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Summary Review for Regulatory Action:  

(This review was derived in part from the reviews of Dr. Rachel Ershler, Dr. Nicole Gormley, and Dr. 
Maria Gutierrez Lugo.)        

On December 9, 2016, Mylan Pharmaceuticals submitted to the U.S. FDA a Biologics License Application 
(BLA 761075) seeking approval of MYL-1401H (Fulphila) as a biosimilar to the reference product, US-
licensed Neulasta (US-Neulasta).  The proposed indication for MYL-1401H is to decrease the incidence of 
infection, as manifested by febrile neutropenia, in patients with non-myeloid malignancies receiving 
myelosuppressive anti-cancer drugs associated with a clinically significant incidence of febrile 
neutropenia. This is one of the approved indications for US-Neulasta. 

The data and information Mylan provided to support approval of MYL-1401H include the analytical 
similarity exercise which compared the properties of MYL-1401H to US-Neulasta to support a 
demonstration that MYL-1401H is highly similar to US-Neulasta. In addition, three studies were 
submitted to support the demonstration that there are no clinically meaningful differences between 
MYL-1401H and US-Neulasta: 1. MYL-1401H-1001 (a parallel arm pharmacokinetic (PK) and 
pharmacodynamic (PD) similarity study); 2. MYL-1401H-1002 (an open label, two dose parallel arm study 
designed to evaluate immunogenicity); and 3. MYL-1401H-3001 (a comparative clinical study comparing 
the safety and efficacy between the proposed biosimilar MYL-1401H and EU approved Neulasta (EU-
Neulasta).   

Results of Initial Review: The analytical similarity exercise supported a determination that MYL-1401H is 
highly similar to US-Neulasta notwithstanding minor differences in clinically inactive components.  
Mylan also provided adequate data to demonstrate that the proposed MYL-1401H drug product has the 
same strength as US- Neulasta. In addition, Mylan performed a 3-way, pair-wise analytical comparison 
of MYL-1401H, US-Neulasta, and EU-Neulasta to establish the analytical component of the scientific 
bridge. The 3 studies MYL-1401-1001, MYL-1401H-1002, and MYL-1401H-3001 supported a 
demonstration that there were no clinically meaningful differences between MYL-1401H and US-
Neulasta. Also, MYL-1401-1001 included a 3-way, pair-wise comparison of MYL-1401H, US-Neulasta, and 
EU-Neulasta to establish the PK component of the scientific bridge. Together, the analytical and PK 
components of the scientific bridge were adequate to justify the relevance of the clinical data generated 
using EU-Neulasta from study MYL-401H-3001. However, the manufacturing data provided in the 
submission were insufficient to support a determination that the manufacturing process used for MYL-
1401H was well controlled and led to a product that was safe, pure and potent. The inspections of the 
manufacturing facility used by Mylan for the manufacturing of MYL-1401H showed deficiencies relating 
to the facilities and manufacturing which led to the FDA issuing a Complete Response action letter for 
BLA 761075 on October 6, 2017.  

Review of Resubmission: On December 4, 2017, Mylan provided its complete response to the 
deficiencies described in the Complete Response Letter dated October 6, 2017. Review of this 
information (for details, see the review of Dr. Maria Gutierrez Lugo, PhD) led to a conclusion that the 
deficiencies which related to drug product manufacturing and cGMP deficiencies identified at the 
manufacturing facility were adequately addressed by the applicant in its December 4, 2017 
resubmission. 
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Regulatory Recommendation of the Supervisory Associate Division Director: This Supervisory Associate 
Division Director agrees with the recommendation of the review teams that MYL-140H be approved as a 
biosimilar to US-Neulasta for the following indication: To decrease the incidence of infection, as 
manifested by febrile neutropenia, in patients with non-myeloid malignancies receiving 
myelosuppressive anti-cancer drug associated with a clinically significant incidence of febrile 
neutropenia.                                                                                                    
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 Division of Hematology Products
Medical Officer’s Review

NDA #: 761075
Application Type: Biosimilar, Original 351(k)
Drug: Fulphila® (MYL-1401H)

Therapeutic Class: Proposed biosimilar to Neulasta®, Pegylated granulocyte 
stimulating factor

Proposed Indication: To decrease the incidence of infection, as manifested by 
febrile neutropenia, in patients with non-myeloid malignancies 
receiving myelosuppressive anti-cancer drugs associated with 
a clinically significant incidence of febrile neutropenia.

Formulation: Injection
Dosing Regimen: 6 mg/0.6 mL
Applicant: Mylan 
Primary Reviewer: Rachel Ershler, MD
Clinical Team Leader: Nicole Gormley, MD
Date Received: December 4, 2017
PDUFA Goal Date: June 4, 2018

Executive Summary and Recommended Regulatory Action

Mylan submitted an original Biologics License Application (BLA) on December 9, 2016 under section 
351(k) of the Public Health Service Act for Fulphila® (MYL-1401H), a proposed biosimilar to Neulasta®. 
The proposed indication was to decrease the incidence of infection, as manifested by febrile neutropenia, 
in patients with non-myeloid malignancies receiving myelosuppressive anti-cancer drugs associated with 
a clinically significant incidence of febrile neutropenia. Because of deficiencies identified with respect to 
facilities inspections and product quality, a Complete Response (CR) letter was issued by the FDA on 
October 6, 2017. 

There were no clinical deficiencies identified in the initial submission, and the clinical team 
recommended regular approval of the initial application (see Clinical Review dated September 6, 2017). 
This recommendation was based on the clinical data from three studies: MYL-1401H-1001, MYL-
1401H-1002 and MYL-1401H-3001, which demonstrated no clinically meaningful differences between 
MYL-1401H and Neulasta®. There were no clinical approvability issues. 

On December 4, 2017, the Applicant provided a resubmission to address the deficiencies identified in the 
CR letter. The resubmission did not include any additional clinical information or a safety update. Mylan 
confirmed that there were no additional clinical or non-clinical studies with Fulphila® other than those 
that were submitted in the original BLA. There was no additional safety data from the previously 
conducted studies, and the product is not marketed in any other country. 

This Clinical Reviewer recommends regular approval for Fulphila® (MYL-1401H) for the indication, “To 
decrease the incidence of infection, as manifested by febrile neutropenia, in patients with non-myeloid 
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malignancies receiving myelosuppressive anti-cancer drugs associated with a clinically significant 
incidence of febrile neutropenia”. 

Regulatory Recommendation: Regular Approval
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1 Recommendations/Risk Benefit Assessment 

1.1 Recommendation on Regulatory Action 

Biologics License Application (BLA) 761075 for MYL-1401H (Fulphila) was submitted by 
Mylan under section 351(k) of the Public Health Service Act. MYL-1401H is a proposed 
biosimilar to US-licensed Neulasta®. Mylan is seeking licensure of MYL-1401H for one 
indication held by Neulasta®. The proposed indication is to decrease the incidence of 
infection, as manifested by febrile neutropenia, in patients with non-myeloid 
malignancies receiving myelosuppressive anti-cancer drugs associated with a clinically 
significant incidence of febrile neutropenia. To support a demonstration of no clinical 
meaningful difference between MYL-1401H and Neulasta® the applicant submitted data 
from three studies: Study MYL-1401H-1001, Study MYL-1401H-1002 and Study MYL-
1401H-3001.  
 
There are no clinical approvability issues and no clinical deficiencies were identified. 
However, because of outstanding facilities inspection issues (see Division of 
Inspectional Assessment and OBP review for additional information), this reviewer 
recommends against approval of BLA761075 for MYL-1401H (Fulphila) submitted as a 
proposed biosimilar to US-licensed Neulasta®. 
 

1.2 Risk Benefit Assessment 

The clinical pharmacology of MYL-1401H was evaluated in a PK and PD comparability 
study (Study MYL-1401H-1001). This study was a single center, randomized, double-
blind, three period, three way crossover comparability study in healthy subjects to 
assess equivalency between MYL-1401H, EU-Neulasta® and US-Neulasta®. The results 
of this study demonstrate that the primary PK and PD parameters of pegfilgrastim are 
equivalent between MYL-1401H, EU-Neulasta® and US-Neulasta®. 
 
The clinical efficacy of MYL-1401H was assessed in 194 patients with Stage II/III breast 
cancer receiving chemotherapy (Study MYL-1401H-3001). The primary efficacy 
endpoint was the duration of severe neutropenia (DSN) in Cycle 1, defined as days with 
ANC <0.5x109/L. In the MYL-1401H treatment group, the mean (± SD) DSN was 1.2 (± 
0.93) days. In the EU-Neulasta® treatment group, the mean (± SD) DSN was 1.2 (± 
1.10) day. The primary endpoint of DSN was assessed by ANOVA and the equivalence 
margin was met. Based on statistical analyses, the efficacy of MYL-1401H and EU-
Neulasta® are comparable, and can be extrapolated to conclude that there are no 
clinically meaningful differences in the efficacy of MYL-1401H and US-Neulasta®.  
 
The safety of MYL-1401H was assessed in two clinical studies in healthy subjects 
(MYL-1401H-1001 and MYL-1401H-1002) and in subjects with breast cancer (MYL-
1401H-3001). MYL-1401H was generally well tolerated and the safety profile was 
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acceptable. There were no deaths related to study treatment in any of the clinical 
studies. There were no events of splenomegaly, adult respiratory distress syndrome, 
capillary leak syndrome, or severe allergic reactions, which are rare but serious events 
known to be associated with pegfilgrastim treatment. The overall safety profile of MYL-
1401H was similar to US-Neulasta® with bone pain as the most frequently reported 
treatment related TEAE.  
 
In summary, there were no clinically meaningful differences between MYL-1401H and 
the reference product, US-Neulasta®. However, due to inspection issues with the drug 
product manufacturing facility, the risks of MYL-1401H outweigh the benefits at this 
time.  
 

1.3 Recommendations for Postmarket Risk Evaluation and Mitigation 
Strategies 

Not applicable.  
 

1.4 Recommendations for Postmarket Requirements and Commitments 

Not applicable.  

2 Introduction and Regulatory Background 

 

2.1 Product Information 

Trade Name:   Fulphila  
 
Established Name:  MYL-1401H 
 
Dosage Forms:  Injection (6 mg/0.6 mL in a single dose prefilled syringe for 

manual use only) 
 
Therapeutic Class: Pegylated granulocyte colony stimulating factor 
 
Chemical Class: Recombinant Protein 
 
Mechanism of Action: MYL-1401H is a modified colony-stimulating factor that 

regulates the neutrophil lineage. It stimulates the production 
of neutrophil precursors, and the differentiation and release 
of mature neutrophils. MYL-1401H binds to the GCSF 
receptor and has the same principal effect as endogenous 
GCSF, with the polyethylene glycol moiety providing a longer 
half-life.  
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2.6 Other Relevant Background Information 

3 Ethics and Good Clinical Practices 

3.1 Submission Quality and Integrity 

BLA761075 was received on 12/09/2016 as an electronic submission in eCTD format. 
The clinical data and datasets provided were acceptable quality and integrity.  
 
Refer to the OBP review for details regarding the manufacturing inspectional issues.  
 

3.2 Compliance with Good Clinical Practices 

The Applicant stated that all studies in the MYL-1401H biosimilar clinical development 
program were conducted in full compliance with Good Clinical Practice. The Office of 
Scientific Investigations (OSI) clinical site inspections of three selected clinical sites and 
the CRO were completed. There were no significant inspectional observations for the 
clinical investigators selected or for the CRO. The final classification for the inspections 
of two of the sites and the preliminary classification for the third is No Action Indicated 
(NAI). The final classification for the third site is pending at the time of this review.  
 

3.3 Financial Disclosures 

The application includes the financial disclosure form 3454 and indicates that there 
were no financial arrangements with any of the investigators involved in clinical studies 
MYL-1401H-1001, MYL-1401H-1002 and MYL-1401H-3001 . The document included a 
list of all investigators and stated that none of the principal investigators reported 
financial interests or arrangements.  

Reference ID: 4148694

(b) (4)



Clinical Review 
Rachel Ershler, MD 
BLA 761075 
MYL-1401H (Fulphila) 

 

15 

4 Significant Efficacy/Safety Issues Related to Other Review 
Disciplines 

4.1 Chemistry Manufacturing and Controls 

See Chemistry Manufacturing and Controls (CMC) review.  
 

4.2 Clinical Microbiology 

See individual review of clinical microbiology. 
 

4.3 Preclinical Pharmacology/Toxicology 

See Pharmacology/Toxicology review.  
 

4.4 Clinical Pharmacology 

See Clinical Pharmacology review.  

4.4.1 Mechanism of Action 

Pegfilgrastim is a colony-stimulating factor that acts on hematopoietic cells by binding to 
specific cell surface receptors, thereby stimulating proliferation, differentiation, 
commitment, and end-cell functional activation. The binding of pegfilgrastim to its 
receptor (GCSF-R) causes the receptor to dimerize or oligomerize. The activation of the 
GCSF-R via pegfilgrastim binding leads to subsequent phosphorylation and activation of 
the non-receptor tyrosine kinase JAK1. Pegfilgrastim also activates the tyrosine kinase 
JAK2.  
 
Activation of JAK1 and JAK2, as well as other kinases, leads to downstream activation 
of the Signal Transducer and Activator of Transcription pathway and the Rat 
Sarcoma/Mitogen Activated Protein Kinase pathway. These pathways induce various 
neutrophil-specific genes in myeloid cells, such as myeloperoxidase and neutrophilic 
elastase.  
 
As a hematopoietic regulator of the neutrophil lineage, GCSF-R activation controls 
precursor cell differentiation to neutrophils, neutrophil proliferation, and release of 
mature neutrophils from the bone marrow. 

4.4.2 Pharmacodynamics 

See Clinical Pharmacology review.  
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5.3 Discussion of Individual Studies/Clinical Trials 

The Applicant has conducted three clinical trials that have evaluated the comparability 
of safety data between MYL-1401H and Neulasta®: two studies in healthy subjects 
(MYL-1401H-1001 and MYL-1401H-1002), and one comparative safety and efficacy 
study in patients with Stage II/III invasive breast cancer (MYL-1401H-3001).  
 
5.3.1 Study MYL-1401H-1001 
 
Title: A Single-Center, Randomized, Double-Blind, 3-Period, 3-Treatments, 3-Way 
Crossover Pharmacokinetics (PK)/Pharmacodynamics (PD) Trial to Assess PK, PD, 
Safety and Tolerability of MYL-1401H after Single Subcutaneous Injection at one Dose 
Level (2 mg) Comparing to a European Union (EU) and United States (US) Marketed 
Drug Product (Neulasta®) in Healthy Volunteers 
 
Clinical Site: PRA Health Sciences (PRA) – Early Development Services (EDS), 
University Medical Center, Hanzeplein 1, Groningen, The Netherlands 
 
Study Period: August 2014 (first screening) – June 2015 (last follow-up) 
 
Population: Healthy subjects 18-65 years of age 
 
Study Design  
This was a single center, randomized, double-blind, 3-period, 3-treatments, 3-way 
crossover study to evaluate the PK, PD, safety and tolerability of MYL-1401H compared 
to reference products, EU- and US-Neulasta®.  
 
Subjects were randomly assigned to 1 of 6 possible treatment sequences. Subjects 
received the first dose then crossed over to receive one of the remaining treatments in 
Period 2 and again in Period 3. The washout period between drug administrations was 
4 weeks. An overview of the study design is presented in Figure 1 below. 
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Figure 1. MYL-1401H-1001 Study Design 

 
Source: MYL-1401H-1001 CSR 

 
Objectives 
Primary:  

 To compare the PD of a single subcutaneous (SC) injection (2 mg) of MYL-1401H 
and a single SC injection (2 mg) of EU- and US-Neulasta® in healthy volunteers.  

 To compare the PK of a single SC injection (2 mg) of MYL-1401H and a single 
injection (2 mg) of EU- and US-Neulasta® in healthy volunteers.  

 
Secondary: 

 To evaluate the safety and tolerability of MYL-1401H and EU- and US-Neulasta® 
after a single 2 mg injection in healthy volunteers.  

 
Key Inclusion Criteria 

 Willingness and ability to provide informed consent 

 Healthy adult male and female subjects 18-65 years of age 

 Body weight ≥ 60 kg 

 Body Mass Index (BMI): 19.0-30.0 kg/m2 (BMI [kg/m2] = Body weight [kg]/Height2 
[m2]) 

 Vital signs with no clinically relevant deviations 

 ECG without clinically relevant pathology 

 Non-smoker or light smoker (maximum 5 cigarettes or 3 cigars per day) and ability to 
refrain from smoking from admission on Day -2 to Day 1 of each treatment period, 
and to limit smoking from Day 2 onwards up to 5 cigarettes per day 
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 Ability and willingness to abstain from alcohol from 48 hours prior to each admission, 
prior to ambulatory visits, and during stays in the clinic 

 Fertile males and females participating in heterosexual sexual relations must be 
willing to use adequate contraception from screening until 90 days after the follow up 
visit, or be sexually inactive by abstinence 

 Females: Negative pregnancy test at screening and at each admission, not lactating 

 ANC, total leukocyte count, platelet count, hematocrit and hemoglobin results within 
the reference ranges 

 All other values for hematology and for clinical chemistry tests of blood and urine 
within the normal range or showing no clinically relevant deviations, as judged by the 
PI 

 
Key Exclusion Criteria 
Subjects were excluded from participation if any of the following applied: 

 Unable to follow protocol instructions, in the opinion of the PI 

 Any past or concurrent medical conditions that potentially increased the subject’s 
risk or could affect the evaluation of any study results 

 Any history of relevant drug and/or food allergies 

 Known history of previous exposure to filgrastim, pegfilgrastim, GCSF or any 
analogue of these 

 Hypersensitivity to the constituents of Neulasta® or hypersensitivity to E.coli derived 
proteins 

 Infection, cough or fever within 1 week prior to first study drug administration 

 Fructose intolerance 

 First degree relatives with hematological malignancy 

 Treatment with non-topical medications (including over-the-counter medications and 
herbal remedies) within 5 days prior to first admission, with the exception of 
hormonal contraceptives, multivitamins, vitamin C, food supplements and a limited 
amount of acetaminophen 

 Participation in a drug study within 60 days prior to study drug administration 

 Donation or loss of more than 500 mL of blood over a period of 60 days prior to 
study drug administration 

 Donation of more than 1.5L of blood (men) or more than 1.0L of blood (women) in 
the 10 months preceding the start of the study 

 History of alcohol abuse or drug addiction 

 Regular intake of more than 24 units of alcohol per week 

 Positive drug screen 

 Positive screen for hepatitis B surface antigen (HBsAg), anti-hepatitis C virus (HCV) 
antibodies, or HIV antibodies 

 
Treatment Plan 
Since this was the first-in-human study of MYL-1401H, a sentinel dosing design was 
used. Initially, 1 sub-cohort (the sentinel group) of 6 subjects was dosed. In this sub-
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cohort, 2 subjects received 2 mg of MYL-1401H, 2 subjects received 2 mg of EU-
Neulasta® and 2 subjects received 2 mg of US-Neulasta®.  The PI and the Sponsor 
reviewed blinded safety data up to 24 hours post-dose. Given that there were no safety 
concerns, the study continued as planned.  
 
Subjects were randomized to 1 of 6 treatment sequences, as per the table below.  
 

Table 5. MYL-1401H-1001 Treatment Sequences 

 
Source: Study MYL-1401H-1001 Clinical Protocol 

 
Subcutaneous injections were administered in the abdominal region. A different area on 
the abdomen was used for each treatment period.  
 
For each treatment period, subjects presented to the clinical research center on Day -2 
and remained inpatient until approximately 96 hours following each drug administration. 
Subjects returned to the research center on Days 6, 7, 8, 9, 12, 15 and 22 of each 
treatment period.  
 
Blinding 
Subjects received all 3 treatments in a blinded fashion, in the order specified in the 
randomization list. The injection solutions containing test and reference drugs were 
indistinguishable in appearance. All 3 drug products were transferred into identical 0.3 
mL syringes. The randomization list was provided to the unblended pharmacist for 
dispensing purposes and kept in the pharmacy, accessible to the pharmacist and 
pharmacy assistants only.  
 
Schedule of Assessments 
Subject screening included medical history, physical examination, vital signs, ECG, 
laboratory evaluations (serum chemistries, hematology, and urinalysis), and other tests 
for eligibility as presented in the table below.  
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Table 6. Schedule of Study Assessments 

 
Source: Study MYL-1401H-1001 CSR 

 
PK, PD and immunogenicity sample collections (all treatment periods) were collected 
throughout the study, as described in the table below.  
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Table 7. Schedule of Assessments - PK, PD, Safety and Immunogenicity 

 
Source: Study MYL-1401H-1001 CSR 
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Statistical Plan 
 
Determination of Sample Size 
The initial target sample size of 180 evaluable subjects (216 randomized) was based on 
assumptions from the intrasubject variability from the MYL-PER-0001 pilot study. It was 
estimated that with 180 evaluable subjects, the study would have a combined power for 
PD and PK of over 90% to establish equivalence for each of the 3 pairwise 
comparisons. Inclusion of 36 additional subjects in the randomization was estimated to 
be sufficient to obtain 180 evaluable subjects. The number of additional subjects was 
also selected to allow randomization in block sizes of 6, thus maximizing conditions for 
a balanced study.  
 
Analysis Populations 

 Safety Population: The Safety Population consisted of all randomized subjects who 
received at least one dose of the study medications. This population was used for 
the descriptive analyses of safety endpoints, ADA endpoints, the impact of ADA on 
PK, PD and safety, and the assessment of NABs.  

 PK/PD Population: All subjects who received the treatment and for whom the 
primary PKPD data are considered to be sufficient and interpretable will be analyzed 
in the PK/PD analyses.  

 
Safety Analyses 
All adverse events were coded and classified according to the Medical Dictionary for 
Regulatory Activities (MedDRA) version 17.0 or later. Summary tables of treatment 
emergent adverse events (TEAEs) were presented per treatment by system organ class 
and preferred term based on the MedDRA terminology list. A summary table contained 
the total number of TEAEs (frequency of occurrence and number and percentage of 
subjects experiencing the event). Adverse events of special interest included cutaneous 
and systemic hypersensitivity reactions, symptoms potentially related to splenic 
enlargement, leukocytosis, acute respiratory distress syndrome and cytokine release 
syndrome.  
 
Summary statistics of clinical laboratory data (serum chemistries and hematology) and 
vital signs were generated by treatment group and time point, including change from 
pre-dose. Safety data were summarized based upon subgroups formed by the 
presence/absence of confirmed positive ADA or NAB.  
 
Key Protocol Revisions 
A summary of protocol revisions is provided in the table below.  
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5.3.2 Study MYL-1401H-1002 
 
Title: A Single-Center, Randomized, Open-label, Parallel Trial to Compare 
Immunogenicity, Safety, and Tolerability of MYL-1401H and US-Licensed Pegfilgrastim 
(Neulasta®) after two Subcutaneous (SC) Injections at One Dose Level (6 mg) in 
Healthy Subjects 
 
Clinical Site: PRA Health Sciences (PRA) – Early Development Services (EDS), 
Zuidlaren, The Netherlands 
 
Study Period: July 2015 (first screening) – October 2015 (last assessment) 
 
Population: Healthy subjects 18-65 years of age 
 
Study Design 
This was a single-center, randomized, open-label, 2-dose, parallel trial to evaluate 
immunogenicity, pharmacodynamics (PD), safety and tolerability of the test product, 
MYL-1401H, compared to the reference product, US-licensed Neulasta® (pegfilgrastim), 
in healthy subjects.  
 
Subjects were randomized in a 1:1 ratio to receive either MYL-1401H or US-Neulasta®. 
Following the first dose, subjects were observed for a period of 4 weeks during which 
time blood samples were collected. After 4 weeks, subjects received a second injection 
of the same product, followed by an additional 4 weeks of observation and blood 
sampling. The final follow up visit occurred on Day 29 (± 2 days) after the second 
injection. An overview of the study design is provided in the figure below. 
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Figure 2. MYL-1401H-1002 Study Design 

 
Source: MYL-1401H-1002 CSR 

 
Objectives 
Primary Objectives: 

 To descriptively compare immunogenicity between two SC injections of MYL-1401H 
and US-Neulasta® 

 
Secondary Objectives: 

 To evaluate the safety and tolerability of MYL-1401H and US-Neulasta® after two SC 
injections (6 mg) in normal healthy volunteers 

 
Key Inclusion Criteria 

 Willingness and ability to provide informed consent 

 Healthy adult male and female subjects 18-65 years of age 

 Body weight ≥ 60 kg 

 Body Mass Index (BMI): 19.0-30.0 kg/m2 (BMI [kg/m2] = Body weight [kg]/Height2 
[m2]) 

 Vital signs with no clinically relevant deviations 

 ECG without clinically relevant pathology 

 Non-smoker or light smoker (maximum 5 cigarettes or 3 cigars per day) and ability to 
refrain from smoking from admission on Day -2 to Day 1 of each treatment period, 
and to limit smoking from Day 2 onwards up to 5 cigarettes per day 
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 Ability and willingness to abstain from alcohol from 48 hours prior to each admission, 
prior to ambulatory visits, and during stays in the clinic 

 Fertile males and females participating in heterosexual sexual relations must be 
willing to use adequate contraception from screening until 90 days after the follow up 
visit, or be sexually inactive by abstinence 

 Females: Negative pregnancy test at screening and at each admission, not lactating 

 ANC, total leukocyte count, platelet count, hematocrit and hemoglobin results within 
the reference ranges 

 All other values for hematology and for clinical chemistry tests of blood and urine 
within the normal range or showing no clinically relevant deviations, as judged by the 
PI 
 

Key Exclusion Criteria 
Subjects were excluded from participation if any of the following applied: 

 Unable to follow protocol instructions, in the opinion of the PI 

 Any past or concurrent medical conditions that potentially increased the subject’s 
risk or could affect the evaluation of any study results 

 Any history of relevant drug and/or food allergies 

 Known history of previous exposure to filgrastim, pegfilgrastim, GCSF or any 
analogue of these 

 Hypersensitivity to the constituents of Neulasta® or hypersensitivity to E.coli derived 
proteins 

 Infection, cough or fever within 1 week prior to first study drug administration 

 Fructose intolerance 

 First degree relatives with hematological malignancy 

 Treatment with non-topical medications (including over-the-counter medications and 
herbal remedies) within 5 days prior to first admission, with the exception of 
hormonal contraceptives, multivitamins, vitamin C, food supplements and a limited 
amount of acetaminophen 

 Participation in a drug study within 60 days prior to study drug administration 

 Donation or loss of more than 500 mL of blood over a period of 60 days prior to 
study drug administration 

 Donation of more than 1.5L of blood (men) or more than 1.0L of blood (women) in 
the 10 months preceding the start of the study 

 History of alcohol abuse or drug addiction 

 Regular intake of more than 24 units of alcohol per week 

 Positive drug screen 

 Positive screen for hepatitis B surface antigen (HBsAg), anti-hepatitis C virus (HCV) 
antibodies, or HIV antibodies 
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Treatment Plan 
Treatment consisted of 2 single SC injections of 6 mg of either the test product, MYL-
1401H, or the reference product, US-Neulasta®, in 2 separate periods with a washout 
period of 4 weeks between study drug administrations. 
 
For each treatment period, subjects presented to the clinical research center on Day -2 
and remained inpatient until approximately 96 hours following each drug administration. 
Subjects returned to the research center on Days 8, 15 and 22 of each treatment 
period.  
 
Schedule of Assessments 
The schedule of assessments is presented in the table below.  
 
PD sample (ANC) collections (both Periods): Day 3 (48 hours), Day 8 (168 hours), Day 
15 (336 hours), and Day 22 (504 hours) post-dose.  
 
Immunogenicity samples were collected in both treatment periods on Days: -1, 8, 15, 22 
and at follow-up. 

Table 12. Study MYL-1401H-1002 Schedule of Assessments 

 
Source: MYL-1401H-1002 CSR 
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Statistical Plan 

Determination of Sample Size 
Fifty subjects were enrolled to provide at least 44 evaluable healthy volunteers. The 
expected immunogenicity event rate in this study was 13%. A total sample size of 44 
normal healthy volunteers (22 per group) would provide 95% confidence to rule out an 
immunogenicity event rate of 13% or more in each treatment group if no events were 
observed. With 22 subjects, a 1-sided exact 95% confidence interval (CI) for an 
observed event rate of zero percent would be (0, 12.7%). If no events were observed in 
a treatment group, then there was 95% confidence that the true event rate in that group 
was less than 13%. The Clopper-Pearson method was used to calculate the exact 1-
sided binomial confidence interval. 
 
If the true event rate was 13%, it was likely that a few events were to be observed in the 
study. The probability of observing at least 1 event in the study was greater than 99%. 
With a sample size of 44 subjects, it was expected that approximately 6 events were to 
be observed. These events were descriptively summarized by treatment group and 
overall. No formal attempt was made to evaluate the similarity or differences observed 
between groups. Therefore, no p-values or confidence intervals for the difference in 
rates, relative risk, or odds ratio were presented. 
 
Analysis Populations 

 Safety Population: subjects who received at least 1 dose of study drug were 
included in the safety set.  

 Per-Protocol Population (PP): Subjects who received 2 doses of the study drug to 
which they were randomized.  

 
Safety Analyses 
Adverse events were recorded from the signing of consent until completion of the 
follow-up visit. Any clinically significant observations in results of clinical laboratory, vital 
signs, ECGs, local tolerability or physical examinations were recorded as AEs.  
 
Safety and tolerability assessments consisted of immunogenicity (ADA and NAb), AEs, 
clinical laboratory (including clinical chemistry, hematology and urinalysis), vital signs, 
12-lead ECG, local tolerability (including ISR and VAS), physical examination, and 
physical examination of the abdomen for the assessment of splenomegaly and signs 
and symptoms of splenic rupture. 
 
A treatment-emergent AE (TEAE) was defined any new adverse medical event or 
worsening of an existing condition after administration of MYL-1401H or Neulasta® up 
to and including the follow-up visit. 
 
Key Protocol Revisions 
A summary of the protocol revisions is provided in the table below.  
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5.3.3 Study MYL-1401H-3001 
 
Title: A Multicenter, Double-Blind, Randomized, Comparative Efficacy and Safety Study 
of MYL-1401H and European Sourced Neulasta® in Stage II/III Breast Cancer Patients 
Receiving Neoadjuvant or Adjuvant Chemotherapy 
 
Clinical Sites: This study was conducted at 25 sites in 4 European countries (Bulgaria 
[5], Georgia [7], Hungary [4] and Ukraine [9]).  
 
Study Period: March 2015 (first patient randomized) – February 2016 (last follow-up) 
 
Population: Patients aged ≥18 years with newly diagnosed Stage II or III breast cancer 
with adequate staging workup (National Comprehensive Cancer Network guidelines; 
Version 1, 2014) and adequate surgery, if receiving adjuvant therapy. Patients were 
required to be cancer chemotherapy and radiotherapy naïve, and eligible to receive 
neoadjuvant or adjuvant treatment with TAC chemotherapy (docetaxel, doxorubicin and 
cyclophosphamide) for their breast cancer. 
 
Study Design  
This was a multicenter, randomized, double-blind, parallel group study with 2 treatment 
arms. The study was designed to evaluate MYL-1401H versus EU-Neulasta® 

(pegfilgrastim) in patients with newly diagnosed Stage II/III breast cancer receiving TAC 
anti-cancer chemotherapy.  An overview of the study design is provided in the table 
below.  

Figure 3. MYL-1401H-3001 Study Design 

 
Source: MYL-1401H-3001 CSR 
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After screening, patients were randomized 2:1 to treatment with either MYL-1401H or 
EU-Neulasta®, and were stratified based on their age (<50 years, 50-65 years, and >65 
years) and their country.  
 
Patients received their first dose of chemotherapy on Day 1. Chemotherapy consisted of 
Doxorubicin 50 mg/m2 IV, cyclophosphamide 500 mg/m2 IV and docetaxel 75 mg/m2 IV 
(TAC chemotherapy). On Day 2, 24 hours (+ 2 hour window after the first 24 hours) 
after the end of chemotherapy, patients received a single 6 mg subcutaneous dose of 
either MYL-1401H or EU-Neulasta®, according to the randomization scheme. Efficacy 
and safety measurements were obtained throughout the duration of the cycle (3 weeks). 
Patients underwent 6 chemotherapy cycles planned every three weeks (Cycle 1 to 
Cycle 6), each cycle beginning on Day 1, when the chemotherapy was administered, 
with the administration of MYL-1401H or EU-Neulasta® on Day 2 of each cycle.  
 
The planned duration for the entire study was approximately 28 weeks (from Screening 
to follow-up [24 weeks from the first dose of study drug]), assuming no delays in dosing. 
The planned duration of patient treatment during the entire study was approximately 18 
weeks (from the first day of chemotherapy [Day 1 Cycle 1] to the last scheduled 
assessment in Cycle 6), assuming no delays in dosing. 
 
Objectives 
Primary Objectives 
The primary objective of the study was to compare the efficacy of MYL-1401H versus 
EU-Neulasta® for the prophylactic treatment of chemotherapy-induced neutropenia in 
patients with Stage II/III breast cancer receiving TAC anti-cancer chemotherapy. 
 
Secondary Objectives 

 To assess the safety of MYL-1401H and EU-Neulasta® when administered through 6 
cycles of TAC anti-cancer chemotherapy. 

 To assess the potential immunogenicity of MYL-1401H and EU-Neulasta® during 
chemotherapy and up to 24 weeks following the first administration.  

 
Endpoints 
Primary Efficacy Endpoint: 
The primary efficacy endpoint was the duration of severe neutropenia (DSN) in Cycle 1, 
defined as days with ANC <0.5 x 109/L. 
 
Secondary Efficacy Endpoints: 

 The frequency of the worst grade (Grade 3 or 4) neutropenia by cycle (Grade 3 
defined as ANC <1.0 x 109/L and Grade 4 as ANC <0.5 x 109/L). 

 The depth of ANC nadir in Cycle 1. 

 The time to the post-nadir ANC recovery (ANC ≥1.5 x 109/L) in Cycle 1. 

 The ANC-time to nadir in Cycle 1 (time from the beginning of chemotherapy to the 
occurrence of the ANC nadir). 
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 The rate of febrile neutropenia (FN) defined by the European Society of Medical 
Oncology Clinical Practice Guidelines as ANC <0.5 x 109/L or expected to fall below 
0.5 x 109/L, with a single oral temperature >38.5°C or 2 consecutive readings of an 
oral temperature >38.0°C for two hours, by cycle and across all cycles. 

 The percentage of scheduled chemotherapy doses that were delivered. 

 The proportion of chemotherapy doses reduced, omitted or delayed related to 
neutropenia, febrile neutropenia, or documented infections. 

 The number of days of delay of chemotherapy related to neutropenia, febrile 
neutropenia, or documented infection. 

 
Safety Endpoints: 

 The incidence, nature, and severity of adverse events including adverse drug 
reactions. 

 The incidence, severity, and distribution of bone pain by brief pain inventory (BPI) 
form in Cycle 1 and Cycle 2. 

 The incidence, severity, and distribution of infections. 

 Injection site tolerance. 

 Incidence, titer and neutralizing capacity of antibodies against MYL-1401H and Eu-
Neulasta®. 

 
Key Inclusion Criteria 

 Signed informed consent 

 Age ≥ 18 years 

 Women of child-bearing potential agreed to use effective methods of birth control 
during the treatment period from the first dose of study drug until 6 months following 
the last dose of study drug 

 Male patients without a vasectomy agreed to use a condom and their female 
partners of child-bearing potential agreed to use another form of approved 
contraception during the treatment period from the first dose of study drug until 6 
months following the last dose of study drug  

 Newly diagnosed, pathologically confirmed breast cancer 

 Stage II or III breast cancer with adequate staging workup and adequate surgery if 
receiving adjuvant therapy 

 Planned/eligible to receive neoadjuvant or adjuvant treatment with TAC for breast 
cancer 

 Cancer chemotherapy and radiotherapy naïve 

 ECOG performance status ≤ 1 

 ANC ≥ 1.5 x 109/L 

 Platelet count ≥ 100 x 109/L 

 Hemoglobin > 10 g/dL without blood transfusions or cytokine support during the 2 
weeks previous to the hemoglobin level 

 Adequate cardiac function (including LVEF ≥ 50% as assessed by 
echocardiography) within 4 weeks prior to start of chemotherapy 
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 Adequate renal function (creatinine < 1.5x ULN) 
 
Key Exclusion Criteria 
Patients meeting any of the following exclusion criteria were not eligible for enrolment 
into the study: 

 Participation in a clinical trial in which they received an investigational drug within 28 
days before randomization 

 Previous exposure to filgrastim, pegfilgrastim, lenograstim, lipegfilgrastim or other 
filgrastims on the market or in clinical development 

 Received blood transfusions or erythroid growth factors within 2 weeks prior to the 
first dose of chemotherapy 

 Known hypersensitivity to any drugs or excipients that patients received during the 
study 

 Known hypersensitivity to E. coli-derived products 

 Known fructose intolerance (related with sorbitol excipient) 

 Underlying neuropathy of Grade 2 or higher 

 Active infectious disease or any other medical condition which might have put the 
patient at significant risk to tolerate 6 courses of TAC chemotherapy (i.e. recent 
myocardial infarction) 

 ALT or AST >2.5x ULN, ALT and/or AST >1.5x ULN with alkaline phosphatase 
(ALP) >3.5x ULN 

 Any bilirubin > ULN 

 Treatment with systemically active antibiotics within 5 days before first dose of 
chemotherapy 

 Patients receiving treatment with lithium 

 Chronic use of oral corticosteroids 

 Splenomegaly of unknown origin by physical examination and/or CT scan or 
ultrasound and any condition which can cause splenomegaly (i.e. thalassemia, 
glandular fever, malaria, etc.) 

 Myeloproliferative or myelodysplastic disorders, sickle cell disorders, and any illness 
or condition that in the opinion of the investigator might affect the safety of the 
patient or the evaluation of any study endpoint 

 Increased potential risk of ARDS 

 Pregnant or nursing women 

 Patients with HIV or any acquired immunodeficiency syndrome defining illness or a 
known immunodeficiency disorder 

 A known active abuse of drugs or alcohol  

 Any known psychiatric condition 

 Any disease or physical condition that would interfere with adequate performance of 
study assessments 
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Treatment Plan 
MYL-1401H (6 mg) or EU-Neulasta® (6 mg) was administered by un-blinded clinic 
personnel (i.e. study nurse, physician) as SC injections on Day 2 of each chemotherapy 
cycle. All patients received TAC chemotherapy on Day 1 of each cycle, consisting of IV 
administration of doxorubicin (50 mg/ m2), cyclophosphamide (500 mg/m2), and 
docetaxel (75 mg/m2). Pre-medication with dexamethasone and anti-emetics were 
allowed in all cycles. The administration of study drug was allowed only 24 hours after 
the end of chemotherapy on Day 1, with a window of + 2 hours.  
 
Blinding 
The oncology pharmacist who prepared the doses and the person administering the 
drug (i.e. study nurse, physician [other than the principal investigator or sub-principal 
investigator]) were the only individuals who had access or knowledge of the actual drug 
delivered. Other un-blinded personnel in the study included the clinical research 
associate (CRA) who audited the drug dispensation log and drug accountability. There 
were 2 CRAs assigned to each site: with the CRA monitoring the study being blinded to 
the study treatment while the other CRA in charge of drug accountability was not. When 
administering the drug, the application syringes were covered in order to make them 
indistinguishable to the patient. The un-blinded oncology pharmacist kept a drug 
accountability log with study and patient number, randomization date/code, date and 
time of study drug administration, and study drug expiration date and time. 
 
Prior and Concomitant Treatments 
Prior treatments, defined as those taken within 6 months before Screening, were 
recorded in the eCRF as prior medications. Concomitant treatments, defined as 
treatments continued by the patient on entry into the study and new treatments taken 
after the first dose of study drug, were recorded in the eCRF as concomitant 
medications. 
 
The following treatments were allowed/were administered during the treatment phase of 
this study: 
 

 Dexamethasone (8 mg orally BID) administered prophylactically for 3 days, starting 
on the day prior to chemotherapy to prevent docetaxel-related hypersensitivity and 
fluid retention. 

 Naproxen: Allowed during Cycle 1 for the management of pegfilgrastim-induced 
bone pain (500 mg orally BID). In Cycles 2 through 6, naproxen was allowed 
prophylactically (500 mg orally BID) to patients who received it for the treatment of 
bone pain in Cycle 1. 

 Antiemetics were administered prophylactically in all cycles according to local 
standard of care, or according to American Society of Clinical Oncology (ASCO) or 
European Society of Medical Oncology (ESMO) guidelines.  
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 Other prophylactic procedures to reduce chemotherapy-induced side effects (i.e. 
mucositis prophylaxis) were allowed according to local standards (excluding 
corticosteroids other than oral dexamethasone).  

 
The following treatments were not permitted during the treatment phase of the study: 

 Other investigational drugs 

 Other GCSFs (except as a rescue medication) 

 Other cytotoxic treatment 

 Treatment with lithium, which may have potentiated the effects of the study drug.  

 Prophylactic use of systemically active antibiotics. However, if clinically necessary, 
treatment with systemically active antibiotics was allowed for fever/neutropenia as 
well as for any other proven or suspected bacterial infection. Antibiotic treatment 
could only be started after clinical signs and/or laboratory evidence of infection. 
Antibiotics were required to be stopped at least 72 h before the next chemotherapy. 
If longer antibiotic treatment was necessary, the next cycle was postponed. 

 Her-2 targeted therapy, (i.e. Herceptin), hormonal therapy, and radiation therapy 
were not allowed during the study. These therapies could have been given after the 
End-of-Study visit at the discretion of the investigator. 

 Treatment with antipyretics was not permitted until a patient with fever was 
evaluated by the clinical site, or if the patient was receiving pain prophylactic 
treatment with naproxen during Cycle 2 to Cycle 6.  

 Strong inhibitors or inducers of cytochrome P450 3A4 (CYP3A4) within 7 days prior 
to the first dose of chemotherapy.  

 
Schedule of Assessments 
During Cycle 1, Patients visited the site for the assessments at Screening, Day 1, Day 
2, Day 8, and Day 15. On the other days, patients came to the site or preferably clinic 
personnel visited the patient in his/her home. Patients were also provided with 
thermometers to take their body temperature at home. Patients recorded the readings 
into a diary. 
 
During Cycles 2 through 6, patients visited the site for the assessments on Day 1, Day 
2, Day 8, Day 15, end of study, and follow-up. On Day 11, or any other day if necessary, 
patients may come to the site or preferably clinic personnel may visit the patient in their 
home. Assessments may be repeated at other time points, in addition to the scheduled 
ones, at the discretion of the investigator. 
 
During Cycle 1, daily measurements of each patient’s body temperature and blood 
collections for ANC were performed from Day 1 to Day 15. During Cycle 2 to Cycle 6, 
body temperature was taken daily from Day 5 to Day 15, and blood samples for ANC 
were collected on Day 8, Day 11, and Day 15 (± 1 day).  
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In all cycles, no other procedures (other than AE and concomitant medication/treatment 
monitoring and recording) were scheduled from Day 16 to Day 21. However, daily body 
temperature, and daily ANC and platelet count in Cycle 1, and every other day ANC and 
platelet count for Cycles 2 and beyond were obtained past Day 15 until the patient’s 
ANC reached ≥1.5 × 109/L, with a platelet count ≥100 × 109/L. These procedures were 
allowed to continue for up to 2 weeks if there was a dose delay. 
 
The Schedules of Assessments for Cycle 1 and for Cycles 2 through 6 are provided in 
the tables below.  

Table 16. Schedule of Assessments - Cycle 1 

 
Source: MYL-1401H-3001 CSR 
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Table 17. Schedule of Assessments - Cycles 2 through 6 

 
Source: MYL-1401H-3001 CSR 

 
Immunogenicity Evaluations 
Baseline blood samples for immunogenicity were taken prior to the start of 
chemotherapy. Additional samples were taken on Day 21 of Cycle 2, Cycle 4, Cycle 6 
and at follow-up (168 ± 15 days from Cycle 1, Day 2). Three samples (5 mL each) were 
collected at each time point, as follows: 1 for ADA assessment, 1 for NAb assessment, 
and 1 for study drug concentration assessment.  
 
End of Study Assessments 
End-of-Study assessments were planned at 28 days (± 7 days) from the last dose of 
MYL-1401H or EU-Neulasta®. In addition, patients were required to undergo follow-up 
assessments 168 days (± 15 days) from the first dose of MYL-1401H or EU-Neulasta®. 
In the case of delayed dosing resulting in End-of-Study assessments being performed 
beyond 168 days from the first dose of MYL-1401H or EU-Neulasta®, the follow-up and 
End-of-Study assessments were combined. 
 
Statistical Plan 
Determination of Sample Size 
A total sample size of 135 patients allocated in a 2:1 ratio (90 and 45 patients treated 
with MYL-1401H and EU-Neulasta®, respectively) was required to provide 90% power 
to declare that MYL-1401H is comparable to EU-Neulasta® in the analysis of duration of 
severe neutropenia (DSN) in Cycle 1. This sample size assumed that the mean DSN 
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was to be 1.70 days in Cycle 1 for both MYL-1401H and EU-Neulasta®. The common 
SD was assumed to be 1.5 days. Equivalence was declared if the 2-sided 95% CI of the 
difference between the mean DSNs fell wholly within an equivalence region defined as 
± 1 day.  
 
The equivalence region of ± 1 day was established by analyzing historical EU-Neulasta® 
data and estimating 50% retention of the EU-Neulasta® mean treatment benefit over 
placebo. 
 
To arrive at the planned number of patients, the required total sample size of 135 was 
increased to 189 patients (126 and 63 patients treated with MYL-1401H and EU-
Neulasta®, respectively). This allowed for some attrition of patients so that the analysis 
of the primary endpoint in the Per Protocol population was adequately powered. 
Additionally, if it was assumed that, at most, ≤20% of the randomized patients were lost 
to follow-up, then 100 MYL-1401H patients would complete the study 24 weeks after 
first study drug administration. 
 
Analysis Populations 
Three populations were used for data analysis: 
 

 Intent-to-treat (ITT) Population: All patients who were randomized into the study.  

 Per protocol (PP) Population: Defined at the end of Cycle 1 and included a subset of 
the ITT population, whose population of patients met the following additional criteria: 
- Received the treatment to which they were randomized 
- Did not have any major protocol violations in Cycle 1, including the violation of 

entry criteria 

 Safety Population: All patients who received at least 1 dose of study medication 
(MYL-1401H or EU-Neulasta®) in any amount. The primary population for the 
analysis of safety.  

 
Primary Efficacy Analyses 
An analysis of variance (ANOVA) model, with treatment as an independent variable, 
and a 2-sided 95% confidence interval (CI) for the difference in least squares mean (LS 
Mean) of the DSN for the 2 treatments, was employed. Equivalence between the 2 
treatments was declared if the CI was completely within the range of ± 1 day. 
 
Secondary Efficacy Analyses 
The following were descriptively summarized by treatment: 

 The frequency and percentage of patients who experienced the worst grade (Grade 
3 or 4) neutropenia by treatment group and cycle. 

 The depth of the ANC nadir, which was defined at the patient level as the lowest 
ANC value in the cycle. 

 The time to the post-nadir ANC recovery defined at the patient level as the cycle day 
in which the ANC value first reached a level ≥1.5 × 109/L after the nadir. 
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 The ANC-time to nadir defined at the patient level as the time from the beginning of 
chemotherapy to the occurrence of the ANC nadir (i.e. minimum ANC value) in the 
cycle. 

 The rates of FN by cycle and across all cycles. 

 The percentage of scheduled chemotherapy doses that were delivered across all 
cycles. 

 The proportion of chemotherapy doses reduced, omitted, or delayed, related to 
neutropenia, FN, or documented infections across all cycles 

  Number of days of delay of chemotherapy related to neutropenia, FN, or 
documented infections across all cycles. 

 
Safety Analyses 

 The incidence, severity, and distribution of bone pain in Cycle 1 were summarized 
by treatment group. The incidence, severity, and localization of infections by 
investigator evaluation were also summarized by treatment group. 

 Treatment-emergent adverse events (TEAEs) were coded using the Medical 
Dictionary for Regulatory Activities Version 18.0, and descriptively summarized by 
treatment group, and according to severity and relationship to the study drug. 
Serious adverse events (SAEs) were descriptively summarized as well. 

 Clinical laboratory evaluations were summarized for observed values and shift from 
baseline 

 Vital signs and physical examinations (values and change from baseline) were 
summarized descriptively by visit and treatment group. 

 Incidence, titer, and neutralizing capacity of antibodies against MYL-1401H and EU-
Neulasta® were summarized. 

 
Interim Analysis 
As planned in the protocol, a blinded interim analysis was conducted when 50% of the 
required patients had completed Cycle 1, in order to verify the sample size 
assumptions. The data were cleaned and copied to a secure directory at  

and a univariate analysis was performed to calculate the population 
standard deviation (SD) of DSN (days). Data from 70 patients (47 [67.1%] from the 
MYL-1401H group and 23 [32.9%] from the EU-Neulasta® group) were included in this 
analysis. The mean DSN was 1.2 days, with a range of 0 to 5 days, and a median 
duration of 1 day. The SD was calculated to be 1.08 days. Because the SD was less 
than 1.5 days as pre-specified in the protocol, no adjustment to the sample size was 
employed. 
 
 
Key Protocol Revisions 
A summary of the protocol revisions is provided in the table below.  
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The definition of FN in the protocol and SAP is ANC <0.5 × 109/L, or expected to fall 
below 0.5 × 109/L, with a single oral temperature >38.5°C or 2 consecutive readings of 
an oral temperature >38.0°C for 2 hours. However, in some cases, patients were 
considered to have FN (and were treated accordingly) based upon on the investigator’s 
clinical judgment rather than the definition of FN provided in the protocol and SAP. 
A post-hoc analysis of the rate of FN was performed to determine any statistical 
difference between the treatment groups. 
 
Based on feedback from the FDA, ADA samples were analyzed according to the 
following categories on both a sample and patient level: 
 

 PEG-positive only ADA samples 

 GCSF-positive only ADA samples 

 PEG-positive and GCSF-positive ADA samples 

 PEG-negative and GCSF-negative ADA samples 

 NAb-positive samples 
 
The ADA-positive population was compared with the negative population in terms of the 
main primary objectives, allergic reactions, and AEs. Additional tables were created for 
the rate of FN, frequency of neutropenia, and TEAEs based on ADA status. 
 
Statistical Reviewer Comment: The Agency’s analysis was based on the SAP specified 
analysis. The results are consistent with the sensitivity analysis results based on the 
protocol-specified model. 
 
Results 
Demographics 
A total of 194 subjects were randomized (ITT population). Of these, 127 (65%) received 
MYL-1401H and 67 (35%) received EU-Neulasta®. The age of subjects ranged from 25 
to 79 years, with a mean age of 49.7 years. Ninety-six (49.5%) patients were <50 years 
of age, 86 (44.3%) were between the ages of 50 to 65 years, and 12 (6.2%) were >65 
years. Overall, 193 (99.5%) patients were female and there was 1 (0.8%) male patient 
in the MYL-1401H group. All 194 (100.0%) patients were white; there were no Hispanic 
or Latino patients. An overview of the demographics (ITT population) and the baseline 
disease characteristics (Safety population) are provided in the tables below.  
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Figure 4. MYL-1401H-3001 Subject Disposition 

 
Source: MYL-1401H-3001 CSR, Figure 10.1 
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6 Review of Efficacy 

Comparative Clinical Study Summary 

The goal of a comparative clinical study in a biosimilar BLA is to demonstrate that there 
are no clinically meaningful differences between the biosimilar product and the 
reference product. The comparative clinical study results show that mean duration of 
severe neutropenia (DSN) at the end of cycle one for patients in the treatment and 
control arms were similar. The 90% CI and the 95% CI of the difference in least square 
means were both completely within the similarity bounds of +/- 1 day. This finding 
supports the claim that there are no clinically meaningful differences between the 
products.  
 

6.1 Indication 

MYL-1401H was submitted as a proposed biosimilar to US-licensed Neulasta® 

(pegfilgrastim). The proposed indication is to decrease the incidence of infection, as 
manifested by febrile neutropenia, in patients with non-myeloid malignancies receiving 
myelosuppressive anti-cancer drugs associated with a clinically significant incidence of 
febrile neutropenia. The indication evaluated in the comparative clinical study, MYL-
1401H-3001 was for the prophylactic treatment of chemotherapy-induced neutropenia in 
patients with Stage II/III breast cancer receiving docetaxel, doxorubicin, and 
cyclophosphamide (TAC) anti-cancer chemotherapy. 
 

6.1.1 Methods 

Study MYL-1401H-3001 is a multicenter, double-blind, randomized, comparative study 
of MYL-1401H and EU- Neulasta® in stage II/III breast cancer patients receiving 
neoadjuvant or adjuvant chemotherapy to demonstrate no clinically meaningful 
differences between MYL-1401H and EU-Neulasta®. The study included Cycles 1 
through 6 and a follow-up evaluation. During Cycle 1, blood collections for ANC were 
performed from Day 1 to Day 15. During Cycle 2 through Cycle 6, blood samples for 
ANC were collected on Day 8, Day 11, and Day 15 (± 1 day). Cycle 1 DSN data were 
analyzed to support the biosimilarity claim. 
  
End-of-Study Assessments 
End-of-Study assessments were planned at 28 days (± 7 days) from the last dose of 
MYL-1401H or EU-Neulasta®. In addition, patients were required to undergo follow-up 
assessments 168 days (± 15 days) from the first dose of MYL-1401H or EU-Neulasta®. 
If dose delays resulted in the End-of-Study assessments being performed beyond 168 
days from the first dose of MYL-1401H or EU-Neulasta®, the follow-up assessments 
and End-of-Study assessments were combined. 
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End-of-Cycle 1 Assessments 
The primary study assessment was performed using DSN data obtained at the end of 
cycle one. Operationally, the analysis of Cycle 1 was performed after all randomized 
patients had completed Cycle 1 and had started Cycle 2 (or beyond), or had 
discontinued the study before completing Cycle 1. The data cut-off date for the analysis 
of Cycle 1 was made at the patient level such that each patient had his or her own data 
cut-off date, occurring either at discontinuation of the study, or at the day of 
chemotherapy dose in Cycle 2, whichever occurred first. 
 
Comparative Clinical Primary Endpoint 

 The primary endpoint was the duration of severe neutropenia (DSN) in Cycle 1, 
defined as days with ANC <0.5x109/L. 

 
Other Comparative Clinical Endpoints 

 The frequency of the worst grade (Grade 3 or 4) neutropenia by cycle (Grade 3 
defined as ANC <1.0x109/L and Grade 4 as ANC <0.5x109/L). 

 The depth of the ANC nadir in Cycle 1. 

 The time to the post-nadir ANC recovery (ANC ≥1.5x109/L) after the nadir in Cycle 1. 

 The ANC-time to nadir in Cycle 1 (i.e. time from the beginning of chemotherapy to 
the occurrence of the ANC nadir). 

 The rate of febrile neutropenia (FN) defined by the European Society of Medical 
Oncology Clinical Practice Guidelines as ANC <0.5x109/L, or expected to fall below 
0.5 × 109/L, with a single oral temperature >38.5°C or 2 consecutive readings of an 
oral temperature >38.0°C for 2 h, by cycle and across all cycles. 

 
Analysis Populations 
Planned: 189 patients were planned to be enrolled in a 2:1 ratio (126:63 in the MYL-
1401H and EU-Neulasta® treatment arms, respectively). 
 
Actual: 194 patients were randomized and received study treatment; 127 patients were 
randomized to receive MYL-1401H and 67 patients were randomized to receive EU-
Neulasta®. 
 
ITT Population: The ITT population included all patients who were randomized into the 
study (194 [100%] patients). 
 
Safety set: The safety population included all patients who received at least 1 dose of 
study drug (194 [100%] patients). 
 
Per Protocol (PP) Population: The PP population was defined at the end of Cycle 1, and 
included a subset of the ITT population who started treatment without major protocol 
deviations, and consisted of 193 (99.5%) patients. One patient (MYL-1401H) took a 
prohibited concomitant medication during the study and was therefore not included in 
the PP population.  
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Statistical Reviewer Comment: The Applicant’s comparative clinical analysis is based 
on PP per FDA guidance; the reviewer performed the analysis based on ITT population 
as a sensitivity analysis.    
 
Comparative Clinical Endpoint Analysis for Duration of Severe Neutropenia 
An analysis of variance (ANOVA) model on the PP population, with treatment group, 
country, and age group as factors, and a 2-sided 95% confidence interval (CI) for the 
difference in least squares mean (LS Mean) of the duration of severe neutropenia 
(DSN) for the two treatments, was employed. Equivalence between the two treatments 
would be declared if the CI was completely within the range of ± 1 day.  
 
According to the Applicant, the equivalence region of [-1, +1 day] was established 
based on the historical Neulasta® data and estimating a 50% retention of the Neulasta® 
mean treatment benefit over placebo. The Applicant further indicated that the margin of 
1 day was thought to retain 75% of the filgrastim treatment effect over placebo. 
Clinically, each day of severe neutropenia was calculated to be associated with a 10% 
increase in the incidence of FN. The Applicant noted that the prevention of a greater 
than a 10% increase in FN as being clinically relevant.  
 
Statistical Reviewer Comment: While the Applicant specified that a 2-sided 95% 
confidence interval (CI) for the difference in least squares mean (LS Mean) of the DSN 
for the two treatments would be presented, the reviewer also presented the 2-sided 
90% CI as it is the regulatory standard for the biosimilar products.    
 
Sensitivity Analysis for Primary and Secondary Endpoint 
Sensitivity analyses in the PP population for the difference in LS Mean DSNs of MYL-
1401H and EU-Neulasta® include the ANOVA model with treatment group only; the 
analysis of co-variance (ANCOVA) model with treatment group, country, and age group 
as factors, and baseline ANC as a covariate; Poisson regression model. Sensitivity 
analyses in the ITT population include the analysis of ANOVA and ANOCOVA model 
with treatment group, country, and age group as factors. 
 
Missing data Handling Strategies and Supportive Analyses 
The following algorithm was used to impute ANC values for the purpose of calculating 
DSN and FN at each cycle: 

 If a patient completed a cycle, then any missing ANC values within that cycle were 
imputed in chronological order with the prior non-missing ANC value. If the cycle 
Day 1 ANC value was missing, then it was imputed with the first non-missing ANC 
value in that cycle. Of the 186 patients who completed Cycle 6, there were 29 (16%) 
missing ANC values (for patients  

 
) that required imputation. 

 If a patient did not complete the cycle and had all missing ANC values after a certain 
time point, then the following process was used: 
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- If a patient never exhibited severe neutropenia (ANC <0.5 x109/L) in that cycle, 
then the evaluation for DSN and FN in that cycle was categorized as missing for 
that patient. 

- If a patient exhibited severe neutropenia when the remainder of their ANC values 
became unavailable, then the patient was imputed to have severe neutropenia 
for a duration in days equal to the longest observed duration in that cycle from 
either treatment group. 

 If a patient’s data was missing after the patient was no longer exhibiting severe 
neutropenia, then DSN and FN were calculated for that patient as if that patient had 
completed the cycle. 

 
Other Comparative Clinical Study Analyses 
The following were descriptively summarized by treatment: 

 The frequency and percentage of patients who experienced the worst grade (Grade 
3 or 4) neutropenia by treatment group and cycle. 

 The depth of the ANC nadir, which was defined at the patient level as the lowest 
ANC value in the cycle. 

 The time to the post-nadir ANC recovery defined at the patient level as the cycle day 
in which the ANC value first reached a level ≥1.5x109/L after the nadir. 

 The ANC-time to nadir defined at the patient level as the time from the beginning of 
chemotherapy to the occurrence of the ANC nadir (i.e. the minimum ANC value) in 
the cycle. 

 The rates of febrile neutropenia by cycle and across all cycles. 
 

Statistical Reviewer Comment: Although many sensitivity analyses were performed, as 
these were used to test the robustness of the primary analysis, there was no pre-
specified multiplicity adjustment procedure. 

6.1.2 Demographics 

For the 194 randomized patients, the age ranged from 25 to 79 years, with a mean age 
of 49.7 years. Overall, 193 (99.5%) patients were female and 1 (0.8%) patient was 
male. All 194 (100.0%) patients were white. There were no patients of Hispanic or 
Latino ethnicity. There were no notable differences in the baseline characteristics 
between the two treatment groups.  
 
The table below depicts the summary of the demographic information for the ITT 
population.  
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Table 24. Summary of Demographic Characteristics (ITT Population) 

Demographic MYL-1401H 
(N=127) 

EU-Neulasta® 
(N=67) 

Overall 
(N=194) 

Sex, n (%)    
Male 1 (0.8%) 0 (0.0%) 1 (0.5%) 
Female 126 (99.2%) 67 (100.0%) 193 (99.5%) 

    
Age (years), n (%)    

Mean years (SD) 49.5 (10.61) 50.1 (9.85) 49.7 (10.33) 
Median (range) 49 (25, 79) 50 (29, 68) 50 (25, 79) 
< 50 years 64 (50.4%) 32 (47.8%) 96 (49.5%) 
50-65 56 (44.1%) 30 (44.8%) 86 (44.3%) 
> 65 7 (5.5%) 5 (7.5%) 12 (6.2%) 

    
Race, n (%)    

White 127 (100%) 67 (100%) 194 (100%) 
    

Source: Statistical Reviewer derived from MYL-1401H-3001 CSR 

 
All 194 (100.0%) patients had newly diagnosed, pathologically confirmed breast cancer. 
A total of 117 (60.3%) had undergone prior breast cancer surgery: 5 (2.6%) had 
undergone a lumpectomy, 43 (22.2%) had undergone partial or segmented 
mastectomy, 3 (1.5%) had undergone a simple or total mastectomy, 52 (26.8%) had 
undergone a radical mastectomy and 21 (10.8%) had undergone a modified radical 
mastectomy. 

6.1.3 Subject Disposition 

A total of 207 patients were screened. Of these, 194 were randomized and enrolled in 
the study. A total of 127 (65.5%) patients were randomized to receive MYL-1401H and 
67 (34.5%) patients were randomized to receive EU-Neulasta®.  
 
Of the 194 randomized patients, 120 in the MYL-1401H group and 66 in the EU-
Neulasta® group completed the planned 6 cycles of treatment in the study.  
 
See Section 5.3.3 for additional information regarding subject disposition.  

6.1.4 Analysis of Primary Endpoint(s) 

The difference in the mean DSN in Cycle 1 in the PP population was compared with the 
following hypotheses: 
 
H0: (μMYL-1401H – μNeulasta ≤-1) or (μMYL-1401H - μNeulasta ≥1) 
H1: -1 day <(μMYL-1401H – μNeulasta) <1 day, where μMYL-1401H and μNeulasta are 
the mean DSN for MYL-1401H and EU-Neulasta®, respectively. 
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An ANOVA model with treatment as an independent variable, and country and age-
group as factors, was used to produce a 95% CI for the difference in least squares 
mean (LS Mean) DSNs. Equivalence was declared if the 95% CI was completely within 
the range of ± 1 day. 
 
Statistical Reviewer Comment: Sensitivity analysis results for the ITT population and 
ANOCOVA model appear to be supportive of the results from the primary analyses. 
 

Table 25. Duration of Severe Neutropenia in Cycle 1 

 
MYL-1401H EU-Neulasta® 

PP population, n n = 126 n = 67 

   Mean ± SD 1.2 ± 0.93 1.2 ± 1.10 

   Median, [range] 1, [0-5] 1, [0-4] 

   LS Mean, (SE) 1.31, (0.139) 1.30, (0.154) 

   LS Mean Diff, (95% CI)  0.01 (-0.285, 0.298)  

   LS Mean Diff, (90% CI) 0.01 (-0.238, 0.251)  

ITT population, n n = 127 n = 67 

   Mean ± SD 1.2 ± 0.92 1.2 ± 1.10 

   Median, [range] 1, [0-5] 1, [0-4] 

   LS Mean, (SE) 1.27, (0.132) 1.30, (0.154) 

   LS Mean Diff, (95% CI)  0.00 (-0.294, 0.287)  

   LS Mean Diff, (90% CI) 0.00 (-0.247, 0.240)  

Source: FDA Statistical Reviewer derived from CSR and applicant submission 
 

Statistical Reviewer Comment: Since we require the type I error probability be controlled 
at a 1-sided 5%% for each 1-sided tests (one with a null hypothesis of difference in 

mean DSN <- vs. alternative hypothesis of ≥ -; the other with a null hypothesis of 

difference in mean DSN > vs. alternative hypothesis of ≤  ), the 90% CI is preferred to 
demonstrate the clinical endpoint results. The 90% and 95% CI for the difference of the 
mean DSN in Cycle 1 for both PP and ITT populations appear to meet the pre-specified 
equivalence margin. 
 
The figure below depicts the curve of the neutrophil count over time. The trend is similar 
for both treatment groups with the peak ANC observed around Day 3 and a decline 
thereafter.  
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Figure 5. Mean ± SD Absolute Neutrophil Count Over Time by Treatment in Cycle 
1 (PP population) 

 
Source: MYL-1401H-3001 CSR, Figure 11.1 

6.1.5 Analysis of Secondary Endpoints(s): Cycle 1 PP Population 

In Cycle 1, the frequency of Grade 3 or 4 neutropenia occurred in 114 (90.5%; 20 
[15.9%] Grade 3 and 94 [74.6%] Grade 4) patients in the MYL-1401H group and 55 
(82.1%; 12 [17.9%] Grade 3 and 43 [64.2%] Grade 4) patients in the EU-Neulasta® 
group (see the table below).   
 
The mean (± SD) depth of the ANC nadir was 0.40x109/L (± 0.47) in the MYL-1401H 
group and 0.78x109/L (± 1.43) in the EU-Neulasta® group. However, the median ANC 
nadir values were similar between the 2 groups (0.21x109/L in MYL-1401H vs 
0.27x109/L in EU-Neulasta® group).  
 
In both treatment groups, the median time to ANC nadir was six days in both MYL-
1401H group (range: 0-12 days) and  EU-Neulasta® group (range: 1-14 days). The 
median post-nadir ANC recovery time in the MYL-1401H group was 2 days (range 0 to 
4 days) and 2 days (range 0 to 3 days) in the EU-Neulasta® group. A total of 125 
(99.2%) patients in the MYL-1401H group and 67 (100%) patients in the EU-Neulasta® 
group achieved post-nadir ANC recovery (i.e. ANC ≥1.5x109/L) in Cycle 1. 
 
Overall for all cycles, 7 out of 127 (5.5%) patients had FN in the MYL-1401H group and 
1 out of 67 (1.5%) patients had FN in the EU-Neulasta® group. A total of 5/127 (3.9%) 
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patients had FN in the MYL-1401H group and 1/67 (1.5%) patient had FN in the EU-
Neulasta® group during Cycle 1. Because of the small incidence rates, no substantial 
difference was observed   in the rate of FN in Cycle 1 between the treatment groups 
(note: a nominal P-value >0.05 was observed based on a chi-square test). 
 
See Section 7.3.5 for additional information regarding the incidence of febrile 
neutropenia.  
 

Table 26. Frequency, Depth and Time of Neutropenia in Cycle 1 (PP Population) 

Parameter 
MYL-1401H 
(N=126) 

EU-Neulasta® 
(N=67) 

Frequency of worst Grade 3 or 4 
neutropenia; n [%], (95% CI) 

114 [90.5%] 
(84.0%, 95.0%) 

55 [82.1%] 
(70.8%, 90.4%) 

   
 
Frequency of worst Grade 3   
neutropenia; n [%], (95% CI) 
 

20 [15.9%] 
(10.0%, 23.4%) 

12 [17.9%] 
(9.6%, 29.2%) 

 
Frequency of worst Grade 4   
neutropenia; n [%], (95% CI) 
 

94 [74.6%] 
(66.1, 81.9%) 

43 [64.2%] 
(51.5%, 75.5%) 

 
Depth of ANC nadir (109/L) 
Mean ± SD, (95% CI)   

0.41 ± 0.47 
(0.31, 0.48) 

0.78 ± 1.43 
(0.43, 1.13) 

   
ANC-time to nadir (days) 
Median, [range] 

6 [0-12] 6 [1-14) 

   
Post-nadir ANC recovery 
n [%] 

125 [99.2%] 67 [100%] 

   
Days to post-nadir ANC recovery 
Median, [range] 

2 [0, 4] 2 [0-3] 

   
Febrile neutropenia 
n [%] 

5 [3.9%] 1 [1.5%] 

Source: Statistics Reviewer derived from CSR and applicant submission 

 
Statistical Reviewer Comment: A difference was observed in the depth of the ANC nadir 
between two groups (0.40x109/L [95%: 0.31, 0.48] in the MYL-1401H group and 
0.78x109/L [95% CI: 0.43, 1.13] in the EU-Neulasta® group). There was a greater 
incidence of Grade 4 neutropenia lasting more than 2 days in the EU-Neulasta® 
treatment group compared to the MYL-1401H treatment group. Eight (6.3%) patients in 
the MYL-1401H group had Grade 4 neutropenia for >2 days, compared with 9 (13.4%) 
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in the EU-Neulasta® group. These results do not suggest a clinically meaningful 
difference between MYL-1401H and the reference product used, EU-Neulasta®.   

6.1.6 Other Endpoints 

Not applicable.  

6.1.7 Subpopulations 

Subgroup analyses were done to determine if factors including age, body weight, 
country, Eastern Cooperative Oncology Group (ECOG) status, primary tumor, regional 
lymph nodes, distant metastasis (TNM) disease stage at diagnosis, and type of 
chemotherapy (adjuvant or neo-adjuvant) administered (for Cycle 1) affected DSN 
between the treatment groups after adjusting for the subgroup. A two-way ANOVA 
model with treatment group and the corresponding subgroup as factors was used in the 
analyses. Of the subgroup factors, lower mean DSNs were observed in patients who 
received neoadjuvant therapy in MYL-140H arm (see table below).     
 
Since only 1 patient is male, and all patients were white and European, no subgroup 
analysis is necessary for gender, race or region. 
 
The table below provides the mean DSN by age group and chemotherapy type 
(neoadjuvant or adjuvant) in Cycle 1 (ITT population). In the adjuvant chemotherapy 
group, DSN did not appear to differ between treatment groups (1.1 (90%CI: [0.93, 1.29]) 
days for the MYL-1401H group and 1.0 (90%CI: [0.71, 1.19]) days for the EU-Neulasta® 
group). In the neoadjuvant chemotherapy group, patients who received MYL-1401H had 
a  lower mean DSN than those who received EU-Neulasta®, with mean (± SD) DSN of 
1.2 (90%CI: [1.01, 1.47])days and 1.6 (90%CI: [1.24, 1.93]) days, respectively. 
 

Table 27. Duration of Severe Neutropenia by Age Group (ITT) 

Duration of Severe Neutropenia (Days) 
Mean, (90% CI) 

MYL-1401H 
(N=127) 

EU-Neulasta® 
(N=67) 

By Age Group 
  

   < 50 years (n=64:32) 1.1, (0.81, 1.41) 0.9, (0.62, 1.30) 

   50-65 years (n=56:30) 1.3, (0.97, 1.56) 1.4, (1.07, 1.80) 

   > 65 years (n=7:5) 1.3, (0.53, 1.98) 1.4, (0.56, 2.20) 

By Chemotherapy 
  

   Adjuvant (n=73:43) 1.1, (0.93, 1.29) 1.0, (0.71, 1.19) 

   Neoadjuvant (n=54:24) 1.2, (1.01, 1.47) 1.6, (1.24, 1.93) 
Source: Statistical Reviewer summary from application submission 
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There were 19 out of 126 (15.2%) patients in the MYL-1401H group and 13 out of 67 
(19.4%) in the EU-Neulasta® group who tested positive for anti-drug antibody (ADA).  
The incidence of the ADA appears to be higher in the EU-Neulasta® group.   Among the 
ADA positive patients, the mean DSN appear to be longer in MYL-1401H group as 
compared with that in the EU-Neulasta® (1.5 [90%CI: 1.17, 1.78] and 0.9 [90%CI: 0.45, 
1.39] for MYL-1401 H and EU-Neulasta® groups, respectively).    
 
Statistical Reviewer Comment: These multiple subgroup analyses were performed 
without any adjustment for multiplicity. Variation of the results may have been due to 
chance, so the interpretation of the results should be made with caution. 

6.1.8 Analysis of Clinical Information Relevant to Dosing Recommendations 

Not applicable.  

6.1.9 Discussion of Persistence of Efficacy and/or Tolerance Effects 

Not applicable. 

6.1.10 Additional Comparative Clinical Study Results Issues/Analyses 

There were several issues identified with this study. One issue is that there was a 
higher mean DSN in the MYL-1401H treatment group among ADA-positive patients (1.5 
[90%CI: 1.17, 1.78]) compared to the EU-Neulasta® group (0.9 [90%CI: 0.45, 1.39]). 
However, because the overall number of ADA-positive patients is relatively small and 
because of the nature of the subgroup analysis, the mean DSN data for the ADA-
positive group should be interpreted with caution.  
 
Another issue is the difference in the depth of the ANC nadir between the MYL-1401H 
treatment group (mean of 0.40 × 109/L) and the EU-Neulasta® group (mean of 0.78 × 
109/L). However, it is noted that there was a greater incidence of Grade 4 neutropenia 
lasting more than 2 days in the EU-Neulasta® (13.4%) treatment group compared to the 
MYL-1401H treatment group (6.3%). These results do not demonstrate a clinically 
meaningful difference between the two treatment groups.  
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7 Review of Safety 

Safety Summary 

A detailed analysis of safety outcomes was conducted using data from Studies MYL-
1401H-1001, MYL-1401H-1002 and MYL-1401H-3001. Due to the differences between 
the 3 studies in the study design, dose, patient population, treatment duration and data 
collection, an integrated analysis of the safety results was not performed. Overall MYL-
1401H and Neulasta® displayed similar safety profiles. Most of the AEs reported during 
the study were expected given the known biologic effects of filgrastim-based products. 
The most common adverse events in the healthy volunteer studies included back pain, 
headache and pain in the extremity, consistent with the known safety profile of 
pegfilgrastim. The most common adverse events in Study MYL-1401H-3001 were 
alopecia, bone pain and nausea. There were no deaths were reported in the clinical 
trials submitted. In general, the AE profile of MYL-1401H was similar to the AE profile of 
US-Neulasta®.  
 
Study MYL-1401H-1001 
The Safety Analysis set consisted of 216 healthy adult subjects who received at least 1 
dose of 2 mg SC injection of MYL-1401H, US-Neulasta® or EU-Neulasta®.  
 
The majority of subjects in all treatment groups experienced at least one adverse event. 
However, the vast majority of these were mild or moderate in severity in all groups. 
There was one Grade 3 TEAE (appendicitis) in the US-Neulasta® arm, which was 
deemed unrelated to study drug, but led to study drug withdrawal. There were no Grade 
≥ 4 TEAEs and no deaths on the study.  
 
Study MYL-1401H-1002 
The Safety Analysis set consisted of 50 subjects who received at least one 6 mg SC 
injection of either MYL-1401H (n=25) or US-Neulasta® (n=25). A total of 44 subjects 
received two 6 mg SC injections of MYL-1401H (n=23) or US-Neulasta® (n=21).  
 
The majority of subjects in both treatment groups experienced at least one TEAE. The 
majority of these were mild or moderate in severity. One subject who received US-
Neulasta® experienced Grade 3 TEAE of vomiting, which led to study drug withdrawal. 
There were no Grade ≥ 4 TEAEs and no deaths on the study.  
 
Study MYL-1401H-3001 
The Safety Analysis set consisted of 127 subjects who received at least one 6 mg SC 
injection of MYL-1401H and 67 subjects who received at least one 6 mg SC injection of 
EU-Neulasta®.  
 
The majority of subjects in both treatment groups experienced at least one adverse 
event, the majority of which were mild or moderate in severity. More subjects in the 
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MYL-1401H arm (26/127, 20.5%) than in the EU-Neulasta® arm (8/67, 11.9%) 
experienced Grade ≥ 3 TEAEs. Nine subjects experienced SAEs. Of these, eight 
occurred in the MYL-1401H arm and 1 in the EU-Neulasta® arm. There were no deaths 
in the study.  
 

7.1 Methods 

7.1.1 Studies/Clinical Trials Used to Evaluate Safety 

This safety summary focuses on safety data from: 
 
1. MYL-1401H-1001: A Single-Center, Randomized, Double-Blind, 3-Period, 3-

Treatments, 3-Way Crossover Pharmacokinetics (PK)/Pharmacodynamics (PD) Trial 
to Assess PK, PD, Safety and Tolerability of MYL-1401H after Single Subcutaneous 
Injection at one Dose Level (2 mg) Comparing to a European Union (EU) and United 
States (US) Marketed Drug Product (Neulasta®) in Healthy Volunteers 
 

2. MYL-1401H-1002: A Single-Center, Randomized, Open-label, Parallel Trial to 
Compare Immunogenicity, Safety, and Tolerability of MYL-1401H and US-Licensed 
Pegfilgrastim (Neulasta®) after two Subcutaneous (SC) Injections at One Dose Level 
(6 mg) in Healthy Subjects 
 

3. MYL-1401H-3001: A Multicenter, Double-Blind, Randomized, Comparative Efficacy 
and Safety Study of MYL-1401H and European Sourced Neulasta® in Stage II/III 
Breast Cancer Patients Receiving Neoadjuvant or Adjuvant Chemotherapy 

 
The key data reviewed for clinical safety includes: 

 Clinical study reports 

 Clinical protocols and statistical analysis plans  

 Raw and derived datasets for studies 

 Case report forms and narratives for studies 

7.1.2 Categorization of Adverse Events 

Adverse events reported throughout the study were coded to a preferred term and body 
system using version 17.1 of the MedDRA dictionary. Severity was categorized as mild 
(corresponding to Common Terminology Criteria for Adverse Events [CTCAE] Grade 1), 
moderate (Grade 2), severe (Grade 3) and life-threatening (Grade 4). 
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Study MYL-1401H-3001 
In Study MYL-1401H-3001, a total of four subjects in the MYL-1401H treatment group 
withdrew from the study due to TEAEs. The AEs that led to treatment discontinuation 
included venous thromboembolism (n=1), erysipelas (n=1), pneumonitis (n=1), 
increased ALT (n=1). No subjects in the EU-Neulasta® treatment group discontinued 
treatment due to an adverse event.  

7.3.4 Significant Adverse Events 

See Sections 7.3.2, 7.3.3 and 7.3.5 

7.3.5 Submission Specific Primary Safety Concerns 

Adverse events of special interests were chosen based on serious events known to be 
associated with pegfilgrastim use. Adverse events of special interest included 
splenomegaly, splenic rupture, ARDS, hypersensitivity reactions (including urticaria, 
angioedema, dyspnea, erythema, flushing, hypotension, and anaphylaxis), sickle cell 
crisis, leukocytosis (WBC > 100x109/L), and cytokine release/capillary leak syndromes. 
For each category, the safety database for each clinical study was searched for both 
verbatim and preferred terms indicative of each type of event and/or critical laboratory 
value. In addition, laboratory values were screened for WBC >100x109/L.  
 
In the three clinical studies included in this application, there were no AEs identified that 
were indicative of ARDS, sickle cell crisis, cytokine release/capillary leak syndrome, 
splenomegaly, splenic pain or splenic rupture. No subjects experienced WBC 
>100x109/L. 
 
In Study MYL-1401H-3001, two subjects in the MYL-1401H treatment group 
experienced Grade 1 hypersensitivity reactions. There were no hypersensitivity 
reactions in studies MYL-1401H-1001 and MYL-1401-1002.  
 
Injection Site Reactions 
 
Study MYL-1401H-1001 
Injection sites were evaluated for reactions (including pain, tenderness, erythema, 
swelling, induration, and any other abnormalities at the injection site) serially at 1, 4, 24 
and 96 hours following each injection.  
 
A total of 13/216 (6.0%) of subjects experienced an injection site reaction at one or 
more time points. Twelve of these were mild reactions, and one was a moderate 
reaction (erythema and bruising in a patient who received MYL-1401H).  
 
The table below provides an overview of the injection site reactions in this study.  
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Other Laboratory Parameters 
Several other laboratory abnormalities were identified. Specifically, overall there was a 
2-fold increase in ALP and a minor increase in LDH, and a slight trend towards a 
decrease in potassium. The increases in ALT and AST varied considerably between 
subjects. These findings were similar among all treatment groups and are consistent 
with the known effects of pegfilgrastim.  
 
Subject , a 42 year old male subject developed elevated ALT, AST, GGT, ALP and 
LDH 4 days after administration of US-Neulasta® in treatment period 1. The AE was 
recorded as “abnormal liver function test” and was Grade 1 in severity. Liver enzymes 
normalized by admission in Period 2. However, 4 days after administration of EU-
Neulasta® in treatment period 2, similar abnormalities were observed again and also 
recorded as “abnormal liver function test”, but was Grade 2 in severity. This AE led to 
withdrawal from the study. The liver enzymes normalized without concomitant 
treatment.  
 
Study MYL-1401H-1002 
All clinical laboratory parameters were measured at screening and follow-up, and each 
period at baseline on Day -1 and on Day 2. Absolute neutrophil count was also 
measured on Days 3, 8, 15, and 22 as part of the PD assessments. 
 
Hematology Laboratory Parameters 
In both treatment periods mean ANC levels were elevated to approximately the same 
extent for both treatments (MYL-1401H and US-Neulasta®) on Days 2, 3 and 8, and had 
returned to normal by Day 15. On Day 2 of both periods, mean ANC levels were 
between approximately 6-fold and 8-fold higher compared with baseline for both 
treatments. The strongest response was observed on Day 3 of Period 2, with mean 
ANC levels being approximately 9-fold higher compared with baseline for both 
treatments; this was approximately 5 times the ULN of 7.9 x 109/L.  
 
Consistent with these PD effects of pegfilgrastim, mean leukocyte levels were between 
approximately 4-fold to 6-fold higher on Day 2 of both periods for both treatments 
compared with baseline. The mean leukocyte levels on Day 2 of both periods were 
approximately 3 times ULN for both treatments. The mean leukocyte levels had 
returned to normal by the follow-up visit. An overview of the mean hematology 
laboratory parameters over time for the two treatment groups is provided in the table 
below.  
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days later. This TEAE was Grade 2 in severity and not considered related to the 
study drug. 

 

 Subject  had an elevated body temperature (38.0 °C) approximately 24 hours 
after administration of EU-Neulasta® on Day 2 of Period 3. This elevated body 
temperature was also related to influenza, of which the first symptoms were reported 
2 days before dosing with EU-Neulasta®. The influenza resolved 6 days later without 
concomitant treatment. This TEAE was Grade 1 in severity and not considered 
related to the study drug. 

 

No clinical AEs of the terms “hypertension” or “hypotension” were reported. In 

view of the paucity of abnormalities in vital signs in this study, no further analyses were 
conducted. 
 
Study MYL-1401H-1002 
Body temperature and vital signs (including blood pressure and pulse) were assessed 
at screening, each period on Day -1, within 60 minutes before dosing on Day 1, at 24 
(Day 2) and 48 hours (Day 3) post-dose, and at follow-up.  
 
There were no clinically relevant or meaningful changes in vital signs throughout the 
study. No clinical AEs of the terms “hypertension”, “hypotension”, “tachycardia” or 
“bradycardia” were reported. In view of the paucity of abnormalities in vital signs in this 
study, no further analyses were conducted. 
 
Study MYL-1401H-3001 
Vital signs including heart rate, respiratory rate and blood pressure were obtained at the 
following time points: 

 Screening 

 Cycle 1: Day 1 (within 1 hour prior to chemotherapy, after chemotherapy, and before 
discharge of the patient from the site), Day 8, Day 15 

 End-of-Study 

 Early termination (if applicable) 
 
Temperature was measured at the following time points: 

 Screening 

 Cycle 1: Daily from Day 1 to Day 15 (and daily from  Day 16 to Day 21 if ANC had 
not reached ≥ 1.5x109/L with a platelet count ≥ 100x109/L) 

 End-of-Study 

 Early termination (if applicable) 
 
Descriptive summaries of observed values and changes from Cycle 1, Day 1 were 
calculated for all vital signs. These summaries were presented by visit and treatment 
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arm. Per the Applicant, overall, there were no clinically significant changes in vital signs 
during the study, although there were non-significant shifts during various time points. 
 
Four subjects in the MYL-1401H treatment group experienced an AE of tachycardia 
(Grade 1: n=2, Grade 2: n=2). Three subjects in the EU-Neulasta® treatment group 
experienced an AE of tachycardia (all Grade 2). One subject in the EU-Neulasta® 
treatment group experienced Grade 2 hypotension and one subject in the MYL-1401H 
treatment group experienced Grade 2 hypertension.  

7.4.4 Electrocardiograms (ECGs) 

Study MYL-1401H-1001 
ECGs were obtained during screening, and on Days -1, 1, 5, 9 of each treatment period 
and at follow-up. There were no changes or trends of clinical significance for heart rate, 
PR interval, QRS duration, QT interval, QTcF interval. All ECG evaluations were 
recorded as normal or as not clinically significant abnormal.  
 
Study MYL-1401H-1002 
ECGs were obtained at screening, each treatment period on Day-1 and within 60 
minutes before dosing on Day 1, and at follow-up. No changes or trends of clinical 
significance were seen for the heart rate, PR-interval, QRS-duration, QT-interval or 
QTcF-interval. All ECG evaluations were recorded as normal or as not clinically 
significant abnormal. 
 
Study MYL-1401H-3001 
An ECG was obtained during screening, but was not repeated during the course of the 
study, unless clinically indicated.  

7.4.5 Special Safety Studies/Clinical Trials 

There were no special studies for similarity of safety endpoints submitted for review. 

7.4.6 Immunogenicity 

Study MYL-1401H-3001 
There were 19 patients (15.1%) in the MYL-1401H group and 12 patients (17.9%) in the 
EU-Neulasta® group who were ADA-positive before receiving any study drug in Cycle 1. 
None of the positive sera tested positive for neutralizing antibodies (NAb). Overall, for 
all cycles after the first dose in Cycle 1, there was 1 (0.8%) patient in the MYL-1401H 
group and 2 (3.0%) patients in the EU-Neulasta® group who were positive for ADA. The 
ADA result for 1 (1.5%) patient in the EU-Neulasta® group was considered to be due to 
seroconversion (treatment-induced positive). Overall, the incidence of treatment 
emergent ADA-positive samples was low and most of the ADA-positive samples prior to 
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start of treatment were against the PEG part of the molecule. Notably, none of the 
patients who were ADA-positive tested positive for NAb. 
 
See OBP review for additional details regarding immunogenicity assessments and 
results.  
 

7.5 Other Safety Explorations 

7.5.1 Dose Dependency for Adverse Events 

Not applicable. 

7.5.2 Time Dependency for Adverse Events 

Time dependency for adverse events has been integrated into the primary safety 
analyses. Overall, there were no clinically meaningful trends in the incidence of specific 
adverse events over time.  

7.5.3 Drug-Demographic Interactions 

There were no clinically meaningful trends or safety concerns in the analyses conducted 
with respect to gender or race.  

7.5.4 Drug-Disease Interactions 

Not applicable. 

7.5.5 Drug-Drug Interactions 

Not applicable. 
 

7.6 Additional Safety Evaluations 

7.6.1 Human Carcinogenicity 

Not applicable.  

7.6.2 Human Reproduction and Pregnancy Data 

No human or animal studies have investigated the potential effects of MYL-1401H 
during pregnancy and lactation. 
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7.6.3 Pediatrics and Assessment of Effects on Growth 

No human studies have investigated the potential effects of MYL-1401H in pediatric 
subjects. 

7.6.4 Overdose, Drug Abuse Potential, Withdrawal and Rebound 

The potential effects of MYL-1401H overdose have not been systematically studied. 
There were no TEAEs reported of an acute overdose of MYL-1401H in any clinical 
study. 
 

7.7 Additional Submissions / Safety Issues 

Not applicable.  

8 Postmarket Experience 

Not applicable. MYL-1401H has not been marketed in any country.
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9 Appendices 

 

9.1 Literature Review/References 

1. https://www.fda.gov/downloads/drugs/guidances/ucm291128.pdf. 
 

9.2 Labeling Recommendations 

The label was not reviewed.  
 

9.3 Advisory Committee Meeting 

Not applicable. Neulast 
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