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 QUALITY ASSESSMENT

Recommendation:
NDA: Approval

NDA 203313

Review # 1 (Resubmission)
September 3, 2015

Drug Name Insuliz Degludec and Insulin Aspart
Dosage Form Solution for Injection
Strength 100 Units/mL
Route of Administration Subcutaneous Administration
Rx Dispensed Rx
Applicant Nove Nordisk Inc.
US agent, if applicable Not Applicable
SUBMISSION(S) REVIEWED DOCUMENT DATE
Resubmission/Class 2 March 26, 2015
Quality Review Team
DISCIPLINE REVIEWER BRANCH/DIVISION
Drug Substance Joseph Leginus (Original Branch [I, Division I, ONDP
Submission dated Sep. 29, 2011)
Drug Product Muthukumar Ramaswamy Branch VI, Division 1I[, ONDP
(Criginal and Resubmission)
Process Muthukumar Ramaswamy Branch VI, Division III, ONDP
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Microbiology Vinayak Pawar (Original OPF
Submission)
Facility Juandriz Williams OPF
(Resubmission)
Biopharmaceutics NA NA
Project/Business Process Anika Lalmansingh ONDP/OPRO
Manager (Resubmission)
Application Technical Lead Muthukumar Ramaswamy Branch V], Division IlI, ONDP
(Resubmission) '
Su Tran (IQA for Original
submission Sep. 29, 2011)
Laboratory (OTR) NA NA
ORA Lead NA NA
Environmental Assessment (EA) Joseph Leginus (Original Branch I, Division I, ONDP

Submission)




- “QUALITY ASSESSMENT

NDA # 203313
Table of Contents

Table of Contents.......c..... N N e 2
Quality ReView Data Sheet . SIS IS RANA NI RANINEt IO IERERIRIRBESIRIRINY 3
Executive Summary p—
Primary Quality Review.......iiiscsccincsinssascnsasenennes - 9

ASSESSMENT OF THE DRUG SUBSTANCE/ DRUG PRODUCT

/MANUFACTURING PROCESS/ MICROBIOLOGICAL CONTROL OF

PRODIUCT .....ectiieeiereeenertssessesssssssinsssssssssessonssoesranssosssnssssnshanssssnsessesossbasssoossranasss 9

R.2 Comparability Protocols.......ccceceimmiiinimiesinmecncieeneinnesesssnsesessescsense 9
A APPENDICES ..o oo veverveitverrreseorimressssiasesecsaasssessassnesassesssasassassanssssssesssssessssssesese 9

A2 Adventitious Agents Safety Evaluation ......c.coecceevcerencnennrreceeneccensecnnnns 9
Labeling & Package INSert.. ..ot ssssissssssssssnessssssssasssnsssne 9
[. ATACHIMENES .eeeeieeee e siese s st sn e sae s s b st sssansaen s e sesnensensenansnans 17
I1. AdMINISIAIVE. .cveeececereeeeceeree ettt st et s e 20



QUALITY ASSESSMENT
NDA # 203313

Quality Review Data Sheet

1. LEGAL BASIS FOR SUBMISSION: 505(b)(1)

2. RELATED/SUPPORTING DOCUMENTS:

A. DMFs:
ITEM DATE .
DMF # TYPE HOLDER REFERENCED STATUS! REVIEW COMMENTS
— it COMPLETED
v Novo Adequate | Reviewed none
Nordisk, during original
[nc. Submission
| review
Adequate, Adequate with Information Request, Deficient, or N/A (There is enough data

in the application, therefore the DMF did not need to be reviewed)

B. Other Documents: IND, RLD, or sister applications

DOCUMENT APPLICATION NUMBER DESCRIPTION
IND 73198 [Insulie degludec/Insulin aspart]
{rDNA origin) Injection
NDA 203314 Insulin degludec (rDNA origin)
Injection
NDA 20986 - Insulin aspart (rDNA origin} Injection

3. CONSULTS:

DISCIPLINE STATUS | RECOMMENDATION DATE REVIEWER
DISCIPLINE STATUS RECOMMENDATION | DATE REVIEWER
CDRH Complete Acceptable 9/02/15 Lana Shiu
Microbiology Complete Acceptable (Original 6/07/12 Vinayak

Submission dated Sep. Pawar
29, 2011)
EA Complete Acceptable (Original 2/8/12 J. Leginus
Submission dated Sep.
29, 2011)
EES Complete Acceptable 9/ 3/15 Juandria
Williams
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Executive Summary
I.  Recommendations

A. Recommendation and Conclusion on Approvability
NDA 203313 /Ryzodeo® (70% insulin degludec and 70% msulin aspart ([rONA origin/ injection))
is recommended for approval from a CMC perspective. There are no outstanding deficiencies
related to chemistry, microbiology, and manufacturing facilities. Office of Process and facilities
has provided an approval recommendation for NDA 203313.

Labeling comments will be negotiated through the clinical project manager.

Based on available stability data, the following skelf-fjfe recommendation is granted for the drug
substance (insiulin deelidec) and arug product (provided as FlexTouch® pen device):

a) A shelflifc of @months is granted for d(l;ug substance insulin degludec when stored at B
) @

(b) (4)
&) A skhelflife of 24 monitks is grarted for drug product orovided as
prefilled pen device (FlaxTouch® Pern), when stored at . Y _in in-use period of 28

days at up to 30°C is granted for drug prodict (provided as FlexTouch® Pen).

B. Recommendation on Phase 4 (Post-Marketing) Commitments, Agreements,
and/or Risk Management Steps, if Approvable

II. Summary of Quality Assessments

A. Drug Substance [Insulin degludec/Insulin aspart] Quality Summary
The drug product, Ryzodeg™ contains two active ingredients (insulin degludec and insulin
aspart). Insulin degludec is 2 new molecular entity responsible for providing long acting profile.
Insulin aspart is the rapid acting form and was an approved under NDA 20906. Insulin aspart is
produced by recombinant technology from yeast (Szccheromyces cerevisiag) strain.

Insulin degludec is produced from desB30-insulin (a human insulin analog) by chemical
modification. The amino acid sequence of desB30-insulin is the same as human insulin except that
it is missing a threonine at B30 position. DesB30-insulin is produced by recombinant DNA
technology from yeast (Saccsaromyces cerevisiae)

Insulin degludec contains a C-16 fatty acid (hexadecanedioic acid) chain and a glutamic acid
spacer at B29 lysine @ 3e5830-insulin (Refer to structure shown below; Structure

®@

reproduced from the NDA).

Al e o
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The chemical name of insulin degludec is N6, 29B-[N-(15-carboxypentadecanoy!)-L-y-glutamyl]-
des-30B-L-threonine-human insulin. The molecular formula of insulin degludec is
Caz4H411NgsOg1 S with a molecular weight of O The isoelectric point of insulin degludec is
approximately O ®rnsulin degludecisa O s freely soluble in water
at neutral pH.

The structure and biological properties of insulin deghudec were elucidated by suitable chemical.

biophysical, and biological methods such as ((:;((:))

. . (b) (4)
Ins&l(g)degludec is manufactured -

®) @

The proposed manufacturing nrocess is adennatelv desioned ta aceure the nuritv of final drmio —
aithotansa hay ®@

The proposed drug substance specifications include appearance (visual), identification (@@
® @ and HPLC), assay of content (HPLC), bioactivity (cell-based assay), individual and total
¥%related impurities (HPLC) and high molecular weight proteins, loss on drying, bioburden,
and bacterial endotoxin. The proposed regulatory methods have been validated. Reference
standards for the API have been developed and characterized.

The recommended shelf-life for drug substa&:g)is g;months for insulin degludec when stored at -
: For additional information, please refer to Dr.
Leginus’s CMC review dated Feb. 8, 2012 in DARRTS under NDA 203314

The drug substance (insulin degludec) will be manufactured at Novo Nordisk A/S located in
Bagsvaerd Denmark ( : ®® and at Kalundborg
Denmark ®®quality control of drug substance). The Office
of Process and Facilities has provided approve recommendation for the drug substance facilities
associated with this application.

B. Drug Product [70% Insulin Degludec and 30% Insulin Aspart
Injection] Quality Summary

The proposed drug product is a 70/3 mixture of insulin degludec and insulin aspart provided for
mimicking the combined action profiles of long acting and rapid acting insulins. The drug product is a
sterile, clear, colorless aqueous solution provided in a 3mL Type [ glass cartridge preassembled in a
disposable pen delivery device (FlexTouch ® pen). The cartridge contains a rubber plunger on one end
and a ©® rubber disc on the other end.
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NDA #203313 kS,

mNtmumu&

The potency of the proposed formulation is 100 Units/mL (U-100). A total of 300 Units of insulin
degludec/aspart is provided per device. The device is capable delivering a maximum dose of 80 U per
injection. The proposed product is intended for once daily use as meal time insulin by subcutaneous
administration.
Initially, the Applicant B
FlexTouch ® pen (prefilled pen). 19

“The finished product will be available as 5 x 3 mL prefilled pens in cartons.
The proposed product is light sensitive and therefore el packaging is critical to assure the
stability of the product.

Each mL of the drug product contams 420 nmol of insulin degludcc and 180 nmol of insulin aspart
19.0 mg glycerol ®® | 50 mg phenol ®® 1,72 mg metacresol

sodium chloride (0.58 mg, ® @ and 27.4 pg zine ®® and water for
injection. Hydrochloric acid or sodium hydroxide is added to adjust pH to approximately 7.4.

(4)

®) @

attribute that defines the long-acting profile of insulin degludec. The proposed commercial formulation
is based on screening various drug product formulations containing different ratios of insulin
degludec/insulin aspart and different levels of excipients for stability and action profile in clinical
studies. The final formulation contains monograph grade materials, which is acceptable. The proposed
final formulation is the same as the one used in Phase 3 clinical studies.

During development, the Appticant has defined Quality Target Product Profile (QTPP) and critical
quality attributes (CQAs). The Applicant used design of experiments (DOE) and risk assessment
techniques to define critical process parameters. The proposed CQAs for the drug produets include
insulin content of each active ingredient, extractable volume, plunger friction (for measuring device
performance), purzty factors (fndividual impurities related lo eack active ingredients, ligh molecuiar
weight profems, product identtty, O@ onutens), closure integrity (sterility), ®@
efficacy, endotoxin levels, appearance (particulate load), and other physical tests such pH and
isotonicity.

The drug product (Ryzodeg™ 100 U/mL) is manufactured by ®@
®@

The NDA states that all equipment that comes into contact with the product {tubing, tanks, sterile

filters. etc.) are inert material and the product contact surfaces are sterilized ®®
®@py Vinayak Pawar

reviewed the sterilization validation information provided in DMF | ®® and concluded that the DMF

is adequate to support NDA 20313. Please refer to his DMF review in DARRTS dated 5/30/12.

The NDA contains batch formula and a deseription of the proposed commercial process. Together with
the information provided in the master batch record, the available information in the NDA is adequate
to support the proposed commercial process. The NDA contains adequate process control information
for manufacturing the proposed product. The proposed critical process parameters (in-process tests)

include ®®

® @
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The NDA contains batch analysis data from development through commercial scale to support the
manufacturability of the proposed product. The NDA contains adequate information on the release
specification used for controlling for quality of the drug product. The Applicant has proposed general
tests typically expected for a parenteral product, and product-specific tests. The proposed general tests
include pH, endotoxin limit, and sterility, and particulate matter.

The product-specific tests include identity. insulin content. zinc content. product related imnuriti(gjqw

(b) (4)
and ©@sontent. In addition, the applicant is proposing to monitor the

dose accuracy of the pen-ﬁlled syringe. The proposed limits for monitoring the individual insulin
degludec and insulin aspart related substances and impurities are acceptable. The test methods
proposed for the product are adequately described and are validated per applicable ICH guidelines.

The Applicant is proposing a separate release and shelf-life specification (i.e., wider than the release
specification) for controlling and monitoring the quality of the drug D(ll"())glilct. Per FDA request, the
Annli icant ha hag tightened the shelf-life specification limits for related substances and
lmpurmes Censidering the manufacturer’s limited experience with the product, the
proposed shelf-life specifications for the product related substances and impurities are acceptable.

Dr. Vinayak Pawar has reviewed information pertaining to microbiological product quality control of
the product prowded in the NDA. Specifically his review evaluated information pertaining to

@effectiveness, container closure integrity, ®®@processing, and microbiological test
methods (Sterility and endotoxin, Dr. F(‘la)a)»(w‘t‘xjir s review concluded that the microbiology information
provided in NDA 203313 and DMF is adequate to support the proposed product.

The applicant has provided 18-24 month real t:me and 6 month accelerated stability data for several
batches of the drug product manufactured at . ®@cale. This Application also contains limited
stability information for product manufactured at commercial scale ( ®®scale). In addition,
the NDA contains in-use stability and photo stability data for the proposed product packaged in

® @packaging confi ;zuratlons The stability studies were performed on the drug
product packaged in (b) (4) @ photo stability data show that the @ packaging
(the PDS290 pen injector and carton) provides adequate protection against light.

Based on avarlable long-rerm and accelerated siability data and in-use stability data, the CMC
reviewer provided the Jollowing recommendalion.

L ashelf e of 24 months for the drug product when stored at 5°C + 37°C)

iil.  Awin-useperiod of 28 days is recommended for storage at up to 30°C

The NDA contains a post-approval stability protocol and commitment to place 3 full scale batches on
stability. The Applicant will update their stability protocol with limits for individual product related
substances and impurities.

The Formulation, filling and release of bulk drug product will be performed by Novo Nordisk A/S
located in Bagsvaerd Denmark (Formulation, filling and release of bulk drug product). The assembly,
labelling, packaging and release of finished drug product will be performed by Novo Nordisk A/S
facility located at Hillerod, Denmark. Labelling and packaging of finished drug product may be
performed at Novo Nordisk A/S located in Kalundborg, Denmark. In consultation with CDRH
Compliance group, the Office of Process and Facilities, has provided an approve recommendation for
the facilities associated with the drug product.

The Applicant has adequately resolved issues identified during Chemistry Review #1. There are no
pending CMC issues to be resolved at this stage.
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A. Summary of Drug Product Intended Use

Proprietary Name of the Drug Product

Ryzodeg

Non Proprietary Name of the Drug Product

70% Insulin Degludec and 30% Insulin Aspart
Injection

Non Proprietary Name of the Drug Substance

Insulin degludec/insulin aspart

Proposed Indication(s) including Intended

Type 1 and Type 2 diabetic patients

Patient Population
Duration of Treatment Long-term
Maximum Daily Dose Once daily
Alternative Methods of Administration -

B. Life Cycle Knowledge Information (see Attachment A)
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Primary Quality Review

ASSESSMENT OF THE DRUG SUBSTANCE/ DRUG PRODUCT
/MANUFACTURING PROCESS/ MICROBIOLOGICAL CONTROL OF
PRODUCT

Ryzodeg® 70/30 insulin degludec /insulin aspart injection is & drug device combination product. CMC
information for drug substance, drug product and maintenarce of microbiological controls in the
manufacturing process was completed during first review cycle. Product quality Review of NDA 203313
was conducted as a Team Review with Joseph Leginus reviewing the Drug Substance and Muthukumar
Ramaswamy reviewing the Drug Product. Dr. V. Pawar reviewed product quality microbiology information
(microbiology testsand ~ ® (“)processmg procedures provided in the NDA) and sterilization validation
information provided under DMF = Please refer to CMC reviews dated Feb. 8, 2012, March 6, 2012,
May 25, 2012, and June 13, 2012 in DARRTS.

Performance aspects of the pen delivery device (including human factors study and biccompatibility
aspects) was reviewed by CDRH (Refer to CDRH inter consult review dated 9/2/15 in DARRTS).

An assessment of the drug substance and drug product manufacturing facilities was completed by Juandria
Williams in consultation with CDRH reviewer, Crystal Lewis and an Approve recommendation was
recorded in Panorama on 9/3/15.

There are no pending CMC issues to be resolved.

R.2 Comparability Protocols
Under a comparability protocol, Novo Nordlsk is proposing to add additional manufacturing sites for the
manufacturing ®©@FtexTouch pen (prefilled pen device). The Applicant is proposing

to CBE-30 submission with 3 mo. long-term/accelerated stability data support the change. Applicant’s
proposal to submit the proposed changes in a CBE-30 submission is acceptable. Refer CMC review dated
2/08/12 in DARRTS for additional details.

A APPENDICES

A2 Adventitious Agents Safety Evaluation

The manufacturing process for ®) @

W

Labeling & Package Insert

1. Package Insert




i e e Lot o W

NDA # 203313

QUALITY ASSESSMENT

(a) “Highlights” Section (21CFR 201.57(a))

Relevant proprietarv name and established name Information from Highlights section:

Ryzodeg (70%

use.

)(4)30%

Conclusion: Adequate with comment

Comment: Delete

® @

approved labeling for insulin products.

@injection for subcutancous

established name to be consistent with other recently

Item

[Information Provided in NDA

| Reviewer’s Assessment

Product title, Drug name {201.57(a){2))

Proprietary name and

Proprietary: Ryzodeg®

Acceptable with comment. Delete.  ®®@

established name Established Name: 70% Insulin ® @established name to be consistent '

degludec/30% insulin aspart with other recently approved labeling for
® @injection insulin products. ) & ‘

Dosage form, route  {Dosage: Injection Acceptable

of administration Route: Subcutaneous administration

Controlled drug NA NA

substance symbol (if

applicable)

Dosage Forms and Strengths {201.57(a)(8))

A concise summary
of dosage forms and

strengths

O @7 cceptable

(b) “Full Prescribing Information™ Section

.

21 201.57(c)(4

RYZODEG 100U/mL (U-100) available as 3 mL FlexTouch® (3) Conclusion: Adequate

Item

Information Provided in NDA

Reviewer’s Assessment

forms

Available dosage

Injection
®) (4)

Acceptable

system

Strengths: in metric

100 units/mL

identifying

applicable.

A description of the

characteristics of the
dosage forms,
including shape, color,
coating, scoring, and
imprinting, when

3 mL FlexTouch pen

#11: Description (21CFR 201.57(c)(12))
RYZODEG (70% insulin degludec and 30% insulin aspart
is a human insulin analog solution containing 70% insulin degludec and 30%

insulin aspart. [t consists of insulin degludec, a

-10 -

® @:

injection) &

long-acting insulin, and insulin aspart, a rapid-acting
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insulin both of which function as parenteral blood-glucosc-lowering agents [sez Clinical Pharmacology
72).

Insulin degludec differs from human insulin in that the amino acid threonine in position B30 has been
omitted and a side-chain consisting of glutamic acid and a C16 fatty acid has been attached (chemical
name: LysB29(Ne-hexadecandioyl-y-Glu) des(B30) human insulin} and is produced by recombinant DNA
technology utilizing Szccharomyces cerevisiae. Insulin degludec has a molecular formula of

0474]'{4; |N5503|86 and a molecular Weight 0f6103.97.

o By —
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AT Bt B PN 7 ;,r;-:,/'~ e AL T A o L WL (e W s § et = T o N W
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754

o
Figure 1: Structural formula of insulin degludecinsulin aspart is homologous with regular human insulin
with the exception of a single substitution of the amino acid proline by aspartic acid in position B28, and is
produced by recombinant DNA technology utilizing Szccsaromyces cerevisize. Insulin aspart has a
molecular formula of CassHzs1 NssO70Ss and a molecular weight of 5825.8.

-11-
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Figure 2: Structural formula of insulin aspart

B3

RYZODEG is a sterile, aqueous, clear, and colorless solution and contains a total of 100 Units of insulin
degludec and insulin aspart mixture per mL, glycerol 19 mg/mL, metacresol 1.72 mg/mL, phenol 1.50
mg/mL, sodium chloride 0.58 mg/mL, zinc 27.4 mcg/mL and water for injection. RYZODEG has a pH of
approximately 7.4. Hydrochloric acid or sodium hydroxide may be added to adjust pH.

RYZODEG is a sterile, aqueous, clear, and colorless solution and contains a total of 100 Units of insulin
degludec and insulin aspart mixture per mL, glycerol 19 mg/mL, metacresol 1.72 mg/mL, phenol 1.50
mg/mL, sodium chloride 0.58 mg/mL, zinc 27.4 meg/mL and water for injection. RYZODEG has a pH of
approximately 7.4. Hydrochloric acid or sodium hydroxide may be added to adjust pH.

Concliusion: Adequate

name

insulin aspatt injection

Dosage form and route of
administration

Solution for injection and subcutaneous
administration

Active moiety expression of
strength with equivalence statement
for salt (if applicable)

Fuach ml of the drug product contains a tofal
o/ 100 Units of tnsulin degludec and insulin
aspart (7030 rativ) per ml (O-100).

Inactive ingredient information
{quantitative, if injectables
21CFR201.100(b)(5)(iii)), listed by
UUSP/NF names.

[nactive ingredients per mL are: 19 mg
glycerol, 1.50 mg phenol, 1.72 mg metacresol,
0.58 mg sodiunt chloride, 27.4 mcg zinc ard
water for injection. Hydrochloric acid and/or
sodium hydroxide may be added to adjust pH.
Ryzodeg has a pH of approximately 7.4

Statement of being sterile (if
applicable)

Ryzodeg is a sterile solution

Pharmacological/ therapeutic class

Hormone/ Treatment of diabetes

Chemical name, structural formula,
molecular weight

The chemical name of insulin degludec is N6,
29B-[N-(15-carboxypentadecanoyl)-L-y-
glutamy!]-des-30B-L-threonine-human insuiin.
The molecular formuia of insulin degludec is
C274H&1) 1(14\)16503156 with a molecular weight of

If radioactive, statement of Not applicable

important nuclear characteristics.

Other important chemical or APlisa B (OF(Be(%y
physical properties (such as pKa, |soluble in water. Isoelectric point is
solubility, or pH)

Item Information Provided in NDA Reviewer’s
Assessment
Proprietary name and established  [Ryzodeg/ 70% insulin degludec and 30% Adequate

#16: How Supplied/Storage and Handling 21CFR 201.57(c)(17))

RYZODEG is available as 3mL FlexTouch pen (see Table 11). Each prefilled pen contains a total of 100

Units of insulin degludec and insulin aspart mixture per mL (U-100).

-12-




ek, A NDA # 203313
Table 11 Presentations of RYZODEG
RYZODEG | Total | Concentration | Total units NDC number | Max dose per Dose
volume available in injection* increment*
presentation
U-100 "3mL 100 U/mL 300U 0169-2770-15 U 1u
FlexTouch
Recommended Storage
Unused ®® RYZODEG should be stored between 2° and 8°C (36° to 46°F). Do not store in the

freezer or directly adjacent to the refrigerator cooling element. Do not freeze. Do not use RYZODEG if it

has been frozen.

® @

Open (In-Use) FlexTouch disposable prefilled pen;
The in-use RYZODEG FlexTouch pen should NOT be refrigerated but should be kept at room temperature,

below 30°C (86°F) away from direct heat and light. The opened (in-use) RYZODEG FlexTouch pen may
be used for up to 28 days (4 weeks) after being opened, if it is kept at room temperature.

Table 12: Stora

Conditions for RYZODEG FlexTouch®

Available units (c.g., bottles of
100 tablets)

5 x 3mL FlexTouch Pen in carton

[dentification of dosage forms, |NDC Number: 0169-2770-15

e.g., shape, color, coating,

scoring, imprinting, NDC

number

Special handling (e.g., protect |Stored in the carton away from light.

from light, do not freeze)

Storage coaditions Store unused FlexTouch® pen
between 2° and 8°C (36° to 46°F).
Affer initial use, Ryzodeg may be
used for up fo 28 days (¥ weeks) at
room remperanire, below
FO°C (86

Not in-use (unopened) Not in-use (unopened) In-use (opened)
Refrigerated Room Temperature Room Temperature
(2°C - 8°C [36°F - 46°F]) | (below 30°C [86°F]) (below 30°C[86°F])
3mL RYZODEG U100 | Until expiration date 28 days (4 weeks) 28 days (4 weeks)
FlexTouch (Do not refrigerate)
Item Information Provided in NDA Reviewer’s Assessment
Strength of dosage form 100 units per mL Adequate

<13 -
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Manufacturer/distributor name listed at

: Nove Nordisk A/S, DK-

For information about RYZODEG contact: Novo Nordi

f PL, following Section #17

Mill
08536
Item Information Provided in NDA Reviewer’s Assessment
Manufacturer/distributor name (21 |Manufactured by: Novo Nordisk | Adequate e

CFR 201.1)

A/S, DK-2880 Bagsvaerd,
Denmark

Distributed by : Novo Nordisk,
Plainsbore, NJ

Conclusion: Adequate

Carton Label

1) Reviewer's Assessment for Immediate Container Label:

-14 -
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| Item Comments on the Information Provided in NDA Conclusions
Proprietary name, established |Ryzodeg/ O @4 dequate

iname (font size and ®@

prominence (21 CFR

201.10(g)(2))

Strength (21CFR 201.10(d)(1); [100 Units/mL

21.CFR 201.100(b)(4))

[Net contents {21 CFR

Yes. 3mL prefilled Pen

201.51(a))
Lot number per 21 CFR 201.18(Yes
piration date per 21 CFR  |Yes
01.17
Yes.

Rx only™ statement per 21
CFR 201.100(b)(1)

DC number
(per 21 CFR 201.2)
requested, but not required for
Il labels or labeling), also see
1 CFR 207.35(b)(3)

INDC Neo.: 0169-2770-90

ar Code per 21 CFR yes
01.25(c)(2)** .
ame of [Novo Nordisk, Plainsboro, NJ 08536
anufacturer/distributor
[Others

*21 CFR 201.51(h) A drug shall be exempt from compliance with the net quantity declaration required by this section if it is an
ointment labeted *‘sample™, *“physician’s sample®, or a substantiglly similar statement and the contents of the package do not exceed

8 grams.

**Not required for Physician’s sampies. The bar code requirement does not apply to prescription drugs sold by a manufacturer,
repacker, relabeler, or private label distributor directly to patients, but versions of the same drug product that are seld to or used in
hospitals are subject ta the bar code requirements.

Conclusion: Adequate

1) Carton Label

-15-
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NDA # 203313

QUALITY ASSESSMENT .

Item

Proprietary name, established name
(font size and prominence (FD&C
Act 502(e)(1){A)(i), FD&C Act
502(e){1)(B), 21 CFR 201.10(g)(2))

[Ryzodeg/
® @

Comments on the Information Provided in NDz(&b)
(4)

Conclusions

Strength (21CFR 201.10(d)(1);
21.CFR 201.100(b)(4))

'Yes. 100 units/mL

Net contents (21 CER 201.51(a))

@

3mL

ILot number per 21 CFR 201.18

yes

{Expiration date per 21 CFR 201.17

ame of atl inactive ingredients
(except for oral drugs); Quantitative
ingredient information is required
for injectables){ 201.10(a),
2 1CFR201.100(b)5)(1ii)]

ves

®) @)

Sterility Information (if applicable)

No. Sterile solution

Declaration in the
package insert

“Rx only” statement per 21 CFR
201.100(b)( 1)

Storage Conditions

Yes.

e liedusedindiliietectedet® Sl = bt

®) @&

INDC number

(per 21 CFR 201.2)

(requested, but not required for all
llabels or labeling), also see 21 CFR
207.35(b)(3)

INDC No.: 0169-2770-9

|Bar Code per 21 CFR
201.25(c)2)**

Yes

Name of manufacturer/distributor

Novo Nordisk, Plainsboro, NJ 08536

“Keep out of reach of children™
(optional for Rx, required for OTC)

INA

equired for oral, 21 CFR

oute of Administration (not
EOI.IOO(b)G))

'Yes.

Conclusion: Adequate

3 Page(s) has been Withheld in Full as b4 (CCITS) immediately following this page
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II. Administrative

Muthukumar T arament b5, oom s, ou-Poctle
0,2.2342.19200300.100.1.1=200034 1660, cn=Muthukumar
Ra maswa my 'S g:t"::g:;‘gsia 14:45:53-0400'
Muthukumar Ramaswamy,
Application Technical Lead
ONDP, OPQ, CDER
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MEMO

From: Muthukumar Ramaswamy, Ph.D.,
CMC Reviewer, Office of New Drug Quality Assessment (ONDQA), CDER

To: File
Date: Oct 29, 2012

Subject: CMC Recommendation for NDA 203313 - Ryzodeg® ([Insulin
degludec/Insulin aspart] (rDNA origin) Injection

This memo documents the overall CMC recommendation for NDA 203313 - Ryzodeg®
([Insulin degludec/Insulin aspart] (rDNA origin) Injection application. From Chemistry,
Manufacturing, and Controls (CMC) perspective, the NDA is not recommended for
approval due to a withhold recommendation for this application from the Office of
Compliance (Refer to Establishment Evaluation Request Summary Report for additional
details).

Refarence ID: 3209916



FDA CDER EES

ESTABLISHMENT BVALUATION REQUEST

SUMMARY REPORT
Apotication: NDA 203313000 Sponsor: NOVO NORQISK INC
Org. Cose: 510 E
Paority: 14 PLAINSBORO, NJ 08526
Starop Dater 29-3EP 2011 Brand Mame: Ryzoden
POUFA Datet 29-0CT-2012 Estan, Name: mwmmmm)
Action Goul: Genaric Mame:
‘District Goek 30MAY-2012 Procuct Numbes; Dasage Forn; ingredient; Strenpths
001; SOLUTION, INJECTION,; INSULIN DEGLUDEC; 100UNT
FDA Contacts: K. SHARMA Frodct Manager 2017281270
J.LEGINUS Review Charmist {HFO-B10) n17seeH2
S. TRAN Team Leader 3017981764
Oversll Recomme niation: WITHHOLD N 2BOCT2012 by F, GODWIN oFDR0) 0178
PENDING on 18-JUL-2012 by EES_FROD
PENDING on24-JANZ012 by EES_PROD
PENDING on 13-0CT-2011 by EES_PROD
Estobiishimen: CFM: 9610690 " FEi 3002807751
NOVO NORDISK A S
HALLAS ALLE
KALUNDBORS, , DENMARX
DMF o< AADA:
Respons bifttes: DRUG SUBSTANCE MANUFACTURER
FINISHED DOSAGE LABELER
FINISHED DOBAGE PACKAGER
Pratlle: ®@ OAL $tatne: NaE
Last Mitsstone: OC RECOMMENDATION
Milestone Date: 24-4AN-2012
Decinion: ACCEPTABLE
Reasor BASED ON PROFILE
Profite: )@ omstans: NONE
Lost Milasione: OC RECOMMENDATION
Kifestone Date: 15QCT-2012
Decision: ACCEPTABLE
Reasos;

DISTRICT RECOMMENDATION

Referance ID: 3209916



FDA CDER BERS
ESTABLISHMENT BEVALUATION REQUEST

SUMMARY REFORT
Estabilis hmerst: CEN: 9513284 FEE 3002507752
NOVO NORDISK A &
BERNNUM PARK, DK-3400
HILLEROED, , DENMARK
DIF No: AADA:
Responuibiliies: FINISHED DOSAGE LABELER
FINISHED DOSAGE PACKAGER
FINISHED DOSAGE STABLITY TESTER
Profite: CONTROL TESTING LABORATORY OAIStals:  NONE
Last Miestona: OC RECOMMENDATION
Wilestons Data: 24-SEP-2012
Decision: ACGEPTABLE
Rasson: DISTRICT RECOMMENDATION
Profls: O oarsiome:  wone
Last Milestsne: ©OC RECOMMENDATION
Rilsstone Date: 24-3EP-2012
Decision: ACCEPTABLE
A»azonc DISTRICT RECOMMENDATION
Estabialument: &n um " FEE ‘ :mm'mo: M e
o
BAGSVAERD, . DENMARK
DMF No: AADA:
Responaibiites: DRUG SUBSTANCE MANUFACTURER
FINISHED DOSAGE MANUFACTURER
Profie: ®®@ Oal Statue: POTENTIAL OA8
Last Milostone: 0OC RECOMMENDATION .
iotone Date: 28.0CT-2012
Deckpdsn: WITHHOLD
Resson: DISTRICT RECOMMENDATION

Reference iD: 3209916




This is a representation of an electronic record that was signed
electronically and this page is the manifestation of the electronic
signature.
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MUTHUKUMAR RAMASWAMY
10/30/2012

ALI H AL HAKIM
10/30/2012
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Recommendation:
NDA: Approval

NDA 203314
Review # 1 (Resubmission)
September 3, 2015

Drug Name Insulin Degludec
Dosage Form __ Solution for Injection
Strenpgth £00 and 200 Units/mL

' Route of Administration Subcutaneous Administration
Rx Dispensed Rx ’
Applicant Novo Nordisk Inc., Princeton, NJ 0854
US agent, if applicable Not Applicable

SUBMISSION(S) REVIEWED DOCUMENT DATE
Resubmission/Class 2 March 26, 2015
Quality Review Team
DISCIPLINE REVIEWER BRANCH/DIVISION
Drug Substance Joseph Leginus (Original Branch I1, Division [, ONDP
Submission dated Sep. 29, 2011)
Drug Product Muthukumar Ramaswamy Branch VI, Division [II, ONDP
(Original and Resubmission)
Process Muthukumar Ramaswamy Branch VI, Division [II, ONDP
(Original Submission) -
Microbiology Vinayak Pawar (Original OPF
Submission) )
Facility Juandria Williams OPF
(Resubmission)
Biopharmaceutics NA NA
Project/Business Process Anika Lalmansingh ONDP/OPRO
Manager (Resubmission)
Application Technical Lead Muthukumar Ramaswamy Branch VI, Division 1[I, ONDP
(Resubmission)
Su Tran (IQA for Original
submission Sep. 29, 2011)
Laboratory (OTR) NA NA
ORA Lead NA NA
Environmental Assessment (EA) Joseph Leginus (Original Branch I, Division I, ONDP
Submission)
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~ NDA # 203314
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1. LEGAL BASIS FOR SUBMISSION: 505(b)(1)

2. RELATED/SUPPORTING DOCUMENTS:

Quality Review Data Sheet

A. DMFs:
ITEM 1 DATE
DMF # TYPE HOLDER STATUS REVIEW COMMENTS
REFERENCED
(b) (4 (b) @4y COWLETED
v Novo Adequate } Reviewed none
Nordisk, during original
Inc. Submission
® @ © TRy
Reviewed by
a1 1 Adequate O. Stephens
9/6/2011
. Reviewed by
1 1 Adequate O. Stephens
8/24/2011

' Adequate, Adequate with Information Request, Deficient, or N/A (There is enough data

in the application, therefore the DMF did not need to be reviewed)

B. Other Documents: /ND, RLD, or sister applications

DOCUMENT APPLICATION NUMBER DESCRIPTION
IND 76,496 Insulin degluc!ec grDNA origin)
Injection
IND 73198 Insulin degludec/Insulin aspart
(rDNA origin) Injection
NDA 203313 Insulin degludec/Insulin aspart
(rDNA origin) Injection

3. CONSULTS:

DISCIPLINE STATUS | RECOMMENDATION DATE REVIEWER
CDRH Complete Acceptable 9/02/15 Lana Shiu
Microbiology Complete Acceptable (Original 6/07/12 Vinayak Pawar

Submission dated Sep.
29, 2011) . .
EA Complete Acceptable (Original 2/8/12 J. Leginus
Submission dated Sep. :
29,2011) 1
EES Complete | Acceptable 19/3/15 Juandria
Williams
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Executive Summary

I. Recommendations

A. Recommendation and Conclusion on Approvability
NDA 203314 is recommended for approval from a CMC perspective. There are no outstanding
deficiencies related to chemistry, microbiology, and manufacturing facilities. Office of Process
and facilities has provided an approval recommendation for NDA 203314,

Labeling comments will be ncgotiated through the clinical project manager.

Based on avarlable stability data, the following skelf-life recommendation is granted for the drug

substance (1sulin degldec) and drug product (provided as FlexTouck® pen device).

a) A shelflife of ‘amonths is granted for(bc)h(jgg substance insulin degludec when stored at B

b)) A shelf life of 70 monihs is granted for drug prodict (Tresiba FlexTouck® finsulin degludec
[SrDNA origing) myection) 10004l and 20000mL, when stored ar 3°C + F7°C. An in-use
period of 36 days at up 1o F70°C is granted for Trestba, 700Units/ml and 200 Cnitsinl.

B. Recommendation on Phase 4 (Post-Marketing) Commitments, Agreements,
and/or Risk Management Steps, if Approvable

II. Summary of Quality Assessments

A. Drug Substance [Insulin degludec] Quality Summary
Insulin degludec is a new molecular entity. Insulin degludec is a long acting form of insulin.
Insulin degludec is produced from desB30-insulin (2 human insulin analog) by chemical
modification. The amino acid sequence of desB30-insulin is the same as human insulin except that
it is missing a threonine at B30 position. DesB30-insulin is produced by recombinant DNA
technology from yeast (Sacciaromyces cerevisiag/, e
Insulin degludec contains a C-16 fatty acid (hexadecanedioic acid) chain and a glutamic acid
spacer at B29 lysine residuc of desB30-insulin (Refer to structure shown below; Structure

reproduced from the NDA).
Al AlD Al
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The chemical name of insulin degludec is N6, 29B-[N-(15-carboxypentadecanoy])-L-y-glutamyl]-
des-30B-L-threonine-human insulin. The molecular formula of insulin degludec is
C224H411N6sO03S with a molecular weight of ®® The isoelectric Pomt of insulin degludec is
approximately ¢ Insulin degludec is a ) It is freely soluble in water
at neutral pH.



. QUALITY ASSESSMENT |
Sy  NDA#203314

The structure and biological properties of insulin degludec were elucidated by suitable chcmi(g?(li)
biophysical, and biological methods such as

| oo R S 48 N

®@
Inonlin d I d H uﬁ tured (b) (4)
) aydegludec is manufac e
® @
The proposed manufacturing process is adequately desiened to assure the puritv of final dme —_—
substance by S
() (4)

The proposed drug substance specifications include appearance (visual), identification (
® and HPLC), assay of content (HPLC), bioactivity (cell-based assay), individual and total
©@related impurities (HPLC) and high molecular weight proteins, loss on drying, bioburden,
and bacterial endotoxin. The proposed regulatory methods have been validated. Reference
standards for the API have been developed and characterized.

The recommended shelf-life for drue substance is months for insulin degludec when stored at -
and is granted. For additional information, please
refer to Dr. Leginus’s CMC review dated Feb. 8, 2012 in DARRTS under NDA 203314

The drug substance (insulin degludec) will be manufactured at Novo Nog)i(igk A/S located in

Bagsvaerd Denmark and %){gflundborg
Denmark o _ .. The Office
of Process and Facilities has provided approve recommendation for the drug substance facilities
associated with this application.

B. Drug Product (Insulin degludec [rDNA origin] injection) Quality Summary

The drug product, Tresiba™ (Insulin Degtudec [rDNA Origin] Injection) is a sterile, aqueous, clear,
colorless solution and will be available in two strengths(100 Units/mL. (U-100) or 200 Units/mL (U-
200) as product filled glass cartridges preassembled in a pen delivery device. The proposed product is
a long-acting basal insulin formulation intended for once daily use by subcutaneous administration,

The 100 Units/mL presentation contains 600 nmol of insulin deeludec. 19.6 mg glycerol ®@
®® 1 50 mg phenol ® @1 72 mg metacresol ©® 357 g zinc | s
©®®and water for injection. The 200 Units/ml, presentations contains 1200 nmol of insulin

degludec, 19.6 mg glycerol, 1.50 mg phenol, 1.72 mg metacresol, 71.9 pg zinc and water for injection.

Hydrochloric acid or sodium hydroxide is added to adjust pH. The pH of the proposed product is

approximately 7.6.

During Phase 1 and 2 studies, the Applicant has screened several insulin formulations containing 600-
1200 nmol/mL of insulin degludec and excipients such as phenol/metacresol, glycerol, zinc, LI

®@for action profile and stability. The two strength products differ
mainly in ® @ The NDA states that the formulation was

optimized to maximize " “form. The Applicant has defined O form as a critical

-5-
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quality attribute that defines the long-acting profile of insulin degludec. The Applicant is proposing to
use monograph grade excipients in the final formulation and this is acceptable.

The Applicant is proposing to market the 100 and 200 units/mL strength products as pre-filled pen
{cartridge pre-assembled in a PDS290 pen-injector). The finished product will be marketed as 5 x 3
mL prefilled pens in cartons. The proposed product is light sensitive ®
packaging is critical to assure the stability of the product. -

The drug products, insulin degludec 100 and 200 U/mL are manufactured by s
®) @

During development, the Applicant has defined Quality Target Product Profile (QTPP) and critical
quality attributes. The proposed critical quality attributes (CQAs) for the drug product include content
of each active, exiractable volume, plunger friction (for measuring device performance), purity factors
(individual impurities related to each active ingredients), high molecular weight proteins, product
identity, ® @ content, closure integrity (sterility), ® @efficacy, endotoxin levels,
appearance (particulate load), and other physical tests such pH and isotonicity.

The Applicant also used design of experiments risk assessment techniques and process evaluation
studies to define critical process parameters. The proposed process parameters are adequate to ensure
complete dissolution of excipients and active ingredient. Developmental stability on in-process
solutions and bulk formulation assured whether the proposed pH ranges for these solutions are
adequate with respect chemical and physical attributes.

The NDA contains batch formula and a description of the proposed commercial process. Together with
the information provided in the master batch record, the available information in the NDA is adequate
to support the proposed commercial process. The NDA contains in-process control information for the
manufacturing and filling of the proposed products (100 U/mL and 200 U/mL insulin degludec
solution for injection). The proposed critical process parameters include

®@

content, and inspection for visible particle control. The Applicant has provided batch analysis data
from development through commercial scale to support the manufacturability of the proposed
products.

The NDA contains adequate information on the relcase specification used for controlling for quality of
the drug product. The proposed general and product-specific tests are what is expected for other
approved insulin analogs. The proposed general tests include pH, endotoxin limit, sterility, and
particulate matter. The nrodnct-snecific tests include identity. insulin content. zinc content, product
related impurities | _ . b

®) @and ® @ content. In addition, the applicant is
proposing to monitor the dose accuracy of the product filled in the delivery device. The Applicant is
also performing in-process control tests such as closure integrity, the extractable volume test, and air
content requirement in the cartridge.

Due lo method limitation, the Applicant has proposed collective limils for individua! groups of prodicct
related substances and impurities ®é)

©) @ purities). Considering the complexity of the product and Firm’s
characterization data on impurities, the proposed approach is acceptable. The test methods proposed
for the product are adequately described and are validated per applicable ICH guidelines.
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The Applicant is proposing a separate release and shelf-life specification (i.e., wider than the release
specification) for controlling and monitoring the quality of the drmg nroduct. PerfDA requesi, Hhe
/Wécmﬂhzr nghtened e skeff-life specification limils jor . related substances and
I \mpurities. Considering the mamygiciurer's limited experience with the  product, the
proposed skelflife specifications for the product related substances and impurities are acceplable.

OB 4 o s W

The applicant has provided 24-30 month real time and 6 month a.ccelerated stabl lity data for several
batches of the drug product (100 and 200 U/mL) manufactured at @Dscale. This Appllcatlon
also contains stability information for commercial scale batches ( scale) as well as in-use

stability and photo stability data for the product packaged in ) @packaging

configuration.

In genera] the stability studies were performed on the drug product packaged in . 01
? Since the drug product is only in contact with the ©©the stability data

of the drug product in the ki (in darkness) are considered to be representative for the stability of

the drug product in the PDS290 pen-injector.

o Lased on the long ferm and accelerated stability data evaluated in this document a sheff (e of 70
months at YOis recommended for insulin degludec 100 and 200UmL.

e Based on the in-use stability data evaluated in this document, an in-use period of 56 days at up to
30°C is recommended for insulin degludec 100 and 200U/mdL.

®  Photo stability data show that the ©@,ackaging (the PDS290 pen-injector

®® and carton) provides adequate protection against light.

®@

The NDA contains post-approval stability protocol and commitment to place 3 full scale batches on
stability and continue to update information on existing stability studies. The Applicant should update
their stability protocol and post-approvat stability protocol to include limits for individual product
related substances and impurities.

The Formulation, filling and release of bulk drug product will be performed by Novo Nordisk A/S
located in Bagsvaerd Denmark (Formulation, filling and release of bulk drug product). The assembly,
labelling, packaging and release of finished drug product will be performed by Novo Nordisk A/S
facility located at Hillerod, Denmark. Labelling and packaging of finished drug product may be
performed at Novo Nordisk A/S located in Kalundborg, Denmark. In consultation with CDRH
Compliance group, the Office of Process and Facilities, has provided an approve recommendation for
the facilities associated with the drug product.

The Applicant has adequately resolved issues identified during Chemistry Review #1. There are no
pending CMC issues to be resolved at this stage.

A. Summary of Drug Product Intended Use

Proprietary Name of the Drug Product

Tresiba A

Non Proprietary Name of the Drug Product

Insulin Degludec [TDNA origin] injection

Non Proprietary Name of the Drug Substance

Insulin degludec

Proposed Indication(s) including Intended

Type 1 and Type 2 diabetic patients

Patient Population .
Duration of Treatment Long-term
Maximum Daily Dose Once daily

Alternative Methods of Administration

B. Life Cycle Knowledge Information (see Attachment A)
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Primary Quality Review

ASSESSMENT OF THE DRUG SUBSTANCE/ DRUG PRODUCT
/MANUFACTURING PROCESS/ MICROBIOLOGICAL CONTROL OF
PRODUCT/ASSESSMENT OF THE FACILITIES

Tresiba insulin degludec injection is a drug device combination product. CMC review for drug substance,
drug product, and microbiological controls in the manufacturing process was completed during first review
cycle.

Product quality Review of NDA 203314 was conducted as a Team Review with Joseph Leginus reviewing
the Drug Substance and Muthukumar Ramaswamy reviewing the Drug Product. Dr. V. Pawar reviewed
product quality microbio(})())&w)i information (provided in the NDA) and sterilization validation information
provided under DMF Please refer to CMC reviews dated Feb. 8, 2012, March 6, 2012, May 25,
2012 and June 13, 2012 in DARRTS.

Performance aspects of the pen delivery device were reviewed by CDRH reviewer Lana Shiu. Refer to her
review in DARRTS dated 9/2/15.

An assessment of the drug substance and drug product manufacturing facilities was completed by Juandria
Williams in consultation with CDRH reviewer, Crystal Lewis and an Approve recommendation was
provided by the facility reviewer in Panorama.

There are no pending issues to be resolved.

R.2 Comparability Protocols

The Applicant has provided comparability protocol for adding manufacturing site (a cGMP compliant site)
for the assembly, packaging, labeling, and quality control of the prefilled PDS290 pen-injector containing
insulin degludec 100 U/mL and insulin degludec 200 U/mL, Applicant’s proposal to submit the proposed
changes in a CBE-30 submission is acceptable. Refer CMC review dated 2/08/12 in DARRTS for
additional details.

A APPENDICES
A2 Adventitious Agents Safety Evaluation
The manufacturing process for ®@

® @

Labeling & Package Insert

1. Package Insert
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(a) “Highlights” Section (21CFR 201.57(a))

Proprietary name and established name Information: Tresiba® (insulin degludec @i iection)
for subcutaneous use.
Conclusion: Adequate with comment
Comment; Delete @ fom established name to be consistent with other recently approved
labeling for insulin products.
Item Information Provided in NDA Reviewer’s Assessment
Product title, Drug name (201.57(a)(2)) |
Proprietary name and | Proprietary: Tresiba® Acceptable with comment. Deteie @@
established name | Established Name: Insulin degludec ®®trom established name to be
injection consistent with the label for other
recently approved insulin products.
Dosage form, route  |Dosage: Injection Acceptable
of administration Route: Subcutaneous administration
Controlled drug NA NA
substance symbol (if
applicable) ’ _
Dosage Forms and Stre s (201.57(a}8))
A concise summary | Tresiba ((.n:))((:))r Acceptable
of dosage forms and
strengths 100 or 200 ey
® @

(b) “Full Prescribing Information” Section

Tresiba 100 and 200 Units/mL (U-100 and U-200) ®®3 mL. FlexTouch® (3)
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Conclﬁsion: Adequate

Item ‘ _|{Information Provided in NDA. Reviewer’s Assessment
Available dosage forms Injection 1 Acceptable

Strengths: in metric system 100 and 200 units/mL
A description of the identifying |3 mL FlexTouch pen
characteristics of the dosage
forms, including shape, color,
coating, scoring, and
imprinting, when applicable.

#11; il 0
TRESIBA (insulin degludec injection) is long-acting basal human insulin analog . Insulin degludec is
produced by a process that includes expression of recombinant DNA in Szccharomyces cerevisiae followed
by chemical modification.

Insulin degludec differs from human insulin in that the amino acid threonine in position B30 has been
omitted and a side-chain consisting of glutamic acid and a C16 fatty acid has been attached (chemical
name: LvsB29(Ng-hexadecandioyl-y-Glu) deg{B30) human insulin) o

- . ' Insulin degludec has a molecular formula of
Cy74H411NssOa1Ss and a molecular weight of 6103.97.

Al Al® AR

wwm—mwwwﬁ—uﬁmm—ﬁ—ww&—m—h—umm B2Y

Bl Bl1# B8

Figure 1: Structural formula of insulin degludec

TRESIBA is a sterile, aqueous, clear. and colorless solution that contains insulin degludec 100-Units/mlz.b)(

(U-100) or 200 Units/ml. (U-200). 5
® @

Inactive ingredients for the 100 Units/mL are: glycerol 19.6 mg/mL, phenol 1.5¢ mg/mL, metacresol 1.72
mg/mL, zinc 32.7 mcg/mL and water for injection.

Inactive ingredients for the 200 Units/mL are glycerol 19.6 mg/mL, phenol 1.50 mg/mL, metacresol 1.72
mg/mL, zinc 71.9 mcg/mL and water for injection.

Tresiba has a pH of approximately 7.4. Hydrochloric acid or sodium hydroxide may be added to adjust pH.

.10 -



. QUALITY ASSESSMENT
D D [ ot M) ; NDA # 203314 P . UNDIORC L o A
Conclusion: Adequate
Item Information Provided in NDA Reviewer’s
: Assessment
Proprietary name and established | TRESIBA insulin degludec injection Adequate
name '
Dosage form and route of Solution for injection and subcutaneous
administration administration
Active moiety expression of Lach ml of the drug product contains a 100
strength with equivalence statement | Ciwits of insudin degludec per ml (U-704) or
for salt (if applicable) 200 Units of insulin degiudec per mZ (U-200).
Inactive ingredient information Inactive ingredients for the 100 units/mL are:

{quantitative, if injectables
21CFR201.100(b)(5)(iii)}, listed by
USPE/NF names.

19 mg glycerol, 1.50 mg phenol, 1.72 mg
metacresol, 27.4 meg zinc and water for .
injection.

Inactive ingredients for the 200 units/mL are
19 mg glycerol, 1.50 mg phenol, 1.72 mg
metacresol, 71.9 mcg zinc and water for
injection.

Tresiba has a pH of approximately 7.6.
Hydrochloric acid and/or sodium hydroxide

may be added to adjust pH.
Statement of being sterile (if Tresiba is a sterile solution
applicable)
Pharmacological/ therapeutic class Hormone/ Treatment of diabetes

Chemical name, structural formula,
molecular weight

The chemical name of insulin degludec is N6,
29B-[N-(15-carboxypentadecanoyl)-L-y-
glutamyl]-des-30B-L-threconine-human insulin.
The molecular formula of insulin degludec is
C[,vq]?b; '(i)N“O“SG with a molecular wcight of

If radioactive, statement of Not applicable

important nuclear characteristics.

Other important chemical or APlisa O@ Freely
physical properties (such as pKa,  |soluble in water. Isoelectric point is ® @
solubility, or pH)

TRESIBA is available as

Table 11 Presentations of Tresiba

®@

Tresiba Total | Concentration | Total units | NDC number | Max dose Dose
volume available in per increment*
presentation injection*
U-100 3ImL 100 U/mL 300U 0169-2660-15 80U 11U
FlexTouch )
U-200 3mlL 200 U/mL 600U - 0169-2550-13 160U 2U
FlexTouch

=115




QUALITY ASSESSMENT
NDA #203314

T PR LA Sk T M BT

Recommended St(g,l)lzg)ge
Unused TRESIBA should be stored between 2° and 8°C (36° to 46°F). Do not store in the
freezer or directly adjacent to the mfri%:zrator cooling element. Do not freeze. Do not use TRESIBA if it has
been frozen. 2o

- Touch disposable prefilled pen:
The in-use TRESIBA FlexTouch pen shoutd NOT be refrigerated but should be kept at room temperature,
below 30°C (86°F) away from direct heat and iight. The opened (in-use) TRESIBA FlexTouch pen may be
used for up to 56 days (8 weeks) after being opened, if it is kept at room temperature.

Table 12: Stor:

¢ Conditions for TRESIBA FlexTouch®

100 tablets)

Available units (e.g., bottles of

5 x 3mL FlexTouch Pen in carton

Identification of dosage forms,
e.g., shape, color, coating,

NDC Number: 0169-2660-15 (U-
100)

scoring, imprinting, NDC 0169-2550-13 (U-200)

number

Special handling (c.g., protect |Stored in the carton away from light.

from light, do not freeze)

Storage conditions Store unused FlexTouch® pen
between 2° and 8°C (36° to 46°F).
Afler inttial use, TRESIBA mqy be

used for up to 36 days (8 weeks) al
room temperalire, below
F0°C (56°F)

Not in-use (unopened) Not in-use (unopened) In-use (opéned)
Refrigerated Room Temperature Room Temperature
(2°C - 8°C [36°F - 46°F]) | (below 30°C [86°F]) (below 30°C[86°F])
3 mL. TRESIBA U100 Until expiration date 56 days (8 weeks) 56 days (8 weeks)
FlexTouch _ (Do not refrigerate)
3 mL TRESIBA U100 { Until expiration date 56 days (8 weeks) 56 days (8 weeks)
A FlexTouch (Do not refrigerate)
item Information Provided in NDA Reviewer’s Assessment
Strength of dosage form 100 units or 200 Units per mL Adequate

Item

Information Provided in NDA

Reviewer’s Assessment

Manufactorer/distributor name
CFR 201.1)

(21 |Manufactured by: Novo Nordisk
A/S, DK-2880 Bagsvaerd,
Denmark

Distributed by : Novo Nordisk,
Plainsboro, NJ

Adequate

Conclusion: Adequate

212 -







QUALITY ASSESSMENT

NDA # 203314
1) Reviewer's Assessment for Immediate Container Label:
| Item Comments on the Information Provided in NDA Conclusions
oprietary name, established [TRESIBA insulin degludec ®®injection Adequate

ame (font size and
rominence (21 CFR

01.10(g)(2))

Btrength (21CFR 201.10(d)(1);
1.CFR 201.100(b)(4))

100 or 200 Units/mL

et contents (21 CFR
01.51(a))

'Yes. 3mL

[Lot number per 21 CFR 201.18

Yes

[Expiration date per 21 CFR " {Yes
201.17
"Rx only” statement per 21 Yes.
CFR 201.100(b)(1}
torage
(not required) .
C number INDC No.: 0169-2660-15 and 0169-2550-13

per 21 CFR 201.2)
requested, but not required for
labels or labeling), also see
1 CFR 207.35(b)(3)

ar Code per 21 CFR yes
01.25(c)(2)** )
ame of [Novo Nordisk, Plainsboro, NJ 08536
anufacturer/distributo
bthcrs )

*21 CFR 201.51(h) A drug shall

be exempt from compliance with the net quantity declaration required by this section if it is an

ointment labeled *‘sample’’, “‘physician’s sample’’, or a substantially similar statement and the contents of the package do not exceed

8 grams.

*#Not required for Physician’s samples. The bar code requirement does not apply to prescription drugs sold by a manufacturer,
repacker, relabeler, or private label distributer directly to patients, but versions of the same drug product that are sold to or used in
hospitals are subject to the bar code requirements.

- Conclusion

1) Carton Label

: Adequate

-14-




QUALITY ASSESSMENT m
- NDA # 203314 Bt
| Comments on the Information Provided in NDA Conclusions
oprietary name, established name [TRESIBA insulin degludec ®® injection
font size and prominence (FD&C
ct 502(e}(1)(AX(), FD&C Act
02(e)(1X(B), 21 CFR 201.10(g)(2))
Etrength (21CFR 201.10(d)(1); Yes. 100 and 200 units/mL
1.CFR 201.100(b)(4))
[Net contents (21 CFR 201.51(a)) 3mL
[Lot number per 21 CFR 201.18 cs
[Expiration date per 21 CFR 201.17 _Jyes
ame of all inactive ingredients nactive ingredients for the 100 Units per mL are: 19 mg
except for oral drugs); Quantitative |glycerol, 1.50 mg phenol, 1.72 mg metacresol, 27.4 mcg zinc
ngredient information is required  fand water for injection.
or injectables)[ 201.10(a),
D 1CFR201.100(b)(5)(jii)] nactive ingredients for the 200 Units per mL are: 19 mg
ycerol, 1.50 mg phenol, 1,72 mg metacresol, 71.9 mcg zinc
water for injection.
|Sterility Information (if applicable) [No. Stetile solution Declaration in the
package insert
“Rx only” statement per 21 CFR  |Yes.
001.100(b)1)
Storage Conditions K eep in cold place untid jirst wse. Store at 364 (2-8°C). Do
o freead ® @

number

r21 CFR 201.2)
requested, but not required for all
abels or labeling), also see 21 CFR
7.35(bX3)

INDC No.: 0169-2770-90

ar Code per 21 CFR

Yes

01.25(c)2)**
[Name of manufacturer/distributor [Novo Nordisk, Plainsboro, NJ 08536

eep out of reach of children™ INA

optional for Rx, required for OTC)

oute of Administration (not Yes.
uired for oral, 21 CFR

01.100(b)(3))
' Conclusion: Adequate

3 Page(s) has been Withheld in Full as b4 (CCI/TS) immediately following this page

=15 -
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Muthukumar Ramaswamy,
Application Technical Lead
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MEMORANDUM

Date: 2 Nov 2012

From: Joseph Leginus, Review Chemist, Branch VI/DPA III/ONDQA
To: NDA 203314, Tresiba™ (Insulin Degludec [fDNA Origin] Injection)
Subject: CMC Recommendation

This memo documents the overall CMC recommendation for NDA 203314 - Tresiba™ (Insulin
Degludec [rDNA Origin] Injection). The recommendation from CMC is Complete Response due
to a Withhold recommendation for this application from the Office of Compliance on 26 Oct
2012. See Establishment Evaluation Request Detail Report below for details.

'FDA CDER EES
ESTABLISHMENT EVALUATION REQUEST
DETAIL REPORT
Application: NDA 203314/000 Action Goal;
Stamp Date: 29-SEP-2011 Disirict Goal: 30-MAY-2012
Regulatory: 20-0CT-2012
Applicant: NOVO NORDISK INC Brand Name: insulin degludec (IENA origin) Infaction
848 Estab, Name: Insulin degiudac (fONA origin) Injection
PLAINSBORO, NJ 08538 Generic Name:
Priority: 3 Product Mumber; Dosage Form; Ingredient; Strengths
Org. Code: 510 001: SOLUTION, INJECTION; INSULIN DEGLUDEC; 100UNT
002; SOLUTION, INJECTION; INSULIN DEGLUDEG; 200UNT
Application Comment;
FDA Contacts: K. SHARMA Project Managsr 30t798127¢
M. RAMASWAMY Review Chemist 3017961678
S. TRAN Team Leader 3017981784
Overalt Recommendation: WITHHOLD on 26-0CT-2012 by F. GODWIN (HFD-320) 3017685362
PENDING an19-1UL-2092 by EES_PROD
PENDING on24-JAN-2012 by EES_PRCO
PENDING on 13-0CT-2011 by EES_PROD
PENDING on 13-0CT-2011 by EES_PROD

Joseph Leginus, PhD
Review Chemist

Ali Al-Hakim, Ph.D.
Branch VII, Chief, ONDQA

Reference ID: 3211714



This is a representation of an electronic record that was signed
electronically and this page is the manifestation of the electronic
signature.

Is/

JOSEPH LEGINUS
11/02/2012

ALI H AL HAKIM
11/02/2012

Reference ID: 3211714



MEMORANDUM

Date: 2 Nov 2012

From: Joseph Leginus, Review Chemist, Branch VII/DPA III/ONDQA
To: NDA 203314, Tresiba™ (Insulin Degludec [TDNA Origin] Injection)

Subject: CMC Recommendation

This memo documents the overall CMC recommendation for NDA 203314 - Tresiba™ (Insulin
Degludec [rDNA Origin] Injection). The recommendation from CMC is Complete Response due
to a Withhold recommendation for this application from the Office of Compliance on 26 Oct
2012. See Establishment Evaluation Request Detail Report below for details.

FDA CDER EES
ESTABLISHMENT EVALUATION REQUEST
DETAIL REPORT
Application: NDA 203314/000 Action Goal:
Stamp Date: 29-SEP-2011 District Goal: 30-MAY-2012
Regulatory: 29-0CT-2012
Applicant: NOVO NORDISK INC Brand Name: insulin degludec (rDNA origin) Injection
846 Estab. Name: insulin degludec (rDNA origin) Injection

PLAINSBORO, NJ 08536
Priority: 1
Org. Code: 510

Application Comment:

Generic Name:

Product Number; Dosage Form; Ingredient; Strengths

001; SOLUTION, INJECTION; INSULIN DEGLUDEC; 100UNT
002; SOLUTION, INJECTION; INSULIN DEGLUDEC:; 200UNT

FDA Contacts: K. SHARMA Project Manager 3017961270
M. RAMASWAMY Review Chemist 3017961676
S. TRAN Teamn Leader 3017961764
Overall Recommendation: WITHHCLD on 26-0OCT-2012 by F. GODWIN (HFD-320) 3017965362
PENDING on 19-JUL-2012 by EES_PROD
PENDING on 24-JAN-2012 by EES_PROD
PENDING on 13-OCT-2011 by EES_PROD
PENDING on 13-OCT-2011 by EES_PROD
Joseph Leginus, PhD

Reference ID: 3211714

Review Chemist

Ali Al-Hakim, Ph.D.
Branch VII, Chief, ONDQA



This is a representation of an electronic record that was signed
electronically and this page is the manifestation of the electronic
signature.

JOSEPH LEGINUS
11/02/2012

ALI H AL HAKIM
11/02/2012

Reference ID: 3211714



MEMO

From: Muthukumar Ramaswamy, Ph.D.,
CMC Reviewer, Office of New Drug Quality Assessment (ONDQA), CDER

To: File
Date: Oct 29, 2012

Subject: CMC Recommendation for NDA 203313 - Ryzodeg® ([Insulin
degludec/Insulin aspart] (rDNA origin) Injection

This memo documents the overall CMC recommendation for NDA 203313 - Ryzodeg®
([Insulin degludec/Insulin aspart] (rDNA origin) Injection application. From Chemistry,
Manufacturing, and Controls (CMC) perspective, the NDA is not recommended for
approval due to a withhold recommendation for this application from the Office of
Compliance (Refer to Establishment Evaluation Request Summary Report for additional
details).

Reference ID: 3209916



FDA CDER EES
ESTABLISHMENT EVALUATION REQUEST
SUMMARY REPORT

Application: NDA 203313/000 Sponsor: NOVO NORDISK INC
Org. Code: 510 846
Priority: 14 PLAINSBORO, NJ 08536
Stamp Date: 20-SEP-2011 Brand Name: Ryzodeg
PDUFA Date: 29-0CT-2012 Estab. Name: [Insukn degludec/insulin aspar] (rDNA origin)
Action Goal: Generic Name: riscten
District Goal: 30-MAY-2012 Product Number; Dosage Form; Ingredient; Strengths
001; SOLUTION, INJECTION: INSULIN DEGLUDEC: 100UNT
FDA Contacts: K. SHARMA Project Manager 3017961270
J.LEGINUS Review Chemist (HFD-810) 3017964102
3. TRAN Team Leader 3017961764
Overall Recommendation: WITHHOLD on 26-0CT-2012 by F. GODWIN (HFD-320) 3017965362
PENDING on 19-JUL-2012 by EES_PROD
PENDING on24-JAN-2012 by EES_PROD
PENDING on 13-0CT-2011 by EES_PROD
Establishment: CFN: 9510899 FEL: 3002807751

DMF No:

Responsiblliues:

Profile:

Last Milestone:
Milestone Date:
Decision:
Reason:
Profile:

Last Milestone:
Milestone Date:
Decision:

Reason:

NOVONORDISK A S
HALLAS ALLE

KALUNDEORG. . DENMARK

DRUG SUBSTANCE MANUFAGTURER
FINISHED DOSAGE LABELER
FINISHED DOSAGE PACKAGER

® @

OAIStatus:  NONE
0C RECOMMENDATION
24-1AN-2012
ACCEPTABLE
BASED ON PROFILE
®) @ OAlStatus:  NONE
0C RECOMMENDATION
15-0CT-2012
ACCEPTABLE

DISTRICT RECOMMENDATION

Reference ID: 3209916



FDA CDER EES
ESTABLISHMENT EVALUATION REQUEST
SUMMARY REPORT

Establishment: CFN: 95613244 FEI: 3002807752
NOVO NORDISK A S
BERNNUM PARK, DK-3400
HILLEROED. . DENMARK
DMF No: AADA:
Responsibilities: FINISHED DOSAGE LABELER
FINISHED DOSAGE PACKAGER
FINISHED DOSAGE STABILITY TESTER
Profile: CONTROL TESTING LABORATORY OAIl Status: NONE
Last Milestone: OC RECOMMENDATION
Milestone Date: 24-SEP-2012
Decision: ACCEPTABLE
Reason: DISTRICT RECOMMENDATION
Profile: ®@ DAl Status: NONE
Last Milestone: OC RECOMMENDATION
Milestone Date: 24-SEP-2012
Decision: ACCEPTABLE
Reason: DISTRICT RECOMMENDATION
Establishment: CFN: 9616213 FEI: 3000151819
NOVO NORDISK A S
NOVO ALLE
BAGSVAERD. ., DENMARK
DMF No: AADA:
Responsibilities: DRUG SUBSTANCE MANUFACTURER
FINISHED DOSAGE MANUFACTURER
Profile: ®) @) DAl Status: POTENTIAL OAI
Last Milestone: OC RECOMMENDATION
Milestone Date: 26-0CT-2012
Decision: WITHHOLD
Reason: DISTRICT RECOMMENDATION

Reference ID: 3209916




This is a representation of an electronic record that was signed
electronically and this page is the manifestation of the electronic
signature.

MUTHUKUMAR RAMASWAMY
10/30/2012

ALI H AL HAKIM
10/30/2012
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CHEMISTRY REVIEW

NDA 203313

Ryzodeg™
(70% Insulin Degludec and 30% Insulin Aspart
[rDNA origin]| Injection)

Novo Nordisk Inc.

Joseph Leginus, PhD (Drug Substance Reviewer)
Muthukumar Ramaswamy, PhD (Drug Product Reviewer)

Division of Pre-Marketing Assessment III, Branch VII, ONDQA

For the Division of
Metabolism and Endocrinology Products

CHEMISTRY REVIEW #2

Page 1 of 20
Reference ID: 3136372
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CHEMISTRY REVIEW

Chemistry Review Data Sheet

Chemistry Review Data Sheet

1. NDA 203313

2. REVIEW #: 2

3. REVIEW DATE: May 25, 2012

4. REVIEWER: Joseph Leginus, PhD and Muthukumar Ramaswamy, PhD

5. PREVIOUS DOCUMENTS:

Previous Documents Document Date
Original Sep 29, 2011
Amendment Dec 22, 2011

6. SUBMISSION(S) BEING REVIEWED:

Submission(s) Reviewed Document Date
Amendment Mar 16, 2012

7. NAME & ADDRESS OF APPLICANT:

Name: Novo Nordisk Inc.
Address: 100 College Road West, Princeton, NJ 08540
Representative: Eddie Li, PhD, Vice President, Regulatory Affairs
Telephone: 609-786-4593

oo

. DRUG PRODUCT NAME/CODE/TYPE:

a) Proprietary Name: Ryzodeg™

Non-Proprietary Name (USAN): Insulin Degludec/Insulin Aspart

b) Code Name/# (ONDC only): Insulin degludec: NNC ®® nsulin 454
¢) Chem. Type/Submission Priority (ONDC only):

® Chem. Type: 1 (NME) and Type 4 — new combination

® Submission Priority: S

9. LEGAL BASIS FOR SUBMISSION: 505(b)(1)

Page 3 of 20
Reference ID: 3136372
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10.
11
12.
13.
14.
I5.

16.

CHEMISTRY REVIEW
Chemistry Review Data Sheet

|

PHARMACOL. CATEGORY: Treatment of diabetes mellitus
DOSAGE FORM: Solution for Injection
STRENGTH/POTENCY: 100 U/mL

ROUTE OF ADMINISTRATION: Subcutaneous Administration
Rx/OTC DISPENSED: X Rx ___0OTC

SPOTS (SPECIAL PRODUCTS ON-LINE TRACKING SYSTEM):

X SPOTS product

Not a SPOTS product

CHEMICAL NAME, STRUCTURAL FORMULA, MOLECULAR FORMULA,
MOLECULAR WEIGHT:

Insulin Degludec

Chemical Name (WHO): N%®%_[N%(15-carboxypentadecanoyl)-L-y-glutamyl]-des-B30-L-
threonine-insulin human

USAN: Insulin degludec

Chemical Structure:

Molecular Formula: C274H411N6503186
Molecular Weight: Da — monoisotopic; 6,103.97 Da - average

Insulin Aspart

Chemical Name (WHO): B28 insulin aspart
USAN: Insulin aspart

Chemical Structure:

Al Al0 A20
Bl B10 B20 B30

Page 4 of 20
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CHEMISTRY REVIEW

Chemistry Review Data Sheet

Molecular Formula: C156H381N65070S6
Molecular Weight: 5825.8 Da

17. RELATED/SUPPORTING DOCUMENTS:

A. DMFs:
ITEM 1 > | DATE REVIEW
DMF # | TYPE HOLDER REFERENCED . CODE" | STATUS COMPLETED COMMENTS
(
. Letter of
® @ ; Novo Reviewed by B. .
V| Nordisk, Inc. 1 Adequate | piiev 3/13/2000 ‘;‘I‘tll‘/‘z’gﬁt‘on

! Action codes for DMF Table:
1 — DMF Reviewed.
Other codes indicate why the DMF was not reviewed, as follows:
2 —Type 1 DMF
3 — Reviewed previously and no revision since last review
4 — Sufficient information in application
5 — Authority to reference not granted

6 — DMF not available
7 — Other (explain under "Comments")

2 Adequate, Inadequate, or N/A (There is enough data in the application, therefore the DMF did not
need to be reviewed)

B. Other Documents:

DOCUMENT APPLICATION NUMBER DESCRIPTION
INT [Insulin degludec/Insulin aspart]
73198 (rDNA origin) Injection
NDA 203314 Insulin degludec (tDNA origin) Injection
NDA 20986 Insulin aspart (tDNA origin) Injection
18. STATUS:
ONDC:
CONSULTS/ CMC .
RELATED REVIEWS RECOMMENDATION DATE REVIEWER
Pending. EER was sent to Office of L .
EES Compliance on 13-Oct-2011. 3/10/2012 OC recommendation is pending
May not be applicable. This is an injectable
Biopharm product, and the commercial formulation N/A
was used in Phase 3 studies.
S Validation may be requested of FDA labs
Methods Validation after test methods are finalized. N/A
CDRH Review of the dli?izzatl(l))rle multi-dose pen TBD Jackie Ryan/Quynhnhu Nguyen
EA Acceptable 2/7/2012 Joseph Leginus
Review of 1) microbiology controls
L proposed for the drug substance and drug e .
Microbiology product, and 2) sterilizatior ®® TBD Vinayak Pawar
processing validation for the drug product.

Reference ID: 3136372
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CHEMISTRY REVIEW

Executive Summary Section

The Chemistry Review for NDA 203313

The Executive Summary

I. Recommendations

A. Recommendation and Conclusion on Approvability

From a CMC perspective the Applicant has resolved satisfactorily the deficiencies identified in Review
#1. There is no pending issue specific to the CMC review. At this time, the CMC final recommendation is
pending the recommendations from CDRH and microbiology reviewers for the acceptability of the. ®®
injector for the proposed use and acceptability of microbiology information, respectively. In addition,
OMPQ has not issued an overall recommendation for the commercial manufacturing and testing facilities
listed in the NDA.

B. Recommendation on Phase 4 (Post-Marketing) Commitments, Agreements, and/or Risk
Management Steps, if Approvable

Not Applicable
II. Summary of Chemistry Assessments

A. Description of the Drug Product(s) and Drug Substance(s)

Note: Review of NDA 203313 was conducted as a Team Review with Joseph Leginus reviewing the Drug
Substance and Muthukumar Ramaswamy reviewing the Drug Product.

DRUG SUBSTANCE

Ryzodeg™ (70% Insulin Degludec and 30% Insulin Aspart [TDNA Origin] Injection) 100 U/mL solution
for subcutaneous injection contains 420 nmol of insulin degludec and 180 nmol of insulin aspart per mL.
Insulin aspart was approved previously for human use under NDA 20986.

One of the two drug substances, insulin degludec, is a new molecular entity and is an analog of human
insulin. The chemical name of insulin degludec is N***®-[N-(15-carboxypentadecanoyl)-L-y-glutamyl]-
des-30B-L-threonine-human insulin, and its structure is presented below:

Al Al10 A20

NHy-G—1—V-—E-—Q-—C—C—T—§—f—C-—$-—L-—Y-—Q-—L—E-—N-—Y-—C-—N-—COOH HO
NHzF VS N= Qe Ho L GG § = Ha L~V B AL =Y =L V- Ot G B~ R~ G F Y = TP ©

B1 B10 B0 B29

J

HN
1 S
NN NN
/\/\'O(HO (0]

Insulin degludec is produced using recombinant DNA technology and chemical modification. The
precursor of insulin degludec (desB30-insulin), produced by a process that includes expression of

® @
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CHEMISTRY REVIEW

Executive Summary Section

recombinant DNA in yeast (Saccharomyces cerevisiae) differs from human insulin by the omission of
threonine in position B30. Insulin degludec is made by chemically attaching a C-16 fatty acid
(hexadecanedioic acid) with a glutamic acid spacer on the lysine.  ®®at position B29 of the insulin
precursor.

The molecular formula of insulin degludec is Cy74H411NgsO31S¢ with a molecular weight of ]

Insulin degludec is a ®® Tt is freely soluble in water at neutral pH =~ ®¢

The isoelectric point of insulin degludec is approximately®®. The pH of a ©® aqueous
solution of drug substance is approximately 7.4.

The structure of insulin degludec was LIS

Insulin degludec is produced by recombinant DNA technology from yeast (Saccharomyces cerevisiae)
and chemical modification. The manufacturing process is B

The proposed release specifications include appearance, identification ®® and HPLC),
content (HPLC), bioactivity (cell-based assay), individual @ related impurities (HPLC), loss on
drying and bacterial endotoxin. The proposed regulatory methods have been validated. Reference
standards for the API have been developed and characterized.

Product related impurities structurally related to insulin degludec LI
O® impurities”,
®® related substances”. ®®@ impurities” and “high molecular weight proteins.”
®®
®®

A shelf life of  months will be granted for the drug substance when stored at
This is based on acceptable long-term stability results from real-time studies
obtained for the drug substance from Primary Stability batches at production scale.

DRUG PRODUCT
The proposed drug product (IDegAsp) is a mixture of insulin degludec (IDeg, a long acting insulin
analog) and insulin aspart (IAsp, a rapid acting insulin analog) in 70/30 ratio to mimic the combined
action profiles of long acting and rapid acting insulin. The drug product is a sterile, clear, colorless
aqueous solution. Each mL of the proposed contains 420 nmol of insulin degludec and 180 nmol of
insulin aspart, 19.0 mg glycerol ®® 1.50 mg phenol ®®@ 172 mg metacresol
®® sodium chloride (0.58 mg, ®®) and 27.4 pg zinc ®® and
water for injection. Hydrochloric acid or sodium hydroxide is added to adjust pH to approximately 7.4.
The potency of the proposed formulation is 100 Units/mL (U-100). The proposed product is intended for
once or twice daily use as meal time insulin by subcutaneous administration.

During Phase 1 and 2 studies, the Applicant has screened formulations containing different ratios of
mnsulin degludec/insulin aspart and different levels of excipients (e.g.. phenol/metacresol, glycerol, zinc,
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sodium chloride. ®@) for action profile and stability. Based on developmental data, the
Applicant has chosen a formulation containing insulin degludec/insulin aspart at a ratio of 70:30 and
phenol/metacresol. glycerol, sodium chloride, and zinc as excipients for use in Phase 2/3 studies. The
proposed final formulation is the same as the one used in Phase 3 clinical studies.
Insulin degludec and insulin aspart together ®® bromote self-association into di-
hexamer and hexamer, respectively. The NDA states that drug product formulation has been optimized to
maximize the di-hexamer and hexamer forms of insulin degludec and insulin aspart, respectively in the
drug product. A concentration in total of ®® and a pH of 7.4 have been identified as optimal
to confer @ of the formulation. The Applicant is proposing to use monograph
grade excipients in the final formulation and is acceptable.
The Applicant is proposing to market the proposed product as ®® pre-filled pen
(cartridge pre-assembled in a PDS290 pen-injector). The finished product will be marketed as 5 x 3 mL
®@ packaged in cartons or as 5 x 3 mL prefilled pens in cartons. The proposed product is

light sensitive and ®® packaging is critical to assure the stability of the product.

The drug product, insulin degludec/insulin aspart 100 U/mL, is manufactured by o@

The drug product is sterile L1

During development, the Applicant has defined Quality Target Product Profile (QTPP) and critical quality
attributes (CQAs). The proposed CQAs for the drug products include insulin content of each active
ingredient, extractable volume, plunger friction (for measuring device performance), purity factors
(individual impurities related to each active ingredients, high molecular weight proteins, product identity,

®® content), closure integrity (sterility), ®® efficacy, endotoxin levels, appearance
(particulate load), and other physical tests such pH and 1sotonicity.

The Applicant has defined ® @

The Applicant also used design of experiments and risk assessment techniques to define critical process
parameters. The Applicant’s developmental work and process evaluation studies were targeted to
ensuring the proposed process parameters are adequate to ensure complete dissolution of excipients and
active ingredients. Developmental stability on in-process solutions and bulk formulation assured whether
the proposed pH ranges for these solutions are adequate with respect chemical and physical attributes.

The NDA contains batch formula and a description of the proposed commercial process. Together with
the information provided in the master batch record, the available information in the NDA is adequate to
support the proposed commercial process. The NDA contains process control information for
manufacturing the proposed product. The proposed critical process parameters (in-process tests) include
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® @

The NDA contains batch analysis data from development through commercial scale to support the
manufacturability of the proposed product. The NDA contains adequate information on the release
specification used for controlling for quality of the drug product. The Applicant has proposed general tests
typically expected for a parenteral product, and product-specific tests. The proposed general tests include
pH. endotoxin limit, and sterility, and particulate matter. The product-specific tests include identity. insulin
content, zinc content, product related impurities ord ®® impurities,
®® product related substances and ©® impurities) and ©® content. In addition,
the applicant is proposing to monitor the dose accuracy of the pen-filled syringe. The proposed limits for
monitoring the individual insulin degludec and insulin aspart related substances and impurities are

acceptable.

Due to method limitation, the Applicant has proposed collective limits for individual groups of product
related substances and impurities (defined as B i ®@ product related

impurities,
substances and ®® impurities). Considering the complexity of the product and the availability of

characterization data for related substances and impurities, the proposed control strategy is acceptable.
The test methods proposed for the product are adequately described and are validated per applicable ICH
guidelines.

The Applicant is proposing a separate release and shelf-life specification (i.e.. wider than the release
specification) for controlling and monitoring the quality of the drug product. Per FDA request, the
Applicant has tightened the shelf-life specification limits for ®® yelated substances and
O® impurities. Considering the manufacturer’s limited experience with the product, the
proposed shelf-life specifications for the product related substances and impurities are acceptable.

The applicant has provided 18-24 month real time and 6 month accelerated stability data for several
batches of the drug product manufactured at. ®® scale. This Application also contains limited stability
information for product manufactured at commercial scale ®® scale). In addition, the NDA
contains in-use stability and photo stability data for the proposed product De
packaging configurations. The stability studies were performed on the drug product packaged

in ®®  pPhoto stability data show that the O®ackaging (the PDS290 pen-
injector O® and carton) provides adequate protection against light. Since the drug product
is only in contact with the ®@ the stability data of the drug product in the ©@ (in

darkness) in the PDS290 pen-injector is not needed.

e Based on the long term and accelerated stability data evaluated in this document, a shelf life of 24
months at 5°C = 3°C is recommended for Insulin degludec/Insulin aspart 100 U/mL.

e Based on the in-use stability data evaluated in this document, an in-use period of 28 days at up to
30°C is recommended for Insulin degludec/Insulin aspart 100 U/mL.

The NDA contains a post-approval stability protocol and commitment to place 3 full scale batches on
stability and continue to update information on existing stability studies. The Applicant should update
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their stability protocol and post-approval stability protocol to include limits for individual product related
substances and impurities.

The Applicant has adequately resolved issues identified during Chemistry Review #1.

B. Description of How the Drug Product is Intended to be Used

Ryzodeg™ (70% Insulin Degludec and 30% Insulin Aspart [[DNA Origin] Injection) solution is intended
for once or twice daily administration with any main meals in diabetic patients. When needed, the patient
can change the time of administration as long as Ryzodeg is dosed with a main meal. The Ryzodeg drug
can be administered either alone or in combination with oral anti-diabetic drugs (OADs).

The dosage of Ryzodeg should be individualized under the supervision of a health care provider in
accordance with the needs of the patient with appropriate glucose monitoring. For patients with type 2
diabetes mellitus, the recommended total daily starting dose of IDegAsp is 10 Units with meal(s)
followed by individual dosage adjustments. For patients with type 1 diabetes mellitus, IDegAsp is to be
used once-daily at meal-time and with short-/rapid-acting insulin at the remaining meals followed by
individual dosage adjustments.

Ryzodeg should be administered by subcutaneous injection into the abdominal wall, thigh, or upper arm.
Ryzodeg should not be administered intravenously or intramuscularly or with insulin infusion pumps or
mixed with any other insulin solutions. Ryzodeg should be inspected visually prior to administration and
should only be used if the solution appears clear and colorless.

Drug product delivery system and appropriate storage are adequately described in both package insert and
patient package insert. Drug product shelf-life is 24 months at 2° - 8°C, protected from light. In-use shelf-
life period is 28 days at temperatures not exceeding 30°C

C. Basis for Approvability or Not-Approval Recommendation

From a CMC perspective the NDA is satisfactory. There is no pending issue specific to the CMC review.
At this time, the CMC final recommendation is pending the recommendations from CDRH and

microbiology reviewers for the acceptability of the.  ®® injector for the proposed use and acceptability
of microbiology information, respectively. In addition, OMPQ has not issued an overall recommendation

for the commercial manufacturing and testing facilities listed in the NDA.

III. Administrative

A. Reviewer’s Signature:  in DAARTS
B. Endorsement Block: in DAARTS
C. CC Block: in DAARTS
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Chemistry Assessment

Chemistry assessment was completed by team review. Dr. J. Leginus completed the review
of the drug substance section and Dr. M. Ramaswamy completed the review of the drug
product section.

On Mar 16, 2012, Novo Nordisk, Inc. submitted a complete response to the CMC request for
information dated Feb 8, 2011 resulting from Chemistry Review #1. Novo Nordisk’s responses
to FDA questions and review comments are provided below. For an evaluation of Novo
Nordisk’s response to drug substance related questions, please refer to NDA chemistry review #2
for NDA 203314.

FDA Question 1

Provide information on the following:

a. Levels of soluble di-hexameric forms of insulin degludec present in your drug product.
b. The stoichiometry o

¢. Data to support the proposed levels of zinc and phenol for the proposed drug products.

Response to FDA Question 1a
During formulation development, the association pattern of insulin degludec has been investigated by

_ High Performance Liquid Chromatography .HPLC) and Analytical_
-. The drug product formulation has been characterized to primarily consist of soluble, non-
covalently bound di-hexamers to a level above 95%. In the chromatogram more than 95% of insulin

deglude_ corresponding to the molecular mass of an insulin degludec

di-hexamer.

Response to FDA Question 1b
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Response to FDA Question 1c

FDA Question 2
Your CMC section does not contain information on the levels of individual insulin degludec related

substances and impurities present in the drug product. ICH Q6B guidance states that if impurities are
known to be introduced or formed during the production and/or storage of the drug product, the levels of
these impurities should be determined and acceptance criteria established. Therefore, provide the
following:

a. Information on the levels of individual insulin degludec related substances and impurities present in
batches used in phase 3 clinical studies and stability studies.
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Response to FDA Question 2a

In accordance with the ICH Q6B guideline, the development of the RP-HPLC method A6020a to
determine insulin degludec related substances and impurities has focused on the separation of the
desired product (insulin degludec) from the different degradation products. The established
analytical procedure A6020a has been shown to provide satisfactory selectivity and ability to detect
the degradation of insulin degludec even for drug products subjected to extreme conditions
(reference is made to 3.2.P.5.5 Biological Activity of Degradation Products in Insulin
Degludec/Insulin Aspart Drug Product, where characterization by mass spectrometry of the main
peak in method A6020a from the degraded samples showed more than % of the mass signals to
comply with the theoretical monoisotopic mass for insulin degludec). A number of molecular
variants of insulin degludec are formed during storage of the drug product at accelerated conditions
(see 3.2.P.5.5 Characterization of Impurities). They elute well separated from the insulin degludec
main peak, but not individually separated from each other, and collective acceptance criteria have
therefore been established in accordance with ICH Q6B.

The separation of individual impurities may vary between analytical runs due to column-to-column
variations, and integration of the product related substances and impurities in the three groups

( O impurities, ®® related substances and ®® impurities) therefore
ensures the most robust method. At the same time, this approach ensures the most sensitive

detection of all degradation products since all area segments eluting within the e

area segment would be less than the quantification limit. In addition, isomers and isolated
degradation products of insulin degludec, representing all the major components of the three groups
of insulin degludec related substances and impurities in degraded drug product, have been
characterized with regard to biological activity. o)
(see

3.2.S.3.1 Biological Activity of Insulin Degludec).

Based on the above, the use of collective acceptance criteria for insulin degludec related substances
and impurities have been justified. Levels of insulin degludec related substances and impurities in
drug product batches used in phase 3 clinical studies and stability studies, reported as ®®
impurities, ®® related substances and ®® impurities, have been provided in
3.2.P.5.4 Insulin Degludec/Insulin Aspart 100 U/mL, Batch Analysis and 3.2.P.8.1 Insulin
Degludec/Insulin Aspart 100 U/mL, Stability Summary and Conclusion.

b. Explain which impurities are increasing during manufacturing, during long-term, accelerated
and in-use stability studies.

Response to FDA Question 2b
For the insulin degludec/insulin aspart drug product and the insulin degludec drug substance used for drug
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product manufacturing, comparable impurity profiles and levels of insulin degludec related substances
and impurities have been documented in 3.2.P.5.5 Characterization of Impurities (see Figure 3 and
Table 1 below, for convenience copied from the report).

Table 1 Content of insulin degludec related substances and impurities by RP-HPLC (A6020a)
for insulin degludec drug substance and insulin degludec/insulin aspart drug product

[O1%) O, iy
: : o related

ample i impurities (%) substances (%) impurities (%)

. | | ®) @

Insulin degludec/insulin YQ50522
aspart drug product
Insulin degludec drug YKOSHP006
substance

It is therefore concluded that no new impurities of insulin degludec were found due to the manufacturing
of the insulin degludec/insulin aspart drug product, and the drug product manufacturing process has only
a very limited effect on the levels of insulin degludec related substances and impurities.

In the 3.2.P.5.5 Characterization of Impurities report, the impurity profile of insulin degludec/insulin
aspart drug product, stored at accelerated conditions (25°C = 2°C) for 6 months, was compared to the
drug product kept at long term conditions (5°C + 3°C), and the impurity profiles are provided in Figure 4
of the quality amendment dated 03/15/12. From the figure, it is seen that all the related substances and
impurities separated by RP-HPLC method A6020a are increasing upon accelerated storage, except the
O@ O
insulin degludec, originating from the manufacturing of insulin degludec drug substance as
described in 3.2.S.3.2 Overview of Potential Impurities in Drug Substance. Similarly, the potential

®@insulin degludec (eluting in the group of ®® impurities), the potential

®@insulin degludec (eluting in the group of related substances), and the

potential ®® insulin degludec (eluting in the group of ®® impurities) would not increase
in level during storage as they also originate from the insulin degludec drug substance manufacturing. All
the other insulin degludec related substances and impurities i)
method A6020a are degradation products of insulin degludec and increase in level upon storage at long-

term, accelerated, and in-use stability conditions.

® @

¢. Based on available data, propose a limit for each of the individual product related substances
and impurities present in the product including limits for B
degludec) and O® insulin degludec) in the drug product.

insulin

Response to FDA Question 2¢

As described in our response to FDA Question 2a above, collective acceptance criteria have been

established for insulin degludec related substances and impurities in accordance with ICH Q6B. The
insulin degludec have been characterized as insulin degludec related

®@
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substances, and acceptance criteria for these compounds are covered by the acceptance criteria for
®® related substances.

d. Update your post-approval stability protocol to include limits for individual product related substances
and impurities.

Response to FDA Question 2d

As described in our response to FDA Question 2a and 2c¢ above, collective acceptance criteria have been
established for insulin degludec related substances and impurities rather than individual limits. Thus, the
post-approval stability protocol would remain unchanged from what was submitted in the original NDA.

(b) (4)

e. Clarify whether glycerol used in the formulation of the insulin degludec in your

product.

FDA Question 2e

The insulin degludec drug product formulation includes glycerol as an excipient. Glycerol is an alcohol
containing both ®® functional groups. The insulin degludec molecule
includes ®o

®) @

This is supported by the experimental data of the degradation products of insulin degludec. None of the

observed impurities possess relative molecular mass (My) values which could be assigned to the

®) @) [OIO)

products between glycerol and insulin degludec o

[ Provide intact and reduced mass data for each of the individual impurities separated by the analytical
method, A6020a.

Response to FDA Question 2f
The msulin degludec related substances and impurities were comprehensively characterized

using a combination of analytical methods including different mass spectrometric procedures.
The impurities and related substances in the msulin degludec drug substance originating from the
manufacturing process have been characterized as described in 3.2.S.3.2 Overview of Potential
Impurities in Drug Substance, and all the major degradation products of insulin degludec have
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been characterized as described in 3.2.P.5.5 Characterization of Impurities.

Table2  Potential product related substances and impurities in insulin degludec
determined by RP-HPLC

Classification |Identity/Content Monoisotopic mass M, Experimental reduced
impurities
determined by
RP-HPLC

Theoretical |Experimental

related
substances
determined by
RP-HPLC

impurities
determined by
RP-HPLC

* Mass data reported as average mass using conventional
-MS ND: Not determined

A list of all the potential product related substances and impurities in insulin degludec, separated by the
RP-HPLC method A6020a (and the equivalent drug substance specification method A7090a), is provided
in Table 2. including the theoretical and experimental determined intact monoisotopic mass of each of the
identified components determined using high-resolution MS. The analytical method A6020a uses mobile
phases, which are not compatible with on-line MS detection, and therefore, the identification of the
different components was primarily based on characterization of fractions isolated by the RP-HPLC
method.

Determination of reduced masses for the isolated components in the insulin degludec product related
substances and impurities was also included in the characterization for the majority of the components,
and the experimentally determined reduced average mass using conventional-MS have been
provided in Table 2 for the_ insulin degludec. The theoretical average mass of insulin

degiudes [ espectively

g. Clarify whether your proposed test method is capable of quantitating individual product-related
substances and impurities with adequate specificity, accuracy and precision in the proposed product.
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Response to FDA Question 2g

As described in the response to question 2a) above, the drug product specification test method A6020a,
which has been established and optimized to determine all insulin degludec related substances and
impurities, is not considered capable of providing quantitative information for all components on an
individual basis ®® By dividing the insulin

degludec related substances and impurities into the three groups ( bl bl

impurities,
related substances and ®® impurities), a selective, accurate, and precise method has been
obtained.

h. Explain your choice of RP HPLC over other applicable methods (e.g., ion exchange chromatography)
for the quantitation of charged variants.

Response to FDA Question 2h

The RP-HPLC method A6020a developed to determine the insulin degludec related substances and
impurities has focused on separating all changed molecular variants from the main peak of insulin
degludec. By general experience with insulin products, RP-HPLC is a more selective principle in liquid
chromatography when compared to ion exchange chromatography. By proper selection of the
chromatographic conditions, charged variants of the parent substance may also be separated by RP-
HPLC. This is the case for RP-HPLC method A6020a, where all the charged variants of insulin degludec
are well separated from insulin degludec. The superiority of the selected RP-HPLC method over ion
exchange chromatography in detecting product related impurities has been demonstrated in the
comparability studies for different campaigns of insulin degludec drug substance (see 3.2.S.2.6
Demonstration of Comparability of Drug Substance Manufactured from Campaign 1 to Campaign 12).

Overall evaluation of the Applicant’s response to questions 2a-h: Adequate.

a. The Applicant’s response indicates that some of the peaks corresponding to insulin degludec related
substances and impurities elute closely or co-elute partly in the chromatogram. As a result, the proposed
analytical method (46020a) is not capable of providing quantitative information on individual insulin
degludec related substances and impurities. Therefore, the requested information on the levels of
individual drug substance related substances and impurities in batches used in phase 3 clinical studies
and stability studies was not available for review.

b. For the above reasons, the Applicant has grouped the impurities that elute in the RP-HPLC

() @) ® @

chromatogram into three groups ( related substances and

®@

impurities,
impurities) and established collective acceptance criteria for each group. Considering the
complexity of the product, the proposed approach is acceptable. The proposed strategy ensures the
detection of all degradation products below the proposed limit. This is further supported by the 18-24
months stability data available for primary stability batches. The stability data indicated that the product
maintained a purity > @ % with respect to insulin degludec related substances and impurities during 18-

24 months of real-time storage conditions.
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c. The Applicant has characterized the identity of insulin degludec related substances and impurities
formed during storage at long-term, accelerated, and in-use stability conditions (see Table 2, above). Due
to method limitation, quantitative information on individual impurities is not available for review.

Information provided within the CMC section indicated that b®
®@

insulin
degludec) ana insulin degludec) are the major impurities among them. The
Applicant has also indicated that the levels of the following drug substance related substances do not

increase during drug product storage:
®@

a) O@ysulin degludec (eluting in the group of impurities),
b) O®insulin degludec (eluting in the group of ©® yelated substances),
c) O®insulin degludec (eluting in the group of O@ impurities).

d. The Applicant’s explanation that formation oj 0@ of the insulin degludec under neutral

PH conditions is acceptable. If formed, this impurity could be identified during characterization studies
by its unique mass.

e. The Applicant has provided satisfactory mass spec data information (intact and reduced mass data)
for each of the individual impurities separated by the analytical method, A6020a Table 2). In addition, the
applicant has characterized the biological activity of isomers and isolated degradation products of
insulin degludec.

f The Applicant’s explanation for the choice of RP-HPLC over other applicable methods (e.g., ion
exchange chromatography) to analyze charged variants is acceptable. In addition, the Applicant has used
the same RP-HPLC method to demonstrate the comparability of various batches of drug substance
manufactured during campaign runs.

FDA Question 3

Considering the expected purity of your drug product is > %, the combined limits for
O® yelated substances, O® impurities and % HMWP would exceed the @ total

impurity level. Therefore, revise your proposed limit for bl O® yelated substances,
O® impurities and % HMWP to meet the purity expectations.

®@

Novo Nordisk Response:

In the proposed specifications for the insulin degludec drug products, the acceptance criteria for content
of insulin degludec are ®®o4 of label claim. The acceptance criteria for content of insulin
degludec cannot be directly compared to the acceptance criteria for insulin degludec related substances
and impurities and for HMWP, since quality attributes related to quantity and purity are controlled by

three different methods:

. Determination of the insulin degludec related substances and impurities by RP-HPLC method
A6020a

. Determination of the identity and content of insulin degludec by RP-HPLC method A6021a

. Determination of HMWP by GPC method A6022a

The methods and the acceptance criteria in the specifications are further explained below:

RP-HPLC method A6020a: This method determines the relative distribution of the insulin degludec and

the insulin degludec related substances and impurities (divided into three groups: ®® impurities,
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® @ ®@

related substances and impurities). From the acceptance criteria proposed in the
specifications for each of the three groups, a total level (relative amount) of insulin degludec related
substances and impurities of <| §% at release and <| % at end of shelf life may be calculated. The
major part of the molecular variants of insulin degludec separated by RP-HPLC method A6020a and
included in the limits described above have been characterized to possess full or high relative bioactivity

compared to insulin degludec (reference is made to 3.2.S.3.1 Biological Activity of Insulin Degludec).

RP-HPLC method A6021a: The analytical method determines the combined content B of
msulin degludec and molecular variants of insulin degludec (impurities and related substances), which
elute together in one main peak of insulin degludec. As documented in 3.2.S.3.1 Biological Activity of
Insulin Degludec, =

degraded samples. It has therefore been concluded that the RP- HPLC method
for the determination of the ®@ content offers a reliable indication of the biological activity of
insulin degludec in the drug product. The acceptance criteria in the specifications ensure that the content
of insulin degludec in the drug product is consistently within ®®os, of label claim throughout the
shelf-life of the product.

GPC method A6022a: This method determines the total relative amount of high molecular weight

proteins (HMWP) in the drug product. As described in 3.2.P.5.5 Characterization of Impurities, the

HMWP has been characterized to consist of ®®insulin degludec/insulin degludec ~ ®®. The

insulin degludec. @ will also be determined as part of the ®® impurities in RP-HPLC
method A6020a, as they will elute in the gradient part of the method. The acceptance criteria in the

specifications have been set to ensure a total level (relative amount) of HMWP of < 3;% at release and <
% at end of shelf life.

Based on the above, the combined control strategy and the acceptance criteria in the proposed insulin
degludec drug product specifications are considered justified.

Overall evaluation of the applicant’s response: Adequate
The Applicant has proposed an acceptance criterion of ®®o; of the label claim for the. ®®
content (quantitated as insulin degludec + related substances and impurities or as insulin aspart
+ related substances and impurities) during its shelf-life, which is acceptable. The Applicant has also
committed to control the purity content of the product by RP-HPLC with an acceptance criteria of NMT
& % for insulin degludec related substances and impurities during its shelf-life. The available real-time
stability data for primary batches indicated that purity of these batches was > @ % with respect to aspart
related substances and impurities (See below, data reproduced from section 3.2.P.8) during a real-time
storage period of 18-24 months. In light of the Applicant’s limited stability experience with the product,
the proposed acceptance criteria for individual and total insulin degludec related substances and

impurities are acceptable.
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38
Pri
batches §(9CQ00
(study 2) C
XCQo00
40
Page 20 of 20

Reference ID: 3136372




This is a representation of an electronic record that was signed
electronically and this page is the manifestation of the electronic
signature.

MUTHUKUMAR RAMASWAMY
05/25/2012

ALI H AL HAKIM
05/25/2012

JOSEPH LEGINUS
05/25/2012

Reference ID: 3136372



CHEMISTRY REVIEW

Chemistry Review Data Sheet

NDA 203314

Tresiba™
(Insulin Degludec [rDNA Origin] Injection)

Novo Nordisk Inc.

J oseph Leginus, PhD (Drug Substance Reviewer)
Muthukumar Ramaswamy, PhD (Drug Product Reviewer)

Division of Pre-Marketing Assessment III, Branch VII, ONDQA

For the Division of
Metabolism and Endocrinology Products

CHEMISTRY REVIEW #2

Page 1 of 32
Reference ID: 3136312



CHEMISTRY REVIEW
Chemistry Review Data Sheet

Table of Contents

Table Of CONLENLS ......ueeeoueeeriereccecctecteccsecsaeccseecsseessaessssssssesssssssssssssssessssenss 2
Chemistry Review Data Sheet.......eiineeiieiiiiicceecceeeccceecccceeeesssneenans 3
The EXecutive SUMMATY ...cccoeeiiiiiiirreeieecsssseeessssssssesessssssssssssssssssssssssssssssssssssssssssses 7
I RecommEndations. ........coooiiiiiiiieieee ettt e e e ne e ne e e e e e enneennas 7
A. Recommendation and Conclusion on Approvability ............ocoooiiiiiiiriiciieceeeecee e 7
B. Recommendation on Phase 4 (Post-Marketing) Commitments, Agreements, and/or Risk
Management Steps, if APPIOVADIE............ooiiiiii e 7
II. Summary of ChemisStry ASSESSINEIIS. . ... .. .utut ettt ettt et e et e e e e e e nenenens 7
A. Description of the Drug Product(s) and Drug Substance(s).............oeoueeieieiiniiiiiiiieenenn, 7
B. Description of How the Drug Product is Intended to be Used................ccoooiiiiiiiii. 10
C. Basis for Approvability or Not-Approval Recommendation...................coooeiiiiiiian... 11
IIT. AQMUNISTTATIVE . . ..ottt et ettt e e e e e e ettt e e e e et anas 11
A, REVIEWET S SIZNATUIC. . ...\ttt ettt ettt e e e e e e e e e e eenens 11
B. Endorsement BIOCK. ... 11
C. GO BIOCK. ..o 11
Chemistry ASSeSSIMENT. . .....uueineiteiiiie ittt eetaettaeeraetaaseaaeeraasaasenasmannans 7
Page 2 of 32

Reference ID: 3136312



CHEMISTRY REVIEW
Chemistry Review Data Sheet

Chemistry Review Data Sheet
1. NDA 203314
2. REVIEW #: 2
3. REVIEW DATE: May 25, 2012
4. REVIEWERS: Joseph Leginus, PhD and Muthukumar Ramaswamy, PhD

5. PREVIOUS DOCUMENTS:

Previous Documents Document Date
Original NDA 29-Sept-2011
Amendment 22-Dec-2011

6. SUBMISSION(S) BEING REVIEWED:

Submission(s) Reviewed Document Date
Amendment 16-Mar-2012

7. NAME & ADDRESS OF APPLICANT:

Name: Novo Nordisk Inc.
Address: 100 College Road West, Princeton, NJ 08540
Representative: Anne Phillips, MD, Corporate Vice President, CMR
Telephone: 609-786-4306

8. DRUG PRODUCT NAME/CODE/TYPE:

a) Proprietary Name: Tresiba™

b) Non-Proprietary Name (USAN): Insulin Degludec

¢) Code Name/# (ONDC only): NNC @@ Tnsulin 454
d) Chem. Type/Submission Priority (ONDC only):

® Chem. Type: 1
e Submission Priority: Standard
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9. LEGAL BASIS FOR SUBMISSION: 505(b)(1)

10.

11
12.
13.
14.
15.

16.

PHARMACOL. CATEGORY:
Glycemic control in adults with diabetes mellitus

DOSAGE FORM: Solution for injection
STRENGTH/POTENCY: a) 100 U/mL, and b) 200 U/mL
ROUTE OF ADMINISTRATION: Subcutaneous injection
Rx/OTC DISPENSED: X Rx __ OTC

SPOTS (SPECIAL PRODUCTS ON-LINE TRACKING SYSTEM):
X _SPOTS product

Not a SPOTS product

CHEMICAL NAME, STRUCTURAL FORMULA, MOLECULAR
FORMULA, MOLECULAR WEIGHT:

Chemical Name (WHO): N®B%®_[N-(15-carboxypentadecanoyl)-L-y-glutamyl]-des-B30-
L-threonine-insulin human

USAN: Insulin degludec
Chemical Structure:

Molecular Formula: C»74H411Ng50g1S6
Molecular Weight: Da — monoisotopic; 6,103.97 Da - average

17. RELATED/SUPPORTING DOCUMENTS:
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A. DMFs:
DATE
DI;[F TYPE HOLDER REFI{;{R]IEEI\I\? CED CODE' | STATUS? REVIEW COMMENTS
- - COMPLETED
Novo Nordisk, Reviewed by B. Letter (.)f .
A% Inc. 1 Adequate Riley 3/13/2009 Authorization
5/11/2011
vosd Reviewed by O. | Letter of
I 1 Adequate Stephens Authorization
9/6/2011 11/23/2010
Reviewed by O. | Letter of
III 1 Adequate Stephens Authorization
8/24/2011 11/23/2010

! Action codes for DMF Table:

1 — DMF Reviewed.

Other codes indicate why the DMF was not reviewed, as follows:
2 -Type 1 DMF

3 —Reviewed previously and no revision since last review

4 — Sufficient information in application

5 — Authority to reference not granted

6 — DMF not available

7 — Other (explain under "Comments")

? Adequate, Inadequate. or N/A (There is enough data in the application, therefore the DMF did not need to be
reviewed)

B. Other Documents:

DOCUMENT APPLICATION NUMBER DESCRIPTION
IND 76,496 Insulin degludec (tDNA origin) Injection
Insulin degludec/Insulin aspart
IND 73,198 (tDNA origin) Injection
Insulin degludec/Insulin aspart
NDA 203313 (rDNA origin) Injection
18. STATUS:
ONDC:
CONSULTS/ CMC
RELATED REVIEWS RECOMMENDATION DATE REVIEWER
Pending. EER was sent to
EES Office of Compliance on 3/10/2012 OC recommendation is pending
13-Oct-2011.
May not be applicable.

This is an injectable
product, and the
commercial formulation
was used in Phase 3
studies.

Biopharm N/A
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Methods Validation

Validation may be
requested of FDA labs after
test methods are finalized.

N/A

CDRH

Review of the disposable
multi-dose pen injector is
pending.

TBD

Jackie Ryan/Quynhnhu Nguyen

EA

Completed

2/8/2012

Joseph Leginus

Microbiology

Review of 1) microbiology
controls proposed for the
drug substance and drug

product, and 2) sterilization

) processing
validation for the drug
product is pending.

TBD

Vinayak Pawar
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CHEMISTRY REVIEW

Chemistry Assessment Section

The Chemistry Review for NDA 203314

The Executive Summary

I. Recommendations

A. Recommendation and Conclusion on Approvability

From a CMC perspective, the Applicant has resolved satisfactorily the deficiencies identified in Review
#1. There is no pending issue specific to the CMC review. At this time, the CMC final recommendation is
pending the recommendations from CDRH and microbiology reviewers for the acceptability of the.  ®®
injector for the proposed use and acceptability of microbiology information, respectively. In addition,
OMPQ has not issued an overall recommendation for the commercial manufacturing and testing facilities
listed in the NDA.

B. Recommendation on Phase 4 (Post-Marketing) Commitments, Agreements, and/or Risk
Management Steps, if Approvable

Not applicable
I Summary of Chemistry Assessments
A. Description of the Drug Product(s) and Drug Substance(s)

Note: Review of NDA 203314 was conducted as a Team Review with Joseph Leginus reviewing the Drug
Substance and Muthukumar Ramaswamy reviewing the Drug Product.

DRUG SUBSTANCE

Tresiba™ (Insulin Degludec [TDNA Origin] Injection) contains a single drug substance, insulin degludec,
an analog of human insulin. Insulin degludec is produced using recombinant DNA technology and
chemical modification. The'  ®® precursor of insulin degludec (desB30-insulin), produced by a process
that includes expression of recombinant DNA in yeast (Saccharomyces cerevisiae) differs from human
msulin by the omission of threonine in position B30. Insulin degludec is made by chemically attaching a
C-16 fatty acid (hexadecanedioic acid) with a glutamic acid spacer on the lysine.  ®® at position B29
of the insulin precursor. The chemical name of insulin degludec is N* *B-[N-(15-carboxypentadecanoyl)-
L-y-glutamyl]-des-30B-L-threonine-human insulin, and its structure is presented below:

Al Al10 A20

NHz~G—l——V-—E-—Q+—C~—C~—T—§—I—C-—$-—L-—Y-—Q-—L—E-—N-—Y~—C-—N-—COOH HO
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CHEMISTRY REVIEW
Chemistry Assessment Section
The molecular formula of insulin degludec is Cy74H41;NgsOg1Ss with a molecular weight of

1 o0 T G o Mt

®@

Insulin degludec is characterized as a ®® Tt is freely soluble in water al

Insulin degludec 1s
slightly soluble in methanol ®) and practically insoluble in ethanol ®) The isoelectric
point of insulin degludec is approximately ®“The pH of ®® aqueous solution of drug substance
is approximately 7.4.

The structure of insulin degludec was elucidated by a variety of analytical and spectrophotometric
techniques, including ®@ analysis. mass spectrometry ( 0@ Ms), e
, ultraviolet (UV) and erE

Insulin degludec is produced by recombinant DNA technology from yeast (Saccharomyces cerevisiae)
and chemical modification. The manufacturing process is a B

The proposed release specifications include appearance, identification ®@ and HPLC),
content (HPLC), bioactivity (cell-based assay). individual ~ ®® related impurities (HPLC), loss on
drying and bacterial endotoxin. The proposed regulatory methods have been validated. Reference
standards for the API have been developed and characterized.
Product related impurities structurally related to insulin degludec generated during the Be

drug substance have classified based on their RP-HPLC elution
posmon relative to the drug substance. These have been characterized as ®® impurities”,

®® related substances”, ®® impurities” and “high molecular weight proteins.”
Process derived impurities originating from the insulin degludec manufacturing process were not detected
in the drug substance.
A shelf life of  {months will be granted for the drug substance when stored at ®®
®@ This is based on acceptable long-term stability results from real-time studies

obtained for the drug substance from Primary Stability batches at production scale.

DRUG PRODUCT
The drug product, Tresiba™ (Insulin Degludec [TDNA Origin] Injection) is a sterile, aqueous, clear,
colorless solution that contains insulin degludec 100 Units/mL (U-100) or 200 Units/mL (U-200). The
proposed product is a long-acting basal insulin formulation intended for once daily use by subcutaneous
administration.
The 100 Units/mL presentation contains 600 nmol of insulin degludec, 19.6 mg glycerol bl

. 1.50 mg phenol ®®@ 1,72 mg metacresol ®® 327 ng zinc Lio
and water for injection. The 200 Units/mL presentation contains 1200 nmol of insulin degludec, 19.6 mg
glycerol, 1.50 mg phenol, 1.72 mg metacresol, 71.9 ng zinc and water for injection. Hydrochloric acid or
sodium hydroxide is added to adjust pH. The pH of the proposed product is approximately 7.6.

During Phase 1 and 2 studies, the Applicant has screened several insulin formulations containing 600-

1200 nmol/mL of insulin degludec and excipients such as phenol/metacresol, glycerol, zinc, L2
®® for action profile and stability. Based on developmental data, the

Applicant has chosen the proposed final formulation containing phenol/metacresol, glycerol. zinc for

Page 8 of 32
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Phase 3 clinical studies. The key difference between the two strength products is in thei content. The
NDA states that the formulation was optimized to ensure dihexameric form of insulin degludec in the
proposed product. A concentration of ®® ere chosen with respect to

of the insulin degludec 100 and 200 U/mL injection. The Applicant is proposing to use
monograph grade excipients in the final formulation and is acceptable.

®@

®) @

The Applicant is proposing to market the 100 U/mL strength product as ®® pre-

filled pen (cartridge pre-assembled in a PDS290 pen-injector). The 200 U/mL strength product will be
available only as a prefilled pen (cartridge pre-assembled in a PDS290 pen-injector). The finished product
will be marketed as 5 x 3 mL ®®packaged in cartons or as 5 x 3 mL prefilled pens in
cartons. The proposed product is light sensitive and therefore ®®packaging is critical to assure the
stability of the product.

The drug products, insulin degludec 100 and 200 U/mL are manufactured by i

During development, the Applicant has defined Quality Target Product Profile (QTPP) and critical
quality attributes (CQAs). The proposed CQAs for the drug product include content of each active,
extractable volume, plunger friction (for measuring device performance). purity factors (individual
impurities related to each active ingredients), high molecular weight proteins, product identity. g
content, closure integrity (sterility), ®®efficacy, endotoxin levels, appearance

(particulate load). and other physical tests such pH and isotonicity.

®) @ (b) (4)

The Applicant has defined as a critical quality attribute

m the product.

The Applicant also used design of experiments and risk assessment techniques to define critical process
parameters. The Applicant’s developmental work and process evaluation studies were targeted to
ensuring the proposed process parameters are adequate to ensure complete dissolution of excipients and
active ingredient. Developmental stability on in-process solutions and bulk formulation assured whether
the proposed pH ranges for these solutions are adequate with respect chemical and physical attributes.

The NDA contains batch formula and a description of the proposed commercial process. Together with
the information provided in the master batch record, the available information in the NDA is adequate to
support the proposed commercial process. The NDA contains in-process control information for the
manufacturing and filling of the proposed products (100 U/mL and 200 U/mL insulin degludec solution
for injection). The proposed critical process parameters include LIS

The Applicant has provided batch analysis data from development through commercial scale to support
the manufacturability of the proposed products. The NDA contains adequate information on the release
specification used for controlling for quality of the drug product. The Applicant has proposed general
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tests typically expected for a parenteral product, and product-specific tests. The proposed general tests
include pH, endotoxin limit, sterility, and particulate matter. The product-specific tests include identity,
insulin content, zinc content, product related impurities (high molecular weight proteins, ®®
impurities, ®® product related substances and ©® impurities) % content.
In addition, the applicant is proposing to monitor the dose accuracy of the product filled in the delivery
device. The Applicant is also performing in-process control tests such as closure integrity, the extractable

volume test, and air content requirement ®® The acceptance criteria, where applicable, are
similar to those for approved insulin and other insulin analogs, and is consistent with parenteral
regulatory requirements.

Due to method limitation, the Applicant has proposed collective limits for individual groups of product
related substances and impurities (grouped as ®® impurities, ®® product related
substances and ®® impurities). Considering the complexity of the product and Firm’s
characterization data on impurities, the proposed approach is acceptable. The test methods proposed for
the product are adequately described and are validated per applicable ICH guidelines.

The Applicant is proposing a separate release and shelf-life specification (i.e.. wider than the release
specification) for controlling and monitoring the quality of the drug product. Per FDA request, the
Applicant has tightened the shelf-life specification limits for O® yelated substances and
O® impurities. Considering the manufacturer’s limited experience with the product, the
proposed shelf-life specifications for the product related substances and impurities are acceptable.

The applicant has provided 24-30 month real time and 6 month accelerated stability data for several
batches of the drug product (100 and 200 U/mL) manufactured at ®® scale. This Application also
contains limited stability information for product manufactured at commercial scale O@ scale).
In addition, this section also contains in-use stability and photo stability data for the proposed product
packaged in ®® packaging configurations. The stability studies were performed on
the drug product packaged ®® Since the drug product is only in contact with the
®® the stability data of the drug product in the ®® (in darkness) are
considered to be representative for the stability of the drug product in the PDS290 pen-injector.

e Based on the long term and accelerated stability data evaluated in this document, a shelf life of
30 months at O s recommended for insulin degludec 100 and 200U/mL.
e Based on the in-use stability data evaluated in this document, an in-use period of 56 days at up to
30°C is recommended for insulin degludec 100 and 200 U/mL.
e Photo stability data show that the O® packaging (the PDS290 pen-injector
and carton) provides adequate protection against light.

®@

The NDA contains post-approval stability protocol and commitment to place 3 full scale batches on
stability and continue to update information on existing stability studies. The Applicant should update
their stability protocol and post-approval stability protocol to include limits for individual product related
substances and impurities.

The Applicant has adequately resolved issues identified during Chemistry Review #1.

B. Description of How the Drug Product is Intended to be Used

Tresiba™ (Insulin Degludec [TDNA Origin] Injection) is indicated for the treatment of patients with
diabetes mellitus ®® 1t is intended for once-daily use at any time of day by
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CHEMISTRY REVIEW
Chemistry Assessment Section
subcutaneous injection into the abdominal wall, thigh, or upper arm. The drug product should not be
administered intravenously or intramuscularly or with insulin infusion pumps or mixed with any other
insulin solutions. Tresiba should be inspected visually prior to administration and should only be used if
the solution appears clear and colorless.

Drug product delivery system and appropriate storage are adequately described in both package insert and
patient package insert. Drug product shelf-life is 30 months at 2°C - 8°C, protected from light. In-use
shelf-life period is 56 days at temperatures not exceeding 30°C

C. Basis for Approvability or Not-Approval Recommendation

From a CMC perspective the NDA is satisfactory. There is no pending issue specific to the CMC review.
At this time, the CMC final recommendation is pending the recommendations from CDRH and

microbiology reviewers for the acceptability of the "@injector for the proposed use and acceptability
of microbiology information, respectively. In addition, OMPQ has not issued an overall recommendation

for the commercial manufacturing and testing facilities listed in the NDA.

III. Administrative

A. Reviewer’s Signature: in DAARTS
B. Endorsement Block: in DAARTS
C. CC Block: in DAARTS
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Chemistry Assessment Section
Chemistry Assessment

Chemistry assessment was completed by team review. Dr. J. Leginus completed the review
of the drug substance section and Dr. M. Ramaswamy completed the review of the drug

product section.

On Mar 16, 2012, Novo Nordisk, Inc. submitted a complete response to the CMC request for
information dated Feb 8, 2011 resulting from Chemistry Review #1. The deficiencies, Novo
Nordisk’s responses and review comments are provided as follows:

Drug Substance
Question 1

Provide the chemical structure, general physico-chemical properties and a certificate of analysis
oi the #

Response to Question 1

Page 12 of 32
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A Certificate of Analysis has also been provided. See below.

Certificate of Analysis oo ROk

Novo Nordisk A/S
Novo Allé

2880 Bagsvaerd
Denmark

Tel. +45 4444 8888
Fax +45 4449 0555

Question 2
Justify the parenthetical description of Content (*

specifications. This may be interpreted to mean inclusion of all
rather than only the main peak as defined by HPLC Method A7091a.

in the Drug Substance
variants in the sample,
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Response to Question 2
The description ‘Content ( @ has been used throughout development to specify that
the analytical method determines the total content of insulin degludec and molecular variants of
msulin degludec (impurities and related substances), which elute together in the main peak. As
documented in 3.2.S.3.2 Biological Activity of Insulin Degludec, b
msulin degludec drug substance (and drug products)
has been shown, even for forced degraded samples. The RP-HPLC methods A7091a and
A6021a, used for the determination of content in the insulin degludec drug substance and drug
products respectively, are equivalent and based on the same analytical principle. In the validation
of the analytical method A6021a (see 3.2.P.5.3 Validation of Analytical Procedure A6021a
Identity and Quantification of Phenol and Metacresol, Identity and Content of Insulin Degludec
and Content of Insulin Aspart), the method has been shown to be specific for insulin degludec
compared to other relevant ®® Jike insulin aspart, insulin detemir, insulin human and
liraglutide.

Evaluation of Response to Question 2

The response is adequate. ®® includes insulin degludec and related substances and
impurities that elute together using the validated RP-HPLC method for the determination of
content in the drug substance. A correlation between the 9 content and the bioactivity

mn insulin degludec drug substance has been shown in the NDA.

Question 3
The shelf life of insulin degludec  ®® batch 126.454.09.1 should be revised to reflect the

available long-term, real-time stability evaluation.

Response to Question 3
In the document 3.2.S.5 Establishment of Novo Nordisk Insulin Degludec ©®

Batch no. 126.454.09.1, long-term stability data have been provided for the current

9 batch 126.454.09.1 as well as the former. % batch 162.454.07.1. The

reported stability data has been updated with the latest available real-time data, and the results
are provided in Table 2 and Table 3. Both data sets are considered supportive for the stability
evaluation of the current. ®® batch 126.454.09.1 as both batches are comparable, being insulin
degludec drug substance weighed into separate containers, labelled and stored frozen.

Evaluation of Response to Question 3
The response is adequate. Acceptable updated stability data for insulin degludec.  ®“batch
126.454.09.1 has been provided through ue

Question 4
The shelf life of the current insulin degludec. ®®batch 064.454.09.2 should be revised to reflect

the available long-term, real-time stability evaluation of either the previous D patch
179.454.07.2 (if appropriate) or the current. < batch.

Response to Question 4
All the stability data for the insulin degludec ®@ batch
179.454.07.2 are considered supportive for the stability evaluation of the current insulin
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degludec. ®® batch 064.454.09.2 as both current and former ®% are solutions of insulin
degludec 1n a matrix corresponding to the drug product and both are stored frozen at
temperatures B

1 o0 T G o Mt

As seen in Table 4, Table 5, Table 6 and Table 7 (see submission for details) both batches of
insulin degludec . ®® show no stability trend for the tested parameters when stored frozen at
set-points of ©e

Based on the updated long-term stability data covering up to  @months real-time stability and
the documented absence of stability trends, Novo Nordisk proposes a shelf life of . ®® to be
granted for the insulin degludec ®® batch 064.454.09.2.

Evaluation of Response to Question 4

The response is adequate. Acceptable updated stability data for the previous 9 patch
179.454.07.2 has been provided through ®“months at ®®@ Stability data for
this batch of insulin degludec ®% is supportive for the stability evaluation of the current insulin
degludec. ®® batch 064.454.09.2. As a result a shelf life of ®“months is granted for the insulin
degludec. ®® batch 064.454.09.2., butnot.  ®% as suggested by the applicant. The applicant
1s reminded that according to ICH Q5C (Quality of Biotechnological Products: Stability Testing
of Biotechnological/Biological Products), “Primary data to support a requested storage period for
either drug substance or drug product should be based on long-term, real-time, real-condition

stability studies.”

Question 5
Explain how insulin degludec P9 batch 064.454.09.2, produced in

March 2009, is traceable (for Content, Bioactivity) to the insulin degludec o
batch 126.454.09.1, which was produced two months later (May 2009).

Response to Question 5
Insulin degludec ®@ batch 064.454.09.2 was produced 05-
March-2009 as part of a larger production campaign. As the insulin degludec &9
batch 126.454.09.1 was not available before May 2009, all the analytical tests

needed to characterise and calibrate the insulin degludec. ®% (listed in Table 2, Table 3 and
Table 4 in 3.2.S.5 Establishment of Novo Nordisk Insulin Degludec e

Batch no. 064.454.09.2) were carried out in June 2009. By this, the identity of mnsulin
degludec ®% batch 064.454.09.2 was verified against insulin degludec ®® batch
126.454.09.1, and the assigned content and bioactivity was based on calibration of insulin
degludec. ®® batch 064.454.09.2 against insulin degludec . ®% batch 126.454.09.1.

Evaluation of Response to Question 5

The response is adequate. Insulin degludec LIS ( ®® patch
126.454.09.1 was not available prior to May 2009. As a result, content and bioactivity of insulin
degludec. ®® Batch 064.454.09.2 was not carried out until May 2009.

Question 6

Page 15 of 32
Reference ID: 3136312



CHEMISTRY REVIEW

Chemistry Assessment Section

A shelf life of 30 months will be granted for the drug substance when stored at

RH or lower temperatures. This is based on acceptable long term stability
results from real-time studies obtained for the drug substance from the Primary Stability
batches. The OD in the manufacture of insulin degludec drug substance has
changed significantly from earlier campaigns, therefore, data from Supportive Stability batches
were not considered for expiry dating.

®@

Response to Question 6

The primary stability studies were initiated on production scale batches of insulin degludec and
the 1nitial stability report presented long-term stability results after 30 months and 18 months of
storage in study A and study B respectively. The stability studies document that insulin degludec
drug substance is very stable, when stored under long term storage conditions at ®e
Stability data from additional sampling points are now available, confirming the conclusion that
msulin degludec drug substance is very stable when stored at long-term storage conditions. In
stability study A ((VKOSHP001, VKOSHP002, VKOSHP003) data after 36 and 38 months of
storage is now available and for study B (XKOSHP014, XKOSHP015, XK0OSHP016) data after
24 months of storage are now available. In order to ensure that all parameters are tested at the
proposed shelf life of ®“months, an additional timepoint at 38 months has been added to obtain
results for Appearance and Bioactivity in study A. In study B, an additional sampling point for
Appearance and Bioactivity has been included for the 36 months sampling point, and a new
sampling time point at 30 months has also been added.

The stability results have been included in the attached updated document 3.2.S.7.3 Primary
Stability Data for Insulin Degludec Drug Substance from Production Scale.

The stability results at ®® documents no significant changes in the stability indicating
parameters after storage for up to 38 months, and thus, the data supports the proposed shelf life
of ®“months.

Evaluation of Response to Question 6
The response is adequate. The stability study includes the first three consecutive production scale
batches of insulin degludec drug substance from campaign 10 (study A). These batches are
released for phase 3 clinical trials and are representative for the drug substance batches intended
for the market. Acceptable updated stability data for insulin degludec primary stability batches
VKOSHP001, VKOSHP002, VKOSHP003 have been provided through 38 months at. ~ ®®

. As a result, a shelf life of 30 months will be granted for the drug substance when stored at

®® RH or lower temperatures.

Question 7

Provide data showing photostability of the insulin degludec drug substance.

Response to Question 7

In agreement with the ICH Q1B guideline, a forced degradation study has been conducted to
evaluate the photo-sensitivity of the insulin degludec drug substance. The study was included in
the comprehensive forced degradation study carried out to evaluate the degradation of insulin
degludec under extreme conditions and the ability of the analytical methods used in drug
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substance and drug product release and stability testing to detect such degradation, see 3.2.S.3.2
Forced Degradation Study of Insulin Degludec. From the study, it was concluded that insulin
degludec drug substance is susceptible to degradation if subjected to a combined light intensity
o“hours. Such degradation would result in changed impurity profiles by the two
specification test methods: RPHPLC method A7091a as well as GPC method A7092a. As insulin
degludec drug substance is stored frozen at long-term storage conditions _ and

therefore always kept in the dark, it was not considered necessary to perform a confirmatory
photo-stability study.

Evaluation of Response to Question 7

The response is adequate. Photostability studies conducted on the drug substance in agreement
with ICH Q1B indicate that insulin degludec is susceptible to degradation due to light. However,
since the drug substance is stored under long term conditions in the dark, no additional formal
confirmatory photo-stability studies need be conducted.

Drug Product

FDA Question 1
Provide information on the following:
a. Levels of soluble di-hexameric forms of insulin degludec present in your drug product.

Response to FDA Question 1a
During formulation development, the association pattern of nsulin degludec has been

ivestigated by_High Performance Liquid Chromatography '-HPLC) and

Analytical _). The drug product formulation has been characterized to
primarily consist of soluble, non-covalently bound di-hexamers to a level above 95%. In the

chromatogram more than 95% of insulin degludec _

corresponding to the molecular mass of an insulin degludec di-hexamer.

b. The stoichiometry o
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FDA Question 1c
Data to support the proposed levels of zinc and phenol for the proposed drug products.
Response:

FDA Question 2
Your CMC section does not contain information on the levels of individual insulin degludec

related substances and impurities present in the drug product. ICH Q6B guidance states that if
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impurities are known to be introduced or formed during the production and/or storage of the
drug product, the levels of these impurities should be determined and acceptance criteria
established. Therefore, provide the following:

a. Information on the levels of individual insulin degludec related substances and impurities
present in batches used in phase 3 clinical studies and stability studies.

Response to FDA Question 2a

In accordance with the ICH Q6B guideline, the development of the RP-HPLC method A6020a to
determine insulin degludec related substances and impurities has focused on the separation of the
desired product (insulin degludec) from the different degradation products. The established
analytical procedure A6020a has been shown to provide satisfactory selectivity and ability to
detect the degradation of insulin degludec even for drug products subjected to extreme conditions
(reference 1s made to 3.2.P.5.5 Biological Activity of Degradation Products in Insulin
Degludec/Insulin Aspart Drug Product, where characterization by mass spectrometry of the main
peak in method A6020a from the degraded samples showed more than % of the mass signals
to comply with the theoretical monoisotopic mass for insulin degludec). A number of molecular
variants of insulin degludec are formed during storage of the drug product at accelerated
conditions (see 3.2.P.5.5 Characterization of Impurities). They elute well separated from the
msulin degludec main peak, but not individually separated from each other, and collective
acceptance criteria have therefore been established in accordance with ICH Q6B.

The separation of individual impurities may vary between analytical runs due to column-to-
column variations, and integration of the product related substances and impurities in the three

4y . .. 4)
groups ( ®® ; mpurities, ®® ®@

related substances and impurities)
therefore ensures the most robust method. At the same time, this approach ensures the most
sensitive detection of all degradation products since all area segments eluting within the
() 4)
would be less than the quantification limit. In addition,
1somers and isolated degradation products of insulin degludec, representing all the major
components of the three groups of insulin degludec related substances and impurities in degraded

drug product, have been characterized with regard to biological activity. o

(see 3.2.S.3.1 Biological Activity of Insulin Degludec).
Based on the above, the use of collective acceptance criteria for insulin degludec related

substances and impurities have been justified. Levels of insulin degludec related substances and

impurities in drug product batches used in phase 3 clinical studies and stability studies, reported
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®@ - " ®@ . .
as impurities, related substances and impurities, have been

provided in 3.2.P.5.4 Insulin Degludec/Insulin Aspart 100 U/mL, Batch Analysis and 3.2.P.8.1
Insulin Degludec/Insulin Aspart 100 U/mL, Stability Summary and Conclusion.

b. Explain which impurities are increasing during manufacturing, during long-term, accelerated
and in-use stability studies.

Response to FDA Question 2b

For the msulin degludec/insulin aspart drug product and the insulin degludec drug substance used
for drug product manufacturing, comparable impurity profiles and levels of insulin degludec
related substances and impurities have been documented in 3.2.P.5.5 Characterization of
Impurities (see Figure 3 and Table 1 below, for convenience copied from the report).

Table 1 Content of insulin degludec related substances and impurities by RP-HPLC (A6020a) for insulin
degludec drug substance and insulin degludec/insulin aspart drug product

®@ ®@ . ®) @

Sample Batch related

P impurities (%) substances (%) impurities (%)

- - : ®@
Insulin degludec/insulin Y0O50522
aspart drug product Q
Insulin degludec drug YKOSHPOO06
substance

It 1s therefore concluded that no new impurities of insulin degludec were found due to the
manufacturing of the insulin degludec/insulin aspart drug product, and the drug product
manufacturing process has only a very limited effect on the levels of insulin degludec related
substances and impurities.

In the 3.2.P.5.5 Characterization of Impurities report, the impurity profile of insulin
degludec/insulin aspart drug product, stored at accelerated conditions (25°C + 2°C) for 6 months,
was compared to the drug product kept at long term conditions (5°C + 3°C), and the impurity
profiles are provided in Figure 4 of the quality amendment dated 03/15/12. From the figure, it 1s
seen that all the related substances and impurities separated by RP-HPLC method A6020a are

increasing upon accelerated storage, except the two peaks eluting just after the main peak of
msulin degludec. These two peaks are due to the ®®insulin degludec, originating
from the manufacturing of insulin degludec drug substance as described in 3.2.S.3.2 Overview of

Potential Impurities in Drug Substance. Similarly, the potential ®9 insulin

degludec (eluting in the group of ®® impurities), the potential O nsulin

®® related substances), and the potential s

®@

degludec (eluting in the group of

msulin degludec (eluting in the group of impurities) would not increase in level

during storage as they also originate from the insulin degludec drug substance manufacturing.
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All the other insulin degludec related substances and impurities separated from the main peak by
RP-HPLC method A6020a are degradation products of insulin degludec and increase in level
upon storage at long-term, accelerated, and in-use stability conditions.

c. Based on available data, propose a limit for each of the individual product related substances
and impurities present in the product including limits for bl
degludec) and D insulin degludec) in the drug product.

insulin

Response to FDA Question 2¢

As described in our response to FDA Question 2a above, collective acceptance criteria have been
established for insulin degludec related substances and impurities in accordance with ICH Q6B.
The ®9insulin degludec have been characterized as insulin
degludec related substances, and acceptance criteria for these compounds are covered by the

®@

acceptance criteria for related substances.

d. Update your post-approval stability protocol to include limits for individual product related
substances and impurities.

Response to FDA Question 2d

As described in our response to FDA Question 2a and 2c¢ above, collective acceptance criteria
have been established for insulin degludec related substances and impurities rather than
individual limits. Thus, the post-approval stability protocol would remain unchanged from what
was submitted in the original NDA.

e. Clarify whether glycerol used in the formulation we)

your product.

of the insulin degludec in

Response to FDA Question 2e
The insulin degludec drug product formulation includes glycerol as an excipient. Glycerol is an

alcohol containing ®9 functional groups. The insulin degludec

1 4
molecule includes ® @

®) @
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This 1s supported by the experimental data of the degradation products of insulin degludec. None
of the observed impurities possess relative molecular mass (My) values which could be assigned

to th_ products between glycerol and insulin degludec _

Be—rerterr—h,

f- Provide intact and reduced mass data for each of the individual impurities separated by the
analytical method, 46020a.

Response to FDA Question 2f

The insulin degludec related substances and impurities were comprehensively characterized
using a combination of analytical methods including different mass spectrometric procedures.
The impurities and related substances in the insulin degludec drug substance originating from the
manufacturing process have been characterized as described in 3.2.S.3.2 Overview of Potential
Impurities in Drug Substance, and all the major degradation products of insulin degludec have
been characterized as described in 3.2.P.5.5 Characterization of Impurities.

Table 2 Potential product related substances and impurities in insulin degludec determined by RP-HPLC
Classification |Identity/Content Monoisotopic mass M, Experimental reduced

Theoretical |Experimental
impurities
determined by
RP-HPLC

related
substances
determined by
RP-HPLC

impurities
determined by
RP-HPLC

* Mass data repor

O ot detemined
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A list of all the potential product related substances and impurities in insulin degludec, separated
by the RP-HPLC method A6020a (and the equivalent drug substance specification method
A7090a), 1s provided in Table 2, including the theoretical and experimental determined intact
monoisotopic mass of each of the identified components determined using high-resolution MS.
The analytical method A6020a uses mobile phases, which are not compatible with on-line MS
detection, and therefore, the 1dentification of the different components was primarily based on
characterization of fractions isolated by the RP-HPLC method.

Determination of reduced masses for the isolated components in the insulin degludec product
related substances and impurities was also included in the characterization for the majority of the
components, and the experimentally determined reduced average mass using conventional
®®_MS have been provided in Table 2 for the ®® insulin degludec. The
theoretical average mass of insulin degludec R

respectively.

g. Clarify whether your proposed test method is capable of quantitating individual product-
related substances and impurities with adequate specificity, accuracy and precision in the
proposed product.

Response to FDA Question 2g

As described in the response to question 2a) above, the drug product specification test

method A6020a, which has been established and optimized to determine all insulin

degludec related substances and impurities, is not considered capable of providing

quantitative information for all components on an individual basis because of a number of
©®® By dividing the insulin degludec related

substances and impurities into the three groups ( we w®

®@

impurities,
related substances and impurities), a selective, accurate, and precise method

has been obtained.

h. Explain your choice of RP HPLC over other applicable methods (e.g., ion exchange
chromatography) for the quantitation of charged variants.

Response to FDA Question 2h

The RP-HPLC method A6020a developed to determine the insulin degludec related substances
and impurities has focused on separating all changed molecular variants from the main peak of
msulin degludec. By general experience with insulin products, RP-HPLC is a more selective
principle in liquid chromatography when compared to ion exchange chromatography. By proper
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selection of the chromatographic conditions, charged variants of the parent substance may also
be separated by RP-HPLC. This is the case for RP-HPLC method A6020a, where all the charged
variants of insulin degludec are well separated from insulin degludec. The superiority of the
selected RP-HPLC method over ion exchange chromatography in detecting product related
impurities has been demonstrated in the comparability studies for different campaigns of insulin
degludec drug substance (see 3.2.S.2.6 Demonstration of Comparability of Drug Substance
Manufactured from Campaign 1 to Campaign 12).

Overall evaluation of the Applicant’s response to questions 2a-h: Adequate.

a. The Applicant’s response indicated that some of the peaks corresponding to insulin degludec
related substances and impurities elute closely or co-elute partly in the chromatogram. The
Applicant has explained that the proposed analytical method (46020a) is not capable of
providing quantitative information on individual insulin degludec related substances and
impurities. Therefore, the requested information on the levels of individual drug substance
related substances and impurities in batches used in phase 3 clinical studies and stability
studies was not available for review.

b. For the above reason, the Applicant has grouped the impurities that elute in the RP-HPLC

®@ ® @

chromatogram into three groups ( related substances

®@

impurities,

and impurities) and established collective acceptance criteria for each group.
Considering the complexity of the product, the proposed approach is acceptable and ensures
the detection of all degradation products below the proposed limit. This is further supported
by the 18-24 months stability data available for primary stability batches. The stability data
indicated that the product maintained a purity > (% with respect to insulin degludec related
substances and impurities during 18-24 months of real-time storage conditions.

c. The Applicant has characterized the identity of insulin degludec related substances and
impurities formed during storage at long-term, accelerated, and in-use stability conditions
(see Table 2, above). Due to method limitation, quantitative information on individual
impurities is not available for review. Information provided within the CMC section
indicated that OD insulin degludec) and o

insulin degludec) are the major impurities among them. The Applicant has also indicated

that the levels of the following drug substance related substances do not increase during

drug product storage:

a) O@ of insulin degludec (eluting in the group of @

impurities),
‘ ®@ . o L ®@

b) insulin degludec (eluting in the group of’ related

substances),
O, . — . O . e
c) insulin degludec (eluting in the group of impurities).

(b) (4) ®®@

d. The Applicant’s explanation that formation of insulin degludec under
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neutral pH conditions is acceptable. If formed, this impurity could be identified during
characterization studies by its unique mass.

e. The Applicant has provided satisfactory mass spec data information (intact and reduced
mass data) for each of the individual impurities separated by the analytical method, 46020a
(Table 2). In addition, the applicant has characterized the biological activity of isomers and
isolated degradation products of insulin degludec.

f.  The Applicant’s explanation for the choice of RP-HPLC over other applicable methods (e.g.,
ion exchange chromatography) to analyze charged variants is acceptable. In addition, the
Applicant has used the same RP-HPLC method to demonstrate the comparability of various
batches of drug substance manufactured during campaign runs.

FDA Question 3

Considering the expected purity of your drug product is > &%, the combined limits for
9 related substances, O9 impurities and % HMWP would
. B . _ 4
exceed theg % total impurity level. Therefore, revise your proposed limit for bl

®@ related substances, 9 impurities and % HMWP to meet the purity
expectations.
Novo Nordisk Response:
In the proposed specifications for the insulin degludec drug products, the acceptance criteria for
content of insulin degludec are ®® o4 of label claim. The acceptance criteria for content

of msulin degludec cannot be directly compared to the acceptance criteria for insulin degludec
related substances and impurities and for HMWP, since quality attributes related to quantity and
purity are controlled by three different methods:

. Determination of the insulin degludec related substances and impurities by RP-HPLC
method A6020a

. Determination of the identity and content of insulin degludec by RP-HPLC method
A6021a

. Determination of HMWP by GPC method A6022a
The methods and the acceptance criteria in the specifications are further explained below:

RP-HPLC method A6020a: This method determines the relative distribution of the insulin
degludec and the insulin degludec related substances and impurities (divided into three groups:
9 impurities, ®@ related substances and ®9 impurities). From the
acceptance criteria proposed in the specifications for each of the three groups, a total level
(relative amount) of insulin degludec related substances and impurities of <®%% at release and
< $% at end of shelf life may be calculated. The major part of the molecular variants of insulin
degludec separated by RP-HPLC method A6020a and included in the limits described above
have been characterized to possess full or high relative bioactivity compared to insulin degludec

(reference 1s made to 3.2.S.3.1 Biological Activity of Insulin Degludec).
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RP-HPLC method A6021a: The analytical method determines the combined content ( LA
of msulin degludec and molecular variants of insulin degludec (impurities and related
substances), which elute together in one main peak of insulin degludec. As documented in
3.2.S.3.1 Biological Activity of Insulin Degludec,

. mon e R

®) @

degraded samples. It has therefore
been concluded that the RP- HPLC method for the determination of the 9 content
offers a reliable indication of the biological activity of insulin degludec in the drug product.
The acceptance criteria in the specifications ensure that the content of insulin degludec in the
drug product is consistently within ®@os4 of label claim throughout the shelf-life of the
product.

GPC method A6022a: This method determines the total relative amount of high molecular
weight proteins (HMWP) in the drug product. As described in 3.2.P.5.5 Characterization of
Impurities, the HMWP has been characterized to consist of ®9 insulin
degludec/insulin degludec.  ®®. The insulin degludec will also be determined as part of
the ®® impurities in RP-HPLC method A6020a, as they will elute in the gradient part
of the method. The acceptance criteria in the specifications have been set to ensure a total level

(relative amount) of HMWP of <®?®% at release and < §% at end of shelf life.

®@

Based on the above, the combined control strategy and the acceptance criteria in the proposed
msulin degludec drug product specifications are considered justified.

Overall evaluation of the applicant’s response: Adequate.
The Applicant has proposed an acceptance criterion of ®Dos of the label claim for the
®@ content (quantitated as insulin degludec + related substances and impurities or as
insulin aspart + related substances and impurities) during its shelf-life, which is acceptable. The
Applicant has also committed to control the purity content of the product by RP-HPLC with an
acceptance criteria of NMT®® % for insulin degludec related substances and impurities during
its shelf-life. The available real-time stability data for primary batches indicated that purity of
these batches was > ?3% with respect to aspart related substances and impurities (See below,
data reproduced from section 3.2.P.8) during a real-time storage period of 18-24 months. In
light of the Applicant’s limited stability experience with the product, the proposed acceptance

criteria for individual and total insulin degludec related substances and impurities are

acceptable.

Proposed Batch Storage time (Months)

specificatio | informatio | Batch | | | | |
Parameter | n n no. 0 3 6 9 12 18 24 30
Purity of Not Primary O« N
insulin applicable batches XCQ0004 A
degludec (study 1)C 1
(%) N

XCQO0005 A
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®) (@]

N
XCQO0006 A
N
XCQO0038 A
N
XCQ0039 A
Primary
batches N
(study 2) C | XCQO0040 A

FDA Question 4

Your proposal to have wider shelf-life specification for insulin degludec related substances and
impurities is not supported by the observed stability profile of your primary stability batches
(i.e., very little degradation is seen under real-time storage conditions). Revise your shelf-life
specification to current release specification level or justify the same.

Novo Nordisk Response:

Summary of approach for shelf-life specification limits for insulin degludec related substances
and impurities

Novo Nordisk would like to clarify that the proposed shelf-life limits for HMWP, insulin
degludec related substances and impurities have been based, not only on the stability profile of
the primary stability batches, but on all available stability data, from pilot to full production
scale batches (1.e. ®® patch scale for insulin degludec 100 U/ml and 100,

®@ patch scale for insulin degludec 200 U/ml). By including all available stability
results for the different batch scales into the calculation of the specification limits, the
calculation of the limits becomes more robust. With this comprehensive approach, more reliable
information on batch to batch variation, uncertainty of the expected stability trend, and the
intermediate precision are built into the specification limits for the insulin degludec related
substances and impurities.

The calculation of shelf-life specification limits based only on primary stability batches will
differ from what has currently been presented in 3.2.P.5.6 Insulin Degludec 100 U/ml,
Justification of Specifications and 3.2.P.5.6 Insulin Degludec 200 U/ml, Justification of
Specifications due to the following factors:

The drug substance batches used for the production of the primary stability batches contained
impurity levels below their specification limit. While the impurity level observed for these
batches are representative for most drug substances batches, the drug product production must
allow for use of drug substance batches released at the upper limit for individual impurities.

Handling, which consists of activities related to inspection, assembly in pen-injector, packaging,
labeling, storage, and transport of the product from production site to users, has been at a
minimum in the stability programs. Stability samples are transferred directly from the production
facilities mto the relevant stability chambers, therefore minimizing the handling time and the
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temporary exposure to temperatures outside the recommended storage conditions. The
degradation which is typically expected during handling is therefore not reflected in the observed
stability results.

Therefore, since the starting level for impurities in the drug product will sometimes be higher
than has been the case in the reported stability programs, the contribution for release limit for
drug substance should be set at the upper limit for individual impurities. Similarly, in order to
compensate for the degradation related to handling, a handling contribution must be included in
the specification limits.

The calculations of the specification limits as reported in 3.2.P.5.6 are based on the above
described contributions.

Revision of shelf life specification limits

Following the FDA request of revision of the shelf life limits, the calculation of the shelf life
specification has been updated based on the above described principles and on currently
available stability data. An overview of the batches included in the calculation of the updated
specification and the latest available time point for insulin degludec 100 U/ml and insulin
degludec 200 U/ml is given in Table 10 and Table 11.

Table 10 Batches used for calculation of the specification limits — Insulin degludec 100 U/ml

Drug product | Drug substance | Batch size Use of batch Latest time point available for
batch no. batch used calculation of specification limits
ACQO0020 YKOSHP0O7 ®@pyocess challenge 6 months at 5°C
ACQO0019 YKOSHP006 Process challenge 6 months at 5°C
YQ50518 YKOSHPO0OS Process validation 12 months at 5°C
YQ50517 YKOSHPOO7 Process validation 12 months at 5°C
YQ50516 YKOSHPO0OG6 Process validation 12 months at 5°C
YCQO0012 VKOSHP004 Process challenge 18 months at 5°C
XCQO0049 XKOSHP003 Phase 3 clinical tnals 18 months at 5°C
XCQO0044 XKOSHPO13 Phase 3 clinical trials 24 months at 5°C
XCQO0037 XKOSHPO14 Phase 3 clinical trials 24 months at 5°C
XCQO0036 XKOSHP020 Phase 3 clinical trials 24 months at 5°C
XCQO0010 XKOSHP0O3 Phase 3 clinical trials |24 months at 5°C
XCQ0009 VKOSHP0O7 Phase 3 clinical trials 12 months at 5°C
XCQO0008 VKOSHPOO7 Phase 3 clinical trials 12 months at 5°C
XCQO0003 VKOSHP0O03 Phase 3 clinical trials 12 months at 5°C
XCQ0002 VKOSHP003 Phase 3 climcal trals 12 months at 5°C
XCQO0001 VKOSHPO0O] Phase 3 clinical trials 30 months at 5°C
VCQO015 VKOSHPO003 Phase 3 clinical trials |30 months at 5°C
VCQO014 VKOSHP002 Phase 3 clinical trials |30 months at 5°C
VCQO0013 VKOSHPOO1 Phase 3 clinical trials 15 months at 5°C
TQ50434 LP454K4S07 Phase 2 clinical trials 30 months at 5°C
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Table 11 Batches used for calculation of the specification limits — Insulin degludec 200 U/ml
Drug product | Drug substance | Batch size |Use of batch Latest time point available for
batch no. batch used calculation of specification limits
AWS50398 XKOSHP009 ®@ pocess challenge 3 months at 5°C
XKOSHP012
AWS0395 XKOSHP006 Process challenge 3 months at 5°C
XKOSHPO13
ACQ0021 YKOSHP009 Stability 6 months at 5°C
YQ50521 YKOSHPO0OS Process validation 12 months at 5°C
YQ50520 YKOSHP0O7 Process validation 12 months at 5°C
YQ50519 YKOSHP006 Process validation 9 months at 5°C
YCQO0014 XKOSHP004 Process challenge 18 months 5°C
YCQO0007 XKOSHP002 Phase 3 clinical trials 18 months at 5°C
XCQ0043 XKOSHPO15 Phase 3 clinical trials 18 months at 5°C
XCQO0042 XKOSHPO14 Phase 3 clinical trials 24 months at 5°C
XCQO0041 XKOSHP020 Phase 3 clinical trials 24 months at 5°C
XCQO0019 VKOSHP007 Phase 3 clinical trials 12 months at 5°C
XCQOo0018 VKOSHP002 Phase 3 clinical trials 24 months at 5°C
XCQ0017 VKOSHP003 Phase 3 clinical trials 24 months at 5°C
XCQoole VKOSHPOO1 Phase 3 clinical tnals 24 months at 5°C
XCQO0014 VKOSHPO0O7 Phase 3 clinical trials 12 months at 5°C

Based on the recalculations, the impurity contrlbutlon during storage at 5°C has been decreased
for 9 related substances and ? impurities, while HMWP and ©e
impurities remains unchanged.

Therefore, Novo Nordisk proposes a minor revision of the shelf life limits for insulin
degludec impurities and related substances as given in Table 12. The revised proposed shelf
life specification are present in the updated 3.2.5.P.1 Insulin Degludec 100 U/ml
Specifications and 3.2.P.5.1 Insulin Degludec 200 U/ml Specifications and justified in
3.2.P.5.6 Insulin Degludec 100 U/ml, Justification of Specification and 3.2.P.5.6 Insulin

Degludec 200 U/ml, Justification of Specification.

Table 12

Previously proposed limits and revised proposed limits for impurities and related

substances for insulin degludec 100 U/ml and insulin degludec 200 U/ml

Parameter

Proposed limits in the NDA

Revised proposed limits

HMWP, (%)

® @

Release limit:
Shelf life i

® @

Release limit:
Shelf life liny

®@

mpurities. (%o)

Release limit:
Shelf life limi

Release limit:
Shelf life lin

®@ related substances, (%o)

Release limit:
Shelf life limi

Release limit:
Shelf life liny

®) (4)i1up\u ities, (%0)

Release lmit:
Shelf life limi

Release limit
Shelf life liny

A detailed description of the revision of the specification is given below:

Principle for calculation of the specification limits
The proposed shelf life limits for HMWP and mnsulin degludec impurities and related substances

include the following contributions:

. Release limit for insulin degludec drug substance
. Contribution from drug product manufacturing process
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. Contribution from handling (inspection, assembling, packaging, and distribution)

. Predicted change during 30 months at 5°C

For an illustration of the different contributions, a representative example using_
related substances is displayed in Figure 6.

Figure 6 Conwribution for calculation of the drug product specification limits —
related substances

A detailed evaluation of each contribution is reported in the following.

Specification limit for drug substance
The limits proposed in the NDA are given in Table 13.

Table 13 Proposed limits for insulin degludec drug substance

Parameter Proposed limits in the NDA
HMWP., (°0)

npurities. (%o)
related substances. (%0)
impurities. (2o0)

Contribution from drug product manufacturing process

Release data for all batches produced from pilot to commercial scale for insulin
degludec 100 U/ml and 100 to - for insulin degludec 200 U/ml) have been used for
recalculation of the contribution from the manufacturing process. The contribution from the
manufacturing process for HMWP, insulin degludec impurities and related substances is given in
Table 14.

Table 14 Contribution from the manufacturing process

Parameter Contribution from the manufacturing process

HMWP._ (%)

purities. (%o)
elated substances. (%0)
mpurities, (%)

Recalculation has confirmed the previously proposed manufacturing contribution for HMWP
and insulin degludec impurities and related substances.
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Contribution from handling
Some excursions outside the recommended storage conditions must be allowed for the finished

product. Before reaching the patient, the drug product is exposed to the following handling
activities:

e Inspection of the finished product

e Assembly in pen-injector, labeling and packaging of the product

e Transport of the product from the production site to the users
As a consequence of these activities, the level of HMWP and insulin degludec impurities and
related substances will increase. Any batch that has been exposed to these activities should be
able to meet the release specification limits due to the following reasons:

e Patients will receive product exposed to handling

e Reanalysis for local release of product after shipment
In order to compensate for degradation related to the handling activities, the handling
contribution has been estimated and included in the calculation of the release limits. The
handling contribution is not reflected in the stability trend of the primary stability batches since
all stability batches are placed in stability chambers immediately after inspection without having
been through the full time/temperature exposure due to handling.

The handling contribution calculated by the Arrhenius equation is given in Table 15.
Recalculation has confirmed the previously proposed handling contribution for impurities and
related substances.

Contribution for 30 months storage at 5°C

The recalculation of the expected change during 30 months at 5°C has been based on the current
available stability data (see Table 10 and Table 11). The following elements are consideration
when estimating the change during shelf life storage:

e The expected degradation during 30 months storage at 5°C

e The uncertainty of the expected change

e The intermediate precision, which allow for random variation in the determination of the
release value.

The updated calculation of the change during 30 months storage at 5°C is given in Table 16
Table 16 Calculated contribution during 30 months storage at 5°C

Parameter Contribution in the NDA Revised contribution

® @

| HMWP, (%)
®®@ impurities, (%)

®® related substances, (%)

®® impurities, (%)
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Recalculation based on updated stability data has confirmed the previously proposed storage

contribution for HMWP and @9 impurities.

For ®® related substances, an additional contribution of 5% was added to the
estimated change at the time of NDA submission. As more stability data from upscale batches
have become available, the additional contribution of ?®% can be omitted from the recalculation
of the shelf life limits. The contribution for ®@ impurities has been lowered by (3 %.

New proposed shelf life specification limits for insulin degludec impurities and related
substances

Based on the recalculation and considerations for each step, revised shelf life specification limits
are proposed for insulin degludec impurities and related substances in Table 17. The shelf life

.l 4) q) . ..
limits have been narrowed for ®® related substances and @9 impurities.

Table 17 New proposed release and shelf life limits for insulin degludec 100 U/ml and

insulin degludec 200 U/ml
Parameter Specification Contribution Contribution Release limit Predicted Proposed shelf
limit of DS from drug from handling degradation life limits
product during 30
® @

HMWP, (%)

i (1 —

impurities, (%)

I ® @

| related

® @

impurities, (%)

Evaluation: Acceptable.
® @

The Firm’s proposal to tighten the shelf-life limits for related substances and

®® impurities is acceptable, which is consistent with FDA request.

Table 12 Previously proposed limits and revised proposed limits for impurities and related

substances for insulin degludec 100 U/ml and insulin degludec 200 U/ml

Parameter

Proposed limits in the NDA

HMWP, (%)

Revised proposed limits

® @

Release limit:
Shelf life i

®) “’upurme; (%o)

® @

Release limat:
Shelf Iife linm

Release limit:
Shelf life limi

related substances, (%0)

Release limit:
Shelf life limi

Release lumnit:
Shelf life luni

unpurities, (%o0)

Release limit:
Shelf life limf

Release lunit
Shelf life limi

Release limit:
Shelf life limi

In addition, the Applicant has updated the above information for insulin degludec 100 U/mL and
200 U/mL drug products under Section 3.2.P.5.1.
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