FDA Briefing Document

Endocrinologic and Metabolic Drugs
Advisory Committee Meeting

April 1, 2014, 8:00 AM to 5:00 PM

The committee will discuss new drug application (NDA) 022472, proposed trade name
AFREZZA (TECHNOSPHERE Insulin Inhalation System), 3 unit and 6 unit cartridges for oral
inhalation, manufactured by MannKind Corporation. The proposed indication (use) for this
application is to improve glycemic control in adult patients with type 1 or type 2 diabetes
mellitus. FDA Briefing Document prepared March 7, 2014.
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DISCLAIMER STATEMENT

The attached package contains background information prepared by the Food and Drug
Administration (FDA) for the panel members of the advisory committee. The FDA background
package often contains assessments and/or conclusions and recommendations written by
individual FDA reviewers. Such conclusions and recommendations do not necessarily represent
the final position of the individual reviewers, nor do they necessarily represent the final position
of the Review Division or Office. We have brought NDA 022472 Afrezza (Technosphere
insulin) to this Advisory Committee in order to gain the Committee’s insights and opinions, and
the background package may not include all issues relevant to the final regulatory
recommendation and instead is intended to focus on issues identified by the Agency for
discussion by the advisory committee. The FDA will not issue a final determination on the
issues at hand until input from the advisory committee process has been considered and all
reviews have been finalized. The final determination may be affected by issues not discussed at
the advisory committee meeting.
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Division Director’s Memo
Prepared by Jean-Marc Guettier, M.D.
Product:

Afrezza is a drug-device combination product consisting of a dry powder formulation of
recombinant insulin (i.e., Technosphere Insulin) and an inhaler device (i.e., Gen2 inhaler).

The applicant has changed the device three times over the course of development. The three
devices are referred to in the background package and are described below (refer to DPARP
clinical background document for details).

1. MedTone Cinhaler: Used in pivotal Phase 3 trials to support the original NDA.
2. MedTone D inhaler: (Abandoned)

3. Gen2 inhaler: Used in the two new pivotal phase 3 studies. This is the to-be-marketed
device. In-vitro performance (particle size) and single dose comparative bioavailability
(study: MKC-TI 142) suggest device design change would not affect efficacy. In light of
these findings, data derived from Phase 3 trials performed with the MedTone C inhaler
device although not pivotal may be thought of as providing supportive evidence to
inform efficacy and safety of the product.

Regulatory History:

On March 16", 2009 MannkKind Corporation submitted a new drug application (NDA) for
Afrezza. The applicant is seeking the following indication for Afrezza: as an adjunct to diet and
exercise to improve glycemic control in adult patients with type 2 diabetes mellitus and adult
patients with type 1 diabetes mellitus.

Afrezza has had a complex regulatory history including two previous cycles of review that
resulted in issuance of Complete Response Letters on March 12, 2010 and January 18, 2011 due
to multiple identified deficiencies in the application. The members of the committee should
familiarize themselves with the regulatory history synopses provided in Section 1.2 of the
clinical background document and Section Il of the pulmonary consult review. On October 15,
2013 FDA received the re-submission for Afrezza. The response contained the results of two
new clinical pharmacology studies (i.e., studies MKC-TI 176 and MKC-TI 177), a new pivotal
Phase 3 trial in patients with type 1 diabetes mellitus (i.e., study 171: Afrezza versus aspart) and
a new pivotal Phase 3 trial in patients with type 2 diabetes mellitus (i.e., study 175: Afrezza
versus placebo).
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Disease Burden:

In 2010, 19 million individuals were diagnosed with diabetes mellitus in the United States
across all age groups'. It is estimated that approximately 90% of individuals with diabetes
worldwide have type 2 diabetes mellitus®.

Drugs Approved for the Treatment of Type 1 and 2 Diabetes:

Insulin and amylin agonists (i.e., pramlintide) are the only two classes of drugs approved and
marketed for the treatment of patients with type 1 diabetes mellitus in the United States.
There are 12 classes (insulin inclusive) of drugs approved and marketed for the treatment of
patients with type 2 diabetes mellitus in the United States. Currently approved and marketed
insulin therapies are administered only via the subcutaneous route (SC), often as multiple daily
injections per day or through subcutaneous infusion using an insulin pump device. The only
approved inhaled insulin, Exubera, was withdrawn from the market by Pfizer in 2007.

Intended Use and General Therapeutic Principles:

Afrezza was evaluated as a “meal time” insulin. Meal time insulins, also referred to as
“prandial” or “short acting” insulins, are intended to cover meal time insulin requirements and
are administered before each meal of the day.

As a matter of general principles, the pharmacokinetic profile of an ideal meal time insulin
would match the glucose excursion profile that follows ingestion of macronutrients to ensure
maximum benefit (i.e., glucose control) and minimum risk (i.e., hypoglycemia). The absorptive
period which follows ingestion of a meal lasts for approximately 3 to 4 hours in normal
individuals.

In diabetes, glucose levels are also elevated in the fasting state due to excessive glycogen
breakdown (i.e., glycogenolysis) and/or de novo glucose formation (i.e., gluconeogenesis).
Elevation in glucose that arise as a result of these biochemical processes are not directly linked
to absorption of nutrients but rather to an absolute or relative absence of insulin. To cover
glucose increases not linked to absorption of nutrients, a “basal” or “long-acting” insulin is
administered.

Over a 24 hour period 50% of a healthy individual’s insulin is secreted in the fasting state and
50% in the times that follow meals®. In patients with no or insufficient residual endogenous
insulin, therapeutic interventions aim to approximate this pattern of secretion (e.g., basal to
meal time ratio of 50:50 often time administered as one basal and three meal time injections).

Centers for Disease Control and Prevention. National diabetes fact sheet: national estimates and general information on diabetes and
prediabetes in the United States, 2011. Atlanta, GA: U.S. Department of Health and Human Services, Centers for Disease Control and
Prevention, 2011.

2 http://www.who.int/mediacentre/factsheets/fs312/en/

3 Polonsky et al. JCI. Volume 81, February 1988, 442-448
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Recommended Glycemic Goals for Adults® with Diabetes:

The American Diabetes Association (ADA) and other professional societies, recommend
targeting, individualized, but specific glycemic goals aimed at normalizing glucose levels.
Specific ADA recommended goals and their rationale are reproduced below.

e “lowering A1C to below or around 7% has been shown to reduce microvascular
complications of diabetes and, if implemented soon after the diagnosis of diabetes, is
associated with long-term reduction in macrovascular disease. Therefore, a reasonable
A1C goal for many nonpregnant adults is, 7%.

e Providers might reasonably suggest more stringent A1C goals (such as 6.5%) for selected
individual patients, if this can be achieved without significant hypoglycemia or other
adverse effects of treatment. Appropriate patients might include those with short
duration of diabetes, long life expectancy, and no significant CVD.

e less stringent A1C goals (such as 8%) may be appropriate for patients with a history of
severe hypoglycemia, limited life expectancy, advanced microvascular or macrovascular
complications, and extensive comorbid conditions and in those with long-standing
diabetes in whom the general goal is difficult to attain despite diabetes self-
management education (DSME), appropriate glucose monitoring, and effective doses of
multiple glucose lowering agents including insulin.”

In general, every percentage point drop in HbAlc blood test results (e.g., from 8.0% to 7.0%)
can reduce the risk of microvascular complications (eye, kidney, and nerve diseases) by 40%>.

Indication for Insulin Products and Evidentiary Standard:

All currently approved insulins are indicated as: an adjunct to diet and exercise to improve
glycemic control in adults (+/- pediatric) patients with type 1 diabetes mellitus (Type 1 DM) and
type 2 diabetes mellitus (Type 2 DM).

For this indication, the applicants must typically demonstrate that the investigational agent
offers superior (vs. placebo) or non-inferior (vs. active comparator) HbAlc reduction at ~ 6
months in adequate and well controlled trials (refer to section 14 of the full prescribing
information of recently approved insulin products).

*Executive Summary: Standards of Medical Care in Diabetes 2014: Diabetes Care Volume 37, Supplement 1,
January 2014

> Centers for Disease Control and Prevention. National diabetes fact sheet: national estimates and general
information on diabetes and prediabetes in the United States, 2011. Atlanta, GA: U.S. Department of Health and
Human Services, Centers for Disease Control and Prevention, 2011.

Page 6 of 248



Reliance on HbA1lc to establish efficacy of anti-diabetic drugs was based on results from the
landmark Diabetes Control and Complications Trial (type 1 DM) and United Kingdom
Prospective Diabetes Study (type 2 DM) trials which demonstrated that interventions aimed at
normalizing glycemia using intensive glucose lowering strategies decreased microvascular
disease complications (i.e., retinopathy, nephropathy and neuropathy). While intensive glucose
lowering came at the cost of increased risk of hypoglycemia and weight gain, it is generally
accepted that the net benefit of intensive treatment outweighs these risks.

Standard for Type 2 Diabetes Mellitus General Principles

Efficacy of a new agent for type 2 diabetes is demonstrated preferably against a placebo control
+/- background agent at maximally effective doses. Several studies are needed in general to
assess efficacy and risks with common co-administered drugs and in common clinical-use
scenarios (e.g., add-on to metformin, add-on to sulfonylurea, add-on to dual therapy, add-on to
insulin etc.). For injectable insulins, a study characterizing the risk benefit in the most likely use
scenario is usually performed.

Standard for Type 1 Diabetes Mellitus General Principles

Efficacy of a new agent for type 1 diabetes is always demonstrated against an active
comparator (for ethical reasons as these patients have an absolute requirement for insulin).
The new agent is added to the background “other” insulin. (i.e., other = prandial or basal
depending on what the investigational agent is).

Insulin Trials General Principles

Insulin trials are designed as “treat to target” trials. The question an insulin trial attempts to
answer is not simply whether the titratable product lowers glucose but whether intensive
treatment with the agent can result in glucose lowering that approaches the American Diabetes
Association recommended glycemic goals safely (i.e., risk of hypoglycemia). To achieve this,
intensive dose titration for at least 3 months is programmed into the protocols of insulin trials.
Adherence to titration recommendations is usually monitored intensely by investigators and
applicants in these trials. This design feature helps ensure that a robust, safe, glucose lowering
response is elicited from both the new agent and the comparator.
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Issues for Discussion and Background Package Orientation:

FDA has convened this committee to request advice on the following issues important in
informing the risk benefit of Afrezza in patients with type 1 diabetes mellitus and in patients
with type 2 diabetes mellitus:

Clinical Pharmacology:

Some of the clinical pharmacology findings are described in the “Clinical Pharmacology”
background document and in the sponsor’s background document. The pharmacology of any
insulin is intimately linked to efficacy (e.g., glucose lowering) and safety (e.g., hypoglycemia).
Identified clinical pharmacology issues to be considered include:

e The novel pharmacokinetic and pharmacodynamic profile of Afrezza as it relates to meal
time coverage

e lower bioavailability compared to subcutaneous insulin: The relative bioavailability of
Afrezza is ~20-30% that of subcutaneous insulin. The applicant accounted for the lower
bioavailability in pivotal trials using a dose conversion algorithm (i.e., 10 units of Afrezza
for 4 units of subcutaneous insulin).

e Atypical dose response relationship: In some studies increasing doses of Afrezza did not
increase glucose lowering effect. Study MKC-T1-176 (Gen-2 inhaler) showed less than
dose proportional glucose lowering above 60 units (~20-24 units of SQ) in healthy
subjects. In Study 005, a longer term forced dose titration study, performed early in
product development also suggested a less than dose proportional HbAlc lowering
response.

e Specific issues related to method of drug delivery: The inhaler is breath-powered.
Particle size distribution studies suggest delivery of insulin to the systemic absorption
site (i.e., lung) may be inhalation flow rate dependent (i.e., a decrease in particle size
was observed with increased inhalation).

Efficacy New Trials:

Efficacy findings are described in details in the statistical review and clinical review clinical
background documents. Committee members are asked to consider the efficacy finding in
general (totality of the evidence) and related to the two new trials specifically.

In trial 175, Afrezza was shown to provide superior HbAlc lowering compared to placebo in
patients with type 2 diabetes inadequately controlled on one or more oral anti-diabetic agent
at 24 weeks. The response in the placebo arm was consistent with that seen in other programs
(Refer to the stats and DMEP clinical background documents for details).
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In trial 171, Afrezza was shown to provide statistically inferior HbAlc reduction compared to
aspart in patients with type 1 diabetes but the upper 95% confidence interval around the
difference in effect between arms remained within the pre-specified non-inferiority margin of
0.4%. (Refer to the statistical and clinical background documents for details). Factors identified
in the reviews susceptible to affecting reliability of the estimate included baseline HbAlc that
did not fully reflect impact of run-in phase, differential dropout rates and missing data, as well
as inadequate optimization of insulins in the control arm. Analyses based on secondary
glycemic endpoints (i.e., proportion of responders) and endpoints directly associated with
insulin effectiveness (weight gain, hypoglycemia) were found to be consistent with the results
of the primary analysis. (Refer to the statistical and clinical background documents for details).

Safety:

Clinical safety findings are described in details in the clinical review document, and pulmonary
consultation background documents. A summary of the nonclinical carcinogenicity findings is
described in the nonclinical review document. Details regarding the results of a post-marketing
study to investigate a lung cancer imbalance for Exubera is summarized in the epidemiology
review document.  Advisors will be asked to provide input and weigh in on the following
observed safety findings:

1. Pulmonary safety

2. Lung cancer risk
3. Disease specific safety issues
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Afrezza — Draft Discussion Points

With regards to Afrezza’s clinical pharmacology please comment on each of the following:

Afrezza’s clinical pharmacology profile as it relates to adequacy of mealtime coverage

Your level of concern with regards to the less than dose proportional glucose lowering
response observed in some studies and its potential impact on treatment

Adequacy of the data to support the proposed 10:3 unit conversion algorithm to
establish a safe starting dose for patients on an insulin regimen consisting of a short
acting subcutaneous prandial insulin

Other clinical pharmacology parameters susceptible to influencing dosing, efficacy or
safety of the product (e.g., inhalation flow rate dependence, between subject variability,
within subject variability etc.)

With regards to interpretation of the primary efficacy results in active comparator, non-
inferiority trials, please comment on your level of concerns regarding issues identified in the
review susceptible to influencing the accuracy of those results. Specifically but not necessarily
limited to,

Baseline Hbalc values that may not reflect the full effect of background therapy
optimization in the run-in phase

Differential dropout rates between Afrezza and comparator arms
Missing data and assumptions made in the handling of missing data

Potentially inadequate optimization of insulin therapies in the control arm (i.e., basal
and prandial)

Based on the overall safety data in both the background package and presented at today’s
meeting please address each of the following

Your level of concern with regards to the risk of acute bronchospasm in patients with
asthma and COPD associated with Afrezza use.

Your level of concern with regards to the risk of pulmonary function decline and chronic
use of this product in patients with underlying lung disease

The impact of smoking and intercurrent illness (i.e., upper respiratory tract infection) on
efficacy and safety of the product

Your level of concern with regards to the noted imbalance in cases of lung cancers not
favoring Afrezza
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e Your level of concern with regards to the noted imbalance in cases of diabetic
ketoacidosis not favoring Afrezza in patients with type 1 diabetes mellitus

e Other safety concerns not covered in the above bullet points (e.g., tolerability issues)

Discuss mitigation strategies for the above listed risks

Based on data in both the background package and presented at today’s meeting do you
believe the applicant has demonstrated that Afrezza is safe and effective for the treatment of
adult patients with type 1 diabetes mellitus to justify approval?

e If you have answered yes, please explain your rationale. Discuss your views regarding
the role of Afrezza in the management of this disease.

e [f you have answered no, please explain your answer. If you believe additional studies
are needed before approval can be granted please describe which types of studies.

Based on the data in the background package and presented at today’s meeting do you believe
the applicant has demonstrated that Afrezza is safe and effective for the treatment of adult
patients with type 2 diabetes mellitus to justify approval?

e [f you have answered yes, please explain your rationale. Discuss your views regarding
the role of Afrezza in the management of this disease.

e If you have answered no, please explain your answer. If you believe additional studies
are needed before approval can be granted please describe which types of studies.
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NDA 22-472 Nonclinical Pharmacology/Toxicology Summary

Advisory Committee Briefing Document Nonclinical Pharmacology & Toxicology
Summary

Drug: Afrezza (recombinant human insulin + Technosphere carrier particles; T1)
Drug class: inhaled insulin

Clinical Indication: Diabetes

Afrezza or Technosphere insulin (T1) is inhaled as a dry powder with the aid of the Gen2 inhaler.
Technosphere insulin is comprised of recombinant human insulin, and a proprietary carrier
known as Technosphere. The formulation contains a novel excipient fumaryl diketopiperazine
(FDKP) 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.

The proposed clinical indication is Type 1 and Type 2 diabetes with a maximum recommended
human dose (MRHD) of 300 U of Afrezza daily or 99 mg T1 (88.6 mg Technosphere + 10.4 mg
insulin). This is an estimated MRHD, as diabetic, obese patients may require more insulin based
on their body weight. T1 is intended as rapid acting insulin. The pharmacokinetic profile and
Technosphere particle size was designed by the sponsor for delivery into the lungs where it is
absorbed. Different inhalational flow rates and variation in particle size may affect the amount
of insulin absorbed. The mechanism involved in the rapid systemic absorption of insulin from
Technospheres has not been established. Cell-based studies demonstrate that FDKP and T1 do
not disrupt cellular tight junctions and FDKP does not increase the permeability of cell
membranes.

Nonclinical Development Program: The nonclinical development program for Afrezza focused
on characterizing the local effects of inhaled insulin and on characterization of the toxicity
profile 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.

An important distinction in extrapolation of outcomes from animal exposure to human clinical
exposure is the mode of administration. Afrezza is designed to be administered via an
inhalational device (Gen2 inhaler) whereas administration of Technospheres with or without
insulin in animals occurred from nose (i.e. rat, mouse) or nose and mouth (i.e. dog). These
modes of exposure lead to exposure of the entire respiratory tract in animals which differs from
humans based on the mean particle size of Afrezza. This is dissimilar to human exposure which
is focused on distribution of Afrezza particles to the lung for rapid absorption. Dosimetry of
inhalation toxicity studies are theoretical estimates because direct measurements of animal
exposures are often impossible.
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NDA 22-472 Nonclinical Pharmacology/Toxicology Summary

Afrezza Carcinogenicity: The Sponsor performed a 2-year carcinogenicity study in rat and a
subcutaneous transgenic mouse study (Tg.rasH2). The results of the carcinogenicity assessment
with Technosphere (T) and Tl 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) 5X and 1X respectively, compared to the AUC at
the MRHD (99 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 Sponsor assessed the genotoxicity of Technosphere and insulin 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; approved 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. Carcinogenicity studies were not performed with Exubera. 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. The experience with Exubera is
similar to Afrezza, with regard to the absence of a significant nonclinical pulmonary toxicity
signal.

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 1U) 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.

Page 13 of 248



NDA 22-472 Nonclinical Pharmacology/Toxicology Summary

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. The respiratory irritation
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 probably reflects the rodent nose
only dosing with particle distribution to the entire respiratory tract as compared to the proposed
for human use with the inhaler directed into the lung tissue. 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 No
Observed Adverse Effect Level (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 the findings noted above at higher exposures. Based
on Technosphere exposure, the NOAEL was 2-fold greater than the maximum anticipated daily
human therapeutic exposure (99 mg Afrezza) based on AUC.

In the 2-year rat carcinogenicity study, with nose only inhalation, the nasal cavity of the high
dose (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 Tl
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.
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NDA 22-472 Nonclinical Pharmacology/Toxicology Summary

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 oral-nasal
exposure. Respiratory findings included increased minimal to mild neutrophils infiltration of the
lungs in the HD T1 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 findings at higher exposures as described above.
Based on Technosphere exposure this NOAEL provides an exposure margin less than the
maximum anticipated daily human therapeutic exposure (99 mg Afrezza) based on AUC
comparisons across Species.

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
(99 mg Afrezza=TI =88.6 mg Technosphere + 10.4 mg insulin). This is based on minimal to
mild respiratory 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 (99 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. No evidence of lung neoplasia or pre-neoplastic signals was
present in a lifetime rat carcinogenicity study or in a 6-month transgenic mouse carcinogenicity
study following Afrezza exposure.
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CLINICAL PHARMACOLOGY SUMMARY
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1 Background

Throughout the clinical development program for TI inhaler there were modifications to
the device and the dosing regimen. The devices used to support the original submission
(dated 3/16/2009) and the responses to Complete Response Letter (CRL) 1 (dated
6/29/2010), and CRL2 (dated 10/13/2013) are listed in Table 1. Table 1 also describes the
bridging data used by the applicant and the related outcome.

Table 1 Summar

of Key Background Information

Submission Device Tested in Bridging Outcome
Phase 3 trials
Original MedTone Model C yes - -
MedTone Model D no Model D was bridged to This deficiency
(proposed for Model C in a clinical was noted in
commercialization) pharmacology CRL1
bioequivalence (BE)
study; however, results
were considered not
reliable because of the
deficiencies found in
Office of Scientific
Investigations (OSI)
inspection
CRL1 response | Gen2 no BE study bridging CRL2 letter stated
MedTone Model C with that because of
Gen2 was submitted. changes in the
However, dosing regimen | device and dosing
for Gen2 was different regimen, a single
than that for Model C (30 | BE study is not
U delivered by Model C sufficient to
provided similar systemic | bridge the efficacy
exposures as 20 U and safety data
delivered by Gen2). from Model C to
Therefore, bridging Gen2
based on BE study alone
was not considered
sufficient. As a result OSI
inspection for this study
was not requested.
CRL2 response | Gen2 yes Although Gen2 was tested

in Phase 3 trials, the
dosing regimen proposed
in the label is different
than what was tested in
Phase 3 trials

The applicant submitted 36 clinical pharmacology studies throughout the development of
TI inhaler. These studies provided information on the relative bioavailability of Afrezza
against subcutaneous insulin, dosing regimen for transfer from subcutaneous to inhalation
route of administration, and effect of intrinsic and extrinsic factors on relative
bioavailability. These aspects are summarized further in the following sections, and

Page 17 of 248




reviewers’ comments are inserted to remark on the findings in context of changes in
devices.

2 Dosing Regimen

The dosing regimen recommended by the applicant in the proposed prescribing
information is as follows. The dosing conversion chart based on the recommended
dosing is shown in Figure 1.

Section 2.1 of the proposed label

“A single inhalation from one 3 unit cartridge of Afrezza approximates the exposure to 3
units subcutaneously injected insulin. A single inhalation from one 6 unit cartridge of
Afrezza approximates the exposure to 6 units subcutaneously injected insulin.”

A e s T
cartridges needed  cartridges neadad
up to 3 units 3 units =
4-6 units | 6 units )
Z-9 units | 9 units & 4+ B
10-12 units | 12 units S
13-15 s [ 15 uwits @ + CEER
16-18 units | 18 units & G S/

Figure 1: Afrezza dosage chart from the proposed label

However, note that the proposed dosing regimen and the dosing conversion factors are
different than that tested in Phase 3 trials evaluating the Gen2 device (i.e., Study MKC-
TI-171 and MKC-TI-175), which were as follows:

“a conversion factor approximating a 10 U cartridge with 4 units of regular human

insulin was utilized. Similarly, a 20 U cartridge approximated 8 units of regular human
insulin.”

Afrezza Dosage Chart (Study MKC-TI-171)

RAA (Prandial) Bolus Dose TI Inhalation Powder Dose
041U 1ou
>4-81IU 20U
»8§-121T0 30U
=12-161U 40U
=>16-201IU 50U
=20-241U Gou
3
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In the CRL2 resubmission, the applicant states that the new dosing regimen (as currently
proposed) is supported by the two clinical pharmacology studies (i.e., studies MKC-T1-
176 and MKC-T1-177) conducted with the Gen2 device and the Phase 3 trial in type 1
diabetes subjects (i.e., study MKC-TI-171). From clinical pharmacology studies, the
applicant relies on only pharmacokinetic (PK) data (i.e., relative bioavailability
estimates) to justify the proposed dosing conversion (Figure 2). However, FDA considers
the corresponding pharmacodynamics (PD) effect to be equally or more important in
evaluating the adequacy of the proposed dosing regimen because it is the PD effect that
ultimately drives efficacy (i.e., HbAlc reduction). Considering this, we find that the
clinical pharmacology data in this submission does not adequately support the new
proposed dosing regimen and the respective dosing conversion factors in the dosage chart
(discussed in section 2).

The applicant also compares the overall mean daily prandial doses from the Phase 3 trial
171 in Type 1 diabetes mellitus (T1LDM) to justify the proposed dosing (Figure 2).
However, the approximation derived based on Phase 3 data makes several assumptions
such as no differences in basal insulin dose and its effect between treatment groups,
comparable titration between two arms, and a similar dose-response relationship for
prandial insulin between treatment groups.

Determine based on PK Trals Determine from Phase 3 Trial
(MKC-TI-176 and MKC-TI-177) (MKC-TI-171)
TI Gen2 Comparison Ratio of Dose Overall Mean Daily Prandial Insulin
Dose
RHI 0.24 TI Gen2 102.7 Units
Insulin Aspart 0.33 Insulin Aspart | 25.5 Units
Bioavailability ~30% 233 Uuis
. X 100 = 25%
102.7 Units
30% X 10 Unit Cartridge = 3 Units 25% X 10 Unit Cartridge = ~3 Units
Figure 2 Summary of application’s justification for the proposed dosing conversion

2.1  Assessment of Dosing Regimen Based on Clinical Pharmacology Data

The applicant conducted one dose-ranging study (i.e., study MKC-T1-176) in healthy
subjects with the new Gen2 device. It was a randomized, five-way cross-over euglycemic
clamp study (n=32) in which four doses of Afrezza (10, 30, 60, and 80 U) were compared
with one dose of subcutaneous (SC) regular human insulin (15 U). In this study both PK
and PD were assessed (Figure 3); however, in this section we only focus on PD data, and

4
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PK data are discussed in section 3. In this clamp study, glucose infusion rate (GIR) was
measured up to 240 minutes for Afrezza arms and up to 600 minutes for the subcutaneous
insulin arm. Area under the curve for GIR-time profile (i.e., AUCGIR) was the primary
PD endpoint. The dosing conversion factors based on the comparison of GIRAUC.240
between treatment groups is sho