

4m

Mumber of animals per group

Broken Tos MailiDigit Forepaw Left
Broken Toe MailDigit Forepaw Right
Brokem Tos Mail\Digit Hindpaw Right

Broken Tos MailForepaw Left
Broken Toe MailForepaw Right
Broken Tos MailiHindpaw Left
Broken Toe MaillHindpaw Right
Found Dead

Fur
Fur
Fur
Fur
Fur

Staining Green'Muzzle
Staining RedHindpaw Left
Staining RedHindpaw Right
Staining RedMuzzle
Staining RedPeriorbital Right

Thin Cower\
Thin Cowert
Thin Cower]
Thin Covert
Thin Cower'
Thin Cower\

Thin CowerAbdomina

\Dorsal Cervical
\Faorelimb Left
Forelimb Right
\Forepaw Left
\Forepaw Right
Unguimal Right
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Count of Frequency Mumber
Climizal Sign\Site

Group { Sex

im 2m

3m

Fumber of animals per group

Fur Thin Cowver\Ventral Canvical
Fur Ungroocmed

Maierial Liguid Red
Prepuce Discharge Mucoid
Skin Dy Tail

Skin Lesion'Tail

Skin Papule'\Forepaw Right
Skin Papule\Tail

Skin Red\Forelimb Left
Skin Red\Forelimb Right
Skin RedForepaw Left
Skin RedForepaw Right
Skin RedHindpaw Lsft
Skin RediLeft

Skin Red®inna Left

Skin RedPinna Right
Skin Red\Tail

Skin Scab\Footpad Left
Skin Scab\Footpad Right
Skin Scab\Forelimb Right
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Count of Frequency Mumbsr
Clinizal Sign'\Site

2m

3

3m

4m

Mumber of animals per group

Skin ScabForepaw Left
Skin ScabForepaw Right
Skin ScabTail
SwallentTail

Tail Bent

Tail Severed

Teeth Broken

Teeth Missing

Terminal Euthanasia

&
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TABLEMO. &

GROUP 1 - AIR CONTROL
GROUP 2 - TECHMOSPHERE CONTROL

INCIDEMCE OF CLINICAL O2SERVATIONS
FEMALES

PROJECT NO. 73235

GROUF 3 - LOW DOSE TECHNOSFHERE INSULIM /1 IUkgiday
GROUF 4 - HIGH DOSE TECHNOSFRERESINSULIN 53 IUkgiday

Count of Frequency Mumbsr
Climizal SigniSite

Group | Sex

3%

4f

Mumber of animals per group

Activity Decreased

Broken Tos Mail\Forepaw Right
Cold to Touch

Conwulsions Mon-Sustainad
Dehydrated

Eye Partly Clos=d'\Right

Eyeball Protruding'Left

Eyehall Protruding'Right

Found Dead

Fur Staining Black'Pericrbital Right
Fur Staining RediZranium

Fur Staining RedMuzzle

Fur Staining RedPeriorbifal Left
Fur Staining RedPeriorbital Right
Fur Thin CoverAbdomina

Fur Thin Cover\Forelimb Left

Fur Thin Cover\Forelimb Right
Fur Thin Cover\Forepaw Left

Fur Thin Cover\Forepaw Right
Fur Thin CoveriHindlimb Left
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Count of Frequency Mumber
Climizal Signl\Site

Group | Sex

@

4f

Fumber of animals per group

Fur Thin Cover\Hindlimb Right
Fur Thin Cover\Lumbar

Fur Thin Cover\Muzzle

Fur Ungroomed
Maloccdusion

Mass Mo.01'bdominal
Muscle Tone Decreased
Zkin BlackMass N0t Site
Skin Bue'Muzzle

Skin Ory'\Forelimb Left
Skin Ory\Forepaw Left
Skin Oy Tail

Skin Lesion w' DischargeiTai
Skin Lesion'Abdominal

Skin Lesion\Mouth

Skin Lesion'\Tail

Skin Papule'\Forelimb Right
Skin Papule\Tail

Skin RedDigit Forepaw Right
Skin Red\Forelimb Left
Skin RedForelimb Right

35
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Count of Frequency MNumber
Climizal Sign\Site

Group § Sex

4f

Fumber of animals per group

Skin RedForepaw Left
Zkin RedForepaw Right
Skin RedHindpaw Right
Skin Red\Tail

Skin Scab\Digit Forepaw Right
Skin Scab\Eyelid Left
Skin Scab\Footpad Left
Skin Scab\Footpad Right
Skin Scab\Forelimb Left
Skin Scab\Forepaw Left
Skin Scab\Forepaw Right
Skin Scab\Penorbital Right
Skin Scab\Tail
Swollen\Tail

Tail Bent

Teeth Eroken

Teeth Missing

Terminal Euthanasia

Thin

Unscheduled Euthanasia
Wizak

15

L = = R L. B =B R R = I = R

Sl R = = Ry |

oI == S e e e )

30

(=]

35

O« afPowoomasscoo0o0o00Dwo 0O

Body weights: During main study period, slight decreases in body weights and/or body weight
gains were noted in all groups in the males in a T dose-related manner, when compared to air
control group. There were statistically significant decreases in body weights in T-treated females
(Group 2), when compared to the air control group from Week 10 onwards. During recovery
period, high-dose TI males (Group 4) regained weight and body weights were similar to the
control animals (Group 1). There were no differences in the females’ body weights during the
recovery period, when compared to controls. Lastly, other statistically significances were seen
sporadically and were not considered to be any toxicological significance.
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FIGURE NO. 1 GROUF MEAN BODY WEIGHTS PROJECT NC. 78235
MALES
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FIGURE NO. 2 GROUP MEAN BODY WEIGHTS PROJECT NO. 73235
FEMALES
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Food consumption: During main study period, significantly lower food consumption was noted
from Week 1 onwards in Group 2 females, when compared to air control Groupl. On the other
hand, increased food consumption was noted in Groups 3 and 4 females, when compared to T
control Group 2 females throughout the study. In addition, no change in food consumption was
observed in T or TI-treated males. During recovery period, there were no differences in food
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consumption noted. Lastly, other statistically significances were seen sporadically and were not
considered to be of any toxicological significance.

Ophthalmoscopy: There were no treatment-related ocular findings noted at Weeks 13 and 26.

EKG: Not performed.

Hematology: At Week 13, slight increases in WBC and lymphocytes in T control Group 2 males
and females were noted when compared to air control Group 1. However, the levels were within
historical reference range and were not considered to be any of toxicological significance.

Hematology Sex Time Air T TI TI
control control low high
L BASO (%) M Week 13 0.38 0.29 0.28
WBC Differential Count +0.11 +0.13 +0.11
1 WBC (10°/uL) M Week 13 10.100 8.415 8.398
+2.131 +2414 +2.047
L LYMP (n) M Week 13 8.002 6.344
WBC Differential Count Absolute +1.765 +2.179
4 MONO (n) M Week 13 0.275 0.190
WBC Differential Count Absolute +0.095 +0.067
1 BASO (n) M Week 13 0.040 0.026 0.024
WBC Differential Count Absolute +0.013 +0.016 +0.012
T MPV (fL) M Week 13 7.48 7.72 7.95 8.23
+0.29 +0.27 +.38 +0.38
L EOS (%) F Week 13 221 1.67
WBC Differential Count +1.14 +0.45
L EOS (n) F Week 13 0.135 0.098
WBC Differential Count Absolute +0.044 +0.030
MPV (fL) F Week 13 7.85 7.82 8.10 8.40
+0.56 +0.26 +0.28 +0.43
1T MCHC (g/dL) F Week 13 31.74 32.19 32.15
+0.71 +0.53 +0.73
L RETIC (%) F Week 13 2.09 1.63
+0.42 +0.51
1 PT (sec) M Week 26 15.27 16.45
+0.88 +1.21
T MPV (fL) F Week 26 7.26 7.78
+0.39 +0.31
1 PT (sec) F Week 26 14.70 15.36
+0.59 +0.53
1 MONO (%) M Recovery 2.20 2.96
WBC Differential Count +0.41 +.30
L ESO (%) M Recovery 2.64 1.82
WBC Differential Count +0.40 +0.68
L EOS (%) F Recovery 3.14 1.98
WBC Differential Count +0.72 +0.55
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1 WBC (10°/uL) F Recovery 2.124 3.862

+0.500 +1.036

1T LYMP (n) F Recovery 1.448 2.822

WBC Differential Count Absolute +0.322 +0.899
1T MCHC (g/dL) F Recovery 33.72 34.46

+0.49 +0.29

* generated by the reviewer.

Clinical chemistry/Urinalysis: At Week 13, increases in AST and ALT (2X higher than other
animals) were noted in two low-dose TI animals (1 male and 1 female). This was not observed in
high-dose TI animals (Group 4). At Week 26, decrease in cholesterol level was observed in T
control group, when compared to air control Group 1. However, this was within historical
reference ranges and was not considered any toxicological significance. Moreover, there were no
changes in clinical chemistry parameters noted at the end of the recovery period. Lastly, there
was no T or TI treatment-related change in urinalysis parameters at Weeks 13 and 26, and at the
end of the recovery period.

Clinical Chemistry Sex Time Air T TI TI
control control low high
7 BUN (mg/dL) M Week 13 15.93 18.71
+2.54 +2.69
| CREA (mg/dL) M Week 13 0.66 0.60
+0.08 +0.06
CA (mg/dL) M Week 13 10.96 12.00 10.94 11.05
+0.85 +1.17 +.75 +0.65
NA (mEq/L) M Week 13 148.0 154.1 149.0 149.1
+3.5 +4.4 133 2.5
J BUN (mg/dL) F Week 13 20.93 18.12
+2.18 +2.60
| CREA (mg/dL) F Week 13 0.68 0.64
+0.04 +0.05
GLUC (mg/dL) F Week 13 108.2 83.8 108.6 107.3
+25.4 +6.0 +25.9 +28.5
L NA (mEq/L) F Week 13 148.4 146.7
+1.6 2.2
PHOS (mg/dL) F Week 13 6.732 5.728 6.600 6.604
+1.042 +0.971 +1.107 +0.945
GLUC (mg/dL) M Week 26 144.8 192.0 175.5
+29.7 +69.4 1253
CHOL (mg/dL) M Week 26 71.9 54.9 71.9
+16.9 1239 +14.1
1 NA (mEq/L) M Week 26 145.9 148.6
2.6 +3.1
1 CL (mEq/L) M Week 26 105.1 108.6 108.1 108.6
2.2 +2.9 2.2 2.2
1 GLUC (mg/dL) F Week 26 129.7 162.0 150.9
+19.3 +18.2 +34.1
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L TP (g/dL) F Week 26 7.84 7.03
+0.72 +0.53
1l ALB (g/dL) F Week 26 5.53 4.93
+0.5 +0.49
1 NA (mEqg/L) F Week 26 145.0 147.7
+1.3 +2.4
1 CA (mg/dL) F Recovery 10.32 10.94
+0.50 +0.30

* generated by the reviewer.

Glucose levels: Slight increases in glucose levels were observed in high-dose TI males and
females (Group 4) at Month 6, when compared to control Groups 1 and 2. At the end of the
recovery, levels remain slightly higher in Group 4, compared to control Group 1. Lower glucose
levels were seen in low- and high-dose TI males and females (Groups 3 and 4) when compared to

control groups on Days 1, 90, 176, and 182 at the selected time points.

TABLE MNO. 10

GROUP 1 - AIR CONTROL
GROUP 2 - TECHNOSPHERE CONTROL

GROUP MEAM (S.0.) (N) CLINICAL BIOCHEMICAL ANALYSES
GLUCOSE LEVELS {mg/dL)
TOXICOKINETIC ANIMALS

DAY 1- MALES

PROJECT

GROUF 3 - LOW DOSE TECHNOSPHEREMINSULIN 201 IUikg/day
GROUP 4 - HIGH DOSE TECHNOSPHERE®INSULIN 573 IWkgfday

Group Summary Time Pgint

Sex Information 1 -3 min post doss 20 min post dose

im Mean 158.0 1648
5.D. 242 21
M = 2

2m Mean 123.0 188.0
S.0. 10.4 221
M 3 3

am Mean 105.0a 220
5D 304
N 3 3

4m Mean 121.0 114.0a
5.D. 387 56.6
M = 3
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TABLE MO, 10 GROUP MEAN {S.D.) (N) CLINICAL BIOCHEMICAL ANALYSES FROJECT
GLUCOSE LEVELS [mgfdL)
TOXICOKINETIC ANIMALS
DAY 1 - FEMALES

GROUP 1-AIR CONTROL GROUF 3 - LOW DOSE TECHNOSPHEREMINSULIN 2/1 IWkgiday
GROUP 2 - TECHNOSPHERE CONTROL GROUF 4 - HIGH DOSE TECHNOSPHERE INSULIN 5/3 IUikgiday
Group Summary Time Point
Sex Infermation 1 -3 min post doss 20 min post dose
if Mean 122.0 178.0
s.0. 18.7 3.5
M 3 3
2f Mean 158.0 171.0
s.0. 15. 3pa
M 3 !
2 Mean 108.0 Ba 5.0 Aa
s.0. 15. a.g
M 3 3
4f Mean 11208 82.5 Ba
s.0. 21.7 7.8
M 3 2
TABLE MO. 10 GROUP MEAMN (5.D.) (N) CLIMICAL BIQCHEMICAL ANALYSES PROJECT

GLUCOSE LEVELS (mgidl)
TOXICOKINETIC ANIMALS
DAY G0 - MALES

GROUP 1 - AIR COMTROL GROUF 3 - LOW DOSE TECHMOSPHEREMINSULIN 2/1 ILkgiday
GROUP 2 - TECHNOEPHERE CONTROL GROUP 4 - HIGH DOSE TECHNOSPHERE®™INSULIN 5/3 IUkg/day
Group Summary Time Pgint
Sex Information 1 -3 min post dose 20 min post dose
im Mean 192.0 2450
5.0 720 428
M 3 2
2m Mean 201.0 203.0
5.0 12.0 450
N 3 3
am Mean 124.0 131.0
5.0 321 528
N 3 3
4m Mean 168.0 181.0
5.0 ars 874
N 3 3
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TABLE MO.

10

GROUP 1 - AIR CONTROL
GROUP 2 - TECHNOESPHERE CONTROL

GROUP MEAN (5.0.) (M) CLIMICAL BIOCHEMICAL ANALYZES

GLUCOSE LEVELS (mgidl)
TOXICOKINETIC ANIMALS

DAY 80 - FEMALES

PROJECT

GROUF 3 - LOW DOSE TECHMNOSPHEREMINSULIN 201 IWkgiday
GROUP 4 - HIGH DOSE TECHNOSPHERE®INSULIN 5/3 IUkg/day

Group Summary Time Pgint

Sex Information 1 -3 min post dose 20 min post dose

if Mean 171.0 234,
5D 8.0 420
M 3 3

2f Mean 184.0 288.5
5.0 40.8 171.8
N 3 2

e Mean 112.0 88.0
5.0 282 3.5
N 3 3

4f Mean 104.0 78.0
5.0 58 312
N 3 3

TABLE NO. 10 GROUP MEAM (S.D.) (N) CLIMICAL BIOCHEMICAL AMALYSES FROJECT

GLUCOSE LEVELS (mgldL)
TOXICOKINETIC ANIMALS

DAY 176 - MALES

GROUP 1 - AIR COMTROL GROUP 3 - LOW DOSE TECHNOSPHEREMINSULIN 2/1 IUkg/day
GROUP 2 - TECHNOSPHERE CONTROL GROUF 4 - HIGH DOSE TECHNOSFHERE®INSULIN 5/2 IUkglday
Group Summary Time Paoint
Sex Information 2 min post dose 10 min post dose 40 min
im Mean 184.0 1420
5.0. 8.2 Eh )
M 3 2
2m Mean 154.0 1680
s.0. 282 a0
M 3 3
3m Mzan g0 A TE.5 Ak
5.0 s 10.8
M 3 2
4m Mezan gz.0Aa 55.0 Ab
5.0 A ] 2589
M 3 3
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TABLE NO.

10

GROUP 1 - AIR CONTROL
GROUP 2 - TECHNOESPHERE CONTROL

GLUCOSE LEVELS {mgfdL)
TOXICOKINETIC ANIMALS
DAY 176 - FEMALES

GROUP MEAM (S.D.) (N} CLINICAL BIQCHEMICAL ANALYSES

PROJECT

GROUF 3 - LOW DOSE TECHNOSPHERE™INSULIN 2/1 IUikgiday
GROUF 4 - HIGH DOSE TECHNOSFHERE®INSULIN 5/2 IUikgiday

Group Summary Time Point
Sex Infermation 2 min post doss 10 min post dose 40 mir
if Mean 165.0 151.0
5.0. 12.0 380
M 3 3
2f Mean 153.0 181.0
5.D. 18.7 114
M 3 3
2f Mean 100.0 Aa 116.0
5.D. 242 a5z
M 3 3
4f Mean 105.0 & 102.0
5.D. 248 48
M 3 3
TABLE NO. 10 GROUP MEAM (S.D.) (M) CLINICAL BIQCHEMICAL ANALYSES PROJECT

GROUP 1 - AIR CONTROL
GROUP 2 - TECHNOZSPHERE CONTROL

GLUGOSE LEVELS (mg/dL)
TOXICOKINETIC ANIMALS
DAY 182 - MALES

GROUP 3 - LOW DOSE TECHNOSPHEREMINSULIN 21 IUikgiday
GROUP 4 - HIGH DOSE TECHNOSPHERE™INSULIN 5/3 IUlkg/day

Group Summary Time Point
Sex Information 2 min post dose 10 min post dose 40 mir
im Mean 128.0 1150
5.0 0.0 21
M 3 2
Zm Mean 118.0 1330
5.0 3. 52
N 3
2m Mean 85.0 De 52.08Bb
5.0 8.8 5.2
N 3 3
4m Mean 85.0 De 2.0 Ab
5.0 2.2 288
N 3 3
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TABLE MO, 10 GROUP MEAM {S.0.) (M) CLINICAL BIOCHEMICAL ANALYSES FROJECT
GLUCOSE LEVELS (mgidL)
TOXICOKINETIC ANIMALS
DAY 182 - FEMALES

GROUP 1 - AIR COMTROL GROUP 3 - LOW DOSE TECHNOSPHEREMINSULIN 2/1 IWikgiday
GROUP 2 - TECHNOSPHERE CONTROL GROUP 4 - HIGH DOSE TECHNOSPHERE™INSULIN 5/2 |U/kg/day
Group Summary Time Paoint
Sex Information 2 min post dose 10 min post dose 40 min
if Mean 102.0 1200
5.0. 75 7
M 3 2
2f Mean 121.0 13585
s.0. a5 5.4
M 3 2
e Mean 740 Aa 430 Ce
s.0. 183 7.8
M 3 3
4f Mean 50.0 Bk 40.0 Cc
s.0. 20.0 Be
M 3

Significanily difierent from control group (group 1) value: A-P =005 B-P 2001 C-P=0.001 (Dunnstt)
O-P=008 E-P=0.01 F-P=0.001 {Dunm)

Significantly different from control group (group 2) value: a-P =005 b-P=0.01 ¢c-P=0.001 {Dunnett)
d-P=005 e-P=001 f-P =0.001 ({Dunn)

Gross pathology: There were no macroscopic findings that could be attributed to T or TI
treatment.

Incidence of Hesesopsy Fiedings by Ozgan/Oecup/Sex Incidence of Heseopsy Findings by Oogen/deoup/Sax

Traatmant Pardod Traatmant Pariod
13 Waaks 13 Waaks
MALE FEMKLE
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OROAN/FIHDIHG

DOSE GROUT :

AHIMAL EXRHINED:

L)

ADREN
= =hrea

-

HG
= =hrea

L.H.T
= =hrea

L. MCDE MRHD ’ = =hrea

= =Focl dark- I 1 = =

THYMIE
= =Rhraa

- -Focl

RECTUH
= ~Farasite-

STOMACH

dark-

Scolorat

dark=

dark-

dark-

dark-

dark-

Incidence of Hecropsy Findings by Organ/Sroup/Sex Incidence of Necropsy Findings by Ongan/dzoup/Sex

Traeatment Paciod
26 waaks
MALE
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DOSE GROUT:

OROAN/FIHDIHG EHIMAL EXRHINED:

ADRENAL '

- -Fooi y1 1 ! !
- =Focl [ . - - 1 1
CECUM :

- =hrea dark- T - - 1

= =hrea dark- .
= =hrea [ ’
'

=hdhesion- .
-hrea depress

Milatation palvis- - =hrea dark- ’

= =Dimcoloration dack- : - - - 1 - -hrea depresssd- '
ars anw ass asm ass S EEF I EFF I E AR = =Rrea la=

L = =Rrea L sed- :

= =hrea z - - - - - .- .. P aEE
= =hrea [ ’ 3 3 3 HiG ’
=hrea pal ’
THG SEEtHIEEFFIEE RS E B
= =hrea ’ - - 1 1 L ’
= =hrea [ - 1 1 1 1 = =hrea dark-
- -Rhroa r - 1 - - = =Diacoloration darck- r
= =Magg- ' = - 1 = = =~Enlargement- r

’ L. MODE MRHDIBULA ’

- =firea = ' 1 1 - = =hrea dar r
= -DMacoloration darck- ’ 1 1 - = = =Ddacoloration dark- H
= =Foci dark- L = = = 1 == argement- r
......... S EEHFSEEEISEEEEEE aE . . - -Fool dark- '
HODE I SR SR EESEEEESEE ERESEE

= =hrea dark- . = - - 1 ORRCHCHIAL -
= nlargement- r = 1 = 1 = -hrea dark- r
= =Focl dark- ' 1 1 1 = -Enlargement- -
= =Foci dark- r

= =One not found- .

= =Small- L

DOSE GROUF:

3 = 1
3 1

CROAN/FINDING AHIMAL EXARMINED:

ORAAH /FTHDTIHG

L.H.TRACHEOEROHCHIAL .

mant- r 1 1
- 1 - - OWRRY ?
- 1 - - UTTARY ’
1 : 1 - - argemont- r & 3 4
- 1 - - rat- . 1 _ . !
s= ss . . STOMACH r
- =hrea depressed- r 1 - - -

Inzidence of Hestopsy Findings by Osgan/Ocoup/Sex Incidence of Hessopsy Findings by
Recovery Farisd Racsvary Parisd

MALE FEMALE
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DOSE GROUT : 1
GRAAH/FINDING AHIMAL EXAHINED: 5

(E

ADREHAL

= =Focl pale- ’ -

URIMARY BLADDER ? = =Foci dark-
= =Dilatation- ? 1 = = =Small- ’ 1 -

Organ weights:

There was a significant increase in absolute pulmonary weights in males receiving 2.94 1U/kg/day
in the 13 week phase compared to the air control group. At Week 26, there was a significant
increase in relative pulmonary weights for the T control group (Group 2) males (14%) and
females (15%). Such increases in relative pulmonary weights were also observed in TI males
receiving 5.18 IU/kg/day (11%) when compared to air control group (Group 1). However, there
was a significant decrease (12 to 14%) in relative pulmonary weights in TI females receiving 1.14
and 3.46 IU/kg/day when compared to the T control group (Group 2). These data suggested that
the Technosphere administration correlated with an increase in pulmonary weight, and such
increase was dose-related (Group 2 > Group 4 > Group 3). However, such effects were not
consistent among absolute and relative measures. In addition, effects in males at 5.18 IU/kg/day
did not indicate a progression of increase in lung weight from 13 to 26 weeks of treatment. The
insulin combined with Technosphere did not potentiate effects on lung weight. Moreover, the
significant organ weigh difference observed in the lung in all phases was without macroscopic or
microscopic correlative change. These weight differences were not evident after recovery period.
Lastly, other differences, including those that reached statistical significance, were not considered
toxicological significance. Note from the reviewer: Increased relative lung weight seen in M and
F in T and high TI groups. This seems to indicate that the presence of Technosphere particles
could result in increased relative lung weight, corrected for body weight.

Organ Weights Sex Time Air T TI TI
control control low high
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1 Lung (g) M 13 weeks 1.5677 1.7044
+0.07335 +0.15782

1 Lung M 26 Weeks 0.29250 0.33392 0.32357
Relative to body wt (%) +0.036241 +0.036241 +0.025428

1 Prostate (g) M 26 weeks 1.5982 1.4158
+0.17718 +0.07873

1 Adrenal F 26 weeks 0.01972 0.02435 0.02071
Relative to body wt (%) +0.004530 +0.003981 +0.002786

1 Lung F 26 weeks 0.40511 0.46577 0.40042 0.41008
Relative to body wt (%) +0.036898 +0.029980 +0.034027 +0.028485

* generated by the reviewer.

Histopathology: There were findings related to the T or TI in the nasal cavities, such as
cosinophilic globules and epithelial degeneration. The main treatment related finding was an
increased cytoplasmic accumulation of eosinophilic globules and occurred in 4 areas:
sustentacular cells of olfactory epithelium, respiratory epithelial cells in areas bordering the
olfactory epithelium, respiratory epithelial cells in the dorsal portion of the maxillary sinus, and
occasionally, in the nasal seromucos glands in the lamina propria.

At Week 13, there was accumulation of eosinophilic globules observed in the epithelia of the
ethmoid turbinates located in the posterior portion of the nasal cavity (histologic section level 3).
There was an effect in the high-dose females both in terms of incidence (1/2 in T control group,
1/10 at 1.14 IU/kg/day, and 8/11 at 3.46 IU/kg/day) and severity (minimal in T control females
and 1.14 IU/kg/day groups, and minimal to slight at 3.46 IU/kg/day). In addition, even though
there was no T control for direct comparison in males, there was an apparent increase in severity
from minimal to slight in males at 2.94 IU/kg/day compare to minimal to moderate at 5.28
IU/kg/day. Moreover, there was also an increase in the incidence and the severity of the lesion in
males compared to the females (1/10 and 8/11 in females compared to 9/10 males in Groups 3
and 4 respectively, and minimal to slight in females compared to minimal to moderate in males).

At Week 26, there was accumulation of eosinophilic globules observed in the epithelia of the
ethmoid turbinates (histologic section level 3), and the lesion also extended anteriorly involving
the septum and dorsal meatus of the nasoturbinate area (histologic section level 2 and a less
extent, level 1). In addition, when compared with 13 week phase, there was an apparent
increased incidence in the occurrence of the finding in females (5/10 and 10/10 compared to 1/10
and 8/11 in the 13 week phase at 1.14 and 3.46 1U/kg/day, respectively). However, when taken
into account with the incidence in the T control (10/10), such effect appeared to be due to T itself
rather than TI. Moreover, there was an increase in severity in males (minimal to slight compared
to minimal to moderate at 2.94 [U/kg/day, and minimal to moderate compared to minimal to
marked at 5.18 [U/kg/day). The magnitude of this severity was not progressive with duration of
treatment relative to the severity observed at 13-weeks of treatment.

All in all, similar findings were observed from both 13-week and 26-week phases. There was still
a dose-related increase in incidence in females but also a slight increase in males. There was a
dose-related increase in severity in both sexes. There was also an increase in the incidence and
the severity of the lesion in males compared to the females.

In addition, Group 3 (low-dose TI) males received the same dose level as Group 4 (high-dose TI)
females. When compared these groups, there was a trend towards an increase in severity in
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males. Minimal to slight epithelial degeneration was occasionally described in the T and TI
animals. However, a specific distribution pattern could not be established. Epithelial
degeneration could also be observed in 1 male from Group 4 in each phase. There was an
increased incidence of this finding in the 2/10 males and 2/10 females from T control group
(Group 2).

Moreover, the greatest severity of eosinophilic globules accumulation was seen in the T control
group (Group 2). The lesion distribution was similar to the Group 3 and Group 4 in the 26-week
phase, which included histologic section levels 3, 2, and to a lesser extent, level 1. In this Group
2, the severity of the lesion was greater in males, although the distribution of the lesion appeared
to be more extensive in females (the lesion extended to level 1 in most females). Since rats were
obligate nose breathing animals, the presence of globules was consistent with the physiological
impaction of particulate material on the nasal cavity. The presence of insulin did not seem to
influence either the incidence or severity of these lesions. Furthermore, histological alterations
were limited to those consistent with impaction on the nasal epithelium. No drug-related
alterations were observed in the lower respiratory trace, particularly in the deep lung.

At the end of the recovery period, accumulation of eosinophilic globules was still present. The
lesion distribution was similar to the 26-week phase. There was no evidence of recovery in
males, as the incidence and severity of the finding was similar to the 26-week phase group.
However, there was a decrease in the severity of the lesion in males.

Other microscopic findings were considered incidental and not associated with T or TI treatment.
Note from the reviewer: HD T (11.7 mg/kg/d) was not assessed at 13 weeks.

Incidence of Animals with Micrsscopic Findings by Organ/Oeoup/Sex
Traatmeant Parisd
13 Weaks
MALE

126



Reviewer:Mivun Tsai-Turton

NDA No. 22-472

DOZE GROUR DESTIHATION 1 3 4
HUHEER OF ANTHALS EXAMINED 1a io 10
ADFEKAL EXKMIN: 1d 1 L0
= COmngas - 1 -

DOSE GROUP DESTIHATION 1 3 4

HUHEEF OF AMIMALS EXAMINELD: 140 io 10

CRVITY MASALSSINUSES EXAHIN: 10 o 10

- Eosinophilic globules: olfactory - a 9
epithalium

= 4 L

- Eosinophilic globules: resplratory

= Farasite

= Inflammation

DOEE SROUP DESTIHATION
HUHEEFR OF ANTHALIS ENAMIWED

COLON

- Farasite
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IGESE SROUF DESTINATION 1 ] 4
HWUHEER OF AHNIMALS EXAMIKED 10 pill e} 10
HERRT EXAMIN: - 10
= Imflltration: mized cell 3 = 1
- Degenaration and/or necrosis: 1 = -

mpocardial

EXRHIE

KIOKEY EXRHIN: 1 1 10

DOEE GROUP DESTIHATION 1 3 4
HUHEEFR OF AMIMALI EXAMIHED 12 io 10
LACRIMAL GLRAND EXAHIN: 14 - 10
= Imflltration: mononuclear cell - - 1

LRFYTHE EXAHIN: o
LIVER EXAMIN: z 1L
= Tension lipldosis 5 2z 1

LUNG EXAHIN: L0
- Hemorrhage - 1 2
- iocyt f 1 2
= Inflammation: interstitial 3 1 2
DOEE SROUP DESTINATION 1 ] 4
HUHEER OF ANTHALS ENAMIWED 10 i 10
L. HODE MANDIEULRR EXKMIN: 10 - 10
- Erythrocytosis/hemsrrhage 1 = -

L.HODE HESEMTERIC 1 =
= Erythrocytosis/hencserhage 1 = -
L.H.TRACEEOBROKCH 1 a 10

= Erythrocytos

MAHHARY GLAMD EXKMIN: 5 - E
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DOZE GROUF DESTIHATION 1 3 4
HUHEER OF ANIMALS EXAMIWED 10 io 10
HERWES OFTIC EXAHIH: 10 - 10

FRHCRERS

- htrophy: acipar cell 3 = k!

FHAR'YHY EXAHIH: 10 1o

FITUITREY EXKMIN: 10 -

FROSTATE 14 -

= Inflammation 4 = 1
RECTLR4 2 1 -
- Farasite 1 1 -
DOSE GROUF DESTINATION 1 3 d
HUHEER: OF ANMNITHMALS ENAMINED 10 io 10
SRLIY.GL. MARHNDIEULAR EXRMIN: 14 - 0

EFTHAL CORD CERVICAL EXRMIN: 10 - 10

SFLEEN EXAMHIN: 1C

THYHUE

- Hemorrhage 2 - 2
DOEE GROUF DESTIHNATION 1 ] 4
HUHEEF. OF AMIMALS EXAMIHMED 10 i 10
THYROT EXAHIN: = 10

TOHGUE

Incidence of Animals with Micrescopis Findings by Organ/deoup/Sax
Traatment Parised
13 Weaks
FEMRLE

129



Reviewer:Mivun Tsai-Turton NDA No. 22-472

DEE SROUR DESTIHNATION 1 Zz 3 4
HUHEEFR OF AMTHALS EXAMINED 1a z 10 11
ADFERAL EXAMIN: 10 Z 1 11
- Hemorrhage - 1 - 5
- Conga - 1 1 _

BEOHE MARROW

= Hypercaellularlity: myaelold = = - 1

DOEE GROUF DESTIHNATION 1 3 3 4
HUHEEFR OF AMIMALI EXAMIHED 10 3 10 11
CRVITY HAZALSSINUIES EXAHIH: 140 z 10 11
= Inflammation - = 1 -
- Eosinophilic globules: clfactory - 1 1 E
apithal ium
= Eosinophilic globules: resplratory - 1 - 1
epithal ium
CECUH EXKMIN: 10 2 - 11
- Farasite 3 = - -
COLON EXAHIN: 140 z - 11
LOZE SROUP DESTIHATION 1 z 3 4
HUHEEF. OF AMIMALS ENAMIMED 1a z 10 11
DUCDERUH a 2z - 11
ESOFHAGUE EXRMIN: 1 Z - 11
EYE EXRMIN 1 Z - 11
FRT EXNHIN: 1 z 11
HRRDERTA

= Inflltration: mixed cmll 1 - - -
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D0SE OROUF DESTIMATION 1 z 3 4
WUMEEF. OF AMIMALS EXAMINED 10 z 10 11
KIDKEY EXAMIN: 10 z - 11
- Fyelit 2 - - 1
- Dilata 1 - - 1

LACRIMAL GLAMD

]
1
f

= Inflltratiom: mononuclear oell - L - -

DOESE SROUF DESTIHATION 1 z 3 4
HUHEEFR. OF AMIMALS EXAMIHED 10 2 10 11
LIVER EXAMIN: 13 z 2 11
= Tension lipldosis 1 = 1 a
- Hematopolesis: extramedullacy - - - 1

EXAHIN:

X

EXAHIN: = = 1 =

sinusal = = 1 =

DOEE SROUP DESTINATION 1 -4 3 4
HUHEEF: OF AMIMALI ENAMINED 1a 3 0 11
L. HODE HANDIBULARE EXAHIH: 140 2z 1 11
= Erythrocytoals/hencrchage = = 1 1
L.HODE HESENTERIC EXRMIN: 1d 2 - 11

L.H.TRACHEQERGHCH IAL EXMHIN: z 1

= Erythrocytoais/hemorrhage 2 1 1 2

MAHHARY GLAND EXAHIH: 9 1 - 11

= Adencoarcinoma - - - 1
EXMHIN: 10 Zz - 10
EXAHIN: 10 z - 11
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DEE SROUR DESTIHNATION 1 z 3 4
HUHEEFR OF AMTHALS EXAMINED 1a Zz 10 11
EXAHIN: 14 Z - 11

FRRATHYROID GLAND EXMHIN: 7 1 - a

FHARYHY EXAHIN:

b

DOSE SROUP DESTIHKTION 1 z 3 4
HUHEER OF AMNIMALS EXAMIHED 1a z 10 11
SFTHAL CORD CERVICAL EXAHIN: 140 2z - 11
- Degeneration: nerve fiber - 1 - -
EFLEEN EXAMIN: Z - 11
- Hematopolasais/extramedul lary: incraased - - - 1
STCHACH EXAHIN: 2z - 11
= Erosion: glardular mucosa = = - 1
- Congastiom - z - -

THYHUE EXAMHIN: z - 11
= Hemorrchags = z - 1
DOESE GROUF DESTINATION 1 4 3 4
HUHEER OF ANTHALS EXAMIHED 10 z 1o 11
THYROID EXAHIN: 19 z = 11

THARY ELADDER H1 1g Z - 11
= Inflltration: mononuclear cell 1 - - -
= Inflammation = = = 1

Inoidsncs of Animale with Hioroeocopls Findinge by Crgan/Zroup/Sex
Treatment Pericd
15 Weako
HALE
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[2E GROOP DESTIHATICH 1 2 3 4
HUHEEE OF AHIHALS EIAHIHELD 10 10 10 10
ATEENAL EXAMIN: 10 10 2 10
- Hyparplacia: madullary - 1 - -
- Hypartrophy: cortical 1 1 - z
- Congastiom - - 1 -
- Degenaration: cysktic 1 1 - -
ROETR EXAMIN: 10 10 -

TI2E TROTP DESTIHNATICOH 1 2 3 4
HIHEER OF ANIHALSZ EIAHIHED 10 1o 10 1o
ERONCHITS EXRMIN: 10 13 10 1o

CRVITY HAEAL/SINUSES

Exudata

Inflamnation

Eosinophilic globulas: clfackory
apithalium

Eosinophilic globulas: rasplratory
epithalium

Eosinophiliz globulas: maxillary sinus

Degenaration: traositiomal epdtheliun

[2E GROOP DESTIHATICH 1 2 3 4
HUHEEER OF ANIHALS EXAHIHELD 10 10 10 10
CRVITY WAEAL/SINUSEE COHT' D 10 1o 10 12
- Degenaration: respiratory spithelium - z - 1
CECUH EXRMIN: 10 -
COLON EXCAMIN: 10 1o -
- Parasite - 1 - -
LUCDENTH EXRMIN 10 -

- Atrophy: retina
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[2E GROOP DESTINATION 1 4 3 4
HUHEEE OF ANIHALS EXLAHIHED 10 10 10 10
HARFDERIARH SLAHD EXRMIN: 10 10 - 10

HERRT EXAMIN: 10 - 14

- Degsnaration and/or neorosis: 1 5 - 1
myocardial

- Infiltration: mononuslear oell 2 5 - z

ILEUH EXRMIN: 10 1 10

JEJUNIM EXAMIN: 10

- Diverticulum 1 - - -

[=2E @QROOD DESTIHATION 1 ] 3 4
HUHEBEEE OF AHIHALS EIAHINED 10 1o 10 10
EIDHEY EXRMIN: 10 19 1 1o
- Dilatatiom: palwvis 1 1 - 1
- Basophilia: tubular 2 1 1 3
- Cast: hyaline 1 - - -
- Hyalina droplst: kubular - 1 - -
‘LacRTMAL cLamm ERMIN: 1o 10 T
L mENIN. 10 10 10 18
- Cranuloma - 1 - 1
[=2E QROOD DESTIHATICH 1 2 3 4
HUHBEER OF AHIHALZ EXAMINELD 10 10 10 10
LIVER EXCAMIN: 10 10 E] 1o
- Teansion lipidosis 1 z 1 1
- Infiltration: mononuclear cell - - - 1
- Vacuolation: caotrilobular - 1 - -

- Congastion - 1 - -

- Degenaration: cyskblc - 1 - -

e T mNIN, 10 12 w1
- Hamorrhags - - 1 -

- Histilocytoails 2 z 3 3
- Fibrosis: pleura - - 1 -
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[32E SROTUD DESTIHATION 1 -] 3 4
HUHBEEER OF ANIHALZ EXAHTIHEL: 10 1 10 1o
LYMPH HODE EXAMIN: 2 2 1

- Erythrocytosis/hamcrrhage: sinusal 2 z 1 1

L. WODE MAWMCDIBULAER

- Erythrocytosis/hencrrhags - 1 2 z

L.WODE MESENTEEIC

- Imfiltration: hiscicoyels ocell - - - 1

HUSCLE SKELETRL EXRMIN: 10 14 - 14
- Degenaration: myofibar - - - 1
[2E SROOP DESTIHNATION 1 2 3 4
HUHEER OF ANIHALS EXAHTIHEL 10 14 10 14
MEEVE SCIATIC EXAMIN: 10 1 - i)
- Degenaration: narva fibar - 1 - 1

- Atrophy: acipar cell 4 4 - -

- Hyparplagia: islet call - - - 1

- Cyst 1 z - -
DOSE SROUP DESTIHATION 1 2 3 4
HUMEER OF ANIHALS EXAMTHED 10 10 10 10
CROSTATE EXRMIN: 10 1% 1 1%
- Inflannaticn 5 4 - 1
- Elnnnrrh:-ga 1 - - -

EEMTHAL YEEICLE EXAMIN: 10 -

EKIN EXRMIM: 10

ERIHAL CORD CERVICAL EXRHIN: 10 10 -

- Cysk: capsular - - 1 ,
- Inflammation - 1 - -
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[=2E TROUD DESTIHATIOH 1 2 3 4
HUHEEE OF AHIHALS EXAHIHELD 10 1o 10 10
ETOMACH EXAMIN: 10 15 2 14
- Hemorrhags - - 1 -
TESTIE EXAMIN 10 1a - 1

THYMDE EXAMIN: 10 1 1
- Hamzrrhaga 2 =4 - 5
THYROIT EXAMIN b ] 1o 2 1
TCHGOE EXRAMIN: 10 10 -
TRACHER EXAMIN: p] 1g 10
TRINARY BLATDEE EXAMIN: 10 1 1
- Edema - - 1 -

Incidenca of Animale with Hiorosocople Findinge by Organ/@roup/Sex
Treatmant Paricd

I8 Wemko

FEHALE
[<2E GROOP DESTIHATION 1 4 3 4
HUHEEE OF AHIHALS EIAMTHED 10 10 10 10
ADEENAL EXAMIN: 10 10 3 10
- hoosssory cortical tissua 1 - - -
- Hypartrophy: cortical | 1 - 1
- Congastizn 1 5 - 1
- Dagenaration: cystic 2 1 - ]

[2E GROOP DESTIHATICH 1 2 3 4
HUHEEE OF ANIHALS EIAHIHED 10 10 10 10
ERQHCHUS EXRMIN: 10 10 10 10

CRVITY WASAL/SINUSEE

- Inflanmakcion 1 - 2 1

- Hemorrhags - - 1 -

- Eosinophilic globulas: clfactory - 18 £ 18
aplthalium

- Eosinophbilic globulas: rasplratory - 10 - 1
apithalium

- Eosinophilic globulas: maxillary sipus - s - -

- Degsnaration: clfactory apithalium - z - -
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=2E SROUP DESTIHATIONH 1 Z 3 4
HUHEEE OF AHIHALS EXAHIHED 10 10 10 14
CECUH EXRMIN: p] hKe] 1 10

- Fold/rosstta: ratina

EXAMIN: 10

HAFDERIAN GLRHD EXLRMIN 10 10 - 10
[32E QROTD DESTIHATION 1 - 3 4
HUHEEE OF AHIHALS EXAHIHELD 10 1o 10 1d
HERRT EXAMIN: 10 14 - 14
- Degesnaration and/or necrosis: - 1 - -

myocardial
- Infiltration: mononuslsar cell 1 z - -

ILEUH

EXAMIN: 10

I[=2E SQROOD DESTIHATIOH 1 ] 3 4
HUHEEE OF AWIHALS EIAMIHEL 10 1 10 10
EIDHEY EXAMIN: 10 1o - 1
- Pyelitis/prelonsphritis - - - 1
- Dilataticom: palvis - 1 - -
- Basophilia: tubular - - - 2
- Cast: hyaline - z - 1
- Infiltraticn: mononuslear oell - 1 - -
- Inflammaticn - - - 1
LACRIMAL ZLAHD EXRMIN: 10 1% -

- Infiltration: mononuslear oell 1 - - -
[O2E CROUP DESTIHATICN 1 ] 3 4
HUMEER OF AHWIMALS EIAMIHED 10 16 10 10
LARYIT EXAMIN: 10 1o b ] 1
- Hamcrrhaga - - 1 -
- Inflamnation - 1 - -

- hnglactasis

- Tansion lipidosis
- Inflamnation

- Congasticn
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[=2E QROOD DESTIHATICH 1 2 3 4
HUHBEER OF AHIHALZ EXAMINELD 10 10 10 10
LUHG EXCAMIN: 10 10 10 1o
- Hamcorrhaga - 1 - -
- Histilocybosis 2 1 - -
LYMPH HODE EXRMIN 3 - 1 3
- Erythrocytosis/hemcrrhsgs: sinussl 3 - 1 z
L. HODE MAMDIBOLRE EXRHIN 10 2

- Erythrocytosis/hencrrhags 1 kS 2 1

Li.N.TRACHECERONTHIAL

- Erychrocytosis/hemcrrhags 3 2 2 -
[2E GROOP CESTIHATICH 1 2 3 4
HUHEEER OF ANIHALS EXAMIHELD 10 10 10 10
HMAMMARY GLAND EXCRMIN: E] 10 1 10
- Ectasia: ducte and/or alvaoll 1 1 1 -
HISCLE SKELETHL EXRMIN: 10 -

HERVE SCIATIC EXCAMIN: 10 1o -

- Degenaration: naIrve Ciber 1 - - 1
MERVEE OPTIC EXAMIN 10 -

- Atrophy: acipar cell - 1 - -
[=2E SROUP DESTIHATICH 1 ] 4
HUHEEE OF AHIHALS EXAHIHEL 10 1 1a 1a
PAEATHYROIT CLAND EXRHIN: & - g8
FPHAR T EXRMIHN: 10 1 10
FITUITREY EXRMIHN: 10 1 k]
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[=2E @QROOD DESTIHATION 1 ] 3 4
HUHBEER. OF AWIHALZ EIAHMTIHELD 10 10 10 10
ETOMATH EXAMIN: 10 15 - 14
TRIL EXCRMIN - 1 - -
- Rbzcaos - 1 - -
THYMDE EXAMIN: 10 2

I[=2E SROUD LESTIHATIOH 1 ] 3 4
HTHEEE. OF AWIHALS EXAHMIHELD 10 12 10 1o
TRINARY HLATDEE EXAMIN: 10 1 - 1
- Ioflammation - - - 1
TUTERDE EXAMIN 10 10 - 1
- Cyst - 1 - -
- Dilataticm - - - z

RECOVERY PERIOD

Inoidenca of Animale with Hiorosocoplo Findinge by Organ/@roup/Sex

Bacovery Period

HRLE
[2E CROTP DEETIHATION 4 [o@E CROUD DESTIHATION 1 4
HUHEEE OF AHIHALZ EXIAMTIHED £ WUMEER OF ANIMALS EIAMIHED 5 1
ALEENAL EXAMIN: S TUMODEMUM EXAMIN 5 5
- Wacuclatlon: cortical b
EFIDITYMIE EXAMIN 5 5
- Hypsrtrophy: cortlical -

YBE - - 0ligo/asparmia 3 -
ACETR EXRMIN 5 esopERcUS EXAMIN 5 5
EIHE MRRROW EZCAMIN 5 EXE EXAMIN 5 S

-é‘;‘ﬂ-l'.-E:ETE --- T i ]-:}-1 ------------ ;- HAFDERIAH ZLAHD EXAMIN 5 5
ERRIN H 5 HERET EXRMIH 5 s

- Infiltration: mooonuclear cell - 1
ERQHTHUE EXRMIN 5 . Fibrosis 1 1
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[2E SROOR DESTIHATION 1 4 [<X2E QROOD DESTIHATION 1 4
HUHEER OF ANIHALS EXAHTIHED 5 L HUHEEER OF ANIHAL? EXXHTIHED 5 &

LUODENTM EXRNIN: 5 5 ILEUH EXRMIN: ] 5

ERPIDIDYMIE EXAHIHN: ] 5 JEIUNDM EXRMIN: ] 5

- Oligo/asparmia 3 A e e e e R e e Sy e o e e
EIDHEY EXCARMIN: 5 s

ESOPHAGTS EXCRMIN: 5 S - Basophilia: tubular 1 3

e e L L R L R L e T S e e e R P i . :
EYE EXRMIN: 5 5
- Hyalina droplst: kubular z 1

HARFDERIAN TLRND EXANIN: 5 S - Dilatation: Eubular - 1

5 S LARCEIMRL ZLRHD EXRMIN:

HERRT
- Infiltration: mooonuclear cell - 1 - Inflanmation 1 -
- Fibrzais 1 1 - Dapzsits: pigmank 1 :

T<}2E ZROOP DESTIHATIOH 1 4
HUHEEER OF AWIHALS? EXIAHTIHEL: 5 &

L.HODE MESEHNTERIZ EXRHIN: ] E

2B GROOP DESTIHATIOH 1 T T T e e T o e e e B e e
HUMEER OF AHIMALS ETAMIHED 5 g L.H.TRACHECERONTHIAL EXRMIN: 5 1

LARYII EXAMIN: 5 5 - Erykhrocytosis/hemorrhage - 1

- Hamorrhaga 1 e ey T e i
MRMMARY CLAND EXRMIN: 3 5

LIVEE EXAMIN: 5 L e e i i i e i o e o e o e o i P
MISCLE SFELETAL EXRMIN: 5 S

------------------------------------------------------- HERVE SCIATIC EXRMIN: ] S

- Hamorrhaga 1 ZINERVEE 0OPTIC EXRMIN:

- Histiocybosis 2 s
CRHCEERS EXCRMIN: 5

L. HODE MANDIBULAE EXRHIN: 5 5 - Atrophy: acipar cell 2 4
- Erythrocytosis/hemorrhaga 1 Z . Hyparplapia: 1slet call 3 1

T2 E FROOP DESTIHATICH 1 4
HIHEER OF AHIHAL? EXAHIHED 5 L3

FREATHYROIT CLAMD EXAKHIH: 5 L]

I[<<E GROOP CESTIHATICH 1 4
;HU'I'I'.BER OF ANIHALS EXAHIHED 5

FROSTATE EXAMIH: 5 S ETOMATH EXRMIN: 5 S

- Inflamnation 1 B e e e e e e e e e o e e it
TESTIE EXRMIN: ] S

SRLIV.GL. MANDIEULAR EXRMIN: 5 S . Dagenaration/atrophy: semiolfarous E] -

O e L e S L I S L D e e i e i
SEMINAL VESICLE EXAMIN: 5 5
- Dilataticm: kubular 1 -

EKIN EXAMIN: 5 e s o i o i o i o i o i g i T o
THYMDE EXRMIN:

EFIHAL CORD CEREVICAL EXRHIN: 5 S . Hamzrrhada 1 -
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[<2E GROOP DESTIHNATION 1 4
HUHEEER OF ANIHALS EXAHIHELD 5 5
THYROLID EXAMIN: 5 S
- Cyst: sgquamous 1 -
TCHCOE EXAMIN g s
TRACHER EXRMNIN 5 s
TRIHARY BLATDEE EXRMNIN 5 s

Inoidenca of Animale with Hiorooeocoplo Findinge by Organ/@roup/sex
Facovery Period

FEHALE

[<2E GROOP DESTIHNATION
HUHEEER OF ANIHALS EXAHIHELD

O, / :
[OEE SROUD DESTIHATION 1 4 CAVITY HAEAL/SIHNUSEE EXAMIN:
HUHEER OF ANIHALS EIAHINED 5 .}

- Eosinophilic globulas: clfactory
ADFEMAL EXRMIM: 5 ]

apithalium

- Degenaration: cysktic a -

- Eoslnophilic globulas: rasplratory
AOETR EXRMIN 5 S aepithalium
EJHE MRFFROW EXRAMIN 5 5 TECUH EXAMIN
EOHE- ETEFHDM EXAMIN 5 5 OOLON EXAMIN

[<2E QROOD DESTIHATION 1 4
HUHEER OF ANIHALSZ EXAHTIHELD 5 5
EYE EXAMIN 5 S
[<2E GROOP DESTIHNATION 4
"""""""""""""""""""""""""""""" HUHEEE OF ANIHALS EXAHMIHED 5
HAFDERIAN ZLAHD EXAMNIN 5 S
EIDHEY EXRMIN: S
HERET EXRMIN 5 5 . Chromic progressive nephropathy 1
- Degenaration and/or oeoroals: 1 - = Pyelitis/pyalonephritis 1
oyocardial - Basophilia: bubular 1
- Infiltration: mononuslsar cell 1 - - Cast: hyaling -
- Fibroais 1 - - Dilatation: tubular 1
ILEUH EXAMIN 5 5 LACFIMAL CLAHD EXRMNIN 5
TJEJTIHT EXAMIHN g S LARYI EXAMIN s
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[<X2E QROOD DESTIHATICH 1 4
HUHBEER OF AHIHALS EXAHIHELD 5 5
[<SE GROTP DESTIHATION 1 4 MARY CLANT EXRM
HIHEER OF AHIHALS EXAMINED 5 ] HH & TH: 5 s
LIVER EXRMIN: 5 I T P
HUISCLE SKELETHL EXAMIN 5 5
- Tansion lipidosis 2 1
- Congastiomn - 1 HERVE SCIATIC EXAMIN: 5 H]
LUHG EXRMIN 5 5 MERVEE OPTIC EXANIN L] L
Bistiooyboais - B e e e S P
OVARTY EXANTH ] 5
L. HODE MAMDIBULAR EXAHIN: 5 £ - Cpst: lutazl - 1
L.HODE MEEENTEERICT EXHHIH 5 5 FRHCREARS EXRMIN H El
_______________________________________________________ - htrophy: acipar cell - 1
L.H.TRACHEZBROMTHIAL EXAMIH: 5 1
- Erythrocytosis/hemcrrhags 1 - PREATHYROQID CLAMD EXRHIN: 2 s
[E2E SROUD DESTIHATION 1 4
HUHBEE OF ANIHALS EEAHIHED 5 E
DOSE GROUP DESTIHATION 1 o THEMUS EXRMIN: 5 s
HUHEEE OF AHIHALSZ EIAHIHELD 5 5
- Hemorrhage 1 1
FHARTID EXAMIH 5 5
- Rtrophy: lymphodd 1 -
PITUITRRY EXARMIN 5 =
THYROID EXAMIN 5 S
SALIV.GL. MRHDIEULAE EXAMIN: 5 £ - Cyst: squamous 1 -
EKIN EXAMIN ] 5 TCHGUE EXARMIN 5 5
ERIHAL CORTD CERVICAL EXRHIH 5 & TRACHER EXAMIN 5 =1
EFLEEN ECRMIN 5 5 URIHARY BLATDEER EXAMIN 5 S
ETOMATH EXAMIN 5 5 UTERDE EXAMIN 5 S
Hemcrrhage 1 Dilataticn - 1
[=2E SQROOD DESTIHATIOH 1 4
HUHBEER OF AHNIHALZ EXAHIHET: 5 5
VACTIHA EXANIN: 5 S

Note from the reviewer:
= There were pancreas and kidney findings in males during recovery: pancreas may be related
to insulin whereas kidney may relate to FDPK.
= There was no recovery of nasal cavity finding 30 days post-dose in females but not in males.
= There were also more kidney effects showing up in the recovery groups more than treated
group. This might be due to long t ¥ life of FDKP.

Toxicokinetics:

» Insulin: Dose dependent exposure (as indicated by C,,,x and AUC,_y.5 parameters) was
observed in almost all cases from low to high dose level (2.94 to 5.18 [U/kg/day for males,
1.14 to 3.46 IU/kg/day for females). It was dose-proportional increases for insulin exposure
in males and less than dose-proportional increases for females following a single dose.
Similar results were observed on Day 182, although exposure in males was less than
proportional. In addition, C,,, and AUC 4, values were generally higher in females
compared to males at each dose level after correcting for the lower dose received in females.
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Moreover, peak insulin levels were generally observed between the 2 and 10 min post
exposure. A slight increase could be observed following repeated powder T1 exposure.
However, this increase was not considered to be the result of accumulation to steady-state
levels, due to the relatively short terminal half-life and the general lack of quantifiable levels

at pre-dose.
APPENDIX MO, 16 Serum Insulin C__ and AUC_ ., to the Albino Rat PROJECT NO. 7235
TABLE MO, TE-3 and the Proporticnal Change of Each Parameter Relative to the Targst
Low Dose Following Mose-Only Inhalation Exposure of Technosphere®Insulin
Day 1 (Males)
Insulin Target
Group Daose Level — AUC g0 Daose Crax AUC 405
MNa. (IWkg/ day) {pUmL) {plt=minfmL} Proportionality Ratio Ratio
3 3 285 4054
4 5 108 7001 a7 1.18 1.73
Day 182 (Males)
Insulin Target
Group Daose Level — AUC g0 Daose Crax AUC 405
Ma. (IWkg/day) (Pl {uld=minfmL} Proportionality Ratio Ratio
3 3 238 26a3
4 5 125 2020 ar 0.524 20
APPEMDIX MO, 16 Serum Insulin C_, and AUC, ., to the Albino Rat PROJECT MNO. 73235
TABLE MO, TK-2 and the Proportional Change of Each Parameter Relative to the Target
Low Dose Following Mose-Only Inhalation Exposure of Technosphere®Insulin
Day 1 (Females)
Insulin Targe:
Group Diose Leve Crnax AUCrgam Dose Crome AUC80m
MNao. (kg day} {pWmL )y {plt=mimmL) Proportionality Ratio Ratio
3 1 211 3038
4 3 101 2150 3 1.11 0.708
Day 182 (Females)
Insulin Target
Group Diose Lave Cinax AUC g Daose [ - AUC g
Mo, (I kgiday) (i mL} {ult=mimimL) Proportionality Ratio Ratio
3 1 106 1ea2
4 3 143 11105 3 1.34 5.80

= Technosphere®: Exposure to Technosphere® particles was determined by measurement of
its major component, FDKP. FDKP exposure (as measured by mean serum C,,,, and AUC,.
tast) Showed an increase with dose, but was less than dose proportional. The analysis for
FDKP in serum on Days 1 and 90 appeared equivalent with the exception of the Group 2 (T
control) females where the C,,,, and AUC,. 4, Were nearly three times greater on Day 90.
The Cyax and AUC. .5 on Day 176 (equivalent Day 1) and Day 182 did not show any
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significant difference in single vs. multiple daily dosing up to 182 days and no differences
between the sexes. In addition, the t.,,, occurred shortly after the conclusion of dosing, with a
median value of 10 min post-dose. AUC;,sand T;,; could not be determined for Days and 90
due to insufficient data. For the equivalent Day 1 (Day 176), the t,, of FDKP ranged from
48-80 min. For Day 182, t;, of FDKP ranged from 76-121 min.

TABLE 2. FDKFP Mean-Serum Toxicokinetic Metrics Following Daily Inhalation of
Techn I:'\'.S]'.IEll.‘,rla'ﬂ"t Particles (T) or Technosphere”/Insulin (T/T) in Male and Female
Spragee Dawley Rats for up to 152 Days

Group 2 (T} Group 3(T/T) Group 4 (T/)
(FDKI mghgiday) (FDKP (FDRP
Study mg ko day) mglgiday)
[ay Femnle Male  Nermaolized Female Make Female MWinle
(I2B0)  (10.5) M-+HF* (0.404) {1.05) (1.28) (1.91)
(10.7}
* 3303 4712 1231 1143 1221 1 206
e B! S013 6648 el 1637 1357 1718
mae — - N —
(mg/mbl) gaf g6 54es 785 B04 1063 1161
183" 5302 4220 AREG RS a1 1532 1198
" 10.0 5.0 10 10.0 10 i)
i £ 0.0 1.0 0.0 10.0 4.0 20,0
tLLE S
(mim) ¢ 2 0 10 10.0 100 10
153 .0 10 40.0 20 10.0 ]
1 119435 149869 30416 37186 3B03E 35399
AUC,, Bo* 331775 199070 36623 54105 GOR3S AORED
(ﬂg*mill‘l ———— -
mL} 1(176)" 682590 363087 145798 B4627  110BE0 132266
IRz° TH3445 514362 608D6S Q7R9S 40457 176373 191492
1 MR NR® nR WR? MR NRY
ATy, By NR? HR? R MR NR! R
[ﬂg*“‘li“—f - T S—
ml) 101760 GB3IDIE 363810 MR B4765 129954 232369
1587 743274 524954 B33174 OBAS1 150929 178264 197082
® MR MNR* NR? MR NR* MR
ot MR MRS MR MR? NR? MR
trl'.| (mlﬂ} - —
11t 56 a8 MR 483 4.1 2.6
182 1007 870 %00 1210 76.2 ER

a} Blood samples laken through 40 minwles post dose
b) Eguivalent Day 1, see section 3. 1 for explanation, Bood smples collested through 24 hours post dose

¢} Blood samples collected through B hows post last dose
d) MR - nol reporiable. insufTicient data lo delermine lerminal kinetics

£} Exposure values for the males and females were divided by their '.J.-,::Pc;ﬁrr dose and then mu]Li_r_';I led Iu:,.- a
mean doseof 117 The mean of these values is reporied a5 normolized male+ female

Other:

» PCNA analyses in lung sections:

No difference in the proliferation rate of alveolar cells in any group or any occasion. However,
there were significant changes in the proliferation rate of bronchial cells in Groups 3 and 4
animals. This was consistent with anatomical topography of bronchial cells being cephalad to the
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alveolar cells since bronchial cells were the first to be exposed and to absorb TI. In addition, the
increase could be attributed only to insulin since the amount of T was lower in Group 4 than in
the T control group (Group 2). Such increase in the proliferation rate of bronchial cells was seen
at Week 13 and continued through Week 26. All groups showed significant increases by Week
26. During the recovery phase, the PCNA values of Group 4 males and females significantly
decreased, indicating a recovery trend.

Chronic insulin administration has known to have an adaptive effect on late phase G1, together
with IGF-1, thereby increasing the proliferation rate of renewing cell type such as the bronchial
cells. Upon discontinuation of insulin, recovery is evident, as seen in Group 4 animals. The
increase in the proliferation rate of bronchial cells with daily TI administration to rats via
inhalation did not reflect evidence of risk for neoplastic transformation of bronchial cells. Rather,
it reflected adaptive effects.

Text Table 3a. Mean Percent PCNA Labeled Alveolar Cells in Male Rats

— Duranon of Exposure
Group Identification Percent Labeled Pescent Labeled Peroent Labeled
Alveolar Cells at 13 Alveolar Cells at 26 Alveolar Cells at 30
Wecks Weeks Werks
{last 4 weeks recovery)
Group 1 _ 0.08 0.08 0.08
Air Control + 0041 + 0,032 + 0.027
_ Group 2 NA o8 NA_ B
 Tech/Control =004 ! |
Group3 008 0.10 NA
Tech/Ins (3 [Ukg/d) | & 0.032 =0.034
Group 4 011 011 0.11
Tech/Ins (3 [Ukg/id) | + 0.058 +0.038 = 0.075

MNA. not applicable; no statistically sigﬁiﬁé&m differences exist when comparing any of the groups

Text Table 3b. Mean Percent PCNA Labeled Alveolar Cells in Female Rais

i  Duraton of Fﬁquu- e ) |
Group Identification | Percent Labeled Perceni Labeled Percent Labeled [
Alveolar Cells at 13 Alveolar Cells at 26 Alveolar Cells at 30
Weeks Weeks Weeks
1 (last 4 weeks recovery)
[ Group 1 0.07 0.07 [0.07
Adr Control = (034 + 0.032 & 0.025 ]
 Group 2 ) NA | 0.07 NA i
Tech/Control .i £ 0,025
Growp 3 0.08 .08 NA ]
Tech/Ins (1 [U/kg/d) | = 0.032 £0026
Grouwpd 0.10 0.09 0.11
Tech/lns 3 [Ukgid) + 0.051 + (045 + 046

NA, not apﬁ].i.cnble:. no statistically significant differences exist when comparing of any of the groups,
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Text Table 1a. Mean Percent PCNA Labeled Bronchial Cells in Male Rats

Dwuration of Exposure |
Group ldentification Percent Labeled Percent Labeled Percent Labeled |
Bronchial Cells at 13 | Bronchial Cells a1 26 | Bronchial Cells at 30
Weeks Wecks Weeks
B (last 4 weeks recovery)
Ciroup 1 2,10 238 1.9%
Adar Control + (LB6O = 0757 4+ 0.708
" Group 2 NA 321% NA
Tech (11.2 mg/kg/d) /Control +0.437
Group 3 X 3.7p%e" NA
Tech (1.05 mg/kg/d) /Ins (3 Wikgd) | = 0592 + (.820
Group 4 R 5 143%55 3.58% 5
Tech {1.91 mg'kg/d) /fIns (5 [Uikg/d) | + 0.891 + 1.322 | % (973 |
| |

N, not applicable;

* p=0.05; **p<0,01; and ***, p <0001 compared to group 1:

a, o statistical significance when the two groups 3 are compared over time (13 vs 26 weeks),
b. no statistical significance when the two groups 4 are compared over time (13 vs 26 weeks):

c. significant at p=0.05 when compared to group 2;
d. no significance, but demonsirates a recovery trend compared (o values at either 13 or 26 wks.

Text Table 1b. Mean Percent PCNA Labeled Bronchial Cells in Female Rats

Duration of Exposure |
Group Identification Percent Labeled Percent Labeled | Percent Labeled '
Bronchial Cellsat 13 | Bronchial Cells at 26 | Bronchial Cells at 30
Weeks Werks Weeks
(4 wecks recovery)
Ciroup 1 1.9 2.02 1,79
Adr Control + 0864 +(.843 + 0.447
Group2 NA 153 NA
Tech (11.2 mg/kg/d) /Conirol £0418
Group 3 3.32%% 303 NA
Tech (0.41 mg/kg/d) /Ins (1 [Uked) | = 0.725 £04%6 !
Group 4 Y 455455 282%
Tech (1.28 mg/kg/d) s (3 TWkgd) | = 0.777 +0.450 +.795

NA, not applicable;

* p =005 **p<0.01; and ***, p<0.001 compared to group 1:

&, no statistical significance when the two groups 3 are compared over tme (13 vs 26 weeks),
b, significant at p <005 when the two groups 4 are compared over time (13 vs 26 weeks);
¢, significant at p<0.01 when compared 10 group 2;

d. significantly bow at p<0.05 compared to values a either 13 or 26 weeks, demonstrating recovery.

Note from the reviewer: Based on the safety pharmacology study, 50 mg/kg T and 0.32 mg/kg TI
did not affect pulmonary functions. Increased bronchial cell proliferations were seen in LD/HD
TI groups (male: 3/5 IU/kg insulin & 1.12/1.87 mg/kg FDKP; female: 1/3 IU/kg insulin &
0.37/1.12 mg/kg FDKP). The exposure levels of T and/or TI in this study were much lower than
the doses used in the pulmonary safety pharmacology study.

= P450 quantification:
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There were no statistically significant differences observed in total cytochrome P450 content in
males and females. However, a statistically significant increase (1.4-1.6 fold) in CYP3A1
activity was seen in low- and high-dose TI male (Groups 3 and 4) rats (2.94 IU/kg/day and 5.18
IU/kg/day respectively). The CYP3A1 activity increase was dose-dependent in male rats and also
gender specific as no statistically significant differences was seen with female rats. In addition,
there were no significant differences in male and female rats with others P450s, including
CYP1A1/2, CYP2B1/2, and CYP2EI, at any dose levels when compared with air control groups.

Table 1: Mean Total Cyvtochrome P450 and Cytochrome P450 dependent Enzyme
Activiies in  Rat Liver Microsomes Following Treatment with
Technosphere” Insulin at Various Insulin Target Dose Levels.

Tnsulin N L PROD CIH TESH
e Group Mo arget lIZZ“DZiLE EE‘::O:-:E: ;’:__';';;" Ativity Activity Artivity
Treaiment Loz Leval pu— —— (nmol' min'mg {nmol‘men/me (nmol min'mg
Wkgidry) PO F pooteic) proseic) protein)
1-Air Control 1] 0864 +0174 018220025  Q007B+00016 146520246 143+ 1042
3-
Male Techoosphere 3 1089 +0217  0157+0.038  0Q.00B8+0.0016 LE5T=0217 4263 +0.694
£/insulin
Technosphere ] L0635 +0.104 0188+ 0.058 0.0088 +0.0023 1B+ 0176 4667 + 0592
£vinsulin
1-Air Control 1] 0721 £0307  0230+0047  0.0078+0.0012 12140714 1802 + 0811
3-
Female  Techmosphers 1 0983 +0.M48 0.247+0037  Q.00B2 4000013 2,002 0260 L450£0213
£/insulin
Techoosphere 3 0925+0.080 02250034  Q.00B7 +0.0008 L7962 0531 1.309 + 0280
£vinsulin

All values ate exprassad as mean = 5D
=p=4.05 Significantly diffevent from contral zroup (zroup 1) (p=0.05 Dumett's tast)
" =p=0.01 Significantly diffarent from control group (group 1) (p=0.01 Dunnett’s test)

EROD = T-ethoayresorufin O-desthylaze activity (CYPLALZ actraty)
PROD = T-pantosgyresorufin O-dealkylaze actvity (CYF2ZBL/2 activisy)
CZXH = Chlmzoxazone §-hydroxylase activity (CYP2E] activity)
TESH = Testosterona 65-Invdrowxylase activiey (CYPIALT activaty)

Pivotal Study #2

Note from the reviewer: PDC-PC-2000-003 (13, 26, and 39 week inhalation dog study with T
and TI) was described above and was not included as pivotal studies. That study used oronasal
administration by mask and duration of exposure depended on the dose administered. This study
was done by previous sponsor, PDC. MK C-PC-2003-2004 is chosen as the pivotal study for dog
for consistency reasons because this study is not previously reviewed and was conducted by the
current sponsor, MKC.

Study title: Technosphere®/Insulin: A 39-Week Inhalation Toxicity Study in Beagle Dogs
Followed by a 8-Week Recovery Period (MKC-PC-2003-2004)
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Key study findings:

= Exposure to T and TI were stable and respirable. See below for estimated achieved dosages.

Estimated Group 1 Group 2 Group 3 Group 4 Group 5
dosages (Air) (T low) (T high) (T1 low) (T1 high)
T (mg/kg/day) 0 0.39 10.9 0.39 1.92
Insulin 0 0 0 0.0407 0.2198
(mg/kg/day)

T and TI were well-tolerated by the dogs.

= Two mortalities (one T low male and one Air Control male) were observed during the course
of the study. Neither was considered to be related to treatment.

= Clinical signs such as increased respiration, increased activity, and salivation, were observed
in both treated and control groups. These signs were transient. Hypoglycemic events were
observed in two high-dose TI animals (on days of TK sampling; Day 15 and Week 20).
Those events occurred because the altered feeding regimen to prevent interference from
endogenous insulin. These animals recovered following administration of dextrose and no
such events were observed on any other days.

* Body weights, food consumption, ophthalmoscopy, EKG, hematology, clinical chemistry,
and urinalysis parameters were not affected by T or TI treatment. This differs from rat
findings described in the pivotal study #1.

= There were dose-dependent decreases in serum glucose values in the TI groups. The most
significant decreases in serum glucose levels occurred 15 to 30 min post end of exposure in
the high-dose TI group. In addition, decreases in glucose levels for the low-dose TI group
were not as significant, with decreases observed immediately post exposure. Glucose levels
for both groups, then steadily increased, reaching pre-dose levels at 240 min post end of the
exposure.

» Organ weights, macroscopic findings, or cell proliferation activity was not affected by T or
TI treatment. This differs from rat findings described in the pivotal study #1.

= There were minimal to mild alveolar and/or bronchial-interstitial neutrophil infiltrate of the
lungs in both TI groups (1/8 for low-dose TI group and 3/8 for high-dose TI group) after 39
weeks of treatment. These findings regressed following 8 weeks of recovery. These suggest
lung irritation in a T dose-dependent manner.

= In addition, minimal to mild thymic atrophy was seen in 6/8 high-dose T group at Week 39.
Minimal to moderate hypocellularity of the seminiferous epithelium and minimal to mild
germ cell degeneration were seen in T or TI group (1/4 for low-dose T and 2/4 for high-dose
TI) at Week 39. The sponsor considered these findings were commonly observed in young
Beagle dogs kept under laboratory conditions.

» Furthermore, testes and epididymal findings appeared in the TI group above concurrent
controls.

» TK analyses showed that systemic exposure to insulin and FDKP was rapid and C,,,, was
normally achieved within 20 min after the end of dosing.

= For FDKP, the mean t,., values ranged from 7.5 to 37.5 min post end of dosing. These were

similar between days, sexes, and dose, and were similar between T and TI groups. The mean

terminal ' life ranged from 52.9 to 83.9 min, when calculable. Within the T groups, FDKP
levels were relatively consistent for the 39 weeks of exposure and between sexes. The mean

AUC,, and AUCswere slightly less than dose-proportional. Within the high-dose T group,

mean AUC,,, were 395,379 (males) and 493,440 (females) ngemin/mL.
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* For insulin, in the high-dose TI group, the terminal '% life of insulin ranged from a mean of
16.9 to 26.7 min and mean AUC,s, was 4278 (males) and 3998 (females) pUemin/mL. In the
low-dose TI group, too many samples were below the lower limit of quantification.

= The NOAEL for T (FDKP) was 10.9 mg/kg/day, whereas the NOAEL for TI was 0.2198

mg/kg/day.

Study no.: @ Study No. 2973

Volume#, and page#: Module 4.2.3.2 repeat-dose-tox, 1312 pages
Conducting laboratory and location:
Date of study initiation: Nov 14", 2003

GLP compliance: Yes.
QA report: yes (x)no ()

Drug, lot #, and % purity: See below.

Test Article:

Vehicle /! Control Article:

M ethods

Identity:

Batch/Lot No.:
Description:

Expiry:

Purity { HPLC assay ):
Storage Conditions:

Handling Precautions:

Supplier:

Identity:

Description:

Expiry Date:

Purity { HPLC assay):
Storage Conditions:
Handling Precautions:

Supplier:

(b) (4)

Technosphere®™ Insulin

D43 BD-05-001

White powder

052003

11.7% insulin (range 10.3-13.7%)
Freezer (- 10°C to -30°C)
Standard laboratory procedures
during routine handling and the
wearing of a cartridge respirator
during dosing.

MannKind BioPharmaceuticals
One Casper Street, Danbury,
CT DeR 10, LISA

Technosphere™

Batch/Lot No.:  DO353V.03.010/
DO35V.03.011/ DO35SY.053.012 (also
referenced as D03 50U.03.010 ¢
DOF3U03.011 f DO35SU.03.012)
White powder

092005 / 10-2004 /1 1-2004

GU5 /094 /90 5%

Room temperature

Standard laboratory procedures
during routine handling and the
wearing of a cartridge respirator
during dosing.

MannKind BioPharmaceuticals
One Casper Street, Danbury,

CT OeR 10, LISA

Doses: Ty, - 2.4 mg/kg/day and Tyen - 10.9 mg/kg/day
Tlow - 0.39 mg/kg/day and Tl - 1.92 mg/kg/day
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Sacrificed Sacrificed Recovery
Dose Week 26 Weel 39 Animals
Grp | Treatment {mg.-'l-:g-"dn}']b M F M F M F
1 Air Contrel 4 4 4 4 2 2
2 Technesphere 24 4 4
particles (Low dose):
3 Techneosphere 109 4 4
particles (High dose)
4 | TI 0.39/0.04" 4 4
(Low dose)
3|11 1.92/0.22° 4 4 4 4 2 2
(High dose)

Shown ave doses for T in (mz'kz/day) / Insulin (mz'ke'dayv)
¥ Maan of males and famales

Abbreviations: F = Famala: Gip = group; M = Male; TI = Technosphere™ Insulin

Specieg/strain: Beagle dogs (Canis familiaris)

Number/sex/group or time point (main study): 32/sex for 26 or 39 weeks

Route, formulation, volume, and infusion rate: Inhalation (15 min daily exposure)
Satellite groups used for toxicokinetics or recovery: Recovery: 2/sex (Groups 1 and 5)
Age: Between 7 and 8 months old

Weight: Between 6.8-9.9 kg (males) and 5.4-8.0 kg (females)

Samplingtimes. See Observations and Times.

Unique study design or methodology (if any): 8-week recovery period, dosing is
administered by nose/mouth inhalation. Dogs were exposed for 15 min daily with T or
TL

Observations and times:

Mortality: Once daily during the pre-treatment phases and twice daily (a.m. and p.m.) thereafter.
Clinical signs: Once daily and twice daily on dosing days.

Body weights: Once prior to randomization and weekly thereafter.

Food consumption: Once daily.

Ophthalmoscopy: Once during the acclimation period and during Weeks 12/13, 26, and 39.
EKG: Once during the acclimation period and during Weeks 13, 26, and 39.

Hematology: Once during the pretreatment period and during Weeks 13, 26, and 39 of treatment,
and again during the last week of the recovery period.
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Hematology* Parameters Examined™*
Fed blood cell count Mean Corpuscular Hemoglobinga!
Hematocrit Mean Corpuscular Volume
Hemoglobin Morphology of cells
White blood cell count Platelet count
WBC differential (absolute) Reticulocyte count++

Mean Corpuscular Hemoglobin
Concentration ()

* EDTA was used as an anticoagulant,

** Vanous parameters were automatically recorded by the
instrumentation, but are not reported.

) Caleulated parameters

++ Smears were prepared bul not examined.

Coagulation® Parameters Examined™”
Actvated partial thromboplastin time
Prothrombin time

*Citrate was used as an anticoagulant,

¥+ Varipus parameters were  automatically  recorded by the
mstrumentation, but are not reported.

Clinical chemistry: Same as above.

Clinical Chemistry*

(senum) Parameters Examined
AJG ratio (caleulated) Creatmme
Alanine aminotrans [erase Globulin (caleulated)
Albumin Glucose
Alkaline phosphatase Phosphorus (morganic)
Aspartate aminotransferase Potassium
Bilirubin (total) Sodium
Caleium Total protem
Chloride Trglycendes
Cholesterol (total) Urea

* el clottmg activator tubes were used
= Plasma level determinations (for glucose, insulin, and T levels): Days 1, 15, 22 and during
Week 20, and the last day of treatment. Following time points: predose, immediately
postdose, and 15, 30, 60, 120, and 240 min postdose.

Urinalysis: Same as above.
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Urmaly sis
Bilirubin
Blood

Color and appearance

Crlucose
Ketones
pH

Parameters Examined®™*

Protein

Sediment microscopy
Specific gravity
Urobilinogen
Volume

¥t Varjous parameters  were awtomatically  recorded by the
instrumentation, but are not reported.

Gross pathology: The day following their respective last dose (Weeks 26 and 39) and following

the 8 week recovery period.
Organ weights: At the end of the study.

Adrenals
Bram
Hean
Kidneys
Liver

Respiratory tract from the nares

Owvaries

Pitwitary

Prostate

Spleen

Testes

Thymus

Thyroid lobes (with Parathyroids)
Llterus

Histopathology: Adequate Battery: yes (x), no ( ) - explain: See below for tissues collected.
Peer review: yes (), no (x) — Not mentioned by the sponsor.

Abnormal Tissues
Adrenals

Amimal ldentification
Aorta (Thoracke)

EEE L

Brain (Cerchral Cortex, Midbrain,

Cercbellum and Medulla)
Canna
Cecum
Colon
Epidady mides *
Esophagus

152

Pancreas

Pharynx

Prtary

Prostate

Salivary Gland ( Mandibular)
Mammary Gland ( Inguinal) +
Masal Cavity (4 secuons i
Masopharynx

Optic Nerves *

Owaries

Sciatic Nerve
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Evyes *

Femur & Marrow

Gallbladder

Heart *+*

Kidneys

Lacrimal glands

Larynx (2 sections)

Liver (sample of two lobes)

Lungs (left antenor, left muddle, left
posterior, right posterior, nght
middle, right anterior and
accessory )

Lymph Node, Mandibular

Lymph Node, Mesenteric

Lymph Node Bronchial

Lymph Node Retropharyngeal

Skeletal Muscle

Skm & Subcutis (Inguinal)
Small Intestine, Duodenum
Small Intestine, Heum
Small Intestine, Jejunum
Spinal Cord {Cervical)
Spleen

Stemum & Marrow
Stomach

Testes*

Thymus

Thyroid lobes with pamathyroids +
Tongue

Trachea (and bronchi)
Unnary Bladder

Uterus (horns and body)

Vazmina

Fixed in Zenkers Mud (euthanized animals anly).

For each euthamzed amimal, one small lobe was tied off, detached and
inflated with formalin vapor by bubbling air through 0% newtral buffered
formalin,  Formalin vapor fixation continued  until the lobe was
comsidersd, visually, to be fully milated. The lobe was then ted off,
placed in a jar of fixative and capped with the ligature thread trapped in
the id. The jar was then inverted with the lobe held proximal to the hid to
ensure immersion in fixative. The remaining lobes were then filled with
liquid fixative, ligated and immersed in a container of fixative and capped.
Sections of both ventricles and atria, septum with papillary muscle.
Pressrvation only.

Parathyroids and mammary gland wers examined microscopically only if
present in routing sections,

Drecaleified

L]

Others:

= PCNA analyses in lung sections: At the Week 26, 39, and following the 8-week recovery
period.

Note from the reviewer: No anti-drug antibody assessment was found.

Results

Mortality: Two mortalities during the course of the study. One low-dose T control male was
found dead on Day 19 due to a hemorrhage caused during TK sampling. Another Air Control
male was found dead on Day 128 due to procedure-related stress during restraint.

Clinical signs: Signs of vocalization, increased respiration, increased activity and salvation were
observed in treated and control groups. These were transient in duration and as they are
commonly observed during inhalation dog exposure.

» Hypoglycemic events were observed for two high-dose TI groups following exposure on Day

15 and Week 20. Both occurred on days of TK sampling, which the feeding regimen was
altered to prevent interference from endogenous insulin. These two animals recovered
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following administration of dextrose and no such hypoglycemic events were observed any
other days.

Body weights: No adverse effects on body weights were seen. Body weight profiles were
comparable across dose groups and between sexes.

FIG

BODY WEIGHTS (Egh

FIGL

BODY WEGHTS (Kg)

UKRE1
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B .-.'—-—..—I".'-._,
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-
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Pty

HE I

100 4

LR

LRUE

.k 4

500 4

K5 949

115

T T T T T T T T T T T 1
127 141 155 169 185 197 211 225 239 255 247

TREATMENT DAY

—=— GROUP 12 AT OONTROL
—— (RO 3 TECHN(SE FHERES {Conarol High)

—— GO & TECHN S FHEREGS N SULIS {High Doss)

—+—GROUP 2 TECHNOS FHERE® | Commral Low )
—d— CGIROAUP 4 TECHNOS FHEREGTHEU LI {Low Dose |

MEANBODY WEN: HTS (Kg)
FEMALES

410

STUDY M0y, 2973

9

113

127

141 155
THEATMENT DAY

169 143

—=— GROUP 12 AT OONTROL
—— (RO 3 TECHN(SE FHERES {Conarol High)

—— GO & TECHN S FHEREGS N SULIS {High Doss)

—+—GROUP 2 TECHNOS FHERE® | Commral Low )
—d— CGIROAUP 4 TECHNOS FHEREGTHEU LI {Low Dose |

Food consumption: There were no treatment related effects on food consumption.
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Ophthalmoscopy: There were no ophthalmoscopic findings that were treatment-related.

EKG: EKG parameters were unaffected by treatment. There were no observable effects on the
morphology of the P-QRS-T complexes, PR, and QT intervals, as well as QRS complex duration
in any animals of any groups compared to pre-treatment. All values, including mean heart rates,
showed minor random variations. No rhythm abnormalities were noted.

Hematology: There were no treatment related trends in T or TI treated animals when compared
to Air Control. Clotting times were also unaffected by treatment with T or T1.

Hematology Sex Time Air control T T TI TI
low high low high
J HGB F Week 13 155 139
(g/L) +6.3 +738
JHCT F 0.48 0.42
(L/L) +0.028 +0.038
lMcv F 70.9 67.0
(fL) +2.28 +2.99
+PLT F 323 423
(x10°/L) +49.2 +65.9
T PLT F Week 26 322 417
(x10°/L) +61.6 +78.1
J MCH F Week 39 23.9 23.0
(g/L) +0.63 +0.37
Coagulation Sex Time Air control T T TI TI
low high low high
T APTT F Pretreatment 12.9 14.4
(sec) +0.93 +1.70

* generated by the reviewer. The absence of data in the boxes indicates no significant change.

Clinical chemistry: There were no treatment related effects in clinical chemistry parameters.
However, the liver enzymes (ALP and ALT) were generally decreased, but not statistically
significant, in TI treated males (Groups 4 and 5) throughout the study, when compared to Air
Control (Group 1). However, similar differences from Air Control were also noted pretreatment.
The wide intra-group variations were noted in these parameters at all sampling occasions and the
values were considered to be within normal biological variation. In addition, cholesterol levels
were significantly lower in Tlow-treated females (Group 2) at the Week 26, but the values were
comparable to pretreatement values. This value was considered unrelated to treatment.

Clinical Sex Time Air control T T TI TI
Chemistry low high low high
T ALP F Pretreatment 67 100
(U/L) +16.0 +40.8
T ALT F Pretreatment 26 69
(U/L) +7.0 +37.8
1 CHOL F Week 26 4.75 3.36
(mmol/L) £0.790 +0.548

* generated by the reviewer.
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Glucose:

Glucose levels were comparable between all time points throughout the treatment period. There
was also no difference between males and females.

The VH control groups which did not receive insulin and received T alone (Groups 2 and 3)
remained relatively unchanged over the 240 min sampling period.

Decrease in serum glucose levels for TI low animals (Group 4) were not as significant, with
decreased observed immediately post exposure of up to 6%, with the most significant decreases
between 19 to 34 %.

In addition, dose-dependent decreases in serum glucose levels were seen in TI high animals
(Group 5): a decrease in serum glucose was detected immediately post exposure with decreases
from predose values of between 14 to 22 %. The most significant decreases in serum glucose
levels occurred 15 to 30 min post end of exposure. The decreases at these time points were
comparable between sexes, with decreases from predose values of between 57 and 65% for males
and 57 to 70 % for females.

Lastly, glucose levels for both TI high and TI low groups then steadily increased, reaching
predose levels at the final sampling time point of 240 min post end of exposure.
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FIGUKE 4
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GLUCOSE - FEMALES
WEEK 20
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FIGURE 10 GLUCOSE - FEMALES
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Urinalysis: Urinalysis parameters were not affected by treatment with T or TL
Urinalysis Sex Time Air control T T TI TI
low high low high
1 Specific F Pretreatment 1.064 1.034
Gravity +0.0090 +0.0083
* generated by the reviewer.

Gross pathology: No remarkable lesions were noted. There were a variety of spontaneous
changes were seen across all groups and sexes with no indication of an effect of treatment. The
sponsor noted that these findings were consistent with changes commonly observed in dogs of
their ages kept under laboratory conditions. See tables below for details (provided by the

sponsor).
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GROUE INCIDENCE: - ALL DRTHA DAY 183
¥ill type: TERMINAL
Areup 1 5 1 5

Tizgue Sex: M M F F

Obeservakblon Kumber : 3 4 i 4
LYMEPEH RODE, RETROPHARYMGEEAL

DRRE RREM 0 0 4] 1
LING

ADHESTOR ke 1 4] [}

C¥ST L1 0 1] 1

CEPRESSED REER 1 o [} 1]

BALE FOCUS o Q 1 @
LYMEH BODE

DARE DISCOLORATICN a 0 1 o
SMALL INTESTIME, DOODENUM

MOTTLED a 1 1 8]

HAISED REER a 1 o ¥}
SMALL INTESTINE, ILEUM

MOTTLED a 1 n} 0
EMALL INTESTINE, JEJUHLIM

MOTTLEDR ] 1 1 o]
SFLEEMN

SMaLL L] 4] 1 1
STOMACH

DARK AREA ] 1 i} 1]
THYMUS

BMALL o 1 1 o
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GROUF TMOITEMOE: = DAY 274

KLl eype: TERMITAL

Group: 1 2 E} 4 4 1 2 3 4 ]

Tigsue Sex: M M M M M F F F F F

Ohservation Humber: 4 4 4 4 4 4 1 4 4 4
MOREBAL

EMLARGEMENT o Q L1 o L] g a g ] 1
CECOM

DARE AREA 1 4] L] Ji] [+] 4] a a [} 1]

HMOTTLED u} 1 1 1] L] ] a 1 1] o
COLOH

MOTTLED i 4] 1 0 L] 1) a 1 1] 2
ESOFHAGTS

FROTHY MATERTAL a 1 i) a 0 L1} a a ] L1}
GALLBLADDER

PALE FOCUOS [i] 4] o u} 1 L] a a0 o o
KIONEY

DARE DISCOLORATION i} 1 2 1 1] D a @ 3 o

IRREGULAR STURFACE a 0 [} a o o a 1 ] o

PALE DISCOLORATION Q 1] 1 u} o o a a ] o
LIVER

ADHESTION & o i} a o o a 1 ] o
LYMPH MODE, MESENTERIC

DARE DISCOLORATION 1 o o a o ] [ 1 I o

MOTTLETD 4] 2 L 1 o 1 a L] 1 1
LYMPH NODE, RETROPHARYHGEAL

DAREK AREA 1 3 1 i F o 2 3 4

MOTTLED a 1 1 a 0 ] 0 0 1 2
LG

ADHESTOH L] 1 o a o ] 1 a o 1

CYST o 1 a a o ] 0 0 L] 1

DARE ARELR 2 o [} i ] o a [+ 1] 1

DEFGRMED o o e} a o ] 1 4 L] o

DEPRESSED ARER 1 a o a ] o i} Q o o

T TLED 1 o o 4 o ] a Q L] o

FALE ARER 1 2 a 1 1 0 2 L4 1 1

PALE FOCUS o o i a o ] i [ ] 1
LYMPH NQDE

DARE DISCOLORATION 1 i 3 1 ] 0 4 L] 1

EHNLARGEMENT o 1 Q 0 [t} o a & 1] [}

MOTTLED 1 1 2 4] o O 0 0 L] L]
MAMMARY (LAND

M TLED o o a 4] 0 o 1 [ L] ]

THICKEMING 0 [} a 4] 1} 1 1 Q o 0
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OVARY

CYST - - = E - H 9 1 o o
PANCRERS

BALE DISCOLORATICN 0 ] 1 a 1 o L] a o i}
PITUITARY

o¥ST [+] o o 1] Q 1 L] 0 1 1
SMALL INTESTINE, DUODENTM

DARE DISCOLORATION o ] 1 ] 1] o L] il 1] 0

MOTTLED o 1 o 1 ] 1 o 1 ] 2

RATSED AREA o 1] o a 1 o 0 i} L] a
SMALL INTESTINE, ILEUM

DARE AREA 0 a o 1 L] il a il 0 1

MOTTLED a 1] ] [i] 0 o L] 1 o 0
SMALL INTESTINE, JEJUNUM

DARE AREM o a 1 i} L] o L] 1 o o

DARE DISCOLORATION 0 1 o [i] ] 1 ] 0 1] 1

MOTTLED 1 o
SPLEEM

ENLARIEMERT ] i [ 1] 1 ] o 0 1] 0

PALE AREA il 1 1 i) 1] 1 o 0 1 0

PALE FOOUS il 1 o [i] 1 ] /] 0 1 1

SMATLL 0 1 1 V] 1 1 ] 2 2 i
STOMACH

DARE DISCOLORATION il 1 ] o o ] ] 0 o 0

DARE FOCUS i a o [i] [ ] ] 1 1] ]

MOTTLED o a o i} ] o /] 0 1] 1

FALE AREA 0 a o o 0 ] 1] 0 1 ]

PALR FOOUS il a o 1] ] 0 ] 0 1 0
THYMIS

DARYE AREAR 0 1 o 1] ] 1 ] 0 a 0

OARE FOO0S 0 1 1 2 /] 1 1] 0 1 il

MOTTLED 0 a o i) g o 1] 1 a il

SMALL 0 a o ] /] o 1] 1 1 0
THYROID LOBE

OARE DISCOLORATION a 1 2

FIRM 0 a o [+] ] o 1] 0 a 1
UHIMARY BLADDER

OARE DISCOLORATION 0 a o V] o o 1] 0 a 1

DAERE FOCUS 0 a 1 [¥] [} ] 1] 0 a 1
VRGINA

MOTTLED - - - - - o] 0 1 2 O
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GROUE THCTDEMCE: NECROPSY - ALL DATA

Kill type: RECOVERY

Group: 1 5 1 5

Tissue Sex: M M F F

Observation Humbar 2 2 2 2
CECUM

MUTTLED 1 o a i}
COLON

MUTTLED ] 2 a o
ESOFHAGUS

FROTHY MATERTAL 1 o o i}
LIVER

PALE ARER 1 a o 0
LYMFH MODE, MESENTERIC

MOTTLED 1 ] 1] o
LiMPH NODE, RETROFHARYNGEAL

DARE AREM 1 0 1 0
LIME

ADHESTON 1] o 1 o

DARE ARER 0 o a L

DEFRESSED BRER 1] ] 1 1

PALE ARER 2 i 0 o

PALE FOCUS 1 4] a o
LYHMPH HCODE

MOTTLED 1 4] 1} o
PITOITARY

CYST a o Q 1
SMALL INTESTIME, JEJINIM

DARK DISCOLORATION a ] 1 o
SFLEEM

ENLARGEMENT a /] ] 1

FALE FOCUS a ] 1 o

SHALL 1 4] ] o
HEIN & HBUBCUTIS

WOTImD [ 1 i o
STOMACH

FALE DISCOLORATION 1 o a o
THYMIIS

DARE FOCUS L] 0 1 o

ZFMALL 1 o & o
TRACHEA

DEFORMED 1 i} o 1]
THYROID IOBE

DARE DISCOLORATION 1 1} o 1]
VASINA

RATSED ARER - - ] 1
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SGROUF TRCTDENCE: HECROPSY - ALL DATA
¥ill type: FOUMD DEAD
Group: 1

Tissues Bexs M

Observation Humber : 1
CEOTM

MUTTLED i
COLOH

MOTTLED 1
GALLELANDER

GELATINGUE MATERTAL 1

THICEENING 1
EIDHEY

DARY, DISCOLORATION 1
LYMPH MODE, BRONCHIAL

DARE DISCOLORATION 1
LUz

ROM-COLLAPSTRG 1
LYMPH NODE

DARE DISCOLORATICN -
SMALL INTESTINE, DUCDENDM

DARE DISCOLORATION L

EMALL INTESTINE, LLEUM
DARE DISCOLORATION

EMALL INTESTIKE, JEJIEHUM
DARE DISCOLORATION

SFLEEN
SMALL

THIMRIES
DARK DISCOLORATION

THYROID LOBE
DARE DISCOLORATION

Organ weights: There were no treatment-related changes on organ weights.

There was a significant increase in adrenal weight in females from TI groups at Week 39,

however, the increases were not proportional to dose or sex and the weights were considered
within normal variation. In addition, there was a significant decrease in brain weight in high-dose
TI females at Week 26. This decrease was not seen in the males or at Week 39 or following 8
weeks of recovery. Moreover, there were minor, but not significant, differences in liver, prostate
and spleen weights in males at Week 39 from low-dose T control and/or high-dose TI. However

these differences showed no dose relationship.

Organ Wt Sex Time Air control T T TI TI
low high low high
1 Adrenals F Day 274 1.141 1.514 1.516
(g) +0.0955 +0.2362 +0.2748
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7 Adrenals F Day 274 0.0149 0.0190 0.0188
(%/body wt) +0.00188 +0.00197 +0.00243
1 Brain F Day 183 1.0641 09172
(%/body wt) +0.07871 +0.02450

* generated by the reviewer.

TABLENOLE

ORGAN WEMNZHTS - ABSDLUTE
SUMMARY OF MEANS (g}

STUDY M0, 197

DAY 183
MALES
GROUP 1 ATR CONTROL GROUP & TECHNOSPHERE® TNSULTN (High Dose)
GROUP BODY ADRENALS BR ALY HEART KIDNEYS LIVER FITUITARY
Nl WT.
1 WMEAN WET 1504 77 77 4.7 2743 00599
3D 1330 4 04903 A0Z 11 144 2980 Qaas1
N 3 3 3 3 3 3 3
5 MEAN S 1314 o TRE 530 2740 Q0626
D TELE 01266 156 40 17 1210 Q061
N 4 4 4 4 4 4 4
GROUP PROSTATE RESFIRATORY SPLEEN  TESTES  TIVMUS THYROID LOBES
N TRACT (Nare) & PARATHVROIDS
1 MEAN 07 106.9 ™S5 1ol 56d 0850
1 1408 LA 41 58 098s 27841 0160
N 3 3 3 3 3 3
5 MEAN 516 N [ ILIR EE] 0760
D 1L.700 1265 1522 0744 pdeal e} 0.1337
N 4 4 4 4 4 4
TABLENOLE ORGAN WEIGHTS « ABSOLUTE STUDY 0. 2973

SUMMARY OF MEANS )

DAY 183
FEMALES
GROUP 1: AIR CONTROL GROUP S TECHNOS PHEREE TNSULIN (Fligh Dose )
GROUF BODY ADRENALS BRATN HEART KIDNEYS LIVER OVARIES
ML WT.
1 MEAN T3R5 1135 7.7 &57 B0 A 0.910
EAF] ZIRE 0. X255 178 213 G895 1720 a7
M 4 4 4 4 4 4 4
5 MEAN 775 1295 676+ 627 5.1 2510 1LO78
E1H] 7 0. IX5 b 1] 449 190 IEAL 0666
N 4 4 4 4 4 4 4
GROUP PITUITARY RESPIRATORY SPLEEN THYMUS THYROID LOBES UTERLS
N TRACT (Nare) & PARATHYROIDS
1 MEAN Q0672 g1l 416 10z Qa7 174
1N D0y BaG 19 1318 01253 0387
N 4 4 4 4 4 1
5 MEAN Q0557 L] 431 im 0599 431
3Ix 001750 208 1599 07 Q0655 1398
N 4 4 4 4 4 3

+ = St tially signficant when compared with

Groeap | aip = QL5 (i desd)
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TABLENOLE ORGAN WENGHTS - ABSOLLUTE STUDY M0, 7
SUMMARY OF MEANS i)
FAY 174
MALES

GROUP 1 AIR CONTROL

GROUPL: TECHNOSPHERE® (Control Low ) GROUP 4: TECHMNOSP HEREE TNSULDN | Law Daose)
GROUPY: TECHNOSPHEREE (Contraol High) GROUP 5 TECHNOSPHE REE INSULIN (High Doss)
GROUP BODY ADRENALS BRATN HEART KIDNEYS LIVER FITUITARY
M. WT.
1 MEAN s 1289 24 2l L0 2980 DO5RS
ah 13841 Q1764 4EE 1289 150 2086 a0lnGs
N 4 4 4 4 4 4 4
2 MEAN 9575 1484 44 245 L2 8 415 D0589
ah 1078 2 01347 147 947 562 4379 LILE
N 4 4 4 4 4 4 4
1 MEAN 2700 1315 46 26 456 IESA 00651
EiH 1035 0 PR E= 142 117 20z 7 Q00s 27
N 4 4 4 4 4 4 4
4 MEAN WTs 1217 .7 2.7 09 el 00857
EiH 1302 2 03234 190 1284 G805 5935 anl7as
M 4 4 4 4 4 4 4
5 MEAN 2500 117 THD ThE 531 1067 O0652
ahr 9 4 Q1906 114 1059 1165 4843 Q00ERS
N 4 4 4 4 4 4 4
GROUP PFROSTATE RESPIRATORY SPLEEN TEATESR  THYMUS THYROID LOBES
N TRACT {Narg} & PARATHVROIDS
1 MEAN 207 2.7 59 1240 4218 0422
3D 1402 490 1397 2169 2211 0040
N 4 4 4 4 4 4
2 MEAN 529 20 &S24 1171 197 0622
an L7858 1&7 48 43 1ERE 1568 0_195%
N 4 4 4 4 4 4
] MEAN 582 755 ™oz 1233 172 0650
3D 1075 414 17.50 1ER4 1078 02554
N 4 4 4 4 4
4 MEAN L2218 ThE 781 1460 196 0504
3D 093l 1707 15.29 1782 1501 01X
N 4 4 4 4 4 4
5 MEAN 695 TR 935 1158 R4 0559
3D 4492 1162 4564 2063 1082 026083
M 4 4 4 4 4 4
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TABLENOLS ORGAN WEINGHTS - ABSOLUTE STUDY M0, 1973
SUMMARY OF MEANS (g)
Y 174
FEMALES

GROUP 1 ATR CONTROL

GROUP I TECHNOSPHERE® (Control Law ) GROUP 4 TECHNOS PHERE & TNSULDY | Law Diose)
GROUP X: TECHNOS PHEREE (Contral Highy GROUP S: TEC HNOSPHERE® INSULTN (High Dase)
GROLUP BODY ADRENALS BRAIN HEART KIDNEYS LIVER (WARIES
ML W
1 MEAN 700 1.141 T2 540 150 s Lol
ah I QLRSS L&2 ] 111 4654 03428
M 4 4 4 4 4 4 4
b MEAN 7500 1185 2.1 ™2 405 .T L&
D L 00551 191 430 L1l 544 01588
N 4 4 4 4 4 4 4
] MEAN TEZS 1.2 745 10 .7 ML 0.955
EiH 4573 01587 Th4 545 485 1523 0zles
N 4 4 4 4 4 4 4
4 MEAN TR50 LA14* 0 879 154 i LI
EiH 545 0. X152 174 135 140 1898 00721
N 4 4 4 4 4 4 4
5 MEAN Bz L516* 743 GR7 180 644 L.x7
D G4 01748 795 959 562 4586 03847
N 4 4 4 4 4 4 4
GROUP PITUTTARY RESPIRATORY SPLEEN THYMUS THYROID LOBES UTERLS
N TRACT {Mare} & PARATHYROIDS
1 MEAN QL0599 GG 416 i1} 0580 242
3D Q0104 £330 1473 L i g7 MNA
N 4 4 4 4 4 1
2 MEAN Q0sEs £79 L8 ] 17 Q500 10z
3D 000591 438 1584 L0sg OfREs LY
N 4 4 4 4 4 1
3 MEAN Q0572 S48 G682 2 0479 294
an O005TE 253 2647 B lonz 0453
N 4 4 4 4 4 2
4 MEAN 00691 642 425 157 Q508 106
3D O0G77 545 1832 2030 Q768 a5l
N 4 4 4 4 4 1
5 MEAN [T b 876 424 142 0481 MNA
3D Q01340 1748 1141 550 Q072 LY
N 4 4 4 4 4 Q

N = Notapnlicabls
* — Sntistically significant when compared with Groap | & p< 0005 (Damedt's)
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TABLENOLS

ORGAN WENGHTS - ABSOLUTE
SUMMARY OF MEANS i)
ENDOF RECOVERY

STUDY M0, 1973

MALES
GROUP 1 ATR CONTROL GROUP 5 TECHNOSPHE REE INSULIN (High Doss)
GROUP BODY ADRENALS BRAIN HEART KIDNEYS LIVER FITUITARY
NI WT.
1 MEAN 2100 1265 24 BAG 5.7 g7 Q0512
ah 1414 LS EA L] L70 205 1372 1124 00012
M 2 X 2 2 X X 2
5 MEAN 9200 0977 TIE Th4 456 IERE 00534
ElH 1414 QITIE 057 771 4.10 a7 Q0100
N 2 2 2 2 2 2 2
GROUP FROSTATE RESPIRATORY SPLEEMN TESTES  THYMUS THYROID LOBES
N TRACT {Nare} & PARATHYVROIDS
1 MEAN a76 7.5 E9 1435 219 0 688
EiH 2687 a7 1394 1517 L1446 03769
N 2 2 2 2 2 2
5 MEAN 472 . 5 1503 244 06246
EiH 0105 509 1Z64 5565 2200 01558
N 2 z 2 2 z z
TABLENILE

CRGAN WENZHTS - ABRDLUTE
SUMMARY OF MEANS (g}
ENDOF RECOVERY

STUDY N0, 2971

FEMALES
GROUP 1: ATR CONTROL GROUP S: TEC HNOSFHEREE TNSULTS (High Daose)
GROUP BODY ADRENALS BRAIN HEART KIDNEYS LIVER (WARIES
ML W
1 MEAN 2100 1.258 752 678 7.1 269.2 0.9Z8
3D IR R 03111 573 431 146 sl 03485
N 2 2 2 2 2 2 2
5 MEAN B550 1.401 TS0 G0 &2 Ly | L1429
3D 9192 allEs 792 ] 411 1330 02404
N 2 2 2 2 2 2 2
GROUP PITUTTARY RESPIRATORY SPLEEN THYMUS THYROIDLOBES UTERUS
ML TRACT {Nare) & PARATHYROIDS
1 MEAN 00541 655 LI | 485 0513 101
3D 000 12 ERE an7 0578 01527 NA
N 2 2 2 2 2 1
5 MEAN 0071 79 0.2 403 0574 414
3D LIRSS 782 2240 Q505 01095 NA
N 2 2 2 2 2 1

NA = Notapnlicable
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TABLE ML 2 ORGAN WENGHTS - RELATIVE TOTERMINAL BODY WEIGHT STUDY ML 173
SUMMARY OF MEANS({%)
[AY 181
MALES
GROUP 1: AIR CONTROL GROUPS: TECHNOS PHER ER/INSULTN (HHgh Dose)
GROUP ADRENALS BEAIN HEART KIDNEYS LIVER PITUTTARY
M
1 MEAN 017l 08764 ORSES 05552 10431 Q0007
3 Q00T 017516 a7y L E b QZR I Q000G
N 3 k] 3 3 3 3
5 MEAN a0148 QAG50 DER14 05530 1054E Q0007
aI» Q00135 006 132 Q11300 Q07774 Q18003 Q00012
M 4 4 4 4 4 4
GROUP PROSTATE RESPIRATORY  SPLEEN TESTES THYMUS THYROMD LOBES
ML TRACT {Nare) & PARATHYROIDS
1 MEAN Q06T L1927 PR 0. 1242 QG QL00Rs
aI» Q01168 004322 Q40032 QOZEX2 QO2OTS Q00244
N ] ] ] ] 1 ]
5 MEAN 005590 12267 ATHES 0. 1341 Q050 Q00ES
i H] 001568 024818 QIXE: 001480 QOres Q00 150
N 4 4 4 4 4 4
TABLENOL2 ORGAN WEIGHTS - RELATIVE TO TERMINAL BODY WENGHT STUDY N0 297
SUMMARY OF MEANS (%)
Y 181
FEMALES
GROUP 1: AIR CONTROL GROUP S: TECHNOS PHEREE/INSU LT (HHgh Dass
GROUP ADRENALS BRATN HEART KIDNEYS LIVER OVARIES
M
1 MEAN Q0155 L0641 08544 05317 12607 Q0126
3D 0249 Q07871 0025 Q0ens LSS LK0E
N 4 4 4 4 4 4
5 MEAN Q0176 0917 + 08807 04901 14017 00146
3D LTCEY B 002450 Q05619 004423 0377 il
M 4 4 4 4 4 4
GROUP PITUTTARY RESPIRATORY  SPLEEN THYMUS  THYROID LOBES UTERLS
M TRACT (Narg & PARATHYROIDS
1 MEAN Q000 12442 05851 004z a009l 00364
3D D008 01002 0. MRS Q0140 000172 00063
M 4 4 4 4 4 ]
5 MEAN Q0008 L1916 aAT16 00512 a0l 00584
an 0024 Q11062 024468 LT 00010z 001979
N 4 4 4 4 4 ]

+ = Smtistically significam when compared with Goump | & p S 005 (test)
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TABLEMNOL® ORGAN WEIGHTS - RELATIVE TOTERMINAL BODY WEINGHT STUDY N 97k
SUMMARY OF MEANS (%)
AY 174
MALES
GROUP1: AIR CONTROL
GROUPL: TECHNOSPHEREE (Control Low ) GROUP 4: TECHSOSPHER EEINSULDN (Lo Daose)
GROUPL: TECHNOS PHEREE {Contral High) GROUPS: TECHN OS5 PHER EE/INSULIN (1Hgh Dase)
GROUP ADRENALS BRAIN HEART KIDNEYS LIVER PFITUITARY
ML
1 MEAN a01is DRGT 0E714 05484 EREL) Q0007
A 000140 Q13665 QR IE QOTEXE 024628 QL00E
N 4 4 4 4 4 4
2 MEAN Q0158 OTHIE 081l 05710 Lalas Q0007
EiH LTI QOEELS Q047 Q02425 055703 Q00010
N 4 4 4 4 4 4
] MEAN 00140 Lo OE714 05044 29742 Q0007
EiH Lililiese] Q10740 026l Q09407 DAR002 LRI
M 4 4 4 4 4 4
4 MEAN 0017 ORERL 08515 05392 115M Q0007
EiH 000193 Q0S40 Q0TIES 003597 027950 Q00013
M 4 4 4 4 4 4
5 MEAN 0013 OR8240 0813z 05661 12639 Q0007
ElH 000 OIEERT iz 012897 052134 QLO0E
N 4 4 4 4 4 4
GROUP PROSTATE RESPIRATORY  SPLEEN TESTES THYMUS  THYROID LOBES
N TRACT (Nare} & PARATHYROIDS
1 MEAN P ] LELH | Q5879 01321 00442 Q0087
3D 00xTET Plia=t) 04752 00 198s Oz a00lle
M 4 4 4 4 4 4
2 MEAN Q054 az418 Q4246 0. I8 00407 Q0064
3D 001502 Q05 TE3 044828 Q005 001791 Q00171
M 4 4 4 4 4 4
k] MEAN Q058 i} as7 01266 Q0ZR0 Q0057
3D 002577 Q0587 03457 QRS Q00064 Q0006
N 4 4 4 4 4 4
4 MEAN Q0558 PELIL QEAS 0. 1536 00408 Q0065
3D D002 0I2FS Q56T 001547 0] 558 LIRS
N 4 4 4 4 4 4
5 MEAN Q0872 0474 09155 01244 00Xs Q005
3D D0I7RS 02T 040430 Q0zas] Q01014 Q00154
N 4 4 4 4 4 4
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TABLENOL® ORGAN WEIGHTS -« RELATIVE TO TERMINAL BODY WEIGHT STUDNY NOL 2973
SUMMARY OF MEANS (%)
DAY XT4
FEMALES
GROUP 1 ATR CONTRIOL
GROUP Z: TECHNOS PHERE® (Contral Low) GROUP & TECHNOS PHEREE TN SULTN (Low Dase)
GROUP3: TECHNOS PHERE® (Control High) GROUPS: TECHNOS PHEREE/INSULIN (High Dase)
GROUP ADREN ALS BRATY HEART KIDNEYS LIVER OVARIES
il
1 MEAN L] 09188 [ L. 4RRS 1E904 P R
D 0001 58 002918 00434 004559 032l 000433
N 4 4 4 4 4 4
2 MEAN no1se DRGET 0429 0. 5443 155014 0056
1] 0001 41 D.11TES 010575 0581 LAMI0E 000517
N 4 4 4 4 4 4
3 MEAN 0l as 09568 0E107 0.4577 L1145 amzs
D 0001 24 014045 QLIZIRA an7e OARGET OO0
N 4 4 4 4 4 4
4 MEAN LG 087 0R5a% 0.4474 15455 00105
A 000l &7 010135 [ =) 04741 037449 QLO016E
N 4 4 4 4 4 4
5 MEAN [ETEE 045a ORSAT 04725 1AL anlsl
1] P ] O0ETED L= 004194 LT b | QMRS
N 4 4 4 4 4 4
GROLUP PITUITARY RESPIRATORY  SPLEEN THYMUS  THYROID LOBES  UTERUS
il TRACT {Nare) & PARATHYROIDS
1 MEAN CLO0E 07H 05450 QL0E2 007Ts 00332
S 013 010307 021333 DO04ST LUECTh e ] A
N 4 4 4 4 4 1
z MEAN CLO00E L] 07244 aLisl nnEl 00419
D CUD0E 010143 [ B 01242 001 42 NA
N 4 4 4 4 4 1
3 MEAN Q00 08539 DRGIE LIS e &l 00372
I D00 10 0T AR 058498 0 1626 000127 OLO0ESE
N 4 4 4 4 4 z
4 MEAN QLO0E L o 05490 P ] 0077 00333
A PECC] 006599 0. 28420 02475 0001 42 LS
N 4 4 4 4 4 3
5 MEAN QLO0E a4 05269 (LG B0&D WA
Al CLD0E 018457 01662 Q0aTsl P WA
N 4 4 4 4 4 a

NA = Not mplicble
* — Htats tcally significant when compared with Grogp | atp < 0005 (Draometts)
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TABLENOL® ORCAN WEIGHTS - RELATIVE TOTERMINAL BODY WEIGHT
SUMMARY OF MEANS (%

Ya)
EXNDOF RECOVERY

STUDY N 17%

MALES
GROUP 1: AIR CONTROL GROUPS: TECHS OS PHER EE/TNSULTN (High Dose)
GROUP ADRENALS BRAIN HEART KIDNEYS LIVER PITUTTARY
N
1 MEAN Q0140 PEEEL 09514 05914 11055 Q0007
an LTI L) 000474 LTI ] 0.1 5588 007531 000014
N 2 2 2 2 ] 2
5 MEAN Q0106 0795 E2%4 05280 11357 Q0007
3D 00l a0l EL Q708 Q01649 00T 000014
N 2 2 2 2 X 2
GROUP PROSTATE RESPIRATORY SPLEEN TESTES THYMUS  THYRMD LOBES
bt TRACT (Nare) £ PARA THYROIDS
1 MEAN 00745 087 09140 01579 Q0240 Q0076
3D Q0 003302 03%721 Q03012 0.01xx 000424
N 2 2 2 2 X 2
5 MEAN a0z 08177 09202 0162 a0sag QL0068
3D 00191 008243 0Is17s Q0578 003 132 000 163
M X X ] X X ]
TABLENOL® ORGAN WEIGHTS « RELATIVE TO TERMINAL BODY WEMNHT STUDY MO, 1973

SUMMARY OF MEANS (%)
EXD OF RECOV ERY

FEMALES
GROUP 1: AIR CONTROL GROUPS: TECHNOS PHEREETNSULLS (HHgh Dase
GROUP ADREN ALS BRAIN HEART KIDNEYS LIVER OVARIES
N
1 MEAN 00155 a9X8 0_R150 04585 33zl a0il4
D 000332 010317 Q02404 QOEETS QITIE RS
N 2 2 2 2 2 2
5 MEAN 00164 QE77L 08065 044461 L7676 00137
D Q00042 000170 LR Q00247 Ll ) L]
N 2 2 2 2 2 2
GROUP PITUITARY RESPIRATORY SPLEEX THYMUS  THYRMD LOBES LUTERLS
bt TRACT {(Narg & PARATHYROIDS
1 MEAN Q0008 LR 12731 00503 LT 00384
i Q0000 005780 004511 Q01421 000212 NA
N 2 2 2 2 2 1
5 MEAN pEil ] L] 1887 00480 Q&7 00450
EiH Q00007 000728 QRIZRZ 001577 000057 NA
N 2 ] 3 3 3

NA = Not splicble

Histopathology:

Overall, there were no findings at Week 26 or following 8 weeks of recovery. But there were
histopathological changes in respiratory tract tissues that following 39 weeks of treatment, which
were considered to be related to treatment.

= Week 26 (Day 183):

There were higher incidences of epithelial metaplasia, mixed or mononuclear cell infiltrate and
lymphoid aggregations in the upper respiratory tract (i.e. nasal cavity, larynx, trachea, carina, and
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bronchi) were seen in Air Control group (Group 1) and high-dose TI group (Group 5) when
compared to unexposed controls. The sponsor suggested that these were commonly seen in
inhalation studies and were indicative of an adaptive change within the respiratory tract rather
than overt toxicity. Note from the reviewer: The absence of neoplastic findings in the rodent
carcinogenicity studies conforms this.

In addition, there were other histopathology findings, including minimal to mild bronchial and
epithelial metaplasia in TI-treated males, minimal to mild larynx epithelial metaplasia in TI-
treated females, lung mononuclear cell infiltrate in TI-treated males and females, pituitary cysts
in TI-treated males, mild to moderate decreases in spleen blood volume of TI-treated males, and
minimal to mild thyroid c-cell complexes in TI-treated females.

= Week 39 (Day 274):

Minimal to mild alveolar and/or bronchial-interstitial neurtophil infiltrate of the lungs were seen
in TT groups (Groups 4 and 5) following 39 weeks of treatment. However, the incidence of these
findings were low (1/8 and 3/8 animals respectively). These findings completely regressed
following 8 weeks of recovery (Group 5).

Minimal to mild thymic atrophy was seen in 6/8 high-dose T control (Group 3) animals at Week
39. This finding was inconsistent between doses of T and was commonly observed in dogs of
their ages. The sponsor considered as unlikely to be related to treatment with T.

Minimal to moderate hypocellularity of seminiferous epithelium and minimal to mild germ cell
degeneration were noted in 1/4 animals in the low-dose T control group (Group 2) and in 2/4
animals in high-dose TI group (Group 5) at Week 39. Germ cell degeneration was also observed
in Air Control (Group 1). Minimal to severe hypospermia/aspermia was noted treated groups
(esp. ¥ in Group 5) when compared to Air Control group. Furthermore, there were other
histopathology findings, including minimal to mild colon congestion/hemorrhage in low and
high-dose TI groups (Groups 4 and 5, not recoverable in females).

Note from the reviewer: Target organs were nasal cavity and heart in rats, whereas target organs
in dogs were lung, thymus, testis, and epididymis in dogs. Microscopic findings were T related in
a dose-dependent manner. Historical control was not provided by the sponsor.
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GROUP INCT H EPATHOLOGY - ALL DATA DAY 183

Eill type: TERMINAL

=
m

Greup:
Tlaaue Sex:
Oaervation Humbear:

w

= & o
m
n

EPIDIDYMIS
Humbher examined
HYPOSPERMIA/BSPERMIA
mild
modarate

H O e
(=SS
]
i

BROMCHI
Humber examined
METAPLASIA, EPITHELIAL
minimal
mild

(S =T =™
[ =3 &% 2
=R
R

EIDNEY

Humber axamined

DILATATION, TUSULAR
minimal

BASDFHILIA, TUBULAR
minimal

CELL INFILTRATE, MONOHUCLEAR
minimal

L= W R = i =T P
==
HPEPRESS &
@ o HH e

LAEYNE
FRumbher examined
METAFLASIA, EFITHELIAL
minimal
mild
LYMPHOID AGGREGATIONS
minimnl
LYMPH WNODE, ERONCHIAL
Humber examined
HEMISIDEROSIS
minimal
CORGESTION AMD/OR HEMORRHAGE
minimal
mild
CELL IKFILTRATE, NEUTROPHIL
minimal

BT
GO RPN
HHRPH NS
=R

oo H S
oCoD R KRR
(=3 =T - L
Ll = N

LYMPH RODE, MESENTERTC
Number examined
CORGESTION ARD/CR HEMORRHAGE
minimal
mild

(S S
(=00 SO S 4
(S =T S
HH b

LYMPH MIDE, MANDIEULAE
Humber examined
CONBESTION AKD/OR HEMOERHAGE
mild 1 a

[E ]
=
== 4
=
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UEF INCIDEMCE: H LOGY - ALL DATA DAY 183

%i11 bype:  TERMIKAL

[y
um

Graup:
Tigsue Sex:
Observakion Musnber

wE e
& W&o
k'
m

LYMPH RODE, RETROPHRRYMNGEAL
Humber exasined
COMEESTION AMND/SOR HEMORRHAGE
mild
moderate

O B
[=RE=0N =0 3
(=" = =~ A
B e s

LG
Humber examined
HEMOSIDERDSIS
minimal
mild
EMFHYSEMA
present
MICROERANTLOMA
minimal
mild
FIBROEIS, PLEURAL
mimimal
EHEUMOWIA, INTERSTITIAL
minimal
mild
CELL IMFILTRATE, MEUTROFHIL
minimal
CELL IMFILTRATE, MIKED
mild
MACROPHAGES, ALVEOLAER
minimal
mild
CELL INFILTRATE, MONONUCLERE
minimal
mild
METAPLASIA, EFLTHELIAL
mild
MACROIPHAGES, SURPLEURAL
mild
OBRSTRUCTION, BRONCHIOLAR
minimal
LYMPH MODE
Humber examined
CONGESTION AND/OR HERORRHAGZE
moderate a u]

oo oooBEHSHHESHEHSOHPOEBDDODOFSSSHEHSDHEW
e 0O 0OMONONMEFREAFEFSSSSDRDEODODMODRR

OO O o O S RS H S @ R B O DR DSOS R
A I = BT R TU = e T T T = T T I o~

L= =}
[ =y}
=
2 oa a

CARTHA
Humber examined
CELL INFILTRATE, HWEUTROFHIL
minimal
METAPLASIR, EPITHELIAL
mild
LYMFHOID AGGREGATIONG

i e R b
W=D
R
[l = =T = N =T}
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GROOE INCTIDEMCE @ ¥ - ALL DOATA DAY 183
K11l type: TERMINAL
Graup: 1 5 1 5
Tissue Bew M ] F F
Observakicon Mumsber : 3 4 4 4
CRRTHA (continued)
LYMPHOID AGGREGATIONS [continued)
minimal 2 3 1 1
mild 1 [ o
MASAL CAVITY
Humber examined 3 4 4 4
CELL IHFILTREATE, MIXED 1 1 i} o
minimal 1 1 o a
CELL INFILTRATE, MORONUCLEAR 1 L] o i
minimal 1 L] o 1
HETAPLASIA, EPITHELIAL o 1 2 1
minimal o 1 1 1
mild ] L] 1 a
LYMPHOID AGGEREGATIONS o k1] o 1
minimal a ] a 1
FHARYNX
Humber examlned 3 4 4 4
LYMPHOID AGEREEGATIONS a 1 1 1
minimal a 1 1 L]
mild a 0 a 1
PITUITARY
Humber sxaminmed 3 4 4 4
CYST L] 2 1 o
mild L] 1 1 0
moderate [ 1 0 o
CRLCIFICATION, POCAL 1 4] 1] ]
minimal 1 i3 o o
SMALL INTESTINE, DUODERIM
Humber =xamined i 4 % 4
HOTE o 1 L1} o
pressnkt o 1 1] ]
CONGESTION ARDSOR HEMORERHAGE o 1 o ]
minimal o 1 1] o
SMALL THTESTINE, ILEUM
Husiher examined i 4
CONGESTION AND/OR HEMOIRRHAGE o] 1 L] ]
minimal i} 1 a o
SMALL INTESTINE, JEJUHNUM
Hugriter examined 3 4 4 4
SOHABSTION AND/OR HEMORRHAGE a 1 o o]
mimisal a 1 o i}
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GROUP INCIDENCE: HTSTOPATHOLOGY - ALL DATA DAY 183

Eill ktype: TERMINAL

Group: 1 5 1 L
Tlasaus Sex: M M F F
Obaervation Hlusrer = 3 1 4 1
SPLEEN
Rumber axamined 3 & 4 1
HEMDS IDERDS IS o 1) 2 2
minimal o o 1 2
mild o o 1 1}
EXTRAMEDULLARY HEMATOFOIESIS e 1 1] 1]
minimal a 1 o a
BLOOD VOLUME, DECRERSED a Z 3 2
mild a 2z 2 2
modarate 2] o 1 a
BKIN & BURCUTIS
Rumber examinsd E] 4 4 4
CELL INFILTRATE, MONONUCLERR Q a 1 a
minimal L] i} 1
STOMACH
Humber sxamined 3 4 4 4
COMOEATION AMD/OR HEMORRHAGE [} 1 1] L]
minimal 0 1 0 o
THY¥MUS
Humbher axamined i B 4 4
ATHOFEHY o 1 2 1
minimal o ] a 1
mild u} 1 1 o
moderabe u} L1 1 o
TRACHER
Mumiber examined 3 4 4 4
METAPLASTA, EPITHELIAL a 1 @ o
minimal a 1 4] 0
TESTILS
Wumber examined 3 4 - -
HYPOCELLUOLARITY 3 1 - -
minimal 1 1 - -
mild 2 o - -
THYROID LOBE
Kumber examined | 4 4 4
C¥YST 0 1 0 a
mild o 1 o a
C-CELL COMPLEXES 0 o 1 3
minimal o o 0 2
mild ] o i 1
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DAY 274
GROUE THRCIDERCE: HISTOPATHOLOGY = ALL DATA
Eill type:  TERMINAL
Eroup: 1 2 k] 4 5 1 2 3 4 5
Tizsue Sex: M M .} M M F F F F F
Ohasrvation Musber : 4 4 4 4 4 4 4 4 4 4
CECON
Rumber sxamimed 4 4 4 4 4 £ £ 4 4 4
COMGESTION AND/OR HEMORRHAGE 1 i} 1 a 0 1 o 1 o 1
minimal a o 1 a [+] 1 o 1 [¥] 1
mild 1 a 1] a 0 o o [+ o [}
COLOH
Rumbeyr axamined 4 4 i i 4 4 4 a q 4
DEGENERATION , VACTOLAR a [} 1] a 1 o o 4} o 4]
milad a [} 1] a 1 o o [+ o 4]
COMGESTION AND/OR MEMORRHAGE 1 [} 1 a 1] o 0 1 1 2
minimal 1 1] 1] o 1] o 0 1} 1 1
mild a [} 1 il [ o 0 1 o 1
EPIDIDYMIS
Rumber sxamined i 4 4 4 a - - - - -
HYPOSPEAMIA/ASPERMIA a 2 1 1 3 - - - - -
minimal a [} 1 1 1 - - - - =
mild a 1 1] Ju] 2 - - - - -
gevare a 1 o Ju] [+ - - = = =
HISTICCYTOSIS a L1} o o 1 - - - - =
mild a L1} o Ju] 1 = = = = -
DEGENERATION, GERM CELLE a 1 1 o] 1] - - = - =
minimal i} o 1 o o = - - -
mild a 1 ] 1] 4] - - - - -
ESOFHAGTS
Humber examined 4 4 4 4 4 4 4 4 4 4
CELL INFILTRATE, MONONUCLEAR o 1 L1 [v] o 1] L1} a Q o
minimal a i ] o a ] ] o a a
HEART
Rumber examinsd 4 L 4 4 & & L 4 4 4
CELL INFILTRATE, MONONUCLEAR a 4] o a a a a a i
minimal o o] i 1] 4] a 4] 0 q 1]
BRONCHT
Humber examined i 4 4 4 i 4 & kS & 4
CELL THFILTEATE, MIXED o v L1 1 a 1 u} o 1 0o
minimal o] ¥ [+ o a 1 a i} 1 o
mild 1] i [H 1 a a a i} a o
METAPLASIN, EPITHELIAL 1 1 1 Z 1 o 1 1 3 2
minimal 1 1 1 1 1 Q Q 1 3 [}
mild o ] [ 1 a a 1 [+ a 2
L¥MFHOID AGGREGATIORS 1 o [ 1} Q Q Q Q a [
minimal 1 ] L1 1] 0 a Q 0 Q [
ATEDPHY, EFPITHELTAL ] 1} & ] o a a 1 1] +]
minimal o a L] > o a a 1 a 1]
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DAY 274

¥ - ALL DATA

EATH

TERMINAL

Kill type:

Tisgums

ObEexrvation

KIDHEY

minimal
BASOPHILIA, TUBULAR

minimal

mild
COMGESTION

minimal
FIBROSIES

minimal

mild

Humber examined
DILATATION, TUBULAR
CELL INFILTRATE,

MONONUCLEAR

minimal

LARYNE

Humber axamined

EFTTHELLAL

METAFLASIA,

minimal

modarake

minimal
mild
LYMFHOID AGGEREGATIONS

LYMPH NODE, BRONCHIAL

minimal

Humber sxamirned
HEMOSIDEROSTIS
CORGESTTON AND/OR HEMORRHAGE

minimal

mild

CELL INFILTRATE, HEUTROPHIL

minimal

mild

LACRIMAL GLAND
Humber examined
HEMORRHAGE

minimal

mnild
minimal

FIBROSTE , CAPSULAR

mild

EXTRMMEDULLARY HEMATOEPOIESIS

Mumber examined
ninimal

HEMOEIDERDSIS

LIVER
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DAY 2174

¥ - ALL DATA

TERMINAL

Kill type:

[ 1]

Group:

Henes

Humber :

Tigaue

Obgervation

MESENTERIC
Humber examined
minimal
mild

CONGESTION AND/OR HEMORREHAGE

LYMPH RODE,

madarate

MANDIBOLAR
Humber examined
HEMOSIDEROSIS
minimal

CONGESTION AND/SOR HEMORRHAGE

LYMPH RODE,

minimal
mild

RETROPHARYHEEAL
Rumber examined

LYMPH WODE,
PIGMENT

mild

COMGESTIOR RANDJOR HEMORRHAGE

minimal
mild

modarate

LG

minimal
COMGESTTON

Humber examined
HEMOSIDERDSIS

minimal
mild
EMPHYSEMAR

mild

MICROGRANULOMA

minimal

FIBROSIE, FLEURAL

minimal
PHEMCHIA, INTERSTITIAL

minimal
mild

C{ELL IMFILTRATE,

HEUTECPHIL

minimal
mild

CELL INMFILTRATE,

HIXED

minimal
mild

MACROPHAGES, ALVEOLRR

minimal

mild

CELL INFILTRATE, MONOHUCLEAR
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DAY L73

HISTOPA

GROUE THRCTDEMCE:

TERMINAL

Kill type:

Broup:

Sex:

Humber s

Timsue

Obhaervation

LMG {centinued)

minimal
mild

MACROFHAIES, SUBPLEURMAL
mild

HYFERFLASIA,

moderate

METAFLASTA, EPITHELIAL

minimal
mild

CELL INFILTRATE, MOMONUCLEAR (contlinuead)

EPITHELIAL

minimal

mild
UNDEREX BARSTON

present

DESTRUCTION,

BRONCHIOLAR

minimal

L¥MPH HODE

minimal
moderake
gevere

mild

Numiber examined
CORGESTION AKD/COR HEMORRHAGE

CARTER

minimal
moderate
LYMPHOIT AGGREGATIONS

METAPLASIA, EFTTHELIARL
mild

Humber examined

minimal

HASRL CAVITY

minimal

mild
CELL INFILTRATE, MIXEDR

minimal
mild

CELL INFILTRATE, MONORICLERR

minimal
mild

Mumber examinad
METAPLASTA,

EDEMA

EFTTHELIAL

minimal
mild

LYMPHOID AGGREGRTIONS

182



Reviewer:Mivun Tsai-Turton NDA No. 22-472

] : HI RAT ¥ - ALL DATA DAY 274
Kill type: TERMIMAL
Group: 1 2 3 4 5 1 2 3 4 5
Tizsua e ] L | M M F F F F F
Chesarvation Kumbex 4 4 4 4 4 3 4 4 4 %
HASAL CAVITY {continued)
LYMPHOID AGCREGATIONS (continuwed)
minimal ] o a 1] 1 [¥] ] a o o
FERATINIEATION, IRCREASED o u} Q L] 1 ¥} ] a o @
minimal Ll u} Q L1} 1 o o a o 1]
HASOPHARYIX
Kumber examined 4 4 4 4 4 4 4 4 4 4
ATROPHY, EPTITHELTAL o ul o 1] 1} ¥} o 1 o 1}
minimal o o a 1] o 1] a 1 o a
PHARYMI
Kumbear examired 4 4 4 4 4 4 4 4 4 4
HEMORRHAGE a 1 o] 4] n 1] o o 1] i
minimal o 1 o] 4} 0 1] a n L] o
CELL IMFILTRATE, MINORUCLEAR 1 1 o 4] 1} 1] o o [+ a
minimal 1 1 o 4] o ] a a 1] a
LYMPHOTID AGCREGATIONS Q o 3 1 n 1 3 1] 4] 1
minimal a o 1] 1 o ] 2 ] [ 1
mild o o 3 4} n 1 1 o] L] a
PITUITARY
Bumber examined 4 4 4 4 4 4 4 4 4 4
CYSET 0 o o ] 1 2 L] f 1 1
minimal 0 el o 4] 1 L] ] 0 q o
mild 0 o o 1] o 1 L] a 1 1
moderate [+ o o @ L] 1 o o 4] o
PROSTATE
Humber examined 4 4 4 4 4 - - - - -
ATROPHY [+ +] o Q 1 - - - - -
mild [+ 4] o a 1 = - - - -
HECROSIS, STHGLE CELL 1] 1 o a o - - - - -
minimal 1] 1 o a o - - - E =
CELL IMFILTRATE, MIXED L] 1 o a K] - - - = -
minimal i} 1 o 1] o - - - - -
CELL IHFILTRATE, MOMONUCLEAR (1] o L1 1 1 - - - - =
minimal a o o 1 1 - - - - -
PARATHYROID
Humber examined 3 i 4 4 2 i 4
C¥ST 4] [ L1 u] [} a 1 L1} a L1}
mild 4] L1} 1 o
SMALL INTESTIKE, DOCDERIM
Humber examined o 4 4 i & 4 4 4 q 4
COMGESTION AND/OR HEMORRHAGE 4] Zx 1 Ji] [+ 1 a 1 1] 2
minimal 4] 2 L3 a 0 1 a 1 1] 2
mild 4] i} 1 i 4] a 4} ] 1 L1
DILATATION, CRYFTAL 1 & 0 o 4] a a ] 1 L]
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DAY 274
GROUE THCTORMCR; HISTOPATHOLOGY - ALL DATR
Kill type: TERMIMAL
Broup: 1 3 k] 4 5 1 2 3 4 5
Timaus Bax: M M M M o F F F F F
Chaervation Humber : 4 4 4 4 4 4 4 & 4 4
SMALL INTESTINE, DUODEMUM {continued)
DILATATION, CRYPTAL (continwed)
minimal 1 @ u} 4] o 1] [} a 1 1]
ATROBHY, WILLOUS o 4] a L] o (] Q a o b
moderate 1] 4] o L] o (] [+ 0 o 1
SALIVARY GLAND
Rumber examined 4 4 d a 4 4 4 4 4 4
CELL INFILTRATE, MIMONUCLEMR a 4] a 1 a [+] L1 o 1
minimal 4} u} 1 o L] a 1] 1
SMALL INTESTIHE, ILEIM
Humber sxamined 4 4 d 4 4 4 4 4 4 4
CONGESTION AND/OR HEMORRHAGE 1 [+ o 1 a [ [H] 1 o @
minimal a 4} i} 1 a [1] L1} 1 o a
mild 1 ] a 4] a ¥ 4] o ] a
ATROPHY, WVILLOUS o 4} o 4] o 1] 1] u] o 1
minimal o 4] o [i] o L1 1] o] o 1
SMALL INTESTIKE, JEJUNUM
Humber examined 4 4 4 L3 3 L L3 4 4 4
COMBESTION AND/OR HEMORRHAGE 1 1 1 1 o 2 1] 2 o 1
minimal a 4} o 1 o L L] 2 o a
mild 1 4] 1 4] o i3 [i] 1] ] 1
moderate o 1 o 4] o 1 4} o o a
ATROPHY, WVILLOUS o 4] o 4] o g ] o 1] 1
minimal o 4] o 4] o [1] ] o o 1
SCTATIC MNERVE
Humber examined 4 4 4 4 4 4 4 4
MYELIMNOPATHY, FIBRE 1] o} o 1] ] a i o 1 0
mild o 4} o 4] o Q 4} o 1 o
SPLEEHN
Humber axaminsd 4 @ 4 & 4 4 4 4 4 4
HEMOSTDEROS IS 2 1 2 1 1 2 1 2 3 2
mimimal 1 [u} 2 a L1} 2 1 1 2 1
mild 1 i o 1 1 a a 1 1 1
EXTRAMEDULLARY HEMATOROIESTS 2 2 1 4 3 2 2 2 1 2
minimal 2 1 1 k] 2 a 1 1 1 1
mild 0 1 1] 1 1 2 1 1 a 1
FIBROSIS, CAPSULAR L 1 o a o a a o a 1
minimal 0 0 L a 0 a a 0 a 1
mild [¥] 1 [1] a i a a 4] a Jv]
BLOOD VOLUME, DECREASED 3 4 q a 3 i 2 4 L] 4
minimal 0 i} 1 Q 0 a 1 [+ Q 1
mild 3 4 3 a 3 2 1 2 1 i
moderace o a 1 a 1 F) e} ] El o
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DAY 274
GROUP THNCIDENCE: HISTOPATHOLOGY - ALL DATA
Eill type: TERMINAL
Graup: 1 2 3 2 5 1 2 4 4 L]
Tisaum Hex: M M M M M F F F F F
Observation Mumbier : £ i 4 L 4 4 4 a 4 4
STERMUM & MRREROW
Rumber examined kY 4 4 E 4 4 4 4 4 a
OSSIFTCATION o 1 a 4] o o a ] ] o]
minimal o a o o o [} o o
SEIN & SUBCUTIS
Rumber examined 4 4 4 % 4 4 4 4 4 4
MICROGRAMUILIMA 1 i [1] 1 o] o 0 Q@ o Ju]
minimal 1 a L] 1 o o 0 [} o 1]
CELL INFILTRATE, MONONUCLEAR 1 ¥ 1 a o o 1] 1 L] 1]
minimal 1 a 1 o o o a 1 o o
STOMACH
Rumber examined i 4 4 4 & 4 4 4
CONGESTION AND/OR HEMORRHAGE ] 1 1] 1 o 1 [ o o 1
minimal a 1 ] 1 4] o ] L
THYMUS
Kumber examinesd 4 4 £ 4 4 1 4 4 a i
ATROFHY a L 3 L] o n ] El 1 i}
minimal a Lt 1 L] o o ] @ 0 i}
mild a L 2 L1 o o [} 1 1 i}
COMGESTION AND/OR HEMORRHAGE 1 1 1 * a 2 ] 1 1 i
minimal 1 1 o 1 a i Q 1 1 o
mild a L1 1 1 0 L ] 0 o o
TRACHER
Kumber examinsd 4 4 & 4 4 4 4 4 a &
METAPFLASIA, EPITHELIAL ] 1 L] 1] 1} 0 o [ o o
mild 4] 1 o o 1] 8] 4] 1] [} o
TESTI1S
Fumbexr examingsd 4 4 & LS &4 = - - -
HYPOCELLULARITY 4] 1 o o 2 - - - - L
minimal i1 o 1] o 2 - - - -
modarate [+ 1 o o a - - - -
DEGENERATION, GERM CELLI 1 1 1 1 2 - - - -
minimal 1 o 1 1 2 - - - -
mild 1] 1 o o i} - - - -
THYROID LOBE
Humber examinsed 4 1 4 4 4 4 4 4 4 4
CYST 1 L] o ] L1} o [} L1} Ly 0
mild 1 o o o a a 1} L1} o i}
C=CELL COMPLEXES 4] 0 o o a L 4] 1] L] n
mild L] L+ o o a 1 [+] L1} ] 1]
URIHMARY BLADDER
Humber examinsd E 4 4 4 4 i 4 4 4 4
CORGESTION L] o o 1 i} 1 1 1 o 2
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GROUEF THCIDEWCE: HISTOPATHOLOGY - ALL

Kill type: TERMIMNAL

DAY 274

Group:
Tiasua Smx:
Cheorvation Humbex

e

[ -4

= E

P

= & om

o

& o b

L

e oa
"

URIRARY BLADDER {conbinued)
COMGESTION {continued)
minimal

GROUP IMCID i ¥ - ALL DATA

Fill eype: RECOVERY

Group:
Tigaue B

Ohservakion

bR

B o

B RO

o

CECIM
Humber examnined
COMGESTION AMDSOR HEMOREHAGE
minimal

COLOW
Humber exanined
COMEESTION AND/SOR HEMORRHAGE
mirimal
mild

BROBCHT
Rumber examinead
METAFLASIR, EFITHELLAL
minimal
LYMPHOTD RAEGRECATIONS
minimal
mild

KIDNEY
Mumber examined
BASOPHILIA, TURTLAR
minimal

LARYME
Humber examined
HEMORRHAGE
minimal
METAPLASIA, EFITHELTAL
minimal
mild
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LYMPH KODE, BRONCHIAL
Humber examined
COMGESTION AND/OR HEMORRHAGE
minimal
mild
CELL INFILTRATE, MEUTROPHIL
mild

oSO o oM
H O S BB B
(=R =2 =3 5l
[T =T o= T )

LIVER
Humber examined
FIBROSIS, CAPSULAR
mild

[
[=I= I 5
E=0 = )
=

L¥MPH HMODE, MESENTERIC
Rumber examined
COMEESTION AMDSOR HEMORRHAGE
minimal
mild
moderate

oS R
[=J = = I = B ]
@ B B
oS o R R

GROOP INCIDENCE: HISTOPATHOLOGY - ALL DATH

Kill bype: RECOVERY

(=

Group:
Tissue Sex:
Ohesarak ion Rumber

BT O
W OE
m
o

LYMPH HODE, MANDIBULRR
Number examinesd
CORGRESETION ANDSOR HEMORRHAGE
minimal

[=" 5]
=2 =0
=]
[

=]
=]
[

LYMFH RODE, RETROFPHARYRGEAL
Number sxamirsgd
PIGMENT
minimal
mild

(=0 %
[N - - ]
HoRw
NN ]

LImG

Rumber examinesd

HEMDRERHAGE
mild

MICROGRANULOMA
minimal

FIBROSILS, FLEURAL
minimal

FHEUMNONIA, INTERSTITTAL
minimal

CELL INFILTRATE, MIXED
minimal
mild

MACROFHAGES, ALVEDLAR
minimal
miled

CELL INFILTRATE, MOMNONUCLEAR
minimal
mild

METAPLASTA, EPITHELIAL
mild

HYPERPLASTA, EPITHELIAL
mild

UNDEREXPAMS TON
moderate

e e i R R e e -l S T ==
OCo0O0O00OFFRNRODPFFOOODODOGOOGOOoRERER
oS o000 oSHFHOOSOHOHOOOORPHGOR
[=IE=-TE - =T o - - - - - -
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LYMPH HODE
Humber examined
COMGESTION AMD/OR HEMORRHAGE
mild
FIBROSIS, THTERETITIAL
mild

[ S
oo o oo
oo oo O
ooooa

CARTHA
Humber sxaminsd
LYMPHOID AGGREGATIONS
minimal ] i o o

(=]
(S
=
=]

GROUP INCINERCE: HISTOPATHOLOGY - ALL DATA

Eill type: RECOVERY

Group:
Tigsum Se:
Obsexvaticn Humber :

R e
o]
LR

HASAL CAVITY
Kumber examined
CELL INFILTRATE, MOWONUCLEAR
minimal
mild
METAPLAS LA, EPITHELIAL
mild

L= = =
L= s L
HFHDOOOoOK
(= ==l e

PFITUITARY
Number examined
CYST
mild
modorate

& BB OB
]
=S X ]
O e R

PARATHYROLD
Bumber examined
€¥sT

nild 1 0 0 0

o
o
[=1 N
[=1N 5

SMALL INTESTINE, DUODENTM
Mumber exanined 2 2 2 2
DILATATION, CRYPTAL 1

mild

,..

(=1
e o
L= =]

EMALL INTESTINE, JEJUNIM
Humber examined
CORGESTION AMD/OR HEMOREHAGE
mild
maderate
EPLEEN
Humber examined
HEMOOSIDERDS IS
minmimal
EXTRAMEDULLARY HEMATOPOIESIS
mild
BLOOD WOLOME, DECRERSED
minimal
mild
moderate

=R
ER-N=-N
Mo M Bk
oo o Ry

f=J =T
e R
Ho Hkaoao b
o R B R S e kb

SKIN & SUBCUTTS
Humbor sxamirded
ULCER
mild
CELL IMFILTRATE, MIKED
minimal

(==
[
[=J =~ I~
e T

THYMUS
Fumber examined
CYET 4] ¢} o 1

e
]
L]
[
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GROUP TMCIDERCE: HISTOFRATHOLONGY

Eill cype: RECOVERY

Group: 1 5 1 [
Tiasise ] M F F
Obgervation Kumber 2 2 Z K]
THYMUS {eontinued)
CYST (continued)
minimal 1} a 0 1
ATROPHY 1 1 o 4]
minimal 0 1 1] i
moderate 1 a i} i}
COMGESTION AMD/OR HEMORRHAGE o) i} 1 i
minimal 0 1] 1 Q
TRACHEA
Humber examined - 2 2 2
METAFLASIA, EPITHELIAL 1 Q a L
mirimal 1 @ a i
URINARY BLADDER
Humber examined 2 2 2 2
COMEESTION 1] Q@ a 1
mirimal [+] a a 1
VASINA
Rumber examined - - 2 2
CYST - - a 1
mild - - a 1
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H ¥ - ALL DATH

Kill cype: FOURD DEAD

Group:
TisBua Sax:
Obsarvabtion Humbear

&

COLOM
Humber examined 1
CORGESTION AND/OR HEMORRHAGE
mild 1

[

KIDMEY
Number examined 1
CORGESTIOR 1
moderakca 1

LYMPH NODE, BRONCHIAL
Number examined 1
CORGESTION AMD/OR HEMORRHAGE

mild

=

LIVER
Humber examined
DEFEMERATION, VACLUDLAR
mild
CORGESTION
mild

I

LIFHG
Humber examined
HEMOSIDERDAIS
mild
CORGESTION
mild
HEMORRHAGE
mild
CELL INFILTRATE, MIMONDCLEARR
mild

HHHHH A

LYMDPH HODE
Humiber examined
HEMOSIDERDSIS
minimal
CORGESTION AND/OR HEMORRHAGE
modeTakcs

o e

CARLMA
Humber sxamined
LYMFHOID AGOREGATIONS
minimal 1

o

SMALL IMTESTINE, DUDDENRM
Humber examined 1
CORGESTIONR AND/OR HEMIRRHAGE
mild 1

=
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GROUE THOIDERCE: HISTOPATHOLOGY - ALL DATA

Kill type: FOUND DEAD
Group: 1
Tissus Sax: M
Ubservakbion Number : 1
SHALL INTESTINE, ILEUM
Kumbar exaninad 1
COMNGESTION ANDS/OR HEMORRHAGE 1
madarata 1
SMATL, INTESTINE, JEJUMIM
Humber exanined 1
COMGESTION AND/OR HEMORRHAGE 1
moderate 1
SPLEEN
Humber sxamined 1
HEMOSTDERGSTE 1
mild 1
BLOOD WVOLUNME, DECREASED 1
maderats 1
THYMUS
Humber exanined 1
COMGESTION 1
mild 1
HEMOREHMIE 1
maderate 1
COMGESTION AND/OR HEMORRHAGE 1
maderate 1
TESTIS
Humbeer examined 1
HYPCCELLOLARITY 1
mild 1
THYROID LOBE
Humber examined
COMGESTICN
mild
Toxicokinetics:

= Technosphere®: Exposure to Technosphere® particles was determined by measurement of
its major component, FDKP.

The mean t,,, values had a range of 7.5 to 37.5 min post end of dosing and were similar between
days, sexes, and dose. Such t., values were also similar between T and TI groups. The t ¥ of
FDKP ranged from 52.9 to 83.9 min. With the T groups (Groups 2 and 3), FDKP levels were
relatively consistent throughout 39 weeks and between sexes. In addition, the mean AUC,,,; and
AUC;,s were slightly less than dose proportional. For the high-dose T group (Group 3), the mean
AUC,, values, obtained at the end of the study, were 395,370 (in males) and 493,440 (in
females) ngemin/mL.

For the low-dose TI group (Group 4), female mean FDKP levels remained relatively consistent
throughout the study, whereas its levels were lower in male dogs after Day 15. On Days 15 and
20 (in both males and females), and Week 20 (in females only), mean FDKP levels were similar
the low dose T group (Group 2) and high dose TI group (Group 5), which received the same dose
of T. In addition, On Week 20 (for males only) and Week 39 (both males and females), mean

191



Reviewer:Mivun Tsai-Turton NDA No. 22-472

FDKP levels were lower in the TI animals than in the corresponding low dose T group (Group 2).
Such difference was unknown but the individual animal data showed a notable decrease in FDKP

concentration was not uncommon in the high-dose TI animals (Group 5), with no consistency
between animals.

TABLE 2. Mean Plasma FDKP Toxicokinetic Metrics Iﬁllnwing 15 Minute Daily
Inhalation of Technosphere® Particles or Technosphere' /Insulin to Beagle Dogs

Group Dy 15° Day 22° Weelk 20° Week 30°
(mgKE  pot Pemale Masle Female Male Female Male Female
1day)

2{1.66} 837 1130 634 158 £13 823 TE3 B4B
o 3112y 3T6E 3679 4807 3359 2184 2882 3224 4524

(ngml) 40933 240 307 157 166 146 163 187 166
s(es) 10zT 1128 S5 795 581 TN 692 BOG

2 25 75 375  1a8 256 225 113 263

e 1 1s0 300 113 188 N3 338 150 150
{min} 4 150 18& 13 B8 1B% 1875 7S E3:
5 165 165 715 150 5 5 200 17S

o1304  G6231 62147 84600  E2BED  G0080 91367 103157

AUCn. 3 468998 466596 433101 483218 272250 347559 393370 493440
FERT 4 g9 2338 U526 19616 150m 20283 1516 19616

[N ]

5 ORTHE 08215 S6913  WI293 56609 TE197  6BOGS 71525

2 102506 102130 GETEE  EOETD  ST9RL  9TIS0 102604 112946
AUC 3 SI061% 534081 5360847 4620197 2456817 372225 3055247 527344

(4 ;2495 163 23T 15897 21893 16233 21373
5 105142 115764 678ER  ORST  S96E1 83337 72512 76284

2 £62 514 590 617 518 635 744 611

- 3 250 758  BP T3H I 86 TES &1.0

(min) 4 s34 BS54 613 673 5.1 GLE 613 613

5 sgs 503 664 698 544 576 568 60O

& n=4 for Groups 1-4 and n=10 for Group 5 b) =4 for Groups I-4 and = fior Giroups 5
superseript indicates # animals wsed on calculation of mean, insufficient data to calculate
terminal metrics in the rest of the endimals

= Insulin:

There were no significant differences in exposure to insulin over the course of the study in the TI
low dose group (Group 4), with the exception of low values of Week 20. However, insulin

exposure could not be determined in TT high does group (Group 5) due to large variability in the
data.

A number of samples were collected from T groups (Groups 2 and 3) that had quantifiable insulin
levels. However, the insulin levels detected from those samples showed no relationship to dose.
These insulin levels were also inconsistent in between time points and the presence of insulin in
these samples were likely due to post exposure contact contamination, and were not related to the
animal exposures. In addition, due to small number of samples involved and the amount of
insulin detected, there was no interpretation of TK data.
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In most cases, t..x was reached shortly after end of dosing although there were instances within
the TI low dose group (Group 4) where the C,,, occurred at later times. This was due to the
overall low insulin levels, which resulted in no real difference in insulin levels over the duration
of the sampling times. In addition, the t %2 of insulin ranged from a mean of 16.9 to 26.7 min in
high dose TI group (Group 5).

TABLE 7. Mean Serum Insulin Toxicokinetic Metries Following 15 Minute Daily Inhalation of Technosphere™ Particles or
Tech nmphumaﬂnsul'ill to Beagle Dags

G Dy 15" Day 21" Week 20 Weel 30™
PP niale  Female Male Femak Male Female  Male  Female
4 479° 419 46.6 5.6 26.2 208 41.1° 232
C 'mL
me (RUARL) 169 170 128 128 106 116 84.1 50.7
4 00" 150 00 150 00 75 300 15
fex (0010} 5 1.5 9.0 6.0 12.0 13.5 10.5 15.0 125
AUCh 4 2109 1853 1427 1365 488 853 26827 1379

{pl*min/mL}

LA

G730 T3 4633 4508 5478 5757 4278 3908

AUCsr 4 NR® 1608 MR 22085 736! NRS 570" 5078
{uU*min/mL} 5 7157 6556° 56720 s4m' ean0” g3y soaet sEast
4 MRS 212 MR® 14.9° 7.5 NR* 132! 11.5

tiz (min)

5 200% 165" 2047 185 249 25.6 250 2000

a) m=d for Group 4 and n=10 for Group 5 else superseript to indicate number of animals for the mean medrics.
b} n=4 for Group 4 and =6 for Groups § else superseript to indicate number of animals for the mean metrics.
¢} NI, not reportable, insufficient data to caleulate the terminal metrics.

d) For Group 4 the median tn, value is reported due to heavy skewing of the mean by one animal.

Other:

= PCNA analyses in lung sections:
Cell proliferation activity was seen in the lungs of animals across all treatment groups and time
points. Therefore, this was considered to be a reactive response to the inhalation procedure and
unrelated to treatment with test or control article.

2.6.6.4 Genetic toxicology

4 studies were submitted by the sponsor:

MKC-PC-2004-0002 (bacterial mutagenicity with T and TI)
PDC-PC-2000-0006 (chromosome aberration with T)
PDC-PC-2002-0003 (chromosome aberration with TI)
PDC-PC-2002-0011- (mouse micronucleus with T)

MKC-PC-2004-002: AMES Technosphere and Technosphere/Insulin [By ®@ Study No.
AA89DG-DH.503 ®]

Both Technosphere® (T) and Technosphere®/Insulin (TI) were each tested in the Bacterial
Reverse Mutation Assay using Salmonella typhimurium tester strains (TA98, TA100, TA1535,
and TA1537) and Escherichia coli tester strain (WP2 uvrA with or without S9). The first phase
(initial toxicity-mutation assay) was used to establish the dose-range for the confirmatory
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mutagenicity assay. The second phase (confirmatory mutagenicity assay) was used to evaluate
and to confirm the mutagenic potential of T and T1.

Findings: For T, in the initial toxicity-mutation assay, the max dose tested was 5000 pg/plate.
There were no positive mutagenic response and precipitate or appreciable toxicity were observed.
Based on the findings, the max dose plated in the confirmatory mutagenicity assay was 5000
ug/plate. In the confirmatory mutagenicity assay, there were also no positive mutagenic response
and precipitate or appreciable toxicity were observed. For T1, in the initial toxicity-mutation
assay, the max dose tested was 5000 pg/plate. No positive mutagenic response was seen, and no
precipitate nor appreciable toxicity was seen. Therefore, the max dose plated in the confirmatory
mutagenicity assay was 5000 ng/plate. In the confirmatory mutagenicity assay, no positive
mutagenic response was observed. Neither precipitate nor appreciable toxicity was observed. _All

in all, both T and TI were negative in the Bacterial Reverse Mutation Assay.

Test Article Td
_ Study Number

Technoephere® formulation
Experiment Mo :

ARBESDE. 503 .

.:I.".I'&]‘.'ﬂije

JE

Revertants Per Plate it Standard Deviation
Liver Microsomes: HNone

Dose Eygﬁp;ate? TAYE TALOD TA153% © TA1537 WEPZ uvrh
vehicle 36 4+ & 135 ¢+ 30 20 + E] T o+ 4 25 + 10
1.5 EL-JF S 1 164 % 8 29 + 5 E + 0 2T ¢ 4]
5.0 3Z ¢ 4 167 + 22 20 4 4 & + 3 23 4 2
15 Il o+ 4 152 % g 22 ¢ G T+ 1 25 + L]
g0 32 & 2 147 £ 21 24 + 4 £ + 1 23 % 4
150 33 0+ 4 165 + 24 25 + 4 £+ 4 26 + 7
=41 o] 27 ¢ B 172 + B 28 + a & + 3 24 4 2
1500 3l o+ 1 156 ¢ 17 28 ¢ 1 5 + 1 26 + 1
5000 30 1 162 + B Z6 2 12 4 1 24 % 1
Fogliblve 276 + 56 661 4 471 & 117 1041 + T3 130 4 2
Liver Microeomes: Rat liver 5%

Dose (ug/plate) THSE TA1O0 TA1535 TA1537 WEZ uvrh
Vehicle Il =+ S 180 + 36 16 % 1 i 4+ 1 18 + a
1.5 43 + 1 183 4+ 331 22 & 4 11 + 1 25 + 1
5.0 45 + 11 197 B 20 = 4 11 4+ 2 28 + 2
15 3 % 3 182 £ 7 28 &+ 2 10+ 2 26 4+ 4
50 30 & Z 187 % B 22 3 10 + 4 21 % 5
150 34 + 2 162 &+ 4 20 + 4 13 3 1 2831 4
500 33 4 i 187 &« 17 31 = [ I 4 2 26 % ]
1500 33 4 1L 173 = B 24 % 2 9 % 4 18 4 1
5000 38 4 1 152 % 26 28 + 3 9 4 5 25 % 1
Fositive 145% 4 344 1505 + 35 248 + 1l 234 + 86 TEG + 171
Vehicle = Vehicle Control
Positive = Pogitive Control (50 pL plating aliguot)

Flating aliguct: 100

ulL
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Teat Article I4

Study Humber ARBIDG.503.

Technosphere® formulation
(b) (4)

Experiment Mo

B2

Average Revertants Per Plate + Standard Deviation

Liver Microsomes: MNone

Doee (pg/plate) TASE CTALOG TR1535 TRL537  WP2 uvrh
Vehicle 17 + 2 140 + 13 232 4 4 & + 2 13 & 2
=0 17 2 172 + 12 23 3 5 5 % 3 19 £ 3
150 17 ¢ 2 154 & 17 1% + 3 £+ 1 15 £+ 3
500 14 & 1 151 + 12 24 & 4 9+ 3 17+ 1
1500 17 ¢ 2 149 £ 3 21 &+ 3 4+ 3 16+ 3
5000 1B % 3 166 + 13 22 % 2 T+ 3 18 & 3
Poaitive L34 + 25 554 4+ 12 328 3 46 402 ¢ 13 115 # 7
Liver Mierosomes: Rat liver 59

Dose {(upg/plate} TRIE TA100 TA1535 TAL537 WE2 uwrh
Vehicle 30 & 8 181 ¢ 2& 19 % 4 5 4 2 21 4+ 3
50 25 + & 173 + 14 18 = 3 8 + 2 20 e
150 27 + 3 175 + 12 16 £ S Tt 3 19 t 4
500 32 & 3 1B1 ¢ 29 20 + [ o 4 2 19 + [
1500 24 + 3 0133 ¢ 13 13 & 2 5t 2 18 + 3
5000 27 & B 159 4 5 21 + 5 &+ 3 21 e
Poaitiwve B45 + 196 9228 4 96_ 114 + & 125 + 30 454 + 160
Vehicle = Vehicle Control
Positive = Positive Control (50 gL plating alidquot)
Plating aliguet: 100 uL

Test Article Id - TEEhnOﬁpherﬁﬁg&?aulin formulation

Study Number : AAESDH. 502 Experiment Ne : BL

Average Revertants Per Plate 4+ Standard Deviation

Liver Microsomes: MNone

Dose (pg/plate} TASE TALOO TA153E TALG37 WF2 uvrh
Wehicle 1% + 1 150 #+ & 17 + k] 5 £ 3 14 + 2
1.5 23 + 5 177 + 11 268 4 5 E + 1 17 + 7
5.0 18 + 1 172 + 11 27 + 1 12+ 1 13 + 1
15 17 4 1 154 + 1 22 4 4 B + 2 18 + a
50 12 + B 138 + 10 21 =+ 3 Tt 1 20 1 1
150 1% + 1 159 4 2G 18 ¢+ 1 10+ 3 21 &+ &
500 21 + 4 151 + 18 20 % 2 ERE S 1 1% % 0
1500 15 + 1 181 + 14 20 % 1 10 + 2 14 & 4
5000 20 + 0 160 + k] 21 = o 5+ 1 17 + s
Poaitive 231 + 23 TBO & TA 611 = 2 BBZ % 135 93 + 1
Liver Microsomes: Rat liver 59

Dose (pg/plate)  ThSE TA100 TA1535 TA1S37  WF2 uvrh
Vehicle 28 = 0 1E3 2 B 17 =+ 0 9 4 2 25 2 1
1.5 Z5 % D174 + 3 18 ¢+ 2 $+ 1 1 % 3
5.0 259 3 0 18D 2 2 16 + 1 7T+ 1 16 + 1
15 i1 % 5 201 £ 27 12 + 1 5 % 1 24 3 1
50 12 = 3 154 + ] 21 + 4 11 = 1 1% % 3
150 2% £ 1 174 # 31 21 % D0 i + 1 23 3 4
50D 31 % 4 183 =+ &8 19 + 1 8 + 2 22 = 1
1500 24 % 1 187 &£ 25 1B £ 1 5 4 0 20 2 1
5000 27 0+ 1 189 § 14 21 + 1 %3 4 13 3z 1
Positive 1358 + 268 1BES + 38 356 ¢ 1 378 + 18 841 & 121
Wehicle = Vehigcle Contrel
Fozitive = Positive Control (50 pL plating aliguot)

Flating aliguot: 100 uL
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Test Article Id ] Technasph&reﬁfansulin formeulation
Study Wumber : nABoDH.s03 | O Experiment Ne : B2

Average Revertants Per Plate + Standard Deviakbion
Liver Microsomes: MNone

Doze (pg/plate) TASB  TAlon TA1535 TA1537 WPZ uveh
Vehicle 13 % 2 166 % 3 18 + 1 7 % 2 14 + 1
50 13 4 4 187 a4 30 17 + & - 8 18 + 7
150 13 % 4 138 £+ 1s& 17 + 1 8 4 |5 15 + d
500 14 & 2 189 + 15 21 % 3 6 4 3 1B + 2
1500 13 % 5 1lia % 4 23 5 5 % ] 13 + 2
5000 10 2 189 4 5 23 = 2 a4 % 2 15 + 3
Positive 160 # 42 553 & 23 273 + 15 567 3 151 136 £ 17

Liver Microsomes: Rat liver 39

Do=e (pg/plate) TRIH TALOD TA1535 TA1537 WPZ uvrh
Vehicle 0 = 1 181 = ] 17 * 1 7 % 3 14 + 3
50 28 ¢ 2 1B4 = ] 21 % 4 7 % 3 15 + 3
150 27 = 3 152 = 17 13 4 3 B+ ] 16 + 3
500 31 = 5 183 3 4 1B 4 3 8 3 i 20 £ 3
1500 Z6 % & 133 = 14 20 % 3 5 % 3 15 + T
S000 30 % & 175 % s 18 % 3 [ 1 14 + 2
Pogitive 544 & 117 B%0 & 135 123 t 20 T5 + 34 373 + 134
Vehicle = Vehicle Contrecl
Positive = Positive Control (50 pL plating aligquot)
Plating aliguot: 100 pL

. . . b) (4
PDC-PC-2000-0006: In Vitro Mammalian Chromosome Aberration Test [By ®@ Study

No. AA37RS.341 ®® reviewed by Herman Rhee and his review was dated 08/20/02 in
DARRTS]

FDKP ( ®®@ as tested in the in vitro mammalian chromosome aberration test using
human peripheral lymphocytes (HPBL) with or without S9 activation. This test was used to
evaluate the clastogenic potential of FDKP. In the preliminary toxicity assay, the maximum dose
was 4500 ng/ml. Based on that assay, the doses ranged from 35 to 4500 pg/ml were chosen for
the chromosome aberration assay for non-activated and the S9 activated 4 hr exposure groups,
and ranged from 17.5 to 2250 pg/ml for the non-activated 20 hr exposure group. In the
chromosome aberration assay, the cells were treated with 4 and 20 hrs in the non-activated test
system, and for 4 hrs in the S9 activated test system. All cells were harvested 20 hrs after
treatment.

Findings: All cells were harvested at 20 hrs after treatment. Toxicity (mitotic inhibition) was
approx. 61% and 55% at the highest dose levels evaluated from chromosome aberrations, 1125
and 140 pg/ml, in the non-activated 4 ht and 20 hr exposure groups, respectively. Toxicity
(mitotic inhibition) was approx 34% at the highest dose levels evaluated for chromosome
aberrations, 2250 pg/ml, in the S9 activated study. Due to excessive toxicity at 4500 pg/ml (78%
reduction in mitotic index relative to the solvent DMSO control group), 2250 pg/ml was selected
as high dose which was also the lowest precipitating dose level. In addition, the non-activated
and activated 4 hr exposure groups showed that there were no significant increases in structural
and numerical chromosome aberrations, relative to the solvent control groups, regardless of dose
level. The non-activated 20 hr exposure groups also showed that there were no significant
increases in structural and numerical chromosome aberrations when compared to the solvent
control group.
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Overall, these findings showed that ®® FDPK was negative for the induction of structural
and numerical chromosome aberrations in the in vitro mammalian chromosome aberration test
using human peripheral lymphocytes.

SV, |
Mean Aberraions  Cells With Aberrations
59 Treatment Mitatic  Cells Per Cell Mumerical Structural
Treatment Activation  Time Index Scored (Mean +/- S0) (%) (%)
DMSO - ) 5.4 200 0.000 =0.000 0.0 0.0
(b) (4

Fumaryl Technosphara ™
281 ugémL - 4 arF 200 0.000 +0.000 0.0 0.0
5625 ug/mL - 4 32 200 0.000 +£0.000 0.0 0.0
1125 ugfml - 4 21 200 0.000 0.000 0.0 0.0
MMC - 4 2.4 200 0110 #£0.329 0.0 10.5™
0.5 ug/ml
DMSCO + 4 5.0 200  0.000 +0.000 0.0 0.0

ThA
Fumarvl '(I'tslagnosphe.re
562.5 ug/ml + 4 4.3 200 0,000 +0.000 00 0.0
1125 ug/mlL + 4 3.4 200 0,000 0,000 0.0 0.0
2250 ugimlL + 4 3.3 200 0000 0,000 0.0 0.0
cP + 4 16 200 0.130 0405 0.0 11.0™
20 ugfmlL
DMSO - 20 548 200 0.000 0.000 0.0 0.0
F 1T ™

umarv (b)i?z:)hnusphﬂre

35 ug/mbL = 20 3.6 200  0.000 =0.000 0.0 0.0
70 ugfmL - 20 39 200 0.000 =0.000 0.0 0.0
140 wg/mL - 20 26 200 0.005 0071 0.0 05
MMC - 20 19 200 0.095 20398 0.0 75"

0.25 ug/mlL

Treatment: Cells from all treatment conditions were harvested at 20 hours after the initiation of the
treatments.

Aberrations per Cell: Severely damaged cells were counted as 10 aberrations.

Percant Aberrant Cells: *, p0.05; **, p<0.01; using the Fisher's exact test.

Herman Rhee' s review on this study:

SUMMAERTY: The sponser performed standard chromosome aberration test with doses of 280, 562,
1125 amd 2230 pg/ml of Fumaryl Technosphere. The procedures of experiments, criteria for positive
results, and analysis methods were acceptable. Fumaryl Technosphere was not mutagenic in human
peripheral blood lymphocytes.

PDC-PC-2002-0003: In Vitro Mammalian Chromosome Aberration Test [By ®@ Study
No. AA60RE.341 ©®
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The Technosphere®/Insulin (TI) was tested in the in vitro mammalian chromosome aberration
test using human peripheral lymphocytes (HPBL) with or without S9 activation. This test was
used to evaluate the clastogenic potential of TI. In the preliminary toxicity assay, the maximum
dose was 5000 pg/ml. Based on that assay, the doses ranged from 625 to 5000 pg/ml were
chosen for the chromosome aberration assay for non-activated 4 hr and 20hr exposure groups,
and ranged from 313 to 5000 pg/ml for the activated 4 hr exposure group. In the chromosome
aberration assay, the cells were treated with 4 and 20 hrs in the non-activated test system, and for
4 hrs in the S9 activated test system. All cells were harvested 20 hrs after treatment.

Findings: There was no significant increase in the % of cells with structural aberrations in the TI-
treated groups when compared to the solvent control at any dose level. Based on the findings of
this study, TI was considered to be negative for the induction of structural and numerical
chromosome aberrations in the in vitro mammalian chromosome aberration test using human
peripheral lymphocytes.

Mean Aberrations Cells With Aberrations
Treatment 59 Treatment Mitotic Cells Per Cell Mumerical  Structural
{wgmL) Actrvation Time Index  Scored  (Mean +/- S0 (%) (%)
PBS - 4 9.2 200 0000 0000 0.0 0.0
Technosphere®! Insulin
1250 - 4 7.7 200 0.000 000 0.0 0.0
2500 - 4 8.2 200 0,000 20,000 0.0 0.0
S000 - 4 7.7 200 0000 00000 00 0.0
MMC - 4 1.1 o0 0240 20452 0.0f 23,0k
0.6
PBS + 4 a1 00 0000 =0.000 0.0 0.0
Technosphere®/Inzulin
1250 - 4 74 200 000D 0000 0.0 0.
2500 + 4 7.6 200 0000 0000 0.0 0.0
5000 + 4 6.2 200 0005 0071 0.0 0.5
CP, - 4 0.9 200 0080 20272 0.5 .0
0
FBS 0 8.0 e 0005 0071 0.0 0.5
]':chnusphmx'.f Insulin
1250 - 20 1.9 00 0003 =007 0.0 0.5
2500 - 0 8.6 200 0005 200071 0.0 0.5
5000 2 8.5 200 000 20,000 0.0 0.0
MM - 20 3.6 1404 0300 0577 0.0 25.0%=
0.3

Treatment: Cells from all treatment conditions were harvested at 20 hours after the initiation of the
treatments.

Aberrations per Cell: Severely damaged cells were counted as 10 aberrations.

Percent Aberrant Cells: *, p<0.05; **, p=0.01; using the Fisher's exact test.

1 Murmerical aberrations are out of 200 cells scored.
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PDC-PC-2002-0011: Mammalian Erythrocyte Micronucleus Test [By ®@ Study No.
AAGSEH.123 ©®

The Technosphere™ (T) was tested in the mouse micronucleus assay. During the first phase
(dose range-finding) was designed to assess toxicity of T and set dose levels for the definitive
study. The second phase (the definitive micronucleus study) was designed to evaluate the
potential of T to increase in the incidence of micronucleated polychromatic erythrocytes in bone
marrow of male and female ICR mice. This phase was consisted of a pilot toxicity study
followed by a toxicity study. In the definitive phase, cyclophosphamide monohydrate (CP) was
used as the positive control article at a dose of 50 mg/kg. In these two phases, test (T) and control
(saline and CP) were administered at a dose volume of 20 ml/kg by a single IP injection.

Findings in the pilot study: 2 male mice each were exposed to T at 1, 10, 100, or 1000 mg/kg
whereas 5 male and 5 female mice were exposed to T at 2000 mg/kg. Clinical signs including
lethargy and piloerection were observed in males at 1000 mg/kg and in males and females at 2000
mg/kg. Finding In the toxicity study: 5 male and 5 female mice each were exposed to T at a dose
of 1400, 1600, or 1800 mg/kg. Mortality was observed in 1/5 male mice at 1800 mg/kg. Clinical
signs included ataxia and lethargy in males and females at 1400, 1600, and 1800 mg/kg and
piloerection in males at all dose groups. The study results suggested the difference in toxicity
between male and female mice, the high dose for the micronucleus test was therefore set at 1600
mg/kg for male mice and at 1800 mg/kg for female mice (as estimated maximum tolerated doses).

Finding in definitive study: 5 male and 5 female mice each were exposed to T at 400, 800, 1600
mg/kg (male mice) or 450, 900, and 1800 mg/kg (female mice). These animals were euthanized
24 hrs after treatment. Animals in negative control or T at 1600 mg/kg (males)/1800 mg/kg/
(females) were euthanized 48 hrs after treatment. Morality was observed in 1/15 female mice at
1800 mg/kg. Clinical signs included piloerection in males at 1600 mg/kg and in females at 1800
mg/kg. All other animals treated with the T or controls appeared normal following treatment.
Bone marrow cells (polychromatic erythrocytes, PCEs) collected 24 or 48 hrs after treatment
were examined microscopically for the presence of micronuclei (MPCEs). Reduction (up to
16%) in the ratio of polychromatic erythrocytes to total erythrocytes was observed in some T-
treated groups when compared to the respective VH controls. There was no significant increase
in micronucleated polychromatic erythrocytes in T-treated groups when compared to the
respective VH controls in male or female mice at 24 or 48 hrs after treatment.

Overall, this study showed that a single IP injection of T at doses up to 1600 mg/kg (male mice)
and 1800 mg/kg (female mice) did not induce a significant increase in micronucleated
polychromatic erythrocytes in bone marrow. Therefore, Technosphere™ was considered
negative in the mouse micronucleus assay.
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Table 6: Summary of Bone Marrow Micronuclens Analysis
Following Dose Administration of Technosphere™ in ICR Mice

Micronuclaatod Polyehiomalic Erfthwocytes

PCEMatal

Time Mumber Enythrocytas Change from  Number per 1000 PCEs HNumber per
Treatment (20 mL&g)  Sax  (h) of Mice {Moan +- S0 Ciontral (%) (Mean +- S0 PCEs Scored
Saline M 24 5 0.529 = 0.03 - 0.6 + 065 & / 10000
F 24 5 0477 = 0.05 0.5 + 000 5 1 10000

Tochnosphers™
400 mgikg M 24 5 0.484 £ 0.06 -5 0.8+ 0.45 8 / 10000
450 mgkyg F 24 5 0.480 = 0.05 1 0.8 + 0BT 8 [ 10000
B0 mpkg M 24 & 0467 + 0.04 -12 05+ 0.35 5/ 10000
800 mog'g F 24 5 0470 £ 0.04 -1 1.0+ 1.12 10/ 10000
1600 mg'kg M 24 5 0442 = 0.08 -16 04+ 022 4§ 10000
1800 mghkg F 24 5 0460 £ 0.05 - 0.7 + 0.76 7/ 10000

cP

50 mghkg M 24 5 0.458 + 0,08 -13 0.4+ 463 304§ 10000
F 24 5 0.361 = 007 =24 276 x 5.85 276 [ 10000
Saling M 48 5 0.504 + 005 2a= 0.6z 0.22 & / 10000
F 48 5 0517 « 0.06 0.5+ 0.35 5 / 10000

Technasphara™
1600 mghkg M 48 5 0507 + 008 1 0.4 =+ 042 4 1 10000
1800 mgkg F 4a 5 0.506 + 0.01 2z 0.4 & 042 4/ 10000

'*Statistically significant, p < 0.05 (Kastenbaum-Bowman Tables)
2.6.6.5 Carcinogenicity

Pivotal Study #1

Study title: 104-Week Inhalation Carcinogenicity Study in Rats with Technosphere Insulin in
Rats

Key study findings:

= Up to 1.23 mg/kg/day Technosphere® Insulin (TI) and 46 mg/kg/day Technosphere®
particles (T) were well-tolerated in rats.

» Circulating insulin concentrations were measured in TI treatment groups. Variability
prevented accurate TK analysis.

= Serum glucose concentrations following TI treatment generally decreased.

= FDKP exposure increased with increasing dose in all treated groups.

= There were no adverse events observed, and no indication of carcinogenic potential of either
T or TI in males and females.

= The numbers of animal with masses were comparable across all groups. There were approx.
14-30% (males) and 64-76% (females) of masses present at the necropsy. The total number
of masses were consistently higher in females than in males due to the presence of palpable
mammary masses and was not an indication of any sex-related effects.

= Neoplastic histopathological findings showed that 1) adrenal cortical carcinoma was seen in
3/60 high-dose TI females, 2) malignant astrocytoma was observed in 4/60 low-dose T males,
4/60 high-dose T males, and 3/60 low-dose TI males, 3) malignant schwannoma in the nasal
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cavity in 3/60 low-dose T males, and 4) fibroma in the skin/subcutis in 3/60 low-dose TI
males and 2/60 low-dose TI females. The sponsor considered those findings as incidental.

= Non-neoplastic histopathological findings showed that lesions were observed in the nasal
cavity in high-dose T males and females, which consisted of a higher incidence and severity
of goblet cell hyperplasia of respiratory epithelium and accumulations of eosinophilic
droplets in the olfactory and respiratory epithelia. These findings were considered non-
specific protective or adaptive responses to chronic inhalation of T. These findings were seen
with comparable frequency and severity in air control and T1I treated groups.

= No differences were observed in the cell proliferation activity (PCNA) in the Iung tissues,
such as alveolar and bronchiolar cells, across all groups (0.5-0.6/1000 vs. 0/1000 between
Group 1 vs. Groups 2-5).

Adequacy of the carcinogenicity study and appropriateness of the test model: Yes

Evaluation of tumor findings:

Study no.: MKC-PC-2004-0001

Volume#, and page#: ¢EDR, module 4.2.3.4.1

Conducting laboratory and location: B
Date of study initiation: August 16" 2004

GLP compliance: Yes

QA report: yes (x), no ()

Drug, lot #, and % purity:

» Technosphere® with ~ 98-99% purity: D03502008, D03502009, D035U03011,
D035U03012, D035U04001 though D035U04009, D035U05001, D0O35U05004,
D035UA04002, D232060001, D232060002,PM5069A, and PM5283A

= Technosphere® insulin with 11.3-12.8% insulin: D043RD04001 through D043RD04003,
D043RD04005 through D043RD04008, and D043RD03001

CAC concurrence: Yes

Methods
Doses: See table below for achieved dosages.

Estimated Mean Achieved Dose
Group Group Designation Sex (mg/kg day)
Technosphere Insulin
particles or TI
1 Air Control :;I -
- Technosphere® Control M 1.1041
- Low Dose F 0.6784
2 Technosphere® Control M 41
- High Doze F 46 -
4 Technosphere®/Insulin M 0.6572 0.0787
Low Dose F 04413 0.0529
5 Technosphere®/Insulin M 1.2313 0.1457
High Dose F 0.7608 0.0900

*  Based on an estimated body weight of 0.250 kg

Abbreviations: F = Female; M = Male; TI = Technosphere” Insulin
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» Targeted exposure concentrations and dose levels:

Targeted Dose Level’ Targeted Aerosol Concentration
i . (mg/kp/dav) (mg/L)
Ciroup Ciroup : here® Insulin :
esi i Technosphere | Tota .
Designation i (L) Technosphere” | Insulin | Total
B Q ) Q a | g
1 Adr Control - - - - - - - - -
Technosphere™
2 Control 1.3259 | 0.7301 0 0 1.33 | 073 0.0419 0 0.0419
Low Dose
Technosphere™
3 Control 30 50 0 0 50 50 1.58 ] 1.58
High Dose
Technosphere™ ' .
4 Insulin | 0.7381 | 0.4429 ”r'fg‘j}“ ”r"]’ff‘ 083 050 00233 |0.0030 | 0.0263
Low Dose T LT
Technosphere™ - }
5 Insulin | 13259 07301 | 10601 00938y s Noga | o419 | 00084 | 0.0473
. B (4.5) (2.5)
High Dose

| Based on an estimated body weight of 0.250 kg using the formula presented below:

* Duration of daily exposure:

Ciroup Giroup Exposure Duration {minutes)
MNumber Designation & 9
Air ]
: Control 60 -
T :rlumiphrrr"’ Control
- 21
- Low Dose 50 7
Ter sphe 'ﬁlj" i i
3 lechnosphere™ Control 60 60

High Dose

Technosphere™
4 Insulin ] 36
Low ose
Technosphere™

Insulin ]
High Dose

LA

T
ad

Basis of dose selection: FDKP: 25X AUC, insulin: MTD due to hypoglycemia

= Group 5 (high dose) was selected on minimal toxicity observed during a 13 week inhalation
rat study (an interim group of an ongoing 26 week inhalation study). The high dose in that
study was 5 IU/kg/day TI for males and 3 [U/kg/day TI for females.

= Group 4 (low dose) was selected based on a multiple of the anticipated human therapeutic
dose.

= Group 2 (VH low dose) was exposed to VH (Technosphere® particles) at a mass
concentration equal to that of Group 5.

= Croup 3 (VH high dose) was exposed to aerosols of VH 25X that of the anticipated human
therapeutic does.

Species/strain: Spraque-Dawley rat [Crl:CD (SD) IGS BR]
Number/sex/group (main study): Main study: 60/sex/group
Route, formulation, volume: Inhalation as aerosolized powders
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Test Article:

Control/Vehicle Article:

Adr Control:

Identity:

Description:

Purity:

Storage Conditions:
Handling Precautions:

supplier:

Identity:

Description:

Storage Conditions:
Handling Precautions:

Supplier:

Diescription:

Supplied By:

Technosphere® Insulin

White powder

11.4% msulin

Freezer (-10°C to -30°C)

Standard laboratory procedures during
routing handling and the wearing of 2
cartrid ge respirator during dosing,
MannKind BioPharmaceuticals

1 Casper Street, Danbury, CT 06810,
USA

Technosphere™

White powder

Room temperature

Standard laboratory procedures during
routine handling and the wearing of a
cartrid ge respirator during dosmng,
MamnKind BioPharmaceuticals

One Casper Street, Danbury, CT 06810,
LS

Medical Grade Adar {NQ)
ST10=-500v2000)
Faeser 5M-11 A Compressor

Frequency of dosing: Once daily for minimum of 104 weeks (dosing phase)

Satellite groups used for toxicokinetics or special groups: TK study: 6/sex/group

Age: 6 weeks old

Animal housing: Individually housed after randomization
Restriction paradigm for dietary restriction studies: 5 (male) and 4 (female) food pellets

per day for longer survival
Drug stability/homogeneity: The homogeneity of the exposure test/control acrosols was

confirmed by collecting acrosol samples from the top, middle, and bottom of each
exposure chamber. The concentration homogeneity of the aerosols within the exposure
systems was acceptable if the CV and mean aerosol concentration at different ports was

less than 20%.
FEST ATMOSPHERE HOMOGENEITY DATA
Sample Test Atmosphere Concentration
Location (mg Technosphere/ L)
Group 2 Group 3
Top 0.0364 1.7852
Middle 0.0384 1.8027
Bottom 0.0371 20318
Mean 0.0373 1.8732
SD 0.00101 0. 13760
CV (%) 2.7 73
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Sample Test Atmosphere Concentration
Location (my Insulin/L)
Giroup 4 Giroup 5
Top 0.0029 0.0042
Middle 00031 0.0050
Bottom 0.0030 0.0057
Mean 00030 0.0050
sD 0.00010 0.00075
CW (%) 3.3 15.1

Dual controls employed: Yes. Main study: vehicle control (T) and air control (air)
Interim sacrifices: Main-study animals were euthanized upon the completion of the 104-
week treatment period. The necropsies were conducted over a 3-week period (Weeks

105-107) due to the larger number of animals.

Deviations from original study protocol: Minor deviations from the protocol, typically

procedural.

Observation times

Mortality: Twice daily during all phases of the study
Clinical signs: Once in the morning (pre-dose) and before the end of the working day, following

the end of dosing

Body weights: Day 1 (before dosing), weekly until Week 26, and every 4 weeks thereafter
Food consumption: A standard weight of food (pellets) was offered to each rate per day. To

weight a sample of feed pellets once a month to confirm that the variability of this weight
remained within acceptable limits throughout the study.
Histopathology: Upon completion of the 104-Week treatment period.

yes (x),no ()

Peer review:
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ORGANSTISSUES Retained (+) | Examined (£) ORGANSTISSUES Retained (¢) | Examined (£)
Adrenals . € Small intestine, duodenum . €
Animal identification . Small intesting, jejumim . €
Aorta {thoracic) . € Small imtestine, 1leum . €
Hlood . € Spimal cord {cervical) . €
HBone marmw smears (3 . Spleen . €
Brain . € Stermum + mamow . €
Cecum . € Stomach . €
Colon . € Testes +d €
Epididymides o € Thymus . €
Esophagus . € Thymid lobes + pamthyroids . €
Eves i € Tomgue . €
Feanur + muarro . € Trmchea . €
Heart ' £ Urimary bladder ' £
Kidneys ' £ Uterus ' £
Liver {2 lobes) ’ £ Vagina ’ £
Lungs + bronchi { 2 lobes) *he €
Lymph node, mandibular . € Abnomal findings . €
Lymph node, mesenteric . €
Mammary gland (inguinal) . € Additional Tissnes presented below
Optic nerves i € [Carina ' €
Chvanes ' £ Larvnx {Transverse section) ' £
Pancmeas . £ Lymph node, bromchial . £
Pituitary ’ £ Masal cavity {4 sections) ’ £
Prostate . € Masopharynx . €
Rectum . €
Sabivary gland {mandibular) . €
Scialic nerve . €
Seminal vesicles . €
Skeletal muscle . €
Skin + subcutis {ingainal) ’ £

4 [Davidson's fluid {euthanised animals only)
b [Lungs wers infused with 10P4 neutral bufferad

formalin {euthanised ammal only) at a hydrostatic

essure of 30 cm of water. The lung was then tied off

and placed ina jar of fixative,
¢ |Lungs weighed with tmchea Notes
d [Howumn's fluid {euthamsed ammals onlby) Parathyroids, mammary gland and optic nerves were only

xamined listologically if present in routine sedtions

(b) (4)

= Peer review was conducted on-site at and consisted of:

b) (4 . )
O )and consisted of:

The peer review was conducted on-site at
Full tissue list for 10% of animals from Air Control (Group 1), Technosphere® Control Low
Dose (Group 2), Technosphere™ Control High Dose (Group 3), and Technosphere®™ / Insulin
High Dose (Group 5)
All tumors from Air Control (Growp 1), Tmlmtmphuru"" Control Low  Dose (Group 2),
Technosphere™ Control High Dose (Group 3), and Technosphere® / Insulin High Dose (Group 5)
Ay tissues in the remaining animals that warranted mvestigation, as identified by the pathologist

Toxicokinetics: Samples were collected from 3 rats/sex/group during Weeks 52, 78, and 104 at
pre-dose and Tmax (10 min post end of exposure).

Results

Mortality: There were no differences in the number of mortalities across the groups. The
cumulative survival at the end of the study was 65-73% for males and 62-72% for females. For
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survival analysis the trend tests were not significant. The pairwise comparisons of the control
groups were also not statistically significant.

Mean Cumulative Survival (%6)
Grroup Number Group Designation Sex 5,_un,-u.-§ll Week 53 Week 104
(Davs)

. ] 674 95 68

1 Adr Control e 679 93 7
; Technosphere™ Control 3 600 100 63
- Low Dosa ¢ 681 a7 63
3 Technosphe re” Control j 693 a7 72
) High Dose ks 681 08 63
4 Technosphere™ Insulin 3 690 o8 68
Low Dosa ¢ 672 a7 62

5 Technmphcrc“‘ Insulin a 692 a8 T3
High Dose & 689 08 67

In addition, there were 5 deaths over the duration of the study which was unrelated to treatment.
These deaths occurred during the exposure periods and were due to the stress associated with the
restraint and handling.

Giroup Mumber Group Designation Sex A Elgm “S:;mm Reason for Death

3 Technosphe re® Control a IN3NC 16 Procedure-related death due to tube restraint

’ High Dose & 35260 81 Procedure-related death due to tube restraint

4 Tech nnsphcm-'j’ Insulin o 4520D B3 Procedure-related death due to tube restraint
Low Dose ' 4550D 5 Procedure-related death due to tube restraint

: L —T

5 Techmosphere “Insulin | 51 so045 66 Procedure-related death due to tube restraint

High Dose
WEEKLY CUMULATIVE SURVIVAL (1 —————
FIGURE 1 MALES
100 MRS EE-E-EE-ER NN NN

90 4

LIS

T 4

CUMULATIVE SURVIVAL (%)

Gl

5 16 26

45 48 30 M 37T o0

—+—GROUP 1: Air Control
—a—GROUP 3: Technosphere® { Control High Diose)
—#— GROUP 5; Technosphere® Insulin (High Dose)

™ T2 M

7T Kl

S5TUDY WEEK
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HEOHT ED 91 93 93 497 99 101 103 106
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WEEKLY CUMULATIVE SURVIV AL (b)(4)
FIGURE 2 FEMALES

S5TUDY NOx 5751

100 -

a0 4

20 4

CUMULATIVE SURVIVAL (%)

704

AW
B
{J“ T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T 1
5 16 M 45 4K 50 54 57 6D G2 66 GH OTD T2 T4 7T TY9 K1l H3 RS KT KD 91 93 95 97 49 101 103 106
STUDY WEEK

—+— GROUP 1 Air Control —a— GROUP 2: Technosphere® (Contro| Low Dose)
—— GROUP 3: Technosphere® (Control High Dose) —#— GROUP 4: Technosphere Y Insulin { Low Dose)
—#— GROUP 5: Technosphere®yInsulin (High Dose)

Clinical signs: There were no clinical signs related to treatment with T or TI. The animals
seemed to be healthy over the duration of the study. Fur thinning, ungroomed/dull/matted/stained
fur, and changes in feces were observed throughout the study. Since these signs were noted with
a similar incidence across the treated and control groups, they were not considered test article-
related. In addition, foot lesions (ulcerative pododermatitis) were observed in a number of
animals across all groups, which were due to long-term housing. A course of topical application
of iodine was used to present infection whereas Isoblocks® were placed to allow relief from the
cage floor until the wounds were healed in these animals.
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Croup Mumber Group Designation Sex A Rl{r_:m “S:;mm Reason for Death
) 10484 48 Killed in extremis due to a fool injury
g 15114 45 Killed in extremis due to infection following
L the rupture of a mass
1 Atr Control 9 | 15494 85 | Killed in extremis due to auterine prolapse
¢ 15564 71 Killed in extremis due to infection following
the mpure of a mass
) 20078 67 Killed in extremis due to a limb injury
) 20438 a1 Killed in extremis due to severity of ulcerative
pododermatitis
ks 25028 T4 Killed im extremis due to severity of restricted
& - mobility
2 Tech ”‘L“’“:’*S Conwol | 35108 69 Killed it extremis due to excessive blood loss
ow use following the rupture of a mass
ks 25348 89 Killed in extremis due to infection following
the rupture of a mass
ks 25438 44 Killed in extremis due to severity of restricted
b lity
3 I028C B9 Killed in extremis due to severity of ulcerative
pododermatitis
3 Technosphere® Control a I050C 26 Killed in extremis due to excessive blood loss
) High Dose following the rupture of a mass
@ 3502C 104 Killed in extremis due 1o excessive blood loss
following an injury
a3 40460 T4 Killed im extremis due to a limb injury
g 45120 B Unrelated death due to necrotic atrophy
following a tail injury
ks 45320 102 Killed in extremis due to infection following
4 Tochnmphcm" Insulin the rupture of a mass
Low Dose @ 435400 a7 Killed in extremis due to infection following
the rupture of a mass
¢ 43420 L3 Unrelated death due to necrotic atrophy
following a tail injury and rupture of a mass
kY 4552D 96 Killed in extremis due to a vaginal prolapse

Body weights: There were no significant treatment-related effects on body weight in T- or TI-
treated animals. Body weights were comparable across all groups, with only difference of 18 g
(for males) and 31 g (for females) across groups at the end of the treatment period.
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FIGURE 3 GROUP MEAN BODY WENHTS 23\[ UDY M. 5751
MALES « TREATMENT PERION

500

475 o

w
]
-
-
=
i
o
T 1 3 1522 2936 43 50 57T & 71 T 85 92 99 106 113 120 127 134 141 143 LS5 162 1% 176 133 204 232 260 233 16 M4 372 400 423 456 434 SI2 540 563 106 634 &57 690 T3
DAY
— RO 1 Ade Comedl — (i ROLP 2 Tochaosphen &  Consrol Low Those] —k— GROUP 3 Techasphe e | (base] Hygh Nose)
— 8 ROUP 4. Toosompee @ sl (1 ow Do) — W GROUP 5. Tedaomplee @ ks (Hagh Deds)
FIGURE 4 GROUP MEAN BODY WEIGHTS (0) @y %o 57151
FEMALES - TREATMENT PERIOD
150 -
25 4
w
]
-
E
=
i
o

S —T—T T T T T T T T T T T T T T T T T LI — T T T T T T T T T T T T T T— T T T T T 1
T3 15 1 29 38 43 50 57 &4 T T3 35 92 99 10E I3 120 3T 134 HL 143 155 1 U89 178 133 204 237 280 233 316 344 372 400 423 458 434 512 500 58 59 £ £52 £30 703
DAY
——GROUF L Ak Coased —E— GROUF I Texmosplerel (Comred Low Those) —he— GROUF 1 Texbmosphered (Comred Hgh Do)
— 8 GROUP 4 T brospherelTesukin | Low Do) W= GROUP 5 T beogphered sl | Hgh Do )

Food consumption: It was not measured in this study.

Ophthalmoscopy: There were no ocular changes caused by treatment with T or T1.
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Hematology: No changes in hematological parameters were observed in animals treated with T
or TI. Monocyte counts appeared higher than control values for males in Group 5 (high T) at
Week 54 and Group 4 (low TI) at the end of the study. The sponsor justified such differences
from control group values were due to values obtained from a single animal.

. . S - @
TABLE 2 HEMATOLOGY STUDY N0 5751

SUMMARY OF MEANS
WEEK 54

GROUP 1: Air Control

GROUP 2: Technosphe re® (Contrel Low Dose) L ROWEP 4: Technos phe re*/Insulin { Lowy Davse)
LROUP 3: Technosphe re* (Control High Dose) L ROVUP 50 'I'ccl:lnnsphcrc'.l'lnsulin {High Daose)
GROUP RBC PLT WBC NEUT LYMFPH MOMNCY E¥s BASD LucC
MO 101 x10%L 0% =0 0L 1%L =1L =101 10
MALES
1 MEAN Q.38 11495 485 1.0% ER T .13 L s [LRE)
5D 0238 221.3 1.130 .4 0,700 L2 s [IRIIN] 0015
M 5 5 5 5 5 5 5 5 5
2 MEAN L 1051 550 153 360 .21 010 LIRS [LRIE]
5D 0342 1490 (LE2ZR 0475 (L7206 0076 0105 LRI 0012
N L L L L L L L L L
E) MEAN EED 1155 61l 204 360 0.2 11 s [LRIE]
5D 0aTs 135.4 0925 {.530 .70 0Ty [IRIET] 0009 LRI )
N L L L L L L L L L
4 MEAN LR 1111 6.77 1.6% E XL .21 11 0.0 LIRS
5D 0543 1358 1. 988 [ERER 1410 LRI [IRIER [INIED] 0021
N L L L L L L L L L
5 MEAN H.EH 1021 613 129 419 .40 LR 0ns [ER L)
5D 0521 58 1.955 .50 1428 04K1 [ERL L s 0012
N L L L L L L L L L
FEMALES
1 MEAN T.76 1264 450 135 110 0.21 008 04 0.03
5D 0254 23159 1.343 LR 0,700 0063 s 00s 0018
M L] L] f L] f L] f L] L]
2 MEAN T.77 1 550 1.13 423 0.22 0.12 0.05 i
5D 0286 1149.0 1300 L623 100 0076 0031 0019 0017
M L] L] f L] f L] f L] L]
3 MEAM LR 1 637 137 451 021 018 0.0 i
5D 0170 1705 3462 1041 2152 0090 0141 0033 (L035
M 5 5 5 5 5 5 5 5 5
4 MEAM T.78 1163 4.14 LR 291 .18 L LIS oz
5D 0E45 10,2 0691 0293 0364 0053 027 0.00E 0006
M ] ] [ ] i ] f ] ]
5 MEAM T.52 1158 456 LIRS 357 0.18 011 LIS 03
5D 0118 T1h 0559 0054 LRI 0LOES L35 003 00l6
M 5 5 5 5 5 5 5 5 5
. . . . - O@ .
TABLE 2 HEMATOLOGY STUDY N, 5751

SUMMARY OF MEANS
END OF STUDY

GROUP 1: Air Control

GROUP 2: chhnnrsphcrc' (Control Low Dese) GROUP 4: Tu:hunrsphcrc'."l msulin | Low Dose)
GROUP 3: chl:lunrsphcn:' (Control High Dose) LROUP 5: Technosphe re*/Insulin | High Dose)
GROUP RBC PLT WEBC NEUT LYMPH MM EO¥s BAS( LU
N, L L L L 'L 'L 'L a10L 1L
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MALES
1 MEAN 743 1333 724 435 248 0.28 0.09 0.01 0.03
5D [ATHE] 411.2 14924 ERES) 1110 0187 0112 0007 002l
M 10 10 10 10 10 10 10 10 10
2 MEAN T.01 1144 6.30 317 279 0.23 0.08 0.01 0.02
sD 1449 3021 1.925 1482 0604 0006 0.079 0,006 0012
M 10 10 10 10 10 10 10 10 10
E) MEAN 6.99 1050 621 114 2167 019 007 00z 00z
sD 1440 411.8 1044 0531 0.737 0061 0044 0,006 0010
M 10 10 10 10 10 10 10 10 10
4 MEAN T4 1195 529 272 1.90 0.53 004 0.01 0.09
sD 1382 2960 1.B6E 2.1 0.791 0626 0.028 0,006 0154
M 10 10 10 10 10 10 10 10 10
5 MEAN 7.29 1271 3599 292 278 0.21 0.05 0.01 0.01
sD 1438 340.4 1.300 1.0z 0,659 0068 0.024 0.008 0009
M 10 10 10 10 10 10 10 10 10
FEMALES
| MEAN 735 D 528 278 216 0.23 0.08 001 0.02
sD 0436 149.1 2.311 1704 0.621 0118 0.038 0,007 0007
N ] ] ] ] ] ] ] ] ]
2 MEAN 7.27 1071 4.17 192 199 0.18 0.07 001 0.01
sD 0.79% 108.2 1.528 1.172 0803 D0EE 0045 0,005 000
M 10 10 10 10 140 10 10 10 10
3 MEAN T.28 1057 165 1.60 1.EO 016 0.07 001 0.01
sD 0533 434.5 1.004 0.673 0,569 0.071 0.071 0,007 000
M 10 10 10 10 10 10 10 10 10
4 MEAN .M 953 407 1.79 206 014 0.07 001 0.01
sD 0. 1727 1 .kiata 0869 0,960 0.051 0.074 0006 0007
N 10 10 10 10 11 10 10 10 10
5 MEAN T.15 974 144 1.56 167 0.13 0.0 001 0.01
=D (3EE 2016 2,161 1077 1.13%9 0106 0100 0007 LEATER
N 10 10 10 10 11 10 10 10 10

Glucose: A definitive assessment of an effect was difficult due to the high variability of the data.
However, post-dose glucose values were generally decreased in one or both TI groups (Groups 4
and 5) at Weeks 52, 78, and at the end of study, when compared to the corresponding pre-dose
values. In contrast, glucose values in all other groups were increased post exposure, likely due to
the stress associated with the dosing and/or restraint procedures.
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TABLE 3 GLUCOSE DETERMINATION (mmal/L) ®) (4)SI'I.II}'!|:' MO 5751

GROWUF 1: Air Control
GROUF 2: 'I'uclnmplu.-m"{(.ml:rfrl Lavw DMosa)

GROUF 3: Techmos phe re® (Control High Dase)

WEEK 52

GROUF 4: 'I'q.tllumplu-n.-".'lmulin {Low Lhse)
GROUF S Technos pllul‘\ut'.'llhulill {High Dise)

GROUF Frior to 10 Minutes Prior to 10 Minuies
il Daming Post Dase Duwming ot Thame
MALES FEMALES
1 MEAN 54 a9 MEAN 58 T4
5D {42 A5 S 3% L35
N 2 3 N 3 3
2 MEAN 59 #1 MEAN a0 15
18] 021 0AD S0y 36 Lk
N 3 3 N 3 3
3 MEA 53 & MEAN 57 #.1
D X 052 S0 21 [iXix)
N 3 3 N 2 2
4 MEAN 52 d24& MEAN 56 514
18] .56 &1 Sy (R 38
N 3 3 N 3 3
5 MEAN 59 a9 MEAN a0 6.7
18] .53 075 Sy 26 132
N 3 3 N 3 3
* = Sististically significant when compared with Group 1 2t p £ 0005 {Dunnetts)
& = Statistically significant when compared with Growe 2 st p < 005 (Dunnetfs)
TABLE 3 GLUCOSE DETERMINATION {mmol/L) ® (4).‘-.t'I'IJI}'!:' ML 5751
WEEK T8
GROUF 1: Adr Comtrol
GROUF 2: T echnos ple re® (Control Low Dose) GROUP 4: Techmos plu.-n.-"'.'l msulin {Low Dose)
GROUF 3: T echnos phe ret (Control High Dose) GROUF S: Technos pln.-n.-".'l mwsulin (High Dasey
GROUP Priar ts 10 Minutes Prior to 10 Minuies
M Dosing Post [ose Dasiing Pt [ose
MALES FEMALES
1 MEAN 4.5 R4 MEAN 53 55
5D {14 20 8] 030 159
N 2 3 N 3 3
2 MEAN 54 13 MEAN a0 wnt
1B 1,05 122 8] 012 144
N 3 3 N 3 3
3 MEA .l R4 MEAN 6.2 4.
D A7 90 S0 028 LS
N 3 3 N 2 2
1 MEAN 556 #1 MEAN 5.4 fn
1 B] {12 159 8] 026 137
N 3 3 N 3 3
5 MEAN 5. 4548 MEAN G0 SA&%
18] {14 38 S0 .7 21
N 2 3 N 2 2

* = Siatistically significan when compared with Groag 1 &t p < 005 (Dunnett's)
& = Statistically significant when compared with Growp 2 st p £ 0005 (Dunnetfs)
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b) (4
TABLE 3 GLUCOSE DETERMINATION (mmaol/L )¢ ).‘!-']l1[]‘| N0 5751
WEEK 1M
GO 12 Adr Control
CROUE 22T eehmos plee r\i."':I JControl Low Dase) ROV 4 Tee lisos plu-rl.'b.'l msulin { Low Dnse)
GROUE 30T echmos plee n."' A ontrol High Daose) CaROVUE 5 Tee s pllt'rl"'.'l i lin {High Dase)
GROUF Prior to 10 Sfinutes Prior to 10 % inuies
Ml Dasing Post Dose Dusming P ot Dhamse
MALES FEMALES
1 MEAN 52 1.2 MEAN 4.1 5.2
18] 007 A9 8] LX) 071
N 2 2 N 2 2
2 MEAN 43 b MEAN 54 13
18] {54 215 18] 028 45
N 2 3 N 2 3
3 MEAN 5.1 1.2 MEAN 5.8 BA
D 1.0 2184 0 NA LYix
N 2 3 N 1 2
L MEAN 54 4.9 MEAN 5.4 53
0] 1.4% had 0] 035 NA
N 2 2 N 2 1
5 MEAN 57 G4 MEAN 4.8 .0
D 099 2746 48] NA L85
N 2 2 N 1 2

NA = Nat applicable

Gross pathology: There was no evidence of treatment-related findings. All gross observations
were noted as procedure-related or incidental since there was low incidence or occurred in control

and treated animals.

Gross Pathology on Animals Survived at the End of the Main Study
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GROUFP ITHCIDEHCE: HECROPSY - ALL DATA

Kill type: TERMINAL

Group 2 3 1 5 1 2 3 4 5

Tieeue Eex: M M H F F F F F

Obaervation Humber : 41 el 43 11 44 42 el e a7 40
ABDOMINAL CAVITY

Mass a a ] o 1 a 0 i} 1] 1
ADRENAL

Kot found 1 [} 1 o 1 a 1 o Q Q

Dark area a a 0 o a 2 1 1 1 a

Dark discocleoraticn a i} 1 o a a i o a 1

Enlargement 1 Q 1 o Q 4 5 T 4 7

Mass 1 0 0 o 0 1 ] ] 0 2

Motk led a a 0 o ] 2 0 o ] ]

Pale discoloration a a 1 o a a 0 o a a

Ralsed area a i} 0 o a a i o 1 a

Emall a Q 0 o [°] 2 0 o [°] 2
BOHE

Thickening a a 1 o a a i o a a
ERAIN

Depressed araa 1 4 5 [ 5 14 o ] E 10

Ralsed area ] Q 0 o Q ] i o Q
CECTM

Hodule a a 1 o g a 0 o g g
CERVII

Enlargement - - - - - a i 1 a a

Mass - - - - - 1 0 o ] 1

Rodule - - - - - a i o 1 a

Ralsed area - - - - - 1 0 o ] ]
DIGEETIVE COMTENTS

Dark material 1 a ] o o a ] o o o
EPIDIOYMIS

Hot found a a 0 o 1 - - - - -

Emall a 2 ] o Q - - - - -
EYE

opacity a a 0 o ] a 1 o ] ]
GITHE

Masa i a 0 o o i 1 o o o
HEART

Pale area a a 1 o a a i o a a
EITHEY

Adhesion 2 1 ] o Q a 0 o Q Q

ralculus a a 0 o g a 1 o g g
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Group : 1 2 3 [ 5 1 2 k] 4 5
Tieeue Eex: M M H F F F F F
Obaervation Humber 4l 28 43 4l 44 42 38 g a7 40
EIDHEY [cootinued)
Clear fluid a a i} o 1 a 1 o [} [}
Cyat 1 1 2 1 1 2 I 1 =] =]
Dark diasccloraticn a a i o [} a i1 o <} 1
Deformed a a 0 o 1 Q 1 o =} =}
Depressed arsa 2 5 10 4 11 2 E] 1 e S
Dilatation a a i} o 1 a o 2 [} 2
Enlargenent a i} i o 1 a o o e} e}
Mottled 1 a i} o Q 1 o o [} [}
Pale area a i} 0 1 Q a i1 o o o
Emall a a} 0 o e} 1 ] o a a
LYMPH HODE, BRCHCHIAL
Rot found 7 5 ? 9 = 10 ] -4 s 15
Enlargenent a 1 i o Q a o o e} e}
LIVER
Adhesion a a 0 o 1 a 1 1 1 a
Cyst a a i} o 1 a o 1 [} [}
Dark area El 1 1 k| & § 5 2 4 2
nark focua a 0 o Q 1 1 o <} <}
Depressed area 1 e 5 k| 5 7 1 12 & 3
Enlargenent a a i o [} a i1 o 1 <}
Mass a a 0 o 1 a I o =] =]
Moktled a a 1 o a a 1] o a a
Pale area a 1 ] 1 Q a ] o o o
Ralsed area 2 i} i o Q a 1 o 1 e}
LYMPH NODE, MESENTERIC
Enlargenent a a i o [} a 1 o <} <}
Moktled a a 1 o Q a I o =] =]
LYMPH HODE, MANDIBULAR
Enlargenent a 1 i o Q 1 o o e} e}
Maszs a a} 0 o 1 a ] o a a
LUKR3
Cyat a a 0 o 1 Q o o =} =}
Dark area 1 i} i o 1 a o o 1 e}
Depressed area a i} i o 1 ] i1 o e} e}
Pale area 5 2 2 k| 2 5 1 2 2 1
Pale diaccloraticm a a 0 o Q a 1 o 1 <}
Pale focua a i} 0 o Q 1 i1 o o 1
Ralsed arsa 1 i} i o 1 a o o <] <]
LYMPH HODE
Cyst 4 2 3 2 2 a o o [} [}
Dark discocloraticm a i} i 1 Q a o o e} e}
nark makerial a a 1 o Q a 1 o <} <}
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Group : 2 k] 4 5 1 2 3 4 5

TieEEuae Eex: M M H H F F F F

Observaticn Humber : 41 L 43 11 44 42 g e a7 40
LYWFH HODE (contimaed)

Deformed a a ] 0o a a ] 0o Q 1

Enlargement 4 5 ] 4 & 3 1 o 1 1

Motk led 1 a 0 o =] a 0 o Q =]
HMEEENTERY

Mass a a ] 0o 1 a ] 0o Q a
HAEAL CAVITY

Deformed a a 1] o 1 a 1] o a a
JVARY

Clear fluid - - - - - a 1 o Q o

Cyak - - - - - 4 i 5 5 &

Enlargement - - - - - 1 0 o 0 0

Mass - - - - - 1 1 o Q =]
PANCRERS

Mass a a ] 0o a a 1 0o Q a
PITUITARY

Cyak 2 2 1 2 1 1 2 1 1 5

Dark area 2 3 1 1 z 2 1 q 5 5

Dark disccleoraticn a a 0 o <] a 0 o 1 1

Dark focus 1 4 1 1 1 1 1 z z 1

Enlargement 1 a 0 o e} 1 0 o 1 1

Mass 5 [ ] 12 & 14 11 11 4 10

Pale disccloraticn 1 a 1 o o a 1 o 1 o

Ralsed area 2 5 3 4 & § 3 2 [} 4
PROETATE

Enlargement ] ] 0 1 e} - - - - -

Gelatipoua material a a 0 1 1 - - - - -

Emall a 1 0 o [} - - - - -
RECTUH

Dark material a a 1 o o a ] o Q o

Ralsed area a a 0 o 1 a 0 o Q e}
EMALL IWNTESTINE, DUCTENDM

Dark area 1 a 0 o <} a 0 o [} <}

Dark disccloraticn a a 1 o o a 1 o 1 o

nark focua a a 0 o <] a 0 o 1 <]
EALIVARY GLAND

Gelatinoua material a a 0 1 <} a 0 o Q <}
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Group: 1 2 i 1 5 1 2 i 4 5
Tieeue Eex: M M H F F F F F
Observation Rumber : 41 el a3 11 44 4z g g a7 40
EPLEEN
Adhesion 2 Q 1 1 [°] Q 1 o 1 [°]
Deformed a a 1 o 1] a ] o 1] 1]
Depressed area 1 ] 0 o ¢ ] 0 o ¢ ¢
Enlargensnt 1 a 0 2 2 a 0 o a a
Pale area 1 a 0 2 ] a 0 o ] ]
Pale discocloraticn a a 1 o 1 a 0 o a a
Pale focua a a 0 o 1 a 0 o a a
Emall a Q 1 o [°] Q 0 1 [°] [°]
EFIN & SUBCUTIS
Cruskt 1 a ] o 1 1 ] o 1] 1]
nark diasccloraticn a a 0 o ] a 0 o 1 ]
Fur thin a Q 0 o [°] Q 0 1 [°] [°]
Gelatinona matarial a a 1 o 1 a 0 o a a
Mass 1 11 15 B 11 11 11 12 & 17 11
Mass 2 2 3 2 5 1] 4 2 o 1 4
Mass 1 a a 0 o Q 4 1 o F 1
Mass 4 a a 0 o g k] 1 o 1 1
Mass & a a ] o Q 2 ] o Q 1
Mass € a Q 0 o [°] 1 0 o [°] 1
Mazs A a 2 1 1 1 1 k] 2 2 1
Mass B a a 1 o 1 1 0 o Q Q
Mazs C a a 1 o 1 a ] o 1] 1]
gcab a a 0 2 Q a 0 o Q Q
Thickening 1 a 0 o a a 0 o a a
Wound a a ] o Q a ] o 1 Q
ETOMACH
Cyst a a 0 1 Q a 0 o Q Q
Dark area a a 0 o a a 0 o 1 a
Depressed arsa a a 0 1 a a 0 1 a k!
Mass a a 0 1 g a 0 o g g
Ralsed arsa 1 a 0 o a a 0 o a 1
Thickening 1 ] 0 o ¢ ] 0 o ¢ ¢
EEMINAL VESICLE
Emall a 2 ] o 1] - - - - -
THIRACIC CAVITY
Maszs a a 1 1 2] a ] o 2 2]
THYMIS
Rot found [ 1z 14 11 14 ] 5 5 2 10
Gelatinoua material 1 2 1 o 2 1 0 o 1 a
Mass a a ] o 1 a ] o Q Q
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Group 1 2 3 [ 5 1 2 k] 4 5
Tieeue Eex: M M M H H F F F F F
Observatico Humnber 41 28 43 4l 44 42 38 g a7 40
TOHGUE
Mass a a i} o Q a 1 o
Ralsed area a a 0 o 1 Q 0 o
TRACHEAR
Mass i i 0 o o 0 0 o o 1
Bodule a a ] o 5} 1 1] o
TEETIS
Bot found Q Q 0 o 1 - - - - -
Dark disccloraticn [i} [i} ] 1 5} - - - - -
Enlargement 1 1 ] z - - - - -
Mottled 2 1 0 2 Q - - - - -
enall 7 [ ] & 1 - - - - -
eoft 2 a 2 2 1] - - - - -
THYRQJID LOBE
Mass 1 0 1 ] 1 0 1 ] 0 o
Pale area a a ] o <} 1 ] o
TURIHAEY BLADDER
calculua 1 a 0 o a Q 0 o
Dark diaccloraticn 1 a i o a Q 0 o
Thickening 1 ] i o Q i} 0 o
URETEE
ralculus 0 0 ] ] 0 0 1 ] 0 0
oilatakion 0 0 0 ] 1 0 1 o
UTERDS
Clear fluid - - - - - i 1 1 1
Cyst - - - - - 1 ] ] ] 0
Dark area - - - - - a 1 o 1
Dark material - - - - - 1 ] o
Deforned - - - - - 1 1 o 1
Dilatation - - - - - 1 ] 1 2 1
Enlargement - - - - - 1 ] o o
Mass - - - - - 1 0 1 z
Thickening - - - - - 1 ] 1 0 o

Gross Pathology on Animals Found Dead prior to the End of the Study
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GECUE: 1 2 1 4 S 1 z 3 4 5
Ti1eeus E&x1 M N H M H F F F F F
Obssrvation (=) i 1% 1z 17 15 18 17 s 22 iz ]
ABDMINAL RVITY
Clzar fluid 1 a 0 o [} 0 o 1 1 o
Irreqular surface 1 a a i1 e} 0 o 1 i} o
Mazse 0 1 0 1 1 0 1 1 a o
cdule 1 a g Y =] 0 Q Y a o
Pals material 1 a [e] 1] s} ] 5} 0 a o
ADRENAL
Hot found 0 1 0 o 1 0 1 1 a o
Dark area o 1 2 2 1 1 2 2 4 1
Dark diacoloratiocn 3 2 1 o 1 1 1 1 2 k|
Dark foous o 1 <} 1 <] 1 o ] a 1
Enlargement 2 4 2 2 1 5 2 1 & £
Mazs a a =] ] [} ] 1 0 1} o
Mottlad 1 a [°] o 1 4 4 3 2 2
Pale diacoloraticn 1 4 a 1 e} 1 1 3 i} o
Pale focua o 1 1 1 <} 1 1 4 & 1
Raisad area o a a o o 1 [} 0 L} 1
fmall a 1 =] 1 1 ] 1 0 1} o
soft 0 1 [°] o =} 4 Z 3 1 o
AORTR
Adhsaico 1 a g Y =] 0 Q Y a o
Dark diacoloratiocn o 1 a i <} 0 o i a o
Dilatation 0 a [°] o 2 0 Q 0 2 o
BOKE
Deformed o 1 g Y =] 0 Q Y a o
Firm a a 1 ] [} ] o 0 1} o
Thickening o 1 1 o e} 0 o i a o
ERAIN
Adhsaico 1 ] [°] o =} 1 1 2 2 o
Dark araa o 1 1 1 <] 0 [} i Q o
Depressed area a Ed d a 4 12 12 13 9 10
Dilatation o a o] 1] Q ] 1 0 a o
Mazs a a =] ] 1 ] o 0 1} o
Pals area o a 1 o o 1 [} 0 L} o
Pale diacoloratiocn o a a o <] 1 [} 1 1 o
Pals foous o a <} ] <] 1] o ] 1 o
Pals material o a 1 1] Q ] 1} 0 a o
soft 1 z z 2 [} 1 1 4 1} o
Thicksning o a o o 1 [} 0 L} o
EIHE MARRCW
Pale discoloraticn o a a i1 e} 1 o 1 1 1

219



Reviewer:Mivun Tsai-Turton NDA No. 22-472

Group: 1 Z 2 4 5 1 2 3 4 5
Tigsue Sex: M M M M H F F F F F
Cheervaticn Humber: 19 a2z 17 19 1& 17 a2 a2 23 an
CRANTIAL CAVITY
Mazs a a a a 0 o 0 ] 1 a
Tark £luld a a a a <} 1 ] ] ] a
Mottled 1 a a 2 Q o 0 0 o 2
SoIk 1 a a a 0 o 0 ] ] a
Thi ckening 1 a a a Q o 0 i} o a
CECTM
Tark discolorakblion a a a 1 1 o 0 i} o a
Tark tocus a a 1 a Q o 0 0 o a
Ilakatiom 2 a 1 1 1 1 0 1 ] a
Gagesus maksrial a a 1 a Q o 0 i} o a
CERVIX
Idlatation - - - - - o 0 1 o a
Thicksning - - - - - o 1 ] ] a
COLoH
Tark discocloratlon a a a 1 0 o 0 ] ] a
Illaktation a 1 1 1 Q o 0 i} o a
Gagerus makterial a a 1 a Q o 0 0 o a
Pale discoloration a a a a 0 o 0 ] ] 1
DIGESTIVE COMTENTE
Clear £luld 1 a a a <} o 1 ] ] a
Tark material 3 Z z 3 z 1 3 5 3 3
Gazecus material a 1 a 1 0 1 1 1 ] a
DEFERENT CAICT
Tark discoloracion a a a 1 0 - - - - -
DIAFHERRGM
Adheeion a a a a 0 o 0 1 ] a
Irregular eurface a a a a Q o 0 1 o a
Hoduls 1 a a a Q o 0 0 o a
Thicksning a a a a 0 o 0 1 ] a
EAR
Firm a 1 a a <} o ] ] ] a
Mazs 2 a a 1 Q o 0 0 o 2
Thicksning a 1 a a 0 o 0 ] ] 1
EFITIDTMIS
Tark area a a a 1 0 - - - - -
Tark discoloratbicon F 1 a a Q - - - - -
Hoduls 1 a a a 0 - - - - -
Fale discoloraticn z F a 1 1 - - - - -
Small 4 1 5 5 1 - - - - -
SoIk 1 z 1 2 2 - - - - -
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Group: 1 2 2 4 5 1 1 3 4 5
Tiesue Sex: M M .| M H F F F F F
Obzervation Humber : 13 Iz 17 13 1& 17 22 12 3 20
ESOPHRGTS
Clear fluld a a a a 1 o 0 0 o a
Tark material 1 a 1 1 Q o 0 0 o 1
Iilatation a a 2 a 2 o 1] 1] 1] 1
Gagecus makerial a a 1 a =] o 0 0 o a
Fale material 1 1 1 a Q o 1 1 o a
EYE
Iark area 1 a 1 a Q o 0 0 1 a
Tark discoloratiom a a a a a o 1] 1] 1 a
Enlargemenkt a a a a =] 1 0 0 o a
Irregqular eurface a a 1 a 1] o 0 0 o a
Fale area a a a a =] 1 a I I a
Frotruding a a a a =] 1 0 0 o a
Scab a a a a 1] o 0 0 1 a
Sofk a a 1 a ] o 1] 1] o a
FAT
Dark discoloratlon a 1 a a =] o 0 0 o a
Mazz 1 1 1 1 Q o 0 0 o a
HEART
Enlargement Z a 1 1 Q o 0 0 o 1
Firm a a a a a o 1] 1 1] a
Fale discocloratlom a a a a =] 1 1 1 o a
Small a a a a 1] o 0 0 1 a
Sofk 1 a a a ] o 1] 1] o a
HARDERIAN GLAND
Thickening a a a a =] o 0 1 o a
JOINT
Defomed a a a a ] o 1] 1] o 1
Firm 2 2 2 o Q g 0 0 o 1
Thickening a 1 a a 1] o 0 0 o a
EITHET
Mdhesion 1 1 1 a 1 o 1] 1 1 a
Clear fluid 1 a a 1 =] o 1 0 o a
Cyet a a a a 1] 1 0 0 o a
Tark area a 1 a a a o 1] 1] 1] a
Dark discoloratlon 4 ] 1 1 1 4 2 1 2 a
Tark focus a a a 1 1] o 0 0 o a
Iepressed area 1 z a 1 5 o 2 2 I a
Iilatation Z o 2 2 Q 3 0 0 1 1
Iizplacensnt a a a a 1] o 0 1 o a
Enlargemenkt 2 ] 2 ] =] o 0 0 o a
Firm 1 a 1 a Q o 0 1 o a
Irregqular eurface a a a a a o 1] 1] 1] 1
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Group: 1 3 3 4 5 1 1 3 4 5
Tigsua SEE: M M M M H F F F F F
Obzervaticn Humber: 19 22 17 13 1& 17 a2 a2 a3 an
EIDNEY fcontimued)
Mok tled 1 a 1 1 <] o 0 0 0 a
Hoduls 1 a a a o il 0 0 0 a
Fale area 1 a a a Q o 0 1 1 a
Pale discoloration 2 1 a a <] 1 0 1 1 [i]
Fale material a a a 1 o il 0 0 0 a
Ralssd arsa a a a 1 <] o 0 0 0 1
Saft 1 a a a <] 1 1 0 0 [i]
LYMEH RODE, EROHCHIAL
Hok found 4 12 4 7 5 1 g & 12 5
Dark discocloratlon a a 1 a 1 il 1 1 0 1
Enl argement a a 1 1 <] o 0 0 0 1
Mok tled 1 1 a 1 o] o 1 ] )] ]
LACRIMAL GLAWD
Dark discoloratlon a a a a o il 1 0 1 a
LIVER
Hot found a a a a o il 0 1 0 a
Adheeion 1 1 a a <] o 0 1 1 1]
Iark area 1 z 1 1 Q 1 1 I 0 a
Dark discocloratlon 1 a 1 a z il 0 1 0 a
Tark focue z 1 a a <] o 0 0 1 1]
Iepressed area a a a 1 1 ol 1 I 0 a
Enlargement 4 z 5 2 1 1 2 3 3 z
Firn 2 a 1 1 z o 1 1 0 a
Irreqular eurface 1 a a o il 0 0 0 a
Moktled 4 3 1 1 Q o 1 0 0 1
Pale area a a 1 1 1 1 1 1 0 [i]
Fale discoloratblon [ 5 4 2 o 2 2 ] 1 z
Frominent lobular architecture a 1 1 a <] o 0 1 0 1]
Ralz=d arsa a 2 a a <] o 1 0 0 [i]
Rupture a a a a o il 0 0 1 a
Soft 1 a a a <] o 1 0 1 1
LYWPH HODE, MESENTERIC
Hot found 1 a a a <] o 0 0 0 1]
Iark diacocloraticon 1 z a 1 Q ol 1 1 0 1
Enlargement z 2 a 1 o o 1 1 1 Q
Gelatinoue material a a a a <] o 1 0 0 a
Mazs a a a a o il 0 0 0 1
Moktled 1 a a z Q o 0 0 1 a
Pale discoloration a a a a <] o 1 0 0 [i]
LYMEH WIDE, MANDIEULAR
Iark area a a a a Q 1 a I 0 1
Tark discoloraticn 2 2 a 1 1 1 4 4 2 1
Tark tfocue 1 a a a <] o 1 1 2 a
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Group: 1 2 ] 4 5 1 1 3 4 ]
Tlesue Sex: N N M N H F F F F F
Obgervaticn Humber: 13 2z 17 13 1& 17 11 22 23 20
LYMPH HODE, MANDIEULAR |contimued)
Enl argement 1 a a 1 1 o 1 2 2 a
Firn a a a a 1 o 0 0 0 a
Moktled 1 a 1 a <] o 0 1 0 a
LUKRG
Adheeion a 1 1 1 o o 1] 1 1] 1
Cyst a a a a =] o 1 i} 0 a
[ark area a 1 1 1 1 1 1 3 1 1
Iark diacocloraticon z 1 1 a =] o a i a a
Lark focue 1 2 Q 2 1 ol 0 0 2 a
Deformed a a a a o] o 0 1 0 a
Enlargement 1 a a 1 =] 1 1 i} 0 1
Firn 2 2 Q 2 Q ol 1 0 0 a
Mazz a 1 a a o] o 0 ] 0 a
MotEled 4 1 2 E s 1 4 3 2 2
Hoduls 1 a a a =] o 1 0 0 a
Hon-eollapeing 11 2 10 11 1d 5 £ g g 1a
Fale area 1 a a a 1 o 0 1 1 3
Fale discoloratlon a a 1 1 o] o 0 1 3 a
Ralzsd arsa a 1 ] 1 o o 3 ] 1] a
LYMPH RIDE
Iark area a 1 a a 1 o 0 i} 0 a
Tark discoloratlon 3 3 Z 3 1 2 7 1 1 4
Dark tocue a a [i] 1 <] o 0 ] 1 1
Enl argement [ 4 2 E i 2 B 3 3 7
Firn a a 1] a o] o 0 ] 0 1
Moktled z z 1 1 o o 1 1 1] 1
Fale discoloration 2 2 Q 2 1 ol 1 0 0 a
HEEENTERY
Adheelon a a a a =] o 0 i} 0 1
Firn 1 a 1] a o] o 0 ] 0 a
Mazz 1 a ] a o o 1] ] 1] a
Mottled 1 2 Q 2 Q ol 0 0 0 a
Hoduls 1 a a a o] o 1 ] 0 a
Fale material a a a a =] o 0 1 0 a
Thickening 1 a a a =] o 0 1 0 a
HAMMART GLAND
Dark discoloratlon a a 1] a o] o 0 ] 1 a
Hoduls a a ] 1 o o 1] ] 1] a
ORAL CRVITY
Dark material 1 1 1 =] o 0 i} 0 2
Fale material 1 1 z 1 =] 1 1 2 0 1
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Group: 1 z e 4 5 1 2 3 4 5
Tiesue Sex: M M M M H F F F F F
Cbeervaticon Humber: 13 2z 17 13 1e 17 22 22 23 0
OVARY
Hok found - - - - - o ] ] 1 [i]
hdheeion - - - - - o i} 1 o a
CYVEE - - - - - 1 1 3 4 z
Dark discoclorakblon - - - - - o i 1 I a
Enlargement - - - - - o 0 0 1 Q
Gelaktinoue material - - - - - o ] ] 1 a
Fale discoloratblcon - - - - - 3 1 2 1 a
Fale material - - - - - 1 i} i} o a
5Small - - - - - 3 3 2 5 4
Soft - - - - - o ] 1 ] ]
PANCRERE
Hot found a a a a o o i} 1 o a
Tark discoloratlon 1 z a a Q o 0 0 o a
Mazz a 1 a [i] <] o ] ] ] [i]
Hoduls 1 a a a o o i} i} o a
Fale discoloratlon 1 a a z <] o 1 1 1 1]
Small a a a ] o] o ] ] ] 1
Soft a a a Q o o 1 0 o Q
PELVIC CAVITY
Mags a a a 1 o o 0 0 o Q
PFHARYHE
Tark material a a 1 a Q o 0 0 o a
PITUITARY
CYVEE e z a 1 <] 3 ] 2 ] z
Iark area a a 1 F Q o i i k] 1
Tark discoloratlon 1 1 1 Q o 1 1 0 1 Q
Enlargenent 1 2 a a <] ] ] 1 4 z
Gelatinoue material 1 a a a Q o i i I a
Mags z 2 4 -] 1 10 14 13 ] 1a
Mottled a a a a 1 1 ] ] ] a
Fale discoloratblion 1 1 a a 1 o 1 i} 1 a
Ralsed arsa 1 1 1 1 1 o 0 0 o 1
Soft 1 1 a 1 1 k] 1 ] 4 z
PREFUTIAL GLAND
Enlargement 1 a a [i] <] - - - - -
PEYER'E FATCH
Enlargement a a a a Q o i i 1 a
Thickeniog a a a Q o o 0 0 1 Q
PROSTATE
Tark area a 1 a a Q - - - - -
Tark discoloracion 2 1 a 2 - - - - -
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Group: 1 z 3 4 5 1 1 3 4 ]
Tlesue Sex: N N N N H F F F F F
Cbeervation Rumber: 13 2z 7 13 1€ T 21 21 23 20
FROSTATE [contimued)
Enl argement F a a a =] - - - - -
Firn 1 a 1 1 Q - - - - -
Gelatinoue material 1 a a 1 0 - - - - -
Mazz 1 a a a <} - - - - -
Mottled a a 1 z Q - - - - -
Pale area a a a 1 0 - - - - -
Fale discoclorakblcn a F a 1 =] - - - - -
5Small 5 4 z 5 1 - - - - -
Sofkt 1 a a 1 0 - - - - -
EECTUH
Pale discoloratlon a a a a 0 o 0 1 1 1
EMALL INTESTINE, DUCTENUM
Tark area 1 a 1 a 0 o 0 0 0 a
Dark disccloraticn a a a a 1 0 0 0 0 1
Tark tocue 1 1 1 a 0 1] 0 0 0 a
Iilakatiom 1 a 1 a <} o ] 1] 1] a
Gageosus material a a 1 2 Q o 0 0 0 2
Pale discoloratlon 1 a a a 0 1] 0 0 0 a
Fale focue a a a a Q 0 1 0 0 1
Thickeniog a 1 z 2 Q o 0 0 0 2
SALIVARY GLAND
Tark discoloratlon a a a a 1 o 0 0 0 a
Gelakinoue material 1 a 1 a 0 o 0 0 0 a
Mas=s a a a a Q 0 0 1 0 a
Fale discoloratlon 1 a a a 0 1] 1 0 0 a
Small a a a a 1 o ] 1] 1] a
EMALL INTESTINE, ILETNM
Tark discoloratlon a a a 1 0 o 0 0 0 a
Idlatatiom 1 a 1 a 1 0 0 1 0 a
Gagecus material 1 a 1 a 0 1] 0 0 0 a
EMALL INTESTINE, JEJUHUM
Tark area 1 a a a 0 1] 0 0 0 a
Dark disccloraktlon 1 a a 1 Q 0 0 0 0 a
Tark focuse a a a a Q o 0 0 0 1
Tark material a a a a 0 o 0 0 0 1
Idlatatiom 1 a 1 a 1 0 0 1 0 1
Gageosus makterial a a 1 a Q o 0 0 0 a
Mazz a a a a 0 o 0 1 0 a
Thicksning a a a a Q 0 0 1 0 a
EZFELETAL MUECLE
Firn a a 2 2 Q o 0 0 0 1
Mazz B a 1 a a 0 1] 0 0 0 a

225



Reviewer:Mivun Tsai-Turton

NDA No. 22-472

Group: 1 z 3 4 5 1 1 3 4 5
Tigsue SEX: M M M M H F F F F F
Observation Humber : 13 a2z 7 13 1& 7 a2 a2 23 an
EZFELETAL MUSCLE [(contioued)
Thickening a a a a 0 1] 0 0 0 1
ECIATIC WERNE
Thickening a a a 1 0 o 0 0 0 a
EZFLEEN
Hok found a a a a 0 o 0 1 0 a
hdheeion a a a 1 F 0 0 0 0 1
Cyet a a 1 a Q o 0 0 0 a
Enlargement Z 1 a 2 0 1 3 1 4 2
Mas=s a a a 1 Q 0 0 0 0 a
Fale area 1 1 a 1 1 1 0 0 0 a
Fale discoclorakblcn F a z 1 1 o 2 a 1 1
Fale CLocue a a 2 2 Q o 0 0 1 2
Small 5 2 3 2 0 k] 1 1 1 £
EEIN & EUBCOTIS
Hok found a a a a 0 o 0 0 0 1
Cyst a a a a Q 1 0 0 0 a
Tark area 1 a a a 0 1] 0 0 1 a
Tark discocloraklon 1 1 a a =] o 1 1 4 1
Dark fLocus a a 1 a Q 0 0 0 0 a
Tark material a a a a 0 1] 0 1 0 a
Firm a a a a <} o ] 1] 1 1
Fur thin 1 a 2 2 1 o 0 0 0 2
Fur loas a a a a 1 1] 0 0 0 a
Irregular eurliace a a a a Q 0 0 0 1 1
Gelatinoue material a a 1 1 Q o 0 0 0 a
Mazz 1 Z 2 1 11 1 3 12 1 12 £
Mazs 2 2 a 1 E 1 0 5 0 5 1
Magz 3 1 a a a 0 1] 1 0 3 a
Mazz 4 a a a a 0 o 0 0 1 a
Mazs 5 a a a a Q 0 0 0 1 a
Mags & a a a a 0 1] 0 0 1 a
Mazz 7 a a a a <} o ] 1] 1 a
Ma=z=z B a a a a Q 0 0 0 1 a
Mazz 8 a a a a 0 1] 0 0 1 a
Mazz R z 1 z a 1 1 3 3 1 a
Magz B a a 2 2 1 o 3 1 1 2
Mazz C a a a a 0 1] 1 0 1 a
MotElsd a a 1 a Q 0 0 0 0 a
Hoduls a a 1 a Q o 0 0 0 a
Pale material 1 a a a 0 o 0 1 0 a
Ralssd arsa 1 2 a 1 1 0 4 1 0 F
Rupture 1 a a a 0 1 1 0 1 a
Saab 1 z 1 3 1 3 ] 1 1 z
Thickeniog a 2 1 2 1 o 0 1 0 1
Wound 1 2 a 2 1 1] 1 1 1 1

226



Reviewer:Mivun Tsai-Turton NDA No. 22-472

Group: 1 z 2 4 -] 1 2 3 4 5
Tiesue SEX: M M M M H F F F F F
Chgervaticon Humber : 19 2z 17 13 1e 17 42 a2 a3 20
SEIN & EUBCUTIS [comtiousd)
Mazs 10 a 1] a a 1] o ] ] 1 a
Mazz T a ] a a 2] o 1 ] )] a
ETOMACH
Hot found a a a a Q il o 1 0 a
Tark area 4 Z 3 1 z o 1 0 1 5
Tark discoloraticn 2 a a a 1 o ] ] 0 a
Iark tocue a 1 a 1 Q il 1 1 0 2
Tark material 3 Z a z -] o 1 0 0 1
[epressed area a [i] z 1 1] o 2 1 2 1
Illaktatiom 5 z 1 4 Q 2 o i} a 2
Gazeous material a 1 1 a -] o 1 0 0 a
Motbled a 1 a a 1] o ] ] 0 a
Fale area a a a a Q il 1 i} 0 a
Fale dlscoloraticn 1 1 a 1 1] o ] ] 1 a
Ralsed arsa 1 1 1 1 2] o ] 1 1 1
Thicksning 1 1 2 Z 1 1 o 0 4 1
SEEMINAL VESICLE
Rdheeion 1 a a a -] - - - - -
Tark discoloraticn 2 [i] a 1 1] - - - - -
Enlargement E 1 a a Q - - - - -
Gelatinoue material 3 1] a z 1] - - - - -
Mottled z x a a 2] - - - - -
Small 4 & 4 7 3 - - - - -
THORACIC CEVITY
Tark area a a a a -] o o 0 1 a
Tark tocus a a a a 1] o ] ] 1 a
Tark material 1 1 a a Q il o i} 0 a
Mazs 3 1 1 1 z o o 1 1 1
Tark £luld 2 a a a 1 o ] ] 0 a
Fale material a a a a Q il o i} 1 a
THYMIZ
Hot found [ 7 = £ i 5 ? [ [ 2
[ark ares a 1 a 1 1] o ] ] 0 a
Tark discoloraticn z a a 1 1] ol 1 i 1 1
Lark focue z Q 1 Z Z o 1 0 1 1
Telformed a a 1 a 1] o ] ] 0 a
Galatinoue material E a 1 2 1 il 1 1 1 1
Mottled a 1 1 1 z o o 2 1 a
Fale discoloraticn 2 [i] a a 1] o ] ] 0 a
Small ] a 7 1z 9 11 10 14 13 10
Solk a 1] a a 1] 1 1 ] 1 a
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Group: 1 z 3 4 5 1 2 3 4 ]
Tiesue Sex: M M M M H F F F F F
Cbgervaticn Humber: 13 2z 17 13 1& 17 22 22 23 20
TORGIE
et a a a a 1 o ] 0 0 a
Fale material a a 1 a Q o i} 0 0 a
Thickening a a a a 1 o ] 0 0 a
TRACHER
Teformed a a a a 0 o ] 0 1 a
Frothy material F a a a =] 1 1 0 I z
TEETIZ
Hok found a 1 a a <} - - - - -
Lark area a a a Q - - - - -
Tark discoloratlon 2 Z 1 3 1 - - - - -
Enl argemenkt 1 a a a Q - - - - -
Hoduls 1 a a a Q - - - - -
Pale area a 1 a a 0 - - - - -
Fale discoloratbion 2 1 a 1 1 - - - - -
Small 1 4 5 3 1 - - - - -
Soft 2 4 £ El 1 - - - - -
THYROID LOBE
Hot found 1 a a a Q o i} 0 0 a
Cyet a a a 2 Q ol 1 4 0 2
Tark discoloratlon z a a 1 1 o ] 0 0 a
Enl argemenkt 1 a a 1 1 1 i} 1 1 a
Fale discoloratlon a a a a Q 2 1 1 1 a
Small 1 a a a 0 o ] 1 0 a
Soft a a a a Q 1 1 0 0 a
URINARY BLADDIER
Adheeion 1 a a 2 Q ol 0 1 0 2
Tark area a a a 1 1 o ] 1 0 a
Tark discoclorablon 2 a a =] o i 0 I 1
Lark Locue a a 1 2 Q ol 0 4 0 2
Tark material 1 1 a a 0 o ] 0 0 1
Idlatation 4 1 1 E 1 o i} 0 0 F
Lark £luid 2 a a 1 Q ol 0 4 0 2
Moktled a 1 a 1 0 o ] 0 0 a
Jpagus fluld a 1 a 1 Q o i} 0 0 a
Fale material a a a 1 Q o 0 0 0 a
Thi ckening z a a a 0 o ] 1 0 a
UTERTE
Adheelon - - - - - o i 1 I a
Tark discoloratlon - - - - - ol 1 1 1 2
Idlakatiom - - - - - 1 ] 0 0 a
Mazs - - - - - o 1 1 0 1
Mazs A - - - - - 1 0 0 0 a
Mazz B - - - - - 1 ] 0 0 a
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Group: 1
Tizsue Sex: N
Jbzervaticn Humber : 19 2

=

LE
[
-1
[
oo
[
Ll
m
[EER 5 I ]
3
[FER 5 I PRl
3
L e
3
& o

TTERUS {contimued)
Mazz C - - - - -
opagus fluid - - - - -
Ralssd arsa - - - - -
Thickening - - - - -

e el
= e
= o
-]
[ ]

VAGINA
Dark area - - - - -
Dark discoloratblon - - - - -
Dark material - - - - -
Zelatinoue material - - - - -
Mas=s - - - - -
Mottled - - - - -
Fale discolorablon - - - - -
Fale material - - - - -
FrotTuding - - - - -
Ral==q area - - - - -
Thi ckening - - - - -

OO FOO000 e
== = =A== B — B = =]
(=== - == L = ]
Folo o e oo oo
[l o S s =)

Histopathology:

Non-neoplastic:

Nonproliferative lesions were noted in the nasal cavity in high-dose T males and females (Group
3), which consisted of a higher incidence and severity of goblet cell hyperplasia of respiratory
epithelium and accumulations of eosinophilic droplets in the olfactory and respiratory epithelia.
Both of these lesions were considered non-specific protective or adaptive responses to chronic
inhalation of Technosphere particles. These findings were seen with comparable frequency and
severity in air control and TI treated groups.

Male
Pradin - B | Tanhn 2
Giroup Designation Air Control .]-EEF:;:';T::E' .].TI?:E[];PHE' ]hﬁﬁﬁ?m ]CL'[?:EE?E
* - £h Lose Low Diose High Dose
Mumber Examined i) [l [itl] 6l &l
Hypemlasia, gohlet cell
Mazal cavity #1 19 (1 30* L1 1 (13 T {1l If (1.0}
Maszal cavity #2 (L 2 1m 2 (L0 (L 1 (L)
Mazal cavity #3 3 (L3 B (l5) LE**  (1A6) 4 {1.3) I (L
Maszal cavity #4 T (L5 7 (13) 0 1A) 3 (L T {1.5)
Diroplets, ensinophilic
Mazal cavity #1 0 1] 2 (L0 1 {1 L]
Maszal cavity #2 23 {1 22 (1 R 1] 0 {1 1E (1.0}
Maszal cavity #3 59 (L 6l (1.3) il (L) 57 (1L L)
Mazal cavity #4 57T (L L) 59 (1.5) 56 (1.1) 57T (L)
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Female
Tehr o L - &
Gmoup Designation Air Contro] “E':;:m::c‘ ]{ﬂ:;:ﬁ[];f;c' ]hﬁ;ﬁﬁrm ]hﬁ::mfm
: Lo Diose High Dose
Mumber Examined i) [l LiLl] il &l
Hypemplasia, gohlet cell
Mazal cavity #1 16 (1.1} 2E* (12) W 12) 19 {11} 19 (1.1}
Masal cavity #2 2 {1l 301 5 (L0 3 (L 3 (L
Mazal cavity #3 T (L 7 (L1} e 14 4 {1.3) 4 (L)
Masal cavity #4 1 {1.5) 6 {13) e lA) 3L 4 {1.5)
Diroplets, ecsmophilic
Masal cavity #1 0 2 {10) 3 (1.2) 2 (L) 2 {L0)
Mazal cavity #2 4 (1L 25 (1 46 (1.1) 5 (1 30 (L
Masal cavity #3 58 (L) 57 (L.1) ) (L4 5 (L0 6l (1.0}
Mazal cavity #4 55 (L 3 (L 59 (1.1} (L0 59010

* Sigmificantly different {p = (L03) from the air control group by the Fisher exact test.

** Sipnificanthy different {p < (L01) from the air control group by the Fisher exact test.

* Avempe severity grade of lesions in affected animals: 1=mimmal, 2=mild, 2=modemte, 4=severe.
Maote: Maszal cavity #1 - 4 refers to the serial tmnsverse sections obtained across the nasal cavity.

Neoplastic:

The numbers of animal with masses were comparable across all groups. These masses were
transient with 14-30% (in males) and 64-76% (in females) of masses present at the necropsy.
The total number of masses was consistently higher in females than in males due to the presence
of palpable mammary masses and was not an indication of any sex-related effects.

oowl 8. O | Total No.of | Mean Time of T‘;fjllpm'c“'
Group Number Group Designation Sex ) Palpable Onsat o )
Palpable Masses (Week No.) Ma 8365 Present

Masses al Necropsy
1 Air Control 5 :i g‘: H; S{
" Technosphere™ Control a 18 21 68 3
B Low Dose g 24 35 77 24
3 Technosphere™ Control 3 [] 12 66 3
) High Dose g o 10 83 7
4 Tech nmphcmm Insulin :;I 24 34 66 10
Low Dose kS 29 0 T8 kh
5 Tech nnspherc‘i' Insulin a 19 22 6l 3
High Dose g 18 27 71 149

Adrenal cortical carcinoma was seen in 3 high-dose TI females (Group 5), with no evidence of an
effect in males or in females from any other dose group. The incidence rate of 5% was
statistically significant for the trend test but not by the pairwise comparison. It was slightly
exceeded air control and historical incidence of 1%. In addition, there was no indication of
increased incidences of preneoplastic lesions and other benign and malignant tumors in the
adrenal cortex in this group, which cortical adenoma observed in 1 out 60 controls (Group 1) and
2 out of 60 high-dose T males (Group 3). The sponsor indicated that the occurrence of 3 tumors
at this dose alone was incidental due to the absence of an effect of treatment on the overall
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incidence of focal proliferative lesions and the limited statistical significance of tumors in high-

dose TI females.

Male
Tech e L IS &
Group Designation Adr Control .]-cﬂﬁﬁf:ﬂ' .]IE;T;J'EMTE' : &':zwjl-:]l:;nhﬂc ] h:ﬂ:::-ﬁzcm
. & e Lovar Dionse High Dose
Mumber Exam ined il L] il L] il
Adenoma, cortical 1 ] 2 ] L
Carcinoma, cortical 0 ] 0 ] 1
Female
Tach e 3 IS ®
Group Designation Adr Control .]-cﬂﬁﬂ?_:c‘ .].c;?;;lﬁ?_:c' ] {L?;:EE:ETE : h:ﬂ::zﬁ:cm
: Lowr Diose High Dose
Mumber Examined ) L] i1 ol )
Adenoma, cortical L ] [ ] L
Ganghoneuroma, benign 1 L 0 L 0
Pheochmmocytoma, benign Ll | 1 ] i
Cancinoma, cartical Q L] L L] 3
Uvemll Rate VD (0%) D60 () R (0%) /60 () 360 (5 0%
Terminal Rate W43 {0%) 38 (0%) 0738 (%) 0737 (10%4) 340(7.5%)
Tests with Group 1 as control
Trend test p= 1000 p=0.015
Pairarise comparisons p=1.000 p=1.000 =l e
Tests with Group 2 as control
Trend test p=.040
Paimarise comparisons p=1.000 30
Pheochmomaocytoma, malignant 0 2 L L] L

Incidence of malignant astrocytoma was marginally higher in low and high-dose T males (Groups
2 and 3) and in the low-dose TI group (Group 4) when compared with the air control. The

sponsor considered such as incidental.
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Male
Torhr L I &
Group Designation Adr Control] ']'cﬂz:.;;l::’c' ']'c;l?h?;?::::m' ]CL?;EE?TE ]M:Z:jﬁzm
: - Laonar Diose High Dose
Pumber Examined il il il [idl] il
Ohgodendroglioma, benign 0 L] L 1 o
Giramular cell fumaor, benign 0 L 0 L 1
Astrocytoma, malignant 1 4 4 3 1
Owerall Rate 1460 (1. 7%6) 4060 (6. 74) 460 (6. T R0 5.005) 1260 {175
Temninal Rate 1741 (2.4%) 2038 (5.3%) 1/43 (2.4%) 341 (7.3%) 1444 (2.3%)
Tests with Group 1 as contmol
Trend test p=l.6d3
Pairaise comparisons p=.193 Pl 308 p=0.770
Tests with Group 2 as contml
Trend test p=l.7
Paimanse comparisons . TEG p=0.972
Ohgodendrog hioma, malignant 1 1 0 L] 0
Female
Toecdn ¢ L ST &
Group Designation Air Control] ]cﬂ;l;;l::’c" .].c;?l_?;?':::m' ]CL?;EETTE ]M:Z:j:jizm
: N Loonar Diose High Dose
Pumber Examined il L] il [id] il
Giranular cell fumaor, benign 0 L 0 1 0
Astrocytoma, malignant 1 L 1 L 0
Reticulosis, malignant 0 L 0 1 0

There was a slight increase in the incidence of malignant Schwannoma (neurilemmoma) in the
nasal cavity in low does T males (Group 2). On the other hand, there was no dose-dependent
PCNA activity in respiratory tissue in animals sacrificed at the end of the study. Therefore, the
sponsor considered such as incidental. In addition, there was a slight increase in the incidence of
fibroma in the skin/subcutis in low-dose TI males (Group 4).
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Male
Tec hmﬁphcrc' ']'-:-:hm'ﬂ?hcm' Tectmosp here® | Tee hmsph-m:"
Ciroup Designation Air Control ) ) e In=ulin In=ulin
Low Diose High Dose ) ) . )
Lo Diose High Dose
Mumber Examined all L] L] L] L]
Schwannoma, malignant
Maszal cavity #1 L [ L [ [
Maszal cavity #2 i i i 1 i
Mazal cavity #3 L [ L [ 1
Mazal cavity #4 i E) i [ [
Skin and subcutis, fibroma L] 1 1 3 L]
Female
Technosphere® | Technosphen® Tectmosp here® | Tee hn;:usph{.'rc'
Ciroup Designation Air Control Low Dase Hi ,h'u_]w Insulin Insulin
: gh L Lo Dose High Dose
Mumber Examined fll &l &l L] &l
Schwannoma, malignant
Maszal cavity #1 0 0 0 0 0
Mazal cavity #2 0 [ 0 [ [
Mazal cavity #3 L [ L [ [
Maszal cavity #4 i [ i [ [
Skin and subcutis, fibroma 1 L] 0 2 0

Mote: Nasal cavity#] - 4 refors to the serial trenavene sections obtadned across the nasal eavity.

PCNA activity data:
Group Mumber Group Designation Sex (clrllf:c]?:jtarhil:th[::::tlltzitd

. & 05100
: r Cotwol 2 0.6/1000

” Technosp here™ Contral & 00

- Lo Dose = Q1000

" Technosphere™ Contral & 00

" High Dose g 1000

4 ']'azhm).:phcrc' Insulin & L ERTi

Low Dose g 1000

s Technosphere™ Insulin & L ERTi

B High Dose g D T000

There was a slight decrease in the incidence of pars distalis (in anterior pituitary) adenoma in
low-dose TI females (Group 4). This was not in dose-dependent manner and was considered
incidental by the sponsor.

Tumor Histopathology on Animal Survived at the End of the Study
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GRCUP INCIDENCE: NISTOPATHOLOGY - TUMOUR CATA

Fill type: TERMINAL

Group: 1 2 2 4 5 1 2 3 4 5

Tiesue Sex: M N M N H F F F F F

Chzervaticn Humber : 41 3z 4z 41 44 a3 ag g a7 40
ADRENAL

Humbsr examined il e 43 41 44 a3 g g a7 an

ADEROMA, CORTICAL 1 2 1 2 2 o o o o i

FHEQCHRCHOCYTCHA , BENTG 2 2 2 1 2 o 1 1 o i

CARCINOMA, CORTICAL o Q a Q Q o o o o 3

FHEQCHRCHOCYTCHA  MALTGHANT 1 2 a Q 1 o o o o j
ERAIN

Hunbsr examined 41 3z 4z 41 44 a3 a8 g a7 an

0L IGIDENDEOGL IOMA  BEHIGH o a a 1 a o o o o i

TUMOR, GEANULAR CELL BEWIGH o 2 a Q 1 o 0 0 1 i

ASTROCYTOMA , MALIGHANT 1 2 1 2 1 1 o 1 o j
HEART

Humbsr examined 4l L 43 41 44 43 EL L ar an

SCHWANNCHR, RENICH o Q a Q 1 o o o 1
HEMOLYMFHORETICOULAR (ALL EITEZ]

Hunbst examined o 2 a Q 2 o 1 0 2 i

SARCOMA, HIETICCYTIC o 2 a Q 2 o 1 o 2 j
LIVER

Humbsr examined 4l L 43 41 44 43 EL L ar an

ADEROMA, HEPATCCELLULER 2 Q a Q 2 o o o o 1
LYMEH RODE, MESEHTERIC

Hunbst examined 41 3z 42 41 44 a3 a g 7 an

HEMAHGICHA o 2 1 Q 2 o o o o
LBz

Humbsr examined 41 3z 4z 41 44 a3 a8 g a7 an

ADEROMA, BEOWCHIOLO-ALVECLAR 1 a a a a o o o o i

CARCINCMA, ERCHCHIOLO-ALVEOLAR o 2 a Q 1 o 0 0 o i
LYMEH RODE

Hunbsr examined B 2 10 7 2 11 10 k'l 14 1

LETOMYCSARCOMA o 2 a 2 1 o o o o
HAMMRRT CGLAND

Humbsr examined EL 7 7 7 4z a2 5 L] a7 L]

ADEROMR o 2 a Q 2 5 0 1 3 2

FIBROATEHOMA o 2 a Q 2 -] ] 4 8 8

ADEROCAECTHOMA o a a a a k] 1 2 ] 3
HAEAL CAVITYT f(sectlcn 1)

Humbsr examined i1 3z 42 41 44 43 aa g a7 an

FIBRIMA o 2 a Q 2 1 o o o
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Group: 1 F 3 4 5 1 2 3 4 5

Tiesue FEX: M M M H F F F F F

Cheervation Rumber : 41 -] Az 41 44 43 g kL] 37 4d
ORAL CAVITY

Hunber examined 2 2 Z 2 1 4 1 o o 1

CRRCINOMA, EQUAMITS CELL ] a a a 1 1] o o ] 0

FIBROSARCOMA i} a a a a 0 1 o o 0
OFTIC HERVE

Hupbser exramined 33 a7 g a7 £ z8 22 24 an 27

SCHWARNCHRA, MALIGHANT ] 1 a a a 1] o o ] 0
OVARY

Hupber eramined - - - - - a3 g g iz a0

THECOMA, BENIGH - - - - - a 1 o o

TUMOR, SEL CORD STROMAL,MIXED, BENIGH - - - - - 1 o o o 0
PANCRERE

Hupber exramined 41 g 43 41 43 a3 7 k] 17 an

ADEROMA, ACINAR-IELET CELL 1 a a 2 a o o o ] 0

ADENOMA, IELET CELL 4 1 1 4 E 1 2 o 3 0

CARCINOMA, ISLET CELL ] a a a a 1] o o ] 1
PITUITARY

Hupber eramined 41 7 AZ 41 a2 g 7 17 el

ADENOMA, PARS DIETALIE 14 12 13 20 1£ 27 T 18 15 a2

ADERNOMA, PRRS INTERMEDIA 1 1 a a 1 o o 1 o 0

CARCINOMA, FARS DISTALLS ] a 1 a a o o o 1 0
FROSTATE

Humbsr exramined 41 32 i3 41 44 - - - - -

ACEROMA 1 a 1 1 a - - - - -
PARATHTROID

Hupbser exramined 37 31 ] 34 E] i3 28 o a9 a5

ACEROMR 1 1 1 1 z 1] 1 o ]
ECIATIC WEENVE

Hupber eramined 41 iz Az 41 44 a3 g g 17 a0

SCHWARNCHA, BENIGH i} a a a a 0 1 o o
SFIN & EURCOTIS

Hupbser exramined 41 32 43 41 44 43 ap el 17 an

FIBEIMA ] 1 1 3 a 1 o o 2 0

FERATORCAHTHOMR, EENT GH 1 a a 1 z o o o ] 1]

LIPOMA 1 2 a 2 2 o o o o 0

ERPILLOMA, EQUAMITUS CELL ] a a 1 a 1] o o ] 0

CARCIHOMA, EQTAMOTS CELL i} a a a 1 0 o o o 0

FIBROSARCOMA 0 a 1 a 1 o o o o 0

HIBERNOMA, MAL IGHANT ] a a a a o o 1 ] 0

SCHWARNCHA , MALIGHANT 1 a a a a 0 o o o 0
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Group: 1 3 3 4 5 1 1 3 4 5

Tiesua SEX: M M M H F F F F F

dbzervaticn Humber: 41 g 43 41 4d a3 el el 37 4a
ETOMACH

RHunbsr examined 41 g 4z 41 44 a3 g kL] 17 an

ACEROMA 1] a a 1 a o o o ] ]

LETOMYCOSARCOMA 0 2 a 1 2 o o o 0 0
THORACIC CAVITY

Hunbsr examined 0 a 1 1 a o o o 2 0

HIBERHOMA, MAL IGHANT 0 a 1 1 a o o o 2 ]
TORGIE

Hunbsr examined 41 iz k] 41 44 43 g kL] 7 an

EAPILLOMA, EQUAMIUS CELL 0 2 a Q 1 o 1 o 0
TEETIZ

Hunbsr examined 41 ig 4z 41 44 - - - - -

ADEROMA, INTERSTITIAL (LEYDIG] CELL 1 3 a 3 a - - - - -

MESOTHELI OMA, MALIGHANT 0 a a 1 a - - - - -
THYROID LOBE

Humbsr examined 41 g 43 41 44 a3 g el 7 40

ADEROMA, C-CELL g z 7 5 z 1 1 1] ] 1

ADEROMA, FOLLICOLAR CELL 1] 1 a 1 a 1 1 ] 1

CRECINOMA, C-CELL 0 2 1 Q 2 1 o o 0 0

CRACINOMA, FOLLICULAR CELL 0 a a a a 1 1 1] ] 1]
URINART BLADDER

Humbsr examined 41 iz 2 41 44 ¥ ] g 7 17 an

FAPILLOMA, TRANSITICHAL CELL 0 a a a a o o 1 i}
UTERTS

Humbsr examined - - - - - a3 g el 7 a8

ECLTF, ENDOMETHRIAL STROMAL - - - - - 5 1 k] ] 1

LETOMYOSARCOMA - - - - - 1 o o ] ]

SCHWAHNCHA, MALIGHANT - - - - - o o 0 1 0
HAEAL CAVITYT (seckticm 1)

Hunbsr examined 41 ig 4z 41 44 a3 g g 17 an

ACEROMA 0 a a a 1 o o 1] ]
RAEAL CAVITT (secticm 4]

Humbsr examined 41 iz 2 41 44 ¥ ] g g 17 an

SCHWAHNCHA, MALIGHANT 0 1 a a a o o 0 i}
IYMERL'E GLRHD

Hunbsr examined 1 2 a Q 2 o o o 0 0

ACEROMA 1 a a a a o o 1] ] 1]

Tumor Histopathology on Animal Found Dead prior to the End of the Study
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GRCOP INCIDEMCE: HISTOPATHOLOGY - TUMOUR CATA

E111 Eype: PEETERMIHAL SACRIFICE FOUMD DEAD

Group: 1 3 3 4 5 1 1 3 4 5

Tigsue SEE: M M M M H F F F F F

dbsgervaticn Humber: 19 az 17 19 1& 17 a2 a2 23 aa
AEDOMIHAL CRVITY

Hupber examined 1 1 a 1 a o o 1 0 0

HIBERHOMA, MAL TGHANT 0 1 a a [i] o o o 0 ]
ADRENAL

Humber examined 1% iz 17 13 £ 17 e} a1 13 4]

ADEROMA, CORTICAL 0 2 1 2 Q o o o 0 0

GAHGLIOHEURIMA, EENIGH 0 a a a a 1 o o 0 1]

FHEQCHRCHOCYTCHRA , BENIGH 0 1 a a a 0 o o 0 0

CARCINCMNA, CORTICAL 0 2 2 2 1 o o o 0 0

PHEQCHRCHOCYTCMA , MAL TG ANT 0 a a a a 1] 1 o 0 1]
BIHE

Hunber examined 0 a a 1 [i] o o o 0 1

CETEOSARCOMA 0 a a 1 a 0 o o 0 1
ERAIN

Humber examined 13 2z 17 13 1 17 22 22 23 20

ASTROCYTOMA  MALTGHANT 0 z 3 a 1] 1] o o 0 1]

0L IGIDENDROGL TOMA , MALIGHART 1 1 a a ] o o o 1] ]

RETICULCELE  MALIGANT 0 2 2 2 Q o o o 1 0
HEART

Hupber examined 1% 2z 17 13 1 17 21 21 23 20

STHWANNCHA, BENTGH 1 a a [i] o o o 0 ]

SCHWARNCHR, ENDOCARDT AL , MALTGHART 0 a a 1 1 0 o o 0 0
HEMOLYMFHORETICULAR (ALL EITEES]

Hupber examined 1 1 1 F a 0 o 2 2 1

LYNFHOMR , MALIGHANT 1 a a 1 a o o o 1 0

SARCOMA, HIETICCYTIC 0 1 1 1 [i] o o 1 0 1
LIVER

Humber examined 1% iz 17 13 £ 17 e} a1 13 4]

ADEROMA, HEFATCCELLULAR 0 2 2 2 Q o 1 o 0 0
HAMMART GLAND

Humber examined 15 k1] 1£ 15 14 17 0 22 22 13

ADERIMA 0 a a a a 1] o 1 0 1]

FIBROADENOMA 0 a a a a 0 k] k] & 3

ADEROCARCIROMA 0 a a a a d ] o 4 1

TUMOR, MIZED , MALTGHANT 1 a a a [i] o o o 0 ]
ORAL CAVITY

Humbsr examined I 1 1 a a 1 1 1 2 a

CARCINCNA, SQUAMIUS CELL 0 1 1 2 Q o o o 2 0
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Group: 1 2 2 4 5 1 2 3 4 5

Tiegue Sex: N N N N H F F F F ¥

Cbzervaticn Humber: 13 22 17 13 1 17 a2 a2 23 20
OVARY

Humbsr examined - - - - - 17 22 22 23 an

THECOMA, BEHIGH - - - - - 1 o o i i
PANCRERE

Humbsr examined 15 a2 17 13 15 17 22 a1 23 an

ADENOMA, TZLET CELL 5 2 2 2 o o o i i
PITUITRRY

Humbsr examined 15 21 17 1z 1 1 F 21 a2 15

ADEROMA, PARS DIETALIZ ] El 7 10 E 12 15 13 12 11

MDENCMR, PARS IMTERMEDIR o 1 Q Q Q o o o o o

CRECINCMA, PARS DISTALIS j Q Q 2 2 1 o o j j
FROSTATE

Humbsr examined 18 22 17 13 1 - - - - -

ADEROCRECTHOMA 1 a a a a - - - - -
PARATHTROID

Humbsr examined 17 1z 1 14 12 14 1 17 13 17

ADEROMR j 1 Q 2 2 o o o j j
EPINAL CORD

Humbsr examined 18 22 17 13 1 17 z1 22 23 an

SCHWANNCHA, BENIGH i a a a a 1 o o i i
ZEULL

Humbsr examined o a a a 1 o o o o o

SCHWANNCHA , MRLTGHANT i Q Q 2 1 o o o i i
ZEIN & EURCOTIS

Humbsr examined 15 22 17 13 £ 17 22 a2 23 an

FIBROSARCOMA i 2 1 1 2 o o o i 1

TUMOR, BASAL CELL, MALIGHANT o Q Q Q Q o 1 o o o
ETOMACH

Humbsr examined 15 21 17 13 1 17 22 a2 a2 an

ADEROCARCTHOMA 1 Q Q 2 2 o o o j j
TAIL

Humbsr examined 2 2 1 1 2 2 4 2 3 &

SCHWANNCHA , MRLTGHANT o a a a a o o o 1 o
THORACIC CRVITY

Humbsr examined 3 2 1 1 1 o o 1 1 1

HIBERMOMA, MAL IGHANT 3 2 1 1 1 o o 1 j 1

LIPOEARCOMA i 1 a a a o o o i i
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Broup: 1 z ] 4 5 1 1 3 4 5

Tiesue Sex: N N M N H F F F F F

Jbzervaticn Rumber: 13 iz 17 13 1E 17 11 11 13 1]
TORGUE

Huabser exramined 18 a2z 17 19 1£ 17 22 a2 23 an

RHAEDCMYOSARC CHRA 0 a a a 1 o o o o 0
THYRCID LOBE

Hunber examined 18 iz 17 13 15 17 0 22 23 20

ADEHOMA, O- CELL 1] a a a a 1 o o ] 1

ADEROMA, FOLLICULAR CELL 0 a a 2 2 o o o 1 0
URINARY BLADDER

Hunber examined 13 2z 17 13 1£ 17 z1 22 21 13

CARCINOMA, TRANEITICHAL CELL 0 a a a a o 1 o ]
OTERUS

Hunber examined - - - - - 17 21 22 a3 13

FOLTE, ENDOMETRIAL STROMAL - - - - - o ] 1 o 0

SCHWANMOHR, MALTGRANT - - - - - 1 o o ] 1
VAGINA

Hunber examined - - - - - 17 21 11 13 13

FOLTE, VAGIHAL - - - - - o o o 1 0

SCHWANMCHR, MALIGRANT - - - - - o o 1 o 1
HAEAL CAVITT (secticm Z)

Hunber examined 1% 2z 17 13 15 17 21 22 23 0

SCHWANMOHA, MALTGHANT 0 a a 1 a o o o ] 0
HAEAL CAVITT (secticn 3)

Hunber examined 18 1z 17 13 1£ 17 21 22 a3 a0

SCHWARNCHR, MALTZHANT 0 a a a 1 o o o o 0
HAEAL CAVITYT (secticn 4]

Hunber examined 13 2z 17 13 1£ 17 22 22 21 20

SCHWANMOHR, MALTGHANT z a a a o o o ] 0
IYMBAL'E GLAND

Hunber examined 0 a a 2 a o o o ] 0

ADEROMA 0 a a F a o o o o 0

Non-Tumor Histopathology on Animals Survived at the End of the Study
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GRCOP IMCIDENCE: HISTOPATHOLOGT - WON-TUMOOR DATR

Eill type: TEEMINAL

Group: 1 z 3 4 - 1 2 3 4 5
Tiesue SEX: M M M H F F F F F
Qbservaticn Humber: 41 32 43 41 4d 43 El] el 7 40
AEDOMINAL CRVITY
Humbsr examined o 0 0 a 1 ol o o o 1
Tumor infiltrate/metaetasis ] 0 0 a 1 o o o o ]
SEVErE o 0 0 a 1 o o o o i}
ADRENAL
Humbsr examined 41 el 43 41 44 43 ap g a7 a0
Anglectaszie 12 ] 1 £ 15 14 13 15 4
ninimal 12 ] 7 =] £ 13 in i1 iz 13
nild o 0 0 a a i d 2 k] 1
Atrophy, cortical ] 0 0 a 1] 1 o o o 2
nild ] 1] 1] a ] o o o o 1
BEVELE o 0 0 a Q 1 o o o 1
Vacuolation,cortical  diftuss 1 0 0 a a o o o o ]
ninimal 1 0 0 a a o o o o i}
Degenstatlon, cyetic 1 0 3 1 1 22 12 1% 14 23
ninimal ] 0 1 1 1 13 g 14 13 11
nild 1 0 1 a a 5 d 5 1 ?
nodsrats ] 0 0 a 1] 5 1 o o 4
= ] I a a a a o o o o 1
Hecrogis, focal o 0 0 a a o o 1 o i}
ninimal ] 0 0 a 1] o o 1 o ]
Mineralizatico I a a a a o o 1 o 1
ninimal o 0 0 a Q ol o o o 1
nila ] 0 0 a a o o 1 o ]
Hemakopoleels, extranedullary 1 0 0 1 a o o 1 1 i}
ninimal 1 0 0 1 Q ol o 1 0
Hypertrophy, Zona glometrulosa, focal 40 EL EL] -] 4a 12 15 15 5 iz
ninimal 4n 35 38 iz 4a 12 L is k] 15
nila o 0 0 a Q ol o o 1 0
Vacuolation, Zona fasclculata,focal 2 1 1 1 5 2 o o 1 ]
ninimal 2 2 1 1 4 2 o o 1 i}
nila o 0 0 a 1 o o o o 0
Figment, corticomsdullary a7 T ] L] 17 44 a0 13 7 34 g
ninimal 37 34 el 7 44 a0 a3 T 4 el
Vacuolation, zona reticularie,focal ] 0 0 1 1 o o o o ]
ninimal ] 1] 1] 1 1 o o o o ]
Congsstion/hemorrhage, agonal 1 0 0 a Q ol o o o 0
present 1 0 0 a a o o o o ]
Hypertrophy,cortical, Iooal an 11 18 az 1z zA T Zk a2 a5
ninimal 0 10 17 22 2z 25 17 bt | 22 17
nila ] 1 1 a 1 k] o 1 o g
Cell inflltrate, pericapsular o 0 1 a a o o o o i}
ninimal o 0 1 a a o o o o 0
Cell infiltrate, medullary ] 1 0 Z 1 o o o o ]
ninimal o 1 0 2 1 o o o o i}
Hyperplaszia,cortlcal, focal 3 1 4 1 1] 1 k| 1 1 1
prasent k] 1 4 1 a 1 k] 2 2 1
Hyperplaszia, medullary, Looal ] 7 ] 7 & ol 2 o o 2
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Group: 1 F E 4 5 1 ] 3 4 5
Tigsue FEX: M M M M H F F F F F
Obeervation Rumber: 41 iz 43 41 44 43 kL] kL] 37 4a
ADRENAL (continued)
Hyperplasia,medullary,focal fcontinued)
present ] 7 ] 7 £ 1] 1 o o 1
FIRTA
Hunmber examined 41 L] 43 41 44 13 g g 7 an
Hemorrhage, fooal 0 0 0 a 1 0 o o o 0
ninimal 0 0 0 a 1 1] o o o 1]
EJHE
Humber examined 0 0 1 a a 1] o o o 1]
Tumor infiltrate/metaetasls 0 0 1 a a 0 o o o 0
ninimal 0 0 1 2 Q o o o o 0
ERAIN
Humber examined 41 i 43 41 44 a3 g ig 7 an
Dilakation, wentrioular 0 3 1 2 4 10 1 5 1 q
ninimal 0 3 1 1 4 10 ] d 1 7
nila 0 0 1 z 1] 1] o 1 o 1
Mineralizatico E] 1 5 1 x o 2 d k] 2
ninimal 3 1 5 1 ] o 2 1 k| 2
Hemorrhage, fooal 1 0 0 a a 1] o 1 o 1]
ninimal 1 0 0 a a 0 o 1 o 0
Cell infiltrate, perivascular 0 0 0 a 1 o o o 1 0
ninimal 0 0 0 a 1 o o o 1 ]
Indentation ] 3 4 [ 5 12 10 L] k] L]
present 1 3 4 [ 5 12 10 L] ] q
Cell infilerate, meningsal 0 0 0 a 1 1 o o o ]
ninimal 0 0 0 a 1 1 o o o 0
Tumor infiltrate/metastasis 0 0 0 a 1] 1] o 1 1 1]
ninimal 0 0 0 a [i] o o 1 1 ]
ELOOD VESSEL
Humbsr examined I a a a a o o 1 o a
Thronbus 0 0 0 2 Q o o 1 o 0
ninimal 0 0 0 a a 1] o 1 o 1]
CECTM
Hunmber examined 41 L] 43 41 44 13 g g 7 an
Hemorrhage, fooal 0 0 0 a a 1 o o o 0
ninimal 0 0 0 a 1] 1 o o o 1]
Cell infiltrate, mucosal faubmucozal I a a 1 F o o o o a
ninimal 0 0 0 1 z o o o o 0
Intlammaticn 0 0 0 1 a 1] o o o 1]
ninimal 0 0 0 1 a 0 o o o 0
Illakation, crypt 1 0 0 a a o o o o 0
ninimal 1 0 0 a [i] o o o o ]
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Group: 1 z 2 4 5 1 2 3 4 5
Tilesue S5ex: M M M M H F F F F F
Obgervaticonm Humber: 41 iz 43 41 44 a3 g g 17 4a
CLITORAL GLAMD
Humbsr examined - - - - - o o o o 1
Ectaeia, duct - - - - - o o o ol 1
nila - - - - - o o o o 1
CERVII
Humber examined - - - - - 2 o 1 1 1
Hypertrophy, stromal - - - - - 1 o 1 ] 1
nila - - - - - 1 o 1 o o
nodarabs - - - - - o o o o 1
COLOH
Humber examined 41 kL] 43 41 44 43 ig ig 7 an
Cell intiltrate, esrosal 0 0 0 Q Q o o o 1 o
ninimal ] ] ] a a o o o 1 ]
Inflammatlon i} i} i} 1 a o o o o o
ninimal 0 0 0 1 a o o o o o
Arteritiz 1 ] ] [i] [i] o o o o ]
nild 1 i} i} a a o o o o o
EFIDIDTHIS
Humber examined 41 ig 43 41 44 - - - - -
Spermatocels 1 ] 1 1] - - - - -
ninimal 1 i 1 a - - - - -
Degensraktlon/cribriform changs 12 14 10 11 14 - - - - -
ninimal g 11 7 10 2 - - - - -
nild 3 3 3 1 £ - - - - -
Cell intiltrate,psrivascular 25 25 19 27 13 - - - - -
ninimal 5 15 13 7 13 - - - - -
Fibrosis, efferent duck 1 i} i} a a - - - - -
nodsrake 1 0 0 a a - - - - -
0ligospernia/aspernia 12 g g 1z 1z - - - - -
ninimal 1 i} i} 1 z - - - - -
nila 1 1 1 1 1] - - - - -
noderate 1 4 7 7T - - - - -
BEVETE ] 4 0 ] & - - - - -
Intlammaklon, gramulonatons 1 ] ] 1] 1] - - - - -
nild 1 ] ] ] ] - - - - -
Arteritiz 0 0 0 1 Q - - - - -
ninimal ] ] ] 1 a - - - - -
Tellular dsbris,ductal 4 4 2 2 a - - - - -
ninimal 3 1 1 1 -] - - - - -
nila 1 3 1 2 1 - - - - -
Tumor infiltrats/metastasiz i} i} i} a 1 - - - - -
nila ] ] ] 1] 1 - - - - -
ESOFHAGUS
Humber examined 41 ig 43 41 44 13 ig ig 7 an
Tell inflltrate, miscular i} i} i} 1 a o o o o
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Group: 1 z 2 4 5 1 2 3 4 5
Tiesue SEX: M M M M H F F F F F
dbzervaticn Humber: 41 g 43 41 4d a3 el el 37 4a
ESEJPHAGDS [comtimusdn
Cell infiltrate, muscular (contioued)
ninimal 0 0 0 1 a o o o o ]
EYE
Humbsr examined 41 L] 43 41 44 43 g g 7 an
Atrophy, retinal 3l 32 33 3l a9 L z8 ik 34 35
ninimal 30 iz iz -] 5 15 bl 13 13 33
nild 1 1] 1 3 3 o 1 k] 1 3
nodsraks 0 0 4 Q 1 o o o o 0
2Evara 0 0 0 a a o 1 1] o 1]
Degensratlon, lenticular 12 & 11 11 11 B T B d 5
ninimal 11 5 10 7 7 ] 5 4 3 4
nila 1 1 1 3 3 1 1 ] o 1]
noderakts 0 0 0 1 1 o 1 0 1 1
Mineralizaticn, cormeal 1 0 0 a 1 o o o o 0
ninimal 1 0 0 [i] 1 o o o o ]
Cell infiltrate, fzcal 1 0 0 a a o o 0 o 0
ninimal 1 0 0 1] a o o 1] o 1]
Mazold material, cormeal & 5 & 7T 5 [ [ 5 a &
ninimal & 5 ] 7 5 g g 5 g &
Mizold material, conjuctival 0 0 0 1 a o o 1] 1 1]
ninimal 1] 1] )] 1 a o o o 1 ]
Iwsplasia,retinal 0 0 4 1 z o o o 1 0
ninimal 0 0 0 a 1 o o 1] 1 1]
nild 0 0 0 1 a o o 0 o 0
nodsraks 0 0 4 Q 1 o o o o 0
FAT
Hunbsr examined 0 0 0 a 1 o o o o 0
Tumor infiltrate /metaetasisz 0 0 0 [i] 1 o o o o ]
ncderaktes 0 0 0 a 1 o o 0 o 0
FEMIE & MRRROW
Humbsr examined 41 el 43 41 44 43 g g 7 a8
Fat infiltration g 4 7 7 g ] T 4 b
ninimal ] 4 5 7 £ 7 ] [ 4 7
nild 1 0 2 Q 2 1 o 1 o 2
Tegensrat lon, chondromecinous 0 0 0 a a o o 1] o 1
ninimal 0 0 0 a a o o 0 o 1
Ogtecsclercals 0 0 4 Q 2 o o o 1 0
ninimal 0 0 0 a a o o 1] 1 1]
Hyperostozls 0 0 0 1 a o o 0 o 0
ninimal 0 0 0 1 a o o o o 0
Hypercellularity, marrow 18 17 18 14 0] 7 ] -] 5 g
ninimal 8 10 7 5 1z 5 [ [ d 4
nild L] 1 12 3 7 1 1 k] 1 1
Thromnbus 1] 1] 1 ] a o o o o ]
ninimal 0 0 1 Q 2 o o o o 0
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Group: 1 3 3 4 5 1 1 3 4 5
Tiesue Sex: M M M M H F F F F F
Jbzervaticn Humber: 41 sz 42 41 a4 43 g g a7 40
FEMIE & MARROW {(conbtinued)
Gramloaa i 0 0 a 1 1 o 1 o 0
ninimal o 1] 1] a 1 1 o 1 o 1]
Fibrosia, Iocal o 0 1 2 o g o o o 0
ninimal i 0 1 3 a o o o o 0
Tumor infiltrakte/metaetaslsz 1 I a a a o 1 o 1 a
ninimal o 0 0 o o g 1 o o 0
nild 1 0 0 a a o o o 1 0
HEART
Humher eramined 41 i 41 41 44 11 g g 7 a1
Adheeicn 0 0 1 a a o o o o 0
ninimal i 0 1 a a o o o o 0
Cardiomyopathy 11 q g a 1z 1 1 1 1 1
nininal 13 L] & a 1z 1 2 1 2 2
Mineralizaticn, wascular k'l 0 0 i 1 o 1 1 1 0
ninimal k'l 1] 1] 4 1 o 1 1 1 1]
Mineralizaticn, myccardial o 0 0 o 1 g o o o 0
ninimal i 0 0 a 1 o o o o 0
Cell infiltrate, eplcardial 0 0 0 a a o o o 1 0
ninimal H 0 0 a a o o o 1 0
Hematooyst, valular 1 1] 1] a a o o o o 1]
prasent 1 0 0 a a o o o o 0
Hyperplasia, endocardial H 0 1 a a 1 o o | 0
ninimal i 1] 1] a a o o o 1 1]
nild 0 0 1 a a 2 o o o 0
EIDNEY
Hunbsr examined 41 g 43 41 44 43 g g a7 an
hdheeion i 0 0 a a o o o o 1
prasent 0 I a a a o o o o 1
CTalculus 3 2 5 £ ] 11 11 T 4 14
ninimal k'l 1 5 5 1 11 g £ 1 12
nild o 1] 1] 1 1 o 1 1 o 1
BEVEre o 0 0 o o g 1 o o 0
Cyat 2 0 1 1 1 2 1 1 o 0
prasent 2 0 1 1 1 2 1 1 o 0
Illatation, pelvic H 0 1 a 1 1 1 [ 1 5
ninimal i 1] 1 a a 1 1 1 o 1
nild 0 0 0 a a o o 2 1 3
noderate H 0 0 a 1 o 1 o o 0
Iilatation, tubular i 1] 1 1 1 1 o 1 1 1
nininal 0 0 1 1 1 1 o 2 1 1
nild i 0 0 a a o o o o 1
Iilatation,tubular, cyetic 1 1 a a a o o o o a
ninimal 1 0 0 o o g o o o 0
nild i 1 0 a a o o o o 0
Wecrogis, papillary 0 1 ] a a o o o o ]
ninimal H 1 0 a a o o o o 0
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Group: 1 2 E 4 5 1 1 El 4 5

Tiesue Sex: M M .| H F F F F F

Obegervation Humber : 11 ] 4z 11 44 11 kL] g 7 40
EIINEY (conkimed)

Chromde progreselve oephropathy L] k] 2 4 £ 1 o o o 1
ninimal 7 3 1 2 2 1 o o g 1
nild 1 o i 1 z o o o o 0
a=vere 0 o 0 a 1 o o o o 0

Basophilia, tubular 23 4 il a0 25 20 14 T 1a
ninimal 21 M 11 0 a5 ] 14 1 L 15
mild 1 o 0 a a o o 1 o 0

Hyaline droplet, tubular cell 0 o o 1 1 o o o 1 0
ninimal 1] 1] o 1 a o o o o 1]
mild 0 o 0 a a o o o 1 0
noderate 0 o i a 1 o o o o 0

Bigment, tubular 1] o o a a o 1 o o 1]
ninimal 0 o o 2 2 o 1 o g 0

Cast 4 i 4 a z k| o o o 0
ninimal 4 3 4 a 2 k] o o o 0

Mineralization, tutular cell | 1 1 1 a 1 1 o 1 0
ninimal 1 1 1 1 a 1 1 o 1 1]

Mineralizaticn papdllary 0 o 0 a 1 o 2 1 o 1
ninimal 0 o i a 1 o 1 1 o 1

Thrombus 1] o o a a o 1 o o 1]
ninimal 0 o 0 a a o 1 o o 0

Congestion/henor Thage 0 o 1 a i} o 1 o o 0
ninimal 1] o 1 a a o 1 o o 1]

Cell infiltrate, interstitial | 3 1 2 3 o 1 1 g 0
ninimal 1 i 1 a z o 1 1 o 0
nild 1 o o a a o o o o 1]

Fibrosla/ scarring, tocal g [ 10 2 4 k| k! i 1 3
ninimal 7 5 ] 2 z k| k| k| 2 3
mild 1 1 2 a 2 o o 1 o 0

Hephropathy, tubular 0 o o 1 a 1 o o o 0
noderabe 1] 1] o a a 1 o o o 1]

Arteritis 1 o 0 a a o o o o 0
nild 1 o i a i} o o o o 0

Eyelitis £ 4 4 £ 2 £ 1 ] 5 &
ninimal & 3 3 £ (3 5 1 d 2 4
nild 0 1 1 a 2 1 1 1 k| 1

Eyelonephritia 1] o 1 1 1 o 1 1 o 1]
ninimal 0 o 1 1 1 o o o g 0
noderabe 0 o i a L1} o o 1 o 0
a=vere 0 o 0 a a o 1 o o 0

Ievelopmental anomaly 0 o o 1 a 1 o o o 0
present 1] 1] o a a 1 o o o 1]

Deformity 0 o 0 a a o o o o 1
present 0 o i a i} o o o o 1

Tumor infiltrate/metaetasis a I i a a ol o o 1 I
ninimal 0 o o 2 2 o o o 1 0
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Eroup: 1 z 2 4 s 1 2 3 4 S
Tiesue ex: M M M M H F F F F F
Obzervation Humber : 41 iz 42 41 44 11 L] g el 4a
LARYNI
Hunmber examined 40 L] 43 4l 44 43 g 28 7 it
Hemorrhage, focal i o 0 a a 1 o o o 0
nininal 0 o 0 a a 1 o o o 0
Cell infilkrate, mucosal /submucosal 1 o 0 1 1 1 1 o 1 0
ninimal 1 1] 1] 1 1 1 1 o 1 1]
Intlammakion 0 1 0 a a o o o o 0
nild i 1 0 a a o o o 0 0
Iilatation, submiccsal gland 21 4 28 kL] 12 17 15 14 5 13
ninimal 21 4 28 L] 12 T 15 14 15 13
Forelqn material i o 0 1 1 1 o o 0
prasent 0 o 0 1 1 1 1 o o 0
Erudate, inflammatory o o 0 a 1 o o o o 0
ninimal i o 0 a 1 o o o o 0
Metaplasla, squamous c=ll 0 o 1 a 1 1 o o o 2
ninimal o o 1 a 1 1 o o o 1
LYMFH HODE, ERCHCHIAL
Humber examined 25 M ki 28 4 T 2 7 15 12
Pigmentaktion o o 1] a 1 o o o o 1]
ninimal o o 0 o 1 g o o o 0
Erythrocytoslis, elma i o 0 a a 1 1 1 1 0
nininal 0 o 0 a a 1 1 1 1 0
Ectaela, lymphatic o o 0 1 Z o 1 o 1 0
ninimal o 1] 1] 1 2 o 1 o 1 1]
LIVER
Humber examined 41 i 41 41 44 11 g 1 7 L1}
Cyak 1 1 0 a a 1 o 1 o 0
present 1 1 0 a a 1 o 1 o 0
Cyab,billary o o 1 a 1 1 o 1 o 1
prasent 0 o 2 a 1 1 o 1 o 2
Iilatation, sinuecddal 5 i 7 g 7 ] 11 13 ] g
ninimal 5 El 5 g 7 ] 11 12 ] 4
nild o o | o 2 g o o 0
hnglectaszie 1 o 0 a z k| 1 o o 0
nininal 2 o 0 a 2 1 o o 0
nild o o 0 a 1 o 1 o o 0
Vaouolatlion, hepatocellular o 1] 1] 1 1 o k| 1 o 1]
nininal 0 o 0 1 1 o k] 1 o 0
Hecrosis, focal 1 i 0 a 3 1 o 1 o 3
ninimal 1 1 1] a E 1 o 1 o 3
nild o 1 0 o 2 g o o o 0
Necrosis, single cell i o 1 a 1 o o o o 0
nininal 0 o 0 a 1 o o o o 0
nild o o 1 a 1 o o o o 0
Figment o 1] 1] a 1 o 1 o o 1]
nininal 0 o 0 a 1 o 1 o o 0
Hematopolesls, extramedullary El 1 1 i 3 1 1 1 1 1

246



Reviewer:Mivun Tsai-Turton NDA No. 22-472

Group: 1 ] 2 4 = 1 2 3 4 5
Tiesue Sex: N N N H F F F F F
Obzervation Humbier: 41 a2 4z 41 44 11 ig g n 4a
LIVER [contimmed)
Hematopoleels, extramedullary (combinued)
ninimal 3 1 1 i 3 1 1 1 1 1
Microgranaloms I 1 1 1 1 1 o 2 ol 1
ninimal 0 1 1 1 1 1 o | o 1
Fibrosis, capgular 0 0 0 a 1 o o o 1 o
ninimal 0 0 0 a 1 o o o o o
nild 0 0 0 a a o o o 1 o
Fibrosis, focal 1] 1 1 1 1 1 k| 1 o 1]
ninimal 0 1 1 1 1 1 k] 1 o o
Cell infiltrate,peribiliary 4 0 0 a 2 o o o o o
ninimal 4 1] 1] a 2 o o o o o
Focue, vacoulated 0 1 0 1 1 o o 1 | o
ninimal 0 1 0 1 1 o o 1 1 o
Fibrosia, peribiliary 1 2 5 a x 1 1 1 1 k]
ninimal 1 | 5 o 2 1 1 1 1 3
Hypertrophy, hepatocellular 0 0 0 a 1 o o 1 o 1
ninimal 0 0 0 a 1 o o 1 o 1
Hyperplasia,bile ductular 17 g 1t 13 2z 10 11 10 g 14
ninimal 15 q 10 12 n ] 11 10 £ 13
nild 2 0 0 a 1 1 o o o 1
Hyperplasia,oval cell 0 0 0 1 a o o o o o
ninimal 1] 1] 1] 1 a o o o o o
Focue, basophilic cell 1 0 1 o 1 o o k| o o
ninimal 1 0 1 a 1 o o k| o o
Focug,clear cell 1 1 3 a z 1 o o o o
ninimal 1 1 3 o z 1 o o o o
Fooue, eoginophilic cell 7 5 ] 1z i ] 7 11 11
ninimal 7 5 ] 1z 4 L] ] T 1 ]
nild 0 0 0 a a 1 1 [ 1 3
noderate 1] 1] 1] a a 1 o o o 1]
2EVETE 0 0 0 a a o o o 1 o
Focue,mized cell 0 1 | z 1 o o o o 1
ninimal 1] 1] 1 2 a o o o o 1
nild 0 1 0 a 1 o o o o o
Focue, basophilic, tigrodd cell 10 g 7 7 14 11 ] ] g 15
prasent I a a a a o 1 o ol I
ninimal 1t 9 7 7 14 11 T g L 15
nild 0 0 0 a a o o 1 o 1
Tumor infiltrate/metaetasis 1 0 0 a a o 1 o 2 o
ninimal 1 0 0 a a o o o o o
nild 1] 1] 1] a a o o o 1 1]
noderaks 0 0 0 a a o 1 o 1 o
LYMPH HODE, HESENTERIC
Hunber examined 41 ig 43 41 44 43 N} el a7 4
Atrophy, 1ynphold [ 4 4 g 2 L] 1 5 5 7
ninimal 2 4 3 2 2 k] k] 2 2 3
nild 3 0 1 3 [ 1 o 3 | 4
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Group: 1 z 3 4 5 1 2 3 4 5
Tiesue Sex: M M M M H F F F F ¥
Cbeervaticon Humber: 41 g 4z 41 4d a3 g g a7 47
LYMEH HODE, MESENTERIC (contiousd)
Atrophy, lymphold (conkinued)
noderates 1 o 0 F a 1 1 o 1 0
Histlcoytoels 39 in 35 4d 40 a0 13 15 13 15
ninimal EL] i e i3 4d g 13 15 13 15
nild i} o 0 1 a 1 o 1 o 0
Flbrosis 0 o 0 a a o o o 1 1
ninimal ] ] 0 a a o o o 1 1
Eryvthrocytosls, elnus i} 2 3 1 a [ 2 2 2 1
ninimal ] 2 3 1 a 5 2 1 1 1
nild ] ] 1] a a 1 o o o ]
Ectaela, lymphatic 1 o 1 1 a o ol o o 1
ninimal 1 ] 1 1 a 1] o o o 0
nild i} o 0 a a 0 o o o 1
Hyperplasia, anglomatous 0 o 1 a a o o o o 0
ninimal ] ] 1 a a o o o o 0
Hyperplasia, lymphodd 0 0 1 a 1 o 2 2 o ]
ninimal 0 o 0 a 1 o o 1 o 0
nila ] ] 1 a a o 1 o o 0
noderates i} o 0 a a 0 1 o o 0
LYMEH HWIDE, MANDIEULAR
Hupber examined a2 i 40 47 41 a7 1 7 i an
Flazmacytoels ] ] 0 a a 1 o o o 0
nild i} o 0 a a 1 o o o 0
Erythrocytosis, elnus 0 o 1 a a o o o o 1
ninimal ] ] 1 a a 1] o o o 1
Ectaela, lymphaktic 1 o 2 4 2 0 o k] o 1
ninimal 1 o 2 4 Z o ol k| o 1
Tumor infiltrate /metaetasis ] ] 0 a 1 1] o o o 0
noderates i} o 0 a 1 0 o o o 0
LURG
Hupbsr examined 41 3a 43 41 44 43 g ap a7 a0
Mineralization, vascular 40 L] 41 41 Az 13 1 1 iz 4
ninimal 40 L] 41 41 z 13 14 15 1 4
ZEVeTe 0 o 0 2 a o ol 1 o 0
Hemorrhage, focal 1 ] 3 1 a 1] 1 1 o 0
ninimal 1 o 3 1 a 0 1 2 o 0
Thronbus 0 o 0 2 a o ol o o 1
ninimal ] ] 0 a a 1] o o o 1
Enbolus i} o 0 a 1 0 o o o 0
nila 0 o 0 a 1 o o o o 0
Histicoytoels, alveolar 1 1a bl ] ] k1 20 20 k] 7 15
ninimal a0 1A 28 21 a5 20 1% 22 T 14
nila 1 ] 0 z 1 1] 1 o o 1
Gramlcaa 1 k] a z 1 1 1 1 k] I
ninimal 1 3 0 z 1 1 1 1 k| 0
Gramuloma, Iorelgn body ] ] 0 a a 1] o 1 o 0
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Group: 1 z 3 4 5 1 2 3 4 5
Tiesue Sex: M M M M H F F F F F
Cbgervaticn Humber: 41 g 4z 41 4d a3 g g a7 40
LURG [(contiousd)
Gramiloma, Iorelgn body (continued)
nininal 0 0 0 a a o o 1 o 0
Fibrosis, rocal 0 0 0 a 3 o o o 1 0
ninimal ] 0 0 a 2 o o o 1 0
Arteritis 0 0 1 a a o o o o 0
ninimal ] 0 1 a a o 1] o o 0
Gramuloma, choleeberal 2 0 2 1 z 1 1 2 o a
nininal 2 0 2 1 ] 1 1 2 o 0
Fibrosis, pleural ] 0 0 a z o 1] o o 0
ninimal ] )] ] a z o o o o 1]
Mineralization,alveolar wall 1 2 3 4 4 k] T o o 3
ninimal 1 2 3 4 4 k] T o o 3
Tell infiltrate,alwveolar 0 0 0 1 a o o o 1 0
ninimal 0 0 0 1 a o o o 1 0
Metaplasia, cssecus 2 0 0 a 1 2 o o 1 0
prasent 2 0 0 a 1 2 o o 1 0
Hyperplaszia, bronchiolo-alveslar ] 0 0 a a 1 1] k| o 1
prasent i 0 I a a 1 o k] o 1
Hyperplaszia, neurcendoctine, rooal 0 4 0 2 1 o o o o 0
present ] 0 0 a 1 o 1] o o 0
Tumor infilltrate/metaetasis 0 0 1 a ] o o o 1 0
nininmal 0 4 1 2 2 o o o o 0
nila ] 0 0 a 2 o 1] o 1 0
LYMEH RIDE
Humbsr examined g g 10 7 3 11 10 k| 14 10
Flasmacytoels 2 3 & ] 5 1 1 o 2 0
ninimal 0 0 0 a a o o o 1 0
nila 2 3 ] 2 5 1 1 o 1 0
nodsrats 0 0 1 a a o o o o 0
Erythrocytosis, elnas 1 0 0 a a 1 1] o k| 1
ninimal 1 )] ] a a 1 o o k| 1
Cell infiltrate,pericapsular 0 4 1 2 2 o o o o 0
nila ] 0 1 a a o 1] o o 0
Ectaela, lyophatic & 7 4 4 5 3 2 o 2 2
nininmal 1 2 1 1 3 1 2 o 2 2
nila 5 5 1 2 2 2 1] o o 0
nodsraks 0 0 1 1 a o o o o 0
Cell infiltrate, ginus 1 0 0 a a o o o o 0
ninimal 1 0 0 a a o o o o 0
Tumor infiltrate/metaetasis 0 0 0 a 1 o 1 o o 0
BEVvEre ] 0 0 a 1 o 1 o o 0
HEEENTERY
Humbsr examined ] 0 0 a 1 o 1] o o 0
Hecrogls, fat 0 0 0 a 1 o o o o 0
nila 0 0 0 a 1 o o o o 0
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Group: 1 z 2 4 5 1 2 3 4 5
Tlesue Sex: M N N H F F F F F
Obgervation Humber: 41 iz 43 41 44 13 g L] a7 4a
HAMMRRT GLAND
Hunbsr examined EL] 37 37 37 bl a2 15 g 7 k]
Fibrosis, interetitial 0 0 1 a 2 o o o o
nodsrats 0 ] 1 a a o o o o ]
Inflammatlcon, chronls 0 1 0 a a o o o o o
nild 0 1 0 a a o o o o o
Cyak, duckal falveclar ] 10 10 12 7 2 1&g 1% 17 13
ninimal 3 ? 3 7 E 18 11 13 18 17
nild 5 3 7 5 4 7 5 ] 1 2
nodsrats 0 ] 0 a a 1 o o o ]
Hyperplasia, lobular ] 0 ] a a 7 3 10 5 4
present 0 ] 0 a a o o o 1 ]
ninimal 1] ] 1] a a 5 4 5 k| k]
nild 0 0 0 a 2 2 2 1 1 1
nodsrats 0 ] 0 a a o o 1 o ]
Hyperplasia,tocal ] 0 1 a a 3 1 g 4
present 0 0 0 a a 5 3 1 ] 4
ninimal 0 ] 1 a a o o o o ]
Tumor inflltrate/metastasis 0 i} 0 a a o o o ] o
ninimal 0 ] 0 a a o o o 1 ]
HAEAL CAVITT (gscticm 1)
Hunbsr examined 41 ig 43 41 44 13 ig g 7 an
Cell infiltrate, mcozal /submucozal 1 i a 1 a o o o 1
ninimal 1 0 0 1 2 1 o o o 1
Intlammation,nagal cavity 1 ] 1 1 3 1 2 o o 1
ninimal 1 ] 1 1 1 o 1 o o ]
nild 0 0 0 a 1 1 o o 1
nodsrats 0 ] 0 a 1 o o o o ]
Inflammatlcon, naeclacrimal duct 0 i} 0 a F o 1 1 o o
ninimal 0 0 0 a a o 1 o o o
nild 0 ] 0 a 1 o o 1 o ]
modsrates 0 i} 0 a 1 o o o o o
Tilatation, submicosal gland 1 1 3 a z o o o 1 ]
ninimal 1 1 3 a z o o o 1 ]
Lroplets, ecginophilic 0 0 2 1 2 o 1 1 1 1
ninimal 0 ] 1 1 a o 1 o 1 1
nild 1] ] 1] a a o o 1 o ]
Iilatation,diverticula 0 0 0 a 1 o o o o o
ninimal 0 ] 0 a 1 o o o o ]
Exudate, 1nflammatory 0 1 0 a E o o o 1 1
ninimal 0 1 0 a 3 o o o 1 1
Detormity 1 ] 0 a 1 1 1 o o ]
present 1 i} 0 a 1 1 1 o o o
Exudate, proteinaceons 1 ] 0 a z 1 o o 1 2
ninimal 1 ] 1] a z 1 o o 1 3
Hyperplasia,resplratory 0 0 0 a 2 o 1 o o o
ninimal 0 ] 0 a a o 1 o o ]
Hyperplasla, qoblst cell 15 a2 15 17 1z L] 22 18 12 14
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Group: 1 z 3 4 5 1 2 3 4 5
Tiesua SEX: M M M M H F F F F F
Cbzervaticn Humber : 41 g 4z 4l 44 43 ]| k] 37 40
HAEAL CAVITT (s=ctiom 1) dcontinued)
Hyperplasia,goblet cell [(comtinued)
ninimal 15 k] 11 1£ 13 & 1§ 13 11 12
nild 1 2 5 1 2 o [ 5 1 2
Tumor infiltrate/metastasis 0 0 ] a 1 o 1] o o 0
S=Vere 0 0 o a 1 o o o o 0
HASTPHRRYNI
Hunbsr examined 41 ]| 43 4l 44 41 el el ] a7 an
Cell infiltrate, submuccsal 0 0 o 1 1 o o o o 1
ninimal 0 0 ] 1 1 o o o o 1
Hyperplasia,goblet cell ] 0 0 a a o o 1 o ]
ninimal 0 0 ] a a o 1] 1 o 0
ORAL CAVITY
Hunber examined 1 0 2 a 1 1 1 o o 1
Cvak, Squancus 0 0 0 0 0 1 o o o 0
present 0 4 o 2 2 1 o ol o 0
Intlammaticn 1 0 ] a a 1 1] o o 1
mininal 1 0 o a a 1 o o o 0
nild 1 0 o a a 1 o o o 1
Glngivitiz 0 0 2 a a 1 o o o 0
nininal 0 0 2 a a 1 o o o 0
OVARY
Hunber examined - - - - - ] ig g 38 an
¥t - - - - - 7 ] 10 & g
present - - - - - T ] 10 ] &
Cyablc ovarlan bursa - - - - - o 2 o o 1
present - - - - - o 2 o o 1
Atrophy - - - - - 7 15 15 38 k1]
ninimal - - - - - 11 ] 11 12 ]
nild - - - - - 12 17 14 14 10
medsraks - - - - - 14 10 1o 10 18
BEVETE - - - - - o o o o 1
Hyperplasia,sex cord etromal - - - - - 2 22 23 13 27
nininal - - - - - 1e 13 15 12 14
nild - - - - - 5 [ 7 T 11
nodsrate - - - - - 1 3 1 d 2
Tumor infiltrate/metaetasis - - - - - o o o 1 0
nild - - - - - o 1] o 1 0
PANCRERE
Hunber examined 41 L] 43 41 Az 13 T g T an
Illatation,ductal 0 0 o a 1 o o o o 0
ninimal 0 0 o a 1 o o o o 0
Fat Infiltratiom 0 1 1 1 1 o o o 1 0
nininal 0 1 1 1 1 o o o 1 0
Atrophy, acinar, Iocal 14 5 4 1% 4 ] 10 1 T g
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Group: 1 2 2 4 = 1 2 3 4 5
Tiesue Sex: N N N H F F F F F
Obzervation Humber: 41 iz 42 41 44 41 g el n 40
PANCRERE (combinued)
Ahtrophy, acinar, focal (contimued)
ninimal 13 5 i 1z i ] & 1 £ &
nild 1 o 1] a a o o 1 1 o
noderate 0 o 0 2 2 o 1 o o o
Mineralization, vascular 0 i 0 L1} 1 o o o o i
ninimal 0 0 0 a 1 o o o o 0
Cell infiltrate, interetitial g 7 11 14 11 10 T I ] ]
ninimal q 7 11 14 11 10 T T ] ]
Cell inflltrate, perivascular 0 0 0 a a o 1 o o 0
ninimal 0 i 0 i} a o 1 o o i
Inflammakion 1 o 1 a a o o o 1 o
ninimal 1 0 1 a a o o o 2 0
nild 1 i 0 i} a o o o i
Arteritis 1 o 1] a 1 o o o o o
nild 1 o 0 2 1 o g o o o
Zymogen granules,decrsased 0 i 1 1 a o o 1 o 1
ninimal 0 0 1 1 a o o 2 o 0
nild 0 H 0 a a o o o o 1
Focue, hypertrophic, bagophilic 1 1 g 4 4 £ 1 k| k| 2
ninimal 2 1 & 4 4 ] 1 k] k] 2
Hyperplasia,intimal 0 i 0 1 a o o o o i
nild 1] o 1] 1 a o o o o o
Hyperplasla,iaslst cell 0 3 1 3 z o g o o 1
prasent 0 k'l 1 z 2 o o o o 1
Tunor infiltrakte/metaetasizs 0 0 0 a a o o o 1 0
nild 0 o 0 2 2 o g o 1 o
PITUITRARY
Humber eramined 4l e 42 4l dd a2 k] T 7 18
Cyat 0 1 1 L1} 2 o 1 o 1 1
prasenk 0 1 1 a z o 1 o 1 1
Aberrant craniopharyngeal tlssue 0 H 0 a 1 o o o 1 1
ninimal 1] i 1] a 1 o o o 1 1
Flicels 1 0 0 a a o o o o 0
ninimal 1 i 0 i} a o o o o i
Aooumtlation, plgpented, macrophage a 0 a a a o o ol 1 i
ninimal 0 o 0 2 2 o g o 1 o
Hypertrophy,cellular 1 i 0 L1} a o o o o i
ninimal 2 0 0 a a o o o o 0
Hyperplasla,pare distalia, diffuss 0 H 0 a z o 1 3 o 1
ninimal 1] i 1] a 2 o 2 1 o o
nild 0 0 0 a a o o 1 o 1
Hyperplasia,pare distalia, focal 12 18 20 12 2 10 11 12 17 1s
prasent 12 1% a0 12 kel 10 11 12 17 15
Hyperplasla,pare intemmedia, focal 0 o 0 2 2 o 1 o o o
prasent 0 i 0 L1} a o 1 o o i
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Group: 1 3 3 4 5 1 1 3 4 5
Tiesue Sex: M M M M H F F F F F
Jbzervaticn Humber: 41 sz 42 41 a4 43 g g a7 40
PREPUTIAL GLAHD
Humber eramined i 1 1 1 1 - - - - -
Inflammaticn 0 I 1 a a - - - - -
ninimal o 0 1 o o - - - - -
Ectaeia, duct i 1 1 1 1 - - - - -
nininal 0 0 0 1 a - - - - -
nild H 0 1 a a - - - - -
noderate i 1 1] a 1 - - - - -
FROSTATE
Humbsr examined 41 if 43 41 44 - - - - -
Atrophy 1 1 1 o 4 - - - - -
ninimal i 0 1 a 2 - - - - -
nild 1 1] 1] a 2 - - - - -
BEVEre o 1 0 o o - - - - -
Cell infiltrate, interstitial k'l 1 4 3 5 - - - - -
nininal 3 2 4 2 5 - - - - -
Frostatitie 17 21 24 2z 2z - - - - -
ninimal 11 14 15 14 1z - - - - -
nild 4 3 ] £ 2 - - - - -
noderate i 4 1 z z - - - - -
Hyperplasia,acinmar cell,focal 1 I 1 a 1 - - - - -
present 1 0 1 o 1 - - - - -
Tumor infiltrate/metastasis i 0 0 a 1 - - - - -
nininal 0 0 0 a 1 - - - - -
PARATHTROID
Humbsr examined 37 3l 29 3 33 13 28 in 29 as
Hyperplasia, focal 1 0 7 [ 1 o o 1 |
present 2 4 1] 7 [ 1 o o 1 1
RECTUM
Humher eramined 41 i 41 41 3 11 g g 7 a1
Intlammakticon 0 0 0 a o o o o 0
nild i 0 0 1 a o o o o 0
Arteritis o 1] 1] 1 a o o o o 1]
nild o 0 0 1 o g o o o 0
Erozlon/ulcer, meosal i 0 0 a 1 o o o o 0
noderaks 0 0 0 a 1 o o o o 0
Inflammaticn, sercaal H 0 1 1 a o o o o 0
ninimal i 1] 1] 1 a o o o o 1]
nild 0 0 1 a a o o o o 0
SPINAL CORD
Humber examined 4l ig 43 4l 44 43 kL] N} 7 an
Hecrosis i 0 0 a a 1 o o o 0
nild 0 0 0 a a 1 o o o 0
Glioels H 0 0 z a o o o o 0
ninimal i 1] 1] 2 a o o o o 1]
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Group: 1 z 3 4 5 1 1 3 4 5
Tiesue Sex: M .| M H F F F F F
Cbegervaticn Humber: 41 3g 4z 41 44 a3 k] ] g a7 40
EFINAL CORD [continued)
Cell infiltrate, fooal 1] 0 0 1 a o o o 1] ]
ninimal 0 0 0 1 a il o o 0 o
Radi culoneurcpakiyy 0 0 0 z a o 1 o o 1
ninimal ] 0 0 z a o 1 o o 1
Tumor infiltratse/metaetasiz 0 0 0 1 1 il o o 0 o
ninimal 0 0 0 1 1 o o o o o
EMALL INTESTINE, DUXDENTM
RHumbsr examined 41 L] 43 41 44 a3 g 1g 7 an
Congestion/hemorrhage, agonal a a I a a ol o o 1 I
present 0 0 0 a 2 o o o 1 o
Hyperplaszia, regensrative 1] 0 0 a a o o o 1 ]
ninimal 0 0 0 a a il o o 1 o
EALIVARY GLRHD
Humbsr examined 41 e 43 41 44 42 g g a7 an
Atrophy, acinar, ditfuss 0 0 0 a a o 1 o o o
nila ] 0 0 a a o 1 o o ]
EMALL INTESTIHE, ILETM
Humbsr examined 41 L] 43 41 44 a2 g g 7 il
Inflammaticn 0 0 1 1 2 o o o o o
ninimal 1] 0 0 1 a o o o 1] ]
nild 0 0 1 a a il o o 0 o
EMALL IMNTESTIHE, JEJUHUM
Humbsr examined 41 e 43 41 44 43 g g a7 an
Cell infiltrate, gsrozal 0 0 0 1 2 o o o o o
ninimal 1] 0 0 1 a o o o 1] ]
EFELETRL MISCLE
Humber examined 41 L] 43 41 44 a3 g g 7 an
Mineralizaticn, muscular 0 0 0 a a il 1 o 0 o
ninimal 1] 0 0 a a o 1 o 1] ]
Cell infilkrate, miscular a 1 1 a a 2 o 2 1 2
ninimal 0 1 1 a 2 2 o 2 1 2
Degensrakion/atrophy, muacle fiber g g 4 5 11 13 7 7 ] 4
ninimal L] 5 4 4 11 13 T T B 4
nila 0 1 0 1 2 o o o o o
Tumor infiltrate/metaetasis 1] 0 0 a a o o o 2 ]
ninimal 0 0 0 a a il o o 1 o
nila 0 0 0 a a o o o 1 o
ECIATIC HERVE
RHumbsr examined 41 L] 43 41 44 a3 g 1g 7 an
Mineralization, vascular a a 1 a 1 1 o o 1 1
ninimal 0 0 1 a 1 1 o o 1 1
Cell infiltrate, perivascular 1] 0 0 a a o o o 1 ]
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Eroup: 1 2 3 4 5 1 1 3 4 5
Tlesue Sex: M N N N H F F F F F
Cbgervaticon Rumber: 41 g 43 41 4d a3 k] k] 37 40
ECIATIC WEEVE (continued)
Cell infiltrate, perivasoular (continued)
ninimal o 0 0 a a o il il 1 0
RHeurcpathy 2 1] 1 a 1 2 1 1 1 1
ninimal 2 ] 1 a a 2 1 1 1 1
nild o 0 1 a 1 o il il il 0
Tumor infiltrate /metagtasis ] 1] 1] a a o o o 1 0
ninimal ] ] ] a a o o o 1 1]
EFLEEN
Humbsr exramined 41 38 43 41 44 43 T ap a7 an
Atrophy o 0 0 a a o o 1 o 0
ninimal ] ] ] a a o o 1 o 0
Atrophy, Lynphold 0 ] 1 1 z ] o o 1 ]
ninimal o 0 0 1 a o o o o 0
nila ] ] 1 a 2 o o o 1 0
Hemakbopoleels, increassd 1? 15 17 1z 1£ [3 k] [ T 4
ninimal 14 13 15 1a 1z 5 k| k| ] 4
nild 3 1 1 z 4 1 o k| o 1]
nodsrates 1 0 0 1 2 ol o o 1 0
Gramlona ] 1] 1 a a o o o o 0
ninimal o 0 1 a a o il il il 0
Fibrosis, capsular 2 2 2 4 1 ol 1 o 1 0
ninimal 2 1 1 4 1 o 1 o 1 0
Inflammatlon, chronic 1 0 0 1 a o il il il 0
nila 1 0 0 1 a o o o o 0
Bigmentation, incrsased 2 7 ] 5 4 12 11 g 11 g
ninimal 2 7 5 4 4 11 11 [ 11 8
nila o 0 0 1 a 1 o o o 0
Intlammsklon, capeular ] ] ] a a o o o 1 0
ninimal o 0 0 a a o il il 1 0
Tumor infiltrate /metastasis o 0 0 a a o 1 o o 0
ninimal ] ] ] a a o 1 o o 0
ETERNUM & MAEROW
Humbsr examined 41 37 43 41 44 41 T g T an
Cyat 1 0 0 2 2 ol o o o 0
present 1 1] 1] a a o o o o 0
Fat infiltratiom 2 0 4 a F i il 2 il 2
ninimal 2 0 4 a 3 k] o 1 o 1
Tegenstatlon, chondromcinous 12 7 g 12 3 1& 14 1% 13 17
ninimal 12 7 L] 1z 2 1& 14 19 13 17
nila o 0 0 a 1 o o o o 0
Hypercellularity, marnow 11 ] 13 13 1z 7 1 T T g
ninimal 12 10 11 2 7 5 2 5 T 5
nila ] ] 12 1a 14 2 1 1 o 1
nodsrate I a a 1 1 o ol ol ol a
Graoulona o 0 1 2 2 ol o o o 0
ninimal ] 1] 1 a a o o o o 0
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Eroup: 1 z E 4 s 1 2 3 4 =

Tiesue SEX: M M M M H F F F F F

Cheervation Humber : 41 -] 43 41 44 43 k] g 37 Ad
ETERNUH &= MAEROW [contiomed)

Tumor infiltrate /metaetasis 1 o 0 2 a o ol o 1 4
ninimal ] ] 0 a a 1] o o 1 0
nild 1 o 0 a a 0 o o o 0

ZEIN & EVBCOTIS

Hupber examined 41 3a 43 41 44 43 g ap a7 a0

Cy¥at, epldermal ] 1 0 a a 1] o o o 0
oomn-fakal ] 1 1] a a o o o o )]

Atrophy, follicular 0 o 0 2 a o ol 1 o 4
nila ] ] 0 a a 1] o 1 o 0

Abscess 1 o 0 a a 0 o o o 0
nila 1 o 0 a a o o o o 0

Tlcer 1 ] 0 a a 1] o o o 0
nild 1 o 0 a a 0 o o o 0

Intlammaklon 0 o 1 a a o o o 1 1
ninimal ] ] 1 a a o o o o 1
nild i} o 0 a a 0 o o 1 0

Folliculitis 1 ] 0 a a 1] o o o 0
nininmal 1 ] 1] a a o o o o )]

Acanthosls 0 1 0 2 a o ol o o 4
ninimal ] 1 0 a a 1] o o o 0

Tumor infiltrate/metaetasls i} o 0 a 1 0 1 o 2 0
nila 0 o 0 a 1 o o o 1 0
nodarats ] ] 0 a a o 1 o o 0

ETOMACH

Humber examined 41 i 43 41 44 13 g g 7 a0

Cyat, SqUanous 0 1 ] 1 a o ] o o 0
present ] 1 0 1 a 1] o o o 0

Iilakation, glandular 13 15 18 13 13 27 2 1% 1% 18
ninimal a3 15 18 19 13 27 Zl 18 18 18

Abscess, CTYLL ] ] 0 a a 1] o o 1 0
nininmal ] ] 1] a a o o o 1 )]

Hyperplaszla, regenstative, focal 1 3 2 4 2 1 2 5 o 4
ninimal 1 3 1 4 2 1 2 5 o 0

Edemna , submucosal i} o 1 a a 0 o o 1 0
ninimal 0 o 1 a a o o o o 0
nila ] ] 0 a a o o o 1 0

Cell infilktrate, mucosal fsubmucoszal 1 o 0 a 1 0 o 1 2 0
ninimal ] ] 0 a 1 1] o 1 1 0
ssvere 1 I a a a o o o o 0

Cell intilkrate,esrozal 0 o 0 1 a o ol o 1 4
ninimal ] ] 0 1 a 1] o o 1 0

Fibrosis, focal i} o 0 a 1 0 o o 1 0
ninimal 0 o 0 a 1 o o o 1 0

Congest ion,/hemorrhage, agonal ] ] 0 a a o o o 1 0
prasent i} o 0 a a 0 o o 1 0

Erogion/Olesr, glandular stomach 2 ] 1 1 1 1 1 k| o 2
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Group: 1 2 3 4 5 1 1 3 4 5
Tiesue Sex: .| .| M M H F F F F F
Obzervation Humber: 11 iz iz 11 44 11 ig ig e 40
ETOMACH (continued)
Erogicon/Oleer, glandular stomach {continmed)
ninimal 1 0 1 1 1 1 1 | o |
nild i 0 0 a a o o 1 o 0
Hyperplasia,limiting ridge 0 2 1 z a 1 o 1 1 3
ninimal H 1 1 1 a 1 o o 1 3
nild i 1] 1] 1 a o o 1 o 1]
Fibrogia, lamina propria 14 10 13 a 17 9 T ] L]
ninimal 14 1t 13 k] 12 L 1 T g g
Inflammation, nom-glandular i 1] 1] a a o o o o 1
nininal 0 0 0 a a o o o o 1
Hyperplasia,bazal cell,focal i 0 0 1 a o o o o 0
ninimal o 1] 1] 1 a o o o o 1]
Tumor infiltrate/metastasis o 0 0 o o g o o 1 0
ninimal i 0 0 a a o o o 1 0
EEMINIAL VESICLE
Humher eramined 41 i 41 41 44 - - - - -
Atrophy 0 2 ] a - - - - -
ninimal i 0 0 1 a - - - - -
nild o 1 1] a a - - - - -
BEVEre o 1 0 o o - - - - -
Vesiculitie i 5 0 z 1 - - - - -
ninimal g 3 i 1 2 - - - - -
nild o 1 0 1 1 - - - - -
Hyperplasgia, focal i 1 0 a a - - - - -
prasent 0 1 a a a - - - - -
Tumor infiltrate/metastasis o 0 0 o 1 - - - - -
ninimal i 0 0 a 1 - - - - -
TAIL
Humher eramined 1 1 1] a a 1 o o o 1]
Abacsss 0 0 0 a a 1 o o o 0
ninimal i 0 0 a a 1 o o o 0
Inflammakion 1 1] 1] a a 1 o o o 1]
ninimal o 0 0 o o 1 o o o 0
nild 1 0 0 a a o o o o 0
Acanthosls g 1 i 2 2 o o o o i
ninimal o 1 0 o o g o o o 0
THIMIS
Humber examined iz 25 28 22 3l 13 13 13 % 28
Cyst i 1] 1] a a 1 o 1 o 1]
prasent 0 0 0 a a 4 o 2 o 0
Involution iz 25 28 % £} 11 i1 11 k] 7
ninimal o 1] 1] a 1 o o o 1 1]
nild 3 1 4 o 1 B T k| g 5
noderate 18 4 *I'} *I' ki 5 24 0 18 11
2EVere 0 0 0 4 ] o o o o 0
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Eroup: 1 z 2 4 5 1 1 3 4 5
Tlesue Sex: N N M N H F F F F F
dhzervaticn Rumber: 41 ig 4z 41 4d a3 k] g a7 40
THYMIS (contimusd)
Hyperplaszia,spithelial 1 3 4 1 4 14 k| 15 2 12
minimal 1 3 4 1 4 10 12 12 o 10
nild 0 0 ] a a 1 3 2 1
Tumor infiltrakte/metaetasiz a I i a 1 o o o o a
ssvere 0 0 i} a 1 o o o o 0
TORGUE
Hunber examined 41 ig 43 41 44 - ¥] g ig a7 an
Mineralization, vasoular 1 0 ] a a o o o o 0
minimal 1 0 i} a a o o o o 0
Erozlon/uleer 0 0 0 a a o 1 o o 0
ninimal 0 0 ] a a o 1 o o 0
Arteritiz 0 0 i} a a o o o 1 0
ninimal 0 0 ] a a o o o 1 0
TRACHER
Hunber examined 41 L] 43 41 44 13 a7 ig 7 an
Tumor infiltrakte/metaetasiz a I i a 1 o o o o 1
ninimal 0 0 0 2 1 o o o ol 0
nild 0 0 ] a a o o o o 1
TEETIS
Hunber examined 41 L] 43 41 44 - - - - -
Illatation,rete testie 1 0 i} a a - - - - -
ninimal 1 0 ] a a - - - - -
Atrophy, seminifercus tubular 15 11 11 1a 11 - - - - -
minimal 5 3 4 F a - - - - -
nild 1 1 2 1 3 - - - - -
nodsrabs 7 1 4 4 2 - - - - -
ssvere 3 4 1 E a - - - - -
Mineralization, vascular 1 0 ] a a - - - - -
ninimal 1 I i a a - - - - -
Arteritis 0 0 1 1 2 - - - - -
ninimal 0 0 1 1 a - - - - -
Stasls,spermm 5 B 4 4 5 - - - - -
ninimal 5 ] 4 4 4 - - - - -
nild 0 0 ] a 1 - - - - -
Hyperplasia,Leydig cell, focal ] 5 7 3 3 - - - - -
present q 5 7 ] 3 - - - - -
Tumor infiltrace /metastasis 0 0 ] a 1 - - - - -
mild 0 0 i} a 1 - - - - -
TOOTH
Hunber examined 3 7 5 5 2 ] 7 10 & 2
Cell infiltrate, neutrophilic 0 0 ] a a o o o 1 0
minimal 0 0 i} a a o o o 1 0
Fericdontitis 1 7 3 5 [ 7 ] ] 5 1
ninimal 1 £ 2 5 2 g 1 g 1 0
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Group: 1 2 2 4 5 1 1 1 4 5
Tiesue Zex: M M M M H F F F F T
Cbezervaticn Humber : 41 3 43 41 4 4 I 38 31 4D
TOOTH [comtiousd)
Pericdontitis [(comtimusd)
nila 1 1 1 a a 1 1 1 1 0
noderaks 0 0 0 a z 0 0 0 0 1
severe 0 0 0 a 1 0 1 0 0 0
Ivsplasia,dsntal 1 0 4 a 2 2 2 1 2 2
ninimal 0 0 1 a 1 1 1 0 1 1
nild 1 0 1 a 2 1 0 1 0 1
THYROID LOBE
Humbsr examined 41 30 43 41 4 4 w1 37 4n
Cvatic follicle 0 0 0 b b 0 2 0 0 0
ninimal 0 0 0 a a 0 1 0 0 0
Cell imriltrate,interstitial 0 0 1 a a o o o o 0
ninimal 0 0 1 a a 0 0 0 0 0
Tilabed follicle 1 2 2 a 1 1 1 0 0 0
nininal 1 2 2 a 1 1 1 o o 0
Hyperplazia,C-cell, diffuse 20 22 13 13 Mzl 131 21
nininal ;0 31 33 18 14 - I I 31 12
nild 0 1 0 b b 1 0 0 0 0
Hyperplazia,C-cell, focal 4 1 5 2 £ 1 1 d 1 1
present 4 2 5 2 £ 2 1 a 1 1
Hyperplasia, follicular cell,focal 0 0 0 b z 0 0 0 0 2
present 0 0 0 a 2 0 0 0 0 1
TRINARY ELADDER
Wumbsr examined 41 30 43 41 4 4 1 73T An
Calculus 0 1 0 a 1 o o o o 0
present 0 1 0 a a 0 0 0 0 0
nininal 0 0 0 a 1 0 0 0 0 0
rilatation, luminal 2 1 4 5 1 a 2 1 o 5
ninimal 1 0 1 2 a 1 1 1 0 4
nild 1 0 1 2 1 1 0 1 0 1
noderaks 0 1 0 b b 0 0 0 0 0
Edema , submiecEal 0 0 0 a a 1 0 0 0 1
nininal 0 0 0 a a 1 o o o 1
Cell infiltrate,mucozal /submucosal 1 2 1 z 1 1 0 1 0 5
ninimal 1 1 1 2 1 1 0 1 0 5
Cystitis 0 2 1 a 1 1 1 g a 2
ninimal 0 0 1 a 1 2 0 1 2 1
nild 0 0 0 a a 0 2 2 0 1
noderats 0 2 0 a a 1 3 2 0
Erozion, micosal 0 0 0 a 1 0 0 0 0 0
nininal 0 0 0 a 1 0 0 0 0 0
Cell infiltrate,adventitial 0 0 0 1 b 0 0 0 0 0
nild 0 0 0 1 a 0 0 0 0 0
Hyperplazia, urothelial 1 0 1 a 1 o o o o 1
ninimal 0 0 0 a a 0 0 0 0 1
nild 1 0 1 a 1 0 0 0 0 0
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Group: 1 2 2 4 5 1 1 3 4 5
Tlesue Sex: M N N N H F F F F F
Cheervation Rumber : 41 g 4z 41 44 a3 L] kL] 17 4a
DRINART BLADDER (comtinusd)
Tumor inofiltrate/metastasis i a 0 a a o o o 2 a
ninimal 0 0 4 2 2 o o o 1 0
nila ] 0 0 a a 1] o o 1 0
URETER
Hupber exramined ] 0 0 a a 1] 1 o o 0
Trethritls i} 0 0 a a 0 1 o o 0
ninimal 0 0 0 a a o 1 o o 0
OTERUS
Hupber exramined - - - - - 13 g 1g 7 kL]
Iilatation,luminal - - - - - 3 k] 2 2 4
ninimal - - - - - a 2 2 2
nila - - - - - 1] 1 o o 1
nodsrate - - - - - o o 1 o a
Atrophy - - - - - o o 1 ol 0
nila - - - - - 1] o 1 o 0
Tell infiltrate, muscular - - - - - 0 1 o 2 1
ninimal - - - - - o 1 o 2 1
Endometritls - - - - - o 1 1 1 0
ninimal - - - - - 0 o o 1 0
nila - - - - - o 1 o o 0
nodsrats - - - - - o o 1 o 0
Cyatic gland - - - - - 3 o 1 5 5
ninimal - - - - - k] o 1 1 4
nila - - - - - o o o 1 1
Hyperplasia, glandular - - - - - o o o 1 ]
nila - - - - - 1] o o 1 0
Hypertrophy, mronstrial - - - - - o 1 o o a
nild - - - - - o 1 o ol 0
Hyperplaszia, endometrial , cyskic - - - - - 1] o 1 1 0
ninimal - - - - - o o 1 1 a
VAGINA
Hupbser exramined - - - - - 43 ap g T a8
Maciricaticon - - - - - 13 12 5 15 14
ninimal - - - - - [ 10 11 13 11
nild - - - - - 7 2 d 2 3
Atrophy - - - - - 18 12 ] ] 11
ninimal - - - - - d k] 2 o a
nild - - - - - d d 1 5 4
nodsrats - - - - - ] 1 5 2 4
BEVETE - - - - - 2 k] o 1 k]
HAEAL CAVITT fsectiocm 2]
Hupbser exramined 41 el 43 41 44 43 ap g T an
Atrophy, olfactory 1 1 0 a a o o o o
ninimal 1 0 0 a a o o o o 0
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Group: 1 2 E 4 5 1 1 3 4 5
Tiegue Sex: N M N H F F F F F
Obzervation Humber : 11 12 42 41 44 11 ig g E 40
HAEAL CAVITT (section 2] (continued)
Atrophy, olfactory (comtinued)
nild 0 1 H a a o o o o 0
Call infiltrate, moosal/submucozal 1 1] i a a o o o o 1]
ninimal 1 0 0 a a o o o o 0
Inflammaticon,nasal cavity 0 0 H 1 z 1 o o o 0
ninimal 1] 1] i 1 a o o o o 1]
nild 0 0 0 a a 1 o o o 0
nodsrate 0 0 i a z o o o o 0
Inflammaticn, subtucozal gland a a 0 a a o o 1 o a
ninimal 0 0 o 2 o o o 1 o 0
Inflammation,nasclacrimal duct 0 0 i a 2 o 1 1 1 0
ninimal 0 0 0 a a o 1 o 0
nild 0 0 o 2 1 o 1 o o 0
noderate 0 0 i a 1 o o o 1 0
Iilaktation, submicocsal gland 15 15 14 21 1z 14 11 ] 11 10
ninimal 1a 15 14 1 18 14 11 ] 11 11
Droplets, ecainophilic 15 15 a8 2 1& 1& 12 1% n
ninimal 15 15 28 15 1z 15 le 25 15 21
nild 0 0 1 a a 1 o 1 o 0
Idlaktation,diverticula 1 a 0 a a o o o o 1
ninimal 0 0 o 2 o o o o o 1
nild 1 0 i a a o o o o 0
Exudate, 1noflammatory k] 5 ] 1 4 k] 1 1 3 4
ninimal 3 5 B 1 4 k| 1 1 3 4
Tetormity 1 0 i a 1 1 1 o o 0
present 1 a 0 a 1 1 1 o o a
Erxudate, proteipaceous 3 1 1 1 2 o 1 1 o 1
ninimal 3 1 1 1 2 o 1 1 o 1
Hyperplasia,respiratory ] ] 0 a a o 1 o o ]
ninimal 0 0 H a a o 1 o o 0
Hyperplasgia, goblet cell 1 1 2 1 a 1 k| 1 1 1
ninimal 1 2 2 1 a 1 k] 2 1 2
nild 0 0 H a a o o 1 o 0
Tumor infiltrate/metaetasis 1] 1] i a 1 o o o o 1]
2evere 0 0 0 a 1 o o o o 0
HAEAL CAVITY (seckicm 2]
Humber eramined 4l ig 43 4l 44 43 N} kL] 7 an
Atrophy, olfactory 0 1 i a a o o o o 0
nild 0 1 0 a a o o o o 0
Inflammaticon,naeal cavity 0 0 o 2 o 1 o o o 0
ninimal 0 0 i a a 1 o o o 0
Intlammatlon, nagclacrimal duct 0 0 0 a 1 o o o o 0
nild 0 0 H a 1 o o o o 0
Cellular dsbris, ductal 1 1] i a a o o o o 1]
ninimal 1 0 0 a a o o o o 0
Illatation, submeoosal gland k] 13 i3 ki 3 7 2 z 18
ninimal 1] 13 k] k-l 4 7 el 21 1 1%
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Group: 1 z k 4 5 1 2 3 4 5
Tiesue Zex. M M M M H F F F F ]
obzervation Humber 41 3@ 43 41 44 43 3@ 38 37 40
HASAL CAVITT (ssctiom 3] {continued)
Weurcpathy B 1 B a a 0 0 0 0 0
nininal B 1 B a a 0 o o o 0
Iroplsts, ecainophilic 41 38 43 40 42 2 T T4
ninimal 335 17 3@ 41 CT - - [
nila 13 3 1 2 0 = 1= 1 1
noderate B B 1 a a 0 o o o 0
Eyudats, inflanmakory D D D a ] 2 0 0 0 0
ninimal B B B a 0 2 0 0 0 0
Exudate, proteinacsous 1 B B a a 0 o 1 o 0
nininal 1 D D a ] 0 0 1 0 0
Hyperplaszia,goblat cell 2 A T 4 1 2 € 16 3 1
ninimal 2 4 5 k a 2 & 10 3 3
nild B o1 1 1 0 o g o 0
Tumor infiltrats/metastasis B B B a 1 0 0 0 0 0
ni1ld B B B a 1 0 0 0 0 0
HASAL CAVITT (ssction 4)
Humber examined 41 30 43 41 44 4 w1 3T 4p
Atrophy, oliactory B 1 B a 0 0 0 0 0 0
ni1a B 1 B a a 0 o o o 0
Dilakation, submecssl gland B 1 B a ] 0 0 0 0 0
ninimal B 1 B a 0 0 0 0 0 0
Iroplets, ecainophilic 40 37 43 41 44 w3 A |- |
nininal 40 34 33 3E 44 an 7oz = 3
nila B 3 k! 0 0 1 3 0 1
noderate B B 1 a a 0 o o o 0
Exudats, proteinaceous D D D a ] 1 0 0 0 0
ninimal B B B a 0 1 0 0 0 0
Hyperplaszia,goblst cell 1 517 E z 1 5 7 3 3
nininal 1 5 c 2 1 1 =13 3 1
nila B ro11 a 1 0 0 4 0 0
Tumor infiltrate/metastasis B B B a 1 0 0 0 0 0
nininmal B B B a 1 0 o o o 0

Non-Tumor Histopathology on Animals Found Dead Prior to the End of the Study
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GRODP INCIDENCE: HISTOFATHILOGT - WCH-TUMCOR DATA

E111 type: FRETERMIHAL SACRIFICE FOIMD DEAD

Group: 1 2 2 4 5 1 ] 3 4 5
Tigsue Sex: N N M N H F F F F F
dhzervation Rumbier: 13 1z 17 13 1& 17 21 22 ] k0]
AEDOMINAL CRVITY
Huabsr exramined 1 1 i} 1 a o o 1 il 0
HWecrosis, fat 0 0 ] 1 a o o o o 0
nodsrate a I i 1 a o o o ol a
Tumor inflltrate/metastasis 1 0 0 2 2 o o 1 o 0
nodsrate 1 0 ] a a o o 1 o 0
ADRENAL
Hunber examined 18 11 17 13 1< 17 21 22 13 20
Anglectazle 4 7 3 4 F 14 18 7 1& 14
ninimal 3 [ 3 4 3 14 15 13 11 10
nild 1 1 ] a a o o 4 5 4
Atrophy, cortical 0 0 i} a 1 o o o il 0
EEVErR 0 0 ] a 1 o o o o 0
Vacuclation,cortical diffuss a 1 i 1 a o o o ol a
ninimal 0 1 0 1 2 o o o o 0
Degensratlon, cyetis 1 1 1 a 1 7 12 -] 10 7
minimal 0 0 1 a 1 k] 5 g [ 5
nild 0 1 0 a a ] 5 o 1 1
nodsrabs 1 0 ] a a o 1 o o 0
ssvere 0 0 i} a a 1 o o il 0
Hecrosis, focal 0 0 0 a a o 1 1 o 0
ninimal 0 0 ] a a o 1 1 o 0
Mineralizatico 0 0 i} a a o 1 o il 1
ninimal 0 0 ] a a o 1 o o 0
nild 1] ] ] a a o o o o 1
Hemakopoleels, extramedullary 0 0 1 1 a 1 d 2 il 2
ninimal 0 0 1 1 a 1 k| 1 o 1
nild 1] ] ] a a o 1 1 o 1
Hypertrophy,zooa glomerulosa, focal q 13 12 7 5 ] 11 14 7
ninimal g 13 12 7 5 5 ] 11 14 7
Vacuzrlatlion, zopa fascloulata, focal 5 0 1 a a o ] 1 1 0
ninimal 5 0 1 a a o 1 1 1 0
Figment, corticomedullary 11 17 7 3 7 ] 1&g 11 -] 5
minimal 11 17 ? ] 7 B 18 11 -] 5
nild 0 0 0 a a o 1 o o 0
Congestion/hemorrhage, agonal 3 1 ] 2 2 o 1 o o 0
present 3 ] i} F F o ] o il 0
Hypertrophy,cortical, focal 1 ] 4 3 3 5 1 -] 11 L]
ninimal 1 ] 4 3 3 5 1 5 10 7
nild 0 0 0 2 2 o o 1 2
Hyperplasia,cortical, fooal 1 0 1 a 1 1 1 o o 0
present 1 0 1 a 1 1 1 o il 0
Hyperplasia, medullary, fooal 1 1 1 a a o o 1 o 0
present 1 1 1 a a o o 1 o 0
Tumor infiltrats/metastasizs 1 0 i} 1 a o 1 o 2 0
ninimal 1 0 ] 1 a o o o 0
nild 1] ] ] a a o 1 o o 1]
no-dsrake 0 0 0 2 2 o o o 1 0
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Group: 1 2 2 4 5 1 1 3 4 5
Tiesue Sex: M M .| .| H F F F F F
CObegervaticn Rumber : 13 1z 17 13 1e 17 12 12 13 20
FORTL
Huaber eramined 1% 11 17 12 1£ 17 el el 11 an
Mineralizaticn | 0 1 2 1 o 1 o o 0
ninimal 1 0 0 L1} L1} o 1 o o 0
mild 1 0 1 a a o o o o 0
BEVEre 0 0 0 2 1 o o o o 0
Tumor infiltrate/metastasis 0 0 1 L1} L1} o o o o 0
minimal 0 0 1 a a o o o o 0
ERAIN
Hunbsr examined 18 22 17 13 12 17 22 22 23 g
Iilatation, ventricular 1 1 3 & 3 ] 7 ] 7 &
ninimal 1 1 1 4 z £ £ L] 1 1
nild 1 1 1 3 1 | 1 i 5 5
Glioeis 0 0 0 L1} L1} 1 o o o 0
minimal 0 0 0 a a 1 o o o 0
Mineralizaticn 1 1 0 1 1 o o o 1 0
ninimal 1 1 0 1 1 o o o 1 0
Hemorrhage, fooal 0 0 0 1 a 2 o 4 o 0
ninimal 0 0 0 a a o [ o 0
nila 1] 1] 1] a a 1 o o o 1]
medsraks 0 0 0 1 a o o o o 0
Fibrosis, meningsal 0 1 0 i} i} o o o o 0
ninimal 1] 1 1] a a o o o o 1]
Inflammaticn 0 0 0 1 2 o o o o 0
nila 0 0 0 1 L1} o o o o 0
Malacia/glial scar a 1 I a a o o o o I
ninimal 0 1 0 a a o o o o 0
Indentation 1 3 4 2 4 12 1 13 10 10
present 1 3 4 2 4 1 12 11 10 10
Tumor infiltrate/metastasls 1 0 0 2 2 o o 1 0
ninimal 0 0 0 L1} L1} 1 o o 1 0
mild 1 0 0 a a o o o o 0
BLOOD VESSEL
Hunbsr examined 0 0 0 a a 1 o o o 0
Arteritis 0 0 0 i} i} 1 o o o 0
nild 1] 1] 1] a a 1 o o o 1]
CRANIAL CAVITY
Humbsr exramined 1 a I a a o o o 1 I
Tumor infiltrate/metastasls 1 0 0 2 2 o o o 1 0
ninimal 0 0 0 L1} L1} o o o 1 0
Z=Vere 1 0 0 a a o o o o 0
CECTN
Hunbsr examined 15 18 15 1z 11 le 17 20 18 17
Edema , submicoaal 0 0 0 i} 1 o o o o 0
nild 1] 1] 1] a 1 o o o o 1]
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Group: 1 2 2 4 5 1 2 3 4 5
Tiesue SEX: M M M M H F F F F F
Obeervatiom Humber: 13 iz 17 13 1e 17 a3 a3 13 kD]
CECUM [contimued)
Cell infiltrate,wucosal/submucozal 0 0 0 Q 1 o o o ol o
ninimal ] ] ] a 1 o o o o ]
Arteritis i} 1 i} a a o o o o o
nila 0 1 0 a a o o o o o
Tumor infiltrace /metastasis ] ] 1 [i] [i] o o 1 1 ]
ninimal i} i} 1 a a o o 1 o o
nila ] ] ] 1] 1] o o o 1 ]
CLITCRAL GLAHD
Humber examined - - - - - o o o 1 ]
Ectaela, duct - - - - - o o o 1 o
nila - - - - - o o o 1 o
CERVIE
Humber examined - - - - - 1 1 1 o o
Hypertrophy, stromal - - - - - o o 1 o ]
nild - - - - - o o 1 o o
Tumor infiltrate/metaetasis - - - - - 1 o o o ]
nild - - - - - 1 o o o ]
COLOH
Hupbser examined 17 a0 17 17 1z 16 17 Z1 an 18
Hyperplasia, l1yophodd 0 0 0 a a o 1 o o o
nila ] ] ] [i] [i] o 1 o o ]
Tumor infiltrats/metastasiz i} i} i} a a o o 1 o o
ninimal 0 0 0 a a o o 1 o o
CARINR
Humber examined 13 22 17 13 1< 17 2 2 23 o
Mineralization, muscular 1 i i a a o o o o I
ninimal 1 i} i} a a o o o o o
Tumor infiltrate/metaetasis ] ] 1 1] 1] o o o o ]
ninimal ] ] 1 ] ] o o o o ]
DEFERENT DUCT
Hupbser examined i} i} i} 1 a - - - - -
Hemorrhage 0 0 0 1 a - - - - -
ninimal ] ] ] 1 [i] - - - - -
DIAFHRRNGM
Humbsr examined 1 i i a a o o 1 o I
Tumor infiltrate /metastasis 1 0 0 Q Q o o 1 ol o
nila 1 ] ] a a o o o o ]
noderate i} i} i} a a o o 1 o o
EAR
Hupbser examined i} 1 i} 1 a o o o o 1
Abscess ] ] ] 1] 1] o o o o 1
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Group: 1 z 3 i 5 1 2 i i 5
Tiesue Sex: M M M M H F F F F F
Cbegervation Humber : 13 2z 17 13 1e 17 12 11 23 a0
EAR [continued;
Abscess (contimed)
mild 0 0 o a a o o o o 1
Inflammaticn 0 H o 1 a o o o o 0
nodsrate 0 i o 1 a o o o o 0
Hyperplasia,cartilage ] 1 0 a a o o ] o ]
nilad 0 1 o a a o o o o 0
EPIDICTMIS
Huaber eramined 18 12 17 13 1& - - - - -
Spermatocels I 0 I 1 a - - - - -
nild 0 o o 1 o - - - - -
Degensration/cribritom changs 7 8 5 g 4 - - - - -
nininal 2 7 2 4 2 - - - - -
nild 5 1 3 2 1 - - - - -
Call infiltrate, perivascular 1 ] 5 2 7 - - - - -
mininal 2 ] 5 ] 7 - - - - -
Gramloaa 0 H 1 a a - - - - -
ninimal 1] i 1 a a - - - - -
0ligospernia/aspermia 4 7 i 7 3 - - - - -
ninimal 0 1 o 1 1 - - - - -
nild 1] k'l o a a - - - - -
mcdsrats 2 2 2 4 1 - - - - -
ZEVere 1 1 1 z 1 - - - - -
Cellular debris,ductal ] 7 ] 2 2 - - - - -
ninimal 4 5 ? 2 2 - - - - -
nila 1 2 1 7 a - - - - -
Tumor infiltrakte/metaetasiz 2 0 I a a - - - - -
nclerate 1 o o o o - - - - -
zEvere 1 i o a a - - - - -
ESOFHAGUS
Huaber eramined 18 11 17 13 15 17 2 2 11 20
Illatation,luminal 0 0 2 1 ] o 1 1 o 1
ninimal 0 H 1 1 z o 1 o o 1
nila 1] i 1 a a o o 1 o 1]
Forelgn maktsrial 1 2 o a a 1 o 1 o 0
present 1 2 o a a 1 o 1 o 0
Erxudate, inflamnabory I 1 I a a o o o ol a
ninimal 0 1 o o o o g o o 0
Hyperksratosis 0 i o a 1 o o o o 0
ninimal 1] o o a 1 o o o o 1]
Tumor infiltrate/metastasiz 0 o 1 o o o g o o 0
ninimal 0 i 1 a a o o o o 0
EYE
Huaber eramined 18 12 15 12 1£ 17 22 22 11 a0
Atrophy, retinal 2 [ 3 5 1 L] 3 ] - 2
ninimal 1 & 1 5 1 1 2 ] ] 1
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Group: 1 F E 4 5 1 2 3 4 5
Tigsue FEX: M M M M H F F F F F
Obeervation Rumber: 13 iz 17 13 1e 7 a1 21 13 kD]
EYE [comtimued)
Atrophy, retinal (continued)
nila 0 0 0 a a 1 1 o o ]
nodsrate 0 0 1 a a o o o 1 o
Degensratlon, lenticular 0 1 0 1 a 1 1 1 1 o
ninimal 0 1 0 1 [i] 1 1 1 o ]
nila 0 1 0 a a o o o il o
nodsrake 0 0 0 a a o o o 1 o
Minsralization, corneal 4 0 1 1 [i] 1 1 o o ]
ninimal 4 0 2 1 a 1 2 o il o
Conjunctivitis 1 0 0 a 1] o o o o ]
ninimal 1 1] 1] a ] o o o o ]
Keratitis 0 0 0 1 Q o o o 1 o
nila 0 0 0 1 a o o o o ]
2EVEre 0 0 0 a a o o o 1 o
Fanophthalmitis 0 1 0 a a o o o o o
nild 0 1 0 a [i] o o o o ]
Macold material, cormeal 1 2 3 1 1 o 1 1 il o
ninimal 1 1 3 1 1 o 1 1 o o
Iwvsplasia, retinal 0 0 0 a [i] o o 1 1 ]
ninimal 0 0 0 a a o o 1 1 o
Tumor infiltrate/metastasis 1 1 0 a 1] o o o 1 ]
ninimal ] 1 1] a ] o o o o ]
nild 0 0 0 2 Q o o o 1 o
nodsrats 1 0 0 a a o o o o ]
FAT
Humber examined 0 0 0 a a o o o o 1
Wecrosia, fat I a a a a o o o ol 1
ninimal 0 0 0 2 Q o o o o 1
FEMUE & MAREOW
Humber examined 1% 21 15 13 1 7 z1 z1 21 0
Fat Infilkratiom ] 7 1 1 4 1 1 1 g 2
ninimal 1 & 1 1 2 ] 1 2 [ 2
nila 4 1 1 a 1 1 1 1 o ]
Hypercellularity, marrow E] k] k] 7 1 d ] k] d ]
ninimal 1 2 2 4 1 2 1 k| k| 2
nila 0 1 0 2 a 1 1 o 1 4
noderate 2 a 1 1 a 1 o o ol 1
ZEVETE 0 0 0 2 Q o o o o 1
Tumor infiltrate/metastasis 1 0 0 2 a o o 1 1 ]
ninimal 0 0 0 a a o o 1 il o
nodsrake 0 0 0 1 a o o o o o
Zavare 1 0 0 1 [i] o o o 1 ]
FOOT
Humbsr examined 1 k] 1 z 1 2 o 1 ol I
Tlcer 0 0 0 1 Q o o o o o
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Group: 1 z 2 4 -] 1 2 3 4 5
Tiesue SEX: M M M M H F F F F F
Cbservaticn Humber: 13 22 17 19 1e 17 a2 2 23 aa
FOIT |contiousdn
Tlcer (continued)
nila ] 0 ] 1 a o o o o 0
Tlcer,decubitus 1 3 1 1 1 1 o 1 il 0
ninimal ] 0 1 a a o o 1] o 0
nild 1 1 ] 1 a 1 o 1 o 1]
nodsrats o 0 0 2 1 o o o o 0
R ] ] 1 ] a a o o 1] o 0
Hyperkeratosla o 0 i} a a 1 o 0 il 0
ninimal o 0 0 a a 1 o o o 0
HEART
Humber examined 1% 21 17 13 1& 17 21 23 23 20
st ] 0 ] a a 1 o o o 0
prasenk o 0 i} a a 1 o 0 il 0
Cardlomyopathy 5 L] 5 4 7 1 1 k] 1 1
ninimal 5 ] 4 4 £ 1 1 k] 1 1
nila o 1 1 2 1 o o o o 0
Mineralization,vascular 1 0 ] a 1 o o 1] o 0
ninimal 1 0 i} a a o o 0 il 0
BEVEre o 0 0 a 1 o o o o 0
Mineralization, myoocardial ] 0 1 a a o o o o 0
nild o 0 1 a a o o 0 il 0
Myocarditie, focal ] 0 ] a 1 o o 1] o 0
ninimal ] 1] ] a 1 o o o o 1]
Congestion/henorrhage, agonal o 0 0 1 a o o o o 0
present ] 0 ] 1 a o o 1] o 0
Froliferaticm, valvalar I 1 i a a o o o ol a
nila o 1 0 2 a o o o o 0
Hypertrophy, myocardial ] 1 ] a 1 o o 1] o 0
ninimal ] 1 ] a 1 o o o o 1]
Hyperplaszia, endocardial o 0 0 2 a o 1 o o 0
nila ] 0 ] a a o 1 1] o 0
Hyperplasia,mescthelial 0 ] 0 a ] o o o 1 ]
ninimal o 0 0 a a o o o 1 0
Tumor infiltrate /metaetasisz ] 0 ] 1 a o 1 o 1 0
ninimal o 0 i} 1 a o 1 0 2 0
HARTERTAN GLAHD
Humber examined 1 0 0 2 a o o 1 o 0
Hyperplazia,acinmar cell,focal 1 0 ] a a o o 1] o 0
prasenk 1 0 i} a a o o 0 il 0
JOINT
Humbsr examined o 1 1 a a o o 0 il 1
Synovitiz ] 0 1 a a o o 1] o 0
ninimal ] 1] 1 a a o o o o 1]
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Broup: 1 2 2 4 5 1 1 3 4 5
Tiesue Sex: N N N M H F F F F F
Chzervation Rumber: 13 Iz 17 13 1& 17 21 11 13 1]
EIDHEY
Hunber examined 18 a1 17 13 4 17 k] e} 13 4]
Rdheeion 4 0 0 1 2 o o o 1 0
present 0 1] 0 1 a o o o 1 0
Calculus 3 1 1 3 3 1 1 k| ] 4
nininal 2 2 1 z z 1 1 k| g 4
nila 0 1] 0 1 1 o o o o 0
Cyak 1 2 0 a a 1 il o o 0
present 1 1 0 a a 1 o o o 0
Illakation, pelvic 4 1 0 1 1 k| 1 1 2 1
ninimal 1 2 0 a a ] o 1 2
nila 2 1] 0 1 1 1 1 1 1 0
noderate 1 a I a a o ol o o a
Iilatation, tubular 4 1 0 a a o il o o 2
ninimal 0 1] 0 1] a o o o o 1
nild 4 1 ] ] a o o o o 1]
Vacurlation, tubular cell 4 2 0 1 2 o o 1 o 0
ninimal 0 1 0 1 a o o 1 o 0
Hecrosla gingle cell 0 1 0 a a o il o o 0
ninimal 0 1 0 a a o o o o 0
Chromiec progreseive nephropathy 2 1 4 5 2 o 1 o o 0
ninimal 0 0 ] z 2 o il o o 0
nila 1 1 1 3 a o 1 o o 0
nodarats 1 ] 1 [i] a o o o o 0
Basophilla, tubular 10 L] ] 5 5 d d B &
ninimal ] b 1 5 5 1 1 ] 5 g
nila 2 ] 0 [i] a o o o o 0
Hyalins droplek, tubular cell 0 0 1 z a o il o 1
ninimal 0 1] 0 1 a o o o o 0
nild )] ] 1 ] a o o 1 o 1
nodsrats 4 0 0 1 2 o o o o 0
Figmsnt, cubular 0 1] 0 1] a o o o 1 0
nininmal )] ] ] ] a o o o 1 1]
Cast 1 1 1 Q 2 o 1 o o 1
ninimal 1 1 1 a a o 1 o o 1
Mineralizaticn, vascular 3 0 0 a 1 o il o o 0
ninimal 2 0 0 a a o o o o 0
nila 1 ] 0 [i] 1 o o o o 0
Mineralization, glomerular 1 0 1 a a o il o o 0
ninimal 1 1] 1 1] a o o o o 0
Mineralization, kubalar cell 2 1 1 2 a o o o o 1
ninimal 0 1 0 1 a o il o o 0
nila 2 1] 0 1 a o o o o 1
noderate 0 a 1 a a o ol o o a
Mineralizaticon, paplllary 4 0 0 1 2 o 1 o o 0
ninimal 0 1] 0 1 a o 1 o o 0
Fibrosla) scarring, focal 3 2 3 1 4 o 2 1 1 2
ninimal 3 1 3 a 4 o 1 o 1 1
nila 0 1 0 1 a o 1 1 o 0
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Group: 1 2 3 i 5 1 1 3 i 5
Tlesue Sex: M M M M H F F F F F
Cbszervaticn Humber: 13 2z 17 13 1& 17 12 a2 23 20
EIDNEY (continmed)
Hephropathy, tubular 1] 1] 1] 1 1 o o o o o
noderaks 0 0 0 1 1 o o o o 0
Fvelitis g 5 1 2 i 1 £ 1 k| 1
ninimal 3 5 1 1 4 1 1 1 k| 1
nild 3 0 1 a a o k] o o 0
nderate 0 0 0 1 a o o o o i
Eyelonsphritia 1] 1] 1] 1 1 o o o 1 1
ninimal 0 0 0 1 2 o o o o o
nila 0 0 0 a 1 o o o o i
Z=VETe 0 0 0 a a o o o 1 1
Congestion/hemorrhage, agonal | | | a 1 1 o 1 o o
present 1 1 1 a 1 1 o 1 o o
Hecrogis, tubular, acuks 2 2 0 z a 1 4 5 4 2
ninimal 1 0 0 1 a 1 o 1 1 i
nild 1 1 1] a a o 1 1 1 2
noderaks 0 1 0 1 a o o o 1 0
Tumor infiltrate/metastasiz 1 0 0 2 a o o 1 1 i
ninimal 1] 1] 1] 1 a o o 1 o o
nild | 0 0 1 2 o o o 1 o
LARYHI
Hunber examined 18 12 17 13 15 17 -+l 22 23 20
Iilatation, luminal 1] 1] 1] 1 a o o o o 1
nild 0 0 0 1 a o o o o 1
Cell infiltrate, pucoszal)/submucosal 0 1 1 a a 1 o 1 1 i
ninimal 0 1 1 a a 1 o 1 1 i
Cell infiltrate,perivascular 1 0 0 1 a o o o o 0
ninimal 1 0 0 1 1 o o o o o
Inflammation 1 1] 1 a a o 1 o 1 1
ninimal 0 0 0 a a o 1 o 1 0
nilad 1 0 1 a a o o o o 1
Iilatation, submccsal gland 7 ] 1 4 1 1 k] 5 5 3
ninimal 7 g 1 4 1 1 k| 5 5 3
Forelqn material 1 1 0 2 a 1 1 o 1 1
present 2 1 0 z a 1 1 o 2 1
Erudate, ioflammatory 0 0 0 2 1 o o o 1 o
ninimal 0 0 0 a 1 o o o 1 i
Hyperplasia, traneitional 1 ] ] a a o 1 o 1 0
ninimal 0 0 0 a 1 o o o 1 o
nila 1 1] 1] a a o 1 o o o
Metaplasla, squamous o1l 1 1 1 1 1 o 1 o o 0
ninimal 1 1 1 1 1 o 1 o o i
Tumor infiltrate/metaetasisz 1 1 a a a o o ol o i
ninimal 1 0 0 2 2 o o o o o
nila 0 1 0 a a o o o o i
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Group: 1 3 3 4 5 1 1 3 4 5
Tiegsue SEX: M M M M H F F F F F
Cbzervaticon Humber: 13 22 17 13 1e 17 22 22 23 k1]
LYMFH HODE, ERCHCHIAL
Humber examined 11 10 ] 2 1a g 12 13 ] L]
Atrophy, 1yophold ] 1] ] a 1 o o o o 1]
nila o 0 0 2 1 o o o o 0
Flgnentaticn ] 0 ] a a o o 1] o 1
ninimal ] 1] ] a a o o o o 1
Intlammaticn 1 0 0 2 a o o o o 0
nila 1 0 ] a a o o 1] o 0
Congestion/heaorrhage, agonal 1 1 0 a 1 o 1 1 o ]
present 1 1 0 a 1 o 1 1 o 0
Erythrocytosis, einus ] 0 ] 1 a o o o o 0
nininmal o 0 0 1 a o o o o 0
Ectaeia, lynphatlic ] 0 ] a a o o 1] o 1
ninimal ] 0 ] a a o o o o 1
Tumor infiltrate/metaetasiz 1 0 1 1 a o 1 o o 0
ninimal ] 0 1 a a o o 1] o 0
nodsrate I a i 1 a o 1 o ol a
BEVEre 1 0 0 2 a o o o o 0
LIVER
Humber examined 1% 21 17 13 1& 17 21 23 23 20
hdheeion 1 1 ] a a o o o o 0
prasenk 1 1 0 a a o o o o 0
Cyst,biliary 1 0 0 a a o o o o 0
present 1 0 ] a a o o o o 0
Lilatation, sinuecddal o 2 0 a 1 1 1 o 1 1
ninimal o 1 0 a 1 1 o o o 1
nila ] 0 ] a a o 1 o 1 0
anglectasie o 1 0 1 a o o o o 0
ninimal ] 1 ] 1 a o o 1] o 0
Vacuolatlon, hepatocellular 1 1 2 a 1 1 o 1 2 a
nininmal o 1 2 a 1 1 o 1 0
nila 1 0 ] a a o o 1] o 0
nodsrate I a i a a o o o 1 a
Degeneratlon, oyetic o 0 0 2 a o 1 o o 0
ninimal ] 0 ] a a o 1 1] o 0
Hecrogls, centrilobular o 0 0 a a o 2 o 1 1
nila o 0 0 a a o 1 o 1 1
Hecrosis, tooal 1 1 ] 2 2 o 1 1 1 3
nininmal o 1 0 ] 2 o 1 1 2 1
nila 1 0 0 a 1 o 1 o o 1
Heorosils, massive ] 1 1 a a 1 o o o 0
nininmal o 0 1 a a o o o o 0
nila ] 1 ] a a 1 o 1] o 0
nodsrate I 1 i a a o o o ol a
Hecrosis, slngle csll 1 0 0 2 a o o o 1 1
ninimal 1 0 ] a a o o 1] 1 0
nild o 0 0 a a o o o o 1
Flgment o 0 1 a a o 1 o o 0
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Group: 1 ] 2 4 E) 1 2 3 4 5
Tiesue Sex: M N N N H F F F F F
Ohzervation Humber : 12 2 17 12 1& 17 21 12 13 0
LIVER [contimued)
Figment [contimmed)
ninimal i 0 1 a a o 1 o o 0
Hematopoleels, extranedullary 1 a 1 z a 2 [ o 2 &
ninimal o 0 1 ] o 1 i o 1 5
nild 1 0 i a a o 1 o o 1
Hemorrhage, focal i a 0 a a o 1 o o a
ninimal o 0 o o o g 1 o o 0
Microgranulona i 0 1 1 3 k| o 1 1 0
nininal 0 0 1 1 k] 3 o 1 1 0
Fibrosis, capsular 1 0 H a a o | o 1 0
ninimal 1 1] i a a o 1 o o 1]
nild 0 0 0 a a o o o 1 0
Fibrosis, focal 1 0 i a a o 1 1 o 1
ninimal 1 1] o a a o 1 1 o 1
Congestion/hemorrhage, agonal 4 | 5 o 4 1 o 1 o 1
present 2 1 5 a i 1 o 1 o 1
prasent 2 a 0 a a o o o o a
Thaoge,<lear cell o 0 o o o 1 o o o 0
ninimal i 0 i a a 1 o o o 0
Fibrosla, periblliary 0 0 0 1 a o o 1 1 1
ninimal o 0 H 1 a o o 1 o 1
nild o 1] i a a o o o 1 1]
Hypertrophy, hepatocellular 0 ] 0 a a o o o 1 ]
ninimal i 0 i a a o o o 1 0
Hyperplasgla,bdle ductular 2 2 2 1 z o o 2 1 2
nininmal 2 2 2 1 2 o o 2 1 2
Hyperplasia,oval <ell 1 0 H a a o o o o 0
ninimal 1 1] i a a o o o o 1]
Focue, basophilic cell 0 0 0 a a o 1 1 o 0
ninimal i 0 i a a o 1 1 o 0
Pocue,clear cell 0 1 g 2 2 o o o o i
ninimal o 1 o o o g o o o 0
Fooue, eoginophilic cell i 0 1 1 1 o £ 1 1 0
nininal 0 0 1 1 1 o ] 1 1 0
noderate o 0 H a a o o 1 o 0
Pooue, bagophilic, tigredd cell o 1 2 1 1 2 1 1 o 1]
nininmal 0 1 2 1 2 2 4 o 0
Tumor infiltrate/metaetasisz 1 | 1 z a o 1 1 1 0
ninimal 1 1 i a a o o o o 1]
nild 0 0 1 a a o o 1 1 0
noderate 1 0 i 1 a o 1 1 o 0
zevera 0 1 g 1 2 o o o 1 i
LYMPH HODE, MESENTERIC
Hunbsr eramined lg 22 17 1z 1g 17 22 22 23 2n
Atrophy, lynphold 14 12 B 2 T 11 T 10 g
ninimal 1 1 k'l 2 2 2 o 1 k| 1
nild 3 4 2 a ] 4 ] 4 4 3

272



Reviewer:Mivun Tsai-Turton NDA No. 22-472

Group: 1 Z 2 4 5 1 2 3 4 5
Tlesue Sex: N N N M H F F F F F
Chservation Humber: 13 2z 17 13 1€ 17 22 22 23 20
LYMEH HODE, MESENTERIC [contiousd)
Atrophy, 1ymphold {continued)
nodsrats 5 5 3 = 2 1 5 a 2 3
BEVEre 5 1 0 1 z 1] 1] 1] 1 2
Histicoytoels 17 k] 17 14 1% 1§ 1% 0 14 15
ninimal 17 20 15 14 12 5 19 0 14 15
nila 0 0 1 a a 1 1] 1] o ]
Flaspacytoels 0 0 0 a a 0 0 1 o i}
nild 4 4 4 a a o o o 0
Intlammakicn 0 0 0 1 a 1] 1] 1 o ]
ninimal 0 0 0 1 a 0 0 0 o i}
nila 0 0 0 a a o o 1 o 0
Congestion/hemorrhage, agonal 1 1 0 1 a o o 1 1 ]
present 1 1 0 1 a 0 0 1 1 i}
Erythrocytosis, elnus 2 1 0 1 1 1] 1] 4 o ]
nininmal 3 1 )] 1 1 o o k] o ]
nild 4 4 4 a a o o 1 o 0
Cell infiltrate, pericapsular 0 0 0 1 a 1] 1] 1] o ]
nila 0 0 0 1 a 0 0 0 o i}
Ectaeia, lynphatic 0 1 0 a a o o o o 0
ninimal 0 1 0 a a o o o o ]
Hyperplasia, anglomatows 0 1 0 a a o o o o 0
ninimal 0 1 0 a a o o o o 0
Hyperplazia, 1ymphodd 0 0 0 a a o 1 o o 1
ninimal 0 0 0 a a 0 0 0 o 1
nila 0 0 0 a a 1] 1 1] o ]
Tumor infiltrace /metastasis 1 0 0 1 a o o o 1 1
nila 0 0 0 1 a 0 0 0 o i}
BEVEre 1 0 0 a a 1] 1] 1] 1 1
LYMEH RODE, MANDIEULAR
Humber examined 13 a0 17 1% 12 1&g 22 22 11 20
Histlooyboels slnus 1 0 0 a a 0 0 0 o i}
ninimal 1 0 0 a a o o o o 0
Flazmacytoels 0 0 1 a a o 1 2 1 ]
ninimal 0 0 1 a a 0 0 0 o i}
nila 0 0 0 a a o 1 2 1 0
Congestion/hemorrhage, agonal 0 0 0 1 1 1 1 3 2 1
present 0 0 0 1 1 1 1 a 2 1
Erythrocytosis, elnus 1 0 1 a a 1 1 2 o 1
nininmal 1 )] 1 a a 1 1 3 o 1
Ectaeia, lynphatlic 4 1 4 a z o o o o 0
ninimal 0 1 0 a 1 1] 1] 1] o ]
nila 0 0 0 a 1 0 0 0 o i}
Tumor infiltrate/metastasis 1 1 1 1 1 o 1 o 1 0
ninimal 0 1 1 a a o o o o ]
nila 0 0 0 1 a 0 0 0 o i}
nodsrate 0 0 0 a a 1] 1 1] o ]
sEVEre 1 0 0 a 1 o o o 1 i
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Eroup: 1 2 2 4 5 1 1 3 4 5
Tlesue Sex: N N N M H F F F F F
Chservation Rumber: 13 2z 17 13 1€ 17 21 21 23 20
LUKRG
Hunber examined 18 a1 17 13 1£ 17 ] 22 13 a0
Rhdheeion 0 0 0 a 1 o il o o 1
present 0 1] 0 1] 1 o o o o 1
Figment )] 1 ] ] a o o o o 1]
nininal 4 1 0 Q 2 0 o o o 0
Mineralization, vascular 17 18 15 13 1< 17 17 1&g 15
ninimal 17 18 15 13 1£ 18 17 17 16 15
Edena 2 2 1 1 1 1 o 1 2 0
nila 2 1 1 1 1 1 o 1 2 0
noderates 0 1 0 a a o il o o 0
Hemorrhage, focal 1 1 1 a a o o 1 1 0
ninimal 1 ] 1 [i] a o o 1 o 0
nild 0 1 0 a a o il o 1 0
Thrombus 1 1] 0 1] a o o o o 0
nininmal 1 ] ] ] a o o o o 1]
Enbolus 1 0 0 Q 2 o o o o 0
ninimal 1 1] 0 a a o o o o 0
Congestion/hemorrhage 1 0 0 a a o il o o 1
nila 1 0 0 a a o o o o 1
Cell infilkrate, pubpleural 0 ] 0 [i] a o o 1 o 0
ninimal 0 0 0 a a o il 1 o 0
Cell infilkrate,psrivascular 0 1 0 1 1 o o o o 1
ninimal 0 1 0 1 1 o o o o 1
Histilooytboels, alveolar 10 10 B 10 7 10 -] 11 10 10
ninimal ] 10 ] 3 g g & 11 10 L]
nila 2 ] 0 1 1 1 o o o 1
Graouloaa, forelgn body 1 0 0 1 a 1 il 1 o 0
ninimal 1 1] 0 1 a 1 o 1 o 0
Inflammaticn,acukts 0 1 I F 1 1 ol o 2 k]
nininal 4 1 0 1 1 o o o 1 1
nila 0 1] 0 1 a 1 o o 1 1
Inflammatlon, subacute a 0 1 a a o il o o 0
nila 2 0 1 a a o o o o 0
Intlammaktion, chronic 0 1 1 1 a o o o o 0
ninimal 0 1 0 1 a o il o o 0
nila 0 0 1 a a o o o o 0
Intlammakion, gramulonatons 0 ] 0 [i] a o 1 o 1 0
ninimal 0 0 0 a a o il o 1 0
nila 0 1] 0 1] a o 1 o o 0
Congestion/hemorrhage, agonal 11 ] ] 12 11 d T ] a ]
present 11 ] q 17 13 1 T ] g ]
Fartial updsrinflatiom 5 1 1 1 2 1 o 1 o 1
prasent 5 2 ] 1 F 1 il 1 o 2
Gramulofa, choleekerol 0 1 1 Z a 1 o 1 1 1
ninimal 0 1 1 2 a 1 o 1 1 1
Fibrosia, plsural 0 0 0 a 1 o il o o 0
ninimal 0 1] 0 1] 1 o o o o 0
Mineralization, alveolar wall 1 1 2 F 1 o 1 o o 2
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Eroup: 1 2 E 4 5 1 ] 3 4 =
Tiesue EEX: M M M M H F F F F F
Obgervaticn Humber: 13 iz 17 13 1& T a1 23 13 o]
LUNG [contimusd)
Mineralizaticn,alveolar wall (continued)
ninimal 1 1 1 2 a o 1 o o 2
nild 0 0 0 a 1 il o o o 0
Metaplasia, casecus 0 0 0 1 z o o o o 0
present 0 0 ] 1 z o o o o 0
Hypertrophy,medial ] 1 ] a 1 o o ] o 0
ninimal 0 1 1] a a o o o o 0
nild 1] ] ] a 1 o o o o )]
Hyperplaszia,bronchiolo-alveslar 0 0 0 2 a o o ol 1 4
present 0 0 1] a a o o o 1 0
Hyperplasla, bronchiolar, reactive 0 1 0 a a il o 1 o 0
ninimal 0 1 0 2 a o o 1 o 4
Tumor infiltrats/metaetasiz 4 1 1 1 z o k| 2 1 1
ninimal 1 0 0 a 1 il o 1 o 0
nila 1 1 1 1 1 o 1 1 o 1
nodsracs 1 1 ] a a o 1 o 1 0
LYMEH HODE
Humbsr examined & E] 5 7 5 d 14 k] -] ]
Elgnsnt 0 0 0 2 a o 1 ol o 4
ninimal 0 0 1] a a o 1 o o 0
Flasmacytoels 0 0 3 F 1 1 5 1 1 4
ninimal 0 0 1 a a o 1 1 1 2
nila 0 0 1 2 1 o 1 o o 2
noderakts 0 0 0 a a 1 o o o 0
Inflammaticn 0 0 1 1 a o o o o 0
ninimal 0 0 1 1 a o o o o 0
Congestion/heaorrhage, agonal 2 ] ] z 1 o 1 1 o 0
present 1 0 0 3 1 o 1 1 o 0
Erythrocytosis, einus 1 0 ] 2 a o 1 o 1 1
ninimal 1 0 0 E a il 1 o 1 1
nila 1 0 1] a a o o o o 0
Ectaela, lynphatic a 2 a a F ol o o o 2
ninimal 0 1 0 2 z o o ol o 1
nila 0 1 1] a a o o o o 1
Tumor infilltrate/metastasiz 1 1 1 1 1 il k] 1 2 0
nila 0 0 1 a a o 1 o o 0
nodsracs 0 0 ] 1 a o 1 o o 0
SEVEre 1 1 0 a 1 il 1 1 2 0
HEEENTERY
Humbsr examined 1 0 0 2 a o 1 1 o 4
Tumor infiltrats/metaetasiz 1 0 1] a a o o 1 o 0
nild 0 0 0 a a il o 1 o 0
nodsraks 1 0 0 a a o o o o 0
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Group: 1 2 3 4 5 1 1 3 4 5
Tlesue Sex: N N N N H F F F F F
dhzervation Rumber: 13 2z 17 13 1€ 17 21 21 23 20
HAMMRRT GLAND
Hunber examined 15 a0 15 £ 14 17 0 2 21 13
Atrophy 0 0 0 a a il o o o 2
nild 1] 0 0 a a o o o o 1
nodarats ] 0 0 a a o o o o 1
Fibrosis, interstitial 0 0 0 a a il 1 o o 0
nodsrats 1] 0 0 a a o 1 o o 0
Cyak,ductal/alveclar 4 5 1 & z 10 -] ] ] ]
ninimal 2 2 0 z 1 ] 5 7 1 4
nila 1 3 1 2 1 1 1 1 1 4
noderats 0 0 0 F 1 il o o o 0
Hyperplasla, lobular 0 0 0 a a 1 ] ] 1 5
ninimal ] 0 0 a a 1 g 5 o 4
nild 0 0 0 a a il o 2 d 0
nodsrats 0 0 0 a a o o 1 o 0
sEvara ] 0 0 a a o o o o 1
Hyperplasia,focal ] ] ] a a o 1 3 2 ]
present 1] 0 0 a a o 1 k| 1 0
Tumor infiltrate/metaetaslsz a a a a a ol o 1 o a
ninimal 0 0 0 2 2 o o 1 o 0
HAEAL CAVITT (s=ctlcon 1)
Hunber examined 13 22 17 13 1£ 17 22 22 21 20
Hemorrhage, fooal 1] 0 0 a a o o 1 o 0
ninimal 0 0 0 a a il o 1 o 0
Cell infiltrate, mcosal /submucozal 3 0 1 a 3 1 o 1 o 0
ninimal 3 0 1 a 2 1 o 1 o 0
Inflammatlon,naeal cavity 2 2 0 a a 1 2 2 1 0
ninimal 1 1 0 a a 1 1 1 o 0
nild 1 0 0 a a o 1 1 1 0
SEVEre 0 1 0 a a il o o o 0
Intlammaklon,naeclacrimal duct 0 0 1 a a o 1 1 o 0
ninimal ] 0 1 a a o 1 1 o 0
Ddlakation, submiccsal gland 1 1 0 a 1 2 o o 1 0
ninimal 1 1 0 a 1 1 o o 1 0
Fracture a a a a a ol o 1 o a
present 0 0 0 2 2 o o 1 o 0
Iroplsets, ecainophilic 1] 0 0 a a o 1 1 1 1
ninimal 0 0 0 a a il 1 2 1 1
Exudate, inflammaktory 3 0 1 1 3 o o 1 1 1
ninimal 3 0 1 1 2 o o 1 1 1
Hyperplasia, traneitional ] ] ] 1 a o o o o ]
ninimal 0 0 0 1 a o o o o 0
Exudate, proteinaceous ] 0 0 a 1 o o o o 1
ninimal 0 0 0 a 1 il o o o 1
Degensratlon/regenerakion, olfactory 1] 0 0 a a o o o 1 0
nild ] 1] 1] a a o o o 1 1]
Hyperplazla, resplratory 0 0 0 2 2 o 2 o o 0
ninimal 1] 0 0 a a o 1 o o 0
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Group: 1 z ] 4 5 1 2 3 4 5
Tigsue SEX: M M M M H F F F F F
Jbzervaticn Humber: 13 2z 17 13 1c 17 22 22 23 20
HAEAL CAVITT f(g=ctlon 1) scontilnued)
Hyperplaszia, respiratory [(comtinusd)
nila ] ] ] a a o 1 o o ]
Metaplasla, Squancus o o o a 1 o o o o 0
ninimal o o o a 1 o o o o 0
Hyperplaszia, goblet cell k] ] g 5 2 7 3 11 T 5
nininal 2 & 5 5 2 [ [ 10 ] 5
nila 1 2 1 a a 1 o 1 1 1]
Tumor infiltrakte/metaetasiz 1 I I a a o o o 1 a
nodsrats o o o 2 2 ol ol ol 1 0
sEvsre 1 ] ] a a o o o o 1]
RAECPHRRYNI
Humbsr exramined 18 12 17 13 1< 17 2 2 13 20
Hyperplasia, spithelial 0 1 0 a 1 ] 1 ] o ]
ninimal o 1 o a 1 o o o o 0
nila ] ] ] a a o 1 o o ]
Mineralizaticn, mucosal o o o a 1 o o o o 0
nila ] ] ] a 1 o o o o 1]
Hyperplasia, goblet cell I I I a 1 o o o ol a
ninimal o o o 2 1 ol ol ol o 0
Tumor infiltrate/metastasis 1 1 ] 1 1 o o o 1 1]
ninimal ] ] ] a 1 o o o o ]
nila 1 o o 1 2 ol ol ol 1 0
nodsrats ] 1 ] a a o o o o 1]
ORAL CAVITY
Humbsr exramined ] 1 1 a a 1 1 1 1 1]
Cyst, 3quancus 0 0 0 a a 1 ] 1 o ]
present o o o a a 1 o 1 o 0
Intlammakion ] ] ] a a o 1 o o ]
nild o o o a a o 1 o o 0
OVARY
Humbsr eramined - - - - - 17 22 22 21 20
sk - - - - - 5 2 1 1 1
prasent - - - - - 5 2 d d 2
Atrophy - - - - - lg zl 0 1% 13
ninimal - - - - - 1 k] -] k| 7
nild - - - - - [ L} [ k] 1
nodsrats - - - - - & 13 5 13 11
Hyperplaszia, sex cord etromal - - - - - 7 & & ] ]
nininmal - - - - - L} 4 k] ] 3
nila - - - - - 2 1 2 1 1
nodsrats - - - - - o 1 1 1 ]
Tumor infiltrate/metaetasis - - - - - o o 1 1 0
ninimal - - - - - o o 1 o 1]
sEVETR - - - - - o o o 1 a
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Eroup: 1 z 2 4 s 1 2 3 4 S
T1iesue Sex: N N M N H F F F F F
Ohegervation Humber 12 1z 17 12 1& 17 21 21 1 0
PANCRERE
Hunbsr examined 15 22 17 13 15 17 22 Zl 23 an
Cyst 0 o i a i} o o 1 o i
ninimal 1] o o a a o o 1 o o
Fat infiltratiom | o o 2 2 o o o o o
ninimal 1 o i a L1} o o o o i
mild 1 o 0 a a o o o o 0
Atrophy, acinar 0 o o 1 a o o o o 1
sEvere 1] 1] o a a o o o o 1
Atrophy, acinar, fooal 1 4 4 2 2 o 4 k] 2 2
ninimal 1 i i 1 "] o 1 k| 1 2
nild 1] o o 1 a o o o 1 o
Cell infiltrate, interstitial 1 1 o 1 1 o o k! 1 o
ninimal 1 1 i 1 1 o o k| 1 i
Zymogen granulee,decreased & 5 3 F F k] 2 1 1 5
ninimal 0 1 o z 2 o 1 o 1 1
nild 1 1 1 a z k| 1 1 o 2
modsraks 4 2 1 a a o o o o 0
2EVETe 0 o o 1 a o o o o 1
Focue, hypertrophic, basophilic 1] 1 2 z a o 1 1 o 2
ninimal 0 2 2 2 a o 4 2 o 2
Hyperplaszia, ducktal 0 o 1 a i} o o o o i
ninimal 1] o 1 a a o o o o o
Hyperplaszia, islet cell 1 o o 1 2 o o o o o
present 1 o i 1 L1} o o o o i
Tumor infiltrate/metaetasis 1 o 1 a a o 1 o o 0
ninimal 0 o o 2 2 o 1 o o o
nild 0 o 1 a L1} o o o o i
modsraks 1 o 0 a a o o o o 0
PENIZ
Hunbsr examined 1 o 0 1 a - - - - -
Mineralization 0 o o 1 a - - - - -
nild 1] 1] o 1 a - - - - -
Balancposthitiz 1 o 0 a a - - - - -
noderate 1 o i a i} - - - - -
PITUITARY
Huaber exrzmined 18 n 17 12 1< li Il Il 12 18
Cyak 0 o 0 a a o o 1 o 0
present 0 o o 1 a o o 1 o H
Congestion/heanrrhage, agonal 1 1] 1 1 1 o o o o i
present 1 o 1 1 1 o o o o 0
Hypertrophy, cellular 1 1 i 1 i} o o o o i
ninimal 1 1 o 1 a o o o o o
Hyperplaszla, pare distalis, focal 1 ? ? 2 2 | k| 1 3 3
present 1 7 7 I 3 1 k| 1 k| k'l
Tumor infiltrate/metaetasis 1 o 0 a a o o o 2 0
ninimal 0 o o 1 a o o o 1 H
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Group: 1 z 3 4 5 1 2 3 4 5
Tigsua SEE: M M M M H F F F F F
Jbzervaticn Humber: 19 az 17 13 1& 17 a2 a2 a3 0
PITUITARRY [comtinusd)
Tumor infiltrate/metastasiz (continued)
nodsrate 1 i a a a o o o 1 I
FREFUTIAL GLAND
Huabser examined 1 i a F a - - - - -
Abscsss 1 0 0 a 2 - - - - -
nila 1 ] 0 a a - - - - -
Inflammaktlcon 0 i} 0 1 a - - - - -
nild 0 0 0 1 a - - - - -
Botaeia, duct 0 ] 0 1 a - - - - -
mild 0 i} 0 1 a - - - - -
PEYER'E PATCH
Humbsr examined 0 i} 0 a a o o o 1 o
Tumor infiltrate/metastasisz 0 ] 0 a a o o o 1 ]
ssvere a i a a a o o o 1 I
FROSTATE
Humbsr examined 18 a2 17 13 1£ - - - - -
Atrophy 5 3 1 3 4 - - - - -
ninimal 1 ] 1 1 2 - - - - -
mild 3 3 0 2 F - - - - -
no-lsrake 0 0 1 a a - - - - -
Hemorrhage 0 1 0 a a - - - - -
mild 0 1 0 a a - - - - -
Cell infiltrate, interstitial 1 1 0 3 1 - - - - -
ninimal 1 ] 0 2 1 - - - - -
mild 0 1 0 a a - - - - -
Frostatitie 10 12 1 14 7 - - - - -
ninimal 5 5 2 2 4 - - - - -
mild 2 [ 4 4 F - - - - -
nodsrate 1 1 0 z a - - - - -
ssvere 1 i 1 a 1 - - - - -
Tumor infiltrates/metastasiz 1 0 1 a 2 - - - - -
ninimal 0 ] 1 a a - - - - -
modsrates 1 i} 0 a a - - - - -
PARRTHTROID
Humbsr examined 17 12 15 14 1z 14 16 17 13 17
Hyperplasia, ftocal 1 0 1 z a o o o o 2
present 1 ] 1 Z a o o o o 2
EECTUN
Hunbsr examined 18 11 17 12 15 1§ 0 k] 11 14
Cell infiltrate,esroszal 2 0 0 a 2 o o o o o
ninimal 1 ] 0 a a o o o o ]
mild 1 i} 0 a a o o o o o
Tumor infiltrats/metastasiz 0 0 0 a a o o o o 1
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Group: 1 z 3 4 - 1 2 3 4 5
Tiesue SEX: M M M M H F F F F F
Jbservaticn Humber: 19 az 17 19 1& 17 a2 a2 a3 a0
EECTUM (contbimued]
Tumor infiltrate/metastaslisz f{continued)
ninimal 0 0 0 a [i] o o o o 1
ZFINAL CORD
Humber examined 1% a1 17 13 £ 17 z1 ek} 13 I
Hecrosis 0 0 0 2 Q o o o 1 o
nila 0 0 0 a a o o o 1 ]
Hemorrhage, fooal 0 0 0 a a o o 1 il o
nila 0 0 0 a a o o 1 o o
Radi culoneutropathy 0 1 0 a [i] o o o o ]
ninimal 0 1 0 a a o o o il o
ZMALL INTESTINE, DUODENHTM
Hupber examined 18 18 15 19 14 1& 18 21 19 18
Ectoplc pancreas 0 0 0 a 1] o o 1 o ]
prasent I a a a a o o 1 ol I
Illatation, glandular 0 0 0 2 Q o o 1 o o
ninimal 0 0 0 a a o o 1 o ]
Congesstion/heaorrhage, agonal ] ] ] a 1 o o o o 0
present 0 0 0 a 1 o o o o o
Erozicn/ulcer, meooaal 0 1 1 a [i] o o o o ]
nila 0 1 1 a a o o o il o
Tumor infiltrate/metastasis 1 0 0 a 1] o o 1 o ]
ninimal 1 1] 1] a ] o o 1 o ]
EALIVAEY GLAMD
Humber examined 1% 11 17 13 1£ 17 z1 ek} 13 I
Congestion/hemorrhage, agjonal 0 0 0 2 1 o o o o o
present 0 0 0 a 1 o o o o ]
Atrophy, aclnar diffuss 0 1 0 a 1 o o o il o
ninimal 0 1 0 2 Q o o o o o
nodsrats 0 0 0 a 1 o o o o ]
EMALL INTESTINE, ILEUM
Hunmber examined 15 18 15 2 1a 1&g 1& 1g 18 13
Cell intiltrate, mucoszal /submucosal 0 0 0 a a o o o il 1
ninimal 0 0 0 a 1] o o o o 1
Tumor infiltrate/metaetaslis I a a a a o o 1 1 I
ninimal 0 0 0 2 Q o o 1 o o
= 0 0 0 a a o o o 1 ]
EMALL INTESTINE, JEJUHUM
Hunmber examined 15 17 15 2 2 1&g 18 1% 1% 17
Eroslonfulesr, mucosal 0 0 0 a a o o 1 il 1
ninimal 0 0 0 a 1] o o o o 1
noderate I a a a a o o 1 ol I
Tumor infiltrate/metastasis 0 0 0 2 Q o o 1 o o
ninimal 0 0 0 a a o o 1 o ]
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Group: 1 z 3 4 5 1 1 3 4 5
Tiesua Sex: M M M M H F F F F F
Cbzervaticn Humber : 13 22 17 13 1c 17 22 22 23 20
SEELETRL MUECLE
Huaber eramined 18 12 17 13 1& 17 2 2 21 20
Cell infiltrate, muscular 1 1 a a a o o 1 o 2
ninimal 1 1 0 2 o o o 1 g |
Degensratlon/ak rophy, muscle £iber 3 4 g 5 5 1 T 1 L] 4
mininal 3 7 5 5 2 2 L} k] 3 3
nild 0 1 1 1 z o 1 1 1 1
noderate 1] 1 1] a a o o o o 1]
Tumor infiltrate/metaetasisz 1 1 0 a a o o o o 1
ninimal 1 o 0 a a o o o o 0
nild 1] 1 1] a a o o o o 1]
nolerate 0 o 0 2 o o o o g 1
ECIATIC WERVE
Huaber examined 13 11 1a 13 1 17 1 -+l 23 20
Nacrosis, fooal 0 o 0 a 1 o o o o 0
mininal 0 o 0 a 1 o o o o 0
Heurcpathy 0 1 1 1 1 1 o 1 o |
ninimal 1] 1 1] 1 1 1 o 1 o 1
mild 0 1 1 a a o o o o 0
ZELEEN
Huaber examined 13 11 17 13 1 17 1 -+l 23 20
Cyat 0 o 1 a a o o o o 0
present 0 o 1 a a o o o o 0
Atrophy 4 1 0 Z 1 1 1 1 k! |
ninimal 0 o 0 a a o o 1 1 0
mild 2 1 0 2 1 1 1 o 2 2
noderate 1 1 0 1 a o o o o 0
Atrophy, 1ynphold 7 4 7 5 5 L1 1 k| 5 ]
ninimal 1 2 2 a ] k] 2 2 1 0
nild 4 1 3 5 1 | 1 1 k! [
noderate 1 1] 1 a 2 o 1 o 1 1
g=vere 0 o 0 a a o 1 o o 0
Henatopolesls, increassd 4 5 3 5 z 1 13 1 1 5
ninimal 4 4 1 kS 2 1 1 o 1 1]
nild 0 1 1 Z o 1 o 1 3 |
noderate 0 o 0 a a 1 k| 1 2 3
Fibrosls, capsular 0 2 1 a 1 o o 1 o 1
ninimal 0 1 0 1 1 o o 1 o 1
nild 1] 1] 1 a a o o o o 1]
Congestion/heasrrhage, agonal 1 0 ] a a o ] o o ]
present 1 o 0 a a o o o o 0
Flgmentation, increased ] 5 k] £ 4 [ [ 10 ] 10
ninimal 7 5 3 5 2 5 6 9 B ]
nild 1 o 0 1 1 1 o 1 1 4
Inflammak 1on, Capeular 1 o 0 a a o o o o 1
ninimal 1 o 0 1 a o o o o 0
nild 1] 1] 1] a a o o o o 1
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Group: 1 z 3 4 5 1 2 3 4 5

Tlesue Sex: N N N N H F F F F F

Cbeervation Rumber: 13 2z 17 13 1€ 17 22 21 23 20
EFLEEN (contlmued)

Tumor infiltrate/metastasls 1 0 0 2 a o 1 1 ] 0
ninimal 0 0 0 a a o 0 1 o 0
nila 0 0 0 a a o 1] o 1 0
nodsraks )] ] 1] a a o 1 o o 1]
BEVETE 1 0 0 z 2 o o o 2 0

ETERHUM & MARRIW

Humber examined 19 22 17 13 15 lg 22 22 21 20

Fat intiltratiom 1 1 0 1 2 2 2 k| k| 1
ninimal 1 ] 0 1 F 2 a k] k] 2

Degensratlon, chondronus 1naue 3 [ 1 3 3 d 5 1 7 5
ninimal 3 £ 1 2 2 4 5 1 7 5

Hypercellularity, marTow 3 5 3 7 3 4 ] 2 4 ]
ninimal 1 3 1 z 1 2 T 1 1 1
nild )] 1 1] 4 z 1 3 1 o 1
nodsrake 2 0 1 1 2 1 o o o 0

Tumor infiltrate/metastasls 1 0 0 2 a o 1 o 1 0
ninimal 0 0 0 a a o 1 o o 0
nodsrate 0 0 0 2 a o o o o 0
savare 1 0 0 a a o o o 1 0

EEIN & EURCOTIS

Humber examined 18 21 17 13 £ 17 22 21 13 k1]

Cyst, epldermal 1 0 0 a a o 0 o o 1
present 1 0 0 a a o 1] o o 1

Atrophy, follicular 1 0 0 a 1 o o o o 0
noderate 1 0 0 a 1 o 0 o o 0

Mineralizaticno 0 0 0 a 1 o 1] o o 0
ninimal )] ] 1] a 1 o o o o 1]

Edena , subcutanesus 4 0 1 1 2 o 1 o o 0
nila 0 0 1 1 a o 1 o o 0

Erozicn/ulocsr 0 0 0 1 a o 0 o o 0
nila 0 0 0 1 a o o o o 0

Tloer 0 0 0 a 1 o o o o 0
ninimal 0 0 0 a 1 o 0 o o 0

Inflammakicn 0 0 0 1 a o o o o 0
ninimal 0 0 0 1 a o o o o 0

Folliculikis 0 0 0 a a o 0 1 o 0
ninimal 0 0 0 a a o 1] 1 o 0

Cell infiltrate, eubcutaneous 0 I 1 a a o o o o a
ninimal 4 0 1 2 2 o o o o 0

Roanthoals 0 0 0 2 1 o 1] o o 0
ninimal 0 0 0 F 1 o 0 o o 0

Hyperksratosis 0 0 0 3 1 o o o o 0
ninimal 0 0 0 1 1 o o o o 0
nild 0 0 0 1 a o 0 o o 0

Tumor infiltrate/metastasls 1 1 1 a a o 1] 1 o 0
nild )] 1 1] a a o o 1 o 1]

282



Reviewer:Mivun Tsai-Turton

NDA No. 22-472

Group: 1 z 3 4 5 1 3 3 4 5
Tlesue Sex: N M N N H F F F F F
Obgervation Humber: 13 iz 17 13 1€ 17 11 21 13 i ]
EEIN & EUBIOTIS (comtimusd)
Tumor infiltrats/metastasiz {(continued)
no-lsrake 1 0 1 a a o o o o o
savare 0 ] 0 a a o o 1 o ]
ETOMACH
Hunbsr examined 18 11 17 13 1£ 17 23 k] a1 1]
Ectopic forestomach mucosa 0 0 0 a 2 o o 1 o o
present 0 ] 0 a a o o 1 o ]
Cyst, squancus a i a a 1 o o o 1 I
present 0 0 0 a 1 o o o 1 o
Tilatation, Jlandular 3 5 4 2 4 5 k] 7 1 ]
ninimal 3 4 4 3 4 5 3 T d a
nild 0 1 0 a a o o o o o
Hyperplasia, regenerative, focal 1 ] 0 a 2 1 o o o ]
ninimal 2 i} 0 a F 1 o o o o
nild 0 ] 0 a 1 o o o o ]
Mineralizaticn, vascular 1 i 1 a a o o o o I
ninimal 1 0 1 a 2 o o o o o
Mineralization, muscular 1 ] 0 a a o o o o ]
ninimal 2 i} 0 a a o o o o o
Edema , submuccaal 1 1 0 a a o o o o o
ninimal 0 1 0 a a o o o o ]
mild 2 i} 0 a a o o o o o
Congsstion/hemorrhage 0 0 0 a a o o o o 1
ninimal 0 ] 0 a a o o o o 1
Cell infiltrate,mucoszal,/submucosal 1 1 0 a a o o o o 1
ninimal 1 0 0 a a o o o o o
nild 0 1 0 a a o o o o 1
Erosicnfulcsr, forsatomach 0 1 0 a a o o 1 o o
ninimal 0 1 0 a a o o o o ]
nild 1] ] 1] a a o o 1 o ]
Congsstion/hemorrhage, agonal 0 0 0 1 1 o o o o 1
present 0 ] 0 1 1 o o o o 1
Erosicn/Ulcer, glandular stomach & 2 2 7 F o d 1 ] a
ninimal 4 2 1 4 3 o 2 1 1 &
nila 1 ] 0 Z a o 2 o o 2
modsrates 0 i} 0 1 a o o o o o
Hyperplasia,liniting ridge 1 0 0 a 1 o 1 1 o o
ninimal 0 ] 0 a 1 o 1 1 o ]
mild 2 i} 0 a a o o o o o
Hyperplasia, squamous cell, reactive 0 1 0 1 a o o 1 o ]
ninimal 1] ] 1] 1 a o o o o ]
nild 0 1 0 a 2 o o 1 o o
Vacuzlation, peristal cell 0 1 0 a a o o o o ]
ninimal 0 1 0 a a o o o o o
Fibrosis, lamina propria 1 2 0 z 1 o o 1 1 1
ninimal 1 2 0 Z 1 o o 1 1 1
Hypertrophy,surface mcous cell 1] ] 1] a a 1 o o o ]
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Group: 1 z 3 4 5 1 2 3 4 5
Tiesue M M M M H F F F F F
Chzervaticn Humber: 13 2z 17 13 1& 7 22 22 23 kL]
ETOMACH (continued)
Hypertrophy, surface mucous cs=ll (continued)
mild 0 o 0 a a 1 o o 0 0
Mineralization, mucosal 1 o 1 a 1 o o o o 0
ninimal 1 ] 1 a a o o o o ]
mild 1 o 0 a 1 o o o 0 0
Hyperksratosls 1 ] 0 a a o o 1 1] 1]
ninimal 1 ] 1] a a o o 1 o ]
Tumor infiltrate/metastasiz 1 o 0 a a o o 1 1 0
nila 1 ] 0 a a o o o 1 1]
sEvere I I a a a o o 1 o a
ZEMINAL VESICLE
Huaber examined 18 a2 17 13 1£ - - - - -
Atrophy 4 5 4 7 3 - - - - -
ninimal 1 ] 1 5 1 - - - - -
mild ] 5 2 2 F - - - - -
nodsrate 0 ] 1 a a - - - - -
Vesiculitle 4 3 1 a 1 - - - - -
ninimal 1 o 1 a 2 - - - - -
nila 3 1 0 a a - - - - -
modsrate 0 1 0 a a - - - - -
EEVETE 0 o 0 a 1 - - - - -
Tumor inflltrate/metaetasis 1 ] 0 a a - - - - -
mild 1 o 0 a a - - - - -
BEVETE 1 o 0 a a - - - - -
TAIL
Hunber examined 1 3 1 1 3 1 ] 1 k] &
Hecrosls 1 ] 0 a a o o o 2 3
mild 0 o 0 a a o o o 1 2
nodsrate 1 ] 0 a a o o o 1 1
Abacess 1 k] 1] a z o 1 o 1 1
ninimal 1 o 0 a 1 o 1 o 1 1
nila 0 3 0 a 1 o o o 1] 1]
Tlcer 0 o 0 a 1 o o o 1 1
ninimal 0 o 0 a 1 o ol o o 0
nila 0 ] 0 a a o o o 1 1
Inflammatlon 0 1 1 1 1 2 o 2 1 1
ninimal 0 1 0 1 1 o o 1 1
nild 0 ] 1 a a 1 o o o ]
modsrate 0 o 0 a a o o 1 0 0
Folllculitis 0 ] 0 a a 1 2 1 1 1
ninimal ] ] 1] a a o 3 1 1 1
nild 0 o 0 a 2 1 ol o o 0
RAoanthoals 1 2 1 a 1 1 1 1 1 1
minimal 1 1 1 a 1 o 1 1 0 1
nila 0 1 0 a a 1 o o 1 1
Hyperkaratosis 0 ] 0 1 a o 1 o o ]
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Group: 1 z 2 4 5 1 | 3 4 5
Tigsue Sex: N N N N H F F F F F
Cbservation Rumber: 13 a2 17 13 1€ 17 22 21 23 0
TAIL [continued)
Hyperksratosis (contlmued)
nininmal 0 0 0 1 Q o 1 o o 0

THORACIC CINITY
Humber examined 3 3 1 1 1 o o 1 1 1

Tumor infiltrate/metastasls 4 0 0 2 2 o o o 1 0
= 0 0 0 a a 1] o o 1 1]
THYMIS
Humber examined 13 13 12 11 1a 12 14 15 17 11
Cysk 0 0 0 a a 1 1 o o 2
present 0 0 0 a a 1 1 o o 1
Involution 12 13 11 11 2 12 13 14 15 11
ninimal 2 0 1 2 2 1 1 o o 0
nila 2 3 1 1 2 ] 1 5 k| 4
noderate [ 7 8 2 [ 7 11 L] 11 &
BEVETE 2 3 0 z 2 o o o 1 1
Mineralization, vascular 0 0 0 1 a 1] o o o 1]
ninimal 0 0 0 1 a 0 o o o 0
Congest ion/hemorrhage, agonal 3 0 1 3 3 o 1 1 1 1
present 3 0 1 2 2 o 1 1 1 1
Hyperplasia,spithelial 0 1 ] 1 a 1 4 3 g 4
ninimal 0 1 0 1 a 1 1 k| ] 4
Tumor infiltrakte/metaetaslsz 1 I 1 a a o o o 1 a
nodsrake 1 0 1 2 2 o o o o 0
BEVETE 0 0 0 a a 1] o o 1 1]
TORGIE
Humber examined 18 11 17 13 1£ 17 22 2 23 20
Cell infiltrate, muscular 0 I a a a o o 1 o 1
ninimal 4 0 0 2 2 o o 1 o 1
Erogion/fulesr 0 1 0 a a 1] o o o 1]
ninimal 0 1 0 a a 0 o o o 0
TRACHER
Humbsr examined 18 a2 17 13 1£ 17 22 22 23 an
Cell infiltrate, eubmuccsal 0 0 0 a 1 1] o o o 1]
ninimal )] ] 1] a 1 o o o o ]
Inflammatlcn, acuks 0 0 1 a a 0 o o 1 0
ninimal 0 0 0 a a 1] o o 1 1]
nild )] ] 1 a a o o o o ]
Intlammaticn, chronic 4 0 0 1 2 o o o o 0
ninimal 0 0 0 1 a 1] o o o 1]
Hyperplasia,spithelial 0 ] 1 a a o o o o ]
ninimal 0 0 1 a a o o o o 0
Tumor infiltrate/metastasls 0 0 1 a a o o o 1 ]
ninimal 0 0 1 a a 0 o o o 0
nila 0 0 0 a a 1] o o 1 1]
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Group: 1 2 3 4 5 1 1 3 4 5
Tiesue Sex: M M M M H F F F F F
Cbezervaticn Humber : 13 2z 17 13 e T 12 12 23 a0
TEETIS
Huaber examined 18 11 17 12 1% - - - - -
Atrophy, seminiferous tubalar [ [ 7 2 4 - - - - -
ninimal 1 1 3 1 1 - - - - -
nila 1 4 1 I 1 - - - - -
mcderaks 3 1 1 2 2 - - - - -
2EVere 1 1 1 1 1 - - - - -
Mineralization, wascular 1] 1 1 a 2 - - - - -
ninimal 0 2 2 a 2 - - - - -
Arteritis 0 0 1 a 1 - - - - -
ninimal I I 1 a 1 - - - - -
Congestion/hemorrhage, agonal 0 1 0 1 2 - - - - -
present 0 1 0 1 a - - - - -
Hecrosias, germ c=ll 2 I 1 a a - - - - -
ninimal 0 0 1 2 2 - - - - -
nila 1 0 0 a a - - - - -
Stasls,spermm 2 0 1 2 a - - - - -
ninimal 1 0 1 Z 1 - - - - -
Hyperplasia, Leydalg cell, focal 1] 1 1 a 1 - - - - -
present ] 1 2 a 1 - - - - -
Tumor infiltrate/metastasis 1 0 0 a a - - - - -
ninimal 1 I I a a - - - - -
TOOTH
Humbsr examined 5 E] 1 F 2 2 2 k] 1 2
Fericdonkitia 3 1 1 z z 1 1 k| 1 1
ninimal 1 1 1 1 z o o 1 o 1
nild 1 1] 1] 1 a 1 1 o 1 o
nolerate 1 0 0 2 2 o o o g 1
Ivsplasia,dental 3 1 0 a 1 1 1 o o i
ninimal 2 2 0 a 1 1 1 o o 0
nolerate 1 0 0 2 2 o o o g o
THYRCID LCBE
Huaber examined 18 12 17 13 18 T 20 1 23 20
Cyatie folliele 1] 1] 1] a a 1 o o o i
present 0 0 0 a a 1 o o o 0
Arteritis 0 0 0 a 1 o o o o i
ninimal 1] 1] 1] a 1 o o o o o
[ilated follicle 0 0 0 2 2 o 1 o 1 1
ninimal 0 0 0 a a o 1 o 1 1
Hyperplasia,C-cell, ddffuse & ] 4 5 F d 2 [ [ 4
ninimal & g 4 5 1 i 1 5 1 4
nila 0 0 0 a 1 o o 1 o i
Hyperplasia,C-c=ll, tocal ] ] 1 a 1 o 1 1 o 1
present 0 0 1 1 1 o 1 1 o 1
Hyperplasia, follicular cell, focal 1] 1] 1] a a o o o o 1
present 0 0 0 a a o o o o 1
Tumor infiltrate/metastasis 0 1 0 a a o o o o i
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Group: 1 2 2 4 5 1 1 3 4 5
Tilesue Sex: N N N M H F F F F F
Obgervaticn Humber: 13 2z 17 13 1e 17 21 11 13 i ]
THYROIOD LOBE fcontimued)
Tumor infiltrakte/metastasis (cookinued)
ninimal 0 1 0 a 2 o o o o o
URINARY BLADDER
Humbsr examined 13 22 17 13 1 17 zl 22 23 13
Calculus 1] 0 0 a a o 1 o 1] ]
prasenk 0 0 0 a a il 1 o 0 o
Iilatation, luminal 7 1 3 5 3 o ] 1 2 3
ninimal 1 0 1 a 1 o 1 o 2 1
nild 5 1 1 2 F il 2 1 0 1
nodsrats 1 0 0 1 a o o o 1] 1
SEVETR a a I 1 a ol o o o I
Bdena, submicoaal 0 0 0 a 2 1 o o o o
ninimal 1] 0 0 a a 1 o o 1] ]
Hemorrhage 0 1 0 1 a il o o 0 o
nila 0 0 0 1 2 o o o o o
nodsrats 1] 1 0 a a o o o 1] ]
Cell infiltrate, mucozal fsubmucozal 0 0 0 a 1 il o o a o
ninimal 0 0 0 a 1 o o o 2 o
Cyacitis 3 1 0 z 1 o 5 o 1 2
ninimal 0 0 0 a a il o o 1 o
nila 1] 1 0 a a o 1 o 1] 2
nodsrate a 1 I 1 1 ol 1 o o I
BEVEre 3 0 0 1 2 o o o o o
Exndate, inflanmatory 1] 1 0 a a o o o 1] ]
prasent a 1 I a a ol o o o I
Cell infiltrate,adwentitial 0 1 0 a a il o o 0 o
ninimal 1] 1 0 a a o o o 1] ]
Metaplasla, squamous osll a a I a a ol 1 o o I
nila 0 0 0 a 2 o 1 o o o
Hyperplaszia, urothelial 1] 0 0 a a 1 o 1 1 ]
ninimal 0 0 0 a a il o 1 1 o
nila 0 0 0 a a 1 o o o o
Tumor infiltrate /metaetasis 1 0 1 a a o o 1 o ]
ninimal 1 0 1 a a il o o 0 o
nila 1] 0 0 a a o o 1 1] ]
SEVETR 1 a I a a ol o o o I
URETHRA
Humbsr examined a a I a a ol 1 o o I
Anglectazie 0 0 0 a 2 o 1 o o o
ninimal 1] 0 0 a a o 1 o 1] ]
OTERUS
Humber examined - - - - - 17 2 21 13 13
Idlatation, luminal - - - - - 2 1 1 0 1
ninimal - - - - - 1 o o 1] 1
nild - - - - - o 1 1 o ]
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Group: 1 Z 2 4 5 1 2 3 4 5
Tiesue Sex: M N N N H F F F F F
Obgervaticnm Humber : 13 iz 17 13 1& 17 22 21 13 k1]
OTERUS (contimued)
Iilaktation,luminal [contimosd)
nodsrake - - - - - 1 o o o 0
Atrophy - - - - - o 1 1] o 1
nild - - - - - o 1 o o 1]
nodsrake - - - - - ol o o o 1
Cyatle glamd - - - - - 1 1 1] 1 1
ninimal - - - - - 1 1 0 ] 1
Hyperplasia, glanular - - - - - o o 1 o 0
present - - - - - o o 1 o 0
Metaplasia, squancus, glands - - - - - 1 o o o ]
ninimal - - - - - 1 o 1] o 0
Tumor infiltrakte/metaetaslsz - - - - - o o 1 o 1
nild - - - - - o o 1 o 1
VAGINL
Humbsr examined - - - - - 17 z1 22 21 19
Macirication - - - - - 1 4 T 1 3
ninimal - - - - - 2 3 a ] 3
nila - - - - - 2 1 5 o 0
Atrophy - - - - - 3 11 -] 13 12
ninimal - - - - - o o 1 o 1
nila - - - - - 2 1 k] 1 1
nodsrabs - - - - - 2 [ 3 7 3
SEVErE - - - - - 2 d a d 7
Tumor infiltrate/metastasis - - - - - 1 o 1] o 0
nodsrabs - - - - - 1 o o o 0
HASAL CAVITET (sectlom Z)
Humbsr examined ] a1 17 13 1£ 17 23 23 13 1]
HemoIrhage, Local 0 4 0 2 1 1 o o o 0
ninimal ] 0 0 a 1 1 o 1] o 0
Cell infiltrate, mucosal /submucozal 3 0 I a a o o o o a
nininmal 3 4 0 2 2 ol o o o 0
Inflammatlon, nagal cavity 1 2 0 a a o 1 1 1 0
ninimal i} 1 0 a a o o 0 o 0
nila 1 0 0 a a o o 1 1 0
nodsrabs ] 0 0 a a o 1 o o 0
SEVErE i} 1 0 a a o o 0 o 0
Inflammatlon, nagclacrimal duct 2 1 1 1 a o 2 1 1 0
ninimal 1 1 1 a a o 1 1 o 0
nild 1 0 0 1 a o 1 0 1 0
Illakation, submicosal gland 2 5 3 3 z 2 2 5 1 1
ninimal 3 5 3 3 ] 3 3 5 1 1
Frackure 0 4 0 2 2 ol o 1 o 0
present ] 0 0 a a o o 1 o 0
Droplsts ecsinophilic ? [ 10 5 [ a g 14 [ 8
ninimal 7 ] 10 5 & ] ] 12 ] q
nila ] 0 0 a a o o 2 o 0
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Group: 1 2 3 4 5 1 1 3 4 5
Tlesue Sex: M M M M H F F F F F
Cheervaticn Rumber : 13 2z 17 13 1& 17 12 12 23 20
HAEAL CAVITT (sectlom 2] (continued]
Erudate, inflammatory 3 1 3 3 1 o 1 1 1 1]
ninimal 3 2 3 2 1 o 2 1 1 0
Deformity 0 0 0 1 i} o 1 o o 1
present a a a 1 a o 1 o o 1
Exudate, proteipacsous 0 1 1 a a o o 2 o 0
ninimal 0 1 1 a i} o o 1 o 0
Degensraklon/regenerakion, oltactory a a a a a o o o 1 I
nild 0 0 0 o 2 o o o 1 0
Hyperplaszia, resplratory 0 0 0 a L1} o 1 o o 0
mild 0 0 0 a a o 2 o o 0
Hyperplasia, goblet cell 1 0 0 1 1 1 o | | 1
ninimal 1 1] 1] 1 1 1 o 1 1 1
mild 0 0 0 a a o o o 1 0
Tumor infiltrate/metastasis 1 0 0 a i} o o o 1 0
ninimal 1] 1] 1] a a o o o 1 1]
a=vere 1 0 0 a a o o o 1 0
HASAL CAVITT (sectlom 2)
Huaber eramined 13 12 17 13 1& 17 -+l -+l 23 20
Heaorrhage, fooal 0 1 0 a 1 1 o 1 o 0
ninimal 0 2 0 a 1 1 o 1 o 0
Cell infiltrate, ucosal/submucosal 3 0 0 a a o o o o 0
ninimal 3 1] 1] a a o o o o 1]
Inflammaticn ,nagal cavity 0 1 1 a a o 1 o 1 0
ninimal 0 0 1 a i} o 1 o o 0
nila 1] 1] 1] a a o o o 1 1]
a=vere 0 1 0 a a o o o o 0
Inflammation,maxillary sioue 0 1 1 a a o 1 o o 0
ninimal 1] 1] 1 a a o o o o 1]
mild 0 0 0 a a o 1 o o 0
ZEVere 0 1 0 a i} o o o o 0
Iilatation, submiecosal gland ] 15 5 ] 7 ] 11 10 11 ]
ninimal 9 15 5 3 7 g 11 10 11 9
Iropleta, ecainophilic 18 11 17 1< li 20 21 11 a0
ninimal lg 18 11 £ 15 le 18 le 0 g
nila 0 3 [ 1 1 o 1 g 1 0
Erudate, inflammatory 1] 1] 1 a a 1 o o o 1]
ninimal 0 0 1 a a 1 o o o 0
Teformity 0 0 0 a a o o 1 | 1
present 1] 1] 1] a a o o 1 1 1
Exudate, proteipacsous 0 0 0 a a o o o 1 0
ninimal 0 0 0 a i} o o o 1 0
Degensraklon/regenerakion, oltactory 1 a a a a o o o 1 I
ninimal 1 0 0 o 2 o o o o 0
nila 0 0 0 a L1} o o o 1 0
Hyperplaszia, resplratory ] ] 1 a ] o o o o ]
nila 0 0 1 a a o o o o 0
Hyperplasia, goblet cell 1 1 1 a a o 1 1 1 1
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Group: 1 2 3 4 5 1 a 3 4 5
Tiesua Sex: M M M M H F F F F ¥
Chzervation Humber: 13 2z 17 13 1E 17 22 22 23 20
HASAL CAVITYT (s=ctlcm 2] (continued)
Hyperplasia,goblst cell [contimued)
ninimal L} ] 1 [a] a o [} k] o 1
nild 1 1 1 a a o 1 1 1 0
Tumor infiltrats/metastasis 1 ] ] a a o 0 i] 2 1
nild L} ] ] [a] a o [} o 2 1
gEvere 1 0 0 a a o 0 ¥} ¥} 0
HASAL CAVITYT (ssctilcm 4)
Humbsr examined 18 a2 17 13 15 17 22 22 23 20
Hemorrhage, fooal 0 1 ] a 1 1 1 i} o ]
ninimal 0 1 ] a 1 1 1 o o ]
Cell intiltrate, mucozal /submucosal 2 ] ] a a o 0 i] i] ]
ninimal 2 ] ] a a o 0 i} o ]
Inflammaticn, nagal cavity 0 1 2 a a ] o o 1 ]
ninimal 0 ] 2 a a o 0 i] i] ]
nild L} ] ] [a] a o [} o 1 ]
gEvere 0 1 0 a a o 0 ¥} ¥} 0
Malacia/glicais, clfackory ulb 0 ] 1 a a o 0 i] i] ]
nild 0 ] 1 a a ] o o o ]
Iroplsts, ecsinophilic 17 a2 15 15 1z 15 20 22 19 20
ninimal 17 18 10 14 12 15 20 15 18 20
nild 0 3 & 1 a ] o ¥ ] o ]
Exndate, 1nflammatory 0 o 0 a a o 0 o 1 0
ninimal 0 ] ] a a o 0 i} 1 ]
Ieformity 0 ] 1 1 a 1 o o 1 1
present 0 o 1 1 a 1 0 o 1 1
Exndate, proteinaceous 0 ] ] 1 a o 0 i} o ]
ninimal 0 ] ] 1 a ] o o o ]
Iegensration/regsneration, olfactory 0 0 0 0 0 o o ] 1 0
nild L} ] ] [a] a o [} o 1 ]
Metaplasia,respiratory 0 0 1 0 0 0 0 0 0 0
ninimal 0 ] 1 a a o 0 i] i] ]
Hyperplasia,goblet cell 1 2 k] a a o 1 [ o 1
ninimal 0 0 a a a o 0 5 ¥} 1
nild 1 2 1 a a o 1 1 i] ]
Tumor inflltrate/metastasls 1 ] ] a a ] o o ¥ ] 1
nild 0 o 0 a a o 0 o 1 1
nodsrats 0 ] ] a a o 0 i} 1 ]
EVvere 1 ] ] a a ] o o 1 ]
Toxicokinetics:

FDKP was quantifiable in all T or TI groups at concentrations which increased with the

corresponding increase in dose of T. C,,,x concentrations were generally comparable between
each sampling time point (Weeks 52, 78, and 104). FDPK was also quantifiable in most pre-dose

samples but at concentrations notably less than post-exposure samples.

Moreover, a number of samples collected from control animals (Groupl) had quantifiable
concentrations of FDKP. They were generally close to the limit of detection and were

inconsistent in between time points. The presence of FDKP in these samples was likely due to

post exposure contact contamination of samples and not relate to the animal exposures.
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Cae (FDEP ng/mlL)
Ciroup Mumber Ciroup Designation Sex
Week 52 Week 78 Week 104

A - - -

1 Air Control '('I': _ _ ]
. Technosphers® Contral a 188 175 465
- Low Diose Y 2013 135 262
1 Tb:hﬂl'lﬁ]'lh{:ﬂ:ﬂ"f.'ﬂl'll.fﬂl a2 6309 4577 EEE
) High Diwse g 7458 3062 260
4 Technosphers® Insulin & it 94 285
Low Dose ¥ 21 102 133
5 Technosphers® Insulin a& 813 186 45
High Dise Y S8 B4 160

Insulin was only quantifiable in TI-treated animals (Groups 4 and 5) at the post exposure
sampling. Due to high variability of the data, a definitive comparison of circulating insulin levels
between groups and sexes was not possible.

C s (Insulin pllml)
Giroup Mumber Ciroup Designation Sex
Week 52 Week 78 Week 104
— a BLL BL{ BL(
1 Air Control ('I: B L{'j Bij Bij
. Technosphere™ Control a BLO) BL() BLC)
- Low Dose . BLO BLO BLO
1 Technosphere™ Control a BLCY BL() BLGO)
) High Dase g BLO) BLC) BLO
4 Technosphere™ Insulin a 53,080 7037 20,094
Low Dose 2 4483 BOR6 15,352
5 Technosphers™ Insulin a HTH 18713 36,550
High Diose P 27881 BAlA 13,511

BL Q) = all samples were below the limit of guantification
Pivotal Study #2

Study title: 26-Week Subcutaneous Injection Oncogenicity Study With Technosphere Particles
and Technosphere Insulin in Transgenic (Model 001178-T (hemizygous rasH2)) Mice

Key study findings:

* Due to Technosphere® Insulin (TI) tolerability issues in female mice, doses were lowered
from 2.5 to 0.6 mg/kg/day (Group 5) and from 5.0 to 1.25 mg/kg/day (Group 6). The dose
adjustment on Day 77 to 0.6 and 1.25 mg/kg/day was well-tolerated. There were no
comparable dose limitations in males.

= Technosphere® particles (T) alone were well-tolerated at doses of 25 and 75 mg/kg/day.

= Exposure to FDKP, the primary component of T, was generally dose proportional. There
were no sex differences or evidence of accumulation.

= Exposure to insulin was generally dose-proportional for males, but greater than dose-
proportional for females, with no evidence of accumulation.

= There was no evidence of increased oncogenicity, or other clinical, gross or microscopic
pathological effects related to treatment with T alone up to 75 mg/kg/day, or with TI up to 5.0
mg/kg/day in males, or up to 5.0/1.25 mg/kg/day in females after 26 weeks of treatment in
transgenic mice.
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Adequacy of the carcinogenicity study and appropriateness of the test model: Yes

Evaluation of tumor findings:

Study no.. MKC-PC-2007-0003

Volume# and page#: eEDR, module 4.2.3.4.2

Conducting laboratory and location: s
Date of study initiation: June 26" 2007

GLP compliance: Yes

QA report: yes (x),no ()

Drug, lot #, and % purity: See table below

Feserve (Archive)

Test Articles Lot Mo Storage” Punty Expiration Date Sample
Techmosphere®  D-232-06-0004 15 to 30°C, 938% 31 May 200 lz
Particles protected from light

Technosphere®'  D-231-07-0001 -10 to -30°C, 0o % 30 Sept 2000 lz
Insulin protected from light

a See Protocol Deviations.

CAC concurrence: Yes
M ethods

Doses: Technosphere Particles: 0, 25, 75 mg/kg/day (male and female)
TI: 0, 2.5, 5 mg/kg/day (male) and 0, 2.5/0.6, 5/1.25 mg/kg/day (female)
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Group Designation and Dose Levels

Mo. of Dose Level Dosze Concentration
Animals (mg'kz'dav) (mz/ml)

Group™ Male Female Male Female Male Female
Texeity Ammals
1 {Control - Sham) 25 25 0 0 0 ]
2 (Wehicle Control - PBS)# 25 25 0 0 0 ]
3 (Technosphers® Particles — Low) 23 23 23 23 23 23
£ (Technosphere® Particles — High) 25 25 75 75 13 T3
5 (Technosphers®/Insulin — Low) 23 23 23 2506 025 0.25/0.06°
6 (Technesphere®/ Insulin — High) 25 25 3 5/1.25 0.5 0.5/0.125*
7 (Positrve Control - MINU) 25 25 k] k] 1.5 1.5
Toxicokinetic Animals™
8 (Vehicle Control - PES)® 18 18 0 0 0 0
9 (Technospher=® Particles - Low) 3E 3E 25 25 23 25
10 (Technosphere® Particles - High) £} £} 73 73 7.3 1.3
11 (Technospher=E/Insulin — Leow) £} £} 23 2.5/0.6° 0.23 0.25/0.08°
12 {Technosphers®/Insulin — High) 3g 3g 3 5/1.25 0.5 0.5/0.125°

3 Group 1 received a sham dese only by subcutaneous injection with an empty syringe needle.

b Group 7 animals were dosed with one inraperitoneal dose of MINU on Day 1 of study at a dose volume of
10 ml kg

¢ Toxicokinetic animals were wild-type mice (Model 001178-W, CBSF1/ie-TgrasH2 7 Tac) and were included
selely for the purpose of blood sample collections; thres/sex/group were bled for each collection timepoint, then
discarded without necropsy.

d Two extra animals/test article group were added as potential replacements.

& Due to a high incidence of unscheduled deaths in females, beginning Dvay 77 of the dosing phase the dose level

for females in Groups 5 and 11 was lowered to 0.6 mgkg/day and to 1.23 mg'kg/day for femnales m Groups § and

12.

The dose volume admimisterad to all groups except sham control was 10 mlkz/dose.

Wehicle contrel groups recetved 10 mM phosphate buffered saline prepared with sterile water for injection

g by

Basis of dose selection (MTD, MFD, AUC etc.): MFD for T and MTD for TI

Species/strain: Model 001178-T transgenic mice

Number/sex/group (main study): Main study: 25/sex/group

Route, formulation, volume: SC injection at the volume of 10 ml/kg

Frequency of dosing: Once daily for at least 26 weeks (dosing phase)

Satellite groups used for toxicokinetics or special groups: Model 001178-W (wt)

Age: 8 weeks old

Animal housing: Individually housed after randomization

Restriction paradigm for dietary restriction studies: None

Drug stability/homogeneity: Tested. 2 weeks when stored refrigerated
(MKC-PC-2006-018)

Dual controls employed: Yes. Main study: sham, PBS (VH), and MNU (positive)

Interim sacrifices: No, all surviving animals were euthanized at the end of study.

Deviations from original study protocol: Minor deviations from the protocol, typically

procedural.

Observation times

Mortality: Daily

Clinical signs: Twice daily (a.m. and p.m.)

Body weights: Once during the pre-dose phase, before dosing on Day 1 of the dosing phase, and
weekly thereafter
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Food consumption: Weekly during the dosing phase
Histopathology: All tissues from animals in the control and high dose groups (Groups 1,2,4,6,
and 7) and from animals that died or were sacrificed at an unscheduled interval

Peer review:  yes (x), no ()
Toxicokinetics: Samples were collected from 3 mice/sex/group (Group 9 through 12) on Day 1
and 178 (Week 26) predose and at 15, 30, 45, and 120 min postdose (£ 2 min)

Results
Mortality:
= Males: 1 death in Group 1, 3, and 6, 2 deaths in Group 5, and 22 deaths in Group 7.
» Females: 1 death in Group 1, 3, and 4, 4 deaths in Group 4, 6 deaths in Group 6, and 17
deaths in Group 7.

Males

00|
B
—#—MALEE Grougp 1 Conbeod - Sham (M =25)
&0 —EB—MALEE Oroup 2 Controd (M =25)
—— MALEE Group 3 25 mgflgday (M =25
o4 —H—MALES Group 4 75 mgfkgidy (Ne25)
2 ——MALEE Group'S 25 mgfighday (M=25)
:ﬁ 604 —8—MALES GroupS 5 mgikgday [(M=25)
E ——MALES Group T Posiive cosingl (=35}
504
&
3:..
20 d
i

‘Whauls om Siudy

Females

——FEMALES Group 1
Canzral - Sham
—f—FEMALES Group 2
Cantral
—tr—FEMALES Group 3
25 mg'kgiday
g FEWALES GroUp 4
75 mg'kpiday
—a—FEMALES Group 5
2.50.60 mgigday
—&—FEMALES Group &
511.25 mgiugiday
3‘] T T T T T T T T T T T T T T T T T T T T T T T T 1 I =EPMLE3 G‘OJPT
k N A I - I L -~ PoERive conlro
Weeks an Study

% Survinsal

Unscheduled deaths of undetermined cause in females in the 2.5 and 5 mg/kg/day TI groups prior
to Day 77 were attributed to the pharmacologic activity of insulin. Only 1 death in female Group
5 and Group 6 occurred after the Day 77 when the doses were lowered. Therefore, for other
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unscheduled deaths in the TI-treated groups where cause of death was undetermined
histologically, an association with insulin pharmacology is plausible. The sponsor provided the
summary table (see below) of unscheduled death.

Death Clinical Signs Cause of Death Determined

Animal Dav Prior to Death bv Histopathology
Sham Control

Hunched posture; remors (head):
Female AQ8838 (found dead) 139 hypoactivity; labored respiration; Myeloproliferative neoplasia

rough haircoat
Vehicle Control
Male A98522 (found dead) 172 No chimcal signs prior to death Hemangiosarcoma

Technosphere® (low: 25 mgkg/day)
Male A98541 (found dead) 140

Female A9E894 (euthamized) 53

Technosphere® (high; 75 mglkg/day)

Hypoactivity; irregular respiration
Limuted use of hind limbs; swollen
rectum; alopecia: rough haircoat;
sore/scab; general debilitation

Swollen abdomen; rough haircoat

Hunched posture; hypoactivity;

irregular resparation; rough haircoat

Hunched posturs; rough haircoat:

thin appearance; mass

No clineal signs prior to death
vpoactivity; imegular respiration;

rough haircoat

No climeal signs prior to death

No climeal signs prior to death

No clmical sizns prior to death
No climeal signs prior to death
No clinical signs prior to death
Ataxia; hypeactivity; cold to the
touch; general debilitation

Female 498909 (found dead) 107
Technosphere £/Insulin (low: 1.5 mg'kg/day)
Male A98591 (found dead) 101

Male A92595 (found dead) 175
Female A98937 (found dead) 41
Female A9E939 (found dead) 49
Female A98940 (found dead) 7
Technosphere ®/Insulin low; 2.5/0.6 mg'kg/day)
Female A%92954 (found dead) 89
Technosphere ®/Insulin (high; 5 mgkg/day)
Male A92625(found dead) 125
Fzmale A93968 (found dead) 28
Female 492974 (found dead) 32
Female A9E8972 (euthamzed) 30
Female 493979 (found dead) 32

No clinical signs prior to death

Technosphere®/Insulin (high; 51.25 mg/kg/day)
109

Female A92976 (found dead)

Female A98960 (euthamzed) 137

Malocelnsion; rough haircoat

vpoactivity; recumbency; labored
respiration; cold to the touch; pale
tail; general debilitation

Hemangmsa:c oma

Skin, ulceraton/mflammation

Squamons cell sarcoma

TUndetermined

Salivary gland sarcoma

Undetermined
Heart, valvualar thrombosis and
amal dilatation
Undetermined

Undetermumned

Hemangiosarcoms
Undetermnad
Undetermuinad

Undetermimed

Undetermunad

Undstermined

Hemangiosarcoma.

Clinical signs: An increased incidence of rough haircoat was observed in animals (that survived
to scheduled termination) given 75 mg/kg/day T and 2.5 and 5 mg/kg/day TI, when compared to
VH controls. In addition, hypoactivity was seen in two males given 5 mg/kg/day TL
Convulsions and hunched posture were seen in 1 male given 75 mg/kg/day T. Moreover,
hypoactivity and irregular respiration were seen in two 2.5 mg/kg/day TI-treated females.
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Summary of Clinical Signs

Number
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SMMARY OF CLINIC

Sex:
Group: 1
e Level: 0.00
e Units: my/kgsday

Mumkber in Group: 25

M
a [u] ] o
J 0 0
1) 1 0
Becumbent, Latsral J W 0
, Midline Ventral Zbdomen a 0 [}
1) [ [
i in Color aJ 0 0
i in Color, Left Ear a 0 [}
a Q o [

j
r Discharge-Right Eye ) [ [}
Tnted-Lefc Eye o Y a 0 0 0
Mass
Mass aJ Q 0 0
Mass, Right Front Baw i) il 0 i
Respiration

Irregular a ) 1 0

H = Humber of animals wi

cbserved sign

0 il o]
Hypoactive 1 2 g
Becumbent, Latsral 0 1) [u]
Becumbent, Midline Ventral Abdomen 0 1 a
Dischargs
Eed Oral 0 il o]
Other, Red i 0 il o]
Other, Red in Color, Left Ear 0 i) a
Excretion(s)
Few Feces 0 il "]
ve (=)
Clear Dischargs-Right Eys 0 1 [u]
Sguinted-Left Eys * o i) a

Humber of animals cserved sign

Sax:

Group:

ose Leyel:

Category =2 Units:
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" 1 H s
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il 0 0
Paws aJ 0 0
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h aJ o o
tire Body ) ] o
1 il 0 0
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Pals, Mid Tail J 0 0
Rcl.'.gf'. Haircoat 7 7 ls
J 0 0
) o o
ack) J 0 0
J 0 0
a o o
1 0 0
il 0 0
1 o o
aJ o o
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SMHMERY OF

CLINICAL SIGHS

Sex:
Group:
Level:
Units:
Humber in Group:

H i) 1)

Category
Sign
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,.h
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Group:
Laval:
Category Units:
Sign Group
Zppearance
ent Tail 0 J
Bent Tail, Distal Tail 0 )
Bent Tail, Mid Tail 0 1
Convulsions, Mild 0 )
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0 i)
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al Laft Ear 0 J
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=) 0 J
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0 J
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m 0 J
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0 il El
o i) 1
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Category

S5ign
Zppear
remors Head o il 1
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Hypoactive 2 4
umbent, Lateral 0 1 a
Eecumbent, Midline Ventral Abdomen 1] a
Discharge
Bed Oral o i) 1
Other, Red in Coloz® 0 il 1
Other, Red in Color, Left Ear 1] i) 1
Excretion(s)
Faw Feces o il 1
Eve (=)
Clear Dischargs-Right Eys ] ) Q
Sguinted-Left Eye 1] ) 1
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=5 1] 1
Mass, Right Front Paw 1] )
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Laval:
Units:
Group:

Category
Sign

i} )
Pespiration
Labored o 2 3
Ekin & Pelage

Alopecis, Dorsal 0 ) a
4l i Front Paws 0 a 0
Dorsal Abdomen (Back) 0 il o]

Perineal Area 0 a 0

ch 0 2 2

., Entire Body 0 i) 1

0 il 1

Pale, Distal Tail 0 g 4
0 1 1
2 1 14

0 il "]

domen {Back) 0 il o]

al RAbdomen {Back) Q 1 o]

1 Thorax 0 a 1

0 il 1

0 il 1]

0 ] 1]

0 i) 1]

0 il
0 il

M = Number of animals with observed sign

Hematology: There were no treatment-related abnormalities in the hematology data from the
unscheduled-sacrifice females when compared to either the sham or VH control group. In
addition, there was no conclusive evidence in the clinical pathology data of an effect from the
administration of either T or TI in the control and treated groups during the scheduled intervals.
Moreover, the hematology data were, in general, similar among control, and T or TI-treated
groups.

WBC —3.9840.813 E3/ul (T75 female) vs. 5.67+£1.293 E3/ul (VH control female)

Clinical chemistry data/glucose level: There were no treatment-related effects on clinical
chemistry parameters. There was no difference on mean blood glucose level.

TRIG - 86124.3 (TIS male) vs. 131+44.7 (VH control male)
ALP - 103+7.8 U/L (TI5/1.25 female) vs. 120£12.6 (VH control female)

Body weights: There were no significant treatment-related effects on mean body weight or body
weight gain in T or Tl-treated animals when compared with VH controls.

Differences observed included:
» Less than 5% decreases in mean body weight were observed at 25 and 75 mg/kg/day of T and
at 2.5 and 5 mg/kg/day of T1, when compared to VH control males during Week 27.
= A decrease in mean body weight gain was observed in 2.5 (4%) and 5 (15%) TI males during
Week 1 to 26 in relation to VH control males.
= Slight decreases in mean body weight gain were observed in 75 mg/kg/day (6.5%) T females
and 0.6 (6.5%) and 1.25 (2%) mg/kg/day TI females in relation to VH controls.
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Food consumption: There were no treatment-related effects on mean food consumption in T or
TI-treated animals when compared with VH controls. Weekly mean food consumption values for
T or TI groups were comparable to controls. Even though there were occasional significant
differences, these differences were not toxicologically meaningful on the basis of magnitude and

in the absence of effects on body weight or body weight gain.
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Gross pathology: There were few in incidence in the controls and treated groups in the
unscheduled deaths and dosing phase final sacrifice. No evidence of treatment-related (both T
and TI) macroscopic findings were noted. The most frequent findings were observed in the
spleen, such as discolored, large, mess, or mottled. The sponsor indicated these was correlated to
pigment or vascular neoplasm in many affected control and treated groups and occurred unrelated
to test article administration.
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Summary of Macroscopic Observations — Unscheduled Deaths
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Summary of Macroscopic Observations — Dosing Phase — Final Phase Sacrifice

-- Males —- | -- Females --
1 2 3 4 ] [ 7 | 1 2 3 4 s [ 7
258 24 24 25 23 24 2 | 24 25 4 24 21 19 B
Zxamined/Ho remarkabls findings ... 23 20 23 24 21 22 0 | 13 20 22 15 13 lg a
|
Spleen |
Discolored ..................... 1 2 aJ 1 1 0 1 | 1 1 1 Q 1 o a
Large 0 [u] aJ [ ] 0 1 | 0 1 [ 1 1] o 3
Hass Q [u] ) [ o] 1 0 | 0 il [ 1 o] o] 1
Mottled 0 [x) il o o 0 | 1 a o Q o o a
Thymus |
Large ..o 0 [u] aJ [ 1] 0 1 | 0 il [ Q 1] o a
Hass ... ... ... ... 0 a a [ 0 0 | 0 a [ a 1] o 1
Hidney |
BT .o 0 [u] aJ [ ] 0 0 | 0 il [ Q 1] o 1
Discolored ..................... 1] a a o [u] 0 0 | 0 a ] [u] 1] o 1
Urinary Bladder |
Distended ........_ ... .. ........ 0 1 o 0 0 | 0 a o o o a
Stomach, & |
0 a ) [ 0 0 | 0 il [ Q 0 o 1
1] a ) [ 0 0 | 0 a 1 a o] o] a
- ! -
1] [u] a [ 1 2 | 0 a ] [x) 1] o 7
|
0 Q il o 1 0 | 0 a o 0 o o a
- - . ! -
0 [u] aJ [ ] 1 0 | 0 il [ Q 1] o a
1] 1 ) [ a 0 0 | 0 a ] a o] o] a
|
1] [u] a [ [u] o 0 | 0 a ] [x) 1 o 1
|
0 Q J o 1] o 0 | 2 1 o Q o 1 a
0 Q 1) [ 0 o 0 | 0 il [ Q a o 1
1] [u] a [ [u] 0 0 | 0 1 ] 3 1 o a
Vagina |
Confirmed mass ........_........ 0 0] a o o | 1 a 0 n] 0 o 3
-— Males —- | —— Females —-
Group: 1 2 3 4 ] E T | 1 2 3 4 s [ 7
Humber in group: 25 24 24 25 23 24 2 | 24 25 24 24 21 19 B
Subcutan |
Zbras. 0 1] il 0 4] 0 0 | 0 il 0 4] 0 1 il
Skin/Subcutis |
Ehrasiom . ... ... ............. 1 1 i 0 o] 0 0 | 0 il 0 o] 0 0 ]
Confirmed mass ... ... ... ...._o... 0 [a] a o a 0 1 | 0 J o a 0 0 5
- |
Bwollen .. ..o 1] a a o [u] 1] o | o 1 o [u] 1] o a
Foot/Foot Fad |
Confirmed mass .............o... 0 "] i 0 1] 0 0 | 0 il 0 1] 0 1 il

Organ weight: There was no evidence of treatment-related organ weight changes in mice given T
or TI. Organ weight changes included an increase in kidney weight parameters in males and
females given 25 mg/kg/day and/or 75 mg/kg/day T, and a decrease in heart weight in females
given 25 mg/kg/day. The sponsor considered incidental and unrelated to treatment due to lack of
a dose response and/or absence of microscopic correlation. The significant findings with regards
to organ weights were listed in the table below.

Organ wt Sex Sham VH control T T TI TI Pos.
25 75 250r 2.5/0.6 5 Control
5/1.25
1 Kidney M 0.6530 0.7219
(2) +0.06612 +0.05552
1 Kidney M 2.0637 2.2555 2.3763
(% body wt) +0.11726 +0.09864 +0.13508
1 Kidney M 131.2970 139.4080 146.7065
(% brain wt) +12.00312 +12.15421 +10.95531
J Liver/gall M 1.6548 1.5043 1.4693
bladder (g) +0.13885 +0.12323 +0 19300
d Liver/gall M 5.2420 49046
bladder +0.38156 +0.44002
(% body wt)
J Liver/gall M 333.2344 307.2913 296.4446
bladder +30.32631 +24.39981 +37.49246
(% brain wt)
1 Kidney F 0.4259 0.4548
(2) +0.03710 +0.03626
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1 Kidney F 1.7523 1.8639
(% body wt) +0.10426 +0.13189
1 Kidney F 83.3688 89.3992
(% brain wt) +6.32287 +5.79941
| Heart F 0.1711 0.1485
(g) +0.01768 +0.04514
| Heart F 33.5085 29.0125
(% brain wt) +3.30551 +9.04082

*generated by the reviewer.

Histopathology:

Non-neoplastic: The incidence of non-neoplastic findings was comparable between the
control and treated groups.

Minimal to slight inflammation (i.e. a mixed macrophage and neutrophil infiltrates, a focal lesion
in the subcutis) was seen in the sc injection sites of most mice among all groups (sham, VH
control, Ty;en and Tlyigy). There was no microscopic evidence of pre-neoplasia or neoplasia at sc
injection sites.

In addition, minimal to slight degenerative myopathy in the skeletal muscle and pigment in the
spleen were observed in mice from all groups. This was considered common findings for this
mouse strain. The sponsor marked these microscopic changes as typical incidental findings with
relation to treatment.

Neoplastic: There was no evidence of increased oncogenicity associated with the sc
administration of the test articles (T or TI). The overall incidence of neoplasia was low for all
groups (compared to positive controls).

The sponsor provided a summary table noted the incidence of the more frequent neoplasms (see
below). Main neoplastic findings, presented in the control sham, VH control, high T, and high TI
groups included: bronchiolar-alveolar adenoma/carcinoma in the lung,
hemangioma/hemangiosarcoma (primarily spleen), Harderian glad adenoma/carcinoma,
squamous cell neoplasms (multiple sites), and myeloproliferative neoplasia. The sponsor
suggested that these neoplastic findings were typical neoplasms commonly seen in this mouse
strain and noted as no relation to treatment.

Incidence of Common Meoplasms in Conmel Groups 1, 2, and 7 (3ham, Vehicle and Positve Coatrols)
and Treated Groups 4 and 6 (Technosphere® Particles-high and Technosphere® /Insulin-high)

Sex Miales Farnales

Group 1 2 E G T 1 2 4 & T
Number Examined 25 15 25 25 25 15 15 25 25 25
LUNG

Adenoma, Bronchiolar-Alveolar 3 2 2 1 3 1 2 1 1 11
Carcimoma, Bronchiolar-Abreolar 1 i} 0 1 0 1] 0 g 0 0
STOMACH, NON GLANDULAR

Carcinoma, Squamons Cell o i) [} 0 & 1] 0 1 0 T
Papilloma, Squamons Cell o i} 0 0 12 1] 0 g 0 15
HAERDERIAN GLAND

Adenoma 1 i} [ 1 0 0 1 a 1 1
Carcinoma o 1] a 0 2 1] 1 a 0 o
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VAGINA

Carcinoma, Squamons Cell - - - - - 0 i a i 2
Papilloma, 5quamons Cell - - - - - 0 i g ] 3
URETHEA

Fapilloma, Transitionzl Cell 0 0 a 0 2 0 i a i o
BODY, WHOLE/CAV

Hemangioma 2 i) 0 0 2 1 1 0 1 1
Hemangiosarooma 2 1 1 4 4 1 1 1 3 3
Lymphosarcoma o i} 0 0 17 ] 0 1 1 12
Myeloproliferative MNeoplasia 0 i} 0 0 2 1 1 a a 3
SEIN/SUBCUTIS

Papilloma Squamons Cell o 1 0 0 o ] 0 1 ]
Carcinoma, Squamons Cell 0 i} 0 0 1 0 0 a il 3

Incidence of microscopic observations — dosing phase — final phase sacrifice:
Note: Findings with Group 7 (positive control, MNU) was not included.

Incidence of Microscopic Observations — Dosing Phase — Final Phase Sacrifice

— 1= e d—-
Enimal se —MHMale males —
Dosage grou Ctls 2 3 4 = [ 3 4 =)
T s e Ho. in group: 25 24 24 5 23 4 4 24 21
B mber examined: 25 24 o Z5 0 24 29 25 0 24 [
Unremarkable: 25 24 0 Z5 0 24 24 25 0 24 0
I armation o o o [ [} [} o [ [} [} [
C-Hematopoietic Neoplasm, ses Body, [ o o ¥ [ [ o ¥ [ [ %
Spinal Cord . examined: 2% 24 o 25 [ 24 24 25 [ 24 [
remarkabl 25 24 o 25 0 z4 24 25 0 23 [
Cyst, Eeratin o [ [ 0 [} [} [ 0 [} 1 [
Bdrenal, CorbeX ... .. ... ... .o Number examined: 25 24 o 25 0 24 24 25 0 24 o
Unremarkable: 20 18 0 5 0 15 4 ) 0 s 0
Hyperplasia, Subcap ) [ [ [ [} 2 20 1&g [} 135 [
C-Hematopoietic N =2 Body, Whole Type o [ [ 0 [} [} [ 0 [} [} [
Bdrenal, Medulla ..... .. ... .. ... ... .. o_........ Number examined: 25 24 o 22 0 24 24 25 0 24 o
Unremarkable: 25 24 0 22 0 24 24 25 0 24 o
Pituitary .. Jumber examined: 25 24 o 25 0 24 24 25 0 24 o
nremarkakl 24 24 o 25 [} 24 24 25 [} 24 [
Hyperplasia 1 o o v 0 0 o v 0 0 o
Hematcopoietic Necplasm, ses Type o o 0 0 0 0 0 0 0 0 0
ber examing 25 24 o 25 0 z4 23 25 0 24 [
Unremarkable: 25 23 o 25 [} 23 22 21 [} 20 [
mation, perineural o 1 o o 0 0 1 4 0 3 o
mation o o o o [ 1 o o [ 1 o
Trachea ... .. Humber examined: 25 24 0 25 0 24 24 25 0 24 0
nremarkakl 25 24 o 25 0 24 24 25 0 24 [
Esophagus oo inne i iii i st ie i e Number examined: 25 24 0 25 0 24 24 25 0 24 o
Unremarkable: 25 24 0 25 0 24 24 25 0 24 0
Squamous Cell [ [ [ 0 0 0 [ 0 0 0 0
........................................ Number examine 21 24 o 25 0 24 24 25 0 24 o
Unremarkabl 21 24 o 25 [ 24 24 25 [ 23 [
o o o [ 0 0 o [ 0 1 [
sez Body, Type o [ [ 0 [} [} [ 0 [} [} [
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n ma s Lffected-
trols from groupis): 1 Znimal sex: —MHMales — -—~-Female
Dosage group: 2 3 4 =) [ Ctls 2 3 4
Tissues With Diag 5 e = HNo. in group: z4 24 25 23 z4 24 25 4 24
= = Number examined: 25 24 0 25 0 24 24 25 o 24
Unremarkable: R 14 0 14 0 13 20 21 o 18
[ 