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MEMORANDUM
 

FROM: Frank Pucino, PharmD, MPH 
Clinical Reviewer 
Division of Metabolism and Endocrinology Products (DMEP) 

THROUGH:   Patrick Archdeacon, MD 
Acting Clinical Team Leader, DMEP 

SUBJECT: Clinical Review — NDA 208157 (Regular human insulin in 0.9% 
sodium chloride injection) 

APPLICANT   Celerity Pharmaceuticals, LLC 

RECEIPT DATE: August 22, 2018 

PDUFA GOAL DATE: June 22, 2019 

REVIEW DATE: (See electronic signature) 

This memorandum serves the purpose of the Clinical Review of New Drug Application (NDA) 
208157 (regular human insulin in 0.9% sodium chloride injection [MYXREDLIN]). For this 
Application, no Phase 3 efficacy and safety clinical trials were planned or conducted. The only 
clinical data submitted was from a single Phase 1 biopharmceutics study (i.e., CEL-HI-200). 
Additionally, at the pre-IND meeting (PIND 124943; dated May 22, 2015), the Applicant was 
asked to submit justification for why immunogenicity assessments would not be necessary for 
this product. This justification was provided in the Clinical Overview submitted with the 
Application.( 1) A brief executive summary of the clinical information relevant to the current 
submission will be presented. 

(1) Applicant’s Clinical Overview, Section 3, pages 6-12, available at: \\cdsesub1\evsprod\nda208157\0000\m2\25-clin-
over\clinical-overview-208157-us.pdf 
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1. Recommendation on Regulatory Action 

I recommend approval of this NDA pending agreement on labeling. 

2. Introduction and Regulatory Background 

Diabetes mellitus is a disease of impaired glucose homeostasis that results in chronic 
hyperglycemia. There are two main types of diabetes mellitus: type 1 diabetes mellitus (T1D; 
characterized by ĂƵƚŽŝŵŵƵŶĞ�ĚĞƐƚƌƵĐƚŝŽŶ�ŽĨ�ƉĂŶĐƌĞĂƚŝĐ�ɴ-cells and loss of insulin secretion) and 
ƚǇƉĞ� Ϯ� ĚŝĂďĞƚĞƐ� ŵĞůůŝƚƵƐ� ;dϮ�͖� ĐŚĂƌĂĐƚĞƌŝǌĞĚ� ďǇ� ɴ-cell dysfunction and resistance to insulin 
activity with inadequate insulin production to maintain euglycemia).1,2 According to the 2017 
National Diabetes Statistics Report, diabetes affects an estimated 30.3 million people within the 
United States (U.S.),3 of which T2D accounts for 90-95% of all diagnosed cases.3,4 As of 2013, 
diabetes also is the most expensive medical condition to diagnose and treat in the U.S., 
accounting for $101.4 billion in healthcare spending.5 

Patients with T1D may present with classic symptoms of hyperglycemia (e.g., polyuria, 
polydipsia, nocturia, blurred vision, and diabetic ketoacidosis), while patients with T2D can be 
asymptomatic. As a result of chronic hyperglycemia, patients with diabetes mellitus are at an 
increased risk for microvascular (e.g., retinopathy, nephropathy) and macrovascular (e.g., 
myocardial infarction, stroke) complications.6,7 For patients with T2D, the presence of 
microvascular and macrovascular disease are independently associated with a 10-year risk of 
death, major adverse cardiovascular events (MACE: nonfatal myocardial infarction, nonfatal 
stroke, or CV death), and major clinical microvascular events (end-stage renal disease, death 
due to renal disease, retinal photocoagulation, or diabetes-related blindness), while 
coexistence of both micro- and macrovascular disease is associated with a 2.0-, 2.9- and 6.3-
fold greater risk of these complications, respectively.8  Diabetes remains a leading cause of 
kidney failure,9 adult-onset blindness,10,11 and non-traumatic lower limb amputations.12,13 

Additionally, people with diabetes are more than twice as likely to have cardiovascular disease 
(CVD) or stroke as nondiabetic individuals—and at an earlier age.14,15 Several reports suggest 
that CVD may affect approximately 40% of T1D patients over 65 years of age and 32% of 
persons with T2D.16 Diabetes was the seventh leading cause of death in 2015,3 and CVD 
remains a major cause of death among diabetics. Based on the results of the Diabetes Control 
and Complication Trial (DCCT),17-23 the United Kingdom Prospective Diabetes Study (UKPDS),7,24-

27 and the Kumamoto Study,28 improved glycemic control (as measured using hemoglobin A1c 
[HbA1c]) is believed to result in improved clinical outcomes. 

Exogenous administration of insulin is the mainstay of antihyperglycemic therapy in T1D, and it 
is also used to improve glycemic control in patients with T2D.29 There are numerous insulin 
products commercially available in the U.S.29 
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The Applicant, Celerity Pharmaceuticals, is requesting approval of MYXREDLIN (regu lar human 

insulin in 0.9% sod ium c hloride inj ection) for the indication t o improve glycemic control in adu lt 

and pediatric patients with TlD and T2D. This NOA is being submitted as a 505(b)(2) application 

that relies, in part, on the Food and Drug Administration's (FDA's) finding of safety and 

effectiveness for the listed drug NovouN R (regular human insulin injectio n; NOA 0 19938, Novo 

Nordisk lnc.)30 for approval. The proposed commercial presentation of the Celerity insulin 

product consists of a 100 ml GALAXY bag containing 100 units of regu lar human insu lin/100 ml 

of 0.9% sodium chloride. The product is intended to be administered by intravenous (IV) 
administration in a hospital or emergency room setting using commercially available insulin 

infusion sets. 

A brief summary of the relevant regu latory history of NOA 208157 is provided in (Table 1). 

Table 1: Summary of Presubmission/Submission Regulatory History for NOA 208157 

Date Summary of Relevant Agency Interactions 

June 25, 1991 NOA 019938  FDA approves NovouN R (insulin human injection), the listed drug for 

NOA 208157 (MYXREDLIN), to improve glycemic control in adults and pediatric patients 
with diabetes mellitus. 

April 22, 2015" PINO 124943 - Applicant submits a Type B Meeting Briefing Package. 

May 22, 2015b PINO 124943 - FDA provided advice to the Applicant for the MYXREDLIN development 
program summarized as follows: 

• Establish an adequate scientific bridge between MYXREDLIN and NOVOLIN R to 
demonstrate that reliance is scientifically justified, with data to support any 
modifications to the listed drug. 

• Submit a nonclinical GLP-compliant toxicity study with TK assessment to support 
reliance on the listed drug for nonclinical safety. 

• Regarding data to be included in the initial IND submission, product-specific 
impurities, product-related substances, and process-related impurities should be 
identified, characterized, and compared in a side-by-side table format to the listed 
product, in addition to chromatograms. 

• The data package for NOA submission should include additional characterization data 
to compare quaternary structures of the two products using standard methods. The 
stability data to compare degradation profiles and biological activities should include 
long-term and accelerated storage conditions, stress conditions and in-use 
conditions. 

• Provide a plan to assess product immunogenicity and determine whether it impacts 
PK or clinical outcomes or provide justification why immunogenicity assessments 
would not be necessary. If assessments are needed, the proposed Clinical 
Pharmacology study (i.e., crossover design in healthy volunteers) would not be 
appropriate to evaluate immunogenicity. 

December 11, 2015' IND 124943-Applicant submits the iPSP, requesting a waiver of pediatric studies. 

February 4, 2016d IND 124943 - FDA informed the Applicant that none of the criteria under 21 U.S.C. 
355c31 applied to their product, and therefore, they were exempt from PREA 
requirements. 
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March 31, 2017" IND 124943 - Applicant submits their IND (Study CEL-Hl-200). 

May 16, 20171 IND 124943 - FDA issued a 'Study May Proceed Letter' stating that they did not 

recommend that the Applicant perform immunogenicity analysis for the proposed 
Phase 1 study at this time. However, it was recommended that they collect and bank 
serum samples at baseline, prior to each of the two insulin infusions, and one month 

after the last infusion. Should assessment of immune response to their product be 
requested, they should develop and validate assays for detecting and confirming anti-

drug antibodies (ADAs). An assay to establish ADA titers also was recommended. 

May 16 2017g IND 124943 - Applicant requested review of the proposed proprietary name, MYXREDLIN. 

May 16 2017h IND 124943 - FDA concluded that the proposed proprietary name was conditionally 
acceptable. 

May 30, 2017; IND 124943 - Applicant submits protocol amendment #1 to Study CEL-Hl-200 (i.e., 
change in blood sampling volume from 410 ml to 515 ml for the PK and C-peptide 
testing due to a change in the testing facility sites from w·~ ,, 
r--(DH4jto~.,,, 1. 

June 29, 2017j IND 124943 - Applicant submits protocol amendment #2 to include additional sampling 
requirements for possible immunogenicity testing (i.e., 5 ml blood samples collected at 
Screening, prior to each of the two insulin infusions, and at the end of study, and stored 

for possible future immunogenicity analysis). 

April 26, 2018k NOA 208157 - Applicant submits their Application for MYXREDLIN. 

May 10, 2018 NOA 208157 - The Application was not accepted for filing due to non-payment of 
POU FA fees. 

May 16, 20181 NOA 208157 - FDA informs Applicant that all required fees were accepted, and the new 
Application receipt date was May 4, 2018. 

July 2, 2018m NOA 208157 - FDA issues a Refusal to File letter for the following reasons: 

1. NDA Section 3.2.P.3.5.2.3, Process Performance Qualif ication, does not contain prospective 
validation results for three consecutive drug product lots produced at the commercial scale 
(i.e., possible risk that the drug product produced by the commercial process may not be 
comparable to the clinical process). The NDA section states that, "process performance 
qualifications will be conducted in conjunction with or prior to the production of commercial 
batches according to a validation protocol." The validation results are needed in the original 
NDA to demonstrate that the commercial manufacturing process is suitable for its intended 
purpose. 

2. In the Type B written responses for PINO 124943 (dated May 22, 2015), FDA recommended 
that a GLP-compliant bridging toxicity study comparing MYXREDUN with U.S.-approved 
NOVOUN R be conducted and submitted with the NDA to support the scientific 
appropriateness of reliance on FDA's finding of safety and/or effectiveness for NovouN Rto 
support the nonclinical safety of the proposed product. I (6)(4) 

Reference ID: 4446481 

4 



July 12, 2018" NDA 208157 - Addendum to the Pharmacology/Toxicology Filing Memorandum. 
Following clarification from the Applicant that a 2-week bridging toxicity study to 
evaluate insulin-related impurities was conducted in agreement with the Division (email 
corresoondence dated 5,l3J2011l (b)(

4 
l (bJhr4Y 

t e 
Pharmacology/Toxicology review team considered tliat the nonclinical data submitted 
was sufficient to support NDA fil ing. 

July 17, 2018° NDA 208157 - Applicant submits a Type A Meeting Request and briefing package to 
address remaining filing issues. 

August 16, 2018P NDA 208157 - Type A Meeting. FDA informed the Applicant that to consider 
applications for biotechnology products complete, process validation results are 
typically provided to demonstrate that the commercial process (i.e., L, which is 
ID-fold greater than the clinical process) consistently produces drug products with the 
quality and stability characteristics that the product is purported to possess. Therefore, 
the NDA submission is incomplete because it did not contain analytical data sufficient to 
conduct a scientific review with respect to whether the clinical drug product material is 
comparable to the proposed commercial product. During the meeting, the Applicant 
proposed to use a clinical process as a new commercia l process which was 
identical to the clinical process described in their NDA. They planned to initiate the PPQ 
approximately 4-5 months prior to the anticipated approval date. The PPQ for 3 lots 
would be completed prior to commercial distribution and results submitted to FDA. The 
PPQ protocol would be available prior to midcycle of the review period. The FDA agreed 
that the Applicant's proposal to resubmit the Application using a  commercial 
scale to address t he filing issue would be acceptable. 

August 22, 2018q NDA 208157 - Applicant resubmits their Application for MYXREDLIN. 

Source: Adapted from the following submissions: 
•· 	 Applicant's PINO 124943 Type B Meeting Briefing Package, available at: 

\\cdsesubl\evsprod\ind124943\0000\ml\us\briefing-package.pdf 
b. 	 Appl icant's PINO Meeting Responses, ava ilable at: 

\\cdsesubl\evsprod\nda208157\0000\ml\us\correspondence-pre-ind.pdf 
c. 	 Appl icant's Pediatric Study Plan, available at: 

\\cdsesubl\evsprod\ind124943\0001\ml\us\pediatric-studv-plan.pdf 
d. 	 Appl icant's Other Correspondence Regarding Pediatric Exclusivity Study Plans, available at : 

\\cdsesubl\evsprod\nda208157\0000\ml\us\other-corresp-regarding-pediatric-exclusivitv-study-plans.pdf 
e. 	 Applicant's Clinical Trial Protocol, version 1, available at: 

\\cdsesub1\evsprod\ind124943\0003\m5\53-clin-stud-rep\S34-rep-human-pd-stud\5341-healthy-subj-pd-stud-rep\cel-hi
200\cel-hi-200-protocol-2017mar02.pdf 

t. 	 FDA Study May Proceed Letter, available at: 
https://darrts.fda.gov//darrts/faces/View0ocument?documentld=090140af8043f283& afrRedirect=67769641363912 

g. 	 Applicant's Cli nical Trial Protocol, available at: 
\\cdsesub1\evsprod\ind124943\000S\m1\us\proprietary-name-mvxredl in-initial-reguest.pdf 

h. 	 FDA Proprietary Name Request Granted Letter, ava ilable at: 
https://darrts.fda.gov//darrts/faces/View0ocument?documentld=090140af8046920b& afrRedirect=67623496558140 

L Applicant's Cli nical Trial Protocol, version 2, available at: \\cdsesub1\evsprod\ind124943\0006\m5\53-clin-stud-rep\534-rep
human-pd-stud\5341-healthy-subj-pd-stud-rep\cel-hi-200\cel-hi-200-protocol-amend-1-2017apr27 .pdf 

i-	 Applicant's Clinical Trial Protocol, version 3, available at: 
\\cdsesub1\evsprod\ind124943\0007\m5\53-clin-stud-rep\534-rep-human-pd-stud\5341-healthy-subj-pd-stud-rep\cel-hi
200\cel-hi-200-protocol-amend-2-2017jun02.pdf 

k. 	 Appl icant's Original NOA Submission, ava ilable at: 
\\cdsesubl\evsprod\nda208157\0000\m1\us\cover-letter-2018apr26.pdf 

L 	 FDA Acknowledgement - User Fees Received, available at: 
https:ljdarrts.fda.gov//darrts/faces/View0ocument?documentld=09014-0af8049823b& afrRedirect=585281644270479 

m. FDA Refusal to File Letter, avai lable at: 
https:ljdarrts.fda.govljdarrts/faces/View0ocument?documentld=090140af804a49e4& afrRedirect=585654576487354 
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n. Pharmacology/Toxicology Memorandum to File, available at: 
https://darrts.fda.gov//darrts/faces/ViewDocument?documentId=090140af804a6df8& afrRedirect=589207001119083 

o. Applicant’s Type A Meeting Request and Briefing Package, available at: 
https://darrts.fda.gov//darrts/faces/ViewDocument?documentId=090140af804b176e& afrRedirect=590116698688688 

p. Applicant’s Resubmission After Refuse to File, available at: 
\\cdsesub1\evsprod\nda208157\0004\m1\us\cover-letter-2018aug22.pdf 

Abbreviations: FDA, Food and Drug Administration; GLP, Good Laboratory Practice; IND, Investigational New Drug; iPSP, initial 
Pediatric Study Plan; L, liter; NDA, New Drug Application; PDUFA, Prescription Drug User Fee Act; PIND, Pre-IND; PK, 
pharmacokinetic; PPQ, process performance qualification; PREA, Pediatric Research Equity Act; and TK, toxicokinetic. 

3. Product Information and Rationale for Product Development 

MYXREDLIN is a premixed, ready-to-use formulation of regular human insulin in an isotonic 
solution for intravenous use, with a proposed indication to improve glycemic control in adults 
and children with diabetes mellitus. The regular human insulin in this product is structurally 
identical to native human insulin, and is produced by recombinant DNA technology, utilizing 
Pichia pastoris (a yeast) as the production organism. MYXREDLIN will be provided as a clear, 

(b)isotonic, aqueous, and colorless solution (target pH of (4) , range 6.5-7.2) containing 100 units 
of regular human insulin/100 mL of 0.9% sodium chloride and packaged in a 100 mL GALAXY 
bag.  The Applicant claims that this product is intended to “provide convenience in the hospital 
setting while mitigating handling and dosing errors”. MYXREDLIN is a short-acting insulin which is 
administered by IV infusion. In comparison to subcutaneously (SC) administered insulin which 
achieves peak insulin concentrations within 1.5 and 2.5 hours post dose, serum insulin 
concentrations increase rapidly with IV administration, and the median half-life is 49 minutes 
(23.4 minutes corrected for C-peptide) following discontinuation of the infusion. 

Similar to the listed drug (NOVOLIN R), the regular human insulin in this product is a two-chain 
polypeptide hormone consisting of 51 amino acids (i.e., an A-chain composed of 21 amino acids 
and the B-chain composed of 30 amino acids).  However, Novolin R is produced by recombinant 
DNA technology utilizing Saccharomyces cerevisiae (baker’s yeast) as the production organism. 
Additionally, NOVOLIN R is available at a concentration of 100 units/mL in 10 mL glass vials and 
can be diluted to concentrations ranging from 0.05 to 1 unit /mL with 0.9% sodium chloride, 5% 
dextrose, or 10% dextrose with 40 mmol/L potassium chloride in polypropylene infusion bags 
for intravenous administration.32 
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Table 2: Comparison of M YXREDLIN and N OVOLIN R 

Applicant 

Novo Nordisk's 

NovouN° R 

(Regular, Human Insulin Inject ion 
[recombinant DNA origin] USP) 

Listed Drug 

Celerity's 

MYXREDLIN 

(Regular Human Insulin in 0.9% 

Sodium Chloride Inject ion) 

Proposed Drug 

Product 

NovouN° Risa sterile human insulin 
injectable solution stored in 10 ml glass vials 

Regular Human Insulin in 0.9% Sodium 
Ch loride Injection is a sterile premixed 

human insulin injectable solution 
stored in a 100 ml GALAXY plastic bag 

Active Ingredient Human Insulin, USP Human Insulin, USP 

Host Cell Expression 

System 

Saccharomyces cerevisiae (baker's yeast) Pichia pastoris (yeast) 

Total Drug Content 
1000U 

{100 U/ml in 10 ml glass vial) 

100 u 
(1 U/ml in a 100 ml plastic bag) 

Container Closure 

Multi-use glass vial. 

When administered int ravenously, 
polypropylene infusion bags should be used. 

Single-use plastic container 

(GALAXY PL 2501) 

Tonicity Agent 

Can be used with the following infusion 
flu ids: 

0.9% Sodium Chloride, 

5% Dextrose, or 

10% Dextrose with 40 mmol/L 
Potassium Chloride 

Premixed wit h 

0.9% w/v Sodium Chloride, USP 

900 mg/100 ml (9 mg/ml ) 

Other Inact ive Ingredients 

Zinc Chloride 

approximately 70 mcg/10 ml 

(approximately 7 mcg/ml) 

Glycerol 

160 mg/10 ml (16 mg/ml ) 

Metacresol 

30 mg/10 ml (3 mg/ml) 

pH adjusted with Sodium Hydroxide and/or 
Hydrochloric Acid 

Water for Injection, USP 

Sodium Chloride, USP 

900 mg/100 ml (9 mg/mL)-also listed 
as a tonicity agent 

Monobasic Sodium Phosphate, 
Monohydrate, USP 

29.0 mg/100 ml (0.290 mg/ml)* 

Dibasic Sodium Phosphate, Anhydrous, 
USP 

41.2 mg/100 ml (0.412 mg/ml)* 

Water for Injection, USP 

Volume 10 ml glass vial 100 ml GALAXY plastic container 

Concentration 100 U/ml 1 U/ml 

Dosage Form 

Injectable; sterile solution 

(should be used in infusion systems using 
polypropylene infusion bags) 

Injectable; sterile solution 

(premixed for intravenous infusion) 
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Applicant 

Novo Nordisk's 

NovouN° R 

(Regular, Human Insulin Injection 
[recombinant DNA origin] USP) 

Usted Drug 

Celerity's 

MYXREDLIN 

(Regular Human Insulin in 0.9% 
Sodium Chloride Injection) 

Proposed Drug 

Route of Administration Injection: IV infusion or subcutaneous Inject ion: IV infusion 

Dosing Regimen {IV) 

Total daily insulin requirements vary and are 

usually between 0.5 and 1.0 units/kg/day. 

Novolin° R can be used with the follow ing 
infusion flu ids: 0.9% sodium chloride, 5% 

dextrose, or 10% dextrose with 40 mmol/L 
potassium chloride. 

Total daily insulin requirements vary 
and are usually between 0.5 and 1.0 

units/kg/day. 

Marketing Status OTC Prescription (Rx) 

Source: Adapted from the Applicant's 2.2 Introduction to CTD, labeled as Table 1, page 4 of 7, available at: 
\\cdsesub1\evsprod\nda208157\0000\m2\22-intro\introduction-208157-us.pdf 
* 	Monobasic sodium phosphate and monohydrate and dibasic sodium phosphate, anhydrous are added as buffers (pH range is 6.5

7.2, with a ta rget pH of•. 

In their rationa le for why this product was developed, the Applicant notes that insulin is 
considered a High-Alert Medication by the Institute for Safe Medication Practices due to 
potential harm to patients from errors in dosing.33 Celerity believes that their ready-to-use 
formulation may mitigate the dosing and handling errors associated with the more 
concentrated insulin solutions (e.g., UlOO or U500), which must be diluted prior to 
administration. They note that the 1 unit/ ml concentration is not currently availab le but is 
indicated for IV use after suitable admixture. 

Besides the information provided by the Applicant, I also reviewed the medical literature 
related to potential medication errors associated with intravenous therapy. The rates of 
medication errors in intravenous drug preparation and administration in hospita ls within 
individual countries have ranged from 3.3-97.7%.34-50 Based on data from a national medication 
error-reporting program, 73, 769 intravenous-related medication administration errors in 
pediatric patients were reported during a 5-year period, of which 6.8% of errors were due to 
the drug being prepared incorrectly.51 Often these errors are due to improper concentration 
and mistakes in ca lculations. Additionally, in an audit of the preparation and administration of 
intravenous drugs at six hospita l departments in the United Kingdom, France and Germany, the 
wrong diluent was used in in 1%, 18%, and 49% of cases, respectively, while at least one 
deviation in aseptic technique was observed among 100%, 58% and 19% of cases in the three 
countries. 52 

I concur that there is potential benefit in having a premixed insulin formu lation intended for IV 
administration in healthcare facilities, especia lly in the acute care setting. 
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4. Clinical Pharmacology/Biopharmaceutics 

The Applicant submitted data from Study CEL-HI-200, randomized, crossover a euglycemic 
clamp study conducted in 58 healthy adult male volunteers (ages 19-50 years) to test for 
bioequivalence between MYXREDLIN and NOVOLIN R (diluted to 1 unit/mL prior to administration). 
Subjects randomly received an intravenous infusion of insulin at a rate of 1 mU/kg/min for six 
hours (i.e., 0.36 units/kg total dose) with an eight-hour blood sampling period on two separate 
occasions separated by a 7-10 day washout period (i.e., administered MYXREDLIN or NOVOLIN R 
and then the alternate product on the second visit). The blood glucose concentration was 
clamped at a target concentration of 9 mg/dL below the participant’s fasting blood glucose 
(FBG) concentration. During the MYXREDLIN infusion, the average onset of action, defined as 
start of intravenous glucose infusion during the clamp, was observed at approximately 21 
minutes after starting of the infusion, and the glucose infusion rate gradually increased to a 
maximum response rate of  13.7 mg/kg/min after five hours. Average insulin concentrations of 
about 300 pg/mL were attained between 1.5 to 6 hours after starting the infusion and returned 
to baseline concentrations by 1.5 hours after discontinuing the infusion. The mean terminal 
half-life was estimated to be 23.4 minutes. 

The prespecified bioequivalence (BE) criteria (i.e., 90% confidence interval [CI] of 0.8 to 1.25 for 
the MYXREDLIN/NOVOLIN R least square (LS) geometric mean ratio [GMR]) AUCINS-SS 300-360min (GMR 
1.0; 90% CI 0.96, 1.03) was met. The C-peptide-adjusted human insulin concentrations 
(reflective of endogenous insulin change during the clamp procedure) also were consistent 
between treatment arms. The 90% CIs for the LS GMR of the primary PD endpoint (AUCGIR-SS 300-

360 min) were within the prespecified BE bounds, (i.e., 1.0; 90% CI 0.96, 1.04). 

The clinical pharmacology reviewer for this Application, Dr. Tao Liu, felt that the primary PK and 
PD endpoints were similar between the two products, and therefore, the Office of Clinical 
Pharmacology (OCP) found the Application approvable from a clinical pharmacology 
perspective. I concur with this assessment. For a detailed discussion of this study, please refer 
to the Clinical Pharmacology Review by Dr. Liu (dated May 15, 2019). 

Additionally, Dr. Li-Hong Yeh, from the Office of Study Integrity and Surveillance (OSIS), 
conducted the surveillance inspection of the analytical portion of Trial CEL-HI-200 (i.e., Studies 
CA19891-01 and CA19891-02 for determination of human insulin and C-peptide, respectively) 

(b) (4) performed at . Based on his review of inspectional 
findings (e.g., study records, facilities, laboratory equipment, method validation, sample 
analyses, and interviews with the site’s management and staff), he felt that the analytical data 
from the audited studies were reliable to support a regulatory decision. The final inspection 
classification was No Action Indicated (NAI). Please refer to Dr. Yeh’s review (dated February 
22, 2019) for additional information. 
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5. Chemistry, Manufacturing and Controls (CMC) and Clinical Microbiology 

The Quality Review for this Application was performed by Ors. William Hallett (Application 
Team Lead), Anika Lalmansingh (Regulatory Business Process Manager), Anjali Shukla (Drug 
Substance/Product), Scott Dallas (Labeling), Laurie Nelson and Peter Qiu (Faci lity), Scott Nichols 
and Patricia Hughes (Microbiology - Drug Substance), and Virginia Carroll and Reyes Candau
Chacon (Microbiology - Drug Product). In his review (dated May 28, 2019), Dr. Hallett noted 
that the manufacturing of regular human insulin is well controlled, yielding a consistently high
quality product, and that the conditions used in manufacturing were sufficiently validated. For 
further discussion of the quality assessment of this Application please refer to his review. 

A pre-approva l inspection of the drug substance manufacturing facility was 
conducted from . The inspection covered the quality, 
production, faci lities and equipment, materials, packaging and labeling, and laboratory control 
systems. A six-item FDA Form 483 was issued for the following deficiencies: 

• 	 Discrepancies between the information submitted in Drug Master File (DMF) and 

the human insulin manufacturing process performed at 

• 	 The firm's bacterial endotoxin test (Gel-Clot method) for Human Insulin (rDNA) finished 

product (API) is deficient. 

• 	 The environmenta l monitoring of clean rooms by microbiological methods is deficient. 

• 	 Laboratory controls fai led to ensure that the Empower chromatographic system 


software appropriately reports the quality characteristics of the drug product. 


• 	 The quality unit failed to ensure that a critica l process deviation was documented and 

investigated. 

• 	 The quality unit failed to ensure that effective systems are used for calibrating critical 

equipment. 

The facility was classified as Voluntary Action Indicated (VAi). Overall, the firm was considered 
acceptable, and the drug substance manufacturing and testing sites were inspected and found 
to be compliant. 

In the review of the microbial control and microbiology product quality of drug substance (i.e., 
recombinant human insulin expressed in Pichia pastoris), Dr. Nichols concluded that the drug 
substance portion of the Application was adequate and recommended approva l. However, he 
recommended a single postmarketing commitment (PMC) requiring the Applicant to submit a 
supplement cross-referencing an updated DMF with established action limits for bioburden and 
endotoxin, and with the bioburden and endotoxin method qualification for the associated 
process steps (please refer to PMC #1 below). 

The bioburden method qualification of drug product was originally performed by lbll 
~~ using a single lot of drug product. However, at the request of the Agency 
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(dated April 18, 2019), the App licant agreed to provide the results of a bioburden method 
qualification study with three lots of drug product at the routine testing site (i.e., ----in accordance with United States Pharmacopeia (USP) <61>. These data were 
submitted on May 21, 2019, and acceptance criteria (i.e., the mean inoculum count 

-lllF~'!":'
colony-forming unit [CFU] and mean percent recovery compared to controls between %) 
were met for all samples. In her review (dated April 30, 2019/Addendum May 22, 2019), Dr. 
Carroll stated that from a sterility assurance and quality microbiology perspective the 
Application is approvable, and that no inspection follow-up items were identified. 

Overall, OPQ felt that the data submitted in this Application were adequate to support the 
conclusion that the manufacture of MYXREDLIN is well-controlled and leads to a product that is 
pure and potent, and recommended approval for human use under conditions specified in 
proposed product labeling. They will recommend the following PMC: 

1. 

I concur with OPQ's quality assessment of this Application. 

6. Nonclinical Pharmacology/Toxicology 

To establish a scientific bridge between MYXREDLIN and NovouN R, the Applicant conducted in 
vitro functional assays comparing the activity (e.g., binding affinity of insulin and insulin growth 
factor-1 [IGF-1], and metabolic and mitogenic activity) between these products. The impurity 
profi le of MYXREDLIN also was qualified in a two-week repeat-dose rat toxicity study ("bridging 
study" to qualify the safety of excess I lbf<'II impurities). 

The Pharmacology/Toxicology reviewer for this Application, Dr. Parvaneh Espandiari, 
recommended approval of th is Application. In her review, she noted that the toxicologic profi le 
of recombinant human insulin is well established, and that hypoglycemia (the dose-limiting 
toxicity finding in animals) is a relatively insensitive endpoint for comparing these insulin 
products. Therefore, she felt that in vitro assessments were more sensitive for evaluating 
comparability. Based on her review of the Applicant's nonclinical findings, Dr. Espandiari 
concluded that the in vitro functiona l assays did not indicate meaningful differences between 
MYXREDLIN and NovouN R, and that the two-week toxicology study did not show any safety 
issues related to impurities (i.e., and (DH41). Please refer to the 
Pharmacology/Toxicology Review (dated April 29, 2019) provided by Dr. Espandiari for 
additional information related to the MYXREDLIN nonclinical program. 

I concur that the nonclinical findings from this Application support approva l. 
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7. Efficacy 

Besides the single Phase 1 clinical study (CEL-HI-200), no efficacy trials were conducted to 
support this NDA. Thus, there is no statistical review for this Application. 

8. Safety 

The only clinical data submitted to support this NDA were limited to the single Phase 1 clinical 
pharmacology study (CEL-HI-200) in healthy volunteers (i.e., no additional clinical trials and 
safety data were submitted). As CEL-HI-200 was a randomized, crossover, euglycemic glucose 
clamp study intended to demonstrate bioequivalence between MYXREDLIN and NOVOLIN R, all 
subjects were only exposed to a single six-hour infusion of MYXREDLIN. Therefore, these data do 
not inform a substantial safety assessment. However, the safety of MYXREDLIN is expected to be 
similar to the listed drug (NOVOLIN R). 

In Study CEL-HI-200, there were no deaths or serious adverse events (SAEs). However, one 
(b) (6) subject withdrew due to AEs (Subject  who presented with intermittent junctional rhythm 

prior to dosing in the second treatment period). Treatment-emergent adverse events (TEAEs) 
were reported for 10 (17.2%) subjects, of which five occurred following the MYXREDLIN infusion 
(i.e., ͚�Ăƌ� ĚŝƐĐŽŵĨŽƌƚ͖͛� ͚ /ŶĨƵƐŝŽŶ� ƐŝƚĞ� ĞǆƚƌĂǀĂƐĂƚŝŽŶ͖͛� ͚ �ůŽƐĞĚ� ŐůŽďĞ� ŝŶũƵƌǇ͖͛� ͚ �ůĞĐƚƌŽĐĂƌĚŝŽŐƌĂŵ� 
ĂďŶŽƌŵĂů͖͛� ĂŶĚ� ͚�ĐĐŚǇŵŽƐŝƐ͛Ϳ. All TEAEs were reported as mild in intensity. Two subjects had 

(b) (6) abnormal, clinically meaningful 12-lead electrocardiogram (ECG) changes (Subjects  and 
(b) (6) ). These cases are discussed below. 

Subject Narratives — Electrocardiogram Findings: 

(b) (6) Subject a 25-year-old Caucasian male had a 12-lead ECG prior to dosing in Treatment Period 2 which 
showed an intermittent junctional rhythm alternating with a normal sinus rhythm, interpreted by the 
investigator as abnormal and clinically significant. The event occurred approximately 11 days following a 
single six-hour infusion of MYXREDLIN (29.4 units total dose). At the time of the event, the subject was 
asymptomatic with normal vital signs. He had no relevant past medical history and did not receive any 
concomitant medications during the study. Following review of the source documentation, it was noted 
that the screening ECG prior to administration of investigational product (IP) also showed an intermittent 
junctional rhythm. The AE was classified as mild, and the investigator felt that the observed ECG finding 
was not related to IP. However, due to a possible safety concern, the subject was not dosed with NOVOLIN 
R and was discontinued from the study by the investigator. The subject was advised to follow-up with his 
primary care provider. The subject’s ECG at follow up approximately four weeks following the event was 
again abnormal but interpreted as not clinically significant. 

Based on similar ECG findings at screening and prior to administration of IP at Treatment Period 
2 (i.e., 11 days after receiving Myxredlin; median half-life of 23.4 minutes), I concur that the 
abnormal ECG findings were not related to IP. 
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Subject (b) : a 32-year-old Caucasian male had ECG findings suggestive of Brugada syndrome (6)
approximately 2.5 hours after a six-hour infusion of MYXREDLIN 23.4 units in Treatment Period 2. The 
subject was asymptomatic at that time and his physical examination and vital signs were unremarkable. 
The AE was classified by the investigator as mild. The subject previously experienced a vasovagal episode 
(reported as mild by the investigator) upon placement of the IV line prior to administration of NOVOLIN R in 
Treatment Period 1. He denied a family history of cardiac issues, sudden arrhythmias, or sudden death. He 
had no relevant past medical history, did not receive any concomitant medications during the study, and 
his clinical laboratory results were not informative. Given the syncopal episode during IV placement in 
Treatment Period 1 and abnormal ECG findings in Treatment Period 2, the subject was transported to a 
local emergency room (ER) for further evaluation. The ECG performed in the ER was interpreted as not 
clinically significant. The investigator felt that the abnormal ECG possibly associated with Brugada 
syndrome was not related to IP. 

Brugada syndrome is an autosomal dominant genetic disorder characterized by abnormal ECG 
findings and an increased risk of ventricular tachyarrhythmias and sudden cardiac death.53 

Typically, the ECG findings consist of a pseudo-right bundle branch block and persistent ST 
segment elevation in leads V1 to V2, although isolated cases presenting with similar findings 
involving the inferior ECG leads also have been observed.54-57 Patients with these ECG findings 
who experience sustained ventricular tachycardia or sudden cardiac death or have other 
associated clinical criteria (e.g., syncope, atrial fibrillation, nocturnal agonal respiration) are 
considered to have Brugada syndrome. Asymptomatic patients with the ECG features but 
without other clinical criteria are considered to have the Brugada pattern. In some patients 

(b) (6) with the Brugada pattern, the ECG changes may be transient or variable over time. Subject 
appeared to have the Brugada pattern. The prevalence of an asymptomatic Brugada ECG 
pattern is reported to be between 0.1-1% depending upon the population studied.57-64 Review 
of the medical literature identified several reports in which intravenous infusions of glucose 
with/without insulin unmasked (i.e., accentuated) the ST segment elevation of Brugada 
syndrome.65-67 

Although I concur that a causal association of MYXREDLIN and the abnormal ECG findings cannot 
be established or completely ruled out, it is possible that infusions of insulin and glucose may 
have unmasked the Brugada ECG pattern observed in this subject. Additionally, susceptibility to 
vasovagal syncope in this subject (i.e., the syncopal episode reported with IV placement in 
Treatment Period 1) also may be suggestive of autonomic dysfunction associated with Brugada 
pattern/syndrome.68-70 

Applicant’s Rational for Not Conducting Immunogenicity Assessments 

Blood samples for assessments of anti-insulin antibodies (AIAs), collected at the screening visit, 
prior to each infusion period, and at the follow-up visit, were stored for future analysis. 
Therefore, these data were not provided. In the Written Response to the Pre-IND meeting 
(PIND 124943, dated May 22, 2015) the Agency offered the Applicant the opportunity to 
provide justification for why immunogenicity assessments would not be necessary with 
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MYXREDLIN.( 2) The Applicant has provided this justification in their  Clinical Overview,( 3) which 
primarily included the following reasons: 

(b) (4)		 (b) (4)A.	 Use of the same insulin drug substance from  as is used in (i.e., the 
(b) (4) Applicant notes the drug substance for MYXREDLIN is the same as ). 

B.	 Use of compendial excipients with low immunogenic potential/concern. 
C.	 An impurity profile that is similar to NOVOLIN R, with low immunogenic concern. 
D.	 Low host cell impurities, microbial impurities, and amounts of aggregates (i.e., high 

molecular weight proteins [HMWP]), which reduce the risk for immunostimulation. 
E.	 Demonstration of physicochemical and functional similarity between MYXREDLIN and 

NOVOLIN R. 
F.	 Lower immunogenic potential associated with the administration of a single continuous 

IV infusion compared to repeat SC injections. 
G.	 The proposed dilute formulation of 1 unit/mL of human insulin in isotonic 0.9% sodium 

chloride minimizes the potential for aggregation, compared to a high concentrated 
insulin formulation (e.g., 100 units/mL). 

The structure of the drug substance in MYXREDLIN is identical to native human insulin. The 
Applicant noted that based on structural characteristics (e.g., primary, secondary and tertiary 

(b) (4) structures of insulin manufactured at ), functional activity (e.g., insulin receptor binding, 
mitogenic potential, glucose uptake, and IGF-1 receptor binding) and the process-related 
impurity assessment (e.g., host cell impurities, microbial impurities, and aggregates), the 
immunogenic profile of MYXREDLIN is expected to be similar to the listed drug. 

Semisynthetic and recombinant human insulins are immunogenic, with the development of 
insulin antibodies reported in 5-98% of patients treated with these products.71-76 Although 
there is some concern that high levels of insulin antibodies may be associated with dysglycemia 
(e.g., hypoglycemia, hyperglycemia or insulin resistance)77-79 or hypersensitivity,80-82 there is 
limited evidence that anti-insulin antibody development is associated with clinically meaningful 
metabolic instability or local/systemic allergic reactions.83-85 Typically, hypoglycemia associated 
with insulin is due to excessive insulin doses, exercise or missed meals/snacks, while poor 
metabolic control is often related to inadequate insulin (e.g., missed doses), mistimed insulin 
administration, excess caloric intake, and/or inadequate exercise.86 Additionally, the incidence 
of hypersensitivity reactions with recombinant human insulins is relatively rare (reported in 
<1% to 2.4% of patients),87,88 and these reactions are often attributed to additives/excipients of 
the product or container (e.g., stabilizers [zinc and protamine]89-93 preservatives [paraben, 
meta-cresol, phenol and isophane],94 and/or latex95).80,81,87,88,96-99 

(2) Applicant’s Pre-IND Meeting Responses (PIND 124943, dated March 31, 2015), page 10 of 20, available at: 
\\cdsesub1\evsprod\nda208157\0000\m1\us\correspondence-pre-ind.pdf 

(3) Applicant’s Clinical Overview, pages 6-12 of 15, available at: \\cdsesub1\evsprod\nda208157\0000\m2\25-clin-over\clinical-
overview-208157-us.pdf 
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Based on the above justification, approval by the Pharmacology/Toxicology and OPQ review 
teams, and review of the medical literature, I believe that the Applicant’s justification for not 
conducting immunogenicity assessments for a product intended to be administered 
intravenously as a single continuous infusion is reasonable. Further, I feel that conducting 
immunogenicity assessments for MYXREDLIN for the intended use would be impracticable. 

9. Advisory Committee Meeting 

No Advisory Committee meeting was held to discuss this product. 

10. Pediatrics 

No data regarding the use of this product in pediatric patients was included in the Application. 
On December 11, 2015, the Applicant submitted the initial Pediatric Study Plan (iPSP) for IND 
124943 requesting exemption from the Pediatric Research Equity Act (PREA) requirements (i.e., 
a waiver of pediatric assessments).( 4) In the Written Response (dated February 4, 2016) related 
to this iPSP, the Agency determined the Application does not consist of a new active ingredient, 
new indication, new dosage form, new dosing regimen, or new route of administration, and 
therefore would not trigger PREA.( 5)  

11. Financial Disclosure 

The Applicant submitted a Form FDA 3454 for the single covered clinical study (CEL-HI-200), 
certifying they have not entered into a financial arrangement with any of the six clinical 
investigators participating in this study. 

12. Labeling 

At the time of this review, labeling negotiations were ongoing. The proposed labeling for 
MYXREDLIN is similar to the labeling of the listed drug (NOVOLIN R), but with removal of most of 
the language related to SC administration and admixture recommendations for IV infusion. 

(4) Applicant’s Pediatric Study Plan, page 2 of 7, available at: 
\\cdsesub1\evsprod\ind124943\0001\m1\us\pediatric-study-plan.pdf 

(5) Applicant’s Other Correspondence Regarding Pediatric Exclusivity or Study Plans, page 2 of 7, available at: 
\\cdsesub1\evsprod\nda208157\0000\m1\us\other-corresp-regarding-pediatric-exclusivity-study-plans.pdf 
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13. Other Relevant Regulatory Issues 

Besides the  additional PMC requested by OPQ, no other relevant regulatory issues are pending 
at the time of this memorandum. 

Reference ID: 4446481 

16 



 
 

 

 

 

   
   

 

   
  

 

   
  

  
 

 
 

  
 

  

  
  

 
 

   
  

 

 
    

 

14. References 

1. 	 American Diabetes A. 2. Classification and Diagnosis of Diabetes: Standards of Medical Care 
in Diabetes-2019. Diabetes Care 2019;42:S13-S28. 

2. 	 Matthaei S, Stumvoll M, Kellerer M, Haring HU. Pathophysiology and pharmacological 
treatment of insulin resistance. Endocr Rev 2000;21:585-618. 

3.	 National Diabetes Statistics Report, 2017. Estimates of diabetes and its burden in the United 
States. Atlanta, GA: National Center for Chronic Disease Prevention and Health Promotion, 
Division of Diabetes Translation, 2017. Accessed August 21, 2017, at 
https://www.cdc.gov/diabetes/pdfs/data/statistics/national-diabetes-statistics-report.pdf. 

4.	 At a glance: Diabetes 2018. Atlanta, GA: National Center for Chronic Disease Prevention and 
Health Promotion, Division of Diabetes Translation, Centers for Disease Control and 
Prevention, 2018. Accessed October 27, 2018, at 
https://www.cdc.gov/chronicdisease/pdf/aag/ddt-H.pdf. 

5. 	 Dieleman JL, Baral R, Birger M, et al. US Spending on Personal Health Care and Public 
Health, 1996-2013. JAMA 2016;316:2627-46. 

6.	 American Diabetes A. 10. Cardiovascular Disease and Risk Management: Standards of 
Medical Care in Diabetes-2019. Diabetes Care 2019;42:S103-S23. 

7. 	 Stratton IM, Adler AI, Neil HA, et al. Association of glycaemia with macrovascular and 
microvascular complications of type 2 diabetes (UKPDS 35): prospective observational 
study. BMJ 2000;321:405-12. 

8. 	 Mohammedi K, Woodward M, Marre M, et al. Comparative effects of microvascular and 
macrovascular disease on the risk of major outcomes in patients with type 2 diabetes. 
Cardiovasc Diabetol 2017;16:95. 

9. 	 Koye DN, Magliano DJ, Nelson RG, Pavkov ME. The Global Epidemiology of Diabetes and 
Kidney Disease. Adv Chronic Kidney Dis 2018;25:121-32. 

10. Lee R, Wong TY, Sabanayagam C. Epidemiology of diabetic retinopathy, diabetic macular 
edema and related vision loss. Eye Vis (Lond) 2015;2:17. 

11. Sabanayagam C, Banu R, Chee ML, et al. Incidence and progression of diabetic retinopathy: 
a systematic review. Lancet Diabetes Endocrinol 2018. 

12. Moxey PW, Gogalniceanu P, Hinchliffe RJ, et al. Lower extremity amputations--a review of 
global variability in incidence. Diabet Med 2011;28:1144-53. 

13. Narres M, Kvitkina T, Claessen H, et al. Incidence of lower extremity amputations in the 
diabetic compared with the non-diabetic population: A systematic review. PLoS One 
2017;12:e0182081. 

14. Lee SI, Patel M, Jones CM, Narendran P. Cardiovascular disease and type 1 diabetes: 
prevalence, prediction and management in an ageing population. Ther Adv Chronic Dis 
2015;6:347-74. 

Reference ID: 4446481 

17 

https://www.cdc.gov/chronicdisease/pdf/aag/ddt-H.pdf
https://www.cdc.gov/diabetes/pdfs/data/statistics/national-diabetes-statistics-report.pdf


  

 

 

 

  
  

  

    

 

 
    

 

 
 

  
 

  
 

  
   

   
 

 
    

   
 

 

 
 

 

  
 

 

  
   

15. Emerging Risk Factors C, Sarwar N, Gao P, et al. Diabetes mellitus, fasting blood glucose 
concentration, and risk of vascular disease: a collaborative meta-analysis of 102 prospective 
studies. Lancet 2010;375:2215-22. 

16. Einarson TR, Acs A, Ludwig C, Panton UH. Prevalence of cardiovascular disease in type 2 
diabetes: a systematic literature review of scientific evidence from across the world in 2007-
2017. Cardiovasc Diabetol 2018;17:83. 

17. The effect of intensive treatment of diabetes on the development and progression of long-
term complications in insulin-dependent diabetes mellitus. The Diabetes Control and 
Complications Trial Research Group. N Engl J Med 1993;329:977-86. 

18. Retinopathy and nephropathy in patients with type 1 diabetes four years after a trial of 
intensive therapy. The Diabetes Control and Complications Trial/Epidemiology of Diabetes 
Interventions and Complications Research Group. N Engl J Med 2000;342:381-9. 

19. Nathan DM, Cleary PA, Backlund JY, et al. Intensive diabetes treatment and cardiovascular 
disease in patients with type 1 diabetes. N Engl J Med 2005;353:2643-53. 

20. Diabetes C, Complications Trial/Epidemiology of Diabetes I, Complications Research G, et al. 
Modern-day clinical course of type 1 diabetes mellitus after 30 years' duration: the diabetes 
control and complications trial/epidemiology of diabetes interventions and complications 
and Pittsburgh epidemiology of diabetes complications experience (1983-2005). Arch Intern 
Med 2009;169:1307-16. 

21. Albers JW, Herman WH, Pop-Busui R, et al. Effect of prior intensive insulin treatment during 
the Diabetes Control and Complications Trial (DCCT) on peripheral neuropathy in type 1 
diabetes during the Epidemiology of Diabetes Interventions and Complications (EDIC) Study. 
Diabetes Care 2010;33:1090-6. 

22. Diabetes C, Complications Trial /Epidemiology of Diabetes I, Complications Research G, et 
al. Effect of intensive diabetes therapy on the progression of diabetic retinopathy in 
patients with type 1 diabetes: 18 years of follow-up in the DCCT/EDIC. Diabetes 
2015;64:631-42. 

23. Writing Group for the DERG, Orchard TJ, Nathan DM, et al. Association between 7 years of 
intensive treatment of type 1 diabetes and long-term mortality. JAMA 2015;313:45-53. 

24. Intensive blood-glucose control with sulphonylureas or insulin compared with conventional 
treatment and risk of complications in patients with type 2 diabetes (UKPDS 33). UK 
Prospective Diabetes Study (UKPDS) Group. Lancet 1998;352:837-53. 

25. Effect of intensive blood-glucose control with metformin on complications in overweight 
patients with type 2 diabetes (UKPDS 34). UK Prospective Diabetes Study (UKPDS) Group. 
Lancet 1998;352:854-65. 

26. Adler AI, Stratton IM, Neil HA, et al. Association of systolic blood pressure with 
macrovascular and microvascular complications of type 2 diabetes (UKPDS 36): prospective 
observational study. BMJ 2000;321:412-9. 

27. Holman RR, Paul SK, Bethel MA, Matthews DR, Neil HA. 10-year follow-up of intensive 
glucose control in type 2 diabetes. N Engl J Med 2008;359:1577-89. 

Reference ID: 4446481 

18 



   
 

 

 
 

 
  

   

  

 

 
  

  
 

  
 

  
 

 
 

   
  

 
  

 
 

 

 
 

   
 

 

28. Ohkubo Y, Kishikawa H, Araki E, et al. Intensive insulin therapy prevents the progression of 
diabetic microvascular complications in Japanese patients with non-insulin-dependent 
diabetes mellitus: a randomized prospective 6-year study. Diabetes Res Clin Pract 
1995;28:103-17. 

29. American Diabetes A. 9. Pharmacologic Approaches to Glycemic Treatment: Standards of 
Medical Care in Diabetes-2019. Diabetes Care 2019;42:S90-S102. 

30. Novolin R [package insert]. Plainsboro, NJ: Novo Nordisk Inc.; June 1, 2018. Accessed 
January 15, 2019, at 
https://www.accessdata.fda.gov/drugsatfda docs/label/2018/019938s076lbl.pdf. 

31. 21 U.S.C. 355(c). Research into pediatric uses for drugs and biological products. Washington, 
DC: U.S. Government Publishing Office, 2019. Accessed June 1, 2019, at: 
https://www.govinfo.gov/content/pkg/USCODE-2010-title21/pdf/USCODE-2010-title21-
chap9-subchapV-partA-sec355c.pdf. 

32. Novolin R [package insert]. Plainsboro, NJ: Novo Nordisk Inc.; June 1, 2018. Accessed May 
24, 2018 at: 
https://www.accessdata.fda.gov/drugsatfda docs/label/2018/019938s076lbl.pdf 

33. ISMP list of high-alert medications in acute care settings. Horsham, PA: Institute for Safe 
Medication Practices, August 23, 2018. Accessed January 16, 2019 at 
www.ismp.org/tools/institutionalhighAlert.asp. . 

34. Hartley GM, Dhillon S. An observational study of the prescribing and administration of 
intravenous drugs in a general hospital. Intern J Pharm Pract 1998;1998:38-45. 

35. O'Hare MC, Bradley AM, Gallagher T, Shields MD. Errors in administration of intravenous 
drugs. BMJ 1995;310:1536-7. 

36. Tissot E, Cornette C, Demoly P, Jacquet M, Barale F, Capellier G. Medication errors at the 
administration stage in an intensive care unit. Intensive Care Med 1999;25:353-9. 

37. Bruce J, Wong I. Parenteral drug administration errors by nursing staff on an acute medical 
admissions ward during day duty. Drug Saf 2001;24:855-62. 

38. Belkacem K, Lepaux DJ, Oliger R. [Medication error rate in the hospital setting: a pilot study 
at the Jury-les-Metz Hospital Center]. Presse Med 2001;30:785-9. 

39. Calabrese AD, Erstad BL, Brandl K, Barletta JF, Kane SL, Sherman DS. Medication 
administration errors in adult patients in the ICU. Intensive Care Med 2001;27:1592-8. 

40. van den Bemt PM, Fijn R, van der Voort PH, Gossen AA, Egberts TC, Brouwers JR. Frequency 
and determinants of drug administration errors in the intensive care unit. Crit Care Med 
2002;30:846-50. 

41. Taxis K, Barber N. Incidence and severity of intravenous drug errors in a German hospital. 
Eur J Clin Pharmacol 2004;59:815-7. 

42. Taxis K, Barber N. Ethnographic study of incidence and severity of intravenous drug errors. 
BMJ 2003;326:684. 

43. Wirtz V, Taxis K, Barber ND. An observational study of intravenous medication errors in the 
United Kingdom and in Germany. Pharm World Sci 2003;25:104-11. 

Reference ID: 4446481 

19 

www.ismp.org/tools/institutionalhighAlert.asp
https://www.accessdata.fda.gov/drugsatfda
https://www.govinfo.gov/content/pkg/USCODE-2010-title21/pdf/USCODE-2010-title21
https://www.accessdata.fda.gov/drugsatfda


 

   

  
 

 

 

 

 
 

  
  

   
 

 
   

 

 

 

  
 

 
  
  

 

 

 
  

 

  
  

  
 

 

44. Schnock KO, Dykes PC, Albert J, et al. A Multi-hospital Before-After Observational Study 
Using a Point-Prevalence Approach with an Infusion Safety Intervention Bundle to Reduce 
Intravenous Medication Administration Errors. Drug Saf 2018;41:591-602. 

45. Fekadu T, Teweldemedhin M, Esrael E, Asgedom SW. Prevalence of intravenous medication 
administration errors: a cross-sectional study. Integr Pharm Res Pract 2017;6:47-51. 

46. Schnock KO, Dykes PC, Albert J, et al. The frequency of intravenous medication 
administration errors related to smart infusion pumps: a multihospital observational study. 
BMJ Qual Saf 2017;26:131-40. 

47. Bagheri-Nesami M, Esmaeili R, Tajari M. Intravenous Medication Administration Errors and 
Their Causes in Cardiac Critical Care Units in Iran. Mater Sociomed 2015;27:442-6. 

48. Ding Q, Barker KN, Flynn EA, et al. Incidence of Intravenous Medication Errors in a Chinese 
Hospital. Value Health Reg Issues 2015;6:33-9. 

49. Ong WM, Subasyini S. Medication errors in intravenous drug preparation and 
administration. Med J Malaysia 2013;68:52-7. 

50. Anselmi ML, Peduzzi M, Dos Santos CB. Errors in the administration of intravenous 
medication in Brazilian hospitals. J Clin Nurs 2007;16:1839-47. 

51. Hicks RW, Becker SC. An overview of intravenous-related medication administration errors 
as reported to MEDMARX, a national medication error-reporting program. J Infus Nurs 
2006;29:20-7. 

52. Cousins DH, Sabatier B, Begue D, Schmitt C, Hoppe-Tichy T. Medication errors in 
intravenous drug preparation and administration: a multicentre audit in the UK, Germany 
and France. Qual Saf Health Care 2005;14:190-5. 

53. Brugada J, Campuzano O, Arbelo E, Sarquella-Brugada G, Brugada R. Present Status of 
Brugada Syndrome: JACC State-of-the-Art Review. J Am Coll Cardiol 2018;72:1046-59. 

54. Brugada P, Brugada J. Right bundle branch block, persistent ST segment elevation and 
sudden cardiac death: a distinct clinical and electrocardiographic syndrome. A multicenter 
report. J Am Coll Cardiol 1992;20:1391-6. 

55. Atarashi H, Ogawa S, Harumi K, et al. Characteristics of patients with right bundle branch 
block and ST-segment elevation in right precordial leads. Idiopathic Ventricular Fibrillation 
Investigators. Am J Cardiol 1996;78:581-3. 

56. Brugada J, Brugada P. What to do in patients with no structural heart disease and sudden 
arrhythmic death? Am J Cardiol 1996;78:69-75. 

57. Alings M, Wilde A. "Brugada" syndrome: clinical data and suggested pathophysiological 
mechanism. Circulation 1999;99:666-73. 

58. Miyasaka Y, Tsuji H, Yamada K, et al. Prevalence and mortality of the Brugada-type 
electrocardiogram in one city in Japan. J Am Coll Cardiol 2001;38:771-4. 

59. Matsuo K, Akahoshi M, Nakashima E, Seto S, Yano K. Clinical characteristics of subjects with 
the Brugada-type electrocardiogram. J Cardiovasc Electrophysiol 2004;15:653-7. 

60. Atarashi H, Ogawa S, Harumi K, et al. Three-year follow-up of patients with right bundle 
branch block and ST segment elevation in the right precordial leads: Japanese Registry of 

Reference ID: 4446481 

20 



  
 

 
 

 

 
 

 

 
   

 
  

 

 
 

 

   
 

  

  

 

   
 

  
   

 
 

  
  

   

 

   

  

Brugada Syndrome. Idiopathic Ventricular Fibrillation Investigators. J Am Coll Cardiol
 
2001;37:1916-20.
 

61. Matsuo K, Akahoshi M, Nakashima E, et al. The prevalence, incidence and prognostic value 
of the Brugada-type electrocardiogram: a population-based study of four decades. J Am Coll 
Cardiol 2001;38:765-70. 

62. Junttila MJ, Raatikainen MJ, Karjalainen J, Kauma H, Kesaniemi YA, Huikuri HV. Prevalence 
and prognosis of subjects with Brugada-type ECG pattern in a young and middle-aged 
Finnish population. Eur Heart J 2004;25:874-8. 

63. Patel SS, Anees S, Ferrick KJ. Prevalence of a Brugada pattern electrocardiogram in an urban 
population in the United States. Pacing Clin Electrophysiol 2009;32:704-8. 

64. Priori SG, Wilde AA, Horie M, et al. HRS/EHRA/APHRS expert consensus statement on the 
diagnosis and management of patients with inherited primary arrhythmia syndromes: 
document endorsed by HRS, EHRA, and APHRS in May 2013 and by ACCF, AHA, PACES, and 
AEPC in June 2013. Heart Rhythm 2013;10:1932-63. 

65. Velazquez-Rodriguez E, Rodriguez-Pina H, Pacheco-Bouthillier A, Jimenez-Cruz MP. Efficacy 
and safety of dextrose-insulin in unmasking non-diagnostic Brugada ECG patterns. J 
Electrocardiol 2016;49:957-66. 

66. Nishizaki M, Sakurada H, Ashikaga T, et al. Effects of glucose-induced insulin secretion on ST 
segment elevation in the Brugada syndrome. J Cardiovasc Electrophysiol 2003;14:243-9. 

67. Nogami A, Nakao M, Kubota S, et al. Enhancement of J-ST-segment elevation by the glucose 
and insulin test in Brugada syndrome. Pacing Clin Electrophysiol 2003;26:332-7. 

68. Hermosillo AG, Cardenas M, Marquez MF, Vallejo M. [Relation between Brugada syndrome, 
autonomic nervous sysytem and vasovagal syncope]. Arch Cardiol Mex 2008;78:7-10. 

69. Patruno N, Pontillo D. Brugada syndrome and vasovagal syncope. Pacing Clin Electrophysiol 
2006;29:215; author reply 6. 

70. Rhodes T, Weiss R. The Management of Vasovagal Syncope in a Patient with Brugada 
Syndrome. Card Electrophysiol Clin 2012;4:259-66. 

71. Fineberg SE, Galloway JA, Fineberg NS, Rathbun MJ, Hufferd S. Immunogenicity of 
recombinant DNA human insulin. Diabetologia 1983;25:465-9. 

72. Landgraf W, Sandow J. Recombinant Human Insulins - Clinical Efficacy and Safety in 
Diabetes Therapy. Eur Endocrinol 2016;12:12-7. 

73. Lauritano AA, Clements RS, Jr., Bell D. Insulin antibodies in non-insulin-dependent diabetes 
mellitus: effect of treatment with semisynthetic human insulin. Clin Ther 1989;11:268-77. 

74. Marshall MO, Heding LG, Villumsen J, et al. Development of insulin antibodies, metabolic 
control and B-cell function in newly diagnosed insulin dependent diabetic children treated 
with monocomponent human insulin or monocomponent porcine insulin. Diabetes Res 
1988;9:169-75. 

75. Mianowska B, Szadkowska A, Pietrzak I, et al. Immunogenicity of different brands of human 
insulin and rapid-acting insulin analogs in insulin-naive children with type 1 diabetes. 
Pediatr Diabetes 2011;12:78-84. 

Reference ID: 4446481 

21 



  
 

 

   
 

 
  

 
 

 

  
  

 
    

 

 
  

 

   
  

 
 

  
 

 

    
 

   

 

 

  
 

76. Schernthaner G, Borkenstein M, Fink M, Mayr WR, Menzel J, Schober E. Immunogenicity of 
human insulin (Novo) or pork monocomponent insulin in HLA-DR-typed insulin-dependent 
diabetic individuals. Diabetes Care 1983;6 Suppl 1:43-8. 

77. Segal T, Webb E, Viner R, Pusey C, Wild G, Allgrove J. Severe insulin resistance secondary to 
insulin antibodies: successful treatment with the immunosuppressant MMF. Pediatr 
Diabetes 2008;9:250-4. 

78. Koyama R, Nakanishi K, Kato M, Yamashita S, Kuwahara H, Katori H. Hypoglycemia and 
hyperglycemia due to insulin antibodies against therapeutic human insulin: treatment with 
double filtration plasmapheresis and prednisolone. Am J Med Sci 2005;329:259-64. 

79. Ishizuka T, Ogawa S, Mori T, et al. Characteristics of the antibodies of two patients who 
developed daytime hyperglycemia and morning hypoglycemia because of insulin antibodies. 
Diabetes Res Clin Pract 2009;84:e21-3. 

80. Ghazavi MK, Johnston GA. Insulin allergy. Clin Dermatol 2011;29:300-5. 

81. Heinzerling L, Raile K, Rochlitz H, Zuberbier T, Worm M. Insulin allergy: clinical 
manifestations and management strategies. Allergy 2008;63:148-55. 

82. Jacquier J, Chik CL, Senior PA. A practical, clinical approach to the assessment and 
management of suspected insulin allergy. Diabet Med 2013;30:977-85. 

83. Wredling R, Lins PE, Adamson U. Prevalence of anti-insulin antibodies and its relation to 
severe hypoglycaemia in insulin-treated diabetic patients. Scand J Clin Lab Invest 
1990;50:551-7. 

84. Ionescu-Tirgoviste C, Mirodon Z, Paterache E, Cheta D, Mincu I. No relationship between 
insulin antibodies and hypoglycemia in insulin-treated diabetic patients. Rom J Intern Med 
1991;29:189-98. 

85. Richter B, Neises G. 'Human' insulin versus animal insulin in people with diabetes mellitus. 
Cochrane Database Syst Rev 2005:CD003816. 

86. Winter WE, Jacobsen LM, Pittman D. Insulin, insulin antibodies and insulin autoantibodies. 
MLO Med Lab Obs 2017;49:16-8. 

87. Matheu V, Perez E, Hernandez M, et al. Insulin allergy and resistance successfully treated by 
desensitisation with Aspart insulin. Clin Mol Allergy 2005;3:16. 

88. Schernthaner G. Immunogenicity and allergenic potential of animal and human insulins. 
Diabetes Care 1993;16 Suppl 3:155-65. 

89. Gin H, Aubertin J. Generalized allergy due to zinc and protamine in insulin preparation 
treated with insulin pump. Diabetes Care 1987;10:789-90. 

90. Feinglos MN, Jegasothy BV. "Insulin" allergy due to zinc. Lancet 1979;1:122-4. 

91. Blanco C, Castillo R, Quiralte J, et al. Anaphylaxis to subcutaneous neutral protamine 
Hagedorn insulin with simultaneous sensitization to protamine and insulin. Allergy 
1996;51:421-4. 

92. Kim R. Anaphylaxis to protamine masquerading as an insulin allergy. Del Med J 1993;65:17-
23. 

Reference ID: 4446481 

22 



 
 

   

  
 

 
 

 
 

  

 
 

 

 

93. Bollinger ME, Hamilton RG, Wood RA. Protamine allergy as a complication of insulin 
hypersensitivity: A case report. J Allergy Clin Immunol 1999;104:462-5. 

94. Messaad D, Outtas O, Demoly P. [Hypersensitivity to insulin]. Presse Med 2004;33:631-8. 

95. Roest MA, Shaw S, Orton DI. Insulin-injection-site reactions associated with type I latex 
allergy. N Engl J Med 2003;348:265-6. 

96. Radermecker RP, Scheen AJ. Allergy reactions to insulin: effects of continuous subcutaneous 
insulin infusion and insulin analogues. Diabetes Metab Res Rev 2007;23:348-55. 

97. Castera V, Dutour-Meyer A, Koeppel M, Petitjean C, Darmon P. Systemic allergy to human 
insulin and its rapid and long acting analogs: successful treatment by continuous 
subcutaneous insulin lispro infusion. Diabetes Metab 2005;31:391-400. 

98. Moyes V, Driver R, Croom A, Mirakian R, Chowdhury TA. Insulin allergy in a patient with 
Type 2 diabetes successfully treated with continuous subcutaneous insulin infusion. Diabet 
Med 2006;23:204-6. 

99. Haastrup MB, Henriksen JE, Mortz CG, Bindslev-Jensen C. Insulin allergy can be successfully 
managed by a systematic approach. Clin Transl Allergy 2018;8:35. 

Reference ID: 4446481 

23 



--------------------------------------------------------------------------------------------

--------------------------------------------------------------------------------------------

------------------------------------------------------------

Signature Page 1 of 1 

This is a representation of an electronic record that was signed 
electronically. Following this are manifestations of any and all 
electronic signatures for this electronic record. 

/s/ 

FRANK PUCINO 
06/10/2019 03:38:18 PM 

PATRICK ARCHDEACON 
06/11/2019 12:24:05 PM 

Reference ID: 4446481 


	Structure Bookmarks
	CENTER FOR DRUG EVALUATION AND .
	RESEARCH..
	RESEARCH..
	APPLICATION NUMBER:. 

	208157Orig1s000..
	208157Orig1s000..
	CLINICAL REVIEW(S)..

	Figure
	FDA CENTER FOR DRUG EVALUATION AND RESEARCHIN Division of Metabolism and Endocrinology Products 10903 New Hampshire Avenue, Bldg. 22, Silver Spring, Maryland 20993 
	FDA CENTER FOR DRUG EVALUATION AND RESEARCHIN Division of Metabolism and Endocrinology Products 10903 New Hampshire Avenue, Bldg. 22, Silver Spring, Maryland 20993 
	MEMORANDUM. 
	FROM: 
	FROM: 
	FROM: 
	Frank Pucino, PharmD, MPH Clinical Reviewer Division of Metabolism and Endocrinology Products (DMEP) 

	THROUGH:
	THROUGH:
	  Patrick Archdeacon, MD Acting Clinical Team Leader, DMEP 

	SUBJECT: 
	SUBJECT: 
	Clinical Review — NDA 208157 (Regular human insulin in 0.9% sodium chloride injection) 

	APPLICANT
	APPLICANT
	  Celerity Pharmaceuticals, LLC 

	RECEIPT DATE: 
	RECEIPT DATE: 
	August 22, 2018 

	PDUFA GOAL DATE: 
	PDUFA GOAL DATE: 
	June 22, 2019 

	REVIEW DATE: 
	REVIEW DATE: 
	(See electronic signature) 


	This memorandum serves the purpose of the Clinical Review of New Drug Application (NDA) 208157 (regular human insulin in 0.9% sodium chloride injection [MYXREDLIN]). For this Application, no Phase 3 efficacy and safety clinical trials were planned or conducted. The only clinical data submitted was from a single Phase 1 biopharmceutics study (i.e., CEL-HI-200). Additionally, at the pre-IND meeting (PIND 124943; dated May 22, 2015), the Applicant was asked to submit justification for why immunogenicity assess
	(1)

	(1) Applicant’s Clinical Overview, Section 3, pages 6-12, available at: 
	\\cdsesub1\evsprod\nda208157\0000\m2\25-clinover\clinical-overview-208157-us.pdf 
	-



	1. Recommendation on Regulatory Action 
	1. Recommendation on Regulatory Action 
	I recommend approval of this NDA pending agreement on labeling. 

	2. Introduction and Regulatory Background 
	2. Introduction and Regulatory Background 
	Diabetes mellitus is a disease of impaired glucose homeostasis that results in chronic hyperglycemia. There are two main types of diabetes mellitus: type 1 diabetes mellitus (T1D; characterized by ĂƵƚŽŝŵŵƵŶĞ.ĚĞƐƚƌƵĐƚŝŽŶ.ŽĨ.ƉĂŶĐƌĞĂƚŝĐ.ɴ-cells and loss of insulin secretion) and ƚǇƉĞ. Ϯ. ĚŝĂďĞƚĞƐ. ŵĞůůŝƚƵƐ. ;dϮ.͖. ĐŚĂƌĂĐƚĞƌŝǌĞĚ. ďǇ. ɴ-cell dysfunction and resistance to insulin activity with inadequate insulin production to maintain euglycemia). According to the 2017 National Diabetes Statistics Report, diabete
	1,2
	3
	3,4
	5 

	Patients with T1D may present with classic symptoms of hyperglycemia (e.g., polyuria, polydipsia, nocturia, blurred vision, and diabetic ketoacidosis), while patients with T2D can be asymptomatic. As a result of chronic hyperglycemia, patients with diabetes mellitus are at an increased risk for microvascular (e.g., retinopathy, nephropathy) and macrovascular (e.g., myocardial infarction, stroke) complications. For patients with T2D, the presence of microvascular and macrovascular disease are independently a
	6,7
	-
	8
	9
	10,11
	12,13 
	14,15
	16
	3
	17-23
	7,2427
	-

	28

	Exogenous administration of insulin is the mainstay of antihyperglycemic therapy in T1D, and it is also used to improve glycemic control in patients with T2D. There are numerous insulin products commercially available in the U.S.
	29
	29 

	The Applicant, Celerity Pharmaceuticals, is requesting approval of MYXREDLIN (regular human insulin in 0.9% sodium chloride injection) for the indication to improve glycemic control in adult and pediatric patients with TlD and T2D. This NOA is being submitted as a 505(b)(2) application that relies, in part, on the Food and Drug Administration's (FDA's) finding of safety and effectiveness for the listed drug NovouN R (regular human insulin injectio n; NOA 0 19938, Novo Nordisk lnc.)for approval. The proposed
	30 

	A brief summary of the relevant regulatory history of NOA 208157 is provided in (Table 1). 
	Table 1: Summary of Presubmission/Submission Regulatory History for NOA 208157 
	Date 
	Date 
	Date 
	Summary of Relevant Agency Interactions 

	June 25, 1991 
	June 25, 1991 
	NOA 019938 FDA approves NovouN R (insulin human injection), the listed drug for NOA 208157 (MYXREDLIN), to improve glycemic control in adults and pediatric patients with diabetes mellitus. 

	April 22, 2015" 
	April 22, 2015" 
	PINO 124943 -Applicant submits a Type B Meeting Briefing Package. 

	May 22, 2015b 
	May 22, 2015b 
	PINO 124943 -FDA provided advice to the Applicant for the MYXREDLIN development program summarized as follows: • Establish an adequate scientific bridge between MYXREDLIN and NOVOLIN R to demonstrate that reliance is scientifically justified, with data to support any modifications to the listed drug. • Submit a nonclinical GLP-compliant toxicity study with TK assessment to support reliance on the listed drug for nonclinical safety. • Regarding data to be included in the initial IND submission, product-speci

	December 11, 2015' 
	December 11, 2015' 
	IND 124943-Applicant submits the iPSP, requesting a waiver of pediatric studies. 

	February 4, 2016d 
	February 4, 2016d 
	IND 124943 -FDA informed the Applicant that none of the criteria under 21 U.S.C. 355c31 applied to their product, and therefore, they were exempt from PREA requirements. 


	March 31, 2017" 
	March 31, 2017" 
	March 31, 2017" 
	IND 124943 -Applicant submits their IND (Study CEL-Hl-200). 

	May 16, 20171 
	May 16, 20171 
	IND 124943 -FDA issued a 'Study May Proceed Letter' stating that they did not recommend that the Applicant perform immunogenicity analysis for the proposed Phase 1 study at this time. However, it was recommended that they collect and bank serum samples at baseline, prior to each of the two insulin infusions, and one month after the last infusion. Should assessment of immune response to their product be requested, they should develop and validate assays for detecting and confirming anti-drug antibodies (ADAs

	May 16 2017g 
	May 16 2017g 
	IND 124943 -Applicant requested review ofthe proposed proprietary name, MYXREDLIN. 

	May 16 2017h 
	May 16 2017h 
	IND 124943 -FDA concluded that the proposed proprietary name was conditionally acceptable. 

	May 30, 2017; 
	May 30, 2017; 
	IND 124943 -Applicant submits protocol amendment #1 to Study CEL-Hl-200 (i.e., change in blood sampling volume from 410 ml to 515 ml for the PK and C-peptide testing due to a change in the testing facility sites from w·~ r--(DH4jto~.,,, 1. 
	,, 


	June 29, 2017j 
	June 29, 2017j 
	IND 124943 -Applicant submits protocol amendment #2 to include additional sampling requirements for possible immunogenicity testing (i.e., 5 ml blood samples collected at Screening, prior to each of the two insulin infusions, and at the end of study, and stored for possible future immunogenicity analysis). 

	April 26, 2018k 
	April 26, 2018k 
	NOA 208157 -Applicant submits their Application for MYXREDLIN. 

	May 10, 2018 
	May 10, 2018 
	NOA 208157 -The Application was not accepted for filing due to non-payment of POU FA fees. 

	May 16, 20181 
	May 16, 20181 
	NOA 208157 -FDA informs Applicant that all required fees were accepted, and the new Application receipt date was May 4, 2018. 

	July 2, 2018m 
	July 2, 2018m 
	NOA 208157 -FDA issues a Refusal to File letter for the following reasons: 1. NDA Section 3.2.P.3.5.2.3, Process Performance Qualification, does not contain prospective validation results for three consecutive drug product lots produced at the commercial scale (i.e., possible risk that the drug product produced by the commercial process may not be comparable to the clinical process). The NDA section states that, "process performance qualifications will be conducted in conjunction with or prior to the produc


	July 12, 2018" 
	July 12, 2018" 
	July 12, 2018" 
	NDA 208157 -Addendum to the Pharmacology/Toxicology Filing Memorandum. Following clarification from the Applicant that a 2-week bridging toxicity study to evaluate insulin-related impurities was conducted in agreement with the Division (email corresoondence dated 5,l3J2011l (b)(4 l (bJhr4Y t e Pharmacology/Toxicology review team considered tliat the nonclinical data submitted was sufficient to support NDA fil ing. 

	July 17, 2018° 
	July 17, 2018° 
	NDA 208157 -Applicant submits a Type A Meeting Request and briefing package to address remaining filing issues. 

	August 16, 2018P 
	August 16, 2018P 
	NDA 208157 -Type A Meeting. FDA informed the Applicant that to consider applications for biotechnology products complete, process validation results are typically provided to demonstrate that the commercial process (i.e., L, which is ID-fold greater than the clinical process) consistently produces drug products with the quality and stability characteristics that the product is purported to possess. Therefore, the NDA submission is incomplete because it did not contain analytical data sufficient to conduct a

	August 22, 2018q 
	August 22, 2018q 
	NDA 208157 -Applicant resubmits their Application for MYXREDLIN. 


	Source: Adapted from the following submissions: 
	•· .
	•· .
	•· .
	Applicant's PINO 124943 Type B Meeting Briefing Package, available at: \\cdsesubl\evsprod\ind124943\0000\ml\us\briefing-package.pdf 

	b. .
	b. .
	Applicant's PINO Meeting Responses, available at: \\cdsesubl\evsprod\nda208157\0000\ml\us\correspondence-pre-ind.pdf 

	c. .
	c. .
	Applicant's Pediatric Study Plan, available at: \\cdsesubl\evsprod\ind124943\0001\ml\us\pediatric-studv-plan.pdf 

	d. .
	d. .
	Applicant's Other Correspondence Regarding Pediatric Exclusivity Study Plans, available at: \\cdsesubl\evsprod\nda208157\0000\ml\us\other-corresp-regarding-pediatric-exclusivitv-study-plans.pdf 

	e. .
	e. .
	Applicant's Clinical Trial Protocol, version 1, available at: \\cdsesub1\evsprod\ind124943\0003\m5\53-clin-stud-rep\S34-rep-human-pd-stud\5341-healthy-subj-pd-stud-rep\cel-hi200\cel-hi-200-protocol-2017mar02.pdf 

	t. .
	t. .
	FDA Study May Proceed Letter, available at: & afrRedirect=67769641363912 
	https://darrts.fda.gov//darrts/faces/View0ocument?documentld=090140af8043f283


	g. .
	g. .
	Applicant's Clinical Trial Protocol, available at: \\cdsesub1\evsprod\ind124943\000S\m1\us\proprietary-name-mvxredlin-initial-reguest.pdf 

	h. .
	h. .
	FDA Proprietary Name Request Granted Letter, available at: & afrRedirect=67623496558140 L Applicant's Clinical Trial Protocol, version 2, available at: \\cdsesub1\evsprod\ind124943\0006\m5\53-clin-stud-rep\534-rephuman-pd-stud\5341-healthy-subj-pd-stud-rep\cel-hi-200\cel-hi-200-protocol-amend-1-2017apr27 .pdf 
	https://darrts.fda.gov//darrts/faces/View0ocument?documentld=090140af8046920b



	i-.Applicant's Clinical Trial Protocol, version 3, available at: \\cdsesub1\evsprod\ind124943\0007\m5\53-clin-stud-rep\534-rep-human-pd-stud\5341-healthy-subj-pd-stud-rep\cel-hi200\cel-hi-200-protocol-amend-2-2017jun02.pdf 
	k. .Applicant's Original NOA Submission, available at: \\cdsesubl\evsprod\nda208157\0000\m1\us\cover-letter-2018apr26.pdf 
	L .FDA Acknowledgement-User Fees Received, available at: & afrRedirect=585281644270479 
	https:ljdarrts.fda.gov//darrts/faces/View0ocument?documentld=09014-0af8049823b

	m. FDA Refusal to File Letter, available at: & afrRedirect=585654576487354 
	https:ljdarrts.fda.govljdarrts/faces/View0ocument?documentld=090140af804a49e4

	n. 
	Pharmacology/Toxicology Memorandum to File, available at: 
	& afrRedirect=589207001119083 
	& afrRedirect=589207001119083 
	https://darrts.fda.gov//darrts/faces/ViewDocument?documentId=090140af804a6df8


	o. 
	Applicant’s Type A Meeting Request and Briefing Package, available at: 
	& afrRedirect=590116698688688 
	& afrRedirect=590116698688688 
	https://darrts.fda.gov//darrts/faces/ViewDocument?documentId=090140af804b176e


	p. Applicant’s Resubmission After Refuse to File, available at: 
	Abbreviations: FDA, Food and Drug Administration; GLP, Good Laboratory Practice; IND, Investigational New Drug; iPSP, initial Pediatric Study Plan; L, liter; NDA, New Drug Application; PDUFA, Prescription Drug User Fee Act; PIND, Pre-IND; PK, pharmacokinetic; PPQ, process performance qualification; PREA, Pediatric Research Equity Act; and TK, toxicokinetic. 
	\\cdsesub1\evsprod\nda208157\0004\m1\us\cover-letter-2018aug22.pdf 


	3. Product Information and Rationale for Product Development 
	3. Product Information and Rationale for Product Development 
	MYXREDLIN is a premixed, ready-to-use formulation of regular human insulin in an isotonic solution for intravenous use, with a proposed indication to improve glycemic control in adults and children with diabetes mellitus. The regular human insulin in this product is structurally identical to native human insulin, and is produced by recombinant DNA technology, utilizing Pichia pastoris (a yeast) as the production organism. MYXREDLIN will be provided as a clear, 
	(b)
	(4) , range 6.5-7.2) containing 100 units of regular human insulin/100 mL of 0.9% sodium chloride and packaged in a 100 mL GALAXY bag.  The Applicant claims that this product is intended to “provide convenience in the hospital setting while mitigating handling and dosing errors”. MYXREDLIN is a short-acting insulin which is administered by IV infusion. In comparison to subcutaneously (SC) administered insulin which achieves peak insulin concentrations within 1.5 and 2.5 hours post dose, serum insulin concen
	isotonic, aqueous, and colorless solution (target pH of 

	(23.4 minutes corrected for C-peptide) following discontinuation of the infusion. 
	Similar to the listed drug (NOVOLIN R), the regular human insulin in this product is a two-chain polypeptide hormone consisting of 51 amino acids (i.e., an A-chain composed of 21 amino acids and the B-chain composed of 30 amino acids).  However, Novolin R is produced by recombinant DNA technology utilizing Saccharomyces cerevisiae (baker’s yeast) as the production organism. Additionally, NOVOLIN R is available at a concentration of 100 units/mL in 10 mL glass vials and can be diluted to concentrations rangi
	administration.
	32 

	Table 2: Comparison of MYXREDLIN and NOVOLIN R 
	Applicant 
	Applicant 
	Applicant 
	Novo Nordisk's NovouN° R (Regular, Human Insulin Injection [recombinant DNA origin] USP) Listed Drug 
	Celerity's MYXREDLIN (Regular Human Insulin in 0.9% Sodium Chloride Inject ion) Proposed Drug 

	Product 
	Product 
	NovouN° Risa sterile human insulin injectable solution stored in 10 ml glass vials 
	Regular Human Insulin in 0.9% Sodium Ch loride Injection is a sterile premixed human insulin injectable solution stored in a 100 ml GALAXY plastic bag 

	Active Ingredient 
	Active Ingredient 
	Human Insulin, USP 
	Human Insulin, USP 

	Host Cell Expression System 
	Host Cell Expression System 
	Saccharomyces cerevisiae (baker's yeast) 
	Pichia pastoris (yeast) 

	Total Drug Content 
	Total Drug Content 
	1000U {100 U/ml in 10 ml glass vial) 
	100 u (1 U/ml in a 100 ml plastic bag) 

	Container Closure 
	Container Closure 
	Multi-use glass vial. When administered int ravenously, polypropylene infusion bags should be used. 
	Single-use plastic container (GALAXY PL 2501) 

	Tonicity Agent 
	Tonicity Agent 
	Can be used with the following infusion fluids: 0.9% Sodium Chloride, 5% Dextrose, or 10% Dextrose with 40 mmol/L Potassium Chloride 
	Premixed wit h 0.9% w/v Sodium Chloride, USP 900 mg/100 ml (9 mg/ml) 

	Other Inactive Ingredients 
	Other Inactive Ingredients 
	Zinc Chloride approximately 70 mcg/10 ml (approximately 7 mcg/ml) Glycerol 160 mg/10 ml (16 mg/ml ) Metacresol 30 mg/10 ml (3 mg/ml) pH adjusted with Sodium Hydroxide and/or Hydrochloric Acid Water for Injection, USP 
	Sodium Chloride, USP 900 mg/100 ml (9 mg/mL)-also listed as a tonicity agent Monobasic Sodium Phosphate, Monohydrate, USP 29.0 mg/100 ml (0.290 mg/ml)* Dibasic Sodium Phosphate, Anhydrous, USP 41.2 mg/100 ml (0.412 mg/ml)* Water for Injection, USP 

	Volume 
	Volume 
	10 ml glass vial 
	100 ml GALAXY plastic container 

	Concentration 
	Concentration 
	100 U/ml 
	1 U/ml 

	Dosage Form 
	Dosage Form 
	Injectable; sterile solution (should be used in infusion systems using polypropylene infusion bags) 
	Injectable; sterile solution (premixed for intravenous infusion) 


	Applicant 
	Applicant 
	Applicant 
	Novo Nordisk's NovouN°R (Regular, Human Insulin Injection [recombinant DNA origin] USP) Usted Drug 
	Celerity's MYXREDLIN (Regular Human Insulin in 0.9% Sodium Chloride Injection) Proposed Drug 

	Route of Administration 
	Route of Administration 
	Injection: IV infusion or subcutaneous 
	Inject ion: IV infusion 

	Dosing Regimen {IV) 
	Dosing Regimen {IV) 
	Total daily insulin requirements vary and are usually between 0.5 and 1.0 units/kg/day. Novolin° R can be used with the following infusion fluids: 0.9% sodium chloride, 5% dextrose, or 10% dextrose with 40 mmol/L potassium chloride. 
	Total daily insulin requirements vary and are usually between 0.5 and 1.0 units/kg/day. 

	Marketing Status 
	Marketing Status 
	OTC 
	Prescription (Rx) 


	Source: Adapted from the Applicant's 2.2 Introduction to CTD, labeled as Table 1, page 4 of 7, available at: \\cdsesub1\evsprod\nda208157\0000\m2\22-intro\introduction-208157-us.pdf 
	* .Monobasic sodium phosphate and monohydrate and dibasic sodium phosphate, anhydrous are added as buffers (pH range is 6.57.2, with a target pH of•. 
	In their rationale for why this product was developed, the Applicant notes that insulin is considered a High-Alert Medication by the Institute for Safe Medication Practices due to potential harm to patients from Celerity believes that their ready-to-use formulation may mitigate the dosing and handling errors associated with the more concentrated insulin solutions (e.g., UlOO or U500), which must be diluted prior to administration. They note that the 1 unit/ml concentration is not currently available but is 
	errors in dosing.
	33 

	Besides the information provided by the Applicant, I also reviewed the medical literature related to potential medication errors associated with intravenous therapy. The rates of medication errors in intravenous drug preparation and administration in hospitals within individual countries have ranged from 3.3-97.7%.4-Based on data from a national medication error-reporting program, 73, 769 intravenous-related medication administration errors in pediatric patients were reported during a 5-year period, of whic
	3
	50 
	drug being prepared incorrectly.
	51 
	52 

	I concur that there is potential benefit in having a premixed insulin formulation intended for IV administration in healthcare facilities, especially in the acute care setting. 

	4. Clinical Pharmacology/Biopharmaceutics 
	4. Clinical Pharmacology/Biopharmaceutics 
	The Applicant submitted data from Study CEL-HI-200, randomized, crossover a euglycemic clamp study conducted in 58 healthy adult male volunteers (ages 19-50 years) to test for bioequivalence between MYXREDLIN and NOVOLIN R (diluted to 1 unit/mL prior to administration). Subjects randomly received an intravenous infusion of insulin at a rate of 1 mU/kg/min for six hours (i.e., 0.36 units/kg total dose) with an eight-hour blood sampling period on two separate occasions separated by a 7-10 day washout period (
	The prespecified bioequivalence (BE) criteria (i.e., 90% confidence interval [CI] of 0.8 to 1.25 for the MYXREDLIN/NOVOLIN R least square (LS) geometric mean ratio [GMR]) AUCINS-SS 300-360min (GMR 1.0; 90% CI 0.96, 1.03) was met. The C-peptide-adjusted human insulin concentrations (reflective of endogenous insulin change during the clamp procedure) also were consistent between treatment arms. The 90% CIs for the LS GMR of the primary PD endpoint (AUCGIR-SS 300360 min) were within the prespecified BE bounds,
	-

	The clinical pharmacology reviewer for this Application, Dr. Tao Liu, felt that the primary PK and PD endpoints were similar between the two products, and therefore, the Office of Clinical Pharmacology (OCP) found the Application approvable from a clinical pharmacology perspective. I concur with this assessment. For a detailed discussion of this study, please refer to the Clinical Pharmacology Review by Dr. Liu (dated May 15, 2019). 
	Additionally, Dr. Li-Hong Yeh, from the Office of Study Integrity and Surveillance (OSIS), conducted the surveillance inspection of the analytical portion of Trial CEL-HI-200 (i.e., Studies CA19891-01 and CA19891-02 for determination of human insulin and C-peptide, respectively) 
	(b) (4) 
	performed at 
	. Based on his review of inspectional findings (e.g., study records, facilities, laboratory equipment, method validation, sample analyses, and interviews with the site’s management and staff), he felt that the analytical data from the audited studies were reliable to support a regulatory decision. The final inspection classification was No Action Indicated (NAI). Please refer to Dr. Yeh’s review (dated February 22, 2019) for additional information. 
	5. Chemistry, Manufacturing and Controls (CMC) and Clinical Microbiology 
	5. Chemistry, Manufacturing and Controls (CMC) and Clinical Microbiology 
	The Quality Review for this Application was performed by Ors. William Hallett (Application Team Lead), Anika Lalmansingh (Regulatory Business Process Manager), Anjali Shukla (Drug Substance/Product), Scott Dallas (Labeling), Laurie Nelson and Peter Qiu (Facility), Scott Nichols and Patricia Hughes (Microbiology -Drug Substance), and Virginia Carroll and Reyes CandauChacon (Microbiology -Drug Product). In his review (dated May 28, 2019), Dr. Hallett noted that the manufacturing of regular human insulin is w
	A pre-approval inspection of the drug substance manufacturing facility was conducted from . The inspection covered the quality, production, facilities and equipment, materials, packaging and labeling, and laboratory control systems. A six-item FDA Form 483 was issued for the following deficiencies: 
	• .
	• .
	• .
	Discrepancies between the information submitted in Drug Master File (DMF) and the human insulin manufacturing process performed at 

	• .
	• .
	The firm's bacterial endotoxin test (Gel-Clot method) for Human Insulin (rDNA) finished product (API) is deficient. 

	• .
	• .
	The environmental monitoring of clean rooms by microbiological methods is deficient. 

	• .
	• .
	Laboratory controls failed to ensure that the Empower chromatographic system .software appropriately reports the quality characteristics ofthe drug product. .

	• .
	• .
	The quality unit failed to ensure that a critical process deviation was documented and investigated. 

	• .
	• .
	The quality unit failed to ensure that effective systems are used for calibrating critical equipment. 


	The facility was classified as Voluntary Action Indicated (VAi). Overall, the firm was considered acceptable, and the drug substance manufacturing and testing sites were inspected and found to be compliant. 
	In the review of the microbial control and microbiology product quality of drug substance (i.e., recombinant human insulin expressed in Pichia pastoris), Dr. Nichols concluded that the drug substance portion of the Application was adequate and recommended approval. However, he recommended a single postmarketing commitment (PMC) requiring the Applicant to submit a supplement cross-referencing an updated DMF with established action limits for bioburden and endotoxin, and with the bioburden and endotoxin metho
	The bioburden method qualification of drug product was originally performed by lbll 
	~~ 
	using a single lot of drug product. However, at the request of the Agency 
	(dated April 18, 2019), the Applicant agreed to provide the results of a bioburden method qualification study with three lots of drug product at the routine testing site (i.e., in accordance with United States Pharmacopeia (USP) <61>. These data were 
	----

	d on May 21, 2019, and acceptance criteria (i.e., the mean inoculum count 
	submitte

	-lllF~'!":'
	colony-forming unit [CFU] and mean percent recovery compared to controls between %) were met for all samples. In her review (dated April 30, 2019/Addendum May 22, 2019), Dr. Carroll stated that from a sterility assurance and quality microbiology perspective the Application is approvable, and that no inspection follow-up items were identified. 
	Overall, OPQ felt that the data submitted in this Application were adequate to support the conclusion that the manufacture of MYXREDLIN is well-controlled and leads to a product that is pure and potent, and recommended approval for human use under conditions specified in proposed product labeling. They will recommend the following PMC: 
	1. 
	I concur with OPQ's quality assessment of this Application. 
	6. Nonclinical Pharmacology/Toxicology 
	6. Nonclinical Pharmacology/Toxicology 
	To establish a scientific bridge between MYXREDLIN and NovouN R, the Applicant conducted in vitro functional assays comparing the activity (e.g., binding affinity of insulin and insulin growth factor-1 [IGF-1], and metabolic and mitogenic activity) between these products. The impurity profile of MYXREDLIN also was qualified in a two-week repeat-dose rat toxicity study ("bridging study" to qualify the safety of excess I lbf<'II impurities). 
	The Pharmacology/Toxicology reviewer for this Application, Dr. Parvaneh Espandiari, recommended approval of this Application. In her review, she noted that the toxicologic profile of recombinant human insulin is well established, and that hypoglycemia (the dose-limiting toxicity finding in animals) is a relatively insensitive endpoint for comparing these insulin products. Therefore, she felt that in vitro assessments were more sensitive for evaluating comparability. Based on her review of the Applicant's no
	41

	I concur that the nonclinical findings from this Application support approval. 
	Reference ID: 4446481 



	7. Efficacy 
	7. Efficacy 
	Besides the single Phase 1 clinical study (CEL-HI-200), no efficacy trials were conducted to support this NDA. Thus, there is no statistical review for this Application. 

	8. Safety 
	8. Safety 
	The only clinical data submitted to support this NDA were limited to the single Phase 1 clinical pharmacology study (CEL-HI-200) in healthy volunteers (i.e., no additional clinical trials and safety data were submitted). As CEL-HI-200 was a randomized, crossover, euglycemic glucose clamp study intended to demonstrate bioequivalence between MYXREDLIN and NOVOLIN R, all subjects were only exposed to a single six-hour infusion of MYXREDLIN. Therefore, these data do not inform a substantial safety assessment. H
	In Study CEL-HI-200, there were no deaths or serious adverse events (SAEs). However, one 
	(b) (6) 
	subject withdrew due to AEs (Subject
	 who presented with intermittent junctional rhythm prior to dosing in the second treatment period). Treatment-emergent adverse events (TEAEs) were reported for 10 (17.2%) subjects, of which five occurred following the MYXREDLIN infusion (i.e., ͚.Ăƌ. ĚŝƐĐŽŵĨŽƌƚ͖͛. ͚/ŶĨƵƐŝŽŶ. ƐŝƚĞ. ĞǆƚƌĂǀĂƐĂƚŝŽŶ͖͛. ͚.ůŽƐĞĚ. ŐůŽďĞ. ŝŶũƵƌǇ͖͛. ͚.ůĞĐƚƌŽĐĂƌĚŝŽŐƌĂŵ. ĂďŶŽƌŵĂů͖͛.ĂŶĚ.͚.ĐĐŚǇŵŽƐŝƐ͛Ϳ. All TEAEs were reported as mild in intensity. Two subjects had 
	(b) (6) 
	abnormal, clinically meaningful 12-lead electrocardiogram (ECG) changes (Subjects
	 and 
	(b) (6) 
	). These cases are discussed below. 
	Subject Narratives — Electrocardiogram Findings: 
	Subject Narratives — Electrocardiogram Findings: 
	(b) (6) 
	Subject 
	a 25-year-old Caucasian male had a 12-lead ECG prior to dosing in Treatment Period 2 which showed an intermittent junctional rhythm alternating with a normal sinus rhythm, interpreted by the investigator as abnormal and clinically significant. The event occurred approximately 11 days following a single six-hour infusion of MYXREDLIN (29.4 units total dose). At the time of the event, the subject was asymptomatic with normal vital signs. He had no relevant past medical history and did not receive any concomit
	Based on similar ECG findings at screening and prior to administration of IP at Treatment Period 2 (i.e., 11 days after receiving Myxredlin; median half-life of 23.4 minutes), I concur that the abnormal ECG findings were not related to IP. 
	Subject: a 32-year-old Caucasian male had ECG findings suggestive of Brugada syndrome 
	(b) 

	(6)
	approximately 2.5 hours after a six-hour infusion of MYXREDLIN 23.4 units in Treatment Period 2. The subject was asymptomatic at that time and his physical examination and vital signs were unremarkable. The AE was classified by the investigator as mild. The subject previously experienced a vasovagal episode (reported as mild by the investigator) upon placement of the IV line prior to administration of NOVOLIN R in Treatment Period 1. He denied a family history of cardiac issues, sudden arrhythmias, or sudde
	Brugada syndrome is an autosomal dominant genetic disorder characterized by abnormal ECG Typically, the ECG findings consist of a pseudo-right bundle branch block and persistent ST segment elevation in leads V1 to V2, although isolated cases presenting with similar findings involving the inferior ECG leads also have been observed.Patients with these ECG findings who experience sustained ventricular tachycardia or sudden cardiac death or have other associated clinical criteria (e.g., syncope, atrial fibrilla
	findings and an increased risk of ventricular tachyarrhythmias and sudden cardiac death.
	53 
	54-57 

	(b) (6) 
	with the Brugada pattern, the ECG changes may be transient or variable over time. Subject appeared to have the Brugada pattern. The prevalence of an asymptomatic Brugada ECG pattern is reported to be between 0.1-1% depending upon the population studied. Review of the medical literature identified several reports in which intravenous infusions of glucose with/without insulin unmasked (i.e., accentuated) the ST segment elevation of Brugada syndrome.
	57-64
	65-67 

	Although I concur that a causal association of MYXREDLIN and the abnormal ECG findings cannot be established or completely ruled out, it is possible that infusions of insulin and glucose may have unmasked the Brugada ECG pattern observed in this subject. Additionally, susceptibility to vasovagal syncope in this subject (i.e., the syncopal episode reported with IV placement in Treatment Period 1) also may be suggestive of autonomic dysfunction associated with Brugada pattern/syndrome.
	68-70 


	Applicant’s Rational for Not Conducting Immunogenicity Assessments 
	Applicant’s Rational for Not Conducting Immunogenicity Assessments 
	Blood samples for assessments of anti-insulin antibodies (AIAs), collected at the screening visit, prior to each infusion period, and at the follow-up visit, were stored for future analysis. Therefore, these data were not provided. In the Written Response to the Pre-IND meeting (PIND 124943, dated May 22, 2015) the Agency offered the Applicant the opportunity to provide justification for why immunogenicity assessments would not be necessary with 
	Blood samples for assessments of anti-insulin antibodies (AIAs), collected at the screening visit, prior to each infusion period, and at the follow-up visit, were stored for future analysis. Therefore, these data were not provided. In the Written Response to the Pre-IND meeting (PIND 124943, dated May 22, 2015) the Agency offered the Applicant the opportunity to provide justification for why immunogenicity assessments would not be necessary with 
	MYXREDLIN. The Applicant has provided this justification in their  Clinical Overview, which primarily included the following reasons: 
	(2)
	(3)


	(b) (4)..(b) (4)
	A.. Use of the same insulin drug substance from
	 as is used in 
	(i.e., the 
	(b) (4) 
	Applicant notes the drug substance for MYXREDLIN is the same as 
	). 
	B.. Use of compendial excipients with low immunogenic potential/concern. 
	C.. An impurity profile that is similar to NOVOLIN R, with low immunogenic concern. 
	D.. Low host cell impurities, microbial impurities, and amounts of aggregates (i.e., high molecular weight proteins [HMWP]), which reduce the risk for immunostimulation. 
	E.. Demonstration of physicochemical and functional similarity between MYXREDLIN and NOVOLIN R. 
	F.. Lower immunogenic potential associated with the administration of a single continuous IV infusion compared to repeat SC injections. 
	G.. The proposed dilute formulation of 1 unit/mL of human insulin in isotonic 0.9% sodium chloride minimizes the potential for aggregation, compared to a high concentrated insulin formulation (e.g., 100 units/mL). 
	The structure of the drug substance in MYXREDLIN is identical to native human insulin. The Applicant noted that based on structural characteristics (e.g., primary, secondary and tertiary 
	(b) (4) 
	structures of insulin manufactured at 
	), functional activity (e.g., insulin receptor binding, mitogenic potential, glucose uptake, and IGF-1 receptor binding) and the process-related impurity assessment (e.g., host cell impurities, microbial impurities, and aggregates), the immunogenic profile of MYXREDLIN is expected to be similar to the listed drug. 
	Semisynthetic and recombinant human insulins are immunogenic, with the development of insulin antibodies reported in 5-98% of patients treated with these products. Although there is some concern that high levels of insulin antibodies may be associated with dysglycemia (e.g., hypoglycemia, hyperglycemia or insulin resistance) or hypersensitivity, there is limited evidence that anti-insulin antibody development is associated with clinically meaningful metabolic instability or local/systemic allergic reactions
	71-76
	77-79
	80-82
	83-85
	administration, excess caloric intake, and/or inadequate exercise.
	86
	87,88
	89-93
	94
	95
	80,81,87,88,96-99 

	(2) Applicant’s Pre-IND Meeting Responses (PIND 124943, dated March 31, 2015), page 10 of 20, available at: 
	\\cdsesub1\evsprod\nda208157\0000\m1\us\correspondence-pre-ind.pdf 
	\\cdsesub1\evsprod\nda208157\0000\m1\us\correspondence-pre-ind.pdf 

	(3) Applicant’s Clinical Overview, pages 6-12 of 15, available at: 
	\\cdsesub1\evsprod\nda208157\0000\m2\25-clin-over\clinicaloverview-208157-us.pdf 
	-


	Based on the above justification, approval by the Pharmacology/Toxicology and OPQ review teams, and review of the medical literature, I believe that the Applicant’s justification for not conducting immunogenicity assessments for a product intended to be administered intravenously as a single continuous infusion is reasonable. Further, I feel that conducting immunogenicity assessments for MYXREDLIN for the intended use would be impracticable. 
	9. Advisory Committee Meeting 
	No Advisory Committee meeting was held to discuss this product. 
	10. Pediatrics 
	No data regarding the use of this product in pediatric patients was included in the Application. On December 11, 2015, the Applicant submitted the initial Pediatric Study Plan (iPSP) for IND 124943 requesting exemption from the Pediatric Research Equity Act (PREA) requirements (i.e., a waiver of pediatric assessments). In the Written Response (dated February 4, 2016) related to this iPSP, the Agency determined the Application does not consist of a new active ingredient, new indication, new dosage form, new 
	(4)
	(5) 

	11. Financial Disclosure 
	The Applicant submitted a Form FDA 3454 for the single covered clinical study (CEL-HI-200), certifying they have not entered into a financial arrangement with any of the six clinical investigators participating in this study. 
	12. Labeling 
	At the time of this review, labeling negotiations were ongoing. The proposed labeling for MYXREDLIN is similar to the labeling of the listed drug (NOVOLIN R), but with removal of most of the language related to SC administration and admixture recommendations for IV infusion. 
	(4) 
	(4) 
	(4) 
	(4) 
	Applicant’s Pediatric Study Plan, page 2 of 7, available at: 

	\\cdsesub1\evsprod\ind124943\0001\m1\us\pediatric-study-plan.pdf 
	\\cdsesub1\evsprod\ind124943\0001\m1\us\pediatric-study-plan.pdf 


	(5) 
	(5) 
	Applicant’s Other Correspondence Regarding Pediatric Exclusivity or Study Plans, page 2 of 7, available at: 


	\\cdsesub1\evsprod\nda208157\0000\m1\us\other-corresp-regarding-pediatric-exclusivity-study-plans.pdf 
	\\cdsesub1\evsprod\nda208157\0000\m1\us\other-corresp-regarding-pediatric-exclusivity-study-plans.pdf 

	13. Other Relevant Regulatory Issues 
	Besides the  additional PMC requested by OPQ, no other relevant regulatory issues are pending at the time of this memorandum. 
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