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Glossary
This glossary shouldinclude all acronyms usedin your review. The sample listbelow includes
commonly used acronyms and may be used as a starting point.

AC advisory committee

AE adverse event

AR adverse reaction

BLA biologics license application

BPCA Best Pharmaceuticalsfor Children Act

BRF BenefitRisk Framework

CBER Centerfor Biologics Evaluation and Research

CDER Centerfor Drug Evaluation and Research

CDRH Centerfor Devices and Radiological Health

CDTL Cross-Discipline Team Leader

CFR Code of Federal Regulations

CcMC chemistry, manufacturing, and controls

COSTART Coding Symbols for Thesaurus of Adverse Reaction Terms
CRF case report form

CRO contract research organization

CRT clinical review template

CSR clinical study report

CSS Controlled Substance Staff

DMC data monitoringcommittee

ECG electrocardiogram

eCTD electroniccommon technical document

ETASU elementsto assure safe use

FDA Food and Drug Administration

FDAAA Food and Drug Administration Amendments Act of 2007
FDASIA Food and Drug Administration Safety and Innovation Act
GCP good clinical practice

GRMP good review management practice

ICH International Council for Harmonization

IND Investigational New Drug Application

ISE integrated summary of effectiveness

ISS integrated summary of safety

ITT intentto treat

MedDRA Medical Dictionary for Regulatory Activities

mITT modifiedintenttotreat

NCI-CTCAE National Cancer Institute-Common Terminology Criteriafor Adverse Event
NDA new drug application

NME new molecular entity
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0OcCs Office of Computational Science

oPQ Office of Pharmaceutical Quality

OSE Office of Surveillance and Epidemiology
oSl Office of Scientificlnvestigation

PBRER Periodic Benefit-Risk Evaluation Report
PD pharmacodynamics

Pl prescribinginformation or package insert
PK pharmacokinetics

PMC postmarketing commitment

PMR postmarketingrequirement

PP per protocol

PPI patient package insert

PREA PediatricResearch Equity Act

PRO patientreported outcome

PSUR PeriodicSafety Update report

REMS risk evaluation and mitigation strategy
SAE seriousadverse event

SAP statistical analysis plan

SGE special governmentemployee

SOC standard of care

TEAE treatment emergentadverse event

CDER Clinical Review Template
Version date: September 6, 2017 forall NDAs and BLAs

Reference ID: 4484864



Clinical Review

{Suchitra Balakrishnan, MD, Ph.D. }
{NDA212097}

{G-voke HypoPen and PFS, Glucagon injection}

1. Executive Summary

1.1. Product Introduction

Xeris Pharmaceuticals, Inc. (Xeris) have developed G-Pen (glucagon for subcutaneous [s.c.]
injection) forthe treatment of severe hypoglycemiain patients with diabetes.

Glucagon isa 29-amino acid polypeptide (non-steroid) hormone produced by the pancreatic
alpha cells. It increases blood glucose by binding to glucagon receptors in the liver, causing liver
cellsto convert glycogen polymersinto glucose molecules. Glucagon also relaxes smooth
muscle of the gastrointestinal tract!. A single glucagon gene encodesa larger proglucagon
biosyntheticprecursorin mammals. Tissue-specific processing of proglucagon givesrise to
glucagon, glicentin, oxyntomodulin, glucagon-like peptide-1(GLP-1), and GLP-2.

G-Penisa sterile, subcutaneousinjectable, non-aqueous solution formulation of synthetic
human glucagon. G-Penhas beendevelopedintwo presentations, a pre-filled syringe (PFS)
with an auto-injector (Al) (referred to as Configuration A) and a PFS with a manual plungerrod
and backstop (referredto as Configuration B). The same G-Pen PFS is common to both
Configuration A and Configuration B, and will be offeredin two fill volumes, 0.5 mg for pediatric
patients under 12 years of age and 1 mg for patients 12 years and older. The proposed
tradenames for the two presentations are Gvoke HypoPen and Gvoke PFS.

Two glucagon products are currently available to treat severe hypoglycemiabys.c.,
intramuscular (i.m.) orintravenous (i.v.) injection. Each product is sold as a vial of lyophilized
glucagon powder and a needle/syringe that contains a liquid diluent. They require
reconstitution by the patientor caregiver and immediate use after reconstitution. Therefore,
the applicantbelievesthat G-Pen addressesan unmet clinical need for a ready-to-use glucagon
product that can be administered with reliability and ease, based on the premise that the G-Pen
presentations would obviate the need for reconstitution and withdrawal of the solution priorto
injection.

Xerisis submittingthis New Drug Application (NDA) using the 505(b)(2) approval pathway,
referencingthe previous findings of safety for the reference product, Glucagon Emergency Kit
(Glucagon for Injection), NDA 020928, manufactured by Eli Lilly and Company.

1 The Physiology of Glucagon; GeraldJ Taborsky, Jr, Ph.D.; ) Diabetes Sci Technol. 2010 Nov; 4(6): 1338-1344
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1.2. Conclusions on the Substantial Evidence of Effectiveness

The Applicant has provided substantial evidence of effectiveness to support approval of G-Pen
for the treatment of severe hypoglycemia. G-Pen (1 mg) in comparison to Lilly glucagon (1 mg)
was evaluatedin two pivotal studies (XSGP-301 and XSGP-303), conducted in adult patients
with Typel DM. G-Pen met the criteria for non-inferiority to Lilly glucagon, for the clinically
relevantendpointofan increase in plasma glucose to greater than 70 mg/dL or to 20 mg/dL
above baseline plasma glucose within 30 minutes of administration. The evidence fromthe clinical
development program supports approval.

1.3. Benefit-Risk Assessment

Benefit-Risk Integrated Assessment
Xeris Pharmaceuticals, Inc. (Xeris) have developed G-voke (referred toas G-Penin the
review), anon-aqueous solution formulation of synthetichuman glucagon for subcutaneous
[s.c.]injection) that isready to administer without reconstitution. The proposed indicationis
for the treatment of severe hypoglycemiain patients with diabetes. | recommend approval of
the product.

Severe hypoglycemiain patients with diabetesisa medically serious condition which can be
fatal if untreated. All patients with Type 1 DM and patients with Type 2 DM on insulin or
sulfonylureas are at risk. Patients with brittle or poorly controlled diabetes, childrenand
elderly are at increased risk. Oral glucose is the primary treatment of hypoglycemia if the
patient is able and willing to consume carbohydrate by mouth. However, patients with severe
hypoglycemia are frequently unconscious or with animpaired level of consciousness that
precludes oral intake. The currently marketed glucagon rescue kits in the US for severe
hypoglycemia treatment require reconstitution (combining the powder in a vial with diluent in
syringe) by the patient or caregiver before use and immediate administration after re-
constitution since the solution becomes unstable. There are reports of medication errors with the
currently marketed kits?, including injection of diluent alone, suggesting an unmet medical need
for glucagon products that are easier to administer, especially by users who are not health care
professionals.

G-Pen did not demonstrate pharmacokineticbioequivalence tothe reference listed drug
(Glucagon for injection, Eli Lilly) in this 505(b)(2) application. The Applicant conducted two
pivotal single-dose, cross-overtrials comparing the efficacy and safety of G-pen to Lilly

2 Institute for Safe Medication Practices Medication Safety Alert-Acute Care (www.ismp.org), March 10, 2005-
Volume 10, Issue5 & July 17,2014 -Volume 19, Issue 14
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glucagon. In both studies, the assessment of non-inferiority (NI) to Lilly Glucagon was based on
analysis of failure scores for the primary endpoint, an increase in plasma glucose concentration
from below 50 mg/dL to > 70 mg/dL within 30 minutes after receiving glucagon. G-Pendid not
satisfy the NI criterion for the primary endpoint of failure scoresin one of the studies.
However, G-Pen demonstrated non-inferiority comparedto Lilly glucagon for an increase in
absolute plasma glucose concentration > 70 mg/dL or =20 mg/dL increase from baseline within
30 minutes after study drug administration. It was felt that in addition to anincrease to an
absolute blood glucose threshold value of 70 mg/dl, a relative increase of at-least 20 mg/dL from
baseline may be clinically important, especially for a patient with severe hypoglycemia and nadir
blood glucose values well below 50 mg/dL. Therefore, it was felt that this endpoint was clinically
meaningful, and it would be consistent with the primary endpointfor other recent glucagon
development programs.

There was a time lag observed in the G-pen pharmacodynamic response compared to Lilly
glucagon. In the pooled analyses of both studies, the mean (SD) time to achieve plasma
glucose > 70 mg/dL or increase in plasma glucose > 20 mg/dL above baseline was 13.8 (5.6)
minutes for G-pen, compared to 10 (3.6) minutes for Lilly Glucagon. The risk from this delay
in effect can be mitigated by includinglanguage in the indications section of the Pl advising
providers to instruct caregivers/patients to seekimmediate emergency assistance after
administration of G-Penfor severe hypoglycemia. The injectable glucagon products currently
approved for thisindication require reconstitution of the powdered glucagon, which may
delay and/or limittheir use as caregivers may not be familiar with administeringa product
that requiresreconstitution, as suggested by post-marketing reports of medication errors
(including injection of diluent alone?). G-pen offersthe potential for greater ease of
administration with lower potential for medication errors.

Common adverse events (nausea, vomiting) were similarand consistent with the adverse
event profile of approved glucagon products. There was an increased incidence of injection
site edema and pain compared to Lilly glucagon. These were not severeinintensity and can
be describedinthe adverse reactions section of the package insert.

| recommend approval of G-Pen based on the efficacy demonstrated in the pivotal
clinical studies and consideringthe added benefit of ease of administration with lower
potential for medication errors, especially by non-medical personnel. Except as noted
above, the safety profile of G-Penis consistent with the well-established safety profiles
of currently marketed glucagon products. Relevant safety information can be
communicated through product labelingand monitoring for adverse eventsinthe post-
market setting can be achieved through routine pharmacovigilance. For that reason, |
do not recommend a REMS or post-marketing requirements (PMRs).
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Benefit-Risk Dimensions

Dimension

Evidence and Uncertainties

Conclusions and Reasons

Severe hypoglycemiais defined
by the American Diabetes
Association (ADA) and the
Endocrine Society as an event
requiring assistance of another
person to actively administer
carbohydrates, glucagon, or take
other corrective actions.
Hypoglycemiais more likely to
occur in the context of treatment
with a sulfonylurea, glinide, or
insulinand occurs about two to
three times more frequentlyin
patients with Type 1 DM thanin
Type 2 DM. The incidence
increases with the duration of
diabetes.

Event rates for severe
hypoglycemiafor patients with
type 1 DM range from 115 to 320
events per 100 patient-years.
Severe hypoglycemiain patients
with Type 2 DM has beenshown
to occur at rates of 35 to 70
events per 100 patient-years.
Hypoglycemiaresultsin
morbidity (including poor
glycemiccontrol from fear of
hypoglycemia, cognitive deficits,
confusion and falls especiallyin
the elderly) andis sometimes
fatal. The mortality rate reported
in the literature from severe

Severe hypoglycemiain patients
with diabetesis a medically
serious condition which can be
fatal if untreated. All patients
with Type 1 DM, and patients
with Type 2 DM on insulinor
sulfonylureas are at risk. Patients
with brittle or poorly controlled
diabetes, childrenand the elderly
are at increasedrisk.
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Dimension

Evidence and Uncertainties

Conclusions and Reasons

hypoglycemiaintype 1 DM range
from 6-10%.

e The ADA recommends that
glucose (15-20 g) is the
preferredtreatmentfor the
conscious individual with blood
glucose < 70 mg/dL [3.9
mmol/L]), although any form of
carbohydrate that contains
glucose may be used. Currently
approved glucagon products
include injectable optionsand an
intranasal option.

e The current marketed injectable
glucagon rescue kits in the US for
severe hypoglycemia treatment
require reconstitution.

Oral glucose is the primary
treatment of severe hypoglycemia
if the patient is able and willing to
consume carbohydrate by mouth.
There is potentially an unmet
medical need for glucagon
products that are easier to
administer.

e In both Efficacy and Safety
studies, non-inferiority to Lilly
Glucagon was based on analysis of
failure scores for the primary
endpoint, an increase in plasma
glucose concentration from below
50 mg/dL to > 70 mg/dL within 30
minutes after receiving glucagon.
The non-inferiority criterion for
this pre-specified primary
endpointwas not satisfiedin
Study 301 but was satisfiedin
Study 303. However, G-Pen
demonstrated non-inferiority
compared to Lilly glucagon for
an increase in absolute plasma
glucose concentration >70 mg/dL
or > 20 mg/dL increase from
baseline within 30 minutes after

Both Study 301 and Study 303
provide evidence of effectiveness
for G-Pen. It was felt that in
addition to an increase to an
absolute blood glucose threshold
value of 70 mg/dl, a relative
increase of at-least 20 mg/dL from
baseline may be clinically
important, especially for a patient
with severe hypoglycemia and
nadir blood glucose values well
below 50 mg/dL. Therefore, it was
felt that this endpoint was
clinically meaningful, and it would
be consistent with the primary
endpointfor other recent
glucagon development
programs.
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Dimension

Evidence and Uncertainties

Conclusions and Reasons

study drug administration.

e An uncontrolled sequential
efficacy and safety study in 31
pediatricpatients with Type 1
DM was also conducted. The
study met the primary efficacy
endpointfor all age groups, with
a demonstratedincreasein
plasma glucose after
administration of G-Pen.

The study limitationsincluded a
lack of control group and
applicability of the results to
conditions of real use (severe
hypoglycemia). However, all
subjects demonstrated a robust
pharmacodynamic (glucose)
response to study drug.

The most common G-Pen TEAEs were in
the Gastrointestinal Disorders SOC, with a
slightly higher incidence of nausea (29.9%
versus 22.9%, respectively) and vomiting
(16.2% versus 9.6%, respectively)
compared to Lilly glucagon treatment.
Headaches were also numerically more
frequent following G-pen treatment (G-
pen 8 [5.2%], Lilly-6 [3.8%]). All these
events were reported as mild or moderate
in severity.

In the investigator reported assessment of
local tolerability, moderate and severe
injection site edema at 30 minutes was
reported in 5.2% and 1.3% of G-Pen
treated subjects respectively compared
with none in the Lilly glucagon treatment
sequence. Injection site pain was reported
as an AE in 2 (1.3%) of G-Pen treated
subjects.

e There was a time lag observedin
the G-pen pharmacodynamic
response compared to Lilly
glucagon. In the pooled analyses

Common adverse events were
similarand consistent with the
adverse event profile of
approved glucagon products
exceptforan increasedincidence
of injection site edemaand pain
compared to Lilly glucagon.
These were not severein
intensity and can be includedin
the adverse reactions section of
the package insert.
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Dimension Evidence and Uncertainties

Conclusions and Reasons

of both studies, the mean (SD)
time to achieve plasma glucose >
70 mg/dL or increase in plasma
glucose > 20 mg/dL was 13.8 (5.6)
minutes for G-pen, compared to
10 (3.6) minutes for Lilly
Glucagon.

The risk from thisdelay may in
part, be mitigated by the lack of
the needfor reconstitution.

The G-pen offers the potential
for greater ease of
administration with lower
potential for medication errors
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1.4.

Patient Experience Data

A hypoglycemiasymptom questionnaire was completed by patients in studies 301 and 303 and
analyzed as a secondary endpoint. The Clinical Outcomes Assessment (COA) staff were
consultedregarding the validity of the instrumentand applicability to conditions of actual use
(i.e.treatment of severe hypoglycemiain patients who have reduced level of consciousness or
seizures).

Patient Experience Data Relevantto this Application (check all that apply)

The patientexperience data that was submitted as part of the Sectionwhere
applicationinclude: discussed, if
applicable
Clinical outcome assessment (COA) data, such as
Patientreported outcome (PRO) Sections 6.1.1, 6.2.1,
6.1.2 and 6.2.2
] i Observerreported outcome (ObsRO)
(] i Clinicianreported outcome (ClinRO)
[0 i Performance outcome (PerfO)
[ i Qualitative studies (e.g., individual patient/caregiver
interviews, focus group interviews, expertinterviews, Delphi
Panel, etc.)
[1¢ Patient-focused drug development orother stakeholder
meeting summary reports
[]: Observational survey studies designed to capture patient
experience data
(] { Natural history studies
[ i Patientpreference studies (e.g., submitted studiesor
scientificpublications)
[ i Other: (Please specify)
[] | Patientexperience datathat were not submittedin the application, but were
consideredinthis review:
] i Inputinformed from participationin meetings with
patient stakeholders
[0 i Patient-focused drugdevelopmentorother
stakeholder meeting summary reports
(] i Observational survey studies designed to capture
patient experience data
J i Other: (Please specify)
(] | Patientexperience datawas not submitted as part of thisapplication.
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2. Therapeutic Context

2.1. Analysis of Condition

Hypoglycemiais definedin patients with diabetes as all episodes of an abnormally low plasma
glucose concentration that expose the individual to potential harm. It causes recurrent
morbidity in most patients with type 1 diabetes mellitus (Type 1 DM) and patientsrequiring
insulin with type 2 diabetes mellitus (Type 2 DM), and is sometimes fatal3.

Low plasma glucose concentrations cause an array of symptoms by signaling central nervous
system—mediated autonomicnervous system responses and by limiting neuronal metabolism.
Neurogenic(autonomic) symptomsinclude, but are not limited to, palpitations, tremor, hunger,
and sweating. Neuroglycopenicsymptoms ofteninclude behavioral changes, difficulty thinking,
and/or frank confusion. Less common neuroglycopenic manifestationsinclude seizure, coma,
and evendeath?. The clinical syndrome is most reliably documented by Whipple’s triad:
symptoms consistent with hypoglycemia, a low plasma glucose concentration, and relief of
those symptoms when the plasma glucose concentration is raised. Symptoms of hypoglycemia
may also be idiosyncraticand non-specific.

Severe hypoglycemiais defined by the American Diabetes Association (ADA) and the Endocrine
Society as an eventrequiring assistance of another person to actively administer carbohydrates,
glucagon, or take other corrective actions. Plasma glucose concentrations may not be available
during an event, but neurological recovery following the return of plasma glucose to normal is
considered sufficientevidence thatthe eventwas induced by a low plasma glucose
concentration®.

Recurrent hypoglycemiahas been shown to lead to hypoglycemiaunawareness. The first sign of
hypoglycemiain these patients is confusion, and they often must rely on the assistance of
others to recognize and treat low blood glucose. Defective glucose counter-regulation and
hypoglycemiaunawareness are the components of hypoglycemia-associated autonomicfailure
(HAAF) in patients with diabetes. HAAF is caused by recurrent iatrogenichypoglycemiaand is

3 American Diabetes Association Workgroup on Hypoglycemia. Defining and Reporting Hypoglycemia in Diabetes.
Diabetes Care 2005;28(5):1245-49

4 Whipple AO: The surgical therapyof hyperinsulinism. J Int Chir3:237-276,1938

5 SeaquistER, AndersonlJ, Childs B, etal. Hypoglycemia and diabetes: a report of a workgroup of the American
Diabetes Associationand The Endocrine Society. Diabetes Care 2013;36:1384-1395
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reportedto be at least partly reversible by scrupulous avoidance of hypoglycemia®. HAAF is
associated withincreased risk of severe hypoglycemia? with its morbidity and potential
mortality during intensive glycemictherapy?.

Hypoglycemiacan occur on treatment with a sulfonylurea, glinide, orinsulin and occurs about
two to three times more frequentlyin Type 1 DM than in Type 2 DM. The incidence increases
with the duration of diabetes®. Ratesfor severe hypoglycemiaforpatients withtype 1 DM
range from 115 to 320 events per 100 patient-years. Severe hypoglycemiain patients with type
2 diabetes has been shown to occur at rates of 35 to 70 events per 100 patient-years10.

Hypoglycemiais the critical limiting factor in the glycemic management of diabetesin both the
short and longterm1?, Intensive glycemictherapy both decreased the frequency of long-term
complications of hyperglycemiaand increased the frequency of hypoglycemiain the Diabetes
Control and Complications Trial (DCCT) 12 13,

6 Dagogo-Jack S, Rattarasarn C, Cryer PE. Reversal of hypoglycemia unawareness, but not defective glucose
counterregulation, inIDDM. Diabetes 1994;43:1426-1434

7 WhiteNH, SkorDA,Cryer PE, Levandoski LA, Bier DM, Santiago JV. Identification of type | diabetic patients at
increased risk for hypoglycemia during intensive therapy. N Engl ) Med 1983;308:485-491

8 Cryer PE. Death during intensive glycemic therapy of diabetes: mechanisms andimplications. AmJ Med
2011;124:993-996

9 Heller SR, Choudhary P, Davies C, etal.; UK Hypoglycaemia Study Group. Risk of hypoglycaemiain types 1 and 2
diabetes: effects of treatment modalities and their duration. Diabetologia 2007; 50:1140-1147

10 DonnellyLA,Morris AD, Frier BM, et al.; DARTS/MEMO Collaboration. Frequencyand predictors of
hypoglycaemiainType 1 and insulin-treated Type 2 diabetes: a population-based study. Diabet Med 2005;22:749—
755

11 Cryer PE, Davis SN, Shamoon H: Hypoglycemia in diabetes. Diabetes Care 26: 1902-1912, 2003

12 The Diabetes Control and Complications Trial Research Group: The effect of intensive treatment of diabetes on
the developmentandprogression of long-term complications ininsulin-dependent diabetes mellitus.NEngl ] Med
329:977-986,1993

13 The Diabetes Control and Complications Trial Research Group: Hypoglycemia in the Diabetes Control and
Complications Trial. Diabetes 46:271-286, 1997
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The mortality rate reportedin the literature from severe hypoglycemiaintype 1 DM range from
6-10%.14.15, 16, 17. |n 2014, over 245,000 emergency department visits occurred for hypoglycemia 8.
Three large trials examined the effect of glucose loweringon cardiovascular eventsin patients
with type 2 diabetes: ACCORD (Action to Control Cardiovascular Risk in Diabetes), ADVANCE
(Actionin Diabetesand Vascular Disease: Preterax and Diamicron MR Controlled Evaluation),
and VADT (Veterans Affairs Diabetes Trial) 12 20. 21 |n all three studies, an episode of severe
hypoglycemiawas associated with an increased risk of subsequent mortality.

In addition to mortality risk, severe hypoglycemia may significantly impact morbidity, quality of
life and activities of daily livingin various patient populations. Hypoglycemia/hypoglycemia
unawareness may impair the ability to operate a vehicle orheavy machinery and increase risk
for car collisions22. Ongoing maturation of the central nervous system puts younger children at
risk for cognitive deficitsasa consequence of hypoglycemia?3. Olderadults with diabetes have a
disproportionately high number of clinical complications and comorbidities, all of which can be
exacerbated by and sometimes contribute to episodes of hypoglycemia?4.

14 patterson CC, Dahlquist G, Harjutsalo V,et al. Early mortality in EURODIAB population-based cohorts of type 1
diabetes diagnosedin childhood since 1989. Diabetologia 2007;50:2439-2442

15 Jacobson AM, Musen G, Ryan CM, et al .; Diabetes Control and Complications Trial/Epidemiology of Diabetes
Interventions and Complications StudyResearch Group. Long-term effect of diabetes and its treatmenton
cognitivefunction.NEngl J Med 2007;356:1842—-1852

16 Feltbower RG, Bodansky HJ, Patterson CC, etal. Acute complications and drug misuse are important causes of
death for children andyoung adults with type 1 diabetes: results from the Yorkshire Register of Diabetes in
Children and Young Adults. Diabetes Care 2008;31:922-926

17 skrivarhaug T, Bangstad HJ, Stene LC, Sandvik L, Hanssen KF, Joner G. Longterm mortality ina nationwide cohort
of childhood-onset type 1 diabetic patients in Norway. Diabetologia 2006;49:298—305

18 Centers for Disease Control and Prevention. National Diabetes Statistics Report, 2017.
https://www.cdc.gov/diabetes/data /statistics/statistics-report.html

19 Duckworth W, Abraira C, Moritz T, et al.; VADT Investigators. Glucose control and vascular complications in ,
veterans withtype 2 diabetes. N Engl ) Med 2009;360:129-139

20 BondsDE, MillerME, BergenstalRM, et al. The association between symptomatic, severe hypoglycaemiaand
mortality in type 2 diabetes: retrospective epidemiological analysis of the ACCORD study. BMJ 2010;340:b4909
217o0ungasS$, Patel A, ChalmersJ, etal.; ADVANCE Collaborative Group. Severe hypoglycemia and risks of vascular
events and death. NEngl ] Med 2010;363:1410-1418

22 Ccox DJ,Kovatchev B, VandecarK,Gonder- Frederick L, Ritterband L, Clarke W. Hypoglycemia precedingfatal car
collisions. Diabetes Care 2006;29:467-468

23 Hannonen R, Tupola S, Ahonen T, Riikonen R. Neurocognitive functioning in children with type-1 diabetes with
and without episodes of severe hypoglycaemia. Dev Med Child Neurol 2003; 45:262-268

24 Bruce DG, Casey GP, GrangeV, et al. Cognitive impairment, physical disability and depressive symptoms inolder
diabetic patients: the Fremantle Cognition in Diabetes Study. Diabetes Res Clin Pract2003;61:59-67
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In summary, severe hypoglycemiaisa serious medical condition with significantimpact on
patient quality of life, morbidity and mortality for most patients with Type 1 DM and patients
withtype 2 DM who require treatment with insulin.

2.2, Analysis of Current Treatment Options

Professional societies emphasize prevention as the main treatment strategy for hypoglycemia.
Recurrent hypoglycemiaincreases the risk of severe hypoglycemiaand the development of
hypoglycemiaunawareness and HAAF. Effective approaches known to decrease the risk of
iatrogenichypoglycemiainclude patienteducation, dietary and exercise modifications,
medication adjustment, careful glucose monitoring by the patient, and conscientious
surveillance by the clinician. The glycemic target established forany given patient should be
individualized depend on the patient’s age, life expectancy, comorbidities, preferences, and an
assessment of how hypoglycemia mightimpact his or her life>. Continuous glucose monitoring
(CGM) with automated low glucose suspend has been shownto be effective inreducing
hypoglycemiain patients with type 1 diabetes on insulin pumps2°,

Severe hypoglycemiceventsrequire urgenttreatment. As a consequence, the majority of
severe hypoglycemicevents are treated where they occur, whichis typically outside of a
healthcare facility. The ADA recommends that glucose (15-20g) isthe preferred treatment for
the conscious individual with blood glucose < 70 mg/dL [3.9 mmol/L]), although any form of
carbohydrate that contains glucose may be used. Fifteen minutes aftertreatment, if self-
monitored blood glucose (SMBG) shows continued hypoglycemia, the treatmentshould be
repeated. Once SMBG returnsto normal, the individual should consume a meal or snack to
preventrecurrence of hypoglycemia2®. Glucagon should be prescribed for all individuals at
increasedrisk of level 2 hypoglycemia, defined as blood glucose < 54 mg/dL (3.0 mmol/L), so it
is available shoulditbe needed. The use of glucagon is indicated for the treatment of
hypoglycemiain people unable or unwillingto consume carbohydrates by mouth. The
guidelinesrecommend that caregivers, school personnel, and family members of these
individuals should be instructed on the use of glucagon kits. Glucagon administrationis not
limited to health care professionals. Intravenous (i.v.) dextrose orglucose is the preferred
treatment of severe hypoglycemiain emergency medical facilities and in patients failing to
respond to glucagon. Seekingemergency assistance isrecommended immediately after
administration of glucagon?’.

25 Bergenstal RM, KlonoffDC, Garg SK, etal.; ASPIRE In-Home Study Group. Threshold based insulin-pump
interruption forreduction of hypoglycemia. N Engl J Med 2013;369:224—-232

26 American Diabetes Association.6. Glycemic targets: Standards of Medical Carein Diabetesd2019. Diabetes Care
2019;42(Suppl. 1):561-S70

27 https://www.accessdata.fda.gov/drugsatfda docs/label/2018/02092850561bl.pdf;
https://www.accessdata.fda.gov/drugsatfda_docs/label/2018/020918s052Ibl.pdf
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The currently marketed injectable glucagon rescue kits inthe US for severe hypoglycemia
treatment are Eli Lilly’s Glucagon Emergency Kit and Novo Nordisk’s GlucaGen HypoKit, both
approved since 1998. These products require reconstitution by the patientor caregiverbefore
use. Each productis soldas a vial of lyophilized glucagon powderwith a needle/syringe that
contains a liquid diluent. The glucagon powder must be combined with the liquid diluent atthe
time of use and drawn into the syringe. The currently marketed products must be used
immediately afterre-constitution because once the lyophilized glucagon is combined with
water, the solution becomes unstable and can fibrillate, renderingitinactive and potentially
toxic. There are reports of medication errors, includinginjection of diluentalone with these
productsZ. The impact of such medication errors on clinical outcomes (morbidity and mortality
from severe hypoglycemia) is unknown at this point, but these errors suggest an unmet medical
need exists for glucagon products that are easierto administer, especially by users who are not
health care professionals.

3. Regulatory Background

3.1. U.S. Regulatory Actions and Marketing History

Two injectable glucagon products were approved in 1998 for marketing in the US: Eli Lilly’s
Glucagon Emergency Kit (NDA 020928) and Novo Nordisk’s GlucaGen HypoKit (NDA 020918).
Bagsimi, an intranasally administered glucagon (NDA 210134) was recently approved.

3.2. Summary of Presubmission/Submission Regulatory Activity

505(b)(2) ASSESSMENT:

This 505(b)(2) NDA application references Glucagon for Injection (NDA 020928) as the
reference listdrug. This application provides for a change in dosage form, from lyophilized
powderto a premixedsolution. The scientificbridge ina 505(b)(2) applicationis informationto
demonstrate sufficient similarity between the proposed product and the listed drug(s). The
applicant relied on FDA’s finding of nonclinical safety of Lilly’s Glucagon (glucagon injection)
(NDA 020928). To bridge for this limited purpose,
e the applicant conducted two efficacy and safety studies comparing the proposed
product to the listed drug. The results of these studies show that the proposed drug and
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the listed drug are sufficiently similar such that reliance on FDA’s finding of the
nonclinical safety for Glucagon is appropriate.

e |naddition, the Applicant conducted a 14-day repeat dose comparative toxicity study
where rats were treated with Xeris’s proposed glucagon product or the relied-upon
listed drug, Lilly’s Glucagon (glucagoninjection) (NDA 020928). Both Xeris’s proposed
product and Lilly’s Glucagon were well tolerated and showed a comparable toxicological
profile. Aglucose extension study revealed thatrats treated repeatedly with Xeris’s
proposed product or Lilly’s Glucagon had comparable increasesin blood glucose.

e There isno analytical comparability assessment of the proposed product with the Lilly’s
Glucagon inthe application and the CMC reviewers determined that this assessmentis
not necessary for the limited reliance on Lilly’s Glucagon for nonclinical safety. Atthe
drug substance level there is characterization data to support that it is glucagon.

Other Regulatory Activity:

The US IND (115091) was submittedin December2012. The IND was initially placed on clinical
hold for inadequate non-clinical information. The applicant was asked to submit data that
supported comparability of their glucagon product to a U.S. listed drug in an adequate 2-week
toxicity study ina single species?8. The clinical hold was removed on September 25, 2013 after
the applicantaddressed these issuesand Study XSGP 201 was allowed to proceed.

The End of Phase -2 meetingwas held on August 27, 2014. The applicant was given the
followingadvice regarding establishment of bioequivalence: “Your selection of 1.0 mg dose for
the pivotal study (XSGP-301) seems appropriate. However, we do not agree with your proposal
to demonstrate only the pharmacodynamics (PD) equivalence in your pivotal study. PD for
glucagon products may not be a sensitive markerto differentiate between products, as also
reflectedinyour results showing similar PD response for 0.5 mg and 1.0 mg dose in study XSGP-
201. Therefore, inyour proposed pivotal study you shouldinclude both pharmacokinetic (PK)
and PD parameters as the main study endpoints. Forthe test product to be considered
equivalenttothe reference product, bioequivalence should be demonstrated for both PK and
PD AUC and Cmax parameters. Inability to demonstrate this may require that additional study
of your product will be needed to support the application.”

In addition, the applicantwas given the followingadvice regarding the pivotal phase 3 study:
“The pivotal Phase 3 study should be an active-comparator controlled study evaluatingthe
efficacy and safety of Xeris G-Pen 1 mg versus active comparator, to provide more definitive
evidence of efficacy. The primary endpointshould be the proportion of subjects achievingan
increase in glucose over 70 mg/dL within 30 minutes of receiving study glucagon and without
receivingany other measure to increase the blood glucose levels such as intravenous glucose,
additional glucagon, or oral carbohydrates. Other outcomes assessed could include:

28 IND clinical hold letter dated January 24,2013, IND 115091, DARRTs 1D 3250000
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a) Time from treatmentto return of blood glucose to >70 mg/dL, and
b) Safety and tolerability observations, includinginjection site reactions, nausea/vomitingand
recovery from clinical symptoms of hypoglycemia.”

The pre-NDA meetingwas held on December 7, 2017. Multiple disciplines had comments for
the applicantregarding requirements for the NDA application: CMC- acceptance criteriafor
glucagon content, limits for total degradants, impurities contentand drug product release
specifications; CDRH- reliability testing forthe G-pen PFS and autoinjector, needle bio-
compatibility evaluation; DMEPA- Human Factors (HF) validation study?°. The applicant was
advisedto conduct a comparative pharmacokinetic/pharmacodynamic studyto serve as a
scientificbridge between the auto-injectorand pre-filled syringe presentations. The applicant
was also advisedto clearlyidentify the information from NDA 020928 that theyintendto rely
upon to support their application.

A fast-track designation request was submitted by the applicantto the IND on May 20, 2015 on
the basisthat theirproduct will provide for “a simple, ready-to-use, auto-injector [and] is
expectedto have a significantimpact [on] reducing morbidities and even deaths from severe
hypoglycemia”. This was denied on the basis that the development plan does not include plans
to directly and rigorously establish this morbidity/mortality benefit3°. The Applicantalso
requesteda Priority review designation when submittingthe NDA on June 10, 2018. The basis
was treatment of a serious condition and virtual elimination of dosing errors in simulated
emergency studies. The review was classified as “Standard”31. The rationale was that there was
no evidence of substantial benefitoverapproved therapiesfor severe hypoglycemia, in the
absence of a proven morbidity or mortality benefit.

The applicant has conducted an uncontrolled, open-labelled pediatricefficacy and safety study
(302) in 31 pediatricpatients aged 2-17 years with Type 1 DM, which has beenincludedin the
NDA submission. They also requested a partial waiver of pediatricstudies for patients under
two years of age, based on low incidence of Type 1 DM in this age group and feasibility. In
addition, they submitted a request for Pediatricexclusivity determination with the NDA
submission. They were informed that they were ineligible for pediatricexclusivity, because a
Written Requestas required by Section 505A was neverissuedfor G-Pen31.

3.3. Foreign Regulatory Actions and Marketing History

29 PreNDA meeting minutes dated January 3,2018, IND 115091, DARRTs ID4201936

30 Fast-track designation determination dated June 17,2015, DARRTs ID3780334

31 Filing Communicationfor NDA 212097 dated October 22.2018, DARRTs ID 4338164

CDER Clinical Review Template 24

Version date: September 6, 2017 forall NDAs and BLAs

Reference ID: 4484864



Clinical Review

{Suchitra Balakrishnan, MD, Ph.D.}
{NDA212097}

{G-voke HypoPen and PFS, Glucagon injection}

G-Penisnot approved or marketedin any country

4. SignificantIssues from Other Review Disciplines Pertinent to Clinical
Conclusions on Efficacy and Safety

4.1. Office of Scientific Investigations (OSI)

For details refer to the OSI review by Dr. Cynthia Kleppinger dated May 2, 2019, DARRTs ID
4427821

Because thisis the first NDA submitted by the applicant to DMEP, the divisionrequested OSIto
inspectclinical sites and the applicant to ensure adequate study conduct and acceptability of
the data for NDA review. OSlinspected three domesticclinical sites, in addition to the contract
research organization (CRO) and the applicant.

OSl identified regulatory deficiencies in one clinical site (ProSciento Inc., site 2) with 20 enrolled
subjectsin study 301 and 13 in study 303. The final conclusion was that these findings are
unlikely to have asignificantimpact on overall results, and the compliance classification for the
investigator Dr. Peters) is Voluntary Action Indicated (VAI). Details of the findings will be
discussed with the individual study results (section 6.1.2 and 6.2.2)

For the applicant inspection, the OSl inspector noted that the firm failed to have written
procedures or a systematicpractice in place to ensure that all vendor correspondence with
respect to time frame of database transfers, database unlocks and changes was maintained.
This concern was shared with the review team while the inspection was ongoing. The time
frame of database transfers, unlocks and changes made had to be reconstructed by reviewing
e-mails, meeting minutes, and forms obtained from the contractors during the FDA inspection.
Documentation was collected during the inspection to try to reconstruct what took place during
this time-frame, butthe OSI reviewernoted that it cannot be determined if all documentation
regarding the database transfers were provided. However, the final conclusion by the inspector
was that there was adequate adherence to the regulations. The inspectoralso identified
subjects participating in both adulttrials. The statistical revieweridentified 9subjects who
received study treatment in both studies32. There was a concern that patients who responded
wellto G-Penin Study 301 were selectively enrolled in Study 303. However, the primary
endpointresults for Study 303 did not change on exclusion of these subjects.

32 Table5 andAppendixA(Table 13), Statistical review NDA 212097 by Dr. Anna Ketterman
CDER Clinical Review Template 25
Version date: September 6, 2017 forall NDAs and BLAs

Reference ID: 4484864



Clinical Review

{Suchitra Balakrishnan, MD, Ph.D.}
{NDA212097}

{G-voke HypoPen and PFS, Glucagon injection}

The inspection of the CRO O® \was added after discussion
withthe review team, after the site inspections revealed that not all source data generated was
kept at the clinical sites (see section 6.2.2 for details). Laptop computers and software provided
by ®@ \yere usedto record subjects' plasma glucose (PG) values for study 303. After entry of
PG values, the computer software generated source data (including the 8-minute algorithm-
predicted PG value) which were not documented elsewhere and was relied on by the site to
make glucagon dosingrelated decisions. Anytime the clinical investigatordid not follow the
algorithm, the system required the investigatorto enter a justification. The laptops were
returnedto the vendoron study completion. During the Rl inspection, this source data was
inspected. There was no indication during the inspectionthat data had been altered from the
original output and no other issues were identified onreview of the data audit trail.

OSl| recommended that overall, the study data generated are considered acceptable and may
be usedin support of this NDA.

4.2. Product Quality

Referto the Office of Product Quality (OPQ) review by Dr. Muthukumar Ramaswamy dated
May 10. 2019 in Panorama for additional details.

Glucagon isa single chain polypeptide with 29 amino acid residues. G-Peniis a sterile,
subcutaneousinjectable, non-aqueous solution formulation of synthetichuman glucagon.
Syntheticglucagon drug substance is cGMP grade material, manufactured and released under
ICH Q7 guidelines by Bachem A.G. The applicant states that the proprietary delivery platformis
designed Q@ of the
glucagon peptide. The formulation components of the drug product are shown inthe table
below. All excipients associated with the drug product are presentin approved products.

Table 1: Formulation Components of G-Pen (Glucagon Injection)

Component Function Reference to Quality
Standard

Glucagon Drug Substance Manufacturer a-

Trehalose, dihydrate Excipient UsP

Dimethyl Sulfoxide (DMSO) 0@ ysp

H2S04 (SulfuricAcid) NF

a-Acceptance Criteriabased on Bachem, Xeris, and USP/EP monographs for Glucagon HCI ; USP-
United States Pharmacopeial Convention, NF- National Formulary and Drug Standards
Laboratory

Source: Table 1, Non-clinical Introduction, eCTD-2.6.1
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G-Pen will be offeredintwo presentations, a pre-filled syringe with an auto-injector
(Configuration A) and a pre-filled syringe with a manual plungerrod and backstop
(Configuration B) (see figure below). The same G-Pen pre-filled syringe is common to both
Configuration A and Configuration B, and will be offeredin two fill volumes, 0.5 mg for pediatric
patientsand 1 mg for patients 12 years and older. Both pre-filled pen and auto-injectorare
further packaged in foil pouchesto prevent degradation from light exposure. The product is
intended forstorage at 25°C with an expiration period of 24 months. Short-term excursions are
permitted between 15° and 30°C (59° and 86°F). The product is not intended forstorage in the
refrigeratoror in the freezer.

Figure 1: G-Pen Configuration

Source: Figure 1, Non-clinical Introduction, eCTD-2.6.1

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

The formulation of G-Pen was modified between Phase 2 and Phase 3 clinical trials

(b)(4) during manufacturing. The applicant indicates that the Phase
3 formulation was developed to improve stability and simplify the manufacturing process. The
pharmacokinetics of the two formulations were compared in a rat study and foundto be
bioequivalent.

OPQ reviewedthe drug substance information, components associated with the primary
container closure system, extractables and leachables data. They concluded that the stability
data providedinthe application supported the compatibility of active ingredient with excipients
and container closure components. The final recommendation was that there are no
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outstanding deficienciesrelated to drug substance, drug product, microbiology,
biopharmaceutics environmental analysis, containerand carton label.

During a recentinspection of the drug product manufacturing site Pyramid Laboratories, Inc
(PLI). for this NDA, the field investigator observed objectionable conditions at the facility. Pre-
approval inspection (PAl) findingsindicated that finished drug testing methods do not conform
to the application. The impurity testing method specified inthe NDA has not been transferred
or run at the manufacturing site. Product testing conducted to date did not utilize the
applicationtest method (indicated during NDA filing). Therefore, the firm's current method
does not quantitate individual impurities as perthe NDA. This was conveyedto the
representative of the facility at the close of the inspectionand a FDA form 483 was issued. The
inspectorrecommended withholding approval of the NDA until thisissueis resolved. OPQ and
the Office of Process and Facilities (OPF) reviewers have therefore recommended a Complete
response. The review clock for the NDA was extended to September 10, 2019 due to a major
amendment (see section4.6). During this period, OPF re-evaluated the facility assessment
based on (i) 483 observations, (ii) Establishment Inspection Report (EIR) and other exhibitsfrom
the investigation, (iii) Pyramid Laboratories (PLI) response to the 483 and (iv) PLI response to
FDA’s Request for Additional Information senton June 26, 2019. The reviewer notesthat PLI
updated theirfinished drugtest methodsfor the proposed commercial product to align with
the NDA application test methods. PLI also qualified the impurities determination method and
provided the method qualification report. Based on these findings the OPF reviewer concluded
that Pyramid laboratoriesis deemed as acceptable as drug product manufacturer for the
current drug product. The office of Product Quality now recommends approval of the NDA.

4.3. Clinical Microbiology

For details refer to the Microbiology review by Dr. Renee Marcsisin dated March 18, 2019 in

Panorama.
. . b) (4
The drug product is sterile N
() (4)
. b) (4 .
The syringesand O )plungerstoppers are received ready-to-use.
. . . . b)@) . .
The microbiology reviewerassessed the containerclosure component information

and integrity of the containerclosure system during storage and handling. She also reviewed
the microbiological controls used in the drug product manufacturing process. This included
informationon N processing, drug product specification forsterility, containerclosure
integrity (dye ingress test), bacterial endotoxin method for release testing, O@alidation,
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depyrogenation O mediafill studies, hold times, and post-approval
stability commitmentto determine the microbiological quality of the drug product over the 24-
month storage period. She concluded that microbiological controls are adequate to support the
NDA and identified no deficiencies.

4.4. Nonclinical Pharmacology/Toxicology

Refer to the Pharmacology /Toxicology review by Dr. Elena Brathwaite dated May 2, 2019 in
DARRTs for additional details.

Toxicology, pharmacokineticand local tolerance studies were performed to compare
profilesfor G-Pen and Lilly glucagon and to qualify potential impurities after deliberate
degradation designedto simulate the product at the end of its shelflife.

As mentioned earlier, the applicantrelied on FDA’s finding of nonclinical safety of Lilly’s
Glucagon (glucagoninjection) (NDA 020928). As part of the scientificbridge forthis limited
purpose, the applicant conducted a 14-day repeat dose comparative toxicity study where rats
were treated with Xeris’s proposed glucagon product or the reference listed drug, Lilly’s
Glucagon (glucagoninjection) (NDA 020928). Both Xeris’s proposed product and Lilly’s
Glucagon were well tolerated and showed a comparable toxicological profile. A glucose
extension studyrevealedthatrats treated repeatedly with Xeris’s proposed product or Lilly’s
Glucagon had comparable increasesin blood glucose. The high dose (HD) Xeris glucagon-
treated rats had minimal to marked, reversible injection site reactions that appearedto be
more severe after the recovery period when compared to Lilly glucagon-treated rats. The
NOAEL for both Xerisand Lilly glucagon was the highest dose examined resultingina 19-fold
exposure multiple to the maximum recommended human dose (MRHD).

Both acute and sub-chronic studiesinrats indicate that Xeris and Lilly glucagon were well
tolerated and had similartoxicity profiles. Aunique findingin the liverafter treatment with
Xeris glucagon was noted (increased liver weights and liver weight ratios that correlated with
minimal to moderate glycogen-type vacuolation and minimal to mild subcapsular necrosis). The
non-clinical reviewerindicates thatthis has been previously reportedin the literature after
exposure to glucagon (Arstilaand Trump 1968) and is not thought to occur due to formulation
differences. Dr. Brathwaite recommends approval of G-Pen.

4.5. Clinical Pharmacology

Refer to the Clinical pharmacology review by Dr. Sang Chung dated May 10, 2019 in DARRTs for
additional details. Data from Studies 301 and 303 are discussed in Sections 6 and 7

Study 201:
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This was a randomized, Phase 2, double-blind, 3-way crossover study in healthy subjects. It
compared the safety, pharmacokinetics (PK), and pharmacodynamics (PD) of a single dose of G-
Pen (glucagon injection) administered as 0.5 mg and 1.0 mg injections, versus Lilly Glucagon for
injection [rDNA origin] 1.0 mg (reference). Each subject received a single subcutaneous (SC)
injectioninthe upper arm on each of the three treatment days, with a period of 3-14 days
between doses. A total of 30 subjects were enrolled and 28 subjects completed treatment.

Mean plasma glucagon levels by time and treatment are displayedinthe figure below. The plot
indicated variation with treatment, with Lilly 1.0 mg concentrations beinguniformly greater
than the Xeris 1.0 mg and Xeris 0.5 mg concentrations between 0.5 and 1 hour. The reason for
the difference in plasmaglucagon levelsis unclear. The applicant indicates that the
radioimmunoassay (RIA) method used to measure plasma glucagon levels also detects
glucagon-like peptides (GLP), and significantly greater peptide contentis observedin the Lilly
formulation, which utilizes recombinant glucagon. They speculate that the lower plasma
glucagon concentration with the G-Pen formulation was due to the purer syntheticglucagon
and lower content of glucagon-like peptides. However, the clinical pharmacology reviewer does
not agree with this speculationregarding cross-reactivity in bioanalytical methods. They
indicate that the GLP concentration in the Lillyformulationis expectedto be significantly higher
than the observedimpurity levels (in addition to endogenous GLP), and therefore does not
explainthe plasma glucagon difference.

Treatment groups differed significantly (p<0.001) with regard to mean glucagon AUC0-240
overall due to the increased mean (SD) glucagon AUC0-240 in Lilly 1.0 mg relative to Xeris 0.5
mg and Xeris 1.0 mg (Lilly 1.0 mg: 4781.7 [2222.9] pg-min/mL, Xeris 1.0 mg: 3259.9 [3447.5]
pg-min/mL, Xeris 0.5 mg: 2105.3 [2381.9] pg-min/mL).

Treatment groups also differed significantly (p<0.001) with regard to mean glucagon Tmax due
to the decreased mean (SD) glucagon Tmax in Lilly 1.0 mg relative to Xeris 0.5 mg and Xeris 1.0
mg (Lilly 1.0 mg: 18.8 [9.9] minutes, Xeris 1.0 mg: 37.6 [15.2] minutes, Xeris 0.5 mg: 33.3 [13.2]
minutes). These means were not pairwise bioequivalent.
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Figure 2: Mean plasma glucagon (ng/mL) by time and treatment
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Source: Figure 7, CSR for study 201.

The applicant claimed bioequivalence based on pharmacodynamic (PD) response. Plasma
glucose for subjects inthe three treatment groups, Xeris G-Pen (glucagon injection) 0.5 mg,
Xeris G-Pen (glucagoninjection) 1.0 mg, and Lilly Glucagon for injection [rDNA origin] 1.0 mg
plotted by time are shownin the figure below.

CDER Clinical Review Template
Version date: September 6, 2017 forall NDAs and BLAs

Reference ID: 4484864

31



Clinical Review

{Suchitra Balakrishnan, MD, Ph.D.}
{NDA212097}

{G-voke HypoPen and PFS, Glucagon injection}

Figure 3: Mean plasma glucose (mg/dL) by time and treatment
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Source: Figure 6, CSR for Study 201.

The applicant reports that treatment groups did not differsignificantly with regard to mean
glucose AUCo-240 in original or in natural log values (p>0.05 for all comparisons). Treatment
groups were pharmacodynamically equivalent with regard to the mean glucose AUC0-240. All
90% pairwise Cls for the ratio of means were containedin the interval of 0.80 to 1.25. All
treatment groups did not differsignificantly with regard to mean plasma glucose Tmax, and the
Tmax means were pairwise pharmacodynamically equivalent. The FDA clinical pharmacology
reviewer observed that following 1.0 mg Lilly glucagon apparent maximal drug effect (Emax)
was achieved based on the glucagon concentration- glucose response curve, but not following
G-Pen 1.0 or 0.5 mg. He speculates this may explainthe PD similarity with the significant PK
difference amongtreatments33.

Reviewer’s Comment: As indicated earlier in Section3.2, the applicant was advised that an
additional study to evaluate efficacy was required in the absence of PK bioequivalence.

The Al (configuration A) and the PFS (configuration B) met the pre-specified criteriafor
bioequivalenceinstudy XSGP 101 34: Inferential analyses were performed on plasma glucagon
AUC 0-240) and Cmax, and plasmaglucose AUC (0-240), Cmax, and Tmax in healthysubjects
administered Xeris glucagon 1 mg SC in the abdomenvia Al and PFS. Statistical analysis of

33 Clinical Pharmacology review by Dr.Sang Chung dated May 10,2019, DARRTs I1D4432084
CDER Clinical Review Template 32
Version date: September 6, 2017 forall NDAs and BLAs

Reference ID: 4484864



Clinical Review

{Suchitra Balakrishnan, MD, Ph.D.}
{NDA212097}

{G-voke HypoPen and PFS, Glucagon injection}

primary PK and PD parameters for glucagon demonstrated bioequivalence of glucagon PK and
PD between Configurations A and B using the pre-specified criteriaof  ©®% for geometric
mean ratios and confidence intervals.

The Clinical Pharmacology reviewerdid not identify any deficiencies and recommended
approval of the NDA.

4.6. Devices and Companion Diagnostic Issues

Refer to the Center for devices and Radiological Health (CDRH) review by Dr. Jacqueline Gertz
dated August 6, 2019 and Division of Medication Error Prevention and Analysis (DMEPA)
reviews of labelling and Human factors results by Dr. Ariane Conrad dated March 4, 2019 and
May 3, 2019 in DARRTSs.

CDRH reviewed the device constituent of the combination product for performance,
biocompatibility of the patient contacting components and release specifications forthe device
constituent. The CDRH reviewerhad sent multiple information requeststo the applicantabout
combination product reliability testing forthe auto-injectorincluding the fault tree analysis
(FTA) throughout the review cycle34. In a February 2018 communication, a reliability
specification 0of 99.999% for successful activation of the auto-injector (i.e. Failure to Fire) was
requested. The applicant was also advised to include in-use conditions such as injection through
clothing, activation orientation, etc. as part of the reliability study protocol. The initial FTA
provided by the applicantin the NDA submission had fundamental structural issues. On May 22,
2019, the FDA reviewer concludedthat the FTA neededto be restructured to address the
deficiencies. Aresponse was received on May 30, 2019, and the review clock was extended to
September 10, 2019 to review this additional information (major amendment). Two additional
issues were identified oninspection of the revised FTA: 1) Failure modes (for assembly defects)
with probability, P=1.0 without supporting explanation; and, 2) Inspection steps repeated
multiple times without explanation. Additional information requests were sent out by the CDRH
reviewersonlJuly 1, 2019 to clarify theseissues. The applicant’s responses for the reliability
analysiswere determined to be adequate by the CDRH reviewers. They have provided
additional comments to the applicant regarding maintainingthe faulttree analysisto assure
ongoing product reliability and other quality systemsissues. The requested changes to the
Standard Operating procedures (SOP) have been made and CDRH isrecommendingthat the
device constituent of the combination product is approvable for the proposed indication.

34 NDA212097GLycagon CDRH-ODE review, ICC 1800683, pages 17-35, 42-55 and Appendix A-section 13.4
(assessment of device reliability data-pages 55-63.
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The Applicant conducted Human Factors Validation Studies, whichincluded 75 participants who
were trained or untrained, and included 15 untrained adolescent caregivers, first responders
and other adult caregivers who were experienced with glucagon use or glucagon -naive.

DMEPA reviewersdid not identify any approvability issues and have provided
recommendations for the PI, Instructions for Use (IFU) and carton and container labelling. The
applicant has made the requested changesto the carton / container and foil pouch labeling.

4.7.Consumer Study Reviews

Not applicable.

5. Sources of Clinical Data and Review Strategy

5.1. Table of Clinical Studies

The clinical program included one Phase 1, two Phase 2, two controlled Phase 3 studiesin adult
subjects, and one uncontrolled Phase 3 study in pediatricsubjects. They were all single dose
studies. Except for the pediatric study, they were all cross-overstudies.
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Table 2: Listing of Clinical Trials

Trial Trial Design Regimen/schedule Study Objectives No. of patients,
Identity Study Population
XSGP-101 | Randomized, open-label, 2- | G-pen; 1 mg via Autoinjector (Al) or | Bioequivalence, PK/PD 32, Healthy adults
way cross-over pre-filled syringe (PFS), s.c.
XSGP-201 | Randomized, double-blind, G-Pen (0.5 mgand 1 mg)via PFS, Comparative PK/PD 30, Healthy adults
3-way cross-over Lilly Glucagon1 mg, s.c.
XSGP-202 | Randomized, open-label, 2- | G-Pen (0.5 and 1 mg), vial & Pilot study for hypoglycemia induction | 7, Adults with
way cross-over syringe, s.c. procedure, Safety, Efficacy Type 1 DM
XSGP-301 | Randomized, double-blind, | G-Pen (1 mg) via Al, Lilly Glucagon1 | Plasma glucose recovery from < 50 80, Adults with
2-way cross-over mg, s.c. mg/dL, Efficacy/Safety Type 1 DM
XSGP- Randomized, open-label, 2- | G-Pen (1 mg) via Al, Lilly Glucagon1 | Plasma glucose recovery from < 50 81, Adults with
303- way cross-over mg, s.c. mg/dL, Efficacy/Safety Type 1 DM
XSGP- Non-randomized, open G-Pen (0.5 mg) and G-Pen 1 mg Plasma glucose recovery from < 80 31, T1 DM
302- label (ages 12-18 ) via Al, s.c. mg/dL. (Pediatrics)
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5.2.Review Strategy

As previously discussed, this 505(b)(2) NDA applicationreferences the Agency’s previous
findings of safety and efficacy for the reference list drug, Glucagon for Injection (NDA 020928).
Both approved glucagon products (Glucagon for injection and GlucaGen) include noclinical trial
data other than PK/PD data in healthy volunteersintheir package inserts. These products are
also approved as diagnosticaids in radiologicexamination to temporarily inhibit movement of
the gastrointestinal tract (Glucagon injection or GlucaGen diagnostickit). Therefore, the safety
data includedinthe package insertare mainly post-marketing data, known pharmacologic
effects of glucagon and effects observedin patients with glucagonomas and other
neuroendocrine tumors.

Since study 201 failed to demonstrate PK bioequivalence, the applicant was advised to conduct
a controlled study evaluating the efficacy and safety of Xeris G-Pen 1 mg versus active
comparator. At that time, it was agreed that the primary endpointshould be the proportion of
subjectsachievingan increase in glucose over 70 mg/dL within 30 minutes of receiving study
glucagon and without receiving any other measure to increase the blood glucose levels. The
applicant conducted a pilot study to establish the procedure to induce controlled hypoglycemia
in patients with Type 1 DM (Study 202). This procedure and the limitationsinits
implementation forassessment of efficacy in real-world use will be discussed in sections 6 and
7.

The Efficacy review primarily involved review of the clinical study reports of phase 3 studies
submitted by the applicantand the Efficacy analyses conducted by the statistical reviewer.
During the clinical development program for Xeris G-pen, the division’s thinking was evolving
for endpoints used to establish efficacy for products intended forthe treatment of severe
hypoglycemia. It was feltthat in addition to an increase to an absolute blood glucose threshold
value of 70 mg/dl, a relative increase of at-least 20 mg/dL from baseline may be clinically
meaningful, especially fora patient with severe hypoglycemiawith nadir blood glucose values
well below 40 mg/dL. Additionally, this would be consistent with other recent glucagon
development programs. For this reason, the review of efficacy considered alternative
endpoints other than the pre-specified primary endpoint. Given that these are single dose
studies, safety information and analyses are limited to evaluation of the safety information
presentedinthe applicant’s clinical study report. Long-term safety data are lacking.

6. Review of RelevantIndividual Trials Used to SupportEfficacy

6.1. Study XSGP-301
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6.1.1. Study Design
Overview and Objective

Study 301 was an efficacy and safety study in patients with Type 1 DM comparing G-Pen to Lilly
Glucagon for induced hypoglycemiarescue in adult patients with Type 1 DM. The primary
objective of this study was to demonstrate the non-inferiority of G-Pen (glucagoninjection) 1
mg to Lilly Glucagon (glucagon for injection [rDNA origin]) 1 mgin Type 1 DM patients who are
in a state of insulin-induced hypoglycemia as assessed by the failure rate of plasma glucose to
exceed 70.0 mg/dL within 30 minutes of administration of treatment.

Trial Design

This was a single-dose, randomized, controlled, double-blinded, 2-treatment, 2-way crossover
comparative efficacy and safety studyin subjects with Type 1 DM.

Subjects were to complete the screening procedures up to 60 days before dosing to determine
eligibility before enrollmentto the treatment phase. Eligible participants were to undergo two
episodes of insulin-induced hypoglycemiaandinrandom order to receive G-Pen glucagon 1 mg
subcutaneously duringone episode and Lilly glucagon 1 mg subcutaneously during the other
episode.

Hypoglycemialnduction Procedure:

A combination of one or more IV bolus doses of insulinalongwith an IV infusion of insulin was
usedto decrease each subject’s plasma glucose to a target <50.0 mg/dL. For hypoglycemia
induction, the study utilized a comparatively lowerrate of insulininfusion (one to two times the
normal basal rate), compared to the description of the procedure cited in the literature3>. This
was combined with an intravenous bolus. The applicant’s rationale was that because hepatic
glucose production is determined by the plasma glucagon to insulin ratio, the procedure as
describedin the literature may not create realisticcircumstances for evaluating the
effectiveness of glucagon inraising blood glucose.

Starting plasma glucose level (via(b)(4) analyzer) was determined by taking 3 measurements over

30 minutes uponthe subject’sarrival at the Clinical Research Center (CRC) (i.e.,at 0, 15 and 30
minutes) to determine the subjects starting plasma glucose level. Afterthe third measurement
at 30 minutes, subjects were given an initial IV bolus push dose of regularinsulindilutedin
saline. A bolus dose of insulin was derived from the subject’s own self-reported glucose
correction factor and starting plasma glucose level. An additional bolus dose of insulin could be
givenas guided by the investigator’s experience if the trajectory of plasma glucose after 30

35 Nermoen |, JordeR, Sager G, SundsfjordJ and Birkeland K. Effects of Exercise on Hypoglycaemic Responses in
Insulin-Dependent Diabetes Mellitus. Diabetes & Metabolism.1998.24:131-6.

CDER Clinical Review Template 37
Version date: September 6, 2017 forall NDAs and BLAs

Reference ID: 4484864



Clinical Review

{Suchitra Balakrishnan, MD, Ph.D.}
{NDA212097}

{G-voke HypoPen and PFS, Glucagon injection}

minutes was > 60 mg/dL. An IV infusion of regularinsulindilutedinsaline was started. The
starting IV infusion rate was based on a subject’s normal daily basal dose of insulin (see table
below). Guided by experience and the subject’s HbAlc value at screening, the investigator
could adjust the starting basal rate at his discretion. As a guideline, increasing the basal

rate by 25% had to be considered for subjects with an HbAlc > 8.0%.

Table 3: Calculation of Starting IV Insulin Infusion Rate

Subjects on Insulin Pump Subjects on Long-Acting Injected Insulin

1. Discontinue the pump 1. Calculate the basal rate in units / hr.

(i.e., cumulative basal dose / 24 hrs.)

2. Start IV msulm nfusion at 2. Did the subject take their normal daily dose either the
1.5x the current basal rate evening before or the morning before the visit?
YES NO
3. Start IV mnsulin infusion 3. Start IV insulin infusion
at 1x the calculated basal at 2x the calculated basal
rate rate

Source Table 4, Protocol for XSGP301 v. 1.6

Thereafter, plasma glucose was determined every 15£5 minutes while the concentration was >
80.0 mg/dL and every 52 minutesonce it was < 80.0 mg/dL. Once an initial plasma glucose
measurement < 50.0 mg/dL was achieved, the IV insulininfusion was stopped, and a
confirmatory reading had to be obtainedin 5 minutes. If plasma glucose has risento > 50.0
mg/dL, the IV insulininfusion had to be restarted and the sequence repeated until there are
two consecutive plasma glucose readings < 50.0 mg/dL on record. Once the confirmatory
glucose < 50.0 mg/dL was obtained, the subject was to be treated subcutaneouslyinthe upper
arm, legor abdomen with either 1 mg Lilly Glucagon or 1 mg G-Pen. Plasma glucose was to be
measured every 52 minutes until 90 minutes post-dosing.

Hypoglycemia Rescue:

At any time post-dosingif a subject exhibited signs of coma or convulsions, or if plasma glucose
remained < 60.0 mg/dL at 30 minutes post-dosing,a 25 mL IV bolus dose of 50% dextrose was
to be given. Signsand symptoms had to be monitored and if the subject’s condition failed to
improve within 15 minutes, additional dextrose or other intervention could be given at the
discretion of the investigator.

At 240 minutes post-dosing, the subject was to resume pump therapy, if applicable, and
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givena meal. The subject could leave the clinicafter plasma glucose was confirmed to be
between 70 and 180 mg/dL.

Other Study Assessments:
The subject had to complete the Hypoglycemia Symptom Questionnaire at the followingtime
points (see below), which was also analyzed as a secondary endpoint:
e Just before the IV bolus push dose of insulin was given at the start of the hypoglycemia
induction procedure.
e Every time blood was drawn for evaluation of plasma glucose concentration during the
induction procedure.
e Just before study drug was administered.
e Every 52 minutesafter glucagon was administered, until all symptoms have abated
(i.e., all symptoms have score = 1) or 45 minutes post-dosing, whichever occurred first.

Table 4: Hypoglycemia Symptom Questionnaire

Neuroglycopenic Symptoms Severity Score (1-6)

Dizziness

Blurred vision

Difficulty in thinking

Faintness

Autonomic Symptoms Severity Score (1-6)

Sweating

Tremor

Palpitations

Feeling of nervousness

Overall Assessment of Hypoglycemia Yes/No

Do you currently feel hypoglycemic?

Source: Appendix 1, Protocol for XSGP301

Study subjectsalso completed the following (details will be discussedin section 8):
e AVisual Analog(VAS) questionnaire forinjection site discomfortat 10+5 and 30+5
minutes post-dosing, and again at 240+5 minutes post-dosingif VAS score reported at
30 minuteswas >0 mm.
e anlnjectionSite Discomfort Descriptionand Duration Questionnaire at 10£5 minutes
post-dosing. If discomfort was ongoing at 10 minutes post-dosing, the questionnaire
was be updated before the subject left the clinic.
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e The modified Draize scalesto assess erythema and edemaformation at the injectionsite
at 1045 and 30+5 minutesfollowingadministration and again at 2405 minutes post-
dosingif persistent.

A central laboratory was utilized foranalysis of all variables (including PK samples) with the
exception of urine tests.

Dose Interruption or termination: for any SAE that occurred in a subject receiving treatment
until causality was fully assessed by the Investigator. Dosing was to cease if the SAE was
determinedtobe eitherdrug related or unknown.

Blinding:

Both subject and investigator were to be blinded. The only unblinded study staff were

a pharmacist, and dependingon operational procedures at each site, one or more additional
trained study staff memberwhose only role was to administerthe glucagon (i.e., the
unblinded staff administersthe dose thenleavesthe room and does not participate inany
other study procedures). The subject’s ability to see the injection equipmentand procedure
was to be obstructed. The 1 mg G-Pen™ device makes a series of two audible clicks when the
dose isadministered. To help ensure blinding, the clinical staff were to move to an adjoining
room during the process of drug administration by the unblinded staff. If operational
considerations precluded leaving the room, the clinical staff was to look away and use means
(e.g., headphones, fingersin ears and humming, etc.) to mask sound during dosing procedures.
Blinding could be broken in emergency situations for reasons of subject safety.

Study Population:

Adult males or females diagnosed with type 1 DM for at least 24 months, C-peptide <0.5 mg/ml
and current usage of daily insulintreatmentthat includes havingan assigned “correction
factor” for managing hyperglycemia.

Significant Exclusion Criteria

1. Forwomen of childbearing potential, there was a requirementfora negative urine
pregnancy test and for agreementto use contraception and to refrainfrom breast
feedingduringthe study and for at least 1 month after the last dose of study drug.

2. HbAlc >9.0% at Screening.

Renal insufficiency (serum creatinine greaterthan 3.0 mg/dL).

4. Serum ALT or AST equal to or greater than 3 times the upperlimitof normal.

w
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5. Hepaticsyntheticinsufficiency as defined asa serum albumin of lessthan 3.0 g/dL; or
serum bilirubin of over 2.0 mg/dL.

6. Hematocrit of lessthan or equal to 30%.

7. Mean of triplicate BP readings at Screening where SBP <90 or >140 mm Hg, and DBP<50
or >90 mm Hg.

8. Clinicallysignificant ECG abnormalities.

9. Use of > 2.0 U/kg total insulin dose per day.

10. Inadequate bilateral venous access in both arms.

11. Congestive heartfailure, NYHA class II, lll or IV.

12. Active malignancy within 5 years from Screening, except basal cell or squamous cell skin
cancers.

13. Major surgical operation within 30 days prior to Screening.

14. Current seizure disorder.

15. Current bleedingdisorder, treatment with warfarin, or platelet count below 50,000.

16. Personal history of pheochromocytoma or disorderwith increased risk of
pheochromocytoma (MEN 2, neurofibromatosis, orVon Hippel-Lindau disease).

17. History of insulinoma.

18. History of allergies to glucagon or glucagon-like products, or any history of significant
hypersensitivity to glucagon or any related products or to any of the excipients (DMSO &
trehalose) inthe investigational formulation.

19. History of glycogen storage disease.

20. Subject tests positive for HIV, HCV or active HBV infection (HBsAg+) at Screening

Reviewer’s Comment: Inclusion and exclusion criteria are acceptable.
Study Endpoints

Primary endpoint:

Treatment success in this study was based on a primary endpoint of an increase in plasma
glucose concentration from below 50.0 mg/dL to greater than 70.0 mg/dL within 30 minutes
after receiving glucagon. This is discussed furtherin the statistical analysis plan.

Reviewer’s Comment:

This endpoint was agreed to in the EOP2 meeting after Study 201 failed to demonstrate PK
bioequivalence between G-Pen and Lilly Glucagon (see section 3.2). The applicant proposed an
alternative end-point post-hocin a statistical analysis plan version dated August 7, 2017, which
is discussed with the study results. This was not included in the last version of the protocol dated
March 16, 2017.

The secondary endpoints for this study include:
e Pharmacodynamic endpoints, including: plasmaglucose AUC, Cmax, Tmax and
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time to reach >70.0 mg/dL will be compared between the treatment groups.

e Symptoms of hypoglycemia (if present) as documented using the hypoglycemia
symptom questionnaire

e Pharmacokineticparameters include: descriptive analysis of AUC, Cmax and Tmax of
the different ethnicities.

o Safety-related parameters

Statistical Analysis Plan
Please refer to the statistical review for additional details.

Study Populations:

The intent-totreat (ITT) population was defined as all subjectsrandomized. A subject’s
randomized treatment was to be used for analysis regardless of the actual treatment received.
The modifiedintent-totreat (mITT) population was defined as all ITT subjectswho

received at least one dose of study medication and will be analyzed as administered.

The mITT population was to be usedfor all analyses exceptthe safety analyses.

The Per-protocol (PP) population was the mITT population, excluding the subjects who

have at least one major protocol violation. The safety population was defined as all subjects
randomized who received at least one dose of study medication. However, the actual
treatment received was to be used for analysis.

Efficacy Analysis- Primary Endpoint:

The primary comparison was to be performed using the intent-to treat (ITT) cohort defined as
all subjects randomized to one of the two sequence groups: G-Pen followed by control, or
control followed by G-Pen. A failure for eithertreatment was to be recorded if plasma glucose
remains < 70.0 mg/dL throughout the 30-minute period from the drug administration.

The followingscoring systemwas to be appliedtoall subjectsin the ITT cohort. If a G-Pen
failure is observedthen the treatment failure score = 1; similarly the control failure score = 1 if
a control failureis observed. If the G-Pen treatment outcome is missing, then the treatment
failure score = 0.2. A missing control outcome yields a control failure score = 0.1. An observed
successful plasma glucose rising above 70.0 mg/dL within 30 minutesyields a failure score =0,
for eithertreatment. Therefore, all subjectsin the ITT cohort were to have G-Pen and control
failure scores.

The G-pen acceptance criterion was to be based on the sample mean of the treatment minus
control failure scores from each subject inthe ITT population. If Dht is the sample mean of the
G-Pen minus control failure difference, and SE is the estimated standard error of Dht (square
root of the estimated G-Pen minus control variance divided by the sample size), thenthe G-Pen
was to be accepted provided:
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Dht +2.6 SE<0.1.

According to the applicant:

“This criterion, particularly the value 2.6, came from Monte-Carlo simulations from selected
scenarios where the population G-Pen failure rate exceeded the control rate by EZ; Under these
circumstances the rate of G-Pen acceptance was foundto be within R using this criterion,
with missing data rates within 83% This bound of @@ on the type 1 error rate was observed
for control failure rates up to Eﬁ% Monte Carlo simulation rather than asymptoticnormality is
n:ces(g)ary because an observed failure from either G-Pen or control is expected to be low, less
than @.”

Sample size calculation:

Using the above criterion, the applicant reported that a calculated sample size of 75 subjects
yields probabilities of G-Pen acceptance of over EZ’% if the population failure rates of G-Pen and
control are equal, and the rate of missingobservationsis within @6. These results were
obtained using Monte Carlo simulations with G-Pen and control total failure rates up t | %, and
with G-Pen success -Control failure, or G-Pen failure -Control success within 8% Eighty subjects

were to be randomized at 8 clinical sites.

Protocol Amendments

The last version of the protocol (v 1.6) was dated March 16, 2017. The major change inthe
Statistical analysis plan (dated August 8, 2017) was made after the data from Study 301 were
known. In this version, an alternative endpoint was included by the applicant where a failure is
defined asan eventwhere plasma glucose of a subjectremains < 70 mg/dL or increased less
than (not equal to) 20 mg/dl throughout the 0-30 minute period from the administration of
study drug. This was proposed since non-inferiority to Lilly glucagon was not achieved with the
ITT population, and will be further discussed with the study results.

This is also discussed under section4.1. Alsoreferto section6.1.2 for discussion.
6.1.2. Study Results
Compliance with Good Clinical Practices

The Applicant states that all studies were conducted in full conformance with the ethical
principles of Good Clinical Practice (GCP) as required by the major regulatory authorities,and in
accordance with the Declaration of Helsinki.

CDER Clinical Review Template 43
Version date: September 6, 2017 forall NDAs and BLAs

Reference ID: 4484864



Clinical Review

{Suchitra Balakrishnan, MD, Ph.D.}
{NDA212097}

{G-voke HypoPen and PFS, Glucagon injection}

Financial Disclosure

The Applicant certifies they have a completed financial disclosure form on file forall listed
principal and sub-investigators who participated in the six clinical trials of G-Pen. They state
that none of them reported disclosable financial arrangements or information.

Patient Disposition

In total 132 subjects were screened, and eighty subjects were randomized in this cross-over
study and includedinthe ITT population (see table below). All 80 subjects (100.0%) received at
least one dose of study drug. Seventy-seven subjects (96.3%) received the randomized G-Pen
treatment and 78 subjects (97.5%) received the randomized Lilly Glucagon treatment; of the
subjectsrandomized to receive G-Pen, one subject (1.25%) received treatmentinthe reverse
order, one subject (1.25%) received Lilly Glucagon at both visits and one subject withdrew from
the study.

As per protocol the mITT population was defined as all ITT subjects who received at leastone
dose of study medication and will be analyzed as administered. The applicant included 78
patients on G-Pen and 79 patientswho received Lilly glucagonin the mITT analysis.

The Per-protocol (PP) populationis the mITT population, excludingthe subjects who have at
least one major protocol violation. The applicantalso defined a revised Per-Protocol
population. This isfurther discussed in the section below.
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Table 5: Summary of Patient disposition, Study-301

Disposition G-Pen 1 mg Lilly Glucagon 1
n (%) mg

n (%)
Randomized 80 (100) 80 (100)
Intent-to-Treat 80 (100) 80 (100)
Randomizedtreatment received, analyzed as treated 77 (96.3) 78 (97.5)
Reverse treatment sequence, analyzed as treated 1(1.3) 1(1.3)
Incorrect treatment received, (data censored) 1(1.3) 0
Missed visits (missing data not imputed) 1(1.3) 1(1.3)
Modified Intent-to-Treat Population (mITT) 78 (97.5) 79 (98.8)
Randomized treatment received - Protocol violations 6 (7.5) 4 (5.0)
(Primary Endpoint imputed)
Pre-specified Per-Protocol Population (PPPROT ) 71 (88.8) 74 (92.5)
Revised Per-Protocol Population (RPPROT) 76 (95.0) 77 (96.3)

(Source: Adapted from Table 14.1.1.2 and 14.1.1.3, CSR for XSGP-301)
Protocol Violations/Deviations

In the SAP a major protocol violation was defined as having any bolus dose within 20 minutes of
glucagon injection or when the basal rate was increased < 20 minutes pre-glucagon whenthe
glucose dropping rate of change was > 1mg/dl/minute. Four patients receiving Lilly glucagon and
six patients receiving G-pen were excluded from the pre-specified PP population due to this
violation. Inthe final CSR (which was finalized after study completion), the applicant included a
“revised” PP population where a major protocol violation was redefined asonly having an increase
in basal rate insulin dose within 20 minutes of glucagon injection, but included those subjects who
had received a bolus dose within 20 minutes of glucagon injection. Only two subjects (Patient ID 8
®®) \vere excluded from the revised per-protocol population based on this re-definition.

On review of the subject listing, some of the listed deviations were due to lack of completion of
some pages in the informed consent, lab shipment issues, late blood draw due to iv access issues,
. . . . . .. . - (b)
blood draws drawn after window time period, incorrect glucagon site administration, original = (s
reading printout not retained, vital signs recording, drug storage temperatures and PK sample
handling. These violations and deviations should not significantly impact interpretation of the

efficacy and safety results.
Demographic Characteristics

The median age of subjects randomized was 45.5 years (range: 18.0 to 74.0 years), 45.0% of the
subjects were female. The majority of the subjects were White (73 subjects [91.3%]). Mean (SD)
weight was 83 (20.2) kg and mean BMI 28 (6.2) kg/m?2.
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Other Baseline Characteristics (e.g., disease characteristics, important concomitant drugs)

Concomitant medications were consistent with those used in patients with Type 1 DM and the
subjects’ medical history.

Treatment Compliance, Concomitant Medications, and Rescue Medication Use
Not relevantsince this was a single dose study
Efficacy Results — Primary Endpoint

Of 80 subjects randomized, 78 and 79 subjects were includedinthe mITT population for G-Pen
and Lilly, respectively. Of these, 74 subjects (94.9%) and 79 subjects (100%) had plasma glucose
> 70 mg/dL within 30 minutes after administration of G-Pen and Lilly Glucagon, respectively.
Based on the test result of the difference of failure scores (calculated as discussedinthe SAP),
G-Pen did not satisfy the non-inferiority criterion for Lilly Glucagon for the ITT and Pre-Specified
PP population. The applicant states that the non-inferiority criterion was satisfied forthe
“revised” PP population as defined above (see protocol violations/deviations). Thisincluded 76
subjectsin the G-Pengroup and 77 subjectsin the Lilly Glucagon group.

Table 6: Test Result of the Difference of Failure Scores — Dht

Dht SEp(ht) Dht+2.6 x SEp(ht) Non-inferiority
’ ‘ ‘ Criterion
ITT population O Not Satisfied
Pre-specified PP Population Not Satisfied
Revised PP population | 0.043 | 0.022 | 0.099 | satisfied
Dht -the sample mean of the G-Pen minus control failure difference, and SEp) - the estimated
standard error of Dht

Source: table 10 and table 14.2.2.1, CSR for Study 301

Proposed alternative primary endpoint:

Since the study failed to meetthe pre-specified primary end-point, the applicant proposed an
alternative endpointinthe SAP finalized on August 8, 2017 afterunblinded review of the study
data. For thisend-point, failure is defined asan event when plasma glucose of a subject
remains< 70 mg/dL or increased less than (not equal to) 20 mg/dl throughout the 30-minute
period from the administration of study drug. Seventy-six subjects (97.4%) and 79 subjects
(100%) had plasma glucose > 70 mg/dL or an increase in plasma glucose = 20 mg/dL within 30
minutes after administration of G-Pen and Lilly Glucagon, respectively. Based on the test result
of the difference of failure scores, G-Pen did satisfy the non-inferiority criterion to Lilly
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Glucagon for the alternate primary glucose response endpointfor the ITT, prespecified and
revised PP populations (see table below).

Table 7: Test Result of the Combined Glucose-Response Endpoints Using Alternate Endpoint—

Dhtex
Analysis Set Dhtex SED(htex) Dhtex+2.6 x Non-inferiority
SEb(htex) Criterion
ITT population 0.029 0.018 0.075 Satisfied
Pre-specified PP Population 0.039 0.019 0.087 Satisfied
Revised PP population 0.030 0.018 0.077 Satisfied

Dhtex -the sample mean of the G-Pen minus control failure difference for the alternate endpoint
and SEpntex) - the estimated standard error of Dhtex
Source: table 11, table 14.2.2.2, CSR for Study 301

The applicant attributes the failure to meetthe pre-specified primary end-pointto low plasma
glucose values from the induction procedure. They state that the procedure relied heavily on
investigator discretion. Insome cases, the investigatorsinfused an excessive amountof insulin
and evenincreasedinsulininfusion rateswhenthe plasma glucose rate was on target at 1
mg/(dL*min). According to the applicant, this undercut the ability to achieve the desired steady
state, and about a third of the procedures across the treatment groups had glucose
concentrations less than 40 mg/dL post- insulin dosing.

Reviewer’s Assessment of G-Pen failures:

I did note that as indicated by the applicant, several subjects had a nadir glucose value below 40
mg/dL. This often occurred 5 -10 minutes post-glucagon dosing. However, this also happened
during some Lilly Glucagon treatment sequences, and can be expected during real-use
conditions. It possibly reflects the continued effects of insulin on board; the time lag for
glucagon effects (glucose release from hepatic glycogenolysis), which could vary between
treatment sequences depending on dose of insulin used for induction, nutritional status of the
patient etc.; and the additional delay in the efficacy response for G-Pen compared to Lilly
Glucagon. In order to confirm this, an information request was submitted to the applicant on
April 5, 2019. The applicant responded on April 17, 2019. In their response, they listed pre-dose
and post-dosevalues up to 15 minutes for G-Pen and Lilly glucagon for individual subjectsin a
side-by side comparison (Listing 16.2.6.1.6, Study XSGP-301). Notably, the five patients whose
pre-dose blood glucose was less than 40 mg/dL in the G-Pen or Lilly glucagon dosing sequence
had a robust glucose response to both Lilly glucagon and G-Pen (see table below). It was also
noted that, in general, a greater increase in blood glucose compared to pre-dosevalues (or a
higher nadir value) was observed with Lilly glucagon compared to G-Pen in the imnmediate post-
dosing time points.
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Table 8: Glucose values for subjects with pre-dose glucose < 40 mg/dL

subjid Pre-Dose BG Nadir BG-Post BG- 30 minutes Change in BG at
(mg/dL) dose (mg/dL) (mg/dL) 30 min (mg/dL)
Lilly G-Pen Lilly G-Pen | Lilly G-Pen Lilly G-Pen
O 208 39.7 38.7 |37 111 | 99.2 702 | 59.5
37.4 43.5 55 50.6 137 148 99.6 104.5
33.7 48.5 68.1 58.5 136 127 102.3 78.5
47.2 37.2 55.9 41.8 140 87.7 92.8 50.5
46.8 29.7 52.6 40.7 145.7 | 120.9 98.9 91.2

Source: Statistical reviewer’s analyses and Table 16.2.6.1.1

The glucose values of the four subjects who failed to meetthe primary endpointare shown
below. Of these, only subject ®@ \yas excluded from the pre-specified and revised PP
populationfor an increase in basal insulin rate within 20 minutes of glucagon injection by at-
least 20%, as discussed under protocol violations/deviations. Itis notable that among the G-pen
treatment failures, one subject (b)(e)), who had a post-glucagon injection nadir glucose value
of 26.2 mg/dl at 10 minutes, which suggests excessinsulin from the insulininfusion may have
playeda rolein lowering blood glucose beyond the set glucose threshold. All other patientsin
the G-pentreatment failure group had nadir glucose values post-glucagon dosing over37 mg/dl
(see Table below), but their post-dose blood glucose values did drop from pre-dose values.
However, | did note that with the exception of patient ®® \who also had an increase of
around 18 mg/dL from nadir, all others had an increase of over 20 mg/dL from their nadir
glucose value post-dose by 30 minutes, and reached a blood glucose over 70 mg/dL by 45 min.
These results are consistent with the greater time lag for the glucagon effects with G-Pen
compared to Lilly glucagon. In addition, the clinical pharmacology revieweralso confirmed that
all four subjects had detectable glucagon levelsthat were within observed variability (see figure
below). Therisk from this delay can be mitigated by a statementunder the indications section
of the Pl advising caregivers/patientsto call for emergency assistance soon after administration
of G-Pen when instructed about G-Pen use.
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Table 9: Blood Glucose values for G-Pen Failures, mITT Population

subjid | Pre-Dose BG Nadir BG-Post BG- 30 minutes Change in BG at 30
(mg/dL) dose (mg/dL) (mg/dL) min (mg/dL)
G-Pen | Lilly G-Pen | Lilly G-Pen | Lilly G-Pen Lilly
O 24 422|382 40.4 |63.6 | 123 19.6 80.8
43.5 43.2 40.5 43.2 65.1 100 21.6 56.8
42.7 46.0 26.3 40.2 56.1 80.5 13.4 34.5
44.9 45.4 39.8 44.3 57.8 105.1 12.9 59.7

Source: Statistical reviewer’s analyses and table 16.2.6.1.1

Figure 4: Glucagon PK profile for the G-Pen Failures in the mITT Population

Glucagon concentration-time profiles for 4 subjects with failed to achieve the primary
endpoint: Study 301
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Source: Generated by Clinical Pharmacology Reviewer Dr. Sang Chung

The study did not meetits pre-specified end-point, but the alternate primary endpoint
proposedis consistent with the primary endpointbeingusedin other development programs
for glucagon for the treatment of hypoglycemia. Asdiscussedin 6.1.1, efficacy has to be
interpreted predominantly based on the pharmacodynamic (blood glucose) resultsin this study
(and phase 2 studies) incomparison to the reference product, since evaluation under
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conditions of indicated use (hypoglycemiawith impaired consciousness or seizures) is not
feasible. Inaddition, other supportive analyses conducted by the applicant and the statistical
reviewerare supportive of effectiveness, albeitalessrapid increase in glucose, which will be
discussed further below underadditional analyses conducted by the applicantand the FDA and
in Section7.

Data Quality and Integrity

Also refer to Section 4.1 and the OSI review by Dr. Cynthia Kleppinger dated May 2, 2019 in
DARRTSs.

As discussedin Section 4.1, the inspectional findings of clinical site 2 (ProSciento Inc.,) noted
observed regulatory deficiencies. For Study 301, there were 33 subjects screened at thissite
and 20 subjects enrolledinto the study; 19 subjects completed the study. For both Study 301
and 303, source documentation was captured on paper worksheets, handwritten progress
notes, and site coordinators relied on EZ; glucose analyzer printoutsto complete hardcopy
worksheets created by ProSciento. The data from the worksheets and questionnaires was then
transcribed into the electronicdata capture system (EDC).

At the conclusion of the inspection a form FDA-483 was issued for the following deficiencies:
an investigation was not conducted in accordance with the investigational plan. Specifically,
confirmatory plasma glucose (PG) measurements were not performed 5 minutes after the
initial PG measurement< 50 mg/dL in 14 of 20 subjects, as required by protocol XSGP-301. On
review of the data sample presented, confirmatory blood glucose was measures within 1-2
minutes. In addition, electroniccase report forms (eCRF’s) for two of twenty subjectsenrolled
in XSGP-301 did not accurately reflect pre-dose plasma glucose (PG) values obtained by the site
(49.7 vs 48.4 mg/dl;38.0 mg/dL vs.47.3 mg/dL). These were noted to be isolatedinstances. It
was feltthat these deviations would not significantly impact study results. A response to the
Form FDA 483 observations was received March 8, 2019 and determined to be adequate.

Efficacy Results — Secondary and other relevant endpoints

The secondary endpoints specifiedin the protocol were predominantly PK/PD endpoints, and
endpoints related to symptomatic relief of hypoglycemia, with no pre-specified multiplicity
adjustments. The applicant also conducted exploratory analyses of other endpoints. Results
relevantto interpretation of efficacy are discussed here.

Pharmacodynamic / Pharmacokinetic Results:
The plasma glucose response was consistent with the results reportedin Study 201 (see section
4.5). The applicantreported PK data only for G-pen in this study.
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Similarresults were observed for mean plasma glucagon Cmax, Tmax, and AUC values by
Ethnicity/Race, when evaluated forthe first 12 subjects receiving actual G-Pen injection. Mean
plasma glucagon concentration (G-Pen glucagon) over time was highestwhen administeredin
the abdomen, followed by the arm, followed by the legfrom approximately 20 to 60 minutes
after administration.

Comparison of Treatments with Regard to Time (Minutes) to First Plasma Glucose > 70 mg/dL
(mITT Population):

The applicant did compare treatments with regard to time to first plasma glucose > 70 mg/dL in
the mITT population using a mixed model with treatment, period and sequence as terms.
Subjectsin the Lilly Glucagon treatment group reached glucose levels of 70 mg/dL faster than
subjectsin the G-Pentreatment group (Lilly Glucagon: 14.23 [4.258] minutes, G-Pen:19.86
[8.508] minutes; p<0.0001).

Symptomatic relief of hypoglycemia:
Also refer to the clinical consult review from the Clinical Outcomes Assessment (COA) Staff dated
May 30, 2019.

As discussedin section 6.1.1, individual subject data for symptoms of hypoglycemiawere
captured using a hypoglycemiasymptom questionnaire (HSQ) that measured severity scores (1
to 6) for each of 4 Neuroglycopenic(ANS) Symptoms (dizziness, blurred vision, difficulty in
thinking, and faintness), each of 4 Autonomic(AAS) Symptoms (sweating, tremor, palpitations,
and feeling of nervousness), and an Overall Assessment of Hypoglycemia (“yes” or “no” answer
to “Do you currently feel hypoglycemic?”).

The symptom scores results were consistent with glucose effects, and patients attained
minimum symptom scores (i.e. asymptomaticwith resolution of symptoms - all ANS and ATS
symptoms have score =1) around 2 minutes earlieron Lilly glucagon (see table below).

The applicant reports that time to first subject report of “No hypoglycemia” did not differ
significantly between treatment groups.
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Table 10: Summary of Time (minutes) to the Minimal (Neuroglycopenic, Autonomic and
Total) Score Post Baseline Modified Intent-to-Treat Population

Severity Scores G-Pen(N=78) Lilly (N=79)
ANS; Mean (SD) 16.7 (10.2) 14.3 (9)
AAS Mean (SD) 16.0 (11.5) 14.2 (9.4)
Average Total Score (ATS), Mean (SD) 19.8 (11.7) 17.0 (8.9)

Source Table 14.2.1.5.2, CSR for study 301

The validity of the questionnaire and interpretation of the data is furtherdiscussedin the COA
team’s review. The COA reviewers noted inadequaciesin conduct (i.e. completion of the
symptom questionnaires) since they were completed by study staff frequently and not the
patient. The reviewers conclude that the HSQ appears to have face validity interm of including
symptoms that are related to hypoglycemiaevents. However, itis inappropriate for use as a
patientreported outcome (PRO) measure in the context of induced hypoglycemiato assess
symptoms as patientsin a state of or recovering from hypoglycemia may not be able to provide
reliable ratings of their symptoms either physically or verbally. Therefore, no conclusions can be
made from the results. Please see Dr. Susan Pretko’s review for additional details3®.

Dose/Dose Response

Not applicable for this study, since only a single G-Pen dose was evaluated
Durability of Response

Not applicable.

Persistence of Effect

Not applicable.

Additional Analyses Conducted on the Individual Trial

Will be discussedin Section 7.

36 Clinical Outcome Assessment Staff Review dated May 30,2019, DARRTs ID 4436263
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6.2. Study XSGP303

6.2.1. Study Design
Overview and Objective

This was a non-inferiority, randomized, open-label, single (subject) blind, 2-way crossover
comparative efficacy and safety studyin 81 adult subjects with Type 1 DM. This study was
initiated by the applicant after completion of Study 301. The primary objective of this study was
similarto Study 301: demonstrate the non-inferiority to Lilly Glucagon 1 mg with regards to the
primary endpoint of a return to plasma glucose >70 mg/dL within 30 minutes.

Trial Design

The study design differed from Study 301 in that the induction procedure was preceded by an
overnight period of blood glucose optimization with modificationsto the insulin administration
algorithm, as well as an open label design. According to the applicant, about 30% of the
procedures performed in XSGP-301 study resulted in plasma glucose (PG) <40 mg/dL. To
achieve more precisionin achievinga steady state of PG below 50 mg/dL, individual procedure
data from the XSGP-301 study were fitted to a model of insulin action allowingidentification of
opportunities foralgorithm enhancements. The algorithm was modified accordingly and tested
in the model of the procedures representing a broad spectrum of subjects.

Reviewer’s Comment: It appears that this procedure was designed to avoid the post-dose
decline in PG below 40 mg/dL observed in study 301.

The study involved two daytime clinical research center (CRC) visits 7-28 days apart, with
random assignment to receive G-Pen™ glucagon 1 mg during one period and Lilly Glucagon 1
mg during the other. In this study, each daytime visit was preceded by an overnightstay in the
CRC. A continuous glucose monitor (CGM) ( O@ {5 be provided by Xeris) was placed.
Instead of placing a CGM, at Investigatordiscretion, blood glucose could be assessed
periodically duringthe overnight stay via 4 model analyzer. After midnight, the Investigator
had to optimize blood glucose within a target range of 80.0-150.0 mg/dL through the
administration of IV insulin and glucose. If operational considerations at a site preclude IV
administration of insulin overnight, no catheter was placed, and oral glucose tablets and the
subject’sown insulininfusion pump or subcutaneousinsulin was to be used to optimize blood
glucose within a target range of 80.0-150.0 mg/dL.

In the morning of the inpatient study visit, CGM data was reviewed and verified to be not < 60

or greater than 270 mg/dL overnightto be confirmed eligible for continuation into the insulin
induction procedure. The subject had to continue fastingthe morning of the procedure.
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Baseline euglycemicsteady state period began when the plasma glucose was confirmedto be
within range of 70-270 mg/dL. IV insulin was to be administered to maintain the plasma glucose
withinthe range of 75-115 mg/dL for 30 minutes. If the plasma glucose had been maintained
withinthe range of 75-115 mg/dL for at least 30 minutes and the insulininfusion rate varied no
more than +/- 20%, the induction procedure may commence.

For the induction, the starting plasma glucose level was to be determined as the average of
three (4 measurementstaken over the final 30 minutes of the baseline steady state period.
The following procedures were then undertaken:

1. Subjects continued the IV insulininfusion at the final rate of the baseline euglycemicsteady
state.

2. Subjects were then givenan initial IV bolus push dose of regular insulindilutedinsaline:

a. The dose was calculated as 75% of the dose estimated to reduce plasma glucose from the
subject’s starting plasma glucose level to 50 mg/dL based on the subject’s self-reported glucose
correction factor. This dose was referredto as “1 bolus (full bolus dose)” subsequently. The
Investigator could use discretionto decrease the amount of the calculated bolus dose based
upon the subject’sinsulin sensitivity factor. However, the Investigator was not allowed to
increase the amount of the bolus dose.

b. PG was measured every 5 to 10 minutes, dependingonthe PG value (see Table below).

c. The firstinsulin adjustment was to be made no earlierthan 20 minutes afterthe initial bolus
but had to otherwise follow the directions forinsulinadjustments shownin Table 11 below.

Adherence to the insulin dose adjustment algorithm was to be facilitated by real time data
capture on computers. One laptop was to be used for entry of glucose valuesas the
measurements became available from the @& glucose analyzer. The other laptop was to display
the induction procedure, glucose values, insulin bolus doses, andinsulininfusion rate data, to
provide guidance on appropriate insulin dosing changes based on the subject’s glucose
trajectory.

The IV insulininfusion could be stopped when the plasma glucose first reached <50 mg/dL, or,
guided as per the insulin dosing algorithm, when plasma glucose was > 50 mg/dL. Five minutes
after this first plasma glucose <50 mg/dL, a confirmatory second plasma glucose reading
(plasmaglucose <50.0 mg/dL) had to be obtained. The Investigatorhad to determine whethera
hypoglycemicsteady state has been achieved, which was defined astwo consecutive plasma
glucose values between 43.0 and 49.9 mg/dL, and a linearly extrapolated 8-minute later glucose
value > 42.0 mg/dL. If plasma glucose was not in a steady state, the subject’s plasma glucose
had be rechecked at a subsequent 5-minute interval. If this second confirmatory glucose was >
42.0 mg/dLand alinearly extrapolated 8-minute later glucose value > 42.0 mg/dL was obtained,
the subject was deemedto be within a hypoglycemicsteady state.
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If the second confirmatory plasma glucose measurementwas < 42.0 mg/dL, the subject could
not be administered study glucagon, had to be treated instead with IV glucose or oral
carbohydrates at the Investigator’s discretion, verified to be euglycemic, and their visit
rescheduled aftera minimum 7-day wait.

The clinical study protocol gave the investigatordiscretion to override the hypoglycemia
induction algorithm and made the investigatorthe final arbiter of whethera subject had
achieved a hypoglycemicsteady state. This “decisionto dose” on behalf of the investigatorwas
documentedin real time usingthe computerized Medication Adherence and data entry system
implemented ateach site.

Table 11: Insulin Dose Adjustments, Study 303

(mPg(‘ill) (lfl(\;l) )Iei;:;,-tlsll:?;eut T];::;gztﬂl‘ll:;essf Insulin Bolus Criteria Insulin Basal Rate Adjustment Criteria
=80 4.4 10 min >30 mg/(dl*hr) | If PG decrease < 9 mg/(dl*hr) | If PG decrease <30 mg/dl*hr (<1.67 mM/hr);
i o ‘ (-1.67 mM/hr) (<0.5 mM/hr): give 1 bolus increase 20% (15 min)

If PG decrease <30 mg/dl*hr (<1.67 mM/hr);
61-50 3444 5 min 30 mg/(dl*hr) | If PG decrease < 9 mg/(dl*hr) increase 20% (15 min)
o i ) (1.67 mM/hr) (<0.5 mM/hr); give 1/2bolus | 1f PG decrease >60 mg/dI*hr (>3.33 mM/hr);
decrease 25% (15 min)
If PG decrease <9 mg/dl*hr (<0.5 mM/hr);
increase 20% (10 min), or set at 120% of
previous rate if previously stopped or decreased
15 me/(dlI*hr) by 50% (5 min)
SA. R 5 i - =4 F .
36-60 3133 - . (0.83 mM/hr) Not allowed If PG decrease »30 mg/dl*hr (>1.67 mM/hr);
decrease 50% (5 min)
If PG decrease >60 mg/dl*hr (=3.33 mM/hr);
Stop (5 min)
If PG decrease <9 mg/dl*hr (<0.5 mM/hr);
increase 20% (10 min). or set at 120% of
) ) 15 mg/(dl*hr) previous rate if previously stopped or decreased
50-55 2.8-3.1 5 min. (0.83 mM/hr) Not allowed by 50% (5 min)
If PG decrease =30 mg/dl*hr (=1.67 mM/hr);
Stop (5 min)
<50 <2.8 5 min. 0 Not allowed Stop

Source: Table 4, Protocol forstudy 303, V1.2

Aftera hypoglycemicstate was verified, similarto Study 301, the subject was eligible toreceive
eitherG-Penor Lilly Glucagon in a randomized treatmentsequence. In this study only the
subjectwas blinded to study drug. The time of this “decision to dose” by investigatorand actual
administration had to be documented. Plasma glucose levels had to be monitored for 180
minutes post-dosing.

The applicant justified the single blind design since the requirement forinvestigators and staff
to leave the clinicarea to maintain double-blinding caused delaysin dosing, leadingto nadir
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glucoses< 40 mg/dlin 30% of subjects, and longerresponse timesfor both groups. Given that
the primary endpoint of plasmaglucose is an objective laboratory assessment, on balance, it
was feltthat a single-blind design was preferable. This design also allowed comparison of
treatment preparation time between the arms, somethingthat would have further delayed
doingina double-blind setting.

Reviewer’s Comment: The justification fora single blind design seems acceptable. Limitations
related to study design i.e. applicability to conditions of real use still apply, with the added
caveat that the nadir blood glucose (and insulin on board) was additionally controlled in this
study, but cannot be controlled in actual conditions of severe hypoglycemia. The applicant
recently submitted a response to an information request which listed decision -to dose,
algorithm predicted 8 minute blood glucose and post-dosevalues up to 15 minutes for G-Pen
and Lilly glucagon forindividual subjects in a side-by side comparison (Listing 16.2.6.1.6, Study
XSGP-303). The algorithm appeared to underestimate the immediate post-dose blood glucose
values compared to the higher values actually observed. This can be expected, possibly because
the algorithm only considered insulin effects. However, these higher blood glucose values were
observed to a larger extent for Lilly glucagon treatment sequence. This will be further discussed
in section 6.2.2.

Study Endpoints

The prespecified primary endpoint was similarto study 301, and was an increase in plasma
glucose concentration from below 50.0 mg/dL to greater than 70.0 mg/dL within 30 minutes
after receivingglucagon.

The following secondary response endpoints were to be assessed

1. Return of plasma glucose to > 70 mg/dL or neuroglycopenicsymptomaticrelief within

30 minutes afterreceiving glucagon.

2. Return of plasma glucose to >70 mg/dL or an increase in plasma glucose by >20 mg/dL
within 30 minutes after receiving glucagon.
Increase in plasma glucose by = 20 mg/dL within 30 minutes after receiving Glucagon
Neuroglycopenicsymptomaticrelief within 30 minutes after receiving Glucagon
Number of subjects having glucose >70 mg/dL within 30 minutes of receiving glucagon
Pharmacodynamic parameters
Hypoglycemia mean symptom scores, symptom relief, time to minimal score
Glucagon preparationtime defined as the time between “decision to dose” and time of
study drug administration to the abdomen.

©® NV AEW

Statistical Analysis Plan

The intent-totreat (ITT) population was defined as all subjects randomized. A subject’s
randomizedtreatment was be used for analysis regardless of the actual treatment
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received.

The Per-protocol (PP) population for this study was defined as all randomized patients who,
during both study periods, successfully complete the insulininduction procedure, fulfill the
criteria for havingachieved a hypoglycemicsteady state, and successfully receive a dose of both
study drugs (G-Penfollowed by Lilly Glucagon, or Lilly Glucagon followed by G-Pen).

Protocol time zero was based on eitherreceiving glucagon or decision to dose:

e Receivingglucagon: TO = actual time stamp of glucagon injection

e Decisionto dose: TO = actual time stamp when dose decisionis made
For any continuous (number) variable, the value at the protocol time was to be determined by
linearinterpolation between the two adjacent time points.
For any categorical (text) variable, the value at the protocol time was to be determined using
the nearestvalue:

e Protocol time 5 - 85: -2 minute to +3 minutes

e Protocol time 90: -2 minute to 15 minutes

The analysis plan was similarto Study 301 exceptfor a minor variationin the G-pen acceptance
criterion. The sample mean of the G-Pen minus control failure difference (Dht) was to be
accepted provided Dht + 2.8 SE < 0.1, which also came from Monte-Carlo simulations. | deferto
the statistical reviewer’sassessment foracceptability.

The applicant also states that a sample size of 85 randomized subjects yields probabilities of G-
Penacceptance of ?3%, if the population failure rate differences of G-Pen and control are
within 8%, and the rate of missingobservationsiswithin Efi)%

Protocol Amendments

There were no significantamendments for this study.

6.2.2. Study Results

Patient Disposition

Of the total 123 subjects screened, 81 were randomly assigned to a treatment sequence. Of
the 81 randomized subjects, 76 (93.8%) completed G-Pen treatment and 78 (96.3%) completed
Lilly Glucagon treatment. Of the 6 (7.4%) subjects who terminated early, 2 (2.5%) withdrew
from the study before the first treatment (one due to the subject’s decision to withdraw and
one due to the investigator’s decision to withdraw) and 4 (4.9%) withdrew from the study
before the second treatment reported as due to subject decision.
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Protocol Violations/Deviations

There were 8 major protocol violations. Six subjects failed to complete both treatments and
two subjectsfailed to meetthe definition of hypoglycemiasteady state prior to dosing at either
treatment visits. One subject ®®@ had an extrapolated glucose of 35 mg/dL and the other
subject ®€ had a value of 60 mg/dL. Consistent with the SAP, these eight subjects were
excludedfromthe PP analyses.

Although one of the confirmatory glucose values was < 43 or > 49.9 mg/dl, in some instances
the investigator made a determination of steady state based on an extrapolated 8-minute value
> 42 mg/dl. These were reported as minor deviations for nine subjects and a major deviation
for subject ®® 35 described above. Among the nine subjects reported as a minor deviation,
the extrapolated 8- minute value was over 49.9 mg/dLin 4 subjectsand over 48 mg/dL inthree
subjectsrespectively.

Other minor deviations reported were similarto study 301. There were reports of some sites
using theirown version of the GOLD scale (hypoglycemia unawareness questionnaire for
screening) or DRAIZE scale for skin/injection site reactions. These violations did not have a
significantimpact on the interpretation of the efficacy or safety results.

Demographic Characteristics

Subjectsin this study were youngerwith a lower mean weightand BMI as compared to Study
303. The mean (SD) age of subjectsin thisstudy was 38.2 (14.6) years, 54% were male and
87.7% were white. Mean (SD) weight was 78.3 (9.6) kg and BMI was 26.2 (3.8) kg/m2.

Other Baseline Characteristics (e.g., disease characteristics, important concomitant drugs)

Concomitant medications were consistent with those used in patients with Type 1 DM and the
subjects’ medical history.

Treatment Compliance, Concomitant Medications, and Rescue Medication Use
Not applicable since this was a single dose study.
Efficacy Results — Primary Endpoint

In the SAP, The ITT population was defined as all subjects randomized. There were 81 subjects
randomly assigned to one of two treatment sequence groups. In the final CSR, this ITT
population was used for analysis regardless of the actual treatmentreceived for the primary
endpointand the four binary response secondary endpoints; an outcome was imputed for
missing visits. For the remaining secondary efficacy endpoints, the ITT analysis population
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consisted of the total of 76 (93.8%) subjects who completed G-Pentreatment and 78 (96.3%)
subjects who completed Lilly Glucagon treatment.

The PP population was defined as all randomized subjects who, during both study periods,
successfully completed the insulininduction procedure, fulfilled the criteriafor having achieved
a hypoglycemicsteady state, and successfully received a dose of both study drugs (G-Pen
followed by Lilly Glucagon, or Lilly Glucagon followed by G-Pen). Eight randomized subjects
were excluded from the PP population due to failure to complete both treatments or failure to
meetthe definition of hypoglycemiasteady state prior to dosing at eithertreatmentvisit.

Analysis of the sample means of the difference of failure scores between treatments, where
failure was defined as plasma glucose remained £ 70 mg/dL from 0 to 30 minutes after
glucagon injection based on Time from Receiving Glucagon and Time from Decisionto Dose is
shown inthe table below. Similarto study 301, Dht isthe sample mean of the difference of the
success/failure scores between the two treatments (derived for each subject from the
treatment score minus the control failure score). As defined in the SAP, G-Pen is noninferior, if
Dht + 2.8 x SED(ht) < 0.1. G-Pensatisfiedthe non-inferiority criterion comparedto Lilly
Glucagon inthe ITT population based on both Receiving Glucagon time and Decision to Dose
analyses. Similarfindings were observedinthe PP population.
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Table 12: Analysis of the Primary Endpoint (ITT Population)

Dht SED(ht) | Test Critical | Non-
Statistic | Value | Inferiority
Analysis Based on Time from 0.009 0.005 0.022 0.1 Yes
Receiving Glucagon Treatment
Analysis Based on Time from 0.009 0.005 0.022 0.1 Yes
Decision to Dose

Source: Table 14, CSR for study 303

However, on review of numberand percentages of subjects with plasmaglucose > 70 mg/dL
within 30 minutes, it was evident that more subjects achieved a plasma glucose>70 mg/dL
earlierwith Lilly glucagon. This is consistent with the results of Study 301. At leasttwice the
number of subjects attained a value over 70 mg/dl within 10 minutes with Lilly glucagon
compared to G-Pen. This was noted both from time from receiving glucagon treatment and
from time from decision to dose analyses (although the magnitude of the difference was
decreased for the evaluation based on time from decision to dose).

Table 13: Number and Percentage of Subjects with Plasma Glucose > 70 mg/dL within 30 Minutes
After Glucagon Treatment (ITT Population)

Subjects with Plasma Glucose >70 mg/dL within 30 Minutes
after Treatment n (%)
G-Pen (N=76) Lilly Glucagon (N=78)
Time Point | Cumulative Time Point | Cumulative
Time (minutes) from Receiving Glucagon Treatment
5 0 0 2(2.6) 2(2.56)
10 25(32.9) 25(32.9) 56(71.8) 58 (74.4)
15 35(46.1) 60(78.9) 20(25.6) 78 (100)
20 12 (15.8) 72(94.7) 0 78 (100)
25 4(5.3) 76 (100) 0 78 (100)
30 0 76 (100) 0 78 (100)
Time (minutes) from Decision to Dose
5 0 0 0 0
10 14 (18.4) 14 (18.4) 29(37.2) 29(37.2)
15 37(48.7) 51(67.1) 45 (57.7) 74 (94.9)
20 21(27.6) 72(94.7) 4(5.1) 78 (100)
25 4(5.3) 76 (100) 0 78 (100)
30 0 76 (100) 0 78 (100)

Source: Table 16, CSR for study 303
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Data Quality and Integrity

Refer to the OSl review by Dr. Cynthia Kleppinger in DARRTs for additional details.

Data integrity issues specificto Study 303 are discussed here. Issuesfor the clinical program in
general, includingthe contract research organization ®@ are discussedin Section 4.1. The
same methodsfor data documentationin Study 301 were employed for Study 303, in addition
to electronicsystems/software provided by . During
treatment visits, site personnel used a pair of linked laptops provided by O@ for real-time data
entry. One of the laptops was configured for personnel to enterblood draw timesand plasma
glucose valuesin real time. The other laptop was used by investigators to enter the decision
times for dosing and amounts of insulin doses. A time stamp was created when a user clicked
an application button, such as “blood draw”. This system was called “Medication Adherence
(MA)” by P9 The MA system recorded procedures timesin hours, minutes, and seconds. Sites
were asked to keep back-up paper records of blood draw times, as well as insulin doses and
times. In the case that basal or bolus doses were not entered in real-time (of which some
instances were noted by the inspector), the site was to use theirpaper source to enterboth the
dose and time.

Afterentry of plasma glucose values, the computer software generated source data, including
the algorithm predicted 8-minute plasma glucose value that was relied on by the site to make
glucagon dosing related decisions. As discussed in Section 4.1, the data entered and generated
by ®@ “Nedication Adherence” software was not retained at the site, and was not available
for review during the site inspection since the laptops were returned to the CRO @@ \Without
the data it was not possible to verify during the inspection whetherthe site followed or
deviated from dosingrecommendations made by the “Medication Adherence” software, or to
verify the accurateness of data entry or the software’s dosing recommendations. Using the
calculation provided by ®® and discussed during the FDA site inspection, all 8-minute
extrapolated values were manually verified by Clinical site 2 for all subjects. In addition,
followingthe site inspections, during the N inspection, this source data, including the
algorithm predicted 8-minute plasma glucose value stored in the B laptops was inspected.
There was no indication during the inspection that data had been altered from the original
output and no otherissueswere identified on review of the data audit trail.

As mentioned earlier, OSl’s final recommendation was any regulatory deficiency observed was
unlikely tosignificantly impact efficacy or safety analyses and the study data generated are
consideredreliable.

Efficacy Results — Secondary and other relevant endpoints
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As mentionedinthe discussion of secondary endpoints forstudy 301, the applicant analyzed
several endpoints related to the symptomaticrelief of hypoglycemia. These are not reviewed
for the same reasons cited in Section 6.1.2 for Study 301.

Return of Plasma Glucose to > 70 mg/dL or an Increase in Plasma Glucose by = 20 mg/dL Within
30 Minutes After Receiving Glucagon and Decision to Dose:

The alternate primary endpoint proposed post-hocin Study 301, was analyzed as a pre-
specified secondary endpointinthis study, both based on time from receiving glucagon
treatment and decision to dose. Essentially, these results were identical to the primary
endpointresultsfor this study (see Table 14 below and Table 12).

Table 14: Analysis of the Sample Means of the Difference of Failure Scores Between Treatments:
Failure Defined as Plasma Glucose Remained < 70 mg/dL and Increased < 20mg/dL from 0 to 30
min after Glucagon Injection (ITT Population)

Population Dhtex SEp(htex) | Test Critical Non-
Statistic | Value: Inferiority

Analysis Based on Time from Receiving Glucagon 0.009 0.005 0.022 0.1 Yes

Treatment

Analysis Based on Time from Decision to Dose 0.009 0.005 0.022 0.1 Yes

Source: Table 20, CSR for study 303.

Time to First Plasma Glucose Value > 70 mg/dL and Time to Plasma Glucose Increase > 20 mg/dL:
Subjectsin the Lilly glucagon group achieved plasma glucose > 70 mg/dL, 3.6 and 2.6 minutes
faster on average (ITT population), comparedto subjectsin the G-Pen group, based on
Receiving Glucagon and Decision to Dose, respectively. Inthe analysis based on time from
receiving glucagon, the LS mean difference (SE) in first observed plasma glucose concentration
of > 70 mg/dL (3.557 [0.395]) was statistically significant (p < 0.0001) with 95% confidence
interval (2.899, 4.214) between treatment groups. Similarresults were observed for mean time
for subjectsto achieve to plasma glucose increase >20 mg/dL: subjects inthe Lilly glucagon
group achieved plasma glucose increase of at least 20 mg/dL, 3.4 and 2.4 minutes faster on
average (ITT population), compared to subjectsin the G-Pen group, based on Receiving
Glucagon and Decisionto Dose, respectively.

Table 15: Summary of the Mean Time (minutes) to Reach First Plasma Glucose 70 mg/dL
Concentrations or Reach Plasma Glucose Increased by 20 mg/dL by Treatment (ITT Population)

Treatment

G-Pen | Lilly Glucagon

Receiving Glucagon Treatment

Mean (SD) Time (minutes) to Reach First Plasma Glucose 70 mg/dL 12.17(3.604) | 8.58(2.026)

Mean (SD) Time (minutes) to Reach Plasma Glucose Increased by 20 | 11.36(3.345) | 8.02(1.856)
mg/dL
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Decision to Dose

Mean (SD) Time (minutes) to Reach First Plasma Glucose 70 mg/dL 13.27(3.678) | 10.70(2.262)

Mean (SD) Time (minutes) to Reach Plasma Glucose Increased by 20 | 12.46(3.436) | 10.14(2.116)
mg/dL

Source: Adapted from Tables 32 and 33, CSR for Study 303

Pharmacodynamic (PD) results:
Only PD results (not PK) were analyzed in this study. PD results were consistent with prior
studies.

Dose/Dose Response

Not applicable, since only a single dose of G-Pen was evaluated.
Durability of Response

Not applicable.

Persistence of Effect

Not applicable.

Additional Analyses Conducted on the Individual Trial

For this study, the applicant conducted an analyses of glucagon preparation time by CRU staff.
As expected, on average, preparation time for G-Pen was less than 30 seconds, compared to more
than 90 seconds for Lilly Glucagon (see table below). It is certainly feasible that the differences in
preparation time would be longer in a real-world use setting, specifically by non-medical personnel,
but actual data to support this assumption is not available.

Table 16: Analysis of Mean (SD) Glucagon Preparation Time (Seconds) by Treatment

Stopwatch Time (PP population) Stopwatch Time ITT population)
G-Pen Lilly Glucagon G-Pen Lilly Glucagon
27.1 (20.02) 96.5 (45.50) 27.3 (19.66) 97.2 (45.06)

Source: Table 43, CSR for study 303

Statistical Reviewer’s Assessment of Algorithm Performance:

The induction procedure in this study was designedto avoid low nadir glucose value post-
dosing, using the algorithm predicted 8-minute glucose value. As a result, pre-dose glucose
values were higher inthis study and several subjects had baseline glucose values over 50
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mg/dL. Based on the statistical reviewer’s assessment, the mean (95% Cl) pre-dose glucose in
study 301 was 44.8 mg/dL (44.1-45.6) for G-Pen and 45.2 mg/dL (44.6-45.8) for Lilly glucagon.
In study 303 the mean (95% Cl) pre-dose glucose was 47.7 mg/dL (47.2-48.2) for G-Pen and 48.7
mg/dL (48.2-49.3) for Lilly glucagon.

The algorithm estimated 8-minute values appeared to predict lowerblood glucose than what
was actually observed (i.e.the immediate post-dose blood glucose values were usually higher
than the algorithm estimated 8-minute values). Thisis not unexpected, likely because the
algorithm only considered insulin effects. However, higheractual blood glucose values, at the 5
and 10 minute time points, compared to the algorithm predicted 8-minute glucose values were
observedto a larger extent for Lilly glucagon treatment sequence compared to a post-dose
value for G-pen, especially atthe 10-minute time point (see graphs generated by statistical
reviewerbelow). This may be related to the pharmacodynamically slowerresponse with G-Pen
compared to Lilly glucagon.
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Figure 5: Algorithm Predicted 8-minute Blood Glucose Valuesvs. Actual Values at 5 and 10
Minutes Post-Dose- Study 303.
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Source: Generated by Statistical reviewer, Dr. Anna Kettermann

Reviewer’s Assessment:

This study met the pre-specified endpoint of an increase in plasma glucose concentration from
below 50.0 mg/dL to greater than 70.0 mg/dL within 30 minutes after receiving glucagon. In
addition, the study also met the pre-specified secondary endpoint of return of Plasma Glucose to
> 70 mg/dL or an Increase in Plasma Glucose by > 20 mg/dL Within 30 Minutes After Receiving
Glucagon. The revised insulin algorithm resulted in higher baseline glucose values pre-dosing
compared to study 301. However, a delay in the efficacy response with G-Pen by 3-4 minutes
compared to Lilly glucagon was also observed in this study. The overall evidence for efficacy
based on data from both studies will be further discussed in Section 7.

6.3 Study XSGP 302

6.3.1 Study Design

Overview and Objective

This was an uncontrolled, phase 3 study to evaluate the glucose response of G-Penin pediatric
patients with Type 1 DM to fulfill and Initial Pediatric Study Plan (iPSP). The primary objective of
this study was to assessthe increase in plasma glucose from baseline to 30 minutesin subjects
in a low normal glycemicstate after injection of an age-appropriate dose of G-Pen™ (glucagon
injection), in each of three age groups (2.0-<6.0 years, 6.0-<12.0 years and 12.0-<18.0 years) for
pediatricpatients with type 1 DM.

Trial Design

This was an uncontrolled, phase 3 efficacy and safety study in pediatricpatients with Type 1
DM. Subjects had to be administeredinsulintoinduce a low normal glycemicstate and then
received an age appropriate dose of G-Pen ina clinical research center (CRC) or comparable
setting. Subjects ages 2-<12 had to complete a single treatmentvisitand receiveda 0.5 mg
dose of G-Pen. Subjects ages 12-<18 were to receivea 1 mg dose of G-Pen™ at an initial
treatment visit, and were giventhe 0.5 mg dose at a second visitoccurring 1-4 weeks later.

A low-normal glycemicstate (target PG< 80 mg/dL) was induced. Given the ethical issues
associated with hypoglycemiainductionin children, this was appropriate. For subjects using
injectioninsulintherapy, a combination of one or more bolus doses of insulin alongan infusion
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of insulinwas used. The insulininfusion had to be stopped once the plasmaglucose was <80
mg/dL. For subjects usingan insulin pump, the basal rate had to be increased until the target of
< 80 mg/dL is reached. A priming bolus equal to approximately 1 hour of basal insulin could be
given at the investigatordiscretion.

For all subjects, plasma glucose levels were measured usinga bedside rapid glucose analyzer
( O@ or equivalent). Duringthe insulininfusion, glucose levels were measured no more
than 10 minutes apart while the plasma glucose level was 2100 mg/dL and no more than 5
minutes apart whenthe plasma glucose level was <100 mg/dL.

Aftera confirmatory plasma glucose of <80 mg/dL was obtained at least 5 minutes after
stoppingthe insulininfusion, the subject was treated subcutaneouslyin the upperarm, legor
abdomen with the age-appropriate dose of G-Pen administered by subcutaneousinjection.

Blood glucose levels were monitored for 90 minutes post-dosing. Aftera wash-out period of 7
to 28 days, subjectsages 12.0-< 18.0 returned to the clinicand the procedure had to be
repeated with each subject crossed over to the other treatment. Subjects had to complete age-
appropriate questionnaires concerninginjection site discomfort.

The pediatricdoses were chosen based on weight-exposure modeling from Study 201, which
indicated the appropriate transition from a pediatric 0.5 mg dose to the adult 1 mg dose was
about 40 to 45 kg, as the exposure achieved with the 0.5 mg dose at that weightexceeded the
exposure achieved witha 1 mg dose in a 70 kg subject. The transitionto the 1 mg dose at 40 to
45 kg correspondedto the average weightat approximately 12 years of age.

Study Population:

This study was conducted in pediatric patients aged 2 to < 18 years with Type 1 DM diagnosed
for at least 6 months at screening. Exclusion criteria were similarto the adult studies.

Study Endpoints

The primary endpointfor this study was an evaluation of change in plasma glucose following
treatment with G-Pen, with an emphasis on baseline to 30 minutes postdosing. Secondary and
safety endpoints were similarto the adult studies.

Statistical Analysis Plan:

In the Phase 2 study XSGP-201, healthy normal adults were dosed with G-Pen after an
overnight fast with baseline plasmaglucose values that were similarto the target (< 80 mg/dL)
planned for this study. The mean increase in glucose at 30 minutes post-dosing was
approximately 35 mg/dL (SD = 18). Based on these findings, the applicant estimated that a
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sample size of 6 subjects per cohort had been chosento provide 90% power to detectan
increase of plasma glucose from baseline to 30 minutes after treatment, assuminga type 1
error rate of 5%.

All endpoints had to be analyzed descriptively within each of the 3 age groups. Last observation
carried forward (LOCF) was to be applied for subjects who drop out before 30 minutes post-
dosingor who otherwise have missing primary endpoint data (e.g. missed blood draws). In
additionto the descriptive summary, a simple t-test was to be used to compare the glucose
change from baseline to zero change within each of the 3 age groups.

6.3.2 Study Results

Patient Disposition

Thirty-one subjects were enrolled in this study, of which 7 subjects were in the 2 to < 6 years age
group, 13 subjects were in the 6to < 12 years age group, and 11 subjects were in the 12 to< 18
years age group. All enrolled subjects completed all scheduled treatments.

Protocol Violations/Deviations

Most protocol deviations (24 subjects, 114 deviations) were due to PK or plasma glucose
specimens collected outside of the window for the timepointand were classified as minor.
Others were due to procedure/assessment not performed as per protocol (12 subjects), not
performed (5 subjects) or visit/procedure conducted outside of window (3 subjects). There was
one protocol deviation categorized as major. This deviationinvolved astudy nurse who was not
documented on the G-PEN training log as having received “hands on training” with the G-PEN
device. Thisnurse did review a power-point training presentation with instructions on device
use and observe the administration of the study dose. The deviations reported did not affect
interpretation of study results.

Table of Demographic Characteristics

The median ages of enrolled subjects in each age group were 5.3 years (2 to < 6 years group), 11.4
years (6 to < 12 years group), and 15.6 years (12 to < 18 years group). As shown in the table below,
the majority of subjects in each age group were White. Mean (SD) body mass index (BMI) and
duration of diabetes increased with mean age. The primary insulin delivery modality was insulin
pump in each age group.
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Table 17: Demographic and Baseline Characteristics by Age Group

Variable Age Group

2to< b6 years 6to< 12 years 12 to <18 years

(N=7) (N=13) (N=11)
Age, Years, Mean (SD) 4.96(1.10) 9.95(2.25) 15.48(1.58)
Gender-Male-n% 2 (28.6) 8 (61.5) 5 (45.5)
Race, White- n% 5(71.4) 12 (92.3) 11 (100.0)
BMI Kg/m2, Mean (SD) 17.05(1.55) 17.63(4.01) 24.39(5.35)
Duration of Type 1 DM (years), Mean 2.06(1.24) 4.97(3.03) 4.67(2.99)
(SD)
HbA1c-%, Mean (SD) 7.84(0.77) 7.83(0.99) 8.20(1.14)
Primary Insulin Modality (Pump)- n% 6 (85.7) 11 (84.6) 10(90.9)
Average daily Insulin dose by pump - 13.5(4.4) 30.8(10.2) 70.9(27.2)
units, Mean (SD)

Source: table 8, CSR for study XSGP-302

Other Baseline Characteristics (e.g., disease characteristics, important concomitant drugs)

Disease characteristics were consistent with pediatricType 1 DM.

Treatment Compliance, Concomitant Medications, and Rescue Medication Use
Not applicable, since this was a single dose study.
Efficacy Results — Primary Endpoint

Statistically significantincreasesfrom baseline in mean plasma glucose were observedin each
age group (p < 0.001 for all groups) at 30 minutes following administration of an age-
appropriate dose of G-Pen (see table below). The responses observedin the age group between
12 <18yrs were of a smaller magnitude with both the 0.5 or 1 mg dose, but still adequate from
a clinical perspective.

CDER Clinical Review Template 69
Version date: September 6, 2017 forall NDAs and BLAs

Reference ID: 4484864



Clinical Review

{Suchitra Balakrishnan, MD, Ph.D.}
{NDA212097}

{G-voke HypoPen and PFS, Glucagon injection}

Table 18: Plasma Glucose Before and 30 Minutes After Administration of G-Pen by Age Group

Age Group G-Pen dose Plasma Glucose (mg/dL), Mean (SD) [Min — Max]
Baseline 30 minutes Change

2 to< 6 years 0.5mg 68.1 (8.3) 149.6 (15.2) 81.4 (18.3)

(N=7) [55-77.5] [130-174] [59-111.5]

6 to < 12 years 0.5mg 71.6 (7.6), 155.8 (26.5), 84.2 (25.3),

(N=13) [51.5-78.5] [107-203] [43-126]

12 to< 18 years | 0.5 mg 75.7 (1.9), [72- 128.1 (20.5), 52.4 (19.8),

(N=11) 77] [95-155] [23-79]

12 to< 18 years | 1 mg 75.5 (3.6), 129.5 (29.5), 54.0 (27.3),

(N=11) [65-78] [70-163] [5-88]

Source: table 9 and 10, CSR for study XSGP-302
Secondary and other relevant endpoints.

Pharmacodynamic endpoints:

Glucose Exposures (AUCo-90) were lower inthe 12< 18 years age-group with both doses
compared to the younger age groups with a longer time taken for mean increase of plasma
glucose over 25 mg/dL (2 to < 6 years, 6 to < 12 years, and 12 to < 18 years age groups :16.4, 16.2,
and 23.6 minutes, respectively). The exact reason for the lowerglucose AUCo.90 and slower
response is unclear. This group had highermean BMls. However, Plasma glucagon exposuresin
the 12< 18 years age-group at the 1 mg dose were comparable to the youngerage-groups (see
Figure 6).
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Table 19: PD Endpoints and Time to Increase> 25 mg/dl from Baseline by Age-Group.

Age Group | G-Pen Summary | Cmax tmax (Mmin) | AUC(0-90) Baseline- Timeto
Dose Statistics (mg/dL) (min*mg/dL) | adjusted increase
AUC 090 by2 25
(min*mg/dL) | mg/dL
a from
Baseline
(minutes
2to<6 0.5mg N 7 7 6 6 7
years Mean (SD) | 202.29 66.6 (10. 14440.83 8147.71 16.4(3.78)
(35.938) | 52) (2114.856) | (2162.379)
6to<12 0.5mg N 13 13 12 12 13
years Mean (SD) | 216.31 68.5 14392.27 8001.59 16.2 (4.63
(51.162) | (15.33) (2698.354) | (2510.799)
12t0<18 [ 0.5mg N 10 10 10 10 11
years Mean (SD) | 212.10 78.2 13809.58 7042.85 23.6(5.95)
(40.619) | (11.55) (2096.187) | (2011.071)
12t0<18 [ 1.0mg N 11 11 11 11 11
years Mean (SD) | 19[(.00 81.2 13105.45 6377.54 23.6(9.51)
(56.974) | (14.91) (3025.700) | (2700.448)

Source: table 10 and 11, CSR for Study XSGP-302

Pharmacokinetics (Plasma Glucagon):

In contrast to the PD effect, administration of 0.5 mg G-Pen in the 12 to < 18 years age group
resulted in lower mean plasma glucagon levels compared with 1 mg G-Pen (see figure below).
Mean (SD) plasma glucagon Cmax was 2.3 (1.08) ng/mL, 1.6 (0.84) ng/mL, 1.1 (0.49) ng/ml and 1.9
(1.18) ng/mL in the 2 to< 6 years, 6 to< 12 years, 12 to < 18 years (0.5 mg) , and 12to < 18 years
age (1Img) groups, respectively. Mean (SD) plasma glucagon tmaxwas 41.4 (12.82) minutes, 33.8
(14.96) minutes, 40.4 (15.38) and 51.0 (22.96) minutes in the 2 to < 6 years, 6 to< 12 years, 12 to <
18 years (0.5 mg) and 12 to < 18 years age groups (1 mg), respectively. Mean (SD) plasma glucagon
AUC(0-180) was 138.9 (77.59) ng/mL*min, 104.7 (55.24) ng/mL*min, 73.4 (28.05) ng/mL*min and
134.3 (56.03) ng/mL*min in the 2 to < 6 years, 6to < 12 years, 12 to < 18 years (0.5 mg)and 12 to <
18 years (1 mg) age groups, respectively.
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Figure 6: Mean (SE) Plasma Glucagon at Each Time Point for Age/Dose Group
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Source: Figure 4, CSR for study XSGP-302

The applicant indicates that these results support a dose of 1 mg G-Penfor the 12 to < 18 years
age group as this dose resultedinsimilarexposure as the younger cohorts who were treated
withthe age-appropriate dose (0.5 mg G-Pen). This conclusionis acceptable.

Dose/Dose Response

Differencesinthe PD and PK response with the 0.5 and 1 mg dose in the 12< 18 years age-
group are discussedinthe prior section.

Durability of Response

Not applicable.

Persistence of Effect

Not applicable.

Additional Analyses Conducted on the Individual Trial

Not applicable.

Reviewer’s Assessment: The study provides evidence of a pharmacodynamicresponse to
glucagon (increase in plasma glucose) with G-Pen. Limitations include an uncontrolled design
and reduction of blood glucose to low normal values, as induction of hypoglycemia would not be
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feasible or ethical to evaluate in a pediatric population. Although the PD response to G-Pen was
of a lower magnitude in the 12-18 years age-group compared to other age groups, the PD
response was still statistically significant and clinically acceptable.

7. Integrated Review of Effectiveness

7.1. Assessment of Efficacy Across Trials

The applicant conducted two single-dose efficacy and safety trials (XSGP-301 and 302) inadults
to support this 505(b)(2) application, since PK bioequivalence tothe RLD was not establishedin
Phase 2 study 201.

The applicant conducted Study 302, an uncontrolled, single dose, sequential efficacy and safety
study in pediatricsubjects with Type 1 DM to fulfill the PSP requirement. The results for Study
302 have beendiscussedin Section6.3.2. | will only discuss results from the controlled studies
301 and 303 inSections 7.1 and 7.2 for the integrated assessment of Efficacy, since the primary
endpointand study design were differentin Study 302.

7.1.1. Primary Endpoints

For the Integrated Summary of Efficacy, the applicant conducted a pooled analyses of subjects
from Studies 301 and 303 combiningthe mITT population from study 301 and the ITT
population from study 303. Of the subjects treated with G-Penin these studies, 97.4% of the
pooled patients achieved a plasma glucose level > 70 mg/dL within 30 minutes for the mITT
populationand 98% for the PP population compared to 100% with Lilly Glucagon.

Table 20: Number of Subjects with Plasma Glucose > 70 mg/dL Within 30 Minutes of Dosing:
Adult Phase 3 Type 1 Diabetic Subjects

Pooled Analysis (301, 303)

miTT Per Protocol
Time Point G-Pen (N=154) Lilly (N=157) G-Pen (N=150) Lilly (N=153)
Within30 mins 150(97.4) 157(100.0) 147 (98.0) 153(100.0)
post-dose

Source: ISE Table 3.2.1 and 3.2.2

The pre-specified primary endpoint proposed was agreed upon in the end-of Phase 2 meeting
(see Section 3.1). At that time, the division’s thinking was evolving regarding the appropriate
endpointthat would be clinically meaningful forglucagon products under clinical development
in the absence of PK equivalence to the approved products. It was feltthat in additionto an
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increase to an absolute blood glucose threshold value of 70 mg/dl, a relative increase of at-least
20 gm/dL from baseline may be clinically meaningful, especially fora patient with severe
hypoglycemiaand nadir blood glucose values well below 40 mg/dL. Also, thiswould be
consistent with otherrecent glucagon development programs. This alternative primary
endpointis further discussedin Section 7.1.2.

7.1.2. Secondaryand Other Endpoints

The Applicantevaluated several secondary endpoints, which included a combined glucose-
response endpoint (an increase in plasma glucose concentration > 70 mg/dL or increased > 20
mg/dL within the 0 to 30-minute period after study drug administration). As discussedin
Sections 6.1.2 and 6.2.2, thisendpointwas proposed post-hoc by the applicant for Study 301
and as a prespecified secondary endpointin Study 303. There was no adjustmentfor
multiplicity. The non-inferiority criteria were satisfied for thisendpointin both studies.

In the pooled analyses of studies 301 and 303, 98.7% had a plasmaglucose > 70 mg/dL or an
increase of > 20 mg/dL within 30 minutes compared to 100% with Lilly Glucagon.

Table 21: Efficacy Results for Proposed Alternate Primary Endpoint: Number of Subjects with
Plasma Glucose > 70 mg/dL or 2 20 mg/dL Increase Within 30 Minutes of Dosing: Adult Phase
3 Type 1 Diabetic Subjects, mITT population.

EndPoints-Within 30 mins post-dose Pooled Analysis (301, 303)
G-Pen (N=154) Lilly (N=157)
Plasma Glucose > 70 mg/dL or = 20mg/dL Increase 152 (98.7) 157 (100.0)
Plasma Glucose > 70 mg/dL 150 (97.4) 157 (100.0)
Plasma Glucose Increase > 20 mg/dL 152 (98.7) 157 (100.0)

Source: ISE tables: 3.2.1, 3.4.1 and 3.6.1

Reviewer comment: The Applicant met the non-inferiority margin for the alternate primary
endpoint. As previously discussed in 7.1.1, this alternate primary endpoint is both clinically
meaningfuland is consistent with other glucagon development programs. In addition to an
increase to an absolute blood glucose threshold value of 70 mg/dl, a relative increase of at-least
20 gm/dL from baseline may be clinically meaningful, especially for a patient with severe
hypoglycemia and nadir blood glucose values well below 40 mg/dL. Therefore, | agree with the
inclusion of this endpointin productlabelling for G-Pen.

As discussedin review of the individual studies, multiple secondary endpoints related to
symptomatic relief of hypoglycemiawere analyzed and includedin the proposed PI. The COA
staff have indicated that the hypoglycemiasymptom questionnaire (HSQ) evaluation may not
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be adequate since staff frequently completed the questionnaire instead of patients. They
concluded that the HSQ was inappropriate for use as a patient reported outcome (PRO)
measure in the context of induced hypoglycemia. Therefore, the data are not informative of
the patientexperience.

7.1.3. Subpopulations

Comparison of results for number of subjects with a plasma glucose >70 mg/dL in 30 minutes
within subpopulations were performed on data from pooled studies 301 and 303 for the mITT
population. Since there were only 4 subjectsin the G-pen sequence whofailed to achieve a
blood glucose value > 70 mg/dL within 30 minutes the results were comparable to the overall
response when analyzed by age, sex, race, weight or duration of diabetes.

7.1.4. Doseand Dose-Response

Not applicable for the pivotal controlled studies.

7.1.5. Onset, Duration, and Durability of Efficacy Effects

As discussedin the sections 6.1.2 and 6.2.2 (Table 15), the applicant compared treatments with
regard to time (Minutes) to first plasma glucose > 70 mg/dL. In the pooled analysis of studies
301 and 303, the mean (SD) time to achieve plasma glucose > 70 mg/dL or increase in plasma
glucose > 20 mg/dL was 13.8 (5.6) minutes for G-pen, compared to 10 (3.6) minutes for Lilly
Glucagon.

Therefore, it is evident that the pharmacodynamic response with G-Pen is slower by around 3-
4 minutes compared to Lilly Glucagon. The difference in pharmacodynamic response was also
analyzed by the statistical reviewer. She examined the rates of change in PG (or PG velocity)
which demonstrate that the PG values of subjects on Lilly glucagon begin to accelerate earlier
than subjects on G-Penin both studies. The significance of this difference, giventhe differences
in time to administration will be discussedin Section 7.2.1.

Table 22: Rate of change of Plasma Glucose, Study 301 and 303

BG velocity Study 301 Study 303

mg/dL/min G-Pen Lilly glucagon G-Pen Lilly glucagon
Mean (95%Cl)
BG>70mg/dL 1.97 (1.8,2.14) | 2.56 (2.38, 2.75) | 2.26 (2.1, 2.41) | 3.0
(2.82,3.18)
Increase by 20mg/dL  1.83(1.67,1.99) = 2.52 (2.31,2.73)  2.17 (2.01,2.32)  2.94
(2.76,3.13)
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Source: Statistical review, Table 19 & 20, Appendix-B.2

Reviewer’sassessment:

The delayin glucose response can be communicated to healthcare professionals by including
comparative response timein Section 14.0 of the Pl. There may be selectscenarios when this
informationis useful inemergency settings, such as when a second dose is considered by
paramedics or ER personnel and IV access is problematicfor dextrose administration- it may be
preferable to administerthe Lilly glucagon in this circumstance

Reviewer comment: Since this is an emergency use product fortreatment of severe
hypoglycemia, patients are instructed to administer oral glucose/carbohydrate after initial
recovery, so duration and persistence of efficacy are not applicable forthis application.

7.2. Additional Efficacy Considerations

7.2.1. Considerationson Benefitin the Postmarket Setting

In the post market setting, G-Pen will be used as emergency rescue product for the treatment
of severe hypoglycemiain patients with diabetes mellitus who are unwilling or unable to take
oral glucose due to impaired level of consciousness or seizures. As previously discussed in the
review of the individual studies, itis not feasible to conduct a clinical study under conditions of
actual use. The injectable glucagon products currently approved for this indication require
reconstitution, which delays, and limits theiruse as caregivers may not be comfortable
administeringa product that requires reconstitution. The efficacy of G-Penis delayed by 3-4
minutes compared to the currently marketedinjectable glucagon. While time is veryimportant
in the context of a rescue product administration, the applicant of G-Pen is makingthe
argument that thisdelayin efficacy matches a delayin administration for the approved
glucagon products, which requires reconstitution. As evaluated by the applicantin study 303,
preparation time for G-Pen for CRU staff was less than 30 seconds, compared to more than 90
seconds for Lilly Glucagon. It is certainly feasible that this difference would be of greater
magnitude in real-world use. This argument seems reasonable, and the efficacy of G-Penis
supported overall by the development program based on glucose response.

7.2.2. Other Relevant Benefits

The G-pen offers the potential for greater ease of administration with lower potential for
medication errors, which was discussed above in Section 7.2.1.

7.3. Integrated Assessment of Effectiveness
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The applicant completed two single dose cross-over studies comparing the efficacy and safety
of G-Pento Lilly Glucagon in adults with Type 1 DM. Study 301 was conducted as a double -
blind study, while Study 303 had an open-label design with a modification to the hypoglycemia
induction procedure. In addition, the applicant completed an uncontrolled sequential study
evaluating G-Pendoses 0.5 and 1 mg in Pediatricpatients with Type 1 DM aged 2 < 18 years of
age.

As discussedin Sections7.1.1, 6.1.2 and 6.2.2, G-Pen 1 mg did not satisfy the criterion for non-
inferiority (NI) to Lilly Glucagon 1 mg based on analysis of failure scores for the primary
endpoint(an increase in plasma glucose concentration from below 50 mg/dL to > 70 mg/dL
within 30 minutes after receiving glucagon) for the mITT and pre-specified PP populationin
Study 301. The criterion was satisfied in Study 303. There were 4 patients who failed the NI
criterionin Study 301. On review of the data, these subjects did experience adecrease in blood
glucose post-dosing, consistent with excessinsulin on board. These resultsalso demonstrated a
greater time lag for the glucagon response with G-Pen compared to Lilly Glucagon. The risks
from this delayin effect should be mitigated by language in the indications section of the PI
advising providersto instruct caregivers/patients to seekimmediate emergency assistance after
administration of G-Pen for severe hypoglycemia.

However, exceptfor one subjectwho had an increase of 18 mg/dL, all others had an increase of
over 20 mg/dL from theirnadir glucose value post-dose by 30 minutes, and reached a blood
glucose over 70 mg/dL by 45 min.The applicant proposed an alternative combined glucose
response primary endpoint, which was an increase in plasma glucose concentration > 70 mg/dL
or increase > 20 mg/dL withinthe 0 to 30-minute period afterstudy drug administration. As
discussedin Sections 6.1.2 and 6.2.2, this endpoint was proposed after unblinded review of the
study data by the applicant for Study 301 and as a prespecified secondary endpointin Study
303. The Nl criterion was satisfied by G-pen for this endpointin both studies. Therefore, this
endpointcan be consideredin product labeling, since thisendpointis considered clinically
relevantfor reasons discussedin Sections 7.1.1 and 7.1.2, and for consistency with other
glucagon development programs.

Efficacy has to beinterpreted predominantly based on whetherthe pharmacodynamic (blood
glucose) resultsin the phase 2/3 studiesisclinically acceptable, since evaluation under
conditions of indicated use (hypoglycemiawithimpaired consciousness or seizures) is not
feasible. Based on the glucose response with G-Pen observedin both phase 3 studies and the
results for the combined glucose response endpoint, there is sufficient evidence of
effectiveness.

Multiple secondary endpointsrelated to symptomatic relief of hypoglycemiawere analyzed and
includedinthe proposed Pl. These will not be included in the final Pl since Wi
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(b) (4)

the results are not informative of the patient experience.

The applicant did compare treatments with regard to time (Minutes) to first plasma glucose > 70
mg/dL in the pooled analysis of studies 301 and 303. The mean (SD) time to achieve plasma glucose
> 70 mg/dL or increase in plasma glucose > 20 mg/dL was 13.8 (5.6) minutes for G-pen, compared
to 10 (3.6) minutes for Lilly Glucagon. Therefore, the efficacy response with G-Pen is delayed by 3-
4 minutes compared to the currently marketedinjectable glucagon. As evaluated by the
applicant instudy 303, preparation time for G-Pen for CRU staff was less than 30 seconds,
compared to more than 90 seconds for Lilly Glucagon. Itis certainly feasible thatthis difference
would be of greater magnitude in real-world use, especially by non-medical personnel, like
caregiversetc. An added considerationis relative ease of administration since reconstitutionis
not required and post-marketing reports of medication errors, including injection of diluent alone
without the vial of powdered medication with the currently approved glucagon products for
injection3’. However, the delayin glucose response can be communicated to healthcare
professionals by including comparative response time in Section 14.0 of the PI.

In the uncontrolled Pediatricstudy 302 (see Section 6.3.2) the primary efficacy endpoint was
the change from baseline in plasma glucose at 30 minutes. The study met the primary efficacy
endpointfor all age groups, with change in plasma glucose from baseline of 81.4 mg/dl, 84.2
mg/dl, and 54.0 mg/dl for the 2 to <6 years old, 6 to <12 years old, and 12 to <18 years old
groups, respectively. The mediantime to increase by > 25 mg/dL from baseline in plasma
glucose was 15 minutesin patients between 2 to <12 years old and 20 minutesin patients 12 to
<18 years of age. A lowerglucose response at 30 minutes and slowerincrease by > 25 mg/dLin
patients 12 to <18 years of age was observed with both the 0.5 mg and 1 mg dose. The study
limitationsincluded alack of control group and applicability of the results to conditions of real
use (severe hypoglycemia). However, all subjects demonstrated a robust pharmacodynamic
(glucose) response to study drug. While the response to glucagon was slowerand of a smaller
magnitude in the 12 to <18-year old subjects, it still achieved the pre-specified endpoint,
supporting evidence of effectiveness for this patient population and the applicant’s proposed
dose of 1.0 mgin subjects 12-18 years of age.

37 Faster Use and Fewer Failures with Needle-Free Nasal Glucagon Versus Injectable Glucagonin Severe
Hypoglycemia Rescue: ASimulation Study. Diabetes Technology & Therapeutics Volume 19, Number7,2017
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8. Review of Safety

8.1. Safety Review Approach

Of the six clinical studies conducted by the applicant, two were bioequivalence studies (XSGP-
201 and 101). Of the remainingfour studies, Study XSGP-202 was an uncontrolled Phase 2,
open-label, cross-over pilot studyin 7 subjects with Type 1 DM evaluating doses of G-Pen 0.5
mg and 1 mg. The primary objective of this study was to evaluate/establish the hypoglycemia
induction technique for the phase 3 studies. Therefore, the main focus of my safety review was
the Phase 3 integrated pool of all adults in Studies 301 and 303 and safetyinformation for
pediatrics from uncontrolled pediatric study XSGP-302.

8.2. Review of the Safety Database

8.2.1. Overall Exposure

The Safety populationin the individual studies was defined as all subjects randomized who
received at least one dose of study drug, and the actual treatment received was used for all
safety analyses. This was identical to the mITT populationin Study 301 (G-Pen: 78 subjects, Lilly
Glucagon: 79 subjects). In study 303, the mITT population consisted of 76 subjects who received
G-pen, and 78 subjects who received Lilly Glucagon. Given the cross-over design, the number of
subjectsreceiving each treatment does not represent unique subjects, but rather G-Penor
comparator administrations. Therefore, the adult Phase 3 Type 1 DM pool consisted of 154
subjectsin the G-Pensequence and 157 subjects in the Lilly sequence.

A total of 11 subjectsaged 12-18 years received single doses of G-Pen 1 mg and 31 subjects
receivedsingle doses of G-Pen 0.5 mg in pediatric Study XSGP-302.

8.2.2. Relevant characteristics ofthe safety population:

The demographics of the safety populationinthe individual studiesis discussedin Sections
6.1.2, 6.2.2 and 6.3.2.

8.2.3. Adequacy of the safety database:
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The adult and pediatricsafety database in this clinical program seems adequate for evaluation
of common adverse events with administration of G-Pen. It is limited in scope for evaluation of
rare events given the limited sample size. As mentioned earlier, the RLD (Lilly glucagon, NDA
020928) and GlucaGen (Novo Nordisk) only have PK/PD data in healthyvolunteersincludedin
the package insert. Available safety data included in the package insert is mainly from post-
marketing data, known pharmacologic effects of glucagon and effects observedin patients with
glucagonomas and other neuroendocrine tumors. Therefore, limited safety informationis
available evenforthe approved glucagon products. Given that this product is intended for
short-term emergency use, the limited safety database is considered adequate.

8.3. Adequacy of Applicant’s Clinical Safety Assessments

8.3.1. Issues Regarding Data Integrity and Submission Quality

From a safety perspective, there were no concerns with data integrity or quality.

8.3.2. Categorizationof Adverse Events

Adverse events were coded by Medical Dictionary for Regulatory Activities (MedDRA) version
20.0 systemorgan class (SOC) and preferred term. The pivotal phase 3 adult studies were
single-dose cross-overstudies, and patients aged 12-18 years crossed over to receive the 0.5
and 1 mg dosesin Pediatricstudy 302. Therefore, the number of subjects receiving each
treatment (with the exception of pediatricsubjects < 12 years of age) does not represent
unique subjects, but rather G-Pen or comparator administrations, G-Pen 1 mg or 0.5 mg

8.3.3. Routine Clinical Tests

The overall safety evaluation planin the phase 3 clinical studies conducted with G-Pen included
evaluation of adverse events and monitoring of clinical chemistry and hematology laboratory
tests, vital signs, electrocardiograms (ECGs), and physical examinations at baseline and follow-
up. Injectionsite reactions were assessed with standardized scales. This was acceptable.

8.4. Safety Results

8.4.1. Deaths
There were no deaths in this clinical program.
8.4.2. SeriousAdverse Events

There was one SAE in Study 202. The narrative is described below:
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Subject XSGP OO received 1 mg of investigational product (G-Pen 1 mg) and had a glucose
of 221 mg/dL at 90 minutes. She resumed her insulin pump at basal rate and took a bolus dose
prior to her meal. Followingthe same she experienced nauseaand vomitingfollowed by an
episode of vasovagal syncope around 2 hours followingthe glucagon injection. Her capillary
blood glucose followingthe same was 108 mg/dL. Here nausea resolvedinaround 2 hours after
observation.

Reviewer’s Assessment: Association to study drug is also possible in addition to being procedure
related, since the nausea/vomiting thattriggered the vasovagalepisode is a known adverse-
effect of glucagon.

Study 301:

One patientwith Type 1 DM instudy 301 completed treatmentwith Lilly Glucagon 1 mg
in a medically stable condition. She experienced acase of hypoglycemiathe eveningafter
discharge from the clinic. The subject woke up overnightand required external assistance. The
subjectwas reportedly treated by an emergency medical technician with saline only. Glucose
valuesare not reported. However, the subject continuedin the study, returned to the clinicfor
Treatment 2 (G-Pen 1 mg), and completed the study

Reviewer’s Assessment: This event did not have any temporal association to glucagon
administration. Inadequate information is available to make an accurate assessment given the
report that only saline was given. It is possible that the event was managed with oral glucose or
carbohydrate.

(b) (6)

8.4.3. Dropoutsand/or Discontinuations Due to Adverse Effects

The applicant reports no TEAEs that led to study treatment discontinuationinthese studies.

8.4.4. SignificantAdverse Events

Available safety data includedinthe package insert of approved glucagon products is mainly
from post-marketing data, known pharmacologic effects of glucagon and effects observedin
patients with glucagonomas and other neuroendocrine tumors. Potentially significant AEs
observed with Glucagon include serious allergichypersensitivity reactions, catecholamine
release in patients with pheochromocytoma, lack of efficacy in patients withinsulinoma, and
lack of efficacyin patients with decreased hepaticglycogen.

In addition to the adverse events listed above, other events reportedinclude hypertension and
tachycardia (especially in patients taking beta-blockers), loss of glucose-raising effectin patients

taking indomethacin and increased anti-coagulant effect of warfarin.

Reviewer’s Comment: Except forone episode of tachycardia, the adverse events listed above
were notobserved in the clinical studies. However, given the limited safety database, they
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should be included in the Contraindications, Warning and Precautions, Adverse Reactions and
Drug Interactions Sections of the Pl, consistent with the previously approved products.

8.4.5. Treatment Emergent Adverse Events and Adverse Reactions

Phase 3 Adult studies (301 & 303):

Overall, 71 (46.1%) of G-Pentreated subjects reported AEs vs. 52 (33.1%) of Lilly Glucagon
treated subjects (see table below). As expected, the most common G-Pen TEAEs were in the
Gastrointestinal Disorders SOC, with a slightly higherincidence of nausea (29.9% versus 22.9%,
respectively) and vomiting (16.2% versus 9.6%, respectively). Headaches were also numerically
more frequent following G-pen treatment (G-pen: 8 [5.2%], Lilly:6 [3.8%]). All these events
were reported as mild or moderate in severity. Injection site pain was reported in 2 (1.3%) of G-
Pentreated subjects. However moderate to severe Injection site edemaat 30 minutes or end-
of visit, which was reported separately by the applicant was more frequent with G-Pen. This will
be furtherdiscussedin section 8.5. Tachycardia (a known AE with glucagon) was reported in
one patient (0.6%) during G-pen treatment.

Table 23: Treatment-Emergent Adverse Events Occurring in 22 G-Pen-Treated Subjectsin the
Adult Phase 3 Type 1 Diabetic Subjects Pool

System Organ Class G-Pen Lilly
Preferred Term Subject N=154 Subject N=157
n (%) n (%)
Gastrointestinal disorders 58(37.7)) 45 (28.7)
Nausea 46(29.9) 36(22.9)
Vomiting 25(16.2) 15(9.6)
Diarrhea 2(1.3) 1(0.6)
General disorders and administration site conditions 3(1.9) 3(1.9)
Injectionsite pain 2(1.3) 1(0.6)
Infections and Infestations 5(3.2) 0
Upper Respiratory Tract Infection 2(1.3) 0
Nervous systemdisorders 11(7.1) 7(4.8)
Dizziness 2(1.3) 1(0.6)
Headache 8(5.2) 6(2.8)
Local Tolerability
Moderate to severe Injection site edemaat 30 10 (6.4%) 0
minutes

Source: ISS Table 9.1.2 and Table 7.1.2

Similarfindings were also observedin the pediatricstudy 302, which was uncontrolled.
Hypoglycemiawas reported as a common AE in multiple subjectsin this study secondary to the
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study procedure (see table below). Injection site discomfort was reported as an AE in 1 subject
(3.2%) in the 0.5 mg dose and injection site reaction was reportedin one subject(9.1%) in the
1.0 mg dose group. All TEAEs were mild or moderate in severity as assessed by the investigator.

Table 24: Treatment-Emergent Adverse Events Occurring in 22 G-Pen-Treated Subjects in
Pediatric Study 302

System Organ Class 2.0-<6.0yr | 6.0- 12.0- All 12.0-
Preferred Term (0.5mg) <12.0yr | <18.0yr | (0.5mg) [ <18.0yr
Subject (0.5mg) | (0.5mg) | Subject | (1.0mg)
N=7,n Subject | Subject | N=31,n Subject
(%) N=13,n | N=11n | (%) N=11,n
(%) (%) (%)
Gastrointestinal disorders 3 (42.9) 7 (53.8) 4 (36.4) 14 (45.2) | 6 (54.5)
Nausea 3(429) [7(53.8) |4(36.4) |14(45.2) |4(36.4)
Vomiting 1(143) [3(23.1) |o 4(12.9) |2(18.2)
Metabolism and nutrition disorders 2 (28.6) 8 (61.5) 3(27.3) | 13(41.9) | 3(27.3
Hyperglycemia 1(14.3) 1(7.7) 0 2 (6.5) 0
Hypoglycemia 2 (28.6) 7 (53.8) 3(27.3) 12 (38.7) | 3(27.3)
Nervous systemdisorders 0 2(15.4) 1(9.1) 3(9.7) 0
Dizziness 0 0 1(9.1) 1(3.2) 0
Headache 0 2 (15.4) 0 2 (6.5) 0
Local Tolerability
Injection site edema at 30 minutes 3(42.9) 8(61.5) 5 (45.5) - 5 (45.5)
Injection site discomfort at 30 minutes 1(14.3) 6(46.2) 2(18.2) - 2(18.2)
Injection site erythema at 30 minutes 2 (28.6) 7 (53.8) 4 (36.4) 6 (54.5)

Source: ISS Table 12.1.2, CSR Tables 14.3.4.2, 14.3.5.2 and 14.3.6.2 forStudy302

8.4.6. Laboratory Findings

Scheduled laboratory tests were performedinthe adult phase 3 studies. In Study XSGP-302,
clinical chemistry laboratory evaluations were performed only for screening, without follow-up
laboratory evaluations. Except for mean fasting glucose elevation at baseline, which is expected
for the patient population, there were no relevantabnormalitiesinthe clinical chemistry or
hematology evaluations.

8.4.7. Vital Signs

Heart rate (HR), systolicblood pressure (SBP), and diastolicblood pressure (DBP), were
monitoredin the clinical studies conducted with G-Pen. Comparisons were performed at
various time in the clinical studies (e.g., 30, 60, 90, 120, and 180/240 minutes post drug
injection), and evaluation shifts from baseline/screeningto follow-up was performed. There
were no significant differences betweentreatment groups or significant differences from
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baseline post-treatment. Similarly mean vital sign measurements were within normal limitsin
each age group inthe pediatricstudy, and no clinically relevant changesin vital signs was
observed.

8.4.8. QT

Not applicable, since this product is not an NME.

8.4.9. Electrocardiograms (ECGs)

ECGs were collectedin the adult studies at screening and follow-up. There were no new
abnormal ECG findings detected aftertreatmentin any subjectsin study 301. In study 303, two
subjects ®® \were foundto have marked sinus bradycardia during ECGs at the
follow-up visit afterreceiving both G-Pen and Lilly glucagon, but neither was considered to be
clinically significant by the investigator.

8.4.10. Immunogenicity

Antibodieswere not evaluatedin the clinical studies. However, as with all therapeutic
peptides, there isthe potential forimmunogenicity and a statementreflective of the same
should be includedinthe PI.

8.5. Analysis of Submission-Specific Safety Issues

The main significant safetyissue that was identified during nonclinical studies with Xeris
glucagon was injection site pain/reactionsidentified duringlocal tolerance studiesin rats, which
appeared to be more severe afterthe recovery period in Xeris glucagon-treated rats when
compared to Lilly glucagon-treated rats.

8.5.1. Injection Site Edema, Erythema and Pain

These events were analyzed separately by the applicant as Local Tolerabilityissues.

Injection site Edema:
This was assessed by the investigator based on the modified Draize scale for erythemaand
edemaas shownbelow.
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Table 25: Draize Scale for Edema and Erythema

Erythema Formation Edema Formation

Description Score Description Score
No erythema 0 No edema 0
Very slight erythema 1 Very slight edema 1
Barely perceptible Barely perceptible

[§]
S

Well defined erythema Well defined edema

)

Moderate edema

LS

Moderate erythema
Raised approx. 1 mm

Severe erythema 4 Severe edema 4
Beet redness to slight Raised more than 1 mm and
eschar formation bevond exposure area

Source: Appendix 3, Protocol for study 301, V1.6 (March 16, 2017)
As shown in the table below, in contrast to Lilly glucagon, moderate to severe injectionsite
edemaat 30 minutes was presentonlyin G-Pen treated subjects. Two patients had severe

persistentedemaat the end of the visit.

Table 26: Edema in Adult Phase 3 Type 1 Diabetic Subjects

G-Pen Lilly
Time Edema N=154 N=157
n (%) n (%)
None 97 (63.0) 128 (81.5)
Very slight 31(20.1) 20(12.7)
10 minutes Well defined 21(13.6) 8(5.1)
Moderate 4(2.6) 0
Severe 1(0.6) 0
None 78 (50.6) 134 (85.4)
Very slight 46 (29.9) 15 (9.6)
30 minutes Well defined 20(13.0) 7(4.5)
Moderate 8(5.2) 0
Severe 2(1.3) 0
None 78 (50.6) 58 (36.9)
Very slight 11(7.1) 2(1.3)
End of Visit® Well defined 1(0.6) 1(0.6)
Moderate 0(0.0) 0
Severe 2(1.3) 0

1 Subjects measured at 180 minutes, 240 minutes, or prior to exiting clinic.
Source: Table 18, Summary of Clinical Safety
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The applicant reported that severe edemawas presentonlyin two patients who received G-
pen inthe outer thigh or outer arm. However, three patients (1.9%) who received the injection
in the abdomen also had moderate edemaat 30 minutes.

Pediatric Study 302:

Analyses of edema by Draize scale was not done in Study 302, onlythe incidence of edema was
reportedin this study. No severe or serious AEs of erythemaor edemawere reported.
Incidence of edema by visitand age groups isshown in the table below. Up to 60% of patients
had edema at 30 minutes. More subjects (31%) reported edemaat 180 minutesinthe 6-12
years group.

Table 27: Incidence of Edema After Administration of G-Pen by Age Group and by Treatment
Dose, Study 302:

Incidence of Edemaa

10 minutes 30 minutes 180 mimutes

o G-Pen®
L Group i b i b 1 b

Dose

0.5 my ] 2.9 ] 42.5 1 14.1

2.0-<6.0 years (§=7)
6.0-<12.0 years (N=13) 0.5 mg § £9.2 B 6.5 4 30.8

12,0-<18.0 years (¥=11) 1.0 mg 3 45,5 3 5.3 1 5.1

12,0-<18.0 years (N=11) 0.5 my £ 5.5 5 45,5 1 5.1

Source: table 14.3.6.2, CSR for Study 302.

Reviewer’s Assessment: Since this is not a serious or severe AE, it can be included in the Adverse
reactions section of the PlI.

Injection site Erythema:

There were no significantdifferencesininjection site erythemaoverall (see table below), as
well as based on injection site between G-Pen and Lilly glucagon treatment groups. Injection
site erythema had resolvedin most subjects by the end of the visit.
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Table 28: Erythema: Adult Type 1 Diabetic Subjects

G-Pen Lilly
Time Edema N=161 N=157
n (%) n (%)
None 87 (54.0) 86 (54.8)
Very slight 58 (36.0) 54 (34.4)
10 minutes Well defined 15(9.3) 16 (10.2)
Moderate 1(0.6) 1(0.6)
Severe 0 0
None 95 (59.0) 96 (61.1)
Very slight 51 (31.7) 46 (29.3)
30 munutes Well defined 15(9.3) 14 (8.9)
Moderate 0 0
Severe 0 0
None 93 (57.8) 54 (34.4)
Very slight 3(1.9) 5(3.2)
End of Visit! Well defined 4(2.5) 2(1.3)
Moderate 0 0
Severe 0 0

Note: For subjects with multiple values for the same treatment and time point, the maximum value was used

! Subiects measured at 180 minutes. 240 minutes. or prior to exiting the clinic.
Source: Table 20, Summary of Clinical safety.

Pediatric Study 302:

Similarto edema, analyses by Draize scale was not done for erythema, only incidence was
reportedin the CSR. Erythema had resolved (except for 1 subject) by 180 minutes. The
incidence at 30 minutes was similarto the incidence of edema (see table below).

Table 29: Incidence of Erythema After Administration of G-Pen by Age Group and by

Treatment Dose for Subjects Aged 2.0-<18.0 , Study 302

Incidence of Zrythema

L0 minutes 30 minutes 180 minutes
Ige Group JDEr: 3 n 3 3
2.0-¢0.0 years (8=7) 0.5mg 4 51.1 28.6 0.0
6.0-<12.0 years (¥=13) 0.5 mg 6l.5 53.8 0.0
12.0-<18.0 years (§=11) 1.0 mg 5 5.5 4.5 4.1
12.0-<18.0 years (§=11) 0.5 mg 5 4.5 6.4 0.0

Source: Table 14.3.5.2, CSR for study 302
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Injection site Discomfort:

Injection site discomfort was also assessed by a visual analog Scale (VAS). The subject
completed the VAS by drawing a single vertical line through the scale correspondingto the
perceivedintensity (severity) of discomfort according to the instructions providedin the
guestionnaire. The goal was for the subjectto report the amount of discomfort, if any,
remainingat each time point, as opposedto reporting the transient pain associated with needle
insertion. If a subject was unable to physically complete the questionnaire, the subject will
indicate the pointon the VAS correspondingto their level of discomfort, and study staff would
entera vertical line at that point. Documentation will be provided on each completed
guestionnaire asto who completed the form.

No Discomfort Worst Possible Discomfort

They also had to describe the discomfort as pain (throbbing, soreness, muscle ache); itching;
tingling, twitching or numbnessand irritation.

AdultPhase 3 Type 1 DM Subjects:

The mean pain score was numerically higherfor G-Pen at all time points, specifically at 10
minutes. Pain scores were low by the End-of treatmentvisit. However, standard deviations
reportedin this scale were very wide, indicative of wide variability in the results.

Table 30: Pain score by VAS, Adult Phase 3 Type 1 Diabetic Subjects

Time Point G-Pen (N=154) Lilly Glucagon (N=157)
10 mins post-dose Mean (SD) 19.4 (23.7) 6.1 (12.4)

30 mins post-dose Mean (SD) 9.7 (18.5) 1.3 (5.1)

End- of Visit (180 or 240 mins post-dose), 5.1 (9.45) 1.6 (7.5)

Mean (SD)

Source: ISS table 6.1.2,

Pediatric Study 302:

Injection site discomfort was evaluated viathe 10-point Faces Pain Scale—Revised (FPS-R) score,
at 10, 30, and 180 minutes post injectioninthe Phase 3 PediatricSubjects pool. Similarto the
adult subjects, the maximum mean pain score was reported at 10 minutes. Asingle subjectin 2-
6 years age group at 180 minutesreported continued discomfort with a value of four (see table
below). Six subjectsinthe 6-12 years group had a score reported at 180 minutes. These results
are difficult to interpretgiven the limitations of the patient population (specifically the lower
age groups) and the uncontrolled study design.
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Table 31: Faces Pain Scale - Revised (FPS-R) Score by Age Group and by Treatment Dose for

Subjects Aged 2.0-<18.0 Study 302

Age G-Pen Dose Statistics FPS-R Score
10 minutes 30 minutes 180 minutes
2.0-<6.0 0.5mg N 7 7 1
years Mean (SD) 2.6 (1.9) 0.6 (1.5) 4.0 (NA)
Median 2 0 4
1.0 mg N 13 13 6
Mean (SD) 3.1(3.3) 1.2 (1.5) 0.3 (0.8)
Median 2 0 0
1.0 mg N 11 11 2
Mean (SD) 1.6 (1.7) 0.5 (1.3) 0
Median 2 0 0
0.5mg N 11 11 2
Mean (SD) 1.1(2.1) 0.5(2.3) 0
Median 0 0 0

Source: Table 14.3.4.1, CSR forstudy 302.

Reviewer’s Assessment: Similar to injection site edema, the results from the pooled adult data
can be included in the Adverse reactions section of the PI.

8.6.Safety Analyses by Demographic Subgroups

The applicant performed an analysis of safety in subgroups based upon: sex, race, ethnicity, age,
body mass, and disease duration of Type 1 DM.

Females had a higherincidence of TEAEs in general with G-Pen and Lilly glucagon compared to
males (G-pen: 56.9% vs. 38.2 %; Lilly glucagon: 44.3% vs. 24.1%). Female subjects had a higher
incidence of headache (11.1%) versus male subjects (2.2%), and a higherincidence of nausea
(34.7%) versus male subjects for both products (G-pen:34.8% vs. 26.1 %; Lilly glucagon: 32.9%
vs. 14.9%). The incidence of vomiting was comparable with G-penamong femalesand males;
while a lowerincidence was reportedin femalesvs. males with Lilly glucagon (G-pen: 18.2% vs.
14.8 %; Lilly glucagon: 5.7% vs. 12.6%, respectively).

Subjects < 80 kg experienced agreater frequency of TEAEs compared to subjects > 80 kg with a
greater difference observed with G-Penvs. Lilly glucagon (G-pen: 57.0% vs. 34.6 %; Lilly
glucagon: 36.5% vs. 31.6%). This pattern was observed with the incidence of nausea (G-pen:
35.6% vs. 23.4 %; Lilly glucagon: 24.3% vs. 22.8%), and headache (G-pen:8.2% vs. 2.6 %; Lilly
glucagon: 6.8% vs. 1.3%) .

No apparent differences were noted in the distribution of TEAEs in subgroups compared to the
entire safety population.
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The small number of non-White subjects (10.4%), and subjects > 65 years of age (9.7%) makes
interpretationthese subgroup results by race, ethnicity or age difficult. Similarly, the sample
size for the pediatricpopulation was too small to make any meaningful sub-group comparisons.

8.7. Specific Safety Studies/Clinical Trials

Not applicable.
8.8. Additional Safety Explorations

8.8.1. Human Carcinogenicity or Tumor Development

Long term studiesin animals to evaluate carcinogenic potential have not been
performed. This is acceptable, since this is not a product intended for chronic use.

8.8.2. Human Reproductionand Pregnancy

Refer to the Division of pediatric and Maternal health (DPMH) review and labeling
recommendations dated April 10, 2019.

There are limited human pregnancy outcome data for glucagon in the published literature.
There have been no reports of cases related to pregnancy, lactation, or effects on fertility
reportedto the Applicant or collected during clinical studies of G-Pen. The findingsinanimal
studies with animal-sourced glucagon did not indicate a risk to the fetus. There is also very little
human data available onthe effect of glucagon on fertility.

There are no data on the presence of glucagon in animal or human milk. The high molecular
weight (*3483 Daltons) would be expected to limittransfer of the drug into breastmilk. The
very short half-life (8-32 minutes) would also limit any absorption of the product from the
infant’s gut.

Reviewer’s Comment: Since this a single-use product for a potentially life-threatening condition,
the benefits would outweigh any associated risk to the mother or fetus.

8.8.3. Pediatrics and Assessment of Effects on Growth
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The PediatricAssessmentwas included with the submission. There were no assessments of
growth effects, whichis acceptable since this isa single-use product for emergency treatment
of severe hypoglycemia.

8.8.4. Overdose, Drug Abuse Potential, Withdrawal, and Rebound

There appears to be no potential for overdosingthissingle use product. No studiesto assess
the abuse potential or effects of withdrawal/rebound of G-Pen have been conducted. G-Pen is
not likely to be abused since glucagon does not produce dependence effects.

8.9. Safety in the Postmarket Setting

8.9.1. Safety Concerns Identified Through Postmarket Experience

Not applicable, since G-pen has not been approved for marketingin any country.

8.9.2. Expectations on Safety in the Postmarket Setting

Referto Section 7.2.1 for considerations for benefitin post-marketsetting. As mentionedin
Section 2.2, there are reports of medication errors with the approved glucagon products from
injection of the diluentalone without the glucagon powder. Potential for medication errors
wouldtheoretically be less with G-Pen. In additionto the rarer serious adverse eventsfor all
glucagon products (discussedin Section 8.4.4), the main concern is delayed recovery from
hypoglycemiacompared to the approved injectable products. This can be addressed by product
labelling (discussedin Section 11)

8.9.3. Additional Safety Issues From Other Disciplines

No additional safetyissues were raised by otherdisciplines.

8.10. Integrated Assessment of Safety

The adult Phase 3 Type 1 DM pool consisted of 154 patientsin the G-Pen sequence and 157
patientsin the Lillysequence. Atotal of 11 subjectsaged 12-18 years received single doses of
G-Pen 1 mg and 31 subjectsreceived single doses of G-Pen 0.5 mg in pediatric Study XSGP-302.
The adult and pediatricsafety database in this clinical program seems adequate for evaluation
of common adverse events with administration of G-Pen.

There were no deaths in the clinical program. There was one SAE of vasovagal syncope two

following glucagon administrationin phase 2 study 202 which was attributed to study
procedures. There were no reported discontinuations due to adverse events.
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As expected, the most common G-Pen TEAEs were in the Gastrointestinal Disorders SOC, witha
slightly higherincidence of nausea (29.9% versus 22.9%, respectively) and vomiting (16.2%
versus 9.6%, respectively) comparedto Lilly glucagon treatment. Headaches were also
numerically more frequent following G-pen treatment (G-pen 8 [5.2%], Lilly-6[3.8%]). All these
events were reported as mild or moderate in severity.

Injection site pain was reported as an AEin 2 (1.3%) of G-Pentreated subjects. However, in the
investigatorreported assessment of local tolerability, moderate and severe injection site
edemaat 30 minuteswas reportedin 5.2% and 1.3% of G-Pen treated subjects respectively
compared with nonein the Lilly glucagon treatment sequence. Similarly, the mean pain score
was higher with G-pen compared with Lilly glucagon at 10 minutes. However, by 30 minutes,
the pain scores were zero in both treatment groups. These AEs can be includedin the adverse
reactions section of the PI.

Overall, exceptfor a numerically higherincidence of nausea/vomiting and injection site
edema/pain, the common adverse event profile of G-Pen was consistent with approved

glucagon products.

The adverse event profile inthe pediatricstudies was similarto the AEs observedinthe phase 3
study. No new safetyissues of concern were observed.

9. Advisory Committee Meeting and Other External Consultations

There was no advisory committee conducted for this application.

10. Labeling Recommendations

10.1. Prescription Drug Labeling

Labeling negotiations with the applicantare ongoingat this point. Major changes will be as
follows:

e Mitigate the risk of a delayin treatment effect by advising providersto instruct
caregivers/patients to seekimmediate emergency assistance after administration of G-
Penfor severe hypoglycemia. Thiswould be consistent with the Pl of approved products

e The primary endpointsin Section 14 should be the alternative composite endpoint (i.e.
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number (%) of patients attaininga plasma glucose of over 70 gm/dL or an increase in
plasma glucose of over 20 mg/dL in 30 minutes overall and for individual components).
¢ Include information on mean time to achieve plasma glucose > 70 mg/dL or increase in
plasma glucose > 20 mg/dL for G-Pen vs. Lilly glucagon in section 14 (see section 7.1.5 and
7.3.
e Includeinformationon the incidence of injection site edema.

10.2. Nonprescription Drug Labeling

Not applicable.

11. RiskEvaluation and Mitigation Strategies (REMS)

Since this is an emergency use product for severe hypoglycemia, the main safety concerns
identified are a comparative delayineffect(i.e.increase in blood glucose) for G-pen compared
with Lilly Glucagon, and adequate training/education for use and effects of glucagon by
caregiversand non-medical personnel in contact with the patient. It was felt that this can be
adequately addressed by product labelinginstructing providers to educate/train caregivers and
patients prescribed G-Pen about the proper use of the product and effects; and to immediately
seek emergency assistance afteradministering G-pen. Therefore, it was determined thata
REMS was not necessary.

12. Postmarketing Requirements and Commitments

There were no clinical issuesidentified that should be addressed by a post-marketing PMR or
PMC.

13. Appendices

13.1. References
Relevantreferences have beenincluded as footnotesin each section.

13.2. Financial Disclosure
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The applicant provided a list of all principal investigators and sub-investigators who participated

in the six clinical trials of G-Pen sponsored by Xeris. The Applicant certified thatit has a
completedfinancial disclosure form on file forall listed investigators, none of whom reported
disclosable financial arrangements or information

Covered Clinical Study (Name and/or Number): XSGP301 and 303

Was a list of clinical investigators provided: Yes X No[ | (Requestlistfrom
Applicant)

Total number of investigatorsidentified: 23 (Prinicipal Investigator)

Number of investigators who are Sponsor employees (including both full-time and part-time
employees): none reported

Number of investigators with disclosable financial interests/arrangements (Form FDA 3455):
none reported

If there are investigators with disclosable financial interests/arrangements, identify the
number of investigators with interests/arrangementsin each category (as definedin 21 CFR
54.2(a), (b), (c) and (f)): NA

Compensationto the investigatorfor conducting the study where the value could be
influenced by the outcome of the study:

Significant payments of other sorts:
Proprietary interestin the product tested held by investigator:
Significantequity interest held by investigatorin S

Sponsor of covered study:

Is an attachment provided with details Yes[ ] No[ ] (Requestdetailsfrom
of the disclosable financial Applicant)
interests/arrangements:

Is a description of the steps takento Yes[ ] No [_] (Requestinformation
minimize potential bias provided: from Applicant)

Number of investigators with certification of due diligence (Form FDA 3454, box 3)

Is an attachment provided with the Yes| | No[_| (Requestexplanation
reason: from Applicant)
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