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I. Executive Summary 

1. Summary of Regulatory Action 
Evive Biotechnology Singapore Pte. Ltd submitted a biologics license application (BLA) 761134 
for Ryzneuta (efbemalenograstim alfa-vuxw, F-627), a granulocyte colony stimulating factor (G-
CSF). The BLA was reviewed by a multi‐disciplinary review team. The Applicant’s proposed 
indication is to decrease the incidence of infection, as manifested by febrile neutropenia, in 
patients with nonmyeloid malignancies receiving myelosuppressive anticancer drugs associated 
with a clinically significant incidence of febrile neutropenia. Each discipline (Chemistry 
Manufacturing and Controls, Clinical, Clinical Pharmacology, Pharmacology/Toxicology, 
Statistics and Regulatory) recommends approval and the signatory authority for this application 
concurs with those recommendations.  

Substantial evidence of effectiveness was established in two main trials, GC-627-04 and GC-
627-05. Both trials were adequate and well-controlled and enrolled subjects with breast cancer 
receiving chemotherapy. Trial GC-627-04 demonstrated that F-627 significantly decreased the 
duration of severe neutropenia over placebo in subjects receiving chemotherapy. Trial GC-627-
05 demonstrated noninferiority of F-627 to pegfilgrastim, a US-licensed G-CSF on the same 
endpoint. Reducing the duration of severe neutropenia in patients receiving myelosuppressive 
chemotherapy can reduce complications associated with cancer treatment including 
hospitalization, and life-threatening infection.  

The submitted safety data showed common adverse reactions of alopecia, fatigue, anemia, bone 
pain and nausea. All of these are commonly seen in patients receiving chemotherapy. The BLA 
contained all the necessary elements to support a conclusion of safety and effectiveness and the 
inspection of the manufacturing, packaging, and distribution facilities did not uncover any 
deficiencies needing to be addressed.  

The overall benefit-risk is favorable as described in the Benefit-Risk Framework below. Based 
upon review of all available efficacy and safety data, the benefits of F-627 clearly outweigh the 
risks for treatment of chemotherapy-induced neutropenia. For detailed information supporting 
the basis for this approval, please refer to the detailed reviews included in this Interdisciplinary 
Assessment document. 
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2. Benefit-Risk Assessment 

2.1. Benefit-Risk Framework 

Table 2. Benefit-Risk Framework 
Dimension Evidence and Uncertainties  Conclusions and Reasons 
Analysis of 
Condition 

• Chemotherapy used to treat malignancy can result in 
clinically significant myelosupression. Chemotherapy-
induced neutropenia (CIN) when severe (i.e., less than 
500 cells/µL) is associated with febrile neutropenia, life-
threatening infections that result in hospitalizations, and 
mortality. Also, severe neutropenia can lead to dose 
reductions and treatment delays in receipt of chemotherapy 
regimens reducing the anticancer effect of the therapy.  

• The American Society of Clinical Oncology (ASCO) 
recommends the prophylactic use of colony stimulating 
factors (CSFs) to reduce the risk of febrile neutropenia 
when the risk of febrile neutropenia is approximately 20% 
or higher in a chemotherapy regimen (Smith et al. 2015). 
The use of CSFs has been shown to reduce the duration 
and severity of neutropenia, decrease the risk of febrile 
neutropenia, and allow for the appropriate dose and on-
time delivery of chemotherapy.  

• CIN can result in clinically significant consequences such 
as severe infection, hospitalization, chemotherapy dose 
reductions, chemotherapy treatment delays, and mortality.  
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Dimension Evidence and Uncertainties  Conclusions and Reasons 
Current 
Treatment 
Options= 

• Granulocyte colony-stimulating factors (G-CSFs) are 
cytokines that stimulate the production of the white blood 
cells, specifically neutrophils, in the bone marrow.  

• In 1991, the first G-CSF product, filgrastim, was US-
licensed to decease the incidence of infection as 
manifested by febrile neutropenia in patients with 
nonmyeloid malignancies receiving myelosuppressive 
anticancer drugs associated with a significant incidence of 
severe neutropenia with fever. 

• Currently, there are three US-licensed novel G-CSFs with 
similar indications as proposed by the Evive Biotechnology, 
Singapore, PTE LTD, for F-627. Filgrastim, US-licensed in 
1991, and tbo-filgrastim, US-licensed in 2012, are G-CSF 
products that are used daily following chemotherapy until 
the timeframe for neutropenia is likely past prior to the next 
chemotherapy cycle. Pegfilgrastim, a long-acting G-CSF, 
US-licensed in 2002, is used once in a chemotherapy cycle 
because it lasts longer in the body. Eflapegrastim, another 
long acting G-CSF was US-licensed in 2022. In addition to 
these three US-licensed products, there have been at least 
nine biosimilars to either filgrastim (3) or pegfilgrastim (6) 
US-licensed since 2015.  

• G-CSFs have been used to decrease the incidence of 
severe neutropenia following chemotherapy for over 30 
years with the goal of avoiding the consequences of CIN 
listed above.  

Benefit • F-627 is proposed to decrease the incidence of infection as 
manifested by febrile neutropenia, in patients with 
nonmyeloid malignancies receiving myelosuppressive 
anticancer drugs associated with a clinically significant 
incidence of febrile neutropenia.  

• F-627 is a recombinant human granulocyte colony 
stimulating factor - fragment crystallizable (G-CSF-Fc)  
fusion protein with two G-CSF molecules at one end and an 
antibody fragment crystallizable (Fc) portion at the other. 
The Fc region allows the drug to remain in the body for a 
longer period of time.  

• F-627 can be given once per cycle treatment following 
chemotherapy cycle.  

• In GC-627-04, the lower incidence of febrile neutropenia in 
subjects receiving F-627 versus placebo, and in GC-627-
05, similar results between F-627 and pegfilgrastim, 
support the benefit of the study drug. 

• The decrease in the number of days of severe neutropenia 
with F-627 compared to placebo, results in a decreased 
risk of infection and allows for timely and appropriate 
dosing of chemotherapy. These benefits impact how 
patients feel, function, and survive.  

• The magnitude of benefit appears to be similar to the 
approved product pegfilgrastim. 
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Dimension Evidence and Uncertainties  Conclusions and Reasons 
• The efficacy of F-627 at 20 mg was evaluated in two 

randomized and controlled trials enrolling female subjects 
with breast cancer receiving chemotherapy. In the first trial, 
GC-627-04, F-627 was compared to placebo. In the GC-
627-04 trial, the least square (LS) mean duration of severe 
neutropenia (DSN) in chemotherapy cycle 1 was 1.4 days 
in the F-627 arm and 4.3 days in the placebo arm 
demonstrating superiority for the endpoint of DSN when 
compared to placebo. In the second trial, GC-627-05, the 
least squares mean for DSN for both F-627 and 
pegfilgrastim in cycle 1 was 0.2 days. In GC-627-05, F-627 
demonstrated noninferiority for the endpoint of duration of 
severe neutropenia when compared to pegfilgrastim, an 
US-licensed G-CSF. 

• The incidence of febrile neutropenia (FN) in cycle 1 was 
4.8% for the F-627 arm and 25.6% for the placebo arm in 
trial GC-627-04. In trial GC-627-05, the incidence of FN in 
the F-627 arm was 3% and 0% in the pegfilgrastim arm 
with an unadjusted treatment difference of 2.5% (95% 
confidence interval (CI): -7.3, 12.4).  

• The incidence of intravenous (IV) antibiotic use in trial GC-
627-04 was 3.6% in subjects treated with F-627 and 17.9% 
in subjects treated with placebo in cycle 1. In trial GC-627-
05, IV antibiotics were used in 4.6% of subjects in the F-
627 arm and in 1% of subjects in the pegfilgrastim arm for 
cycles 1-4 combined. 

• In trial GC-627-04, one subject was hospitalized for febrile 
neutropenia or infection in the placebo arm and no subjects 
were hospitalized for FN in the F-627 arm. In trial GC-627-
05, one subject in each arm was hospitalized for FN or any 
infection during the study.  

• Studies in patients included only females with breast 
cancer, primarily from Russia and Ukraine. However the 
following evidence was considered: 
– Studies in healthy volunteers demonstrated that the 

pharmacodynamic response to F-627, increase in 
ANC, was similar in males and females. 

• The population in whom benefit is expected includes both 
male and female adult patients receiving myelosuppressive 
chemotherapy that is high risk for febrile neutropenia. 
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Dimension Evidence and Uncertainties  Conclusions and Reasons 
– A review of the CSF3R gene variants and RNA 

expression levels was conducted, which showed 
variants leading to alteration of CSF3R protein 
sequence were of low prevalence and would likely not 
produce significant heterogeneity in treatment 
response at the population level. In addition, 
differences in the CSF3R expression levels were not 
observed between sex, race/ethnicity, or age groups in 
data obtained from healthy subjects.  

– Docetaxel and doxorubicin (TA) chemotherapy was 
used in Trial GC-627-04, and docetaxel and 
cyclophosphamide (TC) chemotherapy was used in 
Trial GC-627-05, these chemotherapy agents are also 
used in the US and increase the risk for febrile 
neutropenia. 

Risk and Risk 
Management 

• Based on the clinical experience of other G-CSF products, 
several adverse reactions will be listed under Warnings and 
Precautions in the label. This includes leukocytosis, allergic 
reaction, splenic rupture, acute respiratory distress 
syndrome, sickle cell crisis, glomerulonephritis, aortitis, 
thrombocytopenia, capillary leak syndrome, and 
myelodysplastic syndrome and acute myeloid leukemia in 
patients with breast and lung cancer. Overall, these 
adverse reactions were not commonly seen with F-627.   

• Serious adverse events (SAEs) were reported in 16 
subjects (6%) treated with F-627. The SAEs reported were 
febrile neutropenia, tumor hemorrhage, fatigue, 
hypertension, angioedema, pulmonary embolism, 
pneumonia, syncope, urticaria, diabetic ketoacidosis, and 
acute kidney injury.  

• In Study GC-627-04, the most common adverse reactions 
(≥5%) in the F-627 arm through cycle 1 were nausea, 
anemia, and thrombocytopenia.  Other adverse reactions 
reported by ≥ 20% of F-627-treated patients with breast 
cancer receiving myelosuppressive chemotherapy in study 
GC-627-05 were fatigue and bone pain. 

• The adverse reactions seen in the main trials were 
expected based on previous experience with approved G-
CSFs in populations of patients receiving chemotherapy. 
Similar to other long-acting G-CSF products, a limitation of 
use is recommended, F-627 is not indicated for the 
mobilization of peripheral blood progenitor cells for 
hematopoietic stem cell transplantation. 

• A slightly higher proportion of patients in the F-627 arm 
experienced adverse events compared to patients in the 
pegfilgastrim arm. Attribution of adverse events is very 
challenging given patients received intesive chemotherapy 
regimens and had signficiant comorbidities. The differences 
in rate of adverse events are likely more reflective of 
toxicities of chemotherapy and underlying comorbidities. 
The safety profile of F-627 and pegfilgastrim is considered 
similar. 

• Because of the small database, not all G-CSF class 
adverse effects were seen in the clincial trials. 
Nonetheless, F-627 should carry the appropriate class 
warnings to ensure safe use because they are expected to 
be similar based on similar mechanism of the drugs. 
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2.2. Conclusions Regarding Benefit-Risk 
Chemotherapy-induced neutropenia (CIN) is a side effect of cancer treatment. Severe neutropenia (i.e., less than 500 cells/µL) can 
lead to fever, infections, hospitalizations, and delays in chemotherapy treatment, and all of these consequences can impact survival. 
Chemotherapy treatment guidelines strongly recommend granulocyte stimulating factors (G-CSFs) for patients receiving 
myelosuppressive chemotherapy to alleviate the chemotherapy effect on the bone marrow. G-CSFs with a short half-life are 
administered daily following completion of each cycle of chemotherapy treatment. Examples of G-CSFs with a short half-life include 
the US-licensed filgrastim and tbo-filgrastim. G-CSFs with a long half-life are given once following completion of each cycle of 
chemotherapy treatment. Examples of G-CSFs with a long half-life include the US-licensed pegfilgrastim. In general, G-CSFs allow 
for faster recovery of white blood cell counts for patients.  

Efbemalenograstim alfa-vuxw (F-627) is a G-CSF. F-627 is a novel G-CSF with a fragment crystallizable (Fc) portion which allows 
extended exposure time, similar to pegfilgrastim. The efficacy and safety of the drug has been demonstrated in two trials enrolling 280 
subjects with breast cancer receiving chemotherapy. The primary endpoint of both trials was duration of severe neutropenia. Subjects 
who were randomized to the F-627 treatment arm received 20 mg of F-627 once per chemotherapy cycle. In one trial (GC-627-04), 
the F-627-treated subjects had a significantly shorter duration of severe neutropenia compared to placebo-treated subjects. In the 
second trial (GC-627-05), which involved a noninferiority comparison with pegfilgrastim, an US-licensed product, F-627 was 
demonstrated to be noninferior. In trial GC-627-04, the incidence of febrile neutropenia was significantly (both statistically and 
clinically) lower for F-627-treated patients compared to placebo-treated patients in cycle 1. In study GC-627-05 the incidence of 
febrile neutropenia was similar between F-627 and pegfilgrastim. Although numerically worse with F-627 this finding is likely due to 
chance and not clinically meaningful. While both clinical trials were conducted only in females with breast cancer, primarily from 
Hungry and Ukraine, the results are applicable to a broader population (i.e., males, other races/ethnicities, a US population, and a 
variety of underlying cancers treated with myelosuppressive chemotherapy at high risk for febrile neutropenia). This conclusion is 
supported by a similar PD response in male subjects from healthy volunteer studies, the chemotherapy agents used in the clinical trials 
are also used in the United States and increase the risk of febrile neutropenia, and analysis of CSF3R gene variants and RNA 
expression levels. 

The most common adverse reactions for F-627 treatment arms were nausea, fatigue, anemia, and bone pain. In study GC-627-05, a 
slightly higher proportion of patients in the F-627 arm experienced adverse events compared to patients in the pegfilgastrim arm. 
However, the differences in rate of adverse events are likely more reflective of toxicities of chemotherapy and underlying 
comorbidities from breast cancer.  F-627 treatment discontinuation occurred because of increased liver enzymes and hypersensitivity 
reactions (angioedema and urticaria). Liver enzymes improved following drug discontinuation and this risk will be described in the 
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label. Serious allergic reaction is described as a Warning in the label and discontinuation is recommended if serious allergic reaction 
occurs. A contraindication will be included for patients with a history of serious hypersensitivity to the product.   

Because of the small database, not all G-CSF class adverse effects were seen in the clinical trials. F-627 must carry the appropriate 
class warnings such as anaphylaxis, fatal splenic rupture, acute respiratory distress syndrome, fatal sickle cell crisis, 
glomerulonephritis, aortitis, thrombocytopenia, capillary leak syndrome, and myelodysplastic syndrome and acute myeloid leukemia 
in patients with breast and lung cancer, to ensure safe use.  

Severe neutropenia and febrile neutropenia can lead to significant morbidity and is life-threatening therefore, longstanding clinical 
guidelines recommend prophylactic G-CSF therapy in patients receiving myelosuppressive chemotherapy at high risk for febrile 
neutropenia. Based on the considerations above, the benefit of F-627, measured by duration of severe neutropenia and incidence of 
febrile neutropenia is expected to result in decreased risk of infection and a decrease in chemotherapy treatment delay. The benefit and 
risks of F-627 are comparable to approved G-CSF drugs, which have long been considered acceptable to decrease the incidence of 
infection, as manifested by febrile neutropenia in patients with malignancies receiving myelosuppressive chemotherapy.   
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II. Interdisciplinary Assessment 

3. Introduction 
The Applicant’s proposed indication for efbemalenograstim alfa-vuxw (F-627, proposed 
proprietary name, Ryzneuta) is “to decrease the incidence of infection, as manifested by febrile 
neutropenia, in patients with nonmyeloid malignancies receiving myelosuppressive anti-cancer 
drugs associated with a clinically significant incidence of febrile neutropenia.” The product is 
given as a subcutaneous injection. The proposed dosing regimen for F-627 is 20 mg administered 
once per cycle, 24 hours after completion of the chemotherapy regimen. 

F-627 is a recombinant human G-CSF receptor agonist with a fragment crystallizable (Fc) fusion 
protein. The drug is an addition to an existing drug class. This class of drugs has been used to 
reduce the duration of severe neutropenia by increasing the number of granulocytes, in particular 
neutrophils, after the administration of chemotherapy. These drugs aid the body in replenishing 
some cells of the hematopoietic system which are needed to fight infection.  

Chemotherapy damages the fastest growing cells in the body. Chemotherapy-induced 
neutropenia (CIN) is a side effect of cancer treatment. Severe neutropenia (i.e., less than 
500 cells/µL) can lead to fever, infections, hospitalizations, delays in chemotherapy treatment 
and all of these consequences can impact survival. The duration of severe neutropenia is directly 
related to development of febrile neutropenia (Bodey et al. 1966). The clinical definition of 
febrile neutropenia is ≥38.3°C measured orally for a duration of over 1 hour. Chemotherapy-
induced febrile neutropenia is associated with life threatening infections that can result in 
hospitalizations and mortality. Febrile neutropenia can also lead to dose reduction of 
chemotherapeutic regimens which can then reduce the anticancer effect of the therapy. Use of G-
CSFs can decrease the amount of time that patients have severe neutropenia and therefore reduce 
the possibility of severe infection. These infections may cause hospitalization as well as 
increased morbidity and mortality. 

Granulocyte colony stimulating factor (G-CSF) stimulates the proliferation and differentiation of 
neutrophil precursors, and increased survival and activity of mature neutrophils in the body after 
chemotherapy (Welte et al. 1996). G-CSFs are known to decrease the duration of febrile 
neutropenia as well as the duration of antibiotics used (Mhaskar et al. 2014). In addition, they 
enable the delivery of full chemotherapy dose intensity (Lyman 2011). The American Society of 
Clinical Oncology (ASCO) Recommendations for the Use of White Blood Cell Growth Factors 
Guidelines recommend G-CSFs be used when the risk of febrile neutropenia is in the range of 
20% or higher (Aapro et al. 2006; Smith et al. 2015).  

The first US-licensed product in this drug class was filgrastim (Neupogen), US-licensed in 1991. 
Eleven years later in 2002, pegfilgrastim (Neulasta) was US-licensed. Tbo-filgrastim (Granix) 
was US-licensed in 2012. Between 2015 and 2022, nine biosimilars were US-licensed.  
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Like pegfilgrastim, F-627 lasts longer in the body and is only needed once per chemotherapy 
cycle. Filgrastim and tbo-filgrastim require daily injections per cycle. Considerations when 
developing a long-acting granulocyte stimulating colony stimulating factor were reviewed by 
Arvedson et al (Arvedson et al. 2015). The considerations included the elimination or significant 
reduction of renal clearance while retaining neutrophil mediated clearance. This slow removal 
from the body allows the drug to be in an effective concentration for the complete chemotherapy 
cycle. Additional requirements were efficacy equivalent to or better than filgrastim across a 
broad range of tumor types, no additional adverse events, and no increase in immunogenicity 
(Arvedson et al. 2015).  

The Applicant submitted two main trials, GC-627-04 and GC-627-05. Both trials included 
subjects with breast cancer receiving chemotherapy. Trial GC-627-04 was a multicenter, 
randomized, double-blind, placebo-controlled superiority study. The trial included subjects with 
breast cancer receiving docetaxel and doxorubicin (TA) for chemotherapy. The second trial was 
GC-627-05, a multicenter, randomized, open-label, actively-controlled, noninferiority study 
enrolling subjects with breast cancer receiving docetaxel and cyclophosphamide (TC) for 
chemotherapy.  

Reference ID: 5278513



BLA 761134  
Ryzneuta (efbemalenograstim alfa-vuxw) 

12 
Integrated Review Template, version 3.0 (05/25/2022) 

3.1. Review Issue List 

3.1.1. Key Efficacy Review Issues 

3.1.1.1. Applicability of F-627 Clinical Trial Results to Both 
Genders 

3.1.1.2. Applicability of the F-627 Clinical Trial Results to the 
U.S. Population 

3.1.1.3. Applicability of the F-627 Clinical Trial Results in 
Patients With Breast Cancer to Patients With Other 
Cancer (Nonmyeloid) Types 

3.1.1.4. Applicability of the F-627 Clinical Trial Results From 
Patients Receiving Chemotherapy Treatments Limited 
to Docetaxel, Doxorubicin, and Cyclophosphamide to 
Patients Receiving Other Myelosuppressive 
Chemotherapy Treatment 

3.1.1.5. Applicability of the F-627 Clinical Trial Results to 
Patients >65 Years Old 

3.1.2. Key Safety Review Issues  
The key review issues regarding risk are the same as the key issues regarding benefit because of 
the enrolled population limitations. 

3.1.2.1. Applicability of the F-627 Clinical Trial Results to 
Both Genders 

3.1.2.2. Applicability of the F-627 Clinical Trial Results to the 
U.S. Population 

3.1.2.3. Applicability of the F-627 Clinical Trial Results in 
Patients With Breast Cancer to Patients With Other 
Cancer (Nonmyeloid) Types 
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3.1.2.4. Applicability of the F-627 Clinical Trial Results From 
Patients Receiving Chemotherapy Treatments Limited 
to Docetaxel, Doxorubicin, and Cyclophosphamide to 
Patients Receiving Other Myelosuppressive 
Chemotherapy Treatments 

3.1.2.5. Applicability of the F-627 Clinical Trial Results to 
Patients >65 Years Old 

3.2. Approach to the Clinical Review 
This is a joint review. Lola Luo and Yeh-Fong Chen focused on the efficacy data. The Clinical 
Data Scientist team (Qunshu Zhang and Jinzhong Liu) focused on the supportive safety and 
efficacy data. Donna Whyte-Stewart, Carrie Diamond and Ann Farrell focused on the efficacy, 
supportive safety data, and regulatory issues regarding extrapolation to males, other races and 
ethnicities, other tumor types and other chemotherapy regimens. Fred Alavi, Natalie Simpson, 
and Pedro DelValle reviewed the nonclinical toxicology studies, and Brianna Cote and 
Sudharshan Hariharan reviewed the clinical pharmacology data. Anthony Orencia, Min Lu, and 
Kassa Ayalew reviewed the application for compliance with regulations regarding clinical trial 
conduct. Table 3 provides an overview of the clinical trials submitted in support of efficacy and 
safety.  
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Table 3. Clinical Trials Submitted in Support of Efficacy and/or Safety Determinations1 for F-627 

Study/Trial 
Identifier 
(NCT#) 

Study/Trial 
Population Study/Trial Design 

Regimen (Number 
Treated), Duration 

Primary and Key 
Secondary 
Endpoints 

Number of 
Subjects 
Planned; 
Actual 
Randomized2 

Number of 
Centers 
and 
Countries 

GC-627-04 Females with 
Stage II-IV 
breast cancer 
receiving 
concurrent TA 
chemotherapy 

Control type: Placebo 
 
Randomization: 
Randomized (2:1) 
 
Blinding: Double-blind 
 
Biomarkers: None 
 
Innovative design features: 
None 

Drug: F-627 
 
Dosage: 20 mg 
 
Number treated: 83 
 
Duration (quantity and 
units): 
14 mo 

Primary: 
Duration of grade 4 
neutropenia in cycle 
1 
 
Secondary: 
Duration in days of 
grade 4 
neutropenia, 
duration in days of 
grade 2 and 3 
neutropenia  

120; 122 Centers: 
11, 
Locations: 
Hungary, 
Russia, 
Ukraine, 
US 

GC-627-05 Females with 
Stage I-III 
breast cancer 
receiving 
concurrent TC 
chemotherapy 

Control type: Active -
controlled (pegfilgrastim) 
 
Randomization: Randomized 
 
Blinding: Open-label 
 
Biomarkers: None 
 
Innovative design features: 
None 

Drug: F-627 
 
Dosage: 20 mg 
 
Number treated: 197 
 
Duration (quantity and 
units): 84 days with 6-
month follow-up 

Primary: 
Duration of grade 4 
neutropenia in cycle 
1 
 
Secondary: 
Duration of use of 
intravenous (IV) 
antibiotics, duration 
of hospitalization for 
febrile neutropenia 
or any infection  

400; 393 Centers: 
41, 
Locations: 
Bulgaria, 
Hungary, 
Russia, 
Ukraine, 
US 
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Study/Trial 
Identifier 
(NCT#) 

Study/Trial 
Population Study/Trial Design 

Regimen (Number 
Treated), Duration 

Primary and Key 
Secondary 
Endpoints 

Number of 
Subjects 
Planned; 
Actual 
Randomized2 

Number of 
Centers 
and 
Countries 

SP11631 Females with 
breast cancer 
receiving 
concurrent EC 
chemotherapy 

Control type: Actively-
controlled (filgrastim (GRAN)) 
 
Randomization: Randomized 
 
Blinding: Open-label 
 
Biomarkers: None 
 
Innovative design features: 
None 

Drug: F-627 
 
Dosage: 20 mg 
 
Number treated: 120 
 
Duration (quantity and 
units): 1 y 

Primary: 
Duration of grade 3 
or 4 neutropenia in 
cycle 1 
 
Secondary: 
Incidence rate of 
grade 3 or 4 
neutropenia, 
durations (days) of 
grade 3 or 4 
neutropenia in 
cycles 2–4 

240; 242 Centers: 
13, 
Location: 
China 

GC-627-02 Females with 
Stage I-IV 
breast cancer 
receiving 
concurrent TC 
or TAC 

Control type: Actively-
controlled 
 
Randomization: Randomized 
 
Blinding: Open-label 
 
Biomarkers: None 
 
Innovative design features: 
Multidose 

Drug: F-627 
(lysophilized) 
Dosage: 80, 240,320 
mcg 
 
Number treated: 167 
 
Duration (quantity and 
units): 8 mo 

Primary: 
Duration of grade 3 
and grade 4 
neutropenia in cycle 
1. 
 
Secondary: 
Duration of grade 3 
and grade 4 
neutropenia in 
cycles 2-4, 
incidence rates of 
febrile neutropenia 

230; 232 Centers: 
35, 
Locations: 
Russia, 
Ukraine, 
US 
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Study/Trial 
Identifier 
(NCT#) 

Study/Trial 
Population Study/Trial Design 

Regimen (Number 
Treated), Duration 

Primary and Key 
Secondary 
Endpoints 

Number of 
Subjects 
Planned; 
Actual 
Randomized2 

Number of 
Centers 
and 
Countries 

SP-CDR-1-
1302 

Postoperative 
breast cancer 
females 
receiving 
concurrent EC 
chemotherapy 

Control type: Actively-
controlled  
 
Randomization: Randomized 
 
Blinding: Open-label 
 
Biomarkers: None 
 
Innovative design features: 
Multidose 

Drug: F-627 
(lysophilized) 
 
Dosage: 10, 20 mg 
 
Number treated: 93 
 
Duration (quantity and 
units): 16 mo 

Primary: 
Duration of grade 3 
and grade 4 
neutropenia in cycle 
1. 
 
Secondary: 
Incidence rate of 
grade 3 and grade 4 
neutropenia in each 
cycle, Duration of 
grade 3, and grade 
4 neutropenia in 
cycles 2-4 

150; 138 Centers: 
15, 
Location: 
China 

2012-F-
627-CH1 

Postoperative 
breast cancer 
females 
receiving 
concurrent EC 
chemotherapy 

Control type: None 
 
Randomization: 
None – subjects were enrolled 
sequentially 
 
Blinding: Open-label 
 
Biomarkers: None 
 
Innovative design features: 
Single-dose and repeated-
dose 

Drug: F-627 
(lyophilized) 
Dosage: 80, 240, and 
320 μg/kg  
 
Number treated: 18 
 
Duration (quantity and 
units): 4 cycles  

Primary: 
Safety and 
tolerability 
 
Secondary: 
Pharmacokinetics of 
F-627, 
pharmacodynamics 
of F-627 
(relationship 
between drug 
concentration and 
neutrophil counts at 
different timepoints 
after dosing) 

18; 18 Centers: 1; 
Location: 
China 

Source: Clinical Reviewer  
1 Includes all submitted clinical trials, even if not reviewed in-depth, except for phase 1 and pharmacokinetic studies.  
2 Clinical response is defined by a decrease from baseline of Mayo score of at least 3 points and at least 30 percent, with an accompanying decrease in the subscore for rectal 
bleeding of at least 1 point or an absolute subscore for rectal bleeding of 0 or 1.  
Abbreviations: BID, twice daily; DB, double-blind; EC, epirubicin and cyclophosphamide; LTE, long-term extension study; MC, multicenter; OL, open-label; PC, placebo-controlled; PG, 
parallel group; R, randomized; US, United States  
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4. Patient Experience Data  
No patient experience data as submitted.  

Table 4. Patient Experience Data Submitted or Considered 
Data Submitted in the Application 
Check if 
Submitted Type of Data 

Section Where Discussed, 
if Applicable 

Clinical outcome assessment data submitted in the application  
☐ Patient-reported outcome  
☐ Observer-reported outcome   
☐ Clinician-reported outcome   
☐ Performance outcome  

Other patient experience data submitted in the application  
☐ Patient-focused drug development meeting summary  
☐ Qualitative studies (e.g., individual patient/caregiver 

interviews, focus group interviews, expert interviews, Delphi 
Panel) 

 

☐ Observational survey studies  
☐ Natural history studies   
☐ Patient preference studies   
☐ Other: (please specify)  
☒ If no patient experience data were submitted by Applicant, indicate here. 

Data Considered in the Assessment (But Not Submitted by Applicant) 
Check if 
Considered Type of Data 

Section Where Discussed, 
if Applicable 

☐ Perspectives shared at patient stakeholder meeting   
☐ Patient-focused drug development meeting summary report   
☐ Other stakeholder meeting summary report   
☐ Observational survey studies   
☐ Other: (please specify)  

 

5. Pharmacologic Activity, Pharmacokinetics, 
and Clinical Pharmacology 

5.1. Nonclinical Assessment of Potential 
Effectiveness 

F-627 (Efbemalenograstim alfa-vuxw) is composed of human granulocyte colony stimulating 
factor (G-CSF) linked to a human IgG2 Fc fragment with a 16-amino acid linker. The G-CSF 
moiety of F-627 binds to an extracellular domain of the G-CSF receptor (Dwivedi and Greis 
2017) resulting in the activation of signal transducer and the activator of transcription 3 (STAT3) 
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while the Fc moiety binds to Neonatal Fc receptors (FcRn). The Fc moiety extends the half-life 
by FcRn-mediated cellular recycling while adding to the molecular weight and reduce renal 
clearance. The combined effect of F-627 at G-CSF and FcRn receptors is intended to prolong 
exposure and pharmacological activity acting as a hematopoietic growth factor stimulating 
proliferation, differentiation, and activation of neutrophils (NEUT). 

Figure 1. Dose-Response Curve (a) and EC50 Values (b) for F-627, rhG-CSF and Pegfilgrastim in 
Inducing Proliferation in a Myelogenous Leukemia G-CSF Dependent Cell Line (M-NSF-60)  
(A) Dose Response  

 
(B) EC50 Values 
Testing Article MW (KD) EC50 (pg/mL) EC50 (pM) 
F-627 (efbemalenograstim alfa-vuxw) 93.4 695.5 7.77 
rhG-CSF (Neupogen®) 18.8 129.3 6.88 
Pegfilgrastim (Neulasta®)  39 547 29.1 

Source: In vitro biological activity of F-627 in M-NSF-60 cell lines, Study# F-627-BA-09-11-19 
Abbreviations: EC50, half-maximal effective concentration; G-CSF, granulocyte colony-stimulating factor; MW, molecular weight; 
rhG-CSF, recombinant human granulocyte colony-stimulating factor 

In vivo studies in healthy SD rats, ICR mice, and Cynomolgus monkeys show that F-627 is 
active in all three test species. Subcutaneous administration of F-627 (1 to 300 µg/kg) to healthy 
rats increased the absolute neutrophil count (ANC) to a similar extent as 100 µg/kg rhG-CSF 
with the minimal effective dose estimated to be 3 µg/kg. The dose-response in rats extended up 
to 7500 µg/kg suggesting that F-627 maintains its pharmacological activity over a broad dose 
range in rats. F-627 activity was also administered to healthy monkeys where 300 and 
3000 µg/kg F-627 produced a significant increase in white blood cells (WBCs) (2.7X and 5.6X) 
and NEUT (6X and 13.6X). Mice dosed with 100 µg/kg F-627 had a 6-fold increase in ANC at 
48 hours postdose. In comparison, rhG-CSF and pegfilgrastim produced a 2- and 4-fold increase 
in murine ANC, respectively, albeit at a lower dose (40 µg/kg). The increase in ANC by F-627 
corresponded with 17- to 20-fold increase in phosphorylated STAT3 (pSTAT3) compared to 
baseline in mice bone marrow providing further evidence that F-627-induced increase in 
peripheral NEUTs occurs via activation of G-CSF receptors, with signal transduction being 
mediated by STAT3 activation in the bone marrow, similar to rhG-CSF and pegfilgrastim. The 
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activation of bone marrow STAT3 by F-627 was comparable to rhG-CSF at 2 and 24 hours 
postdose, suggesting that F-627 activity occurs by the same mechanism as the comparators (rhG-
CSF and pegfilgrastim).  

Figure 2. Effect of F-627 (100 µg/kg), on Bone Marrow Activation (pSTAT3) Relative to rhG-CSF 
(40 µg/kg) and Pegfilgrastim (40 µg/kg) in Mice 

 
Source: In vivo mouse bone marrow study # F627-IVTA-100125 
Abbreviations: pSTAT3, phosphorylated signal transducer and activator of transcription 3; rhG-CSF, recombinant human 
granulocyte colony stimulating factor 

The pharmacological activity of F-627 was also demonstrated in neutropenic animal models that 
are considered reasonably relevant for the intended therapeutic clinical application. In radiation-
induced neutropenic mice, F-627 (25 to 150 µg/kg) produced a dose-dependent increase in WBC 
and ANC by Day 3 relative to control vehicle (carrier), suggesting that F-627 is capable of 
reversing the decrease of ANC in neutropenic mice. A similar effect was also seen in 
chemotherapy-induced (5FU) neutropenic mice where F-627 resulted in a dose-dependent 
increase in WBC and NEUT, supporting the therapeutic rationale for administration of F-627 in 
both chemotherapy and radiation- induced neutropenic contexts.  
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Figure 3. Changes in WBC and ANC in 5-FU Induced Neutropenic Mice (Day 0) Treated With F-627 

 
Source: In vivo 5-FU-induced neutropenic mice study #F-627-EF-Mic-09 0206  
Abbreviations: ANC, absolute neutrophil count; 5-FU, 5-fluorouracil; WBC, white blood cell 

F-627 had a similar effect on ANC recovery in chemotherapy-induced neutropenic cynomolgus 
monkeys. The recovery of WBC and neutrophils in neutropenic monkeys was dose-dependent 
with an optimal increase in ANC occurring at a F-627 dose of 60 µg/kg.  

Figure 4. Changes in WBC and NEUT in Cyclophosphamide-Induced Neutropenic Monkeys 
Treated With 25, 60, and 150 µg/kg F-627, rhG-CSF (10 µg/kg) and Pegfilgrastim (Neulasta®, 
60 µg/kg)  

 
Source: Neutropenic Cynomolgus monkey Study # A200911-P002 
Abbreviations: NEUT, neutrophil; rhG-CSF, recombinant human granulocyte colony stimulating factor; WBC, white blood cell 
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5.2. Clinical Pharmacology/Pharmacokinetics 

Table 5. Summary of General Clinical Pharmacology and Pharmacokinetics 
Characteristic Drug Information 
 Pharmacologic Activity 
Established pharmacologic 
class (EPC) 

Human granulocyte colony-stimulating factor (G-CSF) receptor agonist 

Mechanism of action Binds to G-CSF receptors on hematopoietic cells and stimulates proliferation‚ differentiation‚ and end-cell functional 
activation. 

Active moieties Efbemalenograstim alfa-vuxw 
QT prolongation A thorough-QT study was not conducted. Efbemalenograstim alfa-vuxw is a large therapeutic protein with a molecular weight 

of 93.4 kDa, so the risk for QT prolongation is low. 
 General Information 
Bioanalysis Serum drug concentrations at different time points were determined with enzyme-linked immunosorbent assay (ELISA) 
Healthy subjects versus 
patients 

AUC and Cmax varied between healthy subjects and those on different chemotherapy regimens at different doses. 

Table 6. Mean (%CV) of Efbemalenograstim alfa-vuxw Exposures 
Efbemalenograstim alfa-vuxw 
Dose and Chemotherapy Regimen Cycle Cmax (ng/mL) AUC0-∞ (h*ng/mL) 
80 μg/kg, EC chemotherapy 1 26 (28) 2664 (24) 

3 29 (95) 1930 (31) 
240 μg/kg, EC chemotherapy 1 227 (45) 15483 (30) 

3 73 (36) 4803 (46) 
320 μg/kg, EC chemotherapy 1 193 (39) 19964 (38) 

3 85 (55) 6643 (40) 
240 μg/kg, TAC chemotherapy 1 216 (65) 23959 (64) 

3 174 (74) 12427 (77) 
320 μg/kg, TAC chemotherapy 1 315 (53) 30870 (57) 

3 279 (61) 18335 (55) 
30 μg/kg; healthy volunteers 1 dose 21 (48) 778 (27) 
60 μg/kg; healthy volunteers 1 dose 45 (40) 1847 (37) 
120 μg/kg; healthy volunteers 1 dose 220 (35) 8439 (33) 
240 μg/kg; healthy volunteers 1 dose 759 (21) 46664 (37) 
360 μg/kg; healthy volunteers 1 dose 693 (35) 44088 (41) 

Source: 2012-F-627-CH1: PK Study Report, SP-CDR-1-1301: PK Study Report Amendment 02, and GC-F-627-01: PK Study Report 
Abbreviations: CV, coefficient of variation; EC, epirubicin and cyclophosphamide; TAC, docetaxel + doxorubicin + cyclophosphamide 
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Characteristic Drug Information 
Drug exposure at steady 
state following the 
therapeutic dosing regimen 
(or single dosage, if more 
relevant for the drug) 

Parameter (female breast cancer patients) Geometric Mean (%CV) 
Cmax in cycle 1     1085 ng/mL (92%) 
AUCinf in cycle 1    54858 h*ng/mL (110%) 
Cmax in cycle 3     525 ng/mL (163%) 
AUCinf in cycle 3    26217 h*ng/mL (167%) 

Range of effective 
dosage(s) or exposure 

20 mg (GC-627-04, GC-627-05, and SP11631) 

Maximally tolerated dosage 
or exposure 

Not determined 

Dosage proportionality In healthy volunteers dosed with 30 µg/kg to 360 µg/kg, mean Cmax increased by approximately 33-fold, Tmax increased from 9 
to 33 hours, and AUC increased by about 57-fold. At higher doses in healthy volunteers, Cmax and AUC plateaued. These 
increases were less pronounced for those on chemotherapy and varied based on chemotherapy regimen (see Table 6). 

Accumulation Not determined – dosed once per cycle of chemotherapy 
Time to achieve steady-
state 

Not determined – dosed once per cycle of chemotherapy 

Bridge between to-be-
marketed and clinical trial 
formulations 

The final, to-be-marketed formulation was used in all phase 3 clinical trials. 

 Absorption 
Bioavailability Not determined 
Tmax The median Tmax of efbemalenograstim alfa-vuxw administered as 80 to 320 μg/kg in female subjects with breast cancer 

receiving epirubicin and cyclophosphamide (EC) chemotherapy ranged from 24 hours to 48 hours in cycle 1 and 9 to 30 
hours in cycle 3. The median Tmax of efbemalenograstim alfa-vuxw administered as 240 to 320 μg/kg in female participants 
with breast cancer receiving TAC chemotherapy was 36 hours in cycle 1 and ranged from 24 to 30 hours in cycle 3. 

Food effect (fed/fasted) 
Geometric least square 
mean and 90% CI 

Not determined 

 Distribution 
Volume of distribution The geometric mean (%CV) apparent volume of distribution of efbemalenograstim alfa-vuxw was 18.8 L (257%) in cycle 1 

and 40.7 L (387%) in cycle 3 in female subjects with breast cancer receiving a 20-mg dose. The data are primarily derived 
from the phase 3 study, GC-627-05. Participants were on neoadjuvant or adjuvant TC chemotherapy. 

Plasma protein binding Not determined 
Drug as substrate of 
transporters 

Not determined 
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Characteristic Drug Information 
 Elimination 

Mass balance results The geometric mean (%CV) apparent clearance of efbemalenograstim alfa-vuxw was 0.36 L/h (110%) in cycle 1 and 0.76 L/h 
(167%) in cycle 3. The data are primarily derived from the phase 3 study, GC-627-05. Participants were on neoadjuvant or 
adjuvant TC chemotherapy. Neutrophil receptor binding is an important component of the clearance of efbemalenograstim 
alfa-vuxw, and serum clearance is directly related to the number of neutrophils. 

Clearance  The geometric mean (%CV) elimination half-life of efbemalenograstim alfa-vuxw was 35.6 h (108%) in cycle 1 and 36.9 h 
(120%) in cycle 3. The data are primarily derived from phase III study, GC-627-05. Participants were on neoadjuvant or 
adjuvant TC chemotherapy. 

Half-life  Efbemalenograstim alfa-vuxw is expected to be metabolized into small peptides by catabolic pathways. Neutrophil receptor 
binding is an important component of the clearance of efbemalenograstim alfa-vuxw, and serum clearance is directly related 
to the number of neutrophils. 

Metabolic pathway(s) The geometric mean (%CV) apparent clearance of efbemalenograstim alfa-vuxw was 0.36 L/h (110%) in cycle 1 and 0.76 L/h 
(167%) in cycle 3. The data are primarily derived from phase 3 study, GC-627-05. Participants were on neoadjuvant or 
adjuvant TC chemotherapy. Neutrophil receptor binding is an important component of the clearance of efbemalenograstim 
alfa-vuxw, and serum clearance is directly related to the number of neutrophils. 

Primary excretion pathways 
(% dosage)  

Not determined 

 Intrinsic Factors and Specific Populations 
Body weight No clinically significant differences in pharmacokinetics were observed with body weight (43 to 137 kg) 
Age No clinically significant differences in pharmacokinetics were observed based on age (20 to 83 years) 
Renal impairment Not determined 
Hepatic impairment Not determined 

 Drug Interaction Liability (Drug as Perpetrator) 
Inhibition/induction of 
metabolism 

Not determined 

Inhibition/induction of 
transporter systems 

Not determined 

Reference ID: 5278513



BLA 761134  
Ryzneuta (efbemalenograstim alfa-vuxw) 

24 
Integrated Review Template, version 3.0 (05/25/2022) 

Characteristic Drug Information 
 Immunogenicity (if Applicable) 

Bioanalysis Electrochemiluminescent (ECL) assays were used to detect binding antibodies to efbemalenograstim alfa-vuxw and G-CSF 
on samples from subjects with breast cancer. The approximate limits of detection for these assays are 25 ng/mL and 
18 ng/mL for antibodies to efbemalenograstim alfa-vuxw and G-CSF, respectively. A cell-based bioassay was used to detect 
neutralizing antibodies. 

Incidence In phase 3 studies, 20 of 436 efbemalenograstim alfa-vuxw-treated subjects developed binding antibodies to 
efbemalenograstim alfa-vuxw after treatment, and 16 subjects developed binding antibodies to G-CSF. One subject 
developed binding antibodies to both efbemalenograstim alfa-vuxw and G-CSF. No subjects treated with efbemalenograstim 
alfa-vuxw developed neutralizing antibodies to efbemalenograstim alfa-vuxw or G-CSF. 

Clinical impact Impact on PK: Based on popPK analysis, antidrug antibody (ADA) formation did not impact PK in phase 3 studies. 
There was no clinically significant impact of ADAs on efficacy or safety. 

Abbreviations: AUC, area under the plasma concentration-time curve; Cmax, maximum plasma concentration; CV, coefficient of variation; PK, pharmacokinetic; TAC, docetaxel + doxorubicin + 
cyclophosphamide 
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6. Efficacy (Evaluation of Benefit) 

6.1. Assessment of Dose and Potential 
Effectiveness 

The Applicant’s proposed dosing recommendation is 20 mg efbemalenograstim alfa-vuxw 
administered subcutaneously once per chemotherapy cycle in adults. It is to be administered at 
least 24 hours after cytotoxic chemotherapy and should not be administered within 14 days of the 
next chemotherapy administration.  

In initial studies, efbemalenograstim alfa-vuxw was administered based on weight. The first trial, 
GC-F-627-01, conducted in healthy male volunteers, assessed doses of 30, 60, 120, 240, and 
360 µg/kg. Pharmacokinetic (PK) parameters are summarized in Section 14.2, Table 123. The 
area under the concentration-time curve (AUC) and maximum plasma concentration (Cmax) 
generally increased with increasing dose in a nonproportional manner up to the 240 µg/kg dose. 
The 360 µg/kg dose produced similar AUC and Cmax values as the 240 µg/kg dose. Although 
exposure generally did not increase between the two highest doses, interestingly, 
pharmacodynamic (PD) parameters of CD34+ cells, WBCs, and neutrophils increased with 
increasing dose (Section 14.2, Figure 18). 

Trial 2012-F-627-CH1 was conducted in female subjects with breast cancer receiving epirubicin 
and cyclophosphamide (EC) chemotherapy (epirubicin 100 mg/m2 intravenous (IV) + 
cyclophosphamide 600 mg/m2 IV on Day 1, repeating the cycle every 21 days for 4 cycles). This 
is considered a moderately myelosuppressive chemotherapy. Dose cohorts were 80, 240, and 
320 µg/kg administered 48 hours after the completion of chemotherapy. The Cmax was lower in 
cycle 3 compared to cycle 1 for each dosing level, except for the 80 µg/kg dose which showed 
similar Cmax between the two cycles. AUCs were lower in cycle 3 compared to cycle 1 for each 
dosing level. The time to maximum concentration (Tmax) values were higher in cycle 1 compared 
to cycle 3 for all dose levels. While Cmax increased between the 80 and 240 µg/kg doses, an 
increase in Cmax did not occur between the 240 and 320 µg/kg doses in cycle 1. The AUC values 
increased between each dose (Section 14.2 Table 112). In general, the maximum median ANC 
values in each cycle were similar for the 240 and 320 µg/kg doses. The median ANC over time 
profiles were similar between the 240 and 360 µg/kg doses in cycle 1 and remained fairly similar 
though cycle 4 (Section 14.2 Figure 23and Figure 24). Other PD parameters were fairly similar 
between the 240 and 320 µg/kg dose groups (Section 14.2, Table 113). 

Trial SP-CDR-1-1301 was conducted in female subjects with breast cancer receiving TAC 
chemotherapy (docetaxel 75 mg/m2 IV + doxorubicin 50 mg/m2 IV + cyclophosphamide 
500 mg/m2 IV repeated every 21 days for 6 cycles). This is a highly myelosuppressive 
chemotherapy. The doses evaluated included 240 and 320 µg/kg of efbemalenograstim alfa-
vuxw. Unlike in Study 2012-F-627-CH1 where the Cmax was similar in cycle 1 between the 240 
and 320 µg/kg doses in those given moderately myelosuppressive chemotherapy, the AUC and 
Cmax increased proportionally with increasing dose in both cycles 1 and 3 in those given highly 
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myelosuppressive TAC chemotherapy. Overall in all cycles, the mean duration of grade 3 or 4 
neutropenia was 1.40 and 0.77 days for the 240 and 320 µg/kg doses, respectively, the mean 
duration of grade 4 neutropenia was 0.64 and 0.29 days for the 240 and 320 µg/kg doses, 
respectively, the mean ANC nadir was 0.19×109/L and 0.46×109/L for the 240 and 320 µg/kg 
doses, respectively, and the mean time of ANC recovery to 1.0×109/L from nadir was 2.74 and 
1.79 days, respectively (Section 14.2, Table 116). While there was not much difference in Cmax 
between the 240 and 320 µg/kg dose in cycle 1 in those given moderately myelosuppressive 
chemotherapy, there was a clear benefit of dosing at 320 µg/kg in those given highly 
myelosuppressive chemotherapy. 

Trial SP11502 was conducted to evaluate PK and PD of 320 µg/kg efbemalenograstim alfa-vuxw 
administered the same day after TAC (docetaxel + doxorubicin + cyclophosphamide) 
chemotherapy in female subjects with breast cancer. Compared to Study SP-CDR-1-1301 where 
subjects on TAC chemotherapy were given efbemalenograstim alfa-vuxw 24 hours after 
chemotherapy administration, PD values appear to be inferior when administration occurs on the 
same day. For example, in cycle 1 in Study SP11502, the mean duration of grade 4 neutropenia 
was 2.1 days, the mean duration of grade 3 or 4 neutropenia was 2.9 days, the mean ANC nadir 
was 0.07×109/L, and the mean time of ANC recovery to 1.0×109/L was 4.0 days. However, in 
cycle 1 in Study SP-CDR-1-1301 in the 320 µg/kg dose cohort, the mean duration of grade 4 
neutropenia was 1 day, the mean duration of grade 3 or 4 neutropenia was 1.6 days, the mean 
ANC nadir was 0.75×109/L, and the mean time of ANC recovery to 1.0×109/L was 2.1 days. 
Additional PD parameters in subsequent cycles for Study SP11502 are presented in Section 14.2, 
Tables 109 and 110. The results of this study when compared to those from Study SP-CDR-1-
1301 support the claim that administration of efbemalenograstim alfa-vuxw should occur at least 
24 hours after receiving cytotoxic chemotherapy. 

Overall, PK and PD parameters were relatively similar in those receiving EC chemotherapy 
given 240 and 320 µg/kg doses of efbemalenograstim alfa-vuxw. However, the 320 µg/kg dose 
of efbemalenograstim alfa-vuxw produced a more favorable PK and PD profile in those 
receiving TAC chemotherapy. In a 60 kg adult, 320 µg/kg equates to a 19.2 mg dose. Therefore, 
selection of a 20 mg dose of efbemalenograstim alfa-vuxw for use in phase 3 clinical studies was 
reasonable. Because there are no clinically significant differences in PK of efbemalenograstim 
alfa-vuxw based on body weight (Figures 44 and 45), a flat dose of 20 mg in males, who may 
weigh slightly higher than females, is expected to result in similar exposures as observed in 
female patients.  

When comparing the PD outcomes of Study SP-CDR-1-1301 to those of Study SP11502, dosing 
at least 24 hours after chemotherapy administration produces a more favorable PD profile in 
those receiving TAC chemotherapy. Additionally, other rhG-CSF medications, such as Neulasta, 
also are labeled for administration at least 24 hours after chemotherapy administration. 
Therefore, dosing at least 24 hours after chemotherapy administration for phase 3 studies appears 
appropriate. 

Efbemalenograstim alfa-vuxw demonstrated a favorable efficacy and safety profile over placebo 
at the proposed dosing regimen in phase 3 studies. Refer to Sections 6.3 and 7 for more details. 
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In addition, exposure-response (E-R) analyses indicated that there was no statistically significant 
E-R relationship for efficacy endpoints (incidence of severe neutropenia, duration of severe 
neutropenia) or safety measures (any treatment-emergent adverse events (TEAE), grade ≥3 
TEAE, and grade ≥2 TEAEs including alopecia, nausea, bone pain, asthenia, leukopenia, and 
thrombocytopenia) at the proposed dose of 20 mg in Trial GC-627-05. Refer to Section 14.5.2 
for more information. Although the exposure range was relatively narrow at only one dose level 
of 20 mg, the lack of E-R relationship for efficacy might suggest that efbemalenograstim alfa-
vuxw has reached the plateau of effectiveness at 20 mg. 

In summary, the Applicant’s proposed dosing regimen of 20 mg once at least 24 hours after 
chemotherapy administration per cycle for efbemalenograstim alfa-vuxw is acceptable. 

6.2. Clinical Studies/Trials Intended to 
Demonstrate Efficacy 

6.2.1. Results of Pooled Analyses, Trials GC-627-04 
and GC-627-05 

The clinical review of efbemalenograstim alfa-vuxw was conducted using the results from two 
trials, GC-627-04 and GC-627-05. Trial GC-627-04 was a multicenter, randomized (2:1), 
double-blind and placebo-controlled study of four 21-day cycles of treatment in females with 
Stage II-IV breast cancer receiving docetaxel and doxorubicin (TA) chemotherapy (a high-risk 
regimen). Trial GC-627-05 was multicenter, randomized, open-label and active-controlled study 
of four 21-day cycles of treatment, with 6-month follow-up, in females with Stage I-III breast 
cancer receiving docetaxel and cyclophosphamide (TC) chemotherapy (a high-risk regimen). 
The primary endpoint for both main trials is the duration of severe neutropenia in cycle 1 of 
chemotherapy. By using an endpoint measured after cycle 1, endpoint bias is minimized because 
dropouts can occur for a variety of reasons including tumor progression and inability to tolerate 
chemotherapy in later chemotherapy cycles.  

6.2.2. Trial GC-627-04 

6.2.2.1. Study Design and Endpoints, Trial GC-627-04 

This was a phase 3, randomized, multicenter, double-blind, placebo-controlled clinical trial with 
women, who are receiving myelotoxic chemotherapy and have stage II-IV breast cancer in the 
adjuvant or metastatic setting. The trial aimed to evaluate the efficacy and safety of F-627 given 
as a single fixed dose (20 mg) prefilled syringe in comparison to placebo. 

Primary Efficacy Objective 

• To evaluate the efficacy of F-627 given as a single fixed dose (20 mg) prefilled syringe as 
compared to placebo following completion of chemotherapy in cycle 1. 
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Primary Efficacy Endpoint 

• The duration in days of grade 4 (severe) neutropenia (absolute neutrophil count [ANC] 
<0.5×109/L) observed in chemotherapy cycle 1. 

Secondary Efficacy Endpoints 

• The duration in days of grade 4 (severe) neutropenia for chemotherapy cycles 2, 3, and 4, 
and over all cycles. 

• The duration in days of grade 2 (mild) neutropenia (ANC <1.5×109/L) and grade 3 
(moderate) neutropenia (ANC <1.0×109/L) for each chemotherapy cycle and over all 
cycles. 

• The incidence rates of febrile neutropenia (defined as a single oral temperature of ≥38.3◦C 
(101◦F) or a temperature of >38.0◦C (100.4◦F) sustained for >1 hour and ANC <0.5×109/L) 
for each chemotherapy cycle and over all cycles. 

• The incidence rates of grade 2, 3, and 4 neutropenia for all chemotherapy cycles. 

• The time in days to ANC recovery post nadir for each chemotherapy cycle and over all 
cycles. Recovery is defined as an ANC ≥2.0×109/L after the expected ANC nadir. 

• The depth of the ANC nadir for each chemotherapy cycle and over all cycles. 

• The incidence rates of infections for each chemotherapy cycle and over all cycles. 

• The use of antibiotic and pain medications for each chemotherapy cycle and over all 
cycles. 

• Electrocardiogram (ECG) endpoints: change-from-baseline in heart rate, PR, QRS, and 
QTcB intervals. Categorical outliers and T-wave morphology changes on treatment. 
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Figure 5. Design Schema, Trial GC-627-04 

 
Source: Figure 1 of Applicant’s statistical analysis plan (SAP) 
Abbreviations: SC, subcutaneous; TA, docetaxel and doxorubicin 

Study Treatment 
Approximately 24 hours after chemotherapy administration in each cycle (Day 2 of each cycle), 
subjects were administered study drug according to their randomization arm:  

• Arm 1: F-627, 20 mg fixed dose, prefilled syringe administered Day 2 of each of 4 
chemotherapy cycles (cycle 1-4). 

• Arm 2: Placebo, prefilled syringe administered Day 2 of the first chemotherapy cycle 
(cycle 1), and F-627, 20 mg fixed dose prefilled syringe administered Day 2 of each of the 
following later chemotherapy cycles (cycles 2-4). 

Randomization Scheme 
This study was a double-blind study for the first cycle of chemotherapy. Eligible subjects were 
randomized to receive either F-627 20 mg or placebo in a 2:1 ratio, respectively, in cycle 1. 
Treatment randomization was stratified by country/region.  

All subjects were placed on the F-627 study drug for the following 3 chemotherapy cycles 
(cycles 2-4). An interactive web-based response system with a 24-hour live support helpdesk 
were used in the study.  
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6.2.2.2. Eligibility Criteria, Trial GC-627-04 

Subject Inclusion Criteria 

• Show evidence of a personally signed and dated informed consent document indicating 
that the subject has been informed of all pertinent aspects of the trial.  

• Females ≥18 years of age and <75 years of age.  

• Diagnosed with Stage II-IV breast cancer.  

• Subject is scheduled to undergo 4 cycles of TA chemotherapy (docetaxel, doxorubicin, 75, 
and 60 mg/m2, respectively).  

• Eastern Cooperative Oncology Group (ECOG) Performance status of ≤2.  

• White Blood Cell count (WBC) ≥4.0×109/L, hemoglobin ≥11.5 g/dL, and a platelet count 
≥150×109/L.  

• Demonstrate adequate renal, hepatic function (Liver function tests (ALT, aspartate 
aminotransferase (AST), alkaline phosphatase and total bilirubin)) should be less than 2.5x 
upper limit of normal (ULN). Serum creatinine should be less than 1.7x ULN.  

• All subjects must agree to use at least one of the following types of contraception: 
intrauterine device, implantable progesterone device, progesterone intramuscular injection, 
or oral contraceptive, which has been started at least 1 month prior to visit one and will 
continue for the duration of the trial. The contraceptive patch or condom use with 
spermicide is also an acceptable form of contraception as long as they will be used 
continually throughout the duration of the trial.  

Subject Exclusion Criteria 

• Subject is <18 or ≥75 years of age.  

• Disease progression has occurred while receiving a taxane regimen.  

• Subject has undergone radiation therapy within 4 weeks of enrollment.  

• Subject has undergone bone marrow or stem-cell transplantation.  

• Subject has a history of prior malignancy other than breast cancer that is NOT in 
remission.  

• Subjects who have used G-CSF or any other drug that may potentiate the release of 
neutrophils (i.e. lithium) within 6 weeks of the screening period are excluded.  

• Subject has had chemotherapy within 365 days of screening.  

• Subject has documented congestive heart failure, cardiomyopathy or myocardial infarction 
by clinical diagnosis, ECG test, or any other relevant test.  

• History of alcohol or drug abuse that would interfere with the ability to be compliant with 
the study procedure.  

• Unwillingness to participate in the study.  
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• Any underlying medical condition that, in the Investigator’s opinion, would make the 
administration of study drug hazardous to the subject or that would obscure the 
interpretation of adverse events.  

• Receiving other investigational drugs or biologics within 1 month or five half-lives of 
enrollment.  

• Any condition, which can cause splenomegaly.  

• Chronic constipation or diarrhea, irritable bowel syndrome, inflammatory bowel disease.  
• ALT, AST, alkaline phosphatase, total bilirubin ≥2.5 upper limit of normal.  

• Subject with active infection, or known to be infected with chronic active Hepatitis B 
within the last 1 year (unless shown at the time of study entry to be Hepatitis B antigen 
negative), or having any history of Hepatitis C.  

• Women who are pregnant or breast-feeding.  

• Subject known to be seropositive for HIV, or who have had an AIDS defining illness or a 
known immunodeficiency disorder.  

• Subject with a history of tuberculosis or exposure to tuberculosis. Subjects who have 
received a prior chest X-ray for suspicion of tuberculosis are also excluded unless they 
have been confirmed to be PPD negative or they had latent tuberculosis that has been 
previously treated.  

• Subjects with Sickle Cell disease. 

• Subjects with known hypersensitivity to E. coli-derived proteins‚ pegfilgrastim‚ filgrastim, 
or any other component of the study drug.  

6.2.2.3. Statistical Analysis Plan, Trial GC-627-04 

Statistical Hypothesis 
The statistical hypothesis for the primary endpoint, the duration in days of grade 4 neutropenia in 
cycle 1, is listed below. 

H0: µPlacebo - µF-627=0 day 

HA: µPlacebo - µF-627 ≠ 0 day 

This two-sided hypothesis test would use an α of 0.05 for the comparison. Superiority would be 
claimed if the lower bound of the 95% confidence interval (CI) is >0 (p-value<0.05). 

Sample Size Calculation 
Assumed an expected difference in the duration of severe neutropenia (placebo - F-627) is 2 
days, with a common standard deviation of 3 days, this study was planned to randomize 
approximately 120 subjects in a 2:1 ratio to either F-627 or placebo, respectively. The dropout 
rate was assumed to be 10%. Under these assumptions, enrollment of 80 subjects for the F-627 
arm and 40 subjects for the placebo arm in cycle 1 would produce 90% statistical power. 
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Efficacy Analysis Set 

Intent-to-Treat (ITT) Population 
All randomized subjects were included. Following the ITT principle in the International 
Conference on Harmonisation (International Conference on Harmonisation (ICH)) E9 guidance, 
participants in the ITT Population were analyzed according to their randomized treatment. The 
ITT Population was used as the primary analysis set for all efficacy analyses. 

Per Protocol (PP) Population  
All subjects from the ITT Population who received study treatment, were eligible, compliant and 
without major protocol deviations during the first cycle of treatment were included. The PP 
Population was used for sensitivity analysis. Major protocol deviations included, but were not 
limited to, receiving incorrect treatment, or noncompliance to ANC collection in the first 12 days 
of cycle 1 that may affect the primary endpoint. 

Analysis Method for the Primary Efficacy Endpoint 
The duration of grade 4 neutropenia is defined as the number of days in which the subject has 
had an ANC <0.5×109/L during cycle 1. 

Duration = (Date of last ANC <0.5×109/L within cycle) – (Date of first ANC <0.5×109/L within 
cycle) +1 

If subject did not experience neutropenia during the first 12 days of cycle 1, Duration =0 days. 

The difference in mean duration of neutropenia between each of the placebo and F-627 for cycle 
1 were calculated as: mean (placebo) - mean (F-627). Mean duration of grade 4 neutropenia in 
cycle 1 between Placebo versus F-627 was compared using two sample t tests at significant level 
of 0.05. 

ANC Assessment Window 
ANC were measured daily beginning on Day 2 of cycle 1 until ANC ≥2.0×109/L postnadir, and 
then three days thereafter up to Day 21. Subjects were expected to experience neutropenia and 
recover (recovery defined as an ANC ≥2.0×109/L after the expected ANC nadir) during the first 
12 days of cycle 1. Day 2 to Day 12 was used for ANC assessment window unless the subject 
did not recover within the first 12 days. If the subject did not recover within the first 12 days, the 
assessment window was expanded until recovery, or Day 21. ANC values observed outside the 
assessment window were not imputed or summarized. 

Missing Data Handling Method 
To obtain ANC data, blood was drawn daily postchemotherapy until ANC levels reach 
≥2.0×109/L, postnadir and then three days later. The duration of grade 4 neutropenia was then 
calculated using the reported ANC levels. 

Reference ID: 5278513



BLA 761134  
Ryzneuta (efbemalenograstim alfa-vuxw) 

33 
Integrated Review Template, version 3.0 (05/25/2022) 

Local blood samples were collected and used for the analysis when the central lab ANC values 
were not available. Not many missing ANC values are expected. However, a small number of 
missing ANC data may be caused by subjects skipping intermediate visits or ANC samples not 
usable for evaluation (intermittent missing) from both central lab and local lab. Also, a small 
number of subjects may discontinue from the trial entirely or miss the rest of the visits for 
chemotherapy cycle 1 (monotone missing). 

The lack of some ANC values may not always indicate missing data from the primary endpoint. 
Under the following two scenarios, either a simple rule was followed, or no imputation of 
missing ANC values was needed when calculating the duration of grade 4 neutropenia. 

• Intermittent Missing When Immediate Adjacent Values Are Both Below the Cutoff of 
ANC Level 
If the intermittent ANC missing were during the ANC assessment window (Day 1 to Day 
12 of a cycle) and the two immediate adjacent values were both below the cutoff of ANC 
level (i.e., <0.5×109/L), all the intermittent missing should be considered as below the 
cutoff of ANC level and would be assumed/imputed to be the worst of the two adjacent 
values in the calculation of duration of neutropenia. These assumed values would be 
treated as observed and would not be imputed again using multiple imputations. 

• Monotone Missing When ANC level is ≥2.0×109/L Postnadir 
If a subject discontinues from the trial entirely or misses the remaining visits for 
chemotherapy cycle 1, but the last ANC value is ≥2.0×109/L postnadir, then the duration 
of neutropenia can be calculated with the ANC assessments before the dropout. The 
remaining of the ANC value can be assumed to be the last observed ANC value carried 
forward. These assumed values would not be replaced by the imputed values when 
performing the model-based sensitivity analysis. 

Multiple Imputations for the Primary Analysis 
Intermittent missing ANC values would be imputed prior to the imputation of the monotone 
ANC values using the Monte Carlo Markov Chain (MCMC) approach. The imputation would be 
implemented separately for each treatment and if there was prior chemotherapy (Yes/No), under 
the assumption that different treatments and a difference in prior chemotherapy might have 
distinct posterior distributions. The imputation would include the first 12 days of ANC values 
postchemotherapy, with age and baseline ANC values as covariates. MCMC method might not 
be appropriate when there were a large number of intermittent missing values. MCMC method 
was used to impute when there were 4 or less intermittent missing ANC values within the first 12 
days of a cycle. If there were more than 4 intermittent missing ANC values, these would be 
imputed as the lowest nonimputed ANC value for that cycle day amongst all subjects from that 
treatment group. 

Monotone missing ANC values would be imputed in a sequential manner using regression 
models with a number of predictor variables. Covariates to be included in the model were age, 
prior chemotherapy, treatment group, and baseline ANC value in addition to the observed or 
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imputed values of the previous days. For example, the earliest day would be imputed first, then 
the next one, and so on, using outcomes from previous days as additional predictors. 

The steps of performing a sequential regression imputation were as following: 

• If there were any missing values at Day 2 (cycle 1 Day 2 for ANC value), it would be 
imputed using a regression-based MI method for monotone missingness. Covariates 
included in the model were age, prior chemotherapy, treatment group, and baseline ANC 
value. 

• All remaining missing days would be imputed sequentially by the same regression, with 
covariates specified above in Step (i) and the lag values (including the imputed values) 
from earlier days. 

• Use the imputed datasets of ANC values to compute multiple durations of grade 4 
neutropenia. 

• Perform the analysis (t-test) with each of imputed duration of grade 4 neutropenia and 
combine the results (mean differences and standard errors from multiple t-tests) based on a 
standard MI methodology. 

100 independent imputations would be done with the imputation analysis procedures such as 
SAS PROC MI. The resulting 100 estimates of the treatment differences and standard errors 
would then be combined into the final estimate using SAS PROC MIANALYZE. 

Sensitivity Analyses 

Pattern Mixture Models (PMMs) With Delta Adjustment 
In this study, reasons for missing intermittent ANC values and those for discontinuation were 
captured on the electronic case report form and were classified as either missing at random or 
missing not at random. Table 7 below summarizes the classification with the potential reasons. 
All unknown reasons for missing ANC visits/values were considered as MNAR. 

Reference ID: 5278513



BLA 761134  
Ryzneuta (efbemalenograstim alfa-vuxw) 

35 
Integrated Review Template, version 3.0 (05/25/2022) 

Table 7. Classification of Missing Data Pattern, Trial GC-627-04 

 
Source: Table 2 of Applicant’s SAP 
Abbreviations: AE, adverse event; ANC, absolute neutrophil count 

The pattern of interest for the analysis was ANC missing values not at random (MNAR) for F-
627 arm. For purposes of the sensitivity analyses, two patterns were defined: F-627 MNAR and 
Others. The assumption was that subjects from F-627 arm, who had an MNAR ANC value at a 
given day, would have, on average, their unobserved ANC values worse by some amount delta 
compared with the observed ANC values of the other subjects. Subjects who had “Others” 
pattern of missing ANC value were treated as if they would have exhibited similar ANC pattern 
compared to other subjects on the study with observed values for that time point. No delta 
adjustment would be applied to missing ANC values from the “Others” pattern. 

Delta values would vary from 0 to the mean value of nadir for the F-627 arm in the ITT 
population in increments of 0.005×109/L for ANC values. For each value of delta, 20 
independent imputations would be done for the sensitivity analysis. The resulting 20 estimates of 
the treatment differences and standard errors would then be combined into the final estimate for 
the delta, using SAS PROC MIANALYZE.  

Figure 6 below is a flow chart showing the overall methodologies associated with missing value 
imputation for the pattern mixture model with delta adjustment. 
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Figure 6. Missing ANC Value Imputation for Sensitivity Analysis, Trial GC-627-04 

 
Source: Figure 2 of Applicant’s SAP 
Abbreviations: ANC, absolute neutrophil count; MCMC, Monte Carlo Markov Chain 

Tipping Point Analysis 
During the pattern mixture model with delta adjustment, delta values would vary from 0 to the 
mean value of nadir for the F-627 arm in ITT population in increments of 0.005×109/L for ANC 
value. If during the course of delta change, the study conclusions changed from favorable to 
unfavorable for F-627 arm, a tipping point was reached. 

A tipping point corresponds to the delta value when the lower bound of the confidence interval 
was no longer above 0. If a tipping point was observed, delta increments would be chosen to be 
0.001×109/L for ANC values with the intent to refine the grid around the tipping point. 

MI With Fully Conditional Specification (FCS) Method 

To evaluate the robustness of the primary imputation method, a multiple imputation with fully 
conditional specification (FCS) method is used since this method does not assume monotonicity. 
FCS methods can be used to impute missing values for variables with an arbitrary missing data 
pattern, assuming the existence of a joint distribution for these variables. Both intermittent and 
monotone missing ANC values would be imputed in the same way with a regression method. As 
the primary analysis, the regression would include the covariates age, prior chemotherapy, 
treatment group, and baseline ANC value. Also similar to primary analysis, the missing values 
would be imputed sequentially, with all previous timepoints included as additional covariates. 
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10 independent imputations would be done with SAS PROC MI. The resulting 10 estimates of 
the treatment differences and standard errors were then be combined into the final estimate using 
SAS PROC MIANALYZE in the same way as the primary analysis. 

Key Secondary Endpoints and Multiplicity Adjustment 
If the primary analysis infers F-627 is superior compared to placebo, then a subset of key 
secondary endpoints listed below would be tested using a fallback method in order to retain the 
type I error rate. Similar to fixed sequence procedure, the fallback method tests hierarchically 
ordered hypotheses in sequence but splits the level of α between the hypotheses. Unlike fixed 
sequence procedure, the fallback procedure tests all hypotheses in the prespecified sequence 
even if the initial hypotheses are not rejected (fails to reach statistical significance). 

As a result, the fallback method for ordered hypotheses provides the opportunity to test an 
endpoint later in the sequence and gains additional power by allocating a higher α level to a 
hypothesis if the hypothesis earlier in the sequence is rejected. The sequence of secondary 
endpoints and their allocated α is listed below: 

• The incidence rate of febrile neutropenia for chemotherapy cycle 1. Α=0.04. 
• The incidence rate of infection for chemotherapy cycle 1. Α=0.005. 
• The duration in days of grade 3 neutropenia for chemotherapy cycle 1. Α=0.001. 
• The duration in days of grade 2 neutropenia for chemotherapy cycle 1. Α=0.001. 
• The incidence rate of use of antibiotic for chemotherapy cycle 1. Α=0.001. 
• The incidence rate of use of pain medications for chemotherapy cycle 1. Α=0.001. 
• The incidence rate of grade 4 neutropenia for chemotherapy cycle 1. Α=0.001. 

Once F-627 proves superior to placebo, the first secondary endpoint listed above would be tested 
using significant level of α=0.04. If this comparison demonstrates superiority, then the second 
secondary endpoint would be tested using a significance level of α= (0.04+0.005) =0.045, 
otherwise second secondary endpoint would be tested at α=0. 005. This method provides an 
opportunity to test all secondary endpoints while avoid inflating type I error. 

All continuous key secondary endpoints are tested using the two-sample t test similar to the 
primary analysis. All categorical key secondary end points use the Chi-square test to calculate p-
values for comparisons between treatments. If the number of events in one category is less than 
5, Fisher’s exact test is used in place of Chi-square. 

Missing Data Handling Method for Key Secondary Endpoints 
In analyzing the incidences of antibiotics and pain medications, missing data were maintained as 
missing, and no missing data imputation were implemented for secondary endpoints related to 
intravenous (IV) antibiotics or hospitalizations. 

Incidence of febrile neutropenia and infection were identified through adverse events and would 
not be missing throughout the study. 
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Interim Analysis 

No interim analysis was planned for the study. 

6.2.2.4. Results of Analyses, Trial GC-627-04 

Subject Disposition  
This study was conducted between August 2016 and November 2017 at 16 study centers in 
Ukraine, Russia, Hungary, and the United States. A total of 122 subjects were randomized to the 
study, including 83 subjects randomized to F-627 arm and 39 subjects randomized to placebo 
arm in chemotherapy cycle 1 (Table 8).  

All subjects received 20 mg F-627 during chemotherapy cycles 2, 3, and 4. Overall, 118 (96.7%) 
subjects completed the study and 4 subjects discontinued prematurely, with 1 subject withdrawn 
in cycle 1, 2 subjects withdrawn in cycle 2, and 1 subject withdrawn in cycle 4. The primary 
reasons for early withdrawal were failure to comply with protocol requirements (2 subjects 
randomized to F-627), adverse event (AE) (1 subject randomized to placebo), and Sponsor 
decision (1 subject randomized to placebo). The AE leading to early withdrawal was an 
uncontrolled infection requiring antibiotics and/or hospitalization (refer to Section 7.6.2.4 for 
additional details). 

Table 8. Disposition of Study Subjects, Trial GC-627-04 

Disposition 

Treatment in Chemotherapy Cycle 1 
F-627 
N (%) 

Placebo 
N (%) 

Total 
N (%) 

Randomized 83 (100.0) 39 (100.0) 122 (100.0) 
Cycle 1    

Completed  83 (100.0) 38 (97.4) 121 (99.2) 
Early withdrawal  0 1 (2.6) 1 (0.8) 

Cycle 2    
Completed  82 (98.8) 37 (94.9) 119 (97.5) 
Early withdrawal  1 (1.2) 1 (2.6) 2 (1.6) 

Cycle 3    
Completed  82 (98.8) 37 (94.9) 119 (97.5) 
Early withdrawal  0 0 0 

Cycle 4    
Completed  81 (97.6) 37 (94.9) 118 (96.7) 
Early withdrawal  1 (1.2) 0 1 (0.8) 

Completed the study 81 (97.6) 37 (94.9) 118 (96.7) 
Early withdrawal 2 (2.4) 2 (5.1) 4 (3.3) 
Reason for discontinuation 

Adverse events 0 1 (2.6) 1 (0.8) 
Protocol violations 2 (2.4) 0 2 (1.6) 
Sponsor decision 0 1 (2.6) 1 (0.8) 

Source: Reviewer analysis 
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Baseline Demographic and Disease Characteristics 
All subjects were female. The majority were white (99.2%), not Hispanic or Latino (98.4%), 
from either Ukraine (55.7%) or Russia (39.3%), with a mean (standard deviation (SD)) age of 
51.0 (9.14) years. The majority were less than 65 years of age (91.8%).  

Reviewer Comment: Similar demographic information was observed in both treatment arms 
(Table 9 below). Only one U.S. subject was enrolled. Only one Black subject was enrolled. No 
males were enrolled.  

Table 9. Summary of Demographic Characteristics, ITT Population, Trial GC-627-04 

Demographic Characteristics 
F-627 

(N=83) 
Placebo 

(N=39) 
Total 

(N=122) 
Age (years) 

Mean (SD) 50.8 (9.25) 51.5 (9.00) 51.0 (9.14) 
Median 50.0 51.0 51.0 
Min, Max 30, 69 33, 67 60, 69 

Age group, n (%)    
<65 years 76 (91.6) 36 (92.3) 112 (91.8) 
≥65 years 7 (8.4) 3 (7.7) 10 (8.2) 

Sex, n (%) 
Female 83 (100.0) 39 (100.0) 122 (100.0) 

Race, n (%) 
White 2 (98.8) 39 (100.0) 121 (99.2) 
Black or African American 1 (1.2) 0 1 (0.8) 
Other 0 0 0 

Ethnicity, n (%) 
Hispanic or Latino 1 (1.2) 1 (2.6) 2 (1.6) 
Not Hispanic or Latino 82 (98.8) 38 (97.4) 120 (98.4) 

Region, n (%) 
Hungary 4 (4.8) 1 (2.6) 5 (4.1) 
Russia 32 (38.6) 16 (41.0) 48 (39.3) 
Ukraine 46 (55.4) 22 (56.4) 68 (55.7) 
United States 1 (1.2) 0 1 (0.8) 

Source: Reviewer analysis 
Abbreviations: ITT, intent-to-treat; SD, standard deviation 

Table 10 below shows subjects’ baseline characteristics for weight, ECOG performance status 
and cancer stage. Overall, the mean (SD) BMI was 26.6 (5.65). No subject had an ECOG 
performance status greater than 1. Approximately 55% of subjects randomized to F-627 as their 
treatment in the first chemotherapy cycle had a performance status of 0 and 44.6% had a status of 
1, and for those randomized to placebo, 69.2% had a performance status of 0 and 30.8% had a 
status of 1. Most subjects (52.5%) were classified with Stage II cancer at screening, followed by 
Stage III (27.9%) and Stage IV (19.7%).  

Reviewer Comment: Similar baseline demographic and disease information were observed in 
both treatment arms. Please refer to Section 6.3 of the review for further discussion regarding 
the applicability of the enrolled population. 
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Table 10. Summary of Baseline Characteristics, ITT Population, Trial GC-627-04 

Baseline Characteristics 
F-627 

(N=83) 
Placebo 

(N=39) 
Total 

(N=122) 
BMI, weight (kg) / [Height (m)]2 

Mean (SD) 26.2 (5.36) 27.4 (6.22) 26.6 (5.65) 
Median 26.1 26.4 26.1 
Min, Max 16, 44 17, 44 16, 44 

Baseline ECOG performance status 
0 46 (55.4) 27 (69.2) 73 (59.8) 
1 37 (44.6) 12 (30.8) 49 (40.2) 

Cancer stage at screening 
Stage II 43 (51.8) 21 (53.8) 64 (52.5) 
Stage III 22 (26.5) 12 (30.8) 34 (27.9) 
Stage IV 18 (21.7) 6 (15.4) 24 (19.7) 

Source: Reviewer analysis 
Abbreviations: BMI, body mass index; ECOG, Eastern Cooperative Oncology Group; ITT, intent-to-treat; SD, standard deviation 

Efficacy Results 

Primary Endpoint 
The least square (LS) mean (standard error [SE]) duration of grade 4 (severe) neutropenia in 
chemotherapy cycle 1 was 1.4 (0.16) days for F-627 arm compared to 4.3 (0.24) days for placebo 
arm. The mean difference (SE) (placebo - F-627), assessed via multiple imputation, was 2.9 
(0.28) days with a 95% CI of (2.3, 3.4). Because the lower bound of 95% CI was greater than 0 
and the P-value<0.0001, the superiority of F-627 compared with placebo seemed to be 
demonstrated (Table 11).  

Table 11. Duration of Grade 4 Neutropenia in Cycle 1, ITT Population, Trial GC-627-04 

Parameter 
F-627 
(N=83) 

Placebo 
(N=39) 

Observed mean duration (SD), day 1.3 (1.19) 3.9 (1.44) 
LS mean duration (SE), day 1.4 (0.16) 4.3 (0.24) 
Mean difference (Placebo – F-627) (SE) 2.9 (0.28) 

95% CI of the difference (2.3, 3.4) 
p-value <0.0001 

Source: Reviewer analysis with multiple imputation, which included the first 12 days of ANC values post-chemotherapy, with age 
and baseline ANC values as covariates.   
Abbreviations: CI, confidence interval; ITT, intent-to-treat; SD, standard deviation; SE, standard error 

Sensitivity Analyses: 
Multiple sensitivity analyses were performed by the Sponsor and the Food and Drug 
Administration (FDA) statistical reviewer to assess the robustness of the primary analysis result 
and results are shown in Figure 7 below. In the worst-case scenario, ANC missing values were 
imputed using the following rule: missing values from F-627 arm were imputed as the worse 
(lower) value of the two adjacent observed ANC values, missing values from placebo arm were 
imputed as the better (higher) value of two adjacent observed ANC values.  

Similar differences to the primary analysis were observed when the analyses were performed on 
the ITT Population with no multiple imputation, with bootstrap sampling multiple imputation, 
with FCS multiple imputation, and with imputation with worst case scenario, and when 
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performed on the PP Population presented in Figure 7 below. Across these methods, the mean 
difference (placebo - F-627) in the mean duration of grade 4 neutropenia ranged between 2.6 to 
2.9 days.  

Tipping point analysis for the PMM of the change of difference in duration of grade 4 
neutropenia in cycle 1 did not reach a tipping point. The mean differences were ranged between 
approximately 2.7 and 2.8 days, with the lower limit of all 95% CI >0. All sensitivity analyses 
reach the same conclusion, that is the duration of severe neutropenia for subjects administered F-
627 is statistically significantly different from that observed with placebo. 

Figure 7. Forest Plot of the Sensitivity Analyses for the Primary Endpoint, Trial GC-627-04 

 
Source: Reviewer analysis 
Abbreviations: FCS, fully conditional specification; MI, multiple imputation; PP, per protocol 

Absolute Neutrophil Count (ANC) in Chemotherapy Cycle 1 
As supportive evidence, for visual comparison of the effectiveness of F-627 versus placebo, 
means (±SD) ANC values in chemotherapy cycle 1 were plotted over time in Figure 8 below. 
Treatment with F-627 appeared to result in a faster recovery compared to placebo. Baseline ANC 
(Day 1) was similar between treatments. Mean ANC values increased between Day 2 and Day 3 
for F-627, and then decreased with nadir reached at Day 8; ANC levels then increased to Day 3 
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levels by Day 12. Mean ANC values decreased between Day 1 and Day 10 for placebo and then 
increased to Day 1 levels by Day 15. 

Figure 8. Mean (±SD) ANC Over Time in Chemotherapy Cycle 1, ITT Population, Trial GC-627-04 

 
Source: Reviewer analysis 
Abbreviations: ANC, absolute neutrophil count; ITT, intent-to-treat; SD, standard deviation 

Key Secondary Endpoints 
A fallback method was used to adjust multiplicity in testing seven key secondary endpoints and 
to control the overall family wise error rate at 2-sided alpha level of 0.05. The overall results are 
show below. Based on the results, F-627 yielded statistically significant results with respect to 
the following three endpoints: 

• Incidence rate of febrile neutropenia 
• The duration of grade 3 neutropenia 
• The duration of grade 2 neutropenia 
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Table 12. Summary of Key Secondary Endpoints, Trial GC-627-04 

Key Secondary Endpoints 
Alpha Level 

Planned p-Value Significant? 

Alpha 
Level 

Tested 
The incidence rate of febrile neutropenia 
for chemotherapy cycle 1 

0.04 0.0016 Yes 0.04 

The incidence rate of infection for 
chemotherapy cycle 1  

0.005 0.3258 No 0.045 

The duration in days of grade 3 
neutropenia for chemotherapy cycle 1 

0.001 <0.0001 Yes 0.001 

The duration in days of grade 2 
neutropenia for chemotherapy cycle 1 

0.001 <0.0001 Yes 0.002 

The incidence rate of use of antibiotic for 
chemotherapy cycle 1 

0.001 0.0047 No 0.003 

The incidence rate of use of pain 
medications for chemotherapy cycle 1 

0.001 0.0545 No 0.001 

The incidence rate of grade 4 neutropenia 
for chemotherapy cycle 1 

0.001 0.0019 No 0.001 

Source: Reviewer analysis 

Incidence Rate of Febrile Neutropenia 
In chemotherapy cycle 1, 4.8% of subjects randomized to F-627 arm had FN and 25.6% of 
subjects randomized to Placebo arm had FN. The difference of 20.8% between these two 
treatment arms was statistically significant (P-value = 0.0016; tested at α = 0.04; Table 13). 

Table 13. The Incidence Rate of Febrile Neutropenia (FN) in Cycle 1, ITT Population 

Subjects With FN 
F-627 
(N=83) 

Placebo 
(N=39) 

Number of subjects, n (%) 4 (4.8) 10 (25.6) 
Difference (placebo – F-627) (95% CI) 20.8 (1.8, 38.8) 
p-value 0.0016 

Source: Table 16 of Applicant’s CSR 
Abbreviations: CI, confidence interval; ITT, intent-to-treat 

Incidence of Infection in Cycle 1 
Two patients (2.4%) in the F-627 arm had infections compared to 3 (7.7%) in the placebo arm.  
The difference was 5.3% (95% CI: -13.8, 24.1).  In the patients in the F-627 arm had an upper 
respiratory tract infection (1) and pharyngitis (1).  The patients in the placebo arm had 
pneumonia (1) and pharyngitis (3). The narrative did not state whether the pneumonia was 
bacterial, viral, or other pathogen. 

The Duration in Days of Grade 3 Neutropenia for Chemotherapy Cycle 1 – ITT Population 
In chemotherapy cycle 1, the observed mean (SD) duration of Grade 3 neutropenia (which also 
included those subjects with Grade 4 neutropenia) was 2.1 (1.51) days for subjects randomized to 
F-627. Placebo arm had mean (SD) of 5.1 (1.90) days. The mean difference (SE) between the 
treatment arms was 3.0 (0.36) days (95% CI: 2.2, 3.7). This difference was statistically 
significantly shorter in the F-627 arm with p-value <0.0001 (tested at α = 0.001; Table 14. 
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Table 14. The Duration in Days of Grade 3 Neutropenia in Cycle 1, ITT Population 

Duration of Grade 3 Neutropenia (Days) 
F-627 
(N=83) 

Placebo 
(N=39) 

Cycle 1, n 74 28 
Mean (SD) 2.1 (1.51) 5.1 (1.90) 
Difference (placebo – F-627) (SE)  3.0 (0.36) 
95% CI (2.2, 3.7) 
p-value <0.0001 

Source: Table 14 of Applicant’s CSR 
Abbreviations: CI, confidence interval; ITT, intent-to-treat; SD, standard deviation; SE, standard error 

The Duration in Days of Grade 2 Neutropenia for Chemotherapy Cycle 1 – ITT Population 
In chemotherapy cycle 1, the observed mean (SD) duration of Grade 2 neutropenia (which also 
included those with Grade 3 and Grade 4 neutropenia) was 2.6 (1.47) days for subjects 
randomized to F-627. Placebo arm had mean (SD) of 6.8 (2.54) days. The mean difference (SE) 
between treatments was 4.2 (0.40) days (95% CI: 3.4, 5.0). This difference was statistically 
significantly shorter in the F-627arm with p-value <0.0001 (tested at α = 0.002; Table 15). 

Table 15. The Duration in Days of Grade 2 Neutropenia in Cycle 1, ITT Population 

Duration of Grade 2 Neutropenia (Days) 
F-627 
(N=83) 

Placebo 
(N=39) 

Cycle 1, n 74 28 
Mean (SD) 2.6 (1.47) 6.8 (2.54) 
Difference (placebo – F-627) (SE)  4.2 (0.40) 
(95% CI) (3.4, 5.0) 
p-value <0.0001 

Source: Table 15 of Applicant’s CSR  
Abbreviations: CI, confidence interval; ITT, intent-to-treat; SD, standard deviation; SE, standard error 

6.2.3. Trial GC-627-05 

6.2.3.1. Study Design and Endpoints, Trial GC-627-05 

This was a phase 3, randomized, multicenter, open-label, fixed-dose, active-controlled (Neulasta) 
clinical trial of F-627 in women with stage I-III invasive breast cancer receiving myelotoxic 
chemotherapy. 

Subjects in this study were those who are scheduled to undergo at least 4, 21-day cycles of 
chemotherapy treatment. Subjects could have scheduled for more than 4 cycles of chemotherapy; 
however, study participation would be limited to their first 4 cycles. 

Primary Efficacy Objective 

• To evaluate the efficacy of F-627 given as a single fixed dose (20 mg) prefilled syringe 
compared to Neulasta standard dosing (6 mg) following chemotherapy completion in 
cycle 1. 
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Primary Efficacy Endpoint 

• The duration of grade 4 (severe) neutropenia (ANC <0.5×109/L) observed in 
chemotherapy cycle 1. 

Secondary Efficacy Endpoints 

• The duration of use of intravenous (IV) antibiotics (total across all chemotherapy cycles). 
The duration of use of IV antibiotics is defined as the number of days in which IV 
antibiotics were administered. 

• The duration of hospitalization for febrile neutropenia or any infection (total across all 
chemotherapy cycles). The duration is defined as the number of days of hospitalization for 
febrile neutropenia or any infection total across all chemotherapy cycles. 

•  The incidence of febrile neutropenia, considering all chemotherapy cycles. Febrile 
neutropenia is defined as a single oral temperature of ≥38.3 ◦C (101°F) or a temperature of 
>38.0 ◦C (100.4°F) sustained for >1 hour and ANC <0.5×109/L on the same day. 

• The incidence of grade 4 neutropenia for chemotherapy cycle 1. 

• The incidence of use of IV antibiotics, considering all chemotherapy cycles. 

• The incidence of hospitalization for febrile neutropenia or any infection, considering all 
chemotherapy cycles. 

Figure 9. Schematic Diagram and Trial Design, Trial GC-627-05 

 
Source: Figure 1 of Applicant’s SAP 
Abbreviations: SC, subcutaneous; TC, docetaxel and cyclophosphamide 
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Study Treatment 
Approximately 24 hours after chemotherapy administration in each cycle (Day 2 of each cycle), 
subjects were administered study drug according to their randomization arm:  

• Arm 1: F-627, 20 mg fixed dose prefilled syringe  
• Arm 2: Neulasta, 6 mg fixed dose 

Randomization Scheme 
The primary endpoint of this study is based on the ANC laboratory measurements, which should 
remain free from bias. Due to the visual and packaging differences between the investigational 
drug, F-627, and the comparator, Neulasta, this study is considered open-label.  

In order to provide unbiased assessments of other efficacy and safety parameters, investigational 
drug injections were administered by qualified study personnel separate from the investigator 
and study assessment personnel and the latter were remained blinded to subject treatment 
assignment, permitting all assessments being completed in a blinded, unbiased fashion. 

Eligible subjects were randomized in a 1:1 ratio to either: 

• F-627 20 mg fixed dose prefilled syringe 
• Neulasta 6 mg fixed dose 

Randomization was stratified by country/region. 

6.2.3.2. Eligibility Criteria, Trial GC-627-05 

Subject Inclusion Criteria 

• Show evidence of a personally signed and dated informed consent document indicating 
that the subject has been informed of all pertinent aspects of the trial. 

• Females ≥18 years of age. 

• Diagnosed with Stage I-III breast cancer. 

• Subject is scheduled to undergo 4 cycles of neoadjuvant or adjuvant TC chemotherapy 
(docetaxel, cyclophosphamide, 75, 600 mg/m2, respectively). 

•  ECOG Performance status of ≤2. 

• WBC count ≥4.0×109/L, hemoglobin ≥11.5 g/dL and a platelet count ≥150×109/L. 

• Demonstrate adequate renal, hepatic, and cardiac function (liver function tests [alanine 
aminotransferase (Albireo 2021), aspartate aminotransferase (Srivastava 2014), alkaline 
phosphatase, and total bilirubin]) should be less than 2.5x the upper limits of normal 
(ULN). Serum creatinine should be less than 1.7x ULN. 

• All subjects must agree to use at least one of the following types of contraception: 
intrauterine device, implantable progesterone device, progesterone intramuscular injection, 
or oral contraceptive, which has been started at least 1 month prior to visit one and will 
continue for the duration of the trial. The contraceptive patch or condom use with 
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spermicide is also acceptable forms of contraception as long as they will be used 
continually throughout the duration of the trial. 

Subject Exclusion Criteria 

• Subject is <18 years of age. 

• Disease progression has occurred while receiving a taxane regimen. 

• Subject has undergone radiation therapy within 4 weeks of enrollment. 

• Subject has undergone bone marrow or stem-cell transplantation. 

• Subject has a history of prior malignancy other than breast cancer that is NOT in 
remission. 

• Subjects who have used G-CSF or any other drug that may potentiate the release of 
neutrophils (i.e., lithium) within 6 weeks of the screening period are excluded. 

• Subject has had chemotherapy within 180 days of screening. 

• Subject has documented congestive heart failure, cardiomyopathy or myocardial infarction 
by clinical diagnosis, electrocardiogram (ECG) test, or any other relevant test. 

• History of alcohol or drug abuse that would interfere with the ability to be compliant with 
the study procedure. 

• Unwillingness to participate in the study. 

• Any underlying medical condition that, in the Investigator’s opinion, would make the 
administration of study drug hazardous to the subject or that would obscure the 
interpretation of adverse events. 

• Receiving other investigational drugs or biologics within 1 month or five half-lives of 
enrollment (if known), whichever is less. 

• Any condition, which can cause splenomegaly. 

• Chronic constipation or diarrhea, irritable bowel syndrome, inflammatory bowel disease. 

• ALT, AST, alkaline phosphatase, total bilirubin ≥2.5x ULN. 

• Subject with active infection, or known to be infected with chronic active Hepatitis B 
within the last 1 year (unless shown at the time of study entry to be Hepatitis B antigen 
negative), or having any history of Hepatitis C. 

• Women who are pregnant or breast-feeding. 

• Subject known to be seropositive for HIV, or who have had an AIDS defining illness or a 
known immunodeficiency disorder. 

• Subject with a history of tuberculosis or exposure to tuberculosis. Subjects who have 
received a prior chest X-ray for suspicion of tuberculosis are also excluded unless they 
have been confirmed to be PPD negative or they had latent tuberculosis that has been 
previously treated. 

• Subjects with Sickle Cell disease. 
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• Subjects with known hypersensitivity to E. coli-derived proteins‚ pegfilgrastim‚ filgrastim, 
or any other component of the study drug. 

6.2.3.3. Statistical Analysis Plan, Trial GC-627-05 

Statistical Hypothesis 
The statistical hypothesis for the primary endpoint, the duration in days of grade 4 neutropenia in 
chemotherapy cycle 1 is listed below. 

H0: µF-627 - µNeulasta ≥0.6 days 

HA: µF-627 - µNeulasta <0.6 days 

Noninferiority of F-627 to Neulasta would be demonstrated if the upper limit of the one-sided 
97.5% confidence interval (CI) for the difference in mean duration of grade 4 neutropenia (F-627 
– Neulasta) is <0.6 days. If the null hypothesis is rejected and F-627 is deemed noninferior to 
Neulasta, then the two- sided CI would be assessed to determine superiority. Superiority may be 
claimed if the upper bound of the two-sided 95% CI is <0. 

Reviewer Comment: At the IND stage, there were several correspondences between the 
Applicant and the FDA statistical review team in regard to the acceptability of the NI margin to 
compare the efficacy of F-627 to the active control, Neulasta. The Applicant originally proposed 
a NI margin of 1 day, however, the FDA statistical review team concluded that the justification 
for this margin of 1 day was not adequate and acceptable. The statistical review team further 
recommended a NI margin of 0.6 day to avoid potential biocreep (i.e., ineffective biosimilar drug 
may be allowed on the market if an inadequate NI margin is repeatedly used for some time)  
based on a trial using Neulasta as the comparator, since it was US-licensed based on a 
noninferiority trial to Neupogen (filgrastim) with a NI margin of 1 day. The Applicant accepted 
this recommendation and used 0.6 day as the NI margin for the study. recommendation and used 
0.6 day as the NI margin for the study. 

Sample Size Calculation 
The assumptions used to calculate the study sample size were based on the results from the GC- 
627-02 phase 2 study. For subjects dosed with TC chemotherapy, the difference in the duration 
of severe neutropenia for F-627 in this study as compared to Neulasta was 0.3 and 0.1 days, for 
the 240 and 320 μg/kg arms respectively, with an observed standard deviation of 0.28 days for 
Neulasta, 0.86 and 0.48 days for F-627 240 and 320 μg/kg arms respectively.  

Assuming a difference in the duration of severe neutropenia for F-627 as compared to Neulasta 
of up to 0.3 days and a common standard deviation of 0.86 days, with a noninferiority margin of 
0.6 days, a sample size of 174 per arm would provide 90% power under these assumptions. 
Assuming a 10% drop-out rate, a total sample size of 386 was planned for randomization. 

Reference ID: 5278513



BLA 761134  
Ryzneuta (efbemalenograstim alfa-vuxw) 

49 
Integrated Review Template, version 3.0 (05/25/2022) 

Efficacy Analysis Set 

Intent-to-Treat (ITT) Population 
All randomized subjects were included. Following the ITT principle in the ICH E9 guidance, 
data from participants in the ITT Population were analyzed according to their randomized 
treatment. The ITT Population was used as the primary analysis set for all efficacy analyses. 

Per Protocol (PP) Population 
All subjects from the ITT Population who received study treatment, who were eligible, 
compliant and without major protocol deviations during the first cycle of treatment were 
included. The PP Population was used for sensitivity analysis. Major protocol deviations 
included, but were not limited to, those who receiving incorrect treatment, or noncompliance to 
ANC collection in the first 12 days of cycle 1 that may affect the primary endpoint. 

Analysis Method for the Primary Efficacy Endpoint 
The duration of grade 4 (severe) neutropenia is defined as the number of days in which the 
subject has had an ANC <0.5×109/L during cycle 1. 

Duration = (Date of last ANC <0.5×109/L within cycle) – (Date of first ANC <0.5×109/L within 
cycle) +1 

If subject did not experience neutropenia during the first 12 days of cycle 1, Duration =0 days. 

A noninferiority analysis was performed, with a margin of 0.6 days, to compare F-627 to 
Neulasta with respect to the duration of grade 4 neutropenia. The difference in mean duration of 
neutropenia between the two treatment arms in cycle 1 was calculated as: mean (F-627) – mean 
(Neulasta). The two-sample t test was used to calculate 95% confidence intervals (CI). 
Noninferiority of F-627 to Neulasta would be demonstrated if the upper limit of the two-sided 
95% CI is less than 0.6 days. 

If found to be noninferior to Neulasta, superiority of F-627 to Neulasta would be assessed in a 
similar manner: if the upper limit of the two-sided 95% CI is less than 0 days, the tested dose of 
F-627 may be considered superior to Neulasta. 

ANC Assessment Window 
Same as for trial GC-627-04. Please refer to the corresponding Section 6.2.2.3 above. 

Missing Data Handling Method 
Same as for trial GC-627-04. Please refer to the corresponding Section 6.2.2.3 above. 

Sensitivity Analyses 

Same as for trial GC-627-04. Please refer to the corresponding Section 6.2.2.3 above. 
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Key Secondary Endpoints and Multiplicity Adjustment 

If the primary analysis infers F-627 is noninferior to Neulasta, then the following secondary 
endpoints would be tested for superiority to Neulasta using a fallback method to retain the 
overall family wise error rate of two-sided alpha of 0.05. The order of the hierarchical testing and 
the assigned alpha are ordered as follows:  

• Number of days of IV antibiotics, α=0.0486 (total across all chemotherapy cycles). 

• Number of days of hospitalization for febrile neutropenia or any infection, α=0.001(total 
across all chemotherapy cycles). 

• The incidence of febrile neutropenia, considering all chemotherapy cycles, α=0.0001. 

• The incidence of grade 4 neutropenia for chemotherapy cycle 1, α=0.0001. 

• The incidence of use of IV antibiotics, considering all chemotherapy cycles, α=0.0001. 

• The incidence of hospitalization for febrile neutropenia or any infection, considering all 
chemotherapy cycles, α=0.0001. 

Once F-627 proves noninferior in comparison with Neulasta, superiority of F-627 to Neulasta 
within the secondary endpoints would be tested. The first secondary endpoint listed above would 
be tested using significant level of α=0.0486. If this comparison demonstrates superiority, then 
the next endpoint would be tested using a significance level of α= (0.0486+0.001) =0.0487, 
otherwise the α would be kept at 0.001. This method would provide an opportunity to test all the 
secondary endpoints using the α indicated or using the α accrued from the previous tests in the 
hierarchy, which have rejected their null hypothesis. 

All continuous secondary endpoints would be tested using the two-sample t test similar to the 
primary analysis or, if the normality assumption was deemed inadequate a Wilcoxon Rank Sum 
test would be utilized. All categorical secondary endpoints would be analyzed via the Chi-square 
test for comparisons between treatments. If the number of events in one category was less than 5, 
Fisher’s exact test would be used in place of Chi-square. 

Missing Data Handling Method for Secondary Efficacy Endpoints 
In analyzing number of days and incidence of IV antibiotics and hospitalizations, missing data 
were maintained as missing, and no missing data imputation were implemented for secondary 
endpoints related to IV antibiotics or hospitalizations. 

Missing ANC values were imputed through the multiple imputation methods for the primary 
endpoints, duration of grade 4 neutropenia for chemotherapy cycle 1. These imputed values were 
used for the calculation of incidence of grade 4 neutropenia in chemotherapy cycle 1 as well. 
Similar multiple imputation analysis procedures (SAS PROC MIANALYZE) were used. 

Incidence of febrile neutropenia was identified through adverse events and would not be missing 
throughout the study. 
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Interim Analysis 

No interim analysis was planned for the study 

6.2.3.4. Results of Analyses, Trial GC-627-05 

Disposition of Subjects 
This study was conducted between April 2018 and March 2020 at 41 study sites across 5 
countries, including 5 sites in Bulgaria, 6 sites in Hungary, 11 sites in Russia, 18 sites in the 
Ukraine, and 1 site in the United States.  

A total of 393 subjects were randomized (1:1, 197 randomized to F-627 and 196 randomized to 
Neulasta). Overall, 373 (94.9%) subjects completed the treatment program, with 390 (99.2%), 
384 (97.7%), 374 (95.2%), and 373 (94.9%) subjects completed chemotherapy cycles 1, 2, 3, and 
4, respectively. Overall, 20 (5.1%) subjects discontinued study drug prematurely, with 3, 6, 10, 
and 1 subject withdrawn in chemotherapy cycles 1, 2, 3, and 4, respectively. The primary reason 
for early withdrawal was adverse event in 11 (2.8%) subjects, followed by Investigator decision 
in 4 (1.0%) subjects, withdrawal of consent in 3 (0.8%) subjects, and failure to comply with 
protocol requirements in 2 (0.5%) subjects (refer to Section 7.6.3.4 for additional details).  

Reviewer Comment: Subject disposition between the treatment groups was similar. 

Table 16. Summary of Subject Disposition, Trial GC-627-05 

Subject Disposition 
F-627 
N (%) 

Neulasta 
N (%) 

Total 
N (%) 

Randomized 197 (100.0) 196 (100.0) 393 (100.0) 
Cycle 1    

Completed  194 (98.5) 196 (100.0) 390 (99.2) 
Early withdrawal  3 (1.5) 0 3 (0.8) 

Cycle 2    
Completed  193 (98.0) 191 (97.4) 384 (97.7) 
Early withdrawal  1 (0.5) 5 (2.6) 6 (1.5) 

Cycle 3    
Completed  186 (94.4) 188 (95.9) 374 (95.2) 
Early withdrawal  7 (3.6) 3 (1.5) 10 (2.5) 

Cycle 4    
Completed  186 (94.4) 187 (95.4) 373 (94.9) 
Early withdrawal  0 1 (0.5) 1 (0.3) 

Completed the study 186 (94.4) 187 (95.4) 373 (94.9) 
Early withdrawal 11 (5.6) 9 (4.6) 20 (5.1) 
Reason for discontinuation 

Adverse events 6 (3.0) 5 (2.6) 11 (2.8) 
Investigator decision 2 (1.0) 2 (1.0) 4 (1.0) 
Withdrawal of consent 2 (1.0) 1 (0.5) 3 (0.8) 
Protocol violations 1 (0.5) 1 (0.5) 2 (0.5) 

Source: Reviewer analysis 
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Baseline Demographic and Disease Characteristics 
All participants in the study were female and white. All but one was Hispanic or Latino (99.7%). 
The participants were from either Ukraine (42.2%), Russia (36.9%), Hungary (11.5%), Bulgaria 
(9.2%), or United States (0.3%). The subjects had a mean (SD) age of 52.4 (11.50) years. 

Reviewer Comment: Similar demographic information was observed in both treatment arms 
(Table 17 below). Only one U.S. subject was enrolled. No Black subjects were enrolled. No 
males were enrolled. 

Table 17. Summary of Demographic Characteristics, ITT Population; Trial GC-627-05 

Demographic Characteristics 
F-627 

(N=197) 
Neulasta 
(N=196) 

Total 
(N=393) 

Age (years) 
Mean (SD) 51.4 (11.82) 53.4 (11.11) 52.4 (11.50) 
Median 53.0 55.0 54.0 
Min, Max 28, 83 26, 80 26, 83 

Age group, n (%) 
<65 years 171 (86.8) 161 (82.1)  332 (84.5) 
≥65 years 26 (13.2) 35 (17.9) 61 (15.5) 

Sex, n (%) 
Female 197 (100.0) 196 (100.0) 393 (100.0) 

Race, n (%) 
White 197 (100.0) 196 (100.0) 393 (100.0) 
Black or African American 0 0 0 
Other 0 0 0 

Ethnicity, n (%) 
Hispanic or Latino 0 1 (0.5) 1 (0.3) 
Not Hispanic or Latino 197 (100.0) 195 (99.5) 392 (99.7) 

Region, n (%) 
Ukraine 82 (41.6) 84 (42.9) 166 (42.2) 
Russia 73 (37.1) 72 (36.7) 145 (36.9) 
Hungary 23 (11.7) 22 (11.2) 45 (11.5) 
Bulgaria 18 (9.1) 18 (9.2) 36 (9.2) 
United States 1 (0.5) 0 1 (0.3) 

Source: Reviewer analysis 
Abbreviations: ITT, intent-to-treat; SD, standard deviation 

The baseline characteristics are summarized in Table 18 below. Overall, the mean (SD) BMI was 
28.6 (6.27). Most subjects had baseline ECOG score of 0 (76.1%) and the rest had a score of 1 
(23.9). Most subjects had cancer stage II (52.4), followed by stage III (31.1%) and stage I (16.3).  

Reviewer Comment: Similar baseline characteristics were observed between the two treatment 
arms. 

Table 18. Summary of Baseline Characteristics, ITT Population, Trial GC-627-05 

Baseline Characteristics 
F-627 

(N=197) 
Neulasta 
(N=196) 

Total 
(N=393) 

BMI, weight (kg) / [Height (m)]2    
Mean (SD) 28.7 (6.36) 28.5 (6.20) 28.6 (6.27) 
Median 27.6 27.7 27.7 
Min, Max 18.3, 49.1 17.3, 56.4 17.3, 56.4 
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Baseline Characteristics 
F-627 

(N=197) 
Neulasta 
(N=196) 

Total 
(N=393) 

Baseline ECOG performance status, n (%)    
0 153 (77.7) 146 (74.5) 299 (76.1) 
1 44 (22.3) 50 (25.5) 94 (23.9) 

Cancer stage at screening, n (%)    
Stage I 30 (15.2) 34 (17.3) 64 (16.3) 
Stage II 99 (50.3) 107 (54.6) 206 (52.4) 
Stage III 68 (34.5) 55 (28.1) 123 (31.1) 

Source: Reviewer analysis 
Abbreviations: BMI, body mass index; ITT, intent-to-treat; ECOG, Eastern Cooperative Oncology Group; SD, standard deviation 

Clinical reviewer comment: There was a higher proportion of  patients with stage III breast 
cancer in the F-627 and slightly lower Stage I and II. The chemotherapy regimen is the same 
regardless of stage in this clinical trial. 

Efficacy Results 

Primary Endpoint 
The observed mean duration of grade 4 (severe) neutropenia in chemotherapy cycle 1 was 0.2 
days for both F-627 and Neulasta arms. The mean difference (F-627 – Neulasta), assessed using 
multiple imputation, was 0.0 days (95% CI: -0.1, 0.1). As the one-sided 97.5% CI was less than 
the prespecified noninferiority margin of 0.6 days, noninferiority of F-627 to Neulasta seems to 
be demonstrated. However, superiority of F-627 to Neulasta was not observed as the upper 
bound of the two-sided 95% CI was not <0 days.  

Table 19. Summary of Duration of Grade 4 Neutropenia in Cycle 1, ITT Population, Trial GC-627-05  

Parameter 
F-627 

(N=197) 
Neulasta 
(N=196) 

Mean duration (SD), days 0.2 (0.51) 0.2 (0.45) 
Mean difference (95% CI) 0.0 (-0.1, 0.1) 
NI margin 0.6 
Superiority margin 0 
Source: Reviewer analysis 
Abbreviation: CI, confidence interval; ITT, intent-to-treat; NI, noninferiority; SD, standard deviation 

Sensitivity Analyses 
Similar differences were observed when sensitivity analyses were performed on the ITT 
population with observed cases only, with FCS multiple imputation, and with bootstrap sampling 
multiple imputation. These results were also confirmed when the sensitivity analysis with the PP 
population was performed. Across these methods, the least square mean difference between F-
627 and Neulasta was 0.0 days (Figure 10 below).  

Tipping point analysis of the PMM of the change of difference in duration of grade 4 neutropenia 
in chemotherapy cycle 1 did not reach a tipping point, the mean difference between treatments 
ranged between approximately 0.019 and 0.044 days, with the upper limit of all 95% CI <0.6. 
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Figure 10. Forest Plot for the Sensitivity Analyses of the Primary Endpoint, Trial GC-627-05 

 
Source: Reviewer analysis 
Abbreviations: CI, confidence interval; FCS, fully conditional specification; MI, multiple imputation; PP, per protocol 

Absolute Neutrophile Count (ANC) in Chemotherapy cycle 1 
As supportive evidence, a graphical presentation of mean (±SD) ANC values over time in 
chemotherapy cycle 1 by treatment groups is provided in Figure 11 below. Baseline ANC (Day 
1) was similar between treatments, as was the pattern of ANC values over time. For both 
treatment groups, mean ANC values increased between Day 2 and Day 3, and then decreased, 
with nadir reached at Day 6 or 7; ANC levels then increased to peak levels (at or above Day 3 
levels) by Day 9 to Day 10.  
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Figure 11. Mean(±SD) ANC Over Time in Chemotherapy Cycle 1, ITT Population, Trial GC-627-05 

 
Source: Reviewer analysis 
Abbreviations: ANC, absolute neutrophil count; ITT, intent-to-treat; SD, standard deviation 

Absolute Neutrophile Count (ANC) in All Chemotherapy Cycles 
The graphical presentation of mean (±SD) ANC values over all cycles (2-4) is also provided in 
Figure 12 below as supportive evidence. Baseline ANC (Day 1) was similar between treatments, 
as was the pattern of ANC values over time. 
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Figure 12. Mean(±SD) ANC Over Time in All Chemotherapy Cycles, ITT Population, Trial GC-627-05  

  
Source: Reviewer analysis 
Abbreviations: ANC, absolute neutrophil count; ITT, intent-to-treat; SD, standard deviation 

Key Secondary Efficacy Endpoints 
An overview of the results from testing of the key secondary endpoints via a fallback procedure 
is provided in Table 20 below. Based on this testing, F-627 was not shown to be superior to 
Neulasta with respect to all of the prespecified key secondary endpoints: 

• Duration (number of days) of use of IV antibiotics  
• Duration (number of days) of hospitalization for febrile neutropenia or any infection  
• Incidence of febrile neutropenia, considering all chemotherapy cycles  
• Incidence of grade 4 neutropenia for chemotherapy cycle 1  
• Incidence rate of use of IV antibiotics, considering all chemotherapy cycles  
• Incidence rate of hospitalization for febrile neutropenia or any infection, considering all 

chemotherapy cycles.  
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Table 20. Summary of Key Secondary Endpoints, Trial GC-627-05 

Key Secondary Endpoints 
Alpha Level 

Planned p-Value Significant? 
Alpha Level 

Tested 
The number of days of use of IV antibiotics 0.0486 0.0538 No 0.0486 
The number of days of hospitalization for 
febrile neutropenia or any infection 

0.001 1.0000 No 0.001 

The incidence of febrile neutropenia, 
considering all chemotherapy cycles 

0.0001 0.1217 No 0.0001 

The incidence of grade 4 neutropenia for 
chemotherapy cycle 1 

0.0001 0.6153 No 0.0001 

The incidence of use of IV antibiotics, 
considering all chemotherapy cycles 

0.0001 0.0618 No 0.0001 

The incidence of hospitalization for febrile 
neutropenia or any infection, across all 
chemotherapy cycles. 

0.0001 1.0000 No 0.0001 

Source: Reviewer analysis 
Abbreviations: IV, intravenous 

6.3. Key Efficacy Review Issues 

6.3.1. Applicability of the F-627 Clinical Trial Results 
to Both Sexes 

Issue  
The issue is the applicability of F-627 clinical trial results to both sexes. The Applicant’s 
proposed indication does not restrict the indication to the population studied. The main trials 
providing efficacy and safety data only for enrolled female subjects. No male subjects were 
enrolled. The adequacy of extrapolation of these results to the entire disease population proposed 
by Applicant’s label is a concern due to the sex of the study population.  

Background 

Males were only enrolled as healthy volunteers in the phase 1 studies. These studies were not 
designed to provide evidence of effectiveness for the proposed indication, only safety. GC-F-
627-01 was a phase 1, open-label, single dose study in 30 healthy male participants. The data 
demonstrated that increasing doses of F-627 were associated with increasing levels of 
hematopoietic cells, including white blood cells - specifically neutrophils, and CD34+ cells. GC-
F-627-03 was a phase 1 randomized, active-controlled, open-label, single dose study in 24 
healthy male participants. The results showed that there were no significant differences, although 
there was some variability, between the formulation liquid form prefilled syringe and in the 
lyophilized formulation with regard to Cmax and exposure of F-627.  

Table 21 below shows the demographics for the two main trials, GC-627-04 and GC-627-05. 
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Table 21. Demographics for the Phase 3 Studies GC-627-04 and GC-627-05 

 
Source: Applicant’s ‘Integrated Summary of Efficacy’, Table 13. Demographics for the Phase III Studies GC-627-04, GC-627-05, 
and SP11631 
Abbreviations: ITT, intent-to-treat; PFS, prefilled syringe; SD, standard deviation 

Assessment 
Efbemalenograstim alfa-vuxw (F-627) is a granulocyte colony stimulating factor (G-CSF) 
receptor agonist and belongs to the same class as filgrastim, pegfilgrastim, and tbo-filgrastim, 
which are US-licensed G-CSFs. The main trials for the US-licensed products included both male 
and female subjects with cancer. The review of the submitted trials for the US-licensed products 
did not note any significant differences in efficacy or safety based on sex. In addition, post 
marketing experience since the approval of filgrastim in 1991 has not shown any difference in 
the efficacy or safety of G-CSFs in men and women.  

The data from male healthy volunteers were submitted from phase 1 studies. These studies 
demonstrated safety regarding F-627 (efbemalenograstim alfa-vuxw) in that population. The 
adverse events were equivalent to those in female subjects with breast cancer included in the 

Reference ID: 5278513



BLA 761134  
Ryzneuta (efbemalenograstim alfa-vuxw) 

59 
Integrated Review Template, version 3.0 (05/25/2022) 

main studies. These male healthy volunteers also showed an increase in neutrophil count after 
receiving F-627. We would expect to see the same effect of the study drug in male patients with 
cancer. 

The Applicant submitted justification of applicability of F-627 to males based on the G-CSF 
receptor, CSF3R. Since there are no significant differences in molecular variation or mRNA 
levels of CSF3R between sexes, the response to F-627, a G-CSF, should be equal among females 
and males. In addition, the Applicant submitted the synopsis of Trial SP0120029, conducted in 
healthy Chinese subjects. This study demonstrated that the pharmacodynamic response to F-627, 
increase in ANC, was similar in males and females. 

Conclusion 
It is reasonable to extrapolate the efficacy of F-627 demonstrated in female patients to male 
patients due to phase 1 studies done in healthy male volunteers.  

6.3.2. Applicability of the F-627 Clinical Trial Results 
to the U.S. Population 

Issue  
The application only enrolled two subjects from the United States. Additionally, there was a poor 
representation of all races. Only one subject was Black. The Applicant’s proposed indication 
does not restrict the indication to the population studied. 

Background 
Two U.S. subjects were included in the two main studies. The trial contained 0.4% (1) Black 
subject versus the 13.4% Black people that reside in the United States. There were also only 3 
Latino or Hispanic subjects in the main trials. 

Assessment 
The safety and efficacy of currently US-licensed G-CSFs have not been shown to be dependent 
upon nationality or race in patients. The Applicant cites multiple issues for the failure to enroll 
more subjects from U.S. clinical sites in Trials GC-627-04 and GC-627-05. They provide reasons 
such as a lack of interest for patients participating in a study for a supportive intervention as 
opposed to a therapy for their breast cancer diagnosis. However, the Applicant only had one 
Black man included in their studies with healthy volunteers.  

F-627 is a new drug; however, it is a combination of structures that have previously been US-
licensed for use in the United States. G-CSF has been used since its approval in 1991 and Fc 
fusion proteins are also on the market. Both products, overall, appear to be efficacious and 
reasonably safe for the U.S. population.  

In addition, the Applicant submitted a genetic analysis demonstrating that the G-CSF receptor 
does not significantly differ due to race. Two of the three major racial groups, White and Asian, 
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have been well represented in studies with F-627. The review team did find that the percentage 
of one allelic variant of the G-CSF receptor noticeably differed between those of African and 
European descent (see Section 8.1). However, this difference does not necessarily predict a 
difference in efficacy or safety for F-627. 

The review team performed the re-analyses for the duration of grade 4 neutropenia in cycle 1 by 
removing the only one U.S. subject from each study. Comparing with results from the intent-to-
treat (ITT) populations, the reanalysis results are almost the same. As expected, removing the 
two U.S. subjects from the ITT analyses almost does not have any impact on the primary 
analysis results. 

The review team also considered the applicability of trial results to US patients considering 
standard of care (SOC) treatment for breast cancer. In the US and ex-US, the exact 
chemotherapy regimen administered to a patient with breast cancer is dependent on a multitude 
of factors (i.e., disease stage, biomarkers, comorbidities etc.), often two or three chemotherapy 
agents used for treatment. Common chemotherapy agents used in the US that are considered 
high-risk for febrile neutropenia include doxorubicin, cyclophosphamide, docetaxel, 
doxorubicin, carboplatin, and trastuzumab (NCCN growth factor guidelines 2023). Docetaxel 
and doxorubicin (TA) chemotherapy was used in Trial GC-627-04, and docetaxel and 
cyclophosphamide (TC) chemotherapy was used in Trial GC-627-05, these chemotherapy agents 
are also used in the US and increase the risk for febrile neutropenia.  Of note, antibiotic 
prophylaxis is not routinely recommended for patients with solid tumors (Taplitz et al. 2018). 

Conclusion 
It is reasonable to extrapolate the efficacy of F-627 demonstrated in subjects included in the 
main studies to U.S. patients. 

6.3.3. Applicability of the F-627 Clinical Trial Results in 
Patients With Breast Cancer to Patients With 
Other Cancer (Nonmyeloid) Types 

Issue  
No other tumor types were studied. The Applicant’s proposed indication does not restrict the 
indication to the disease population studied. F-627 was studied only in trials enrolling subjects 
with breast cancer. There were no other cancer types represented in the studies submitted in the 
application.  

Background 

Typically, the Division has required trials in at least two solid tumor types, thereby providing 
greater confidence that G-CSF class products can be used in patients with other cancers. 
Originally, in 2015, the Applicant had agreed to conduct a trial in subjects with lung cancer.  
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Assessment 

The US-licensed G-CSFs, filgrastim, pegfilgrastim, and tbo-filgrastim included more than one 
type of cancer in the applications. For filgrastim, the main study is in lung cancer, but data from 
urothelial, breast, ovarian, and neuroblastoma (pediatric) studies are included in the application. 
Pegfilgrastim’s main study is in breast cancer, but data from thoracic cancer, non-Hodgkin 
lymphoma, and pediatric sarcoma studies are included in the application. Finally, for tbo-
filgrastim, the main study is in breast cancer, but data from lung and non-Hodgkin lymphoma 
studies are included in the application. 

The Applicant justifies the use of only one cancer type in its main trials by stating that the target 
of F-627 is the G-CSF receptor and the medical condition is myelosuppression and not the 
tumor. In addition, the majority of chemotherapeutic agent categories are represented in 
regimens used to treat breast cancer.  

Conclusion 
The Sponsor’s justification seems reasonable and supports the broad indication.  

6.3.4. Applicability of the F-627 Clinical Trial Results 
From Patients Receiving Chemotherapy 
Treatments Limited to Docetaxel, Doxorubicin, 
and Cyclophosphamide to Patients Receiving 
Other Myelosuppressive Chemotherapy 
Treatment 

Issue 
Applicability of the F-627 clinical trial results in patients receiving chemotherapy treatments 
limited to docetaxel, doxorubicin, and cyclophosphamide to patients receiving other 
myelosuppressive chemotherapy treatments. The trials only studied the product in subjects with 
breast cancer receiving docetaxel, doxorubicin, and cyclophosphamide as chemotherapy. 

Background 

The Applicant’s proposed indication does not restrict the indication to the chemotherapy 
regimens used in the main trials. Chemotherapies used in the main trials were docetaxel, 
doxorubicin, and cyclophosphamide. In Trial GC-627-04, docetaxel and doxorubicin were 
administered. When breast cancer is treated with this combination there is a 13-97% risk of 
severe neutropenia and 33-48% risk of febrile neutropenia (Zielinski et al. 2008). In Trial GC-
627-05, docetaxel and cyclophosphamide were the chemotherapy agents administered. This 
regimen confers a 43% risk of severe neutropenia and 5% incidence of febrile neutropenia 
(Bordoni 2012). Yet, a systematic review of patients receiving docetaxel and cyclophosphamide 
for breast cancer gives the median febrile neutropenia rate at 31.3% (Fernandes et al. 2017). The 
literature for risk of severe and febrile neutropenia is complex. In addition, subjects enrolled in 
trials were not always comparable. ASCO recommends the prophylactic use of colony 
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stimulating factors (CSFs) to reduce the risk of febrile neutropenia when the risk of febrile 
neutropenia is approximately 20% or higher in a chemotherapy regimen (Smith et al. 2015). 

Assessment 
Other chemotherapies inducing significant neutropenia are not represented in the database. The 
Applicant proposes that G-CSFs do not prevent chemotherapy-induced destruction of neutrophils 
or their precursors. The Applicant states that G-CSF acts on surviving cells to promote rapid 
proliferation and differentiation. Nevertheless, not all chemotherapy regimens induce the same 
level of myelotoxicity. Depending on which chemotherapy agents are used in combination, there 
can be different percentages of neutropenia and febrile neutropenia. This is one of the reasons 
that cancer organizations such as the American Society of Clinical Oncology (ASCO) and 
European Organization for Research and Treatment of Cancer (EORTC) have guidelines for the 
use of G-CSF. It is recommended that G-CSF be used when the risk of febrile neutropenia is in 
the range of 20% or higher (Aapro et al. 2011; Smith et al. 2015). In addition, the Applicant 
states that chemotherapeutic agents in the F-627 breast cancer trials covered 4 of the 5 major 
mechanisms of action of chemotherapeutic agent.  

Conclusion  
The Sponsor’s justification seems reasonable and supports the use of this product with a variety 
of chemotherapy treatments.  

6.3.5. Applicability of the F-627 Clinical Trial Results 
to Patients >65 Years Old 

Issue  
Both trials GC-627-04 and GC-627-05 only enrolled few subjects who are 65 years or older. 
However, the Applicant’s proposed indication does not restrict to the age group studied.  

Background 
In trial GC-627-04, only 7 (8.4%) subjects in the F-627 arm and 3 (7.7%) subjects in the placebo 
arm were 65 years or older. The number of subjects who were 65 years or older increased in trial 
GC-627-05 (see Table 22 below). However, it still only constitutes a small proportion of the 
subjects in the ITT analysis population, 26 (13.2%) in the F-627 arm and 35 (17.9%) of subjects 
in the Neulasta control arm (see Table 22 below). 

Table 22. Summary of Age Group, Trials GC-627-04 and GC-627-05 

Age Group, n (%) 

GC-627-04 GC-627-05 
F-627 

(N=83) 
Placebo 

(N=39) 
F-627 

(N=197) 
Neulasta 
(N=196) 

<65 years 76 (91.6) 36 (92.3) 171 (86.8) 161 (82.1)  
≥65 years 7 (8.4) 3 (7.7) 26 (13.2) 35 (17.9) 

Source: Reviewer analysis 
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Assessment 
It is desirable for a clinical trial study to include sufficient geriatric subjects who are 65 years or 
older. Of note, the Applicant’s review of the CSF3R RNA expression levels did not indicate 
molecular features as a potential source of heterogeneity based age (See Section 8.1 for further 
details). 

Conclusion  
It is reasonable to extrapolate the efficacy of F-627 demonstrated in subjects included in the 
main studies to patients who are 65 years or older. 

7. Safety (Risk and Risk Management) 

7.1. Potential Risks or Safety Concerns Based on 
Nonclinical Data 

The potential safety concerns of subcutaneously injected F-627 were evaluated in nonclinical 
studies. The studies ranged from pharmacodynamic assessments to acute and repeat-dose 
toxicology studies in Sprague Dawley (SD) rats and Cynomolgus monkeys with incorporated 
evaluation of safety pharmacology endpoints, good laboratory practice (GLP)-compliant 6-
month toxicology study in rats and reproductive toxicology studies in rats and rabbits. There 
were no outstanding nonclinical safety issues of significant concern at clinically relevant 
exposures as assessed by the nonclinical toxicology studies. Therefore, PharmTox supports 
approval of efbemalenograstim alfa-vuxw biologics license application (BLA). Despite the 
development of antidrug antibodies (ADA) in rats, rabbits, and monkeys, and nonlinear kinetics 
for exposure in rats and monkeys, pharmacological activity of F-627 was present in toxicology 
studies allowing for an adequate safety assessment. Safety margins were calculated based on 
both exposure (AUC) and body surface area (BSA). However, safety margin calculations based 
on BSA were considered more appropriate for the label, due to potential confounding of AUC 
exposure by the ADA response and to maintain consistency across product labels. 
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Table 23. Safety Margins Provided by the Nonclinical Studies Relative to the Maximum 
Recommended Clinical Dose of F-627  

Study Sex 
NOAEL 

(µg/kg/w) 
NOAEL 
(mg/m2) 

AUC 
(ng∙hr/mL)b 

Cumulativee Exposure Multiplesa 
Exposure BSA AUC 

6-mo rat M 100 0.60 4280  0.05 0.06 
F 300 1.80 78700  0.15 1.03 

3-mo monkey M/F 675 8.10 192,145  0.66 2.50 
Fertility M/F 300 / 750 1.8 / 4.50 -- 2.2 0.15/0.36d -- 
Rat embryo-fetal  750 4.50 -- 2.6 2.55c,d -- 
Rabbit embryo-
fetal 

 100 1.20 14,600 0.7 0.68c 0.19 

Pre/Postnatal  750 4.50 -- 2.2 0.36d -- 
Human  333.33d 12.33 76284.5e     
Source: Reviewer Analysis 
a Exposure multiples based on body surface area (BSA) and area under the curve (AUC) 
b Day 1 AUC values 
c MOS for embryo-fetal studies is cumulative for the 7 doses administered during organogenesis. 
d Rat reproductive toxicity studies had no TK data, therefore the exposure multiples are based on BSA alone 
Abbreviations: AUC, area under the plasma concentration-time curve; BSA, body surface area; F, female; M, male; NOAEL, no-
observed-adverse-effect level 
e Cumulative exposures for reportative toxicity studies is based on NOAEL dose (mg/m2) multiplied by the total number doses 
animals (n= 6 to 7) received during the study relative to clinical dose, based on BSA 

Consistent with drug pharmacology, F-627 resulted in moderate to marked increases in white 
blood cells, neutrophils, and lymphocytes in healthy rats with corresponding microscopic 
findings that consisted of bone marrow myeloid hyperplasia and extramedullary hematopoiesis 
of the liver and spleen. These findings confirm that F-627 is mechanistically capable of inducing 
leukocytosis. However, as these results were derived from healthy, non-neutropenic rats, they are 
also considered reflective of an exaggerated pharmacodynamic response. Leukocytosis is a 
known potential clinical risk and white cell count can be monitored as a marker for both efficacy 
and safety. There were no adverse effects on cardiovascular parameters in the monkeys or on 
neurological endpoints in mice as assessed in the safety pharmacology studies.  

F-627-related mortality (4/25) was caused by severe exaggerated pharmacological effects at the 
top dose of 750 µg/kg in the fertility study. F-627 had no effect on fertility of surviving males 
(21/25). The definitive embryo-fetal development (EFD) and pre- and postnatal development 
studies in rats and the EFD study in rabbits showed no effects on pregnancy outcome or on 
development. Higher doses of ≥250 µg/kg/QOD were explored in a dose range-finding study in 
rabbits, in which an increase was noted for postimplantation loss (primarily early resorptions) 
and a corresponding lower number of viable fetuses, concurrent with significant reductions in 
gestational body weight (BW) of dams (i.e., evidence of maternal toxicity). 

A noteworthy finding in rats was the unilateral and/or bilateral increase in swellings in the hind 
legs and footpads at ≥300 µg/kg which led to a reduction in dose frequency from once weekly to 
every three weeks. Swelling of hindlimbs/hind paws and/or forepaws in rats has also been 
observed after administration of other filgrastim products. Rats severely impacted by the adverse 
footpad swellings and immobility in the 6-month study were euthanized prematurely between 
Week 4 and 24. The reduction in dose successfully reduced the incidence of footpad swellings. 
Histological examination of the affected footpads revealed slight to marked fibro-osseous 
hyperplasia with evidence of mononuclear cell inflammation. The no observed adverse effect 
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level (NOAEL) based on footpad findings were 100 and 300 µg/kg in male and female rats, 
respectively (<1X the maximum recommended human dosage (MRHD) based on BSA). Hind 
ankle swelling and hardening were observed in a 13-week rat study following weekly injections 
of F-627 up to 1000 µg/kg. None of the rats died or were euthanized. In contrast, there were no 
footpad swellings in monkeys dosed weekly with F-627 up to 675 µg/kg for 13 weeks. Although 
rare, articular swelling of hind legs and some degree of hind leg dysfunction with footpad 
swellings have been observed with other G-CSF agonists in rats and is thus not considered 
specific to F-627. In humans, the use of rh G-CSF has been associated with puffiness and 
swellings around the mouth and eyes, but any relationship to the footpad swelling in rats is 
uncertain.  

7.2. Potential Risks or Safety Concerns Based on 
Drug Class or Other Drug-Specific Factors 

Adverse events that are attributed to the drug class of granulocyte colony stimulating factors (G-
CSF) exist in most body systems. Because the drug stimulates cell growth of the hematopoietic 
cells, there is concern for leukocytosis and even tumor growth or progression of the cancer that is 
being treated. The development of acute myeloid leukemia (AML) and myelodysplastic 
syndrome has been seen in some reported studies but not all. Thus, the class of G-CSF products 
carry a warning about the potential for tumor promotion. Patients diagnosed with sickle cell 
disease have had a sickle cell crisis initiated by using G-CSF products. Rarely, splenic rupture 
has been observed in someone administered G-CSF. More commonly, patients experience 
musculoskeletal pain because the bone marrow is more active. In the cardiovascular system, 
there is the potential for capillary leak syndrome resulting in hypotension, which is seen along 
with vasculitis, specifically aortitis. Dermatologically, Sweet syndrome, which is described as a 
febrile neutrophilic dermatosis, has been observed. Anaphylaxis is also a concern when G-CSFs 
are used. In the renal system, the occurrence of glomerulonephritis can be an adverse event. 
Finally, in the respiratory system, acute respiratory distress syndrome and pulmonary alveolar 
hemorrhage have been documented with the use of G-CSFs. 

The Neulasta label contains the following class labeling in ‘Warnings and Precautions’: Fatal 
Splenic Rupture, Acute Respiratory Distress Syndrome, Serious Allergic Reactions, Use in 
Patients with Sickle Cell Disease (development of fatal crises), Glomerulonephritis, 
Leukocytosis, Thrombocytopenia, Capillary Leak Syndrome, Potential for Tumor Growth 
Stimulatory Effects on Malignant Cells, Myelodysplastic Syndrome, Acute Myeloid Leukemia, 
and Aortitis. 

The adverse events, related to the drug class, listed in ‘Warnings and Precautions’ in the USPI, 
occur at a rate of less than 1% to approximately 10%. The risk of an adverse reaction with a G-
CSF product is outweighed by the benefit because the drug reduces the risk of severe 
neutropenia which could be life threatening in patients receiving chemotherapy. Patients 
receiving G-CSF, particularly long-acting G-CSF, will only receive the drug once per 
chemotherapy cycle. During chemotherapy treatment, the patient is monitored carefully with 
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both blood work, vital signs, and physical exams. Clinicians also educate their patients about 
adverse reactions and recommend that patients take their temperature often following 
chemotherapy and alerting their clinicians if their temperature is above a certain threshold or if 
they notice any of these possible adverse events. 

7.3. Potential Risks or Safety Concerns Identified 
Through Postmarket Experience 

Efbemalenograstim alfa-vuxw (F-627, Ryzneuta) is not a drug that is currently marketed in the 
United States or any other country. Therefore, there is no postmarket experience. The safety 
concerns that have been identified in the postmarket experience with similar drugs such as 
filgrastim and pegfilgrastim are reviewed in Section 7.2 above. 

7.4. FDA Approach to the Safety Review 
The safety population is defined as all subjects who received at least one dose of 
efbemalenograstim alfa-vuxw. This includes subjects from a total of five studies. The phase 3 
trials are GC-627-04, GC-627-05, and SP11631. The phase 2 trials are GC-627-02 and SP-CDR-
1-1302. However, the safety review of efbemalenograstim alfa-vuxw mainly focused on the two 
trials which administered the proposed 20 mg dose once a cycle.  

GC-627-04 and GC-627-05 were the two main trials. Trial GC-627-04 was multicenter, 
randomized, double-blind and placebo-controlled study of four 21-day cycles of treatment in 
females with Stage II-IV breast cancer receiving TA (docetaxel, doxorubicin) chemotherapy. 
Trial GC-627-05 was multicenter, randomized, open-label and actively-controlled study of four 
21-day cycles of treatment with 6-month follow-up in females with Stage I-III breast cancer 
receiving TC (docetaxel and cyclophosphamide) chemotherapy. The two trials had different 
controls and were therefore analyzed separately.  

Phase 3 Trial SP11631 and phase 2 trials, GC-627-02 and SP-CDR-1-1302, had no deaths and no 
new adverse events. The safety profiles for these studies were similar to the main trials. 

Treatment-emergent adverse events (TEAEs) were defined by the Applicant as follows: In 
subjects with cancer, an adverse event (AE) was considered treatment-emergent if the date of 
onset was on or after the date of first chemotherapy treatment (in cycle 1) or was a worsening of 
a pre-existing medical condition (intensity and/or severity changed to a worsened grade). All 
AEs in subsequent cycles were considered TEAEs. AEs after the last cycle of treatment had been 
completed (i.e., Day 21 of the last cycle) were not considered treatment-emergent but were listed 
in AE data listings. 

Specific grading or classification scale for AE or laboratory value severity assessment was 
defined by the Applicant as detailed below: 

The outcome of each AE was classified into fatal, not recovered/not resolved, 
recovered/resolved, recovered/resolved with sequelae, recovering/resolving, or unknown. The 
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action taken for each AE was also classified into dose increased, dose not changed, dose reduced, 
dose interrupted, drug withdrawn, not applicable, or unknown. Similarly, treatment given for 
each AE was classified into yes, no, or unknown. 

In terms of severity, except for trial GC-627-02, which used the National Cancer Institute 
Common Terminology Criteria for Adverse Events (NCI-CTCAE) v4.0, the NCI-CTCAE v4.03 
grading was used to capture severity of TEAEs for all subjects in the cancer population. Counts 
based on maximum severity of NCI-CTCAE grades used the highest grade achieved for a given 
subject within a given time period, looking across multiple events if necessary. AEs in the 
healthy population were collected with severities of mild, moderate, or severe and trial GC-F-
627-01 captured an additional severity category of life-threatening. These protocol-defined 
categories were reported as collected and not mapped to NCI-CTCAE grading levels. For the 
TEAE summaries by severity in the cancer population, a TEAE with missing severity was 
deemed to be grade 3. 

Reviewer’s Comment: No major data quality or integrity issues were identified that would 
preclude performing a safety review for this BLA. There were no major identified issues with 
respect to recording, coding, and categorizing AEs. The Applicant’s translations of verbatim 
terms to Medical Dictionary for Regulatory Activities (MedDRA) preferred terms for the events 
reported were reviewed and found to be acceptable. Treatment emergent AEs (TEAEs) were 
protocol-defined.  

Reviewer’s Comment: The definitions of treatment emergent adverse event is consistent with the 
regulatory definition. All TEAEs in the reviewed trials were graded which was found to be 
acceptable. 

All subjects in these trials were receiving multiple medications (some of which were optional) 
for support including antiemetics, corticosteroids, drugs for peptic ulcer and gastro-esophageal 
reflux disease, serotonin (5HT3) antagonists, analgesics, and antipyretics, anti-inflammatory and 
antirheumatic, nonsteroids which could confound the interpretation of results. 

7.5. Adequacy of the Clinical Safety Database 
The clinical safety database is adequate for the decrease in the incidence of infection as 
manifested by febrile neutropenia in patients with nonmyeloid malignancies receiving 
myelosuppressive anticancer drugs associated with a clinically significant incidence of febrile 
neutropenia. In this section of the safety review, the dose of F-627 (efbemalenograstim alfa-
vuxw) at 20 mg in a prefilled syringe was evaluated in the two phase 3 studies which included 
280 subjects. The duration of exposure for F-627 is detailed in Table 24. 

Reviewer’s Comment: See key issues listed in Section 7.7. There is the concern that the 280 
subjects were all women. The subjects did not represent the U.S. population well; only one Black 
subject and three Latino subjects were enrolled, and only one cancer type and two chemotherapy 
regimens, specifically, for breast cancer, were presented. 

*For all tables from this point forward, GC04 = Trial GC-627-04 and GC05 = Trial GC-627-05. 

Reference ID: 5278513



BLA 761134  
Ryzneuta (efbemalenograstim alfa-vuxw) 

68 
Integrated Review Template, version 3.0 (05/25/2022) 

Table 24. Duration of Exposure, Safety Population, Integrated Summary of Safety, Trials GC-627-
04 and GC-627-05  

Variable 

F-627 20 mg 
GC04 
N=83 
n (%) 

Placebo 
GC04 
N=39 
n (%) 

F-627 20 mg 
GC05 

N=197 
n (%) 

Pegfilgrastim 
6 mg GC05 

N=196 
n (%) 

F-627 20 mg 
Total 

N=280 
n (%) 

Duration of 
exposure, (weeks) 

     

Mean (SD) 9.3 (0.9) 9.1 (1.9) 9.1 (1.4) 9.1 (1.1) 9.2 (1.3) 
Median (Q1, Q3) 9.1 (9.1, 9.4) 9.1 (9.1, 9.6) 9.1 (9.1, 9.3) 9.1 (9.1, 9.2) 9.1 (9.1, 9.3) 
Min, max 3.1, 12 0.1, 12.3 0.1, 12.7 3.1, 12.4 0.1, 12.7 
Total exposure 
(person years) 

178 82 414 412 592 

Subjects treated, by 
duration, n (%) 

     

<3 weeks 0 1 (2.6) 3 (1.5) 0 3 (1.1) 
≥3 to <6 weeks 1 (1.2) 1 (2.6) 1 (0.5) 5 (2.6) 2 (0.7) 
≥6 to <9 weeks 0 0 9 (4.6) 5 (2.6) 9 (3.2) 
≥9 to <12 weeks 81 (97.6) 36 (92.3) 183 (92.9) 185 (94.4) 264 (94.3) 
≥12 to <34 weeks 1 (1.2) 1 (2.6) 1 (0.5) 1 (0.5) 2 (0.7) 
≥34 weeks 0 0 0 0 0 

Source: adsl.xpt; Software: R  
Abbreviations: N, number of subjects in treatment arm; n, number of subjects with given treatment duration; Q1, first quartile; Q3, 
third quartile; SD, standard deviation 

Reviewer’s Comment: The duration of exposure for the study drug is adequate. Subjects in the 
placebo arm of trial GC-627-04 received placebo in cycle 1 only; afterwards, the subjects were 
given F-627 for cycles 2 through 4. 

7.6. Safety Results 

7.6.1. Safety Results, Pooled Analyses, Trials GC-627-
04 and GC-627-05 

7.6.1.1. Overall Treatment-Emergent Adverse Event 
Summary, Pooled Analyses, Trials GC-627-04 and GC-
627-05 

A summary of adverse events (AEs) for subjects receiving F-627 is provided below in Table 25. 
One or more adverse events were reported by 93% (260/280) of subjects. Serious adverse events 
were experienced by 16 (6%) subjects in the main trials. AEs leading to discontinuation of F-627 
occurred in 6 (2%) subjects. Study drug dose modifications were seen in a total of 16 subjects 
(6%). Subjects categorized as having life threatening adverse events was 53 (19%). Sixty 
subjects had severe (21%) adverse events. Moderate adverse events totaled 108 (39%). Finally, 
there were 38 subjects categorized as having mild AEs (13.6%). 
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Table 25. Overview of Treatment Emergent Adverse Events, Safety Population, Integrated Safety Set, Trials GC-627-04 Cycle 1 and GC-627-05 

Event Category 

F-627 20 mg 
GC04 Cycle 1 

N=83 
n (%) 

Placebo GC04 
Cycle 1 

N=39 
n (%) 

F-627 20 mg 
GC04 Cycle 1 

vs. Placebo 
GC04 Cycle 1 

Risk Difference 
(%) (95% CI) 

F-627 20 mg 
GC05 Cycle 1-4 

N=197 
n (%) 

Pegfilgrastim 
6 mg GC05  

Cycle 1-4 
N=196 
n (%) 

F-627 20 mg GC05 
Cycle 1-4 vs. 

Neulasta 6 mg 
GC05  

Cycle 1-4 
Risk Difference 

(%) (95% CI) 

F-627 20 mg 
Total GC04 

Cycle 1 + GC05 
Cycle 1-4 

N=280 
n (%) 

SAE 4 (4.8) 10 (25.6) -20.8 (-35.3, -6.4) 12 (6.1) 3 (1.5) 4.6 (0.8, 8.3) 16 (5.7) 
SAEs with fatal 
outcome 

0 0 0 (0, 0) 1 (0.5) 0 0.5 (-0.5, 1.5) 1 (0.4) 

Life-threatening SAEs 1 (1.2) 4 (10.3) -9.1 (-18.9, 0.8) 2 (1.0) 1 (0.5) 0.5 (-1.2, 2.2) 3 (1.1) 
AE leading to permanent 
discontinuation of study 
drug 

0 0 0 (0, 0) 6 (3.0) 5 (2.6) 0.5 (-2.8, 3.8) 6 (2.1) 

AE leading to dose 
modification of study 
drug 

0 0 0 (0, 0) 5 (2.5) 2 (1.0) 1.5 (-1.1, 4.1) 5 (1.8) 

AE leading to 
interruption of study 
drug 

0 0 0 (0, 0) 5 (2.5) 2 (1.0) 1.5 (-1.1, 4.1) 5 (1.8) 

AE leading to 
reduction of study 
drug 

0 0 0 (0, 0) 0 0 0 (0, 0) 0 

AE leading to dose 
delay of study drug 

0 0 0 (0, 0) 0 0 0 (0, 0) 0 

Other 0 0 0 (0, 0) 0 0 0 (0, 0) 0 
AE 74 (89.2) 36 (92.3) -3.2 (-13.9, 7.6) 178 (90.4) 169 (86.2) 4.1 (-2.2, 10.5) 252 (90.0) 

Death 0 0 0 (0, 0) 1 (0.5) 0 0.5 (-0.5, 1.5) 1 (0.4) 
Life-threatening 40 (48.2) 26 (66.7) -18.5 (-36.8, -0.2) 12 (6.1) 18 (9.2) -3.1 (-8.3, 2.2) 52 (18.6) 
Severe 16 (19.3) 5 (12.8) 6.5 (-7.0, 20.0) 44 (22.3) 25 (12.8) 9.6 (2.1, 17.0) 60 (21.4) 
Moderate 13 (15.7) 3 (7.7) 8.0 (-3.5, 19.4) 88 (44.7) 96 (49.0) -4.3 (-14.2, 5.5) 101 (36.1) 
Mild 5 (6.0) 2 (5.1) 0.9 (-7.7, 9.5) 33 (16.8) 30 (15.3) 1.4 (-5.8, 8.7) 38 (13.6) 

Source: adae.xpt; Software: R 
Treatment-emergent adverse events defined as An AE if the date of onset was on or after the date of first chemotherapy treatment (in cycle 1) or was a worsening of a pre-existing medical condition 
(intensity and/or severity changed to a worsened grade). All AEs in subsequent cycles were considered TEAEs. AEs after the last cycle of treatment had been completed (i.e., Day 21 of the last cycle) 
were not considered treatment emergent. 
Duration is chemotherapy cycle 1 for GC04 and all four chemotherapies for GC05. 
Risk difference (with 95% confidence interval) is shown between total treatment and comparator. 
Severity as assessed by the investigator. 
Abbreviations: AE, adverse event; CI, confidence interval; N, number of subjects in treatment arm; n, number of subjects with at least one event; SAE, serious adverse event  
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Reviewer’s Comment: The percentages of serious adverse event (SAEs), AEs leading to 
modification of the drug, and AEs listed as life threatening or severe, appear to be appropriate 
for this subject population. These subjects receiving study drug have an oncologic diagnosis and 
are receiving chemotherapeutic regimens and other supportive medication such as antiemetics 
that inherently can cause significant adverse events for the subjects.  

The NCI-CTCAE v4.03 grading was used to capture severity of TEAEs for all subjects, in which 
mild is equal to grade 1, moderate is equal to grade 2, severe is equal to grade 3, life-threatening 
is equal to grade 4, and there is death. 

7.6.1.2. Deaths, Trials GC-627-04 and GC-627-05 

In both trials used for the safety population, GC-627-04 and GC-627-05, there was one death 
reported.  

The death occurred in trial GC-627-05 in the efbemalenograstim alfa-vuxw arm. The death was 
due to a pulmonary embolism. Please see Section 7.6.3.2 for details of the event. 

Table 26. Deaths, Safety Population, Integrated Safety Set, Trials GC-627-04 and GC-627-05  

Preferred Term 

F-627 
20 mg 
GC04 
N=83 
n (%) 

Placebo 
GC04 
N=39 
n (%) 

Risk 
Difference 

(95% CI) 

F-627 
20 mg 
GC05 

N=197 
n (%) 

 
Pegfilgrastim  

6 mg GC05 
N=196 
n (%) 

Risk 
Difference 

(95% CI) 

F-627 
20 mg 
Total 

N=280 
n (%) 

Any AE leading to 
death 

0 0 0 (0, 0) 1 (0.5) 0 0.5  
(-0.5, 1.5) 

1 (0.4) 

Pulmonary 
embolism 

0 0 0 (0, 0) 1 (0.5) 0 0.5  
(-0.5, 1.5) 

1 (0.4) 

Source: adae.xpt; Software: R 
Treatment-emergent adverse events defined as An AE if the date of onset was on or after the date of first chemotherapy treatment 
(in cycle 1) or was a worsening of a pre-existing medical condition (intensity and/or severity changed to a worsened grade). All AEs 
in subsequent cycles were considered TEAEs. AEs after the last cycle of treatment had been completed (i.e., Day 21 of the last 
cycle) were not considered treatment emergent. 
Duration is over all four chemotherapy cycles. 
Abbreviations: AE, adverse event; N, number of subjects in treatment arm; n, number of subjects with adverse event 

7.6.1.3. Serious Adverse Events, Trials GC-627-04 and GC-
627-05 

The most common SAE in subjects who received F-627 was febrile neutropenia. In this subject 
population, febrile neutropenia due to the chemotherapy is an expected event. Most of the SAEs 
were reviewed and considered unrelated to the study drug. Table 27 shown below includes all 
SAEs in the two main trials.  
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Table 27. Serious Adverse Events by System Organ Class and Preferred Term, Safety Population, Integrated Safety Set, Trial GC-627-04 Cycle 1 and 
GC-627-05  

System Organ Class 
Preferred Term 

F-627 20 mg 
GC04 Cycle 1 

N=83 
n (%) 

Placebo GC04 
Cycle 1 

N=39 
n (%) 

F-627 20 mg GC04 
Cycle 1 vs. 

Placebo GC04 
Cycle 1 

Risk Difference 
(%) (95% CI) 

F-627 20 mg 
GC05  

Cycle 1-4 
N=197 
n (%) 

Pegfilgrastim 6 mg 
GC05 Cycle 1-4 

N=196 
n (%) 

F-627 20 mg GC05 
Cycle 1-4 vs. 

Neulasta 6 mg 
GC05 Cycle 1-4 
Risk Difference 

(%) (95% CI) 

F-627 20 mg 
Total GC04 

Cycle 1 + 
GC05  

Cycle 1-4 
N=280 
n (%) 

Blood and lymphatic 
system disorders (SOC) 

3 (3.6) 10 (25.6) -22.0 (-36.3, -7.7) 2 (1.0) 2 (1.0) -0.0 (-2.0, 2.0) 5 (1.8) 

Anemia 0 0 0 (0, 0) 0 1 (0.5) -0.5 (-1.5, 0.5) 0 
Neutropenia 0 0 0 (0, 0) 0 1 (0.5) -0.5 (-1.5, 0.5) 0 
Febrile neutropenia 3 (3.6) 10 (25.6) -22.0 (-36.3, -7.7) 2 (1.0) 0 1.0 (-0.4, 2.4) 5 (1.8) 

Cardiac disorders (SOC) 0 0 0 (0, 0) 0 1 (0.5) -0.5 (-1.5, 0.5) 0 
Myocardial infarction 0 0 0 (0, 0) 0 1 (0.5) -0.5 (-1.5, 0.5) 0 

Gastrointestinal disorders 
(SOC) 

0 1 (2.6) -2.6 (-7.5, 2.4) 0 0 0 (0, 0) 0 

Diarrhea 0 1 (2.6) -2.6 (-7.5, 2.4) 0 0 0 (0, 0) 0 
General disorders and 
administration site 
conditions (SOC) 

0 0 0 (0, 0) 1 (0.5) 0 0.5 (-0.5, 1.5) 1 (0.4) 

Fatigue 0 0 0 (0, 0) 1 (0.5) 0 0.5 (-0.5, 1.5) 1 (0.4) 
Hepatobiliary disorders 
(SOC) 

0 0 0 (0, 0) 0 1 (0.5) -0.5 (-1.5, 0.5) 0 

Hepatitis toxic 0 0 0 (0, 0) 0 1 (0.5) -0.5 (-1.5, 0.5) 0 
Infections and infestations 
(SOC) 

0 0 0 (0, 0) 2 (1.0) 1 (0.5) 0.5 (-1.2, 2.2) 2 (0.7) 

Pneumonia 0 0 0 (0, 0) 2 (1.0) 1 (0.5) 0.5 (-1.2, 2.2) 2 (0.7) 
Metabolism and nutrition 
disorders (SOC) 

0 0 0 (0, 0) 1 (0.5) 0 0.5 (-0.5, 1.5) 1 (0.4) 

Diabetic ketoacidosis 0 0 0 (0, 0) 1 (0.5) 0 0.5 (-0.5, 1.5) 1 (0.4) 
Neoplasms benign, 
malignant, and unspecified 
(incl cysts and polyps) 
(SOC) 

1 (1.2) 0 1.2 (-1.1, 3.6) 0 0 0 (0, 0) 1 (0.4) 

Tumor hemorrhage 1 (1.2) 0 1.2 (-1.1, 3.6) 0 0 0 (0, 0) 1 (0.4) 
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System Organ Class 
Preferred Term 

F-627 20 mg 
GC04 Cycle 1 

N=83 
n (%) 

Placebo GC04 
Cycle 1 

N=39 
n (%) 

F-627 20 mg GC04 
Cycle 1 vs. 

Placebo GC04 
Cycle 1 

Risk Difference 
(%) (95% CI) 

F-627 20 mg 
GC05  

Cycle 1-4 
N=197 
n (%) 

Pegfilgrastim 6 mg 
GC05 Cycle 1-4 

N=196 
n (%) 

F-627 20 mg GC05 
Cycle 1-4 vs. 

Neulasta 6 mg 
GC05 Cycle 1-4 
Risk Difference 

(%) (95% CI) 

F-627 20 mg 
Total GC04 

Cycle 1 + 
GC05  

Cycle 1-4 
N=280 
n (%) 

Nervous system disorders 
(SOC) 

0 0 0 (0, 0) 1 (0.5) 0 0.5 (-0.5, 1.5) 1 (0.4) 

Syncope 0 0 0 (0, 0) 1 (0.5) 0 0.5 (-0.5, 1.5) 1 (0.4) 
Renal and urinary 
disorders (SOC) 

0 0 0 (0, 0) 1 (0.5) 0 0.5 (-0.5, 1.5) 1 (0.4) 

Acute kidney injury 0 0 0 (0, 0) 1 (0.5) 0 0.5 (-0.5, 1.5) 1 (0.4) 
Respiratory, thoracic, and 
mediastinal disorders 
(SOC) 

0 0 0 (0, 0) 1 (0.5) 0 0.5 (-0.5, 1.5) 1 (0.4) 

Pulmonary embolism 0 0 0 (0, 0) 1 (0.5) 0 0.5 (-0.5, 1.5) 1 (0.4) 
Skin and subcutaneous 
tissue disorders (SOC) 

0 0 0 (0, 0) 2 (1.0) 0 1.0 (-0.4, 2.4) 2 (0.7) 

Angioedema 0 0 0 (0, 0) 1 (0.5) 0 0.5 (-0.5, 1.5) 1 (0.4) 
Urticaria 0 0 0 (0, 0) 1 (0.5) 0 0.5 (-0.5, 1.5) 1 (0.4) 

Vascular disorders (SOC) 0 0 0 (0, 0) 1 (0.5) 0 0.5 (-0.5, 1.5) 1 (0.4) 
Hypertension 0 0 0 (0, 0) 1 (0.5) 0 0.5 (-0.5, 1.5) 1 (0.4) 

Source: adae.xpt; Software: R 
Treatment-emergent adverse events defined as An AE if the date of onset was on or after the date of first chemotherapy treatment (in cycle 1) or was a worsening of a pre-existing medical condition 
(intensity and/or severity changed to a worsened grade). All AEs in subsequent cycles were considered TEAEs. AEs after the last cycle of treatment had been completed (i.e., Day 21 of the last cycle) 
were not considered treatment emergent. 
Serious adverse events defined as any untoward medical occurrence that, at any dose that results in death, is life-threatening, requires hospitalization or prolongation of existing hospitalization, results in 
persistent incapacity or substantial disruption of the ability to conduct normal life functions, or is a congenital anomaly or birth defect. 
Duration is chemotherapy cycle 1 for GC04 and all four chemotherapies for GC05. 
Risk difference (with 95% confidence interval) is shown between total treatment and comparator. 
Abbreviations: CI, confidence interval; N, number of subjects in treatment arm; n, number of subjects with adverse event; SOC, system organ class 
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Reviewer's Comment: Most SAEs were in the system organ class (SOC) of blood and lymphatic 
system disorders and investigations. These SAEs are expected because subjects are also 
receiving chemotherapeutic agents which affect all hematopoietic cells and other cells in the 
body especially those cells with rapid turnover.  

7.6.1.4. Dropouts and/or Discontinuations Due to Adverse 
Events, Trials GC-627-04 and GC-627-05 

Overall, the adverse events (AEs) leading to discontinuation were less than 2% as shown in 
Table 28. There were 7 (1.4%) F-627 subjects with TEAEs leading to discontinuation. Most 
events were related to neutropenia or febrile neutropenia. These were the only two AEs that were 
reported in two or more subjects. In the comparator arms, there were 8 (3.1%) subjects on 
pegfilgrastim and no subjects on placebo with TEAEs leading to discontinuation. Table 28 
details the AEs leading to discontinuation by System Organ Class and Preferred Term, followed 
by Table 29 which classifies the AEs by System Organ Class and FDA Medical Query (Narrow). 
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Table 28. Adverse Events Leading to Discontinuation by System Organ Class and Preferred Term, Safety Population, Integrated Safety Set, Trials GC-
627-04 and GC-627-05 

System Organ Class 
FMQ (Narrow) 

F-627 20 mg 
GC04 Cycle 1 

N=83 
n (%) 

Placebo GC04 
Cycle 1 

N=39 
n (%) 

F-627 20 mg GC04 
Cycle 1 vs. 

Placebo GC04 
Cycle 1 

Risk Difference 
(%) (95% CI) 

F-627 20 mg 
GC05 Cycle 1-4 

N=197 
n (%) 

Pegfilgrastim 6 mg 
GC05 Cycle 1-4 

N=196 
n (%) 

F-627 20 mg 
GC05 Cycle 1-4 

vs. Neulasta 6 mg 
GC05 Cycle 1-4 
Risk Difference 

(%) (95% CI) 

F-627 20 mg 
Total GC04 

Cycle 1 + GC05  
Cycle 1-4 

N=280 
n (%) 

Blood and lymphatic 
system disorders (SOC) 

       

Thrombosis 0 0 0 (0, 0) 1 (0.5) 0 0.5 (-0.5, 1.5) 1 (0.4) 
Thrombosis venous 0 0 0 (0, 0) 1 (0.5) 0 0.5 (-0.5, 1.5) 1 (0.4) 

Hepatobiliary disorders 
(SOC) 

       

Hepatic Injury 0 0 0 (0, 0) 1 (0.5) 1 (0.5) -0.0 (-1.4, 1.4) 1 (0.4) 
Immune system disorders 
(SOC) 

       

Angioedema 0 0 0 (0, 0) 1 (0.5) 0 0.5 (-0.5, 1.5) 1 (0.4) 
Neoplasms benign, 
malignant, and unspecified 
(incl cysts and polyps) 
(SOC) 

       

Malignancy 0 0 0 (0, 0) 1 (0.5) 0 0.5 (-0.5, 1.5) 1 (0.4) 
Respiratory, thoracic, and 
mediastinal disorders 
(SOC) 

       

Pneumonitis 0 0 0 (0, 0) 0 1 (0.5) -0.5 (-1.5, 0.5) 0 
Skin and subcutaneous 
tissue disorders (SOC) 

       

Rash 0 0 0 (0, 0) 2 (1.0) 0 1.0 (-0.4, 2.4) 2 (0.7) 
Urticaria 0 0 0 (0, 0) 1 (0.5) 0 0.5 (-0.5, 1.5) 1 (0.4) 

Source: adae.xpt; Software: R 
Treatment-emergent adverse events defined as An AE if the date of onset was on or after the date of first chemotherapy treatment (in cycle 1) or was a worsening of a pre-existing medical condition 
(intensity and/or severity changed to a worsened grade). All AEs in subsequent cycles were considered TEAEs. AEs after the last cycle of treatment had been completed (i.e., Day 21 of the last cycle) 
were not considered treatment emergent. 
Duration is chemotherapy cycle 1 for GC04 and all four chemotherapies for GC05. 
Risk difference (with 95% confidence interval) is shown between total treatment and comparator. 
Each FMQ is aligned to a single SOC based on clinical judgment. However, please be aware that some FMQs may contain PTs from more than one SOC. 
Abbreviations: CI, confidence interval; FMQ, FDA medical query; N, number of subjects in treatment arm; n, number of subjects with adverse event; SOC, system organ class 
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Table 29. Subjects With Adverse Events Leading to Discontinuation by System Organ Class and Preferred Term, Safety Population, Integrated Safety 
Set, Trials GC-627-04 Cycle 1 and GC-627-05 

System Organ Class 
Preferred Term 

F-627 20 mg 
GC04 Cycle 1 

N=83 
n (%) 

Placebo GC04 
Cycle 1 

N=39 
n (%) 

F-627 20 mg GC04 
Cycle 1 vs. Placebo 

GC04 Cycle 1 
Risk Difference 

(%) (95% CI) 

F-627 20 mg 
GC05  

Cycle 1-4 
N=197 
n (%) 

Pegfilgrastim 
6 mg GC05 

Cycle 1-4 
N=196 
n (%) 

F-627 20 mg GC05 
Cycle 1-4 vs. 

Neulasta 6 mg 
GC05 Cycle 1-4 
Risk Difference 

(%) (95% CI) 

F-627 20 mg 
Total GC04 

Cycle 1 + GC05  
Cycle 1-4 

N=280 
n (%) 

Blood and lymphatic system 
disorders (SOC) 

0 0 0 (0, 0) 0 2 (1.0) -1.0 (-2.4, 0.4) 0 

Neutropenia 0 0 0 (0, 0) 0 2 (1.0) -1.0 (-2.4, 0.4) 0 
Hepatobiliary disorders (SOC) 0 0 0 (0, 0) 0 1 (0.5) -0.5 (-1.5, 0.5) 0 

Hepatitis toxic 0 0 0 (0, 0) 0 1 (0.5) -0.5 (-1.5, 0.5) 0 
Investigations (SOC) 0 0 0 (0, 0) 1 (0.5) 0 0.5 (-0.5, 1.5) 1 (0.4) 

Alanine aminotransferase 
increased 

0 0 0 (0, 0) 1 (0.5) 0 0.5 (-0.5, 1.5) 1 (0.4) 

Neoplasms benign, malignant, 
and unspecified (incl cysts and 
polyps) (SOC) 

0 0 0 (0, 0) 1 (0.5) 0 0.5 (-0.5, 1.5) 1 (0.4) 

Breast cancer recurrent 0 0 0 (0, 0) 1 (0.5) 0 0.5 (-0.5, 1.5) 1 (0.4) 
Nervous system disorders 
(SOC) 

0 0 0 (0, 0) 0 1 (0.5) -0.5 (-1.5, 0.5) 0 

Autonomic nervous system 
imbalance 

0 0 0 (0, 0) 0 1 (0.5) -0.5 (-1.5, 0.5) 0 

Respiratory, thoracic, and 
mediastinal disorders (SOC) 

0 0 0 (0, 0) 1 (0.5) 1 (0.5) -0.0 (-1.4, 1.4) 1 (0.4) 

Interstitial lung disease 0 0 0 (0, 0) 0 1 (0.5) -0.5 (-1.5, 0.5) 0 
Pulmonary embolism 0 0 0 (0, 0) 1 (0.5) 0 0.5 (-0.5, 1.5) 1 (0.4) 

Skin and subcutaneous tissue 
disorders (SOC) 

0 0 0 (0, 0) 3 (1.5) 0 1.5 (-0.2, 3.2) 3 (1.1) 

Angioedema 0 0 0 (0, 0) 1 (0.5) 0 0.5 (-0.5, 1.5) 1 (0.4) 
Dermatitis allergic 0 0 0 (0, 0) 1 (0.5) 0 0.5 (-0.5, 1.5) 1 (0.4) 
Urticaria 0 0 0 (0, 0) 1 (0.5) 0 0.5 (-0.5, 1.5) 1 (0.4) 

Source: adae.xpt; Software: R 
Treatment-emergent adverse events defined as An AE if the date of onset was on or after the date of first chemotherapy treatment (in cycle 1) or was a worsening of a pre-existing medical condition 
(intensity and/or severity changed to a worsened grade). All AEs in subsequent cycles were considered TEAEs. AEs after the last cycle of treatment had been completed (i.e., Day 21 of the last cycle) 
were not considered treatment emergent. 
Duration is chemotherapy cycle 1 for GC04 and all four chemotherapies for GC05. 
Risk difference (with 95% confidence interval) is shown between total treatment and comparator. 
Abbreviations: CI, confidence interval; N, number of subjects in treatment arm; n, number of subjects with adverse event; SOC, system organ class 

Reference ID: 5278513



BLA 761134  
Ryzneuta (efbemalenograstim alfa-vuxw) 

76 
Integrated Review Template, version 3.0 (05/25/2022) 

All but one of the AEs leading to discontinuation in the F-627 arms occurred in trial GC-627-05 
and included events of angioedema, dermatitis allergic, pulmonary embolism, breast cancer 
recurrent, urticaria, and alanine aminotransferase increased. The remaining event, in trial GC-
627-04, was pneumonia which led to discontinuation during cycle 2, in a subject who had been 
randomized to treatment with placebo in cycle 1 initially and was then switched to F-627 for 
cycle 2. All events in the F-627 arms occurred in cycle 2 or cycle 3, and most were Grade 3 
(moderate) in severity. Four of these TEAEs were SAEs (angioedema, pneumonia, pulmonary 
embolism, and urticaria), one of which was a death resulting from pulmonary embolism. In 
addition, three of the events were assessed by the investigator as possibly related to the study 
drug (angioedema, breast cancer recurrent, and urticaria). 

Reviewer’s Comment: Angioedema and urticaria do appear to be allergic reactions after the 
injection of F-627. However, it is less likely that the recurrence of breast cancer, a solid tumor, 
would be because of a G-CSF product. 

7.6.1.5. Treatment-Emergent Adverse Events, Trials GC-627-
04 and GC-627-05 

The safety analyses of adverse events in a clinical trial where subjects have different cancer 
stages, receipt of a specific chemotherapy regimen, other supportive medication and an 
experimental G-CSF product are complex. For example, subjects can have gastrointestinal side 
effects (e.g. anorexia, nausea, vomiting, stomatitis, and diarrhea) arising from chemotherapy that 
can impact adverse event reporting.  

The chemotherapy treatments, cancer stages and subject populations also differ between GC-
627-04 and GC-627-05 impacting cross study comparison of treatment arms.  

The most common treatment emergent adverse events (TEAEs) in trial GC-627-04 for subjects 
on F-627 were neutropenia (65.1%), nausea (50.6%) and leukopenia (45.8%). In trial GC-627-
05, the most reported TEAEs for F-627 compared to pegfilgrastim were alopecia (52.3% versus 
51.0%), nausea (36.0% versus 29.6%), asthenia (29.4% versus 23.5%), neutropenia (20.3% 
versus 25.5%), anemia (23.9% versus 19.4%), leukopenia (19.8% versus 22.4%), and bone pain 
(20.8% versus 17.3%). The TEAEs are listed below in Table 30 by preferred term. 

In trial GC-627-04, the AEs with a 5% or greater difference seen in subjects who received F-627 
compared with subjects who received placebo with a difference between arms of ≥5% are: 
leukopenia, anemia, thrombocytopenia, nausea, and diarrhea.  

In trial GC-627-04. the AEs with a 2% or greater difference seen in subjects who received F-627 
compared with subjects who received placebo are: anemia, thrombocytopenia, leukopenia, 
arthralgia, alopecia, hypotension, neutropenia, decreased appetite, nausea, abdominal pain, 
hypertension, alanine aminotransferase increased, and myalgia.  

In trial GC-627-05, the AEs with a 5% or greater difference seen in subjects who received F-627 
compared with subjects who received pegfilgrastim are: anemia, nausea, and asthenia. 
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In trial GC-627-05, the AEs with a 2% or greater difference seen in subjects who received F-627 
compared with subjects who received pegfilgrastim are: anemia, arthralgia, hypotension, 
decreased appetite, nausea, alanine aminotransferase increased, leukocytosis, dysgeusia, 
asthenia, neutrophil count decreased, dyspepsia, fatigue, vomiting, gamma-glutamyl transferase 
increased, diarrhea, bone pain and febrile neutropenia. 
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Table 30. Common Adverse Events Occurring at ≥2% Frequency, Safety Population, Integrated Safety Set, Trials GC-627-04 Cycle 1 and GC-627-05 

Preferred Term 

F-627 20 mg 
GC04 Cycle 1 

N=83 
n (%) 

Placebo GC04 
Cycle 1 

N=39 
n (%) 

F-627 20 mg GC04 
Cycle 1 vs. 

Placebo GC04 
Cycle 1 

Risk Difference 
(%) (95% CI) 

F-627 20 mg 
GC05 Cycle 1-4 

N=197 
n (%) 

Pegfilgrastim 
6 mg GC05 

Cycle 1-4 
N=196 
n (%) 

F-627 20 mg 
GC05 Cycle 1-4 

vs. Neulasta 
6 mg GC05 

Cycle 1-4 
Risk Difference 

(%) (95% CI) 

F-627 20 mg 
Total GC04 

Cycle 1 + GC05 
Cycle 1-4 

N=280 
n (%) 

Any AE 74 (89.2) 36 (92.3) -3.2 (-13.9, 7.6) 178 (90.4) 169 (86.2) 4.1 (-2.2, 10.5) 252 (90.0) 
Nausea 42 (50.6) 15 (38.5) 12.1 (-6.5, 30.8) 71 (36.0) 58 (29.6) 6.4 (-2.8, 15.7) 113 (40.4) 
Thrombocytopenia 10 (12.0) 1 (2.6) 9.5 (0.9, 18.1) 20 (10.2) 20 (10.2) -0.1 (-6.0, 5.9) 30 (10.7) 
Leukopenia 38 (45.8) 15 (38.5) 7.3 (-11.3, 26.0) 39 (19.8) 44 (22.4) -2.7 (-10.7, 5.4) 77 (27.5) 
Anemia 12 (14.5) 4 (10.3) 4.2 (-8.0, 16.4) 47 (23.9) 38 (19.4) 4.5 (-3.7, 12.6) 59 (21.1) 
Alopecia 33 (39.8) 14 (35.9) 3.9 (-14.5, 22.2) 103 (52.3) 100 (51.0) 1.3 (-8.6, 11.1) 136 (48.6) 
Arthralgia 7 (8.4) 2 (5.1) 3.3 (-5.8, 12.5) 30 (15.2) 22 (11.2) 4.0 (-2.7, 10.7) 37 (13.2) 
Hypertension 2 (2.4) 0 2.4 (-0.9, 5.7) 4 (2.0) 4 (2.0) -0.0 (-2.8, 2.8) 6 (2.1) 
Abdominal pain upper 1 (1.2) 0 1.2 (-1.1, 3.6) 7 (3.6) 4 (2.0) 1.5 (-1.7, 4.8) 8 (2.9) 
Back pain 1 (1.2) 0 1.2 (-1.1, 3.6) 7 (3.6) 5 (2.6) 1.0 (-2.4, 4.4) 8 (2.9) 
Hypotension 1 (1.2) 0 1.2 (-1.1, 3.6) 5 (2.5) 1 (0.5) 2.0 (-0.4, 4.4) 6 (2.1) 
Insomnia 1 (1.2) 0 1.2 (-1.1, 3.6) 4 (2.0) 6 (3.1) -1.0 (-4.1, 2.1) 5 (1.8) 
Leukocytosis 1 (1.2) 0 1.2 (-1.1, 3.6) 14 (7.1) 10 (5.1) 2.0 (-2.7, 6.7) 15 (5.4) 
Spinal pain 1 (1.2) 0 1.2 (-1.1, 3.6) 8 (4.1) 6 (3.1) 1.0 (-2.7, 4.7) 9 (3.2) 
Neutropenia 54 (65.1) 25 (64.1) 1.0 (-17.3, 19.2) 40 (20.3) 50 (25.5) -5.2 (-13.5, 3.1) 94 (33.6) 
Erythema 5 (6.0) 2 (5.1) 0.9 (-7.7, 9.5) 17 (8.6) 17 (8.7) -0.0 (-5.6, 5.5) 22 (7.9) 
Abdominal pain 0 0 0 (0, 0) 4 (2.0) 2 (1.0) 1.0 (-1.4, 3.4) 4 (1.4) 
Dermatitis allergic 0 0 0 (0, 0) 8 (4.1) 2 (1.0) 3.0 (-0.1, 6.1) 8 (2.9) 
Dizziness 0 0 0 (0, 0) 4 (2.0) 3 (1.5) 0.5 (-2.1, 3.1) 4 (1.4) 
Dry skin 0 0 0 (0, 0) 5 (2.5) 6 (3.1) -0.5 (-3.8, 2.7) 5 (1.8) 
Epistaxis 0 0 0 (0, 0) 5 (2.5) 1 (0.5) 2.0 (-0.4, 4.4) 5 (1.8) 
Flushing 0 0 0 (0, 0) 6 (3.0) 1 (0.5) 2.5 (-0.1, 5.1) 6 (2.1) 
Gamma-glutamyltransferase 
increased 

0 0 0 (0, 0) 7 (3.6) 3 (1.5) 2.0 (-1.1, 5.1) 7 (2.5) 

Hot flush 0 0 0 (0, 0) 4 (2.0) 3 (1.5) 0.5 (-2.1, 3.1) 4 (1.4) 
Hyperglycemia 0 0 0 (0, 0) 4 (2.0) 2 (1.0) 1.0 (-1.4, 3.4) 4 (1.4) 
Hyperthermia 0 0 0 (0, 0) 5 (2.5) 4 (2.0) 0.5 (-2.5, 3.5) 5 (1.8) 
Influenza like illness 0 0 0 (0, 0) 5 (2.5) 4 (2.0) 0.5 (-2.5, 3.5) 5 (1.8) 
Neutrophil count decreased 0 0 0 (0, 0) 15 (7.6) 6 (3.1) 4.6 (0.1, 9.0) 15 (5.4) 
Oedema peripheral 0 0 0 (0, 0) 4 (2.0) 7 (3.6) -1.5 (-4.8, 1.7) 4 (1.4) 
Paraesthesia 0 0 0 (0, 0) 4 (2.0) 8 (4.1) -2.1 (-5.5, 1.3) 4 (1.4) 
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Preferred Term 

F-627 20 mg 
GC04 Cycle 1 

N=83 
n (%) 

Placebo GC04 
Cycle 1 

N=39 
n (%) 

F-627 20 mg GC04 
Cycle 1 vs. 

Placebo GC04 
Cycle 1 

Risk Difference 
(%) (95% CI) 

F-627 20 mg 
GC05 Cycle 1-4 

N=197 
n (%) 

Pegfilgrastim 
6 mg GC05 

Cycle 1-4 
N=196 
n (%) 

F-627 20 mg 
GC05 Cycle 1-4 

vs. Neulasta 
6 mg GC05 

Cycle 1-4 
Risk Difference 

(%) (95% CI) 

F-627 20 mg 
Total GC04 

Cycle 1 + GC05 
Cycle 1-4 

N=280 
n (%) 

Platelet count decreased 0 0 0 (0, 0) 6 (3.0) 6 (3.1) -0.0 (-3.4, 3.4) 6 (2.1) 
Rash 0 0 0 (0, 0) 8 (4.1) 9 (4.6) -0.5 (-4.6, 3.5) 8 (2.9) 
Sinus tachycardia 0 0 0 (0, 0) 5 (2.5) 5 (2.6) -0.0 (-3.1, 3.1) 5 (1.8) 
Tachycardia 0 0 0 (0, 0) 6 (3.0) 6 (3.1) -0.0 (-3.4, 3.4) 6 (2.1) 
White blood cell count 
decreased 

0 0 0 (0, 0) 5 (2.5) 2 (1.0) 1.5 (-1.1, 4.1) 5 (1.8) 

Myalgia 2 (2.4) 1 (2.6) -0.2 (-6.1, 5.8) 21 (10.7) 18 (9.2) 1.5 (-4.4, 7.4) 23 (8.2) 
Alanine aminotransferase 
increased 

1 (1.2) 1 (2.6) -1.4 (-6.8, 4.1) 19 (9.6) 13 (6.6) 3.0 (-2.4, 8.4) 20 (7.1) 

Dyspepsia 1 (1.2) 1 (2.6) -1.4 (-6.8, 4.1) 6 (3.0) 2 (1.0) 2.0 (-0.8, 4.8) 7 (2.5) 
Pyrexia 1 (1.2) 1 (2.6) -1.4 (-6.8, 4.1) 18 (9.1) 9 (4.6) 4.5 (-0.4, 9.5) 19 (6.8) 
Decreased appetite 3 (3.6) 2 (5.1) -1.5 (-9.5, 6.5) 11 (5.6) 7 (3.6) 2.0 (-2.1, 6.1) 14 (5.0) 
Aspartate aminotransferase 
increased 

0 1 (2.6) -2.6 (-7.5, 2.4) 11 (5.6) 10 (5.1) 0.5 (-4.0, 4.9) 11 (3.9) 

Headache 2 (2.4) 2 (5.1) -2.7 (-10.4, 4.9) 18 (9.1) 10 (5.1) 4.0 (-1.0, 9.1) 20 (7.1) 
Bone pain 6 (7.2) 4 (10.3) -3.0 (-14.1, 8.0) 41 (20.8) 34 (17.3) 3.5 (-4.3, 11.2) 47 (16.8) 
Stomatitis 7 (8.4) 5 (12.8) -4.4 (-16.5, 7.7) 13 (6.6) 12 (6.1) 0.5 (-4.3, 5.3) 20 (7.1) 
Diarrhea 17 (20.5) 10 (25.6) -5.2 (-21.4, 11.1) 32 (16.2) 27 (13.8) 2.5 (-4.6, 9.5) 49 (17.5) 
Dysgeusia 1 (1.2) 3 (7.7) -6.5 (-15.2, 2.2) 8 (4.1) 4 (2.0) 2.0 (-1.4, 5.4) 9 (3.2) 
Fatigue 13 (15.7) 9 (23.1) -7.4 (-22.8, 7.9) 24 (12.2) 17 (8.7) 3.5 (-2.5, 9.5) 37 (13.2) 
Asthenia 10 (12.0) 8 (20.5) -8.5 (-22.9, 6.0) 58 (29.4) 46 (23.5) 6.0 (-2.7, 14.7) 68 (24.3) 
Vomiting 10 (12.0) 8 (20.5) -8.5 (-22.9, 6.0) 12 (6.1) 7 (3.6) 2.5 (-1.7, 6.8) 22 (7.9) 
Febrile neutropenia 4 (4.8) 10 (25.6) -20.8 (-35.3, -6.4) 6 (3.0) 1 (0.5) 2.5 (-0.1, 5.1) 10 (3.6) 
Source: adae.xpt; Software: R 
Treatment-emergent adverse events defined as An AE if the date of onset was on or after the date of first chemotherapy treatment (in cycle 1) or was a worsening of a pre-existing medical condition 
(intensity and/or severity changed to a worsened grade). All AEs in subsequent cycles were considered TEAEs. AEs after the last cycle of treatment had been completed (i.e., Day 21 of the last cycle) 
were not considered treatment emergent. 
Duration is chemotherapy cycle 1 for GC04 and all four chemotherapies for GC05. 
Coded as MedDRA preferred terms. 
Risk difference (with 95% confidence interval) is shown between total treatment and comparator. 
Abbreviations: CI, confidence interval; N, number of subjects in treatment arm; n, number of subjects with adverse event 
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Table 31. Subjects With Adverse Events by System Organ Class and FDA Medical Query (Narrow), Safety Population, Integrated Safety Set, Trials GC-
627-04 Cycle 1 and GC-627-05 

System Organ Class 
FMQ (Narrow) 

F-627 20 mg 
GC04 Cycle 1 

N=83 
n (%) 

Placebo GC04 
Cycle 1 

N=39 
n (%) 

F-627 20 mg 
GC04 Cycle 1 

vs. Placebo 
GC04 Cycle 1 

Risk Difference 
(%) (95% CI) 

F-627 20 mg 
GC05 Cycle 1-4 

N=197 
n (%) 

Pegfilgrastim 
6 mg GC05  

Cycle 1-4 
N=196 
n (%) 

F-627 20 mg 
GC05 Cycle 1-4 

vs. Neulasta 
6 mg GC05 

Cycle 1-4 
Risk Difference 

(%) (95% CI) 

F-627 20 mg 
Total GC04 

Cycle 1 + GC05 
Cycle 1-4 

N=280 
n (%) 

Blood and lymphatic system 
disorders (SOC) 

       

Thrombocytopenia 10 (12.0) 1 (2.6) 9.5 (0.9, 18.1) 23 (11.7) 24 (12.2) -0.6 (-7.0, 5.8) 33 (11.8) 
Leukopenia 38 (45.8) 15 (38.5) 7.3 (-11.3, 26.0) 43 (21.8) 45 (23.0) -1.1 (-9.4, 7.1) 81 (28.9) 
Anemia 12 (14.5) 4 (10.3) 4.2 (-8.0, 16.4) 49 (24.9) 38 (19.4) 5.5 (-2.7, 13.7) 61 (21.8) 
Thrombosis 0 0 0 (0, 0) 2 (1.0) 1 (0.5) 0.5 (-1.2, 2.2) 2 (0.7) 
Thrombosis Arterial 0 0 0 (0, 0) 0 1 (0.5) -0.5 (-1.5, 0.5) 0 
Thrombosis Venous 0 0 0 (0, 0) 2 (1.0) 0 1.0 (-0.4, 2.4) 2 (0.7) 

Cardiac disorders (SOC)        
Systemic hypertension 2 (2.4) 0 2.4 (-0.9, 5.7) 4 (2.0) 4 (2.0) -0.0 (-2.8, 2.8) 6 (2.1) 
Acute coronary syndrome 0 0 0 (0, 0) 0 1 (0.5) -0.5 (-1.5, 0.5) 0 
Arrhythmia 0 0 0 (0, 0) 13 (6.6) 14 (7.1) -0.5 (-5.5, 4.5) 13 (4.6) 
Heart Failure 0 0 0 (0, 0) 1 (0.5) 1 (0.5) -0.0 (-1.4, 1.4) 1 (0.4) 
Myocardial Infarction 0 0 0 (0, 0) 0 1 (0.5) -0.5 (-1.5, 0.5) 0 
Myocardial Ischemia 0 0 0 (0, 0) 1 (0.5) 1 (0.5) -0.0 (-1.4, 1.4) 1 (0.4) 
Palpitations 0 0 0 (0, 0) 3 (1.5) 1 (0.5) 1.0 (-1.0, 3.0) 3 (1.1) 
Tachycardia 0 0 0 (0, 0) 12 (6.1) 11 (5.6) 0.5 (-4.2, 5.1) 12 (4.3) 

Ear and labyrinth disorders 
(SOC) 

       

Vertigo 1 (1.2) 1 (2.6) -1.4 (-6.8, 4.1) 0 0 0 (0, 0) 1 (0.4) 
Endocrine disorders (SOC)        

Diabetic ketoacidosis 0 0 0 (0, 0) 1 (0.5) 0 0.5 (-0.5, 1.5) 1 (0.4) 
Hyperglycemia 0 0 0 (0, 0) 9 (4.6) 4 (2.0) 2.5 (-1.0, 6.1) 9 (3.2) 
Hypoglycemia 0 0 0 (0, 0) 0 1 (0.5) -0.5 (-1.5, 0.5) 0 

Reference ID: 5278513



BLA 761134  
Ryzneuta (efbemalenograstim alfa-vuxw) 

81 
Integrated Review Template, version 3.0 (05/25/2022) 

System Organ Class 
FMQ (Narrow) 

F-627 20 mg 
GC04 Cycle 1 

N=83 
n (%) 

Placebo GC04 
Cycle 1 

N=39 
n (%) 

F-627 20 mg 
GC04 Cycle 1 

vs. Placebo 
GC04 Cycle 1 

Risk Difference 
(%) (95% CI) 

F-627 20 mg 
GC05 Cycle 1-4 

N=197 
n (%) 

Pegfilgrastim 
6 mg GC05  

Cycle 1-4 
N=196 
n (%) 

F-627 20 mg 
GC05 Cycle 1-4 

vs. Neulasta 
6 mg GC05 

Cycle 1-4 
Risk Difference 

(%) (95% CI) 

F-627 20 mg 
Total GC04 

Cycle 1 + GC05 
Cycle 1-4 

N=280 
n (%) 

Gastrointestinal disorders (SOC)        
Nausea 42 (50.6) 15 (38.5) 12.1 (-6.5, 30.8) 71 (36.0) 58 (29.6) 6.4 (-2.8, 15.7) 113 (40.4) 
Dry mouth 0 0 0 (0, 0) 3 (1.5) 2 (1.0) 0.5 (-1.7, 2.7) 3 (1.1) 
Constipation 2 (2.4) 1 (2.6) -0.2 (-6.1, 5.8) 2 (1.0) 2 (1.0) -0.0 (-2.0, 2.0) 4 (1.4) 
Dyspepsia 2 (2.4) 1 (2.6) -0.2 (-6.1, 5.8) 13 (6.6) 6 (3.1) 3.5 (-0.7, 7.8) 15 (5.4) 
Abdominal pain 1 (1.2) 1 (2.6) -1.4 (-6.8, 4.1) 10 (5.1) 5 (2.6) 2.5 (-1.3, 6.3) 11 (3.9) 
Diarrhea 17 (20.5) 10 (25.6) -5.2 (-21.4, 11.1) 32 (16.2) 27 (13.8) 2.5 (-4.6, 9.5) 49 (17.5) 
Vomiting 10 (12.0) 8 (20.5) -8.5 (-22.9, 6.0) 12 (6.1) 7 (3.6) 2.5 (-1.7, 6.8) 22 (7.9) 

General disorders and 
administration site conditions 
(SOC) 

       

Local administration reaction 0 0 0 (0, 0) 1 (0.5) 0 0.5 (-0.5, 1.5) 1 (0.4) 
Peripheral edema 0 0 0 (0, 0) 4 (2.0) 7 (3.6) -1.5 (-4.8, 1.7) 4 (1.4) 
Dizziness 1 (1.2) 1 (2.6) -1.4 (-6.8, 4.1) 4 (2.0) 3 (1.5) 0.5 (-2.1, 3.1) 5 (1.8) 
Decreased appetite 3 (3.6) 2 (5.1) -1.5 (-9.5, 6.5) 11 (5.6) 7 (3.6) 2.0 (-2.1, 6.1) 14 (5.0) 
Fatigue 23 (27.7) 17 (43.6) -15.9 (-34.2, 2.4) 79 (40.1) 64 (32.7) 7.4 (-2.0, 16.9) 102 (36.4) 
Pyrexia 5 (6.0) 10 (25.6) -19.6 (-34.2, -5.0) 29 (14.7) 13 (6.6) 8.1 (2.0, 14.1) 34 (12.1) 

Hepatobiliary disorders (SOC)        
Cholecystitis 1 (1.2) 0 1.2 (-1.1, 3.6) 0 1 (0.5) -0.5 (-1.5, 0.5) 1 (0.4) 
Hepatic injury 1 (1.2) 1 (2.6) -1.4 (-6.8, 4.1) 20 (10.2) 13 (6.6) 3.5 (-2.0, 9.0) 21 (7.5) 

Immune system disorders (SOC)        
Angioedema 0 0 0 (0, 0) 1 (0.5) 0 0.5 (-0.5, 1.5) 1 (0.4) 
Hypersensitivity 0 0 0 (0, 0) 2 (1.0) 0 1.0 (-0.4, 2.4) 2 (0.7) 

Infections and infestations (SOC)        
Bacterial infection 1 (1.2) 0 1.2 (-1.1, 3.6) 5 (2.5) 7 (3.6) -1.0 (-4.4, 2.4) 6 (2.1) 
Viral infection 0 0 0 (0, 0) 2 (1.0) 2 (1.0) -0.0 (-2.0, 2.0) 2 (0.7) 
Pneumonia 0 1 (2.6) -2.6 (-7.5, 2.4) 3 (1.5) 1 (0.5) 1.0 (-1.0, 3.0) 3 (1.1) 
Nasopharyngitis 1 (1.2) 3 (7.7) -6.5 (-15.2, 2.2) 3 (1.5) 5 (2.6) -1.0 (-3.8, 1.8) 4 (1.4) 

Musculoskeletal and connective 
tissue disorders (SOC) 

       

Arthralgia 7 (8.4) 2 (5.1) 3.3 (-5.8, 12.5) 30 (15.2) 22 (11.2) 4.0 (-2.7, 10.7) 37 (13.2) 
Back pain 1 (1.2) 0 1.2 (-1.1, 3.6) 7 (3.6) 5 (2.6) 1.0 (-2.4, 4.4) 8 (2.9) 
Myalgia 2 (2.4) 1 (2.6) -0.2 (-6.1, 5.8) 21 (10.7) 18 (9.2) 1.5 (-4.4, 7.4) 23 (8.2) 
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System Organ Class 
FMQ (Narrow) 

F-627 20 mg 
GC04 Cycle 1 

N=83 
n (%) 

Placebo GC04 
Cycle 1 

N=39 
n (%) 

F-627 20 mg 
GC04 Cycle 1 

vs. Placebo 
GC04 Cycle 1 

Risk Difference 
(%) (95% CI) 

F-627 20 mg 
GC05 Cycle 1-4 

N=197 
n (%) 

Pegfilgrastim 
6 mg GC05  

Cycle 1-4 
N=196 
n (%) 

F-627 20 mg 
GC05 Cycle 1-4 

vs. Neulasta 
6 mg GC05 

Cycle 1-4 
Risk Difference 

(%) (95% CI) 

F-627 20 mg 
Total GC04 

Cycle 1 + GC05 
Cycle 1-4 

N=280 
n (%) 

Neoplasms benign, malignant, 
and unspecified (incl cysts and 
polyps) (SOC) 

       

Malignancy 0 0 0 (0, 0) 1 (0.5) 0 0.5 (-0.5, 1.5) 1 (0.4) 
Nervous system disorders (SOC)        

Paresthesia 0 0 0 (0, 0) 7 (3.6) 12 (6.1) -2.6 (-6.8, 1.7) 7 (2.5) 
Stroke  0 0 0 (0, 0) 0 1 (0.5) -0.5 (-1.5, 0.5) 0 
Syncope 0 0 0 (0, 0) 2 (1.0) 1 (0.5) 0.5 (-1.2, 2.2) 2 (0.7) 
Headache 2 (2.4) 2 (5.1) -2.7 (-10.4, 4.9) 18 (9.1) 10 (5.1) 4.0 (-1.0, 9.1) 20 (7.1) 
Dysgeusia 1 (1.2) 3 (7.7) -6.5 (-15.2, 2.2) 8 (4.1) 4 (2.0) 2.0 (-1.4, 5.4) 9 (3.2) 

Psychiatric disorders (SOC)        
Insomnia 1 (1.2) 0 1.2 (-1.1, 3.6) 4 (2.0) 6 (3.1) -1.0 (-4.1, 2.1) 5 (1.8) 
Anxiety 0 0 0 (0, 0) 1 (0.5) 0 0.5 (-0.5, 1.5) 1 (0.4) 
Depression 0 0 0 (0, 0) 1 (0.5) 0 0.5 (-0.5, 1.5) 1 (0.4) 

Renal and urinary disorders 
(SOC) 

       

Acute kidney injury 0 0 0 (0, 0) 1 (0.5) 0 0.5 (-0.5, 1.5) 1 (0.4) 
Renal and urinary tract 
Infection 

0 0 0 (0, 0) 3 (1.5) 5 (2.6) -1.0 (-3.8, 1.8) 3 (1.1) 

Urinary retention 0 0 0 (0, 0) 0 1 (0.5) -0.5 (-1.5, 0.5) 0 
Reproductive system and breast 
disorders (SOC) 

       

Abnormal uterine bleeding 1 (1.2) 0 1.2 (-1.1, 3.6) 4 (2.0) 0 2.0 (0.1, 4.0) 5 (1.8) 
Excessive menstrual bleeding 1 (1.2) 0 1.2 (-1.1, 3.6) 2 (1.0) 0 1.0 (-0.4, 2.4) 3 (1.1) 

Respiratory, thoracic, and 
mediastinal disorders (SOC) 

       

Cough 0 0 0 (0, 0) 0 2 (1.0) -1.0 (-2.4, 0.4) 0 
Dyspnea 0 0 0 (0, 0) 1 (0.5) 3 (1.5) -1.0 (-3.0, 1.0) 1 (0.4) 
Pneumonitis 0 0 0 (0, 0) 0 1 (0.5) -0.5 (-1.5, 0.5) 0 
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System Organ Class 
FMQ (Narrow) 

F-627 20 mg 
GC04 Cycle 1 

N=83 
n (%) 

Placebo GC04 
Cycle 1 

N=39 
n (%) 

F-627 20 mg 
GC04 Cycle 1 

vs. Placebo 
GC04 Cycle 1 

Risk Difference 
(%) (95% CI) 

F-627 20 mg 
GC05 Cycle 1-4 

N=197 
n (%) 

Pegfilgrastim 
6 mg GC05  

Cycle 1-4 
N=196 
n (%) 

F-627 20 mg 
GC05 Cycle 1-4 

vs. Neulasta 
6 mg GC05 

Cycle 1-4 
Risk Difference 

(%) (95% CI) 

F-627 20 mg 
Total GC04 

Cycle 1 + GC05 
Cycle 1-4 

N=280 
n (%) 

Skin and subcutaneous tissue 
disorders (SOC) 

       

Alopecia 33 (39.8) 14 (35.9) 3.9 (-14.5, 22.2) 103 (52.3) 100 (51.0) 1.3 (-8.6, 11.1) 136 (48.6) 
Erythema 5 (6.0) 2 (5.1) 0.9 (-7.7, 9.5) 24 (12.2) 18 (9.2) 3.0 (-3.1, 9.1) 29 (10.4) 
Pruritus 0 0 0 (0, 0) 4 (2.0) 1 (0.5) 1.5 (-0.7, 3.7) 4 (1.4) 
Rash 0 0 0 (0, 0) 22 (11.2) 16 (8.2) 3.0 (-2.8, 8.8) 22 (7.9) 
Urticaria 0 0 0 (0, 0) 2 (1.0) 4 (2.0) -1.0 (-3.5, 1.4) 2 (0.7) 

Vascular disorders (SOC)        
Hemorrhage 1 (1.2) 0 1.2 (-1.1, 3.6) 8 (4.1) 4 (2.0) 2.0 (-1.4, 5.4) 9 (3.2) 
Hypotension 1 (1.2) 0 1.2 (-1.1, 3.6) 5 (2.5) 1 (0.5) 2.0 (-0.4, 4.4) 6 (2.1) 

Source: adae.xpt; Software: R 
Treatment-emergent adverse events defined as An AE if the date of onset was on or after the date of first chemotherapy treatment (in cycle 1) or was a worsening of a pre-existing medical condition 
(intensity and/or severity changed to a worsened grade). All AEs in subsequent cycles were considered TEAEs. AEs after the last cycle of treatment had been completed (i.e., Day 21 of the last cycle) 
were not considered treatment emergent. 
Duration is chemotherapy cycle 1 for GC04 and all four chemotherapies for GC05. 
Risk difference (with 95% confidence interval) is shown between total treatment and comparator. 
Each FMQ is aligned to a single SOC based on clinical judgment. However, please be aware that some FMQs may contain PTs from more than one SOC. 
Abbreviations: CI, confidence interval; FMQ, FDA medical query; N, number of subjects in treatment arm; n, number of subjects with adverse event; SOC, system organ class 
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Reviewer’s Comment: The majority of TEAEs can be attributed to the side effects of 
chemotherapy. The myelosuppressive drugs used, target rapidly dividing cells; therefore, 
patients normally have myelosuppression, issues with the gastrointestinal tract and hair loss. 
Bone pain is also commonly seen in patients receiving G-CSFs. The observed AE profile may 
have also varied based on toxicities from chemotherapy regimens (prior and current), 
underlying organ dysfunction, stage of breast cancer and comorbidities. 

The Applicant states that while the protocols established criteria for reporting abnormal 
laboratory findings as AEs, the final criterion, “Test result is considered to be an adverse event 
by the Investigator…”, allowed for some degree of flexibility and may have contributed to 
observed differences in reporting of some hematologic findings as AEs. In addition, trial GC-
627-05 was open-label and the reporting of AEs may have had some bias. The potential for 
breast cancer bone marrow involvement increases with increasing stage of disease. In trials GC-
627-04 and GC-627-05 Stage III disease was higher by several percentage points in the F-627 
treatment arms. Therefore, this may have contributed to imbalances in AEs seen with anemia  
and platelets. 

7.6.1.6. Laboratory Findings, Trials GC-627-04 and GC-627-
05 

Laboratory data were appropriately collected in both main trials. Most hematological laboratory 
findings were reflective of subjects who receive chemotherapy which causes myelosuppression 
in multiple cell lines. The analysis of laboratory findings after receipt of a specific chemotherapy 
regimen and a G-CSF product is complex. In general, for some patients who are receiving 
chemotherapy, hydration is key to avoid renal injury and patients may receive different 
specifically tailored intravenous hydration solutions. Patients can have gastrointestinal side 
effects (e.g., anorexia, nausea, vomiting, and diarrhea) arising from chemotherapy that can 
impact electrolytes and chemistry values. Small differences in chemistry and electrolyte findings 
may be seen between treatment arms but are unlikely due to F-627 administration. 

G-CSF products increase the white blood cell count and result in overshooting where the white 
blood cell count becomes abnormally high. A patient’s bone marrow cellularity and age may also 
impact the hematological data seen in clinical trials where chemotherapy is administered. As 
expected, due to chemotherapy administration, hemoglobin levels and platelet counts decrease 
during therapy and should return to near baseline or baseline when the chemotherapy treatment is 
completed. Similar trends were seen across both studies for platelets, neutrophils, and 
leukocytes. The most significant changes from baseline were seen during cycle 1 of the trial. 
However, by the end of study the values returned to the subject’s baseline. The laboratory tables 
below show all four cycles of chemotherapy.  

The biochemistry laboratory findings also changed as expected with subjects receiving 
chemotherapy, hydration, antiemetics, and receiving a G-CSF. No significant differences were 
seen between treatment arms in a trial. Overall, the values returned to baseline by the end of the 
trials. The next four tables, Table 32, Table 33, Table 34, and Table 35, list the laboratory values 
that were outside of the normal limits for the subjects in both trials. 
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Table 32. Subjects With One or More Chemistry Analyte Values Outside Specified Levels, Safety Population, Integrated Safety Set, Trials GC-627-04 
and GC-627-05 

Laboratory Parameter 

F-627 20 mg 
GC04 
N=83 
n (%) 

Placebo GC04 
N=39 
n (%) 

Risk Difference 
(95% CI) 

F-627 20 mg 
GC05 

N=197 
n (%) 

Pegfilgrastim 
6 mg GC05 

N=196 
n (%) 

Risk Difference 
(95% CI) 

F-627 20 mg 
Total 

N=280 
n (%) 

Sodium, low (mEq/L)        
Level 1 (<134) 4/83 (4.8) 0/38 (0) 4.8 (0.2, 9.4) 0/194 (0) 0/196 (0) 0 (0, 0) 4/277 (1.4) 
Level 2 (<132) 1/83 (1.2) 0/38 (0) 1.2 (-1.1, 3.6) 0/194 (0) 0/196 (0) 0 (0, 0) 1/277 (0.4) 
Level 3 (<125) 0/83 (0) 0/38 (0) 0 (0, 0) 0/194 (0) 0/196 (0) 0 (0, 0) 0/277 (0) 

Sodium, high (mEq/L)        
Level 1 (>144) 7/83 (8.4) 3/38 (7.9) 0.5 (-9.9, 11.0) 59/194 (30.4) 54/196 (27.6) 2.9 (-6.1, 11.9) 66/277 (23.8) 
Level 2 (>150) 0/83 (0) 0/38 (0) 0 (0, 0) 0/194 (0) 0/196 (0) 0 (0, 0) 0/277 (0) 
Level 3 (>155) 0/83 (0) 0/38 (0) 0 (0, 0) 0/194 (0) 0/196 (0) 0 (0, 0) 0/277 (0) 

Potassium, low (mEq/L)        
Level 1 (<3.6) 1/83 (1.2) 4/38 (10.5) -9.3 (-19.4, 0.7) 5/194 (2.6) 3/196 (1.5) 1.0 (-1.8, 3.9) 6/277 (2.2) 
Level 2 (<3.4) 1/83 (1.2) 0/38 (0) 1.2 (-1.1, 3.6) 4/194 (2.1) 0/196 (0) 2.1 (0.1, 4.1) 5/277 (1.8) 
Level 3 (<3) 0/83 (0) 0/38 (0) 0 (0, 0) 0/194 (0) 0/196 (0) 0 (0, 0) 0/277 (0) 

Potassium, high (mEq/L)        
Level 1 (>5.5) 2/83 (2.4) 3/38 (7.9) -5.5 (-14.7, 3.7) 10/194 (5.2) 7/196 (3.6) 1.6 (-2.5, 5.6) 12/277 (4.3) 
Level 2 (>6) 0/83 (0) 0/38 (0) 0 (0, 0) 0/194 (0) 0/196 (0) 0 (0, 0) 0/277 (0) 
Level 3 (>6.5) 0/83 (0) 0/38 (0) 0 (0, 0) 0/194 (0) 0/196 (0) 0 (0, 0) 0/277 (0) 

Chloride, low (mEq/L)        
Level 1 (<95) 1/83 (1.2) 0/38 (0) 1.2 (-1.1, 3.6) 0/194 (0) 0/196 (0) 0 (0, 0) 1/277 (0.4) 
Level 2 (<88) 0/83 (0) 0/38 (0) 0 (0, 0) 0/194 (0) 0/196 (0) 0 (0, 0) 0/277 (0) 
Level 3 (<80) 0/83 (0) 0/38 (0) 0 (0, 0) 0/194 (0) 0/196 (0) 0 (0, 0) 0/277 (0) 

Chloride, high (mEq/L)        
Level 1 (>108) 5/83 (6.0) 0/38 (0) 6.0 (0.9, 11.1) 23/194 (11.9) 18/196 (9.2) 2.7 (-3.4, 8.8) 28/277 (10.1) 
Level 2 (>112) 1/83 (1.2) 0/38 (0) 1.2 (-1.1, 3.6) 0/194 (0) 0/196 (0) 0 (0, 0) 1/277 (0.4) 
Level 3 (>115) 0/83 (0) 0/38 (0) 0 (0, 0) 0/194 (0) 0/196 (0) 0 (0, 0) 0/277 (0) 

Bicarbonate, low (mEq/L)        
Level 1 (<20) 21/83 (25.3) 6/38 (15.8) 9.5 (-5.4, 24.4) 35/194 (18.0) 37/196 (18.9) -0.8 (-8.5, 6.9) 56/277 (20.2) 
Level 2 (<18) 5/83 (6.0) 2/38 (5.3) 0.8 (-8.0, 9.5) 7/194 (3.6) 2/196 (1.0) 2.6 (-0.4, 5.6) 12/277 (4.3) 
Level 3 (<15) 0/83 (0) 0/38 (0) 0 (0, 0) 0/194 (0) 0/196 (0) 0 (0, 0) 0/277 (0) 

Bicarbonate, high (mEq/L)        
Level 3 (>30) 0/83 (0) 0/38 (0) 0 (0, 0) 1/194 (0.5) 3/196 (1.5) -1.0 (-3.0, 1.0) 1/277 (0.4) 
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Laboratory Parameter 

F-627 20 mg 
GC04 
N=83 
n (%) 

Placebo GC04 
N=39 
n (%) 

Risk Difference 
(95% CI) 

F-627 20 mg 
GC05 

N=197 
n (%) 

Pegfilgrastim 
6 mg GC05 

N=196 
n (%) 

Risk Difference 
(95% CI) 

F-627 20 mg 
Total 

N=280 
n (%) 

Glucose, low (mg/dL)        
Level 1 (<70) 4/83 (4.8) 0/38 (0) 4.8 (0.2, 9.4) 2/194 (1.0) 3/196 (1.5) -0.5 (-2.7, 1.7) 6/277 (2.2) 
Level 2 (<54) 0/83 (0) 0/38 (0) 0 (0, 0) 0/194 (0) 1/196 (0.5) -0.5 (-1.5, 0.5) 0/277 (0) 
Level 3 (<40) 0/83 (0) 0/38 (0) 0 (0, 0) 0/194 (0) 0/196 (0) 0 (0, 0) 0/277 (0) 

Glucose, high (mg/dL)        
Level 1 (>200) 0/83 (0) 3/38 (7.9) -7.9 (-16.5, 0.7) 18/194 (9.3) 12/196 (6.1) 3.2 (-2.1, 8.4) 18/277 (6.5) 
Level 2 (>250) 0/83 (0) 2/38 (5.3) -5.3 (-12.4, 1.8) 8/194 (4.1) 5/196 (2.6) 1.6 (-2.0, 5.1) 8/277 (2.9) 
Level 3 (>500) 0/83 (0) 0/38 (0) 0 (0, 0) 0/194 (0) 0/196 (0) 0 (0, 0) 0/277 (0) 

Calcium, low (mg/dL)        
Level 1 (<8.4) 1/83 (1.2) 1/38 (2.6) -1.4 (-7.0, 4.2) 0/194 (0) 1/196 (0.5) -0.5 (-1.5, 0.5) 1/277 (0.4) 
Level 2 (<8) 0/83 (0) 0/38 (0) 0 (0, 0) 0/194 (0) 0/196 (0) 0 (0, 0) 0/277 (0) 
Level 3 (<7.5) 0/83 (0) 0/38 (0) 0 (0, 0) 0/194 (0) 0/196 (0) 0 (0, 0) 0/277 (0) 

Calcium, high (mg/dL)        
Level 1 (>10.5) 9/83 (10.8) 2/38 (5.3) 5.6 (-4.2, 15.3) 13/194 (6.7) 17/196 (8.7) -2.0 (-7.3, 3.3) 22/277 (7.9) 
Level 2 (>11) 3/83 (3.6) 0/38 (0) 3.6 (-0.4, 7.6) 2/194 (1.0) 3/196 (1.5) -0.5 (-2.7, 1.7) 5/277 (1.8) 
Level 3 (>12) 0/83 (0) 0/38 (0) 0 (0, 0) 1/194 (0.5) 0/196 (0) 0.5 (-0.5, 1.5) 1/277 (0.4) 

Phosphate, low (mg/dL)        
Level 1 (<2.5) 4/83 (4.8) 1/38 (2.6) 2.2 (-4.7, 9.1) 8/194 (4.1) 7/196 (3.6) 0.6 (-3.3, 4.4) 12/277 (4.3) 
Level 2 (<2) 1/83 (1.2) 1/38 (2.6) -1.4 (-7.0, 4.2) 2/194 (1.0) 0/196 (0) 1.0 (-0.4, 2.5) 3/277 (1.1) 
Level 3 (<1.4) 0/83 (0) 0/38 (0) 0 (0, 0) 0/194 (0) 0/196 (0) 0 (0, 0) 0/277 (0) 

Source: adlb.xpt; Software: R 
Threshold levels 1, 2, and 3 as defined by the Standard Safety Tables & Figures Integrated Guide. 
Duration is over all four chemotherapy cycles. 
Risk difference column shows difference (with 95% confidence interval) between total treatment and comparator. 
Abbreviations: CI, confidence interval; N, number of subjects in treatment arm; n, number of subjects meeting criteria; CPK, creatine phosphokinase; ULN, upper limit of normal 

Reviewer’s Comment: No unexpected and clinically significant differences in electrolyte, chemistry or hematologic parameters were observed 
across treatment arms in these complicated trials where antiemetics, other supportive medication and fluids were administered. 

Reference ID: 5278513
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Table 33. Subjects With One or More Kidney Function Analyte Values Outside Specified Levels, Safety Population, Integrated Safety Set, Trials GC-
627-04 and GC-627-05  

Laboratory Parameter 

F-627 20 mg 
GC04 
N=83 
n (%) 

Placebo GC04 
N=39 
n (%) 

Risk Difference 
(95% CI) 

F-627 20 mg 
GC05 

N=197 
n (%) 

Pegfilgrastim 
6 mg GC05 

N=196 
n (%) 

Risk Difference 
(95% CI) 

F-627 20 mg 
Total 

N=280 
n (%) 

Blood urea nitrogen, high (mg/dL)        
Level 1 (>23) 6/83 (7.2) 2/38 (5.3) 2.0 (-7.1, 11.0) 14/194 (7.2) 14/196 (7.1) 0.1 (-5.1, 5.2) 20/277 (7.2) 
Level 2 (>27) 2/83 (2.4) 1/38 (2.6) -0.2 (-6.3, 5.8) 5/194 (2.6) 6/196 (3.1) -0.5 (-3.8, 2.8) 7/277 (2.5) 
Level 3 (>31) 0/83 (0) 0/38 (0) 0 (0, 0) 2/194 (1.0) 2/196 (1.0) 0.0 (-2.0, 2.0) 2/277 (0.7) 

Creatinine, high (mg/dL)        
Level 1 (≥1.5X baseline) 0/83 (0) 0/38 (0) 0 (0, 0) 3/194 (1.5) 3/196 (1.5) 0.0 (-2.4, 2.5) 3/277 (1.1) 
Level 2 (≥2X baseline) 0/83 (0) 0/38 (0) 0 (0, 0) 1/194 (0.5) 1/196 (0.5) 0.0 (-1.4, 1.4) 1/277 (0.4) 
Level 3 (≥3X baseline) 0/83 (0) 0/38 (0) 0 (0, 0) 1/194 (0.5) 0/196 (0) 0.5 (-0.5, 1.5) 1/277 (0.4) 

Source: adlb.xpt; Software: R 
Threshold levels 1, 2, and 3 as defined by the Standard Safety Tables & Figures Integrated Guide. 
Duration is over all four chemotherapy cycles. 
Risk difference column shows difference (with 95% confidence interval) between total treatment and comparator. 
Abbreviations: CI, confidence interval; eGFR, estimated glomerular filtration rate; N, number of subjects in treatment arm; n, number of subjects meeting criteria 

Reviewer’s Comment: No unexpected and clinically significant differences in laboratory findings reflecting renal function were observed.  

Table 34. Subjects With One or More Liver Biochemistry Analyte Values Outside Specified Levels, Safety Population, Integrated Safety Set, Trials 
GC-627-04 and GC-627-05  

Laboratory Parameter 

F-627 20 mg 
GC04 
N=83 
n (%) 

Placebo GC04 
N=39 
n (%) 

Risk 
Difference 

(95% CI) 

F-627 20 mg 
GC05 

N=197 
n (%) 

Pegfilgrastim  
6 mg GC05 

N=196 
n (%) 

Risk 
Difference 

(95% CI) 

F-627 20 mg 
Total 

N=280 
n (%) 

Alkaline phosphatase, high (U/L)        
Level 1 (>1.5X ULN) 3/83 (3.6) 2/38 (5.3) -1.6 (-9.8, 6.5) 6/194 (3.1) 0/196 (0) 3.1 (0.7, 5.5) 9/277 (3.2) 
Level 2 (>2X ULN) 1/83 (1.2) 0/38 (0) 1.2 (-1.1, 3.6) 4/194 (2.1) 0/196 (0) 2.1 (0.1, 4.1) 5/277 (1.8) 
Level 3 (>3X ULN) 0/83 (0) 0/38 (0) 0 (0, 0) 0/194 (0) 0/196 (0) 0 (0, 0) 0/277 (0) 

Alanine aminotransferase, high (U/L)        
Level 1 (>3X ULN) 2/83 (2.4) 0/38 (0) 2.4 (-0.9, 5.7) 11/194 (5.7) 5/196 (2.6) 3.1 (-0.8, 7.1) 13/277 (4.7) 
Level 2 (>5X ULN) 0/83 (0) 0/38 (0) 0 (0, 0) 4/194 (2.1) 1/196 (0.5) 1.6 (-0.7, 3.8) 4/277 (1.4) 
Level 3 (>10X ULN) 0/83 (0) 0/38 (0) 0 (0, 0) 0/194 (0) 0/196 (0) 0 (0, 0) 0/277 (0) 

Aspartate aminotransferase, high (U/L)        
Level 1 (>3X ULN) 1/83 (1.2) 0/38 (0) 1.2 (-1.1, 3.6) 0/194 (0) 1/196 (0.5) -0.5 (-1.5, 0.5) 1/277 (0.4) 
Level 2 (>5X ULN) 0/83 (0) 0/38 (0) 0 (0, 0) 0/194 (0) 1/196 (0.5) -0.5 (-1.5, 0.5) 0/277 (0) 
Level 3 (>10X ULN) 0/83 (0) 0/38 (0) 0 (0, 0) 0/194 (0) 0/196 (0) 0 (0, 0) 0/277 (0) 

Reference ID: 5278513

http://sharepoint.fda.gov/orgs/MIRRS/BIRRSIntranetMaterial/Shared%20Documents/Standard%20Safety%20Tables%20and%20Figures_Integrated%20Guide.pdf


BLA 761134  
Ryzneuta (efbemalenograstim alfa-vuxw) 

88 
Integrated Review Template, version 3.0 (05/25/2022) 

Laboratory Parameter 

F-627 20 mg 
GC04 
N=83 
n (%) 

Placebo GC04 
N=39 
n (%) 

Risk 
Difference 

(95% CI) 

F-627 20 mg 
GC05 

N=197 
n (%) 

Pegfilgrastim  
6 mg GC05 

N=196 
n (%) 

Risk 
Difference 

(95% CI) 

F-627 20 mg 
Total 

N=280 
n (%) 

Bilirubin, total, high (mg/dL)        
Level 1 (>1.5X ULN) 0/83 (0) 1/38 (2.6) -2.6 (-7.7, 2.5) 1/194 (0.5) 0/196 (0) 0.5 (-0.5, 1.5) 1/277 (0.4) 
Level 2 (>2X ULN) 0/83 (0) 1/38 (2.6) -2.6 (-7.7, 2.5) 0/194 (0) 0/196 (0) 0 (0, 0) 0/277 (0) 
Level 3 (>3X ULN) 0/83 (0) 0/38 (0) 0 (0, 0) 0/194 (0) 0/196 (0) 0 (0, 0) 0/277 (0) 

Source: adlb.xpt; Software: R 
Threshold levels 1, 2, and 3 as defined by the Standard Safety Tables & Figures Integrated Guide. 
Duration is over all four chemotherapy cycles. 
Risk difference column shows difference (with 95% confidence interval) between total treatment and comparator. 
Abbreviations: DILI, drug-induced liver injury; ULN, upper limit of normal; N, number of subjects in treatment arm; n, number of subjects meeting criteria 

Reviewer’s Comment: No unexpected and clinically significant differences in liver chemistry parameters were observed across treatment arms. 
No Level 3 thresholds were reported for any liver test values. Therefore, drug-induced liver injury (DILI) is less of a concern. No Hy’s law cases 
were reported. 

Table 35. Subjects With One or More Hematology Analyte Values Outside Specified Levels, Safety Population, Integrated Safety Set, Trials GC-627-
04 and GC-627-05  

Laboratory Parameter 

F-627 20 mg 
GC04 
N=83 
n (%) 

Placebo GC04 
N=39 
n (%) 

Risk Difference 
(95% CI) 

F-627 20 mg 
GC05 

N=197 
n (%) 

Pegfilgrastim  
6 mg GC05 

N=196 
n (%) 

Risk Difference 
(95% CI) 

F-627 20 mg 
Total 

N=280 
n (%) 

Complete blood count        
WBC, low (cells/uL)        

Level 1 (<3500) 77/83 (92.8) 38/39 (97.4) -4.7 (-12.1, 2.8) 117/197 (59.4) 107/196 (54.6) 4.8 (-5.0, 14.6) 194/280 (69.3) 
Level 2 (<3000) 75/83 (90.4) 37/39 (94.9) -4.5 (-13.9, 4.9) 95/197 (48.2) 83/196 (42.3) 5.9 (-3.9, 15.7) 170/280 (60.7) 
Level 3 (<1000) 18/83 (21.7) 26/39 (66.7) -45.0 (-62.2, -27.7) 3/197 (1.5) 7/196 (3.6) -2.0 (-5.2, 1.1) 21/280 (7.5) 

WBC, high (cells/uL)        
Level 1 (>10800) 83/83 (100) 39/39 (100) 0 (0, 0) 197/197 (100) 196/196 (100) 0 (0, 0) 280/280 (100) 
Level 2 (>13000) 83/83 (100) 36/39 (92.3) 7.7 (-0.7, 16.1) 197/197 (100) 196/196 (100) 0 (0, 0) 280/280 (100) 
Level 3 (>15000) 83/83 (100) 36/39 (92.3) 7.7 (-0.7, 16.1) 196/197 (99.5) 196/196 (100) -0.5 (-1.5, 0.5) 279/280 (99.6) 

Hemoglobin, low (g/dL)        
Level 2 (>1.5 dec. from 
baseline) 

5/83 (6.0) 2/39 (5.1) 0.9 (-7.7, 9.5) 12/197 (6.1) 3/196 (1.5) 4.6 (0.8, 8.3) 17/280 (6.1) 

Level 3 (>2 dec. from 
baseline) 

0/83 (0) 1/39 (2.6) -2.6 (-7.5, 2.4) 0/197 (0) 0/196 (0) 0 (0, 0) 0/280 (0) 

Reference ID: 5278513
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Laboratory Parameter 

F-627 20 mg 
GC04 
N=83 
n (%) 

Placebo GC04 
N=39 
n (%) 

Risk Difference 
(95% CI) 

F-627 20 mg 
GC05 

N=197 
n (%) 

Pegfilgrastim  
6 mg GC05 

N=196 
n (%) 

Risk Difference 
(95% CI) 

F-627 20 mg 
Total 

N=280 
n (%) 

Hemoglobin, high (g/dL)        
Level 2 (>2X baseline) 0/83 (0) 0/39 (0) 0 (0, 0) 0/197 (0) 0/196 (0) 0 (0, 0) 0/280 (0) 
Level 3 (>3X baseline) 0/83 (0) 0/39 (0) 0 (0, 0) 0/197 (0) 0/196 (0) 0 (0, 0) 0/280 (0) 

Platelets, low (cells/uL)        
Level 1 (<140000) 64/83 (77.1) 28/39 (71.8) 5.3 (-11.5, 22.1) 106/197 (53.8) 102/196 (52.0) 1.8 (-8.1, 11.6) 170/280 (60.7) 
Level 2 (<125000) 55/83 (66.3) 24/39 (61.5) 4.7 (-13.6, 23.1) 76/197 (38.6) 70/196 (35.7) 2.9 (-6.7, 12.4) 131/280 (46.8) 
Level 3 (<100000) 32/83 (38.6) 16/39 (41.0) -2.5 (-21.1, 16.2) 23/197 (11.7) 24/196 (12.2) -0.6 (-7.0, 5.8) 55/280 (19.6) 

WBC differential        
Lymphocytes, low 
(cells/uL) 

       

Level 1 (<1000) 74/83 (89.2) 38/39 (97.4) -8.3 (-16.6, 0.0) 188/197 (95.4) 183/196 (93.4) 2.1 (-2.5, 6.6) 262/280 (93.6) 
Level 2 (<750) 64/83 (77.1) 33/39 (84.6) -7.5 (-22.0, 7.0) 160/197 (81.2) 158/196 (80.6) 0.6 (-7.2, 8.4) 224/280 (80.0) 
Level 3 (<500) 34/83 (41.0) 21/39 (53.8) -12.9 (-31.8, 6.0) 88/197 (44.7) 96/196 (49.0) -4.3 (-14.2, 5.5) 122/280 (43.6) 

Lymphocytes, high 
(cells/uL) 

       

Level 1 (>4000) 18/83 (21.7) 6/39 (15.4) 6.3 (-8.1, 20.7) 97/197 (49.2) 87/196 (44.4) 4.9 (-5.0, 14.7) 115/280 (41.1) 
Level 2 (>10000) 1/83 (1.2) 0/39 (0) 1.2 (-1.1, 3.6) 1/197 (0.5) 1/196 (0.5) -0.0 (-1.4, 1.4) 2/280 (0.7) 
Level 3 (>20000) 1/83 (1.2) 0/39 (0) 1.2 (-1.1, 3.6) 0/197 (0) 0/196 (0) 0 (0, 0) 1/280 (0.4) 

Neutrophils, low (cells/uL)        
Level 1 (<2000) 78/83 (94.0) 36/39 (92.3) 1.7 (-8.1, 11.5) 122/197 (61.9) 121/196 (61.7) 0.2 (-9.4, 9.8) 200/280 (71.4) 
Level 2 (<1000) 67/83 (80.7) 35/39 (89.7) -9.0 (-21.8, 3.7) 62/197 (31.5) 51/196 (26.0) 5.5 (-3.5, 14.4) 129/280 (46.1) 
Level 3 (<500) 51/83 (61.4) 33/39 (84.6) -23.2 (-38.6, -7.7) 27/197 (13.7) 27/196 (13.8) -0.1 (-6.9, 6.7) 78/280 (27.9) 

Eosinophils, high (cells/uL)        
Level 1 (>650) 5/83 (6.0) 3/39 (7.7) -1.7 (-11.5, 8.1) 32/197 (16.2) 33/196 (16.8) -0.6 (-7.9, 6.8) 37/280 (13.2) 
Level 2 (>1500) 0/83 (0) 0/39 (0) 0 (0, 0) 4/197 (2.0) 2/196 (1.0) 1.0 (-1.4, 3.4) 4/280 (1.4) 
Level 3 (>5000) 0/83 (0) 0/39 (0) 0 (0, 0) 0/197 (0) 0/196 (0) 0 (0, 0) 0/280 (0) 

Source: adlb.xpt; Software: R 
Threshold levels 1, 2, and 3 as defined by the Standard Safety Tables & Figures Integrated Guide. 
Duration is over all four chemotherapy cycles. 
Risk difference column shows difference (with 95% confidence interval) between total treatment and comparator. 
Abbreviations: CI, confidence interval; PT, prothrombin time; PTT, partial thromboplastin time; WBC, White blood cells; ULN, upper limit of normal; N, number of subjects in treatment arm; n, number 
of subjects meeting criteria 

Reviewer's Comment: Table 35 above illustrates the expected results for subjects receiving chemotherapy. In the placebo treatment group, there 
is a much greater decrease in total white blood cells, neutrophils, and lymphocytes.  

Reference ID: 5278513
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7.6.2. Safety Results, Trial GC-627-04 

7.6.2.1. Overall Treatment-Emergent Adverse Event 
Summary, Trial GC-627-04 

Treatment-emergent adverse events (TEAEs) in trial GC-627-04 were reported in all but one 
subject during the study with the majority of subjects reporting a TEAE in cycle 1. The most 
common TEAEs for F-627 in all cycles were alopecia (73.5%), neutropenia (68.7%), and nausea 
(61.4%) and in cycle 1 they were neutropenia, nausea, and leukopenia (65.1%, 50.6%, and 
45.8%, respectively). In the placebo arm, the most commonly reported TEAEs over all cycles 
were alopecia (66.7%), neutropenia (64.1%), and nausea (59.0%), and in cycle 1 they were 
neutropenia, nausea, and leukopenia reported in 64.1%, 38.5%, and 38.5% of subjects, 
respectively. 

Table 36. Overview of Adverse Events, Safety Population, Trial GC-627-04 Cycle 1 

Event Category 

F-627 20 mg 
GC04 Cycle 1 

N=83 
n (%) 

Placebo GC04 
Cycle 1 

N=39 
n (%) 

F-627 20 mg GC04 
Cycle 1 vs. Placebo 

GC04 Cycle 1 
Risk Difference 

(%) (95% CI) 
SAE 4 (4.8) 10 (25.6) -20.8 (-35.3, -6.4) 

SAEs with fatal outcome 0 0 0 (0, 0) 
Life-threatening SAEs 1 (1.2) 4 (10.3) -9.1 (-18.9, 0.8) 

AE leading to permanent discontinuation of 
study drug 

0 0 0 (0, 0) 

AE leading to dose modification of study drug 0 0 0 (0, 0) 
AE leading to interruption of study drug 0 0 0 (0, 0) 
AE leading to reduction of study drug 0 0 0 (0, 0) 
AE leading to dose delay of study drug 0 0 0 (0, 0) 
Other 0 0 0 (0, 0) 

AE 74 (89.2) 36 (92.3) -3.2 (-13.9, 7.6) 
Death 0 0 0 (0, 0) 
Life-threatening 40 (48.2) 26 (66.7) -18.5 (-36.8, -0.2) 
Severe 16 (19.3) 5 (12.8) 6.5 (-7.0, 20.0) 
Moderate 13 (15.7) 3 (7.7) 8.0 (-3.5, 19.4) 
Mild 5 (6.0) 2 (5.1) 0.9 (-7.7, 9.5) 

Source: adae.xpt; Software: R 
Treatment-emergent adverse events defined as An AE if the date of onset was on or after the date of first chemotherapy treatment 
(in cycle 1) or was a worsening of a pre-existing medical condition (intensity and/or severity changed to a worsened grade). All AEs 
in subsequent cycles were considered TEAEs. AEs after the last cycle of treatment had been completed (i.e., Day 21 of the last 
cycle) were not considered treatment emergent. 
Duration is chemotherapy cycle 1 for GC04 a 
Risk difference (with 95% confidence interval) is shown between total treatment and comparator. 
Severity as assessed by the investigator. 
Abbreviations: AE, adverse event; CI, confidence interval; N, number of subjects in treatment arm; n, number of subjects with at 
least one event; SAE, serious adverse event 

Reviewer’s Comment: The three AEs leading to interruption of F-627 were febrile neutropenia. 
This AE is commonly seen in patients receiving chemotherapy and not likely due to F-627.  
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7.6.2.2. Deaths, Trial GC-627-04 

There were no deaths reported in trial GC-627-04. 

7.6.2.3. Serious Adverse Events, Trial GC-627-04 

In trial GC-627-04, there were 17 serious adverse events (SAEs) reported in 15 (12.3%) subjects 
overall, including four SAEs in four (4.8%) patients randomized to efbemalenograstim alfa-
vuxw and 13 SAEs in 11 (28.2%) subjects randomized to placebo in all cycles. In cycle 1, there 
were 15 serious adverse events (SAEs) reported in 14 (11.5%) subjects overall, including four 
SAEs in four (4.8%) subjects randomized to efbemalenograstim alfa-vuxw and 13 SAEs in 10 
(255.6%) subjects randomized to placebo. Most of the SAEs were classified in the Blood and 
Lymphatic category. Table 37 details the SAEs by System Organ Class and Preferred Term, 
followed by Table 38 which classifies the SAEs by System Organ Class and FDA Medical 
Query (Narrow). 

Table 37. Serious Adverse Events by System Organ Class and Preferred Term, Safety Population, 
Trial GC-627-04 Cycle 1 

System Organ Class 
Preferred Term 

F-627 20 mg 
GC04 Cycle 1 

N=83 
n (%) 

Placebo 
GC04 Cycle 1 

N=39 
n (%) 

F-627 20 mg GC04 
Cycle 1 vs. Placebo 

GC04 Cycle 1 
Risk Difference 

(%) (95% CI) 
Blood and lymphatic system disorders (SOC) 3 (3.6) 10 (25.6) -22.0 (-36.3, -7.7) 

Febrile neutropenia 3 (3.6) 10 (25.6) -22.0 (-36.3, -7.7) 
Gastrointestinal disorders (SOC) 0 1 (2.6) -2.6 (-7.5, 2.4) 

Diarrhea 0 1 (2.6) -2.6 (-7.5, 2.4) 
Neoplasms benign, malignant, and 
unspecified (incl cysts and polyps) (SOC) 

1 (1.2) 0 1.2 (-1.1, 3.6) 

Tumor hemorrhage 1 (1.2) 0 1.2 (-1.1, 3.6) 
Source: adae.xpt; Software: R 
Treatment-emergent adverse events defined as An AE if the date of onset was on or after the date of first chemotherapy treatment 
(in cycle 1) or was a worsening of a pre-existing medical condition (intensity and/or severity changed to a worsened grade). All AEs 
in subsequent cycles were considered TEAEs. AEs after the last cycle of treatment had been completed (i.e., Day 21 of the last 
cycle) were not considered treatment emergent. 
Serious adverse events defined as any untoward medical occurrence that, at any dose that results in death, is life-threatening, 
requires hospitalization or prolongation of existing hospitalization, results in persistent incapacity or substantial disruption of the 
ability to conduct normal life functions, or is a congenital anomaly or birth defect. 
Duration is chemotherapy cycle 1 for GC04  
Risk difference (with 95% confidence interval) is shown between total treatment and comparator. 
Abbreviations: CI, confidence interval; N, number of subjects in treatment arm; n, number of subjects with adverse event; SOC, 
system organ class 
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Table 38. Serious Adverse Events by System Organ Class and FDA Medical Query (Narrow), 
Safety Population, Trial GC-627-04 Cycle 1  

System Organ Class 
FMQ (Narrow) 

F-627 20 mg 
GC04 Cycle 1 

N=83 
n (%) 

Placebo GC04 
Cycle 1 

N=39 
n (%) 

F-627 20 mg GC04 
Cycle 1 vs. Placebo 

GC04 Cycle 1 
Risk Difference 

(%) (95% CI) 

Blood and lymphatic system disorders (SOC)    
Leukopenia 3 (3.6) 11 (28.2) -24.6 (-39.3, -9.9) 

Gastrointestinal disorders (SOC)    
Diarrhea 0 1 (2.6) -2.6 (-7.5, 2.4) 

General disorders and administration site 
conditions (SOC) 

   

Fatigue 0 0 0 (0, 0) 
Pyrexia 3 (3.6) 11 (28.2) -24.6 (-39.3, -9.9) 

Infections and infestations (SOC)    
Pneumonia 0 1 (2.6) -2.6 (-7.5, 2.4) 

Source: adae.xpt; Software: R 
Treatment-emergent adverse events defined as An AE if the date of onset was on or after the date of first chemotherapy treatment 
(in cycle 1) or was a worsening of a pre-existing medical condition (intensity and/or severity changed to a worsened grade). All AEs 
in subsequent cycles were considered TEAEs. AEs after the last cycle of treatment had been completed (i.e., Day 21 of the last 
cycle) were not considered treatment emergent. 
Serious adverse events defined as any untoward medical occurrence that, at any dose that results in death, is life-threatening, 
requires hospitalization or prolongation of existing hospitalization, results in persistent incapacity or substantial disruption of the 
ability to conduct normal life functions, or is a congenital anomaly or birth defect. 
Duration is chemotherapy cycle 1 for GC04  
Risk difference (with 95% confidence interval) is shown between total treatment and comparator. 
Each FMQ is aligned to a single SOC based on clinical judgment. However, please be aware that some FMQs may contain PTs 
from more than one SOC. 
Abbreviations: CI, confidence interval; FMQ, FDA medical query; N, number of subjects in treatment arm; n, number of subjects with 
adverse event; SOC, system organ class 

Two SAEs occurred in subjects on the F-627 arm of the trial that were not neutropenia or febrile 
neutropenia. First, there was a 54-year-old female (subject number: ) diagnosed with 
tumor hemorrhage. The subject had an extensive medical history which included pulmonary 
fibrosis and indirect signs of left ventricular hypertrophy. The investigator considered the SAE to 
be unrelated to the study drug which the clinical reviewer agrees the event is unrelated. 

The second subject was a 41-year-old female (subject number: ) who was diagnosed with 
diarrhea. The subject’s concomitant medications included aluminum hydroxide/magnesium 
hydroxide, pantoprazole, and bismuth substrate. The investigator considered the event of 
diarrhea to be medically important and unlikely related to this study drug which the clinical 
reviewer agrees the event is unrelated.  

Reviewer’s Comment: Most SAEs in this trial in the F-627 arm were either due to febrile 
neutropenia or pyrexia. Also, both of these SAEs were more common in the placebo arm which is 
likely due to the slower recovery of neutrophils without the addition of a G-CSF to the 
chemotherapy regimen. 
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7.6.2.4. Dropouts and/or Discontinuations Due to Adverse 
Events, Trial GC-627-04 

There was one subject  who received placebo for cycle 1 and was slated to receive F-
627 in cycle 2 of trial GC-627-04 who experienced an unrelated SAE of pneumonia with onset 
on cycle 2 Day 11 that led to discontinuation. 

Reviewer’s Comment: On review of the narrative for subject  the subject never received 
a dose of F-627 in cycle 2. It is acceptable that the study drug was assessed as unrelated to the 
SAE of pneumonia for this subject. 

7.6.2.5. Treatment-Emergent Adverse Events, Trial GC-627-
04 

The most common treatment-emergent adverse reactions that occurred in at least 10% of subjects 
who received F-627 in cycle 1 was alopecia at 40%, nausea 51%, leukopenia at 46%, anemia at 
15%, and thrombocytopenia at 12%. Table 39 and Table 40 contain all AEs  in subjects who 
received F-627. 

In trial GC-627-04, cycle 1, the AEs with a 5% and greater difference seen in subjects who 
received F-627 compared with subjects who received placebo are: nausea, thrombocytopenia, 
and leukopenia.  

Table 39. Adverse Reactions by Preferred Term in Subjects With Cancer Receiving 
Myelosuppressive Chemotherapy Who Received F-627, Trial GC-627-04 Cycle 1 

Preferred Term 

F-627 20 mg GC04 
Cycle 1 

N=83 
n (%) 

Placebo GC04 Cycle 
1 

N=39 
n (%) 

F-627 20 mg GC04 
Cycle 1 vs Placebo 

GC04 Cycle 1 
Risk Difference 

(%) (95% CI) 
Any AE 74 (89.2) 36 (92.3) -3.2 (-13.9, 7.6) 
Nausea 42 (50.6) 15 (38.5) 12.1 (-6.5, 30.8) 
Thrombocytopenia 10 (12.0) 1 (2.6) 9.5 (0.9, 18.1) 
Leukopenia 38 (45.8) 15 (38.5) 7.3 (-11.3, 26.0) 
Anemia 12 (14.5) 4 (10.3) 4.2 (-8.0, 16.4) 
Alopecia 33 (39.8) 14 (35.9) 3.9 (-14.5, 22.2) 
Arthralgia 7 (8.4) 2 (5.1) 3.3 (-5.8, 12.5) 
Hypertension 2 (2.4) 0 2.4 (-0.9, 5.7) 
Abdominal pain upper 1 (1.2) 0 1.2 (-1.1, 3.6) 
Back pain 1 (1.2) 0 1.2 (-1.1, 3.6) 
Chest pain 1 (1.2) 0 1.2 (-1.1, 3.6) 
Cholecystitis chronic 1 (1.2) 0 1.2 (-1.1, 3.6) 
Hypotension 1 (1.2) 0 1.2 (-1.1, 3.6) 
Insomnia 1 (1.2) 0 1.2 (-1.1, 3.6) 
Leukocytosis 1 (1.2) 0 1.2 (-1.1, 3.6) 
Menorrhagia 1 (1.2) 0 1.2 (-1.1, 3.6) 
Mucosal inflammation 1 (1.2) 0 1.2 (-1.1, 3.6) 
Muscle spasticity 1 (1.2) 0 1.2 (-1.1, 3.6) 
Oropharyngeal pain 1 (1.2) 0 1.2 (-1.1, 3.6) 
Poisoning 1 (1.2) 0 1.2 (-1.1, 3.6) 
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Preferred Term 

F-627 20 mg GC04 
Cycle 1 

N=83 
n (%) 

Placebo GC04 Cycle 
1 

N=39 
n (%) 

F-627 20 mg GC04 
Cycle 1 vs Placebo 

GC04 Cycle 1 
Risk Difference 

(%) (95% CI) 
Spinal pain 1 (1.2) 0 1.2 (-1.1, 3.6) 
Swelling 1 (1.2) 0 1.2 (-1.1, 3.6) 
Tumour hemorrhage 1 (1.2) 0 1.2 (-1.1, 3.6) 
Upper respiratory tract infection 1 (1.2) 0 1.2 (-1.1, 3.6) 
Neutropenia 54 (65.1) 25 (64.1) 1.0 (-17.3, 19.2) 
Erythema 5 (6.0) 2 (5.1) 0.9 (-7.7, 9.5) 
Constipation 2 (2.4) 1 (2.6) -0.2 (-6.1, 5.8) 
Myalgia 2 (2.4) 1 (2.6) -0.2 (-6.1, 5.8) 
Alanine aminotransferase 

increased 1 (1.2) 1 (2.6) -1.4 (-6.8, 4.1) 

Dyspepsia 1 (1.2) 1 (2.6) -1.4 (-6.8, 4.1) 
Hypomagnesaemia 1 (1.2) 1 (2.6) -1.4 (-6.8, 4.1) 
Pyrexia 1 (1.2) 1 (2.6) -1.4 (-6.8, 4.1) 
Vertigo 1 (1.2) 1 (2.6) -1.4 (-6.8, 4.1) 
Decreased appetite 3 (3.6) 2 (5.1) -1.5 (-9.5, 6.5) 
Headache 2 (2.4) 2 (5.1) -2.7 (-10.4, 4.9) 
Bone pain 6 (7.2) 4 (10.3) -3.0 (-14.1, 8.0) 
Stomatitis 7 (8.4) 5 (12.8) -4.4 (-16.5, 7.7) 
Diarrhea 17 (20.5) 10 (25.6) -5.2 (-21.4, 11.1) 
Dysgeusia 1 (1.2) 3 (7.7) -6.5 (-15.2, 2.2) 
Pharyngitis 1 (1.2) 3 (7.7) -6.5 (-15.2, 2.2) 
Fatigue 13 (15.7) 9 (23.1) -7.4 (-22.8, 7.9) 
Asthenia 10 (12.0) 8 (20.5) -8.5 (-22.9, 6.0) 
Vomiting 10 (12.0) 8 (20.5) -8.5 (-22.9, 6.0) 
Febrile neutropenia 4 (4.8) 10 (25.6) -20.8 (-35.3, -6.4) 
Source: adae.xpt; Software: R 
Treatment-emergent adverse events defined as An AE if the date of onset was on or after the date of first chemotherapy treatment 
(in cycle 1) or was a worsening of a pre-existing medical condition (intensity and/or severity changed to a worsened grade). All AEs 
in subsequent cycles were considered TEAEs. AEs after the last cycle of treatment had been completed (i.e., Day 21 of the last 
cycle) were not considered treatment emergent. 
Duration is chemotherapy cycle 1 for GC04 
Coded as MedDRA preferred terms. 
Risk difference (with 95% confidence interval) is shown between total treatment and comparator. 
Abbreviations: CI, confidence interval; N, number of subjects in treatment arm; n, number of subjects with adverse event 

Table 40. Adverse Reactions in Subjects With Cancer Receiving Myelosuppressive Chemotherapy 
Who Received F-627, System Organ Class and FDA Medical Query (Narrow), Trial GC-627-04 Cycle 
1 

System Organ Class 
FMQ (Narrow) 

F-627 20 mg GC04 
Cycle 1 

N=83 
n (%) 

Placebo GC04 Cycle 
1 

N=39 
n (%) 

F-627 20 mg GC04 
Cycle 1 vs Placebo 

GC04 Cycle 1 
Risk Difference 

(%) (95% CI) 
Blood and lymphatic system 
disorders (SOC)    

Thrombocytopenia 10 (12.0) 1 (2.6) 9.5 (0.9, 18.1) 
Leukopenia 38 (45.8) 15 (38.5) 7.3 (-11.3, 26.0) 
Anemia 12 (14.5) 4 (10.3) 4.2 (-8.0, 16.4) 

Cardiac disorders (SOC)    
Systemic Hypertension 2 (2.4) 0 2.4 (-0.9, 5.7) 
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System Organ Class 
FMQ (Narrow) 

F-627 20 mg GC04 
Cycle 1 

N=83 
n (%) 

Placebo GC04 Cycle 
1 

N=39 
n (%) 

F-627 20 mg GC04 
Cycle 1 vs Placebo 

GC04 Cycle 1 
Risk Difference 

(%) (95% CI) 
Ear and labyrinth disorders 
(SOC)    

Vertigo 1 (1.2) 1 (2.6) -1.4 (-6.8, 4.1) 
Gastrointestinal disorders (SOC)    

Nausea 42 (50.6) 15 (38.5) 12.1 (-6.5, 30.8) 
Dry Mouth 0 0 0 (0, 0) 
Constipation 2 (2.4) 1 (2.6) -0.2 (-6.1, 5.8) 
Dyspepsia 2 (2.4) 1 (2.6) -0.2 (-6.1, 5.8) 
Abdominal Pain 1 (1.2) 1 (2.6) -1.4 (-6.8, 4.1) 
Diarrhea 17 (20.5) 10 (25.6) -5.2 (-21.4, 11.1) 
Vomiting 10 (12.0) 8 (20.5) -8.5 (-22.9, 6.0) 

General disorders and 
administration site conditions 
(SOC) 

   

Dizziness 1 (1.2) 1 (2.6) -1.4 (-6.8, 4.1) 
Decreased Appetite 3 (3.6) 2 (5.1) -1.5 (-9.5, 6.5) 
Fatigue 23 (27.7) 17 (43.6) -15.9 (-34.2, 2.4) 
Pyrexia 5 (6.0) 10 (25.6) -19.6 (-34.2, -5.0) 

Hepatobiliary disorders (SOC)    
Cholecystitis 1 (1.2) 0 1.2 (-1.1, 3.6) 
Hepatic Injury 1 (1.2) 1 (2.6) -1.4 (-6.8, 4.1) 

Infections and infestations (SOC)    
Bacterial Infection 1 (1.2) 0 1.2 (-1.1, 3.6) 
Nasopharyngitis 1 (1.2) 3 (7.7) -6.5 (-15.2, 2.2) 

Musculoskeletal and connective 
tissue disorders (SOC)    

Arthralgia 7 (8.4) 2 (5.1) 3.3 (-5.8, 12.5) 
Back Pain 1 (1.2) 0 1.2 (-1.1, 3.6) 
Myalgia 2 (2.4) 1 (2.6) -0.2 (-6.1, 5.8) 
Headache 2 (2.4) 2 (5.1) -2.7 (-10.4, 4.9) 
Dysgeusia 1 (1.2) 3 (7.7) -6.5 (-15.2, 2.2) 

Psychiatric disorders (SOC)    
Insomnia 1 (1.2) 0 1.2 (-1.1, 3.6) 

Reproductive system and breast 
disorders (SOC)    

Abnormal Uterine Bleeding 1 (1.2) 0 1.2 (-1.1, 3.6) 
Excessive Menstrual Bleeding 1 (1.2) 0 1.2 (-1.1, 3.6) 

Skin and subcutaneous tissue 
disorders (SOC)    

Alopecia 33 (39.8) 14 (35.9) 3.9 (-14.5, 22.2) 
Erythema 5 (6.0) 2 (5.1) 0.9 (-7.7, 9.5) 

Vascular disorders (SOC)    
Hemorrhage 1 (1.2) 0 1.2 (-1.1, 3.6) 
Hypotension 1 (1.2) 0 1.2 (-1.1, 3.6) 
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Source: adae.xpt; Software: R 
Treatment-emergent adverse events defined as An AE if the date of onset was on or after the date of first chemotherapy treatment 
(in cycle 1) or was a worsening of a pre-existing medical condition (intensity and/or severity changed to a worsened grade). All AEs 
in subsequent cycles were considered TEAEs. AEs after the last cycle of treatment had been completed (i.e., Day 21 of the last 
cycle) were not considered treatment emergent. 
Duration is chemotherapy cycle 1 for GC04  
Risk difference (with 95% confidence interval) is shown between total treatment and comparator. 
Each FMQ is aligned to a single SOC based on clinical judgment. However, please be aware that some FMQs may contain PTs 
from more than one SOC. 
Abbreviations: CI, confidence interval; FMQ, FDA medical query; N, number of subjects in treatment arm; n, number of subjects with 
adverse event; SOC, system organ class 

Reviewer’s Comment: In trial GC-627-04, cycle 1, subjects taking F-627 compared to those on 
placebo, had an increased risk difference of leukopenia (7%), an increased risk of anemia (5%), 
and an increased risk of thrombocytopenia (9%). There was also an increased risk difference of 
nausea at 11%. Leukopenia is not considered related to study drug, and more likely related to 
myelosuppression from chemotherapy. Laboratory Findings, Trial GC-627-04 

For trial GC-627-04, the next four tables, Table 41, Table 42, Table 43, and Table 44, highlight 
the laboratory findings from chemotherapy cycle 1. No unexpected and clinically significant 
differences in electrolyte, chemistry or hematologic parameters were observed across treatment 
arms in GC-627-04 where antiemetics, other supportive medication and fluids were 
administered.  

Table 41. Subjects With One or More Chemistry Analyte Values Outside Specified Levels, Safety 
Population, Trial GC-627-04  

Laboratory Parameter 

F-627 20 mg GC04 
Cycle 1 

N=83 
n (%) 

Placebo GC04 
Cycle 1 

N=39 
n (%) 

Risk Difference 
(95% CI) 

Sodium, low (mEq/L)    
Level 1 (<132) 0/77 (0) 1/35 (33.3) -2.9 ( -16.6, 3.7) 
Level 2 (<130) 0/77 (0) 0/35 (0) 0 (0, 0) 
Level 3 (<125) 0/77 (0) 0/35 (0) 0 (0, 0) 

Sodium, high (mEq/L)    
Level 1 (>150) 0/77 (0) 0/35 (0) 0 (0, 0) 
Level 2 (>155) 0/77 (0) 0/35 (0) 0 (0, 0) 
Level 3 (>160) 0/77 (0) 0/35 (0) 0 (0, 0) 

Potassium, low (mEq/L)    
Level 1 (<3.6) 1/75 (1.33) 0/34 (0) 1.3 (-11.4,8.2) 
Level 2 (<3.4) 0/75 (0) 0/34 (0) 0 (0, 0) 
Level 3 (<3) 0/75 (0) 0/34 (0) 0 (0, 0) 

Potassium, high (mEq/L)    
Level 1 (>5.5) 0/75 (0) 1/34 (2.9) -2.9 (-17.1, 3.7) 
Level 2 (>6) 0/75 (0) 0/34 (0) 0 (0, 0) 
Level 3 (>6.5) 0/75 (0) 0/34 (0) 0 (0, 0) 

Chloride, low (mEq/L)    
Level 1 (<95) 0/77 (0) 0/35 (0) 0 (0, 0) 
Level 2 (<88) 0/77 (0) 0/35 (0) 0 (0, 0) 
Level 3 (<80) 0/77 (0) 0/35 (0) 0 (0, 0) 

Chloride, high (mEq/L)    
Level 1 (>108) 1/77 (1.3) 0/35 (0) 1.3 (-11.1, 8.0) 
Level 2 (>112) 1/77 (1.3) 0/35 (0) 1.3 (-11.1, 8.0) 
Level 3 (>115) 0/77 (0) 0/35 (0) 0 (0, 0) 
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Laboratory Parameter 

F-627 20 mg GC04 
Cycle 1 

N=83 
n (%) 

Placebo GC04 
Cycle 1 

N=39 
n (%) 

Risk Difference 
(95% CI) 

Bicarbonate, low (mEq/L)    
Level 1 (<20) 12/76 (15.8) 2/34 (5.9) 9.9 (-6.8, 21.5) 
Level 2 (<18) 2/76 (2.6) 0/34 (0) 2.6 (-10.2, 10.1) 
Level 3 (<15) 0/76 (0) 0/34 (0) 0 (0, 0) 

Bicarbonate, high (mEq/L)    
Level 3 (>30) 0/76 (0) 0/34 (0) 0 (0, 0) 

Glucose, low (mg/dL)    
Level 1 (<70) 0/76 (0) 0/34 (0) 0 (0, 0) 
Level 2 (<54) 0/76 (0) 0/34 (0) 0 (0, 0) 
Level 3 (<40) 0/76 (0) 0/34 (0) 0 (0, 0) 

Glucose, random, high (mg/dL)    
Level 2 (≥200) 0/76 (0) 1/34 (2.94) 2.9 (-17.1, 3.7) 
Level 3 (>250) 0/76 (0) 0/34 (0) 0 (0, 0) 

Calcium, low (mg/dL)    
Level 1 (<8.4) 0/77 (0) 1/35 (2.9) -2.9 ( -16.2,3.7) 
Level 2 (<8) 0/77 (0) 0/35 (0) 0 (0, 0) 
Level 3 (<7.5) 0/77 (0) 0/35 (0) 0 (0, 0) 

Calcium, high (mg/dL)    
Level 1 (>10.5) 7/77 (9.1) 1/35 (2.9) 6.2 (-8.4, 16.0) 
Level 2 (>11) 2/77 (2.6) 0/35 (0) 2.6 (-9.9, 9.9) 
Level 3 (>12) 0/14 (0) 0/35 (0) 0 (0, 0) 

Phosphate, low (mg/dL)    
Level 1 (<2.5) 2/80 (2.5) 1/35 (0) -0.3 (-14.3, 7.2) 
Level 2 (<2) 2/80 (2.5) 1/35 (0) -0.3 (-14.3, 7.2) 
Level 3 (<1.4) 0/77 (0) 0/35 (0) 0 (0, 0) 

Source: adlb.xpt; Software: R 
Threshold levels 1, 2, and 3 as defined by the Standard Safety Tables & Figures Integrated Guide. 
Duration is over chemotherapy cycle 1. 
Risk difference column shows difference (with 95% confidence interval) between total treatment and comparator. 
Abbreviations: CI, confidence interval; N, number of subjects in treatment arm; n, number of subjects meeting criteria; CPK, creatine 
phosphokinase; ULN, upper limit of normal  

Reviewer's Comment: Minimal changes in potassium, chloride, calcium, and phosphate values 
were seen between treatment arms. The decrease in bicarbonate at level 1 has the highest risk 
difference for F-627. The Applicant does not provide an explanation for this mild decrease.  

Table 42. Subjects With One or More Kidney Function Analyte Values Outside Specified Levels, 
Safety Population, Trial GC-627-04  

Laboratory Parameter 

F-627 20 mg GC04 
Cycle 1 

N=83 
n (%) 

Placebo GC04 
Cycle 1 

N=39 
n (%) 

Risk Difference 
(95% CI) 

Blood urea nitrogen, high (mg/dL)    
Level 1 (>23) 2/77 (2.6) 1/35 (0) -0.3 (-14.19, 7.6) 
Level 2 (>27) 1/77 (1.3) 0/35 (0) 1.30 (-11.1, 8.0) 
Level 3 (>31) 0/77 (0) 0/35 (0) 0 (0, 0) 
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Laboratory Parameter 

F-627 20 mg GC04 
Cycle 1 

N=83 
n (%) 

Placebo GC04 
Cycle 1 

N=39 
n (%) 

Risk Difference 
(95% CI) 

Creatinine, high (mg/dL)    
Level 1 (≥1.5X baseline) 0/77 (0) 0/35 (0) 0 (0, 0) 
Level 2 (≥2X baseline) 0/77 (0) 0/35 (0) 0 (0, 0) 
Level 3 (≥3X baseline) 0/77 (0) 0/35 (0) 0 (0, 0) 

Source: adlb.xpt; Software: R 
Threshold levels 1, 2, and 3 as defined by the Standard Safety Tables & Figures Integrated Guide. 
Duration is over chemotherapy cycle 1. 
Risk difference column shows difference (with 95% confidence interval) between total treatment and comparator. 
Abbreviations: CI, confidence interval; eGFR, estimated glomerular filtration rate; N, number of subjects in treatment arm; n, number 
of subjects meeting criteria 

Reviewer’s Comment: No clinically significant changes in laboratory findings were observed.  

Table 43. Subjects With One or More Liver Biochemistry Analyte Values Outside Specified Levels, 
Safety Population, Trial GC-627-04 

Laboratory Parameter 

F-627 20 mg 
GC04 
N=83 
n (%) 

Placebo GC04 
N=39 
n (%) 

Risk Difference 
(95% CI) 

Alkaline phosphatase, high (U/L)    
Level 1 (>1.5X ULN) 3/76 (4.0) 2/34 (5.9) -1.9 (-17.4, 7.4) 
Level 2 (>2X ULN) 1/76 (1.3) 0/34 (0) 1.3 (-11.4, 8.1) 
Level 3 (>3X ULN) 0/76 (0) 0/34 (0) 0 (0, 0) 

Alanine aminotransferase, high (U/L)    
Level 1 (>3X ULN) 1/73 (1.4) 0/33 (0) 1.4 (-11.7, 8.4) 
Level 2 (>5X ULN) 0/73 (0) 0/33 (0) 0 (0, 0) 
Level 3 (>10X ULN) 0/73 (0) 0/33 (0) 0 (0, 0) 

Aspartate aminotransferase, high (U/L)    
Level 1 (>3X ULN) 0/72 (0) 0/33 (0) 0 (0, 0) 
Level 2 (>5X ULN) 0/72 (0) 0/33 (0) 0 (0, 0) 
Level 3 (>10X ULN) 0/72 (0) 0/33 (0) 0 (0, 0) 

Bilirubin, total, high (mg/dL)    
Level 1 (>1.5X ULN) 0/59 (0) 0/23 (0) 0 (0, 0) 
Level 2 (>2X ULN) 0/59 (0) 0/23 (0) 0 (0, 0) 
Level 3 (>3X ULN) 0/59 (0) 0/23 (0) 0 (0, 0) 

Source: adlb.xpt; Software: R 
Threshold levels 1, 2, and 3 as defined by the Standard Safety Tables & Figures Integrated Guide. 
Duration is over chemotherapy cycle 1. 
Risk difference column shows difference (with 95% confidence interval) between total treatment and comparator. 
Abbreviations: DILI, drug-induced liver injury; ULN, upper limit of normal; N, number of subjects in treatment arm; n, number of 
subjects meeting criteria 

Reviewer’s Comment: Few subjects in the F-627 arm experienced high levels for laboratory 
tests alkaline phosphatase and alanine aminotransferase. There was no DILI reported.  

Reference ID: 5278513
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Table 44. Subjects With One or More Hematology Analyte Values Outside Specified Levels, Safety 
Population, Trial GC-627-04  

Laboratory Parameter 

F-627 20 mg GC04 
Cycle 1 

N=83 
n (%) 

Placebo GC04 
Cycle 1 

N=39 
n (%) 

Risk Difference 
(95% CI) 

Complete Blood Count    
WBC, low (cells/uL)    

Level 1 (<3500) 68/78 (87.2) 34/37 (91.9) -4.7 (-16.3, 11.4) 
Level 2 (<3000) 66/78 (84.6) 33/37 (89.2) -4.6 (-17.2, 12.4) 
Level 3 (<1000) 15/78 (21.7) 26/37 (70.3) -51.0 (-66.4, -30.5) 

WBC, high (cells/uL)    
Level 1 (>10800) 76/78 (97.4) 13/37 (35.14) 62.3 (43.4, 76.9) 
Level 2 (>13000) 74/78 (94.9) 9/37 (24.3) 70.6 (51.5, 83.0) 
Level 3 (>15000) 70/78 (89.7) 5/37 (13.5) 76.23 57.6, 86.3) 

Hemoglobin, low (g/dL)    
Level 2 (>1.5 dec. from baseline) 32/78 (41.03) 21/37 (56.8) -15.7 (-34.8, 5.0) 
Level 3 (>2 dec. from baseline) 17/78 (21.8) 14/37 (37.8) -16.0 (-35.3, 2.5) 

Hemoglobin, high (g/dL)    
Level 2 (>2X baseline) 2/78 (25.6) 0/37 (0) 2.6 (-9.3, 9.8) 
Level 3 (>3X baseline) 0/78 (0) 0/37 (0) 0 (0, 0) 

Platelets, low (cells/uL)    
Level 1 (<140000) 48/78 (61.5) 20/37 (54.1) 7.5 (-12.4, 27.5) 
Level 2 (<125000) 39/78 (50.0) 12/37 (32.4) 17.6 (-3.3, 35.6) 
Level 3 (<100000) 21/78 (26.9) 10/37 (41.0) -0.10 (-19.7, 17.0) 

WBC Differential    
Lymphocytes, low (cells/uL)    

Level 1 (<1000) 56/78 (71.8) 28/36 (77.8) -6.0 (-22.2, 13.7) 
Level 2 (<750) 44/78 (56.4) 25/36 (69.4) -13.0 (-31.0, 7.8) 
Level 3 (<500) 19/78 (24.4) 18/36 (50.0) -25.6 (-44.5, -5.3) 

Lymphocytes, high (cells/uL)    
Level 1 (>4000) 13/78 (16.7) 2/36 (5.6) 11.1 ( -5.0, 22.6) 
Level 2 (>10000) 1/78 (1.3) 0/36 (0) 1.3 (-10.8, 7.9) 
Level 3 (>20000) 1/78 (1.3) 0/36 (0) 1.3 (-10.8, 7.9) 

Neutrophils, low (cells/uL)    
Level 1 (<2000) 68/78 (94.0) 33/36 (91.7) -4.5(-16.2, 12.0) 
Level 2 (<1000) 60/78 (80.7) 33/36 (91.7) -14.7(-27.5, 2.7) 
Level 3 (<500) 48/78 (61.4) 31/36 (86.1) -24.6(-39.16, -5.1) 

Eosinophils, high (cells/uL)    
Level 1 (>650) 0/78 (0) 0/36 (0) 0 (0, 0) 
Level 2 (>1500) 0/78 (0) 0/36 (0) 0 (0, 0) 
Level 3 (>5000) 0/78 (0) 0/36 (0) 0 (0, 0) 

Source: adlb.xpt; Software: R 
Threshold levels 1, 2, and 3 as defined by the Standard Safety Tables & Figures Integrated Guide. 
Duration is over chemotherapy cycle 1. 
Risk difference column shows difference (with 95% confidence interval) between total treatment and comparator. 
Abbreviations: CI, confidence interval; PT, prothrombin time; PTT, partial thromboplastin time; WBC, White blood cells; ULN, upper 
limit of normal; N, number of subjects in treatment arm; n, number of subjects meeting criteria 

Reviewer’s Comment: In the study, low neutrophil count, high neutrophils, and low platelet 
counts were more common in subjects randomized to F-627 compared to placebo. The highest 
number of subjects at Level 3 seen in Table 44 are for high white blood cells which is 
appropriate in the setting of a G-CSF which stimulates the production, growth, and 
differentiation of neutrophils.  
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7.6.3. Safety Findings and Concerns, Trial GC-627-05 

7.6.3.1. Overall Adverse Event Summary, Trial GC-627-05 

The safety analyses of adverse events in a clinical trial where subjects have different cancer 
stages, receipt of a specific chemotherapy regimen, other supportive medication and an 
experimental G-CSF product are complex. For example, subjects can have gastrointestinal side 
effects (e.g. anorexia, nausea, vomiting, stomatitis, and diarrhea) arising from chemotherapy that 
can impact adverse event reporting.  

The most commonly reported TEAEs by subject incidence (F-627 versus pegfilgrastim) were 
alopecia (52.3% versus 51.0%), nausea (36.0% versus 29.6%), asthenia (29.4% versus 23.5%), 
neutropenia (20.3% versus 25.5%), anemia (23.9% versus 19.4%), leukopenia (19.8% versus 
22.4%), and bone pain (20.8% versus 17.3%) shown in Table 45. The grade 4 TEAEs that 
occurred in more than 1 subject were events involving low ANC; neutropenia, neutrophil count 
decreased, and leukopenia. The most common grade 4 TEAE in subjects randomized to F-627 
was neutrophil count decreased (2.5%) and in subjects randomized to pegfilgrastim was 
neutropenia (8.7%).  

Table 45. Overview of Adverse Events, Safety Population, GC-627-05 

Event Category 

F-627 20 mg 
GC05 

N=197 
n (%) 

Pegfilgrastim 
6 mg GC05 

N=196 
n (%) 

Risk Difference 
(95% CI) 

SAE 12 (6.1) 3 (1.5) 4.6 (0.8, 8.3) 
SAEs with fatal outcome 1 (0.5) 0 0.5 (-0.5, 1.5) 
Life-threatening SAEs 2 (1.0) 1 (0.5) 0.5 (-1.2, 2.2) 

AE leading to permanent discontinuation 
of study drug 

6 (3.0) 5 (2.6) 0.5 (-2.8, 3.8) 

AE leading to dose modification of study 
drug 

5 (2.5) 2 (1.0) 1.5 (-1.1, 4.1) 

AE leading to interruption of study drug 5 (2.5) 2 (1.0) 1.5 (-1.1, 4.1) 
AE leading to reduction of study drug 0 0 0 (0, 0) 
AE leading to dose delay of study drug 0 0 0 (0, 0) 
Other 0 0 0 (0, 0) 

AE 178 (90.4) 169 (86.2) 4.1 (-2.2, 10.5) 
Death 1 (0.5) 0 0.5 (-0.5, 1.5) 
Life-threatening 12 (6.1) 18 (9.2) -3.1 (-8.3, 2.2) 
Severe 44 (22.3) 25 (12.8) 9.6 (2.1, 17.0) 
Moderate 88 (44.7) 96 (49.0) -4.3 (-14.2, 5.5) 
Mild 33 (16.8) 30 (15.3) 1.4 (-5.8, 8.7) 

Source: adae.xpt; Software: R 
Treatment-emergent adverse events defined as An AE if the date of onset was on or after the date of first chemotherapy treatment 
(in cycle 1) or was a worsening of a pre-existing medical condition (intensity and/or severity changed to a worsened grade). All AEs 
in subsequent cycles were considered TEAEs. AEs after the last cycle of treatment had been completed (i.e., Day 21 of the last 
cycle) were not considered treatment emergent. 
Duration is over all four chemotherapy cycles. 
Abbreviations: AE, adverse event; N, number of subjects in treatment arm; n, number of subjects with at least one event; SAE, 
serious adverse event 
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Reviewer’s Comment: All TEAEs reported are expected in this subject population on 
myelosuppressive chemotherapy reagents who are also receiving a colony stimulating factor. 

7.6.3.2. Deaths, Trial GC-627-05 

There were three deaths reported in the study. One death was reported in a subject who received 
F-627 (pulmonary embolism) and two deaths were reported in subjects receiving pegfilgrastim 
subjects (peritonitis and worsening of underlying disease). The death (subject number: ) 
on study was determined by the Investigator to be not related to F-627.  

A Case Report Form and narrative were provided and reviewed. The subject was a 42-year-old 
female with breast cancer who died 10 days after the last dose of F-627 was given. Her past 
medical history included sinus tachycardia and cholecystitis. Prior to the pulmonary embolism, 
the subject had AEs that were considered nonserious including back pain, leukopenia, 
thrombocytopenia, neutropenia, and dry skin. On the day of the pulmonary embolism, the subject 
suddenly lost consciousness, had cyanosis of the upper body and had hypotension.  

Since a thrombosis did cause one of the deaths in the F-627 arm, a search for thromboses for 
subjects on F-627 resulted in one other case in a subject (subject ID: ) in study SP11631 
who had a serious adverse event of a jugular venous thrombosis. She was a 38-year-old female 
with swelling and pain in the right neck at the location of the intravenous indwelling catheter. 
The thrombus resolved after treatment with anticoagulants. Thromboses are not infrequently seen 
with the use of indwelling catheters. 

There were two other cases of death in this study for subjects who were given pegfilgrastim. 
However, the deaths occurred during the 6-month follow-up period and therefore were not 
considered treatment emergent. The first subject was a 56-year-old female (subject number: 

) who died due to progressive disease. Her medical history includes hepatic steatosis, 
hepatomegaly, uterine leiomyoma, cervical cyst, varicose veins pelvic, vaginal prolapse, breast 
disorder, and pulmonary fibrosis. Her death was noted at the 6-month follow-up contact. 

The second death on the pegfilgrastim arm was a 42-year-old female (subject number: ) 
who died due to peritonitis. The medical history included cholecystitis, chronic pyelonephritis, 
and calculus urinary. After all cycles of chemotherapy were complete the subject developed 
acute gangrenous appendicitis and purulent peritonitis.  

Reference ID: 5278513
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Table 46. Deaths, Safety Population, Trial GC-627-05  

Preferred Term 

F-627 20 mg 
GC05 

N=197 
n (%) 

Pegfilgrastim  
6 mg GC05 

N=196 
n (%) 

Risk Difference  
(95% CI) 

Any AE leading to death 1 (0.5) 0 0.5 (-0.5, 1.5) 
Pulmonary embolism 1 (0.5) 0 0.5 (-0.5, 1.5) 

Source: adae.xpt; Software: R 
Treatment-emergent adverse events defined as An AE if the date of onset was on or after the date of first chemotherapy treatment 
(in cycle 1) or was a worsening of a pre-existing medical condition (intensity and/or severity changed to a worsened grade). All AEs 
in subsequent cycles were considered TEAEs. AEs after the last cycle of treatment had been completed (i.e., Day 21 of the last 
cycle) were not considered treatment emergent. 
Duration is over all four chemotherapy cycles. 
Abbreviations: AE, adverse event; N, number of subjects in treatment arm; n, number of subjects with adverse event 

Reviewer's Comment: The death for a subject treated with F-627 was deemed unrelated to the 
study drug. Patients with cancer, those receiving chemotherapy are considered to have a 
hypercoagulable state and it is not rare for these patients to have thromboembolism as an 
adverse event, therefore the clinical reviewer agrees this AE is most likely unrelated. 

7.6.3.3. Serious Adverse Events, Trial GC-627-05 

In trial GC-627-05, there were 17 SAEs reported in 15 (3.8%) subjects overall including 12 
SAEs in 12 (6.1%) subjects randomized to F-627 and five SAEs in the three (1.5%) subjects 
randomized to pegfilgrastim. The SAEs are listed below in Table 47 by system organ class and 
preferred term and then in Table 48 by system organ class and FDA medical query, narrow term. 

Table 47. Serious Adverse Events by System Organ Class and Preferred Term, Safety Population, 
GC-627-05 

System Organ Class 
Preferred Term 

F-627 20 mg 
GC05 

N=197 
n (%) 

Pegfilgrastim 
6 mg GC05 

N=196 
n (%) 

Risk Difference 
(95% CI) 

Blood and lymphatic system disorders (SOC) 2 (1.0) 2 (1.0) -0.0 (-2.0, 2.0) 
Anemia 0 1 (0.5) -0.5 (-1.5, 0.5) 
Neutropenia 0 1 (0.5) -0.5 (-1.5, 0.5) 
Febrile neutropenia 2 (1.0) 0 1.0 (-0.4, 2.4) 

Cardiac disorders (SOC) 0 1 (0.5) -0.5 (-1.5, 0.5) 
Myocardial infarction 0 1 (0.5) -0.5 (-1.5, 0.5) 

General disorders and administration site 
conditions (SOC) 

1 (0.5) 0 0.5 (-0.5, 1.5) 

Fatigue 1 (0.5) 0 0.5 (-0.5, 1.5) 
Hepatobiliary disorders (SOC) 0 1 (0.5) -0.5 (-1.5, 0.5) 

Hepatitis toxic 0 1 (0.5) -0.5 (-1.5, 0.5) 
Infections and infestations (SOC) 2 (1.0) 1 (0.5) 0.5 (-1.2, 2.2) 

Pneumonia 2 (1.0) 1 (0.5) 0.5 (-1.2, 2.2) 
Metabolism and nutrition disorders (SOC) 1 (0.5) 0 0.5 (-0.5, 1.5) 

Diabetic ketoacidosis 1 (0.5) 0 0.5 (-0.5, 1.5) 
Nervous system disorders (SOC) 1 (0.5) 0 0.5 (-0.5, 1.5) 

Syncope 1 (0.5) 0 0.5 (-0.5, 1.5) 
Renal and urinary disorders (SOC) 1 (0.5) 0 0.5 (-0.5, 1.5) 

Acute kidney injury 1 (0.5) 0 0.5 (-0.5, 1.5) 
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System Organ Class 
Preferred Term 

F-627 20 mg 
GC05 

N=197 
n (%) 

Pegfilgrastim 
6 mg GC05 

N=196 
n (%) 

Risk Difference 
(95% CI) 

Respiratory, thoracic, and mediastinal 
disorders (SOC) 

1 (0.5) 0 0.5 (-0.5, 1.5) 

Pulmonary embolism 1 (0.5) 0 0.5 (-0.5, 1.5) 
Skin and subcutaneous tissue disorders (SOC) 2 (1.0) 0 1.0 (-0.4, 2.4) 

Angioedema 1 (0.5) 0 0.5 (-0.5, 1.5) 
Urticaria 1 (0.5) 0 0.5 (-0.5, 1.5) 

Vascular disorders (SOC) 1 (0.5) 0 0.5 (-0.5, 1.5) 
Hypertension 1 (0.5) 0 0.5 (-0.5, 1.5) 

Source: adae.xpt; Software: R 
Treatment-emergent adverse events defined as An AE if the date of onset was on or after the date of first chemotherapy treatment 
(in cycle 1) or was a worsening of a pre-existing medical condition (intensity and/or severity changed to a worsened grade). All AEs 
in subsequent cycles were considered TEAEs. AEs after the last cycle of treatment had been completed (i.e., Day 21 of the last 
cycle) were not considered treatment emergent. 
Duration is over all four chemotherapy cycles. 
Abbreviations: N, number of subjects in treatment arm; n, number of subjects with adverse event; SOC, system organ class 

Table 48. Serious Adverse Events by System Organ Class and FDA Medical Query (Narrow), 
Safety Population, Trial GC-627-05  

System Organ Class 
FMQ (Narrow) 

F-627 20 mg 
GC05 

N=197 
n (%) 

Pegfilgrastim 
6 mg GC05 

N=196 
n (%) 

Risk 
Difference 

(95% CI) 

F-627 
20 mg Total 

N=280 
n (%) 

Blood and lymphatic system 
disorders (SOC) 

    

Anemia 0 1 (0.5) -0.5 (-1.5, 0.5) 0 
Leukopenia 2 (1.0) 1 (0.5) 0.5 (-1.2, 2.2) 5 (1.8) 

Cardiac disorders (SOC)     
Acute coronary syndrome 0 1 (0.5) -0.5 (-1.5, 0.5) 0 
Myocardial infarction 0 1 (0.5) -0.5 (-1.5, 0.5) 0 
Myocardial ischemia 0 1 (0.5) -0.5 (-1.5, 0.5) 0 
Systemic hypertension 1 (0.5) 0 0.5 (-0.5, 1.5) 1 (0.4) 

Endocrine disorders (SOC)     
Diabetic ketoacidosis 1 (0.5) 0 0.5 (-0.5, 1.5) 1 (0.4) 

General disorders and 
administration site conditions (SOC) 

    

Fatigue 1 (0.5) 0 0.5 (-0.5, 1.5) 1 (0.4) 
Pyrexia 2 (1.0) 0 1.0 (-0.4, 2.4) 5 (1.8) 

Hepatobiliary disorders (SOC)     
Hepatic injury 0 1 (0.5) -0.5 (-1.5, 0.5) 0 

Immune system disorders (SOC)     
Angioedema 1 (0.5) 0 0.5 (-0.5, 1.5) 1 (0.4) 

Infections and infestations (SOC)     
Pneumonia 2 (1.0) 1 (0.5) 0.5 (-1.2, 2.2) 2 (0.7) 

Nervous system disorders (SOC)     
Syncope 1 (0.5) 0 0.5 (-0.5, 1.5) 1 (0.4) 

Renal and urinary disorders (SOC)     
Acute kidney injury 1 (0.5) 0 0.5 (-0.5, 1.5) 1 (0.4) 
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System Organ Class 
FMQ (Narrow) 

F-627 20 mg 
GC05 

N=197 
n (%) 

Pegfilgrastim 
6 mg GC05 

N=196 
n (%) 

Risk 
Difference 

(95% CI) 

F-627 
20 mg Total 

N=280 
n (%) 

Skin and subcutaneous tissue 
disorders (SOC) 

    

Rash 1 (0.5) 0 0.5 (-0.5, 1.5) 1 (0.4) 
Urticaria 1 (0.5) 0 0.5 (-0.5, 1.5) 1 (0.4) 

Source: adae.xpt; Software: R 
Treatment-emergent adverse events defined as An AE if the date of onset was on or after the date of first chemotherapy treatment 
(in cycle 1) or was a worsening of a pre-existing medical condition (intensity and/or severity changed to a worsened grade). All AEs 
in subsequent cycles were considered TEAEs. AEs after the last cycle of treatment had been completed (i.e., Day 21 of the last 
cycle) were not considered treatment emergent. 
Duration is over all four chemotherapy cycles. 
Abbreviations: FMQ, FDA medical query; N, number of subjects in treatment arm; n, number of subjects with adverse event; SOC, 
system organ class 

Summaries of the SAEs Other Than Neutropenia or Febrile Neutropenia for Subjects 
Receiving F-627 
A 69-year-old white female (subject number: ) treated with F-627 experienced an acute 
kidney injury which was assessed as being unrelated to F-627. Her past medical history included 
chronic pyelonephritis and hypertension. Her concomitant medications were amiodarone and 
enalapril. The investigator and this reviewer agree that there are likely other causes than F-627 
for the acute kidney injury.  

The second serious adverse event was in a 59-year-old female (subject number: ) who 
had arterial hypertension. The subject did have a history of hypertension. The AE was graded as 
serious because the subject required hospitalization. The event was considered resolved and the 
subject was discharged from the hospital on the same day.  

Next, a 47-year-old female subject (subject number: ) was diagnosed with the SAE of 
pneumonia. The subject was diagnosed with a common cold two days prior to the pneumonia 
diagnosis. The subject reported that she was exposed to two infected people two days prior to the 
common cold being diagnosed. The subject was admitted to the hospital due to pneumonia and 
discharged 10 days later. There was no action taken with the study drug and the event resolved.  

A 55-year-old female (subject number: ) treated with F-627 developed pneumonia. The 
investigator assessed the pneumonia as unrelated to F-627 because patients receiving 
chemotherapy are immunosuppressed due to having cancer as well as the myelosuppressive 
action of the drugs being used to treat cancer. The investigator and this reviewer agree that there 
are likely other causes than F-627 for the pneumonia. 

A 69-year-old female (subject number: ) had a syncopal event. The subject did have a 
past medical history of vascular encephalopathy and her concomitant medications included 
sodium chloride IV PRN. The exact etiology of the syncope is not known; however, the 
investigator speculated that the ongoing nausea led to decreased fluid intake and the syncope. 
The event was categorized as serious by the investigator because it may have jeopardized the 
subject. This reviewer agrees that there are likely other etiologies for the event other than F-627.  
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A 78-year-old female (subject number: ) who received F-627 and had a current medical 
history of type 2 diabetes was diagnosed with the SAE of diabetic ketoacidosis. Prior to her 
diagnosis the subject had diarrhea and was febrile. This event appeared to be unrelated to F-627.  

Finally, fatigue was diagnosed in a 72-year-old white female (subject number: ) who 
received F-627. On the day of the diagnosis, the subject reported nausea and diarrhea for the past 
five days which required hospitalization. Upon discharge from the hospital, the advent of fatigue 
was considered resolved. The investigator assessed the event of fatigue as serious due to the 
hospitalization and appropriately unrelated to F-627. This event appeared to be unrelated to F-
627. 

Reviewer’s Comment: Both SAEs classified as being related to F-627 were in the system organ 
class (SOC) of skin and subcutaneous tissue disorders. One subject experienced angioedema on 
Day 12 and F-627 was discontinued. The other subject experienced urticaria (classified as 
medically important by the investigator) on day eight after receiving F-627. The drug was also 
discontinued for this subject. Both events were likely related to F-627 because G-CSFs can be 
associated with allergic reactions, in particular anaphylaxis, in some patients. However, even 
with the possibility of an allergic reaction, the decrease in febrile neutropenia with a G-CSF, 
outweighs the risk of this SAE.  In addition, F-627 is usually given while patients are in the 
hospital and can be assessed for any acute hypersensitivity reaction and immediately treated 
with readily available medications such as antihistamines, H2 blockers, leukotriene inhibitors, 
steroids, along with epinephrine if needed. The label for F-627 includes the contraindication: 
Patients with a history of serious allergic reactions to granulocyte stimulating factors such as 
efbemalenograstim alfa-vuxw, pegfilgrastim, or filgrastim products.  

7.6.3.4. Dropouts and/or Discontinuations Due to Adverse 
Events, Trial GC-627-05 

There were 10 AEs leading to discontinuation in 11 (2.8%) subjects; 6 events in 6 (3%) F-627 
subjects and 5 events in 5 (2.6%) pegfilgrastim subjects. The AEs are listed in Table 50. 
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Table 49. Subjects With Adverse Events Leading to Treatment Discontinuation by Preferred Term, 
Safety Population, Trial GC05 

Preferred Term 

F-627 20 mg 
GC05 Cycle 1-4 

N=197 
n (%) 

Pegfilgrastim 
6 mg GC05  

Cycle 1-4 
N=196 
n (%) 

F-627 20 mg GC05 
Cycle 1-4 vs. 

Neulasta 6 mg GC05 
Cycle 1-4 

Risk Difference 
(%) (95% CI) 

Neutropenia 0 2 (1.0) -1.0 (-2.4, 0.4) 
Hepatitis toxic 0 1 (0.5) -0.5 (-1.5, 0.5) 
Alanine aminotransferase increased 1 (0.5) 0 0.5 (-0.5, 1.5) 
Breast cancer recurrent 1 (0.5) 0 0.5 (-0.5, 1.5) 
Autonomic nervous system imbalance 0 1 (0.5) -0.5 (-1.5, 0.5) 
Interstitial lung disease 0 1 (0.5) -0.5 (-1.5, 0.5) 
Pulmonary embolism 1 (0.5) 0 0.5 (-0.5, 1.5) 
Angioedema 1 (0.5) 0 0.5 (-0.5, 1.5) 
Dermatitis allergic 1 (0.5) 0 0.5 (-0.5, 1.5) 
Urticaria 1 (0.5) 0 0.5 (-0.5, 1.5) 

Source: adae.xpt; Software: R 
Treatment-emergent adverse events defined as An AE if the date of onset was on or after the date of first chemotherapy treatment 
(in cycle 1) or was a worsening of a pre-existing medical condition (intensity and/or severity changed to a worsened grade). All AEs 
in subsequent cycles were considered TEAEs. AEs after the last cycle of treatment had been completed (i.e., Day 21 of the last 
cycle) were not considered treatment emergent. 
Duration is chemotherapy cycle 1 for GC04 and all four chemotherapies for GC05. 
Risk difference (with 95% confidence interval) is shown between total treatment and comparator. 
Abbreviations: CI, confidence interval; N, number of subjects in treatment arm; n, number of subjects with adverse event; SOC, 
system organ class 

Table 50. Adverse Events Leading to Discontinuation by System Organ Class and FDA Medical 
Query (Narrow), Safety Population, Trial GC-627-05  

System Organ Class 
FMQ (Narrow) 

F-627 20 mg 
GC05  

Cycle 1-4 
N=197 
n (%) 

Pegfilgrastim 
6 mg GC05 

Cycle 1-4 
N=196 
n (%) 

F-627 20 mg GC05 
Cycle 1-4 vs. 

Pegfilgrastim 6 mg 
GC05 Cycle 1-4 
Risk Difference 

(%) (95% CI) 
Blood and lymphatic system disorders 
(SOC) 

   

Thrombosis 1 (0.5) 0 0.5 (-0.5, 1.5) 
Thrombosis Venous 1 (0.5) 0 0.5 (-0.5, 1.5) 

Hepatobiliary disorders (SOC)    
Hepatic Injury 1 (0.5) 1 (0.5) -0.0 (-1.4, 1.4) 

Immune system disorders (SOC)    
Angioedema 1 (0.5) 0 0.5 (-0.5, 1.5) 

Neoplasms benign, malignant, and 
unspecified (incl cysts and polyps) (SOC) 

   

Malignancy 1 (0.5) 0 0.5 (-0.5, 1.5) 
Respiratory, thoracic, and mediastinal 
disorders (SOC) 

   

Pneumonitis 0 1 (0.5) -0.5 (-1.5, 0.5) 
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System Organ Class 
FMQ (Narrow) 

F-627 20 mg 
GC05  

Cycle 1-4 
N=197 
n (%) 

Pegfilgrastim 
6 mg GC05 

Cycle 1-4 
N=196 
n (%) 

F-627 20 mg GC05 
Cycle 1-4 vs. 

Pegfilgrastim 6 mg 
GC05 Cycle 1-4 
Risk Difference 

(%) (95% CI) 
Skin and subcutaneous tissue disorders 
(SOC) 

   

Rash 2 (1.0) 0 1.0 (-0.4, 2.4) 
Urticaria 1 (0.5) 0 0.5 (-0.5, 1.5) 

Source: adae.xpt; Software: R 
Treatment-emergent adverse events defined as An AE if the date of onset was on or after the date of first chemotherapy treatment 
(in cycle 1) or was a worsening of a pre-existing medical condition (intensity and/or severity changed to a worsened grade). All AEs 
in subsequent cycles were considered TEAEs. AEs after the last cycle of treatment had been completed (i.e., Day 21 of the last 
cycle) were not considered treatment emergent. 
Duration is over all four chemotherapy cycles. 
Abbreviations: FMQ, FDA medical query; N, number of subjects in treatment arm; n, number of subjects with adverse event; SOC, 
system organ class 

TEAEs leading to discontinuation of pegfilgrastim subjects in trial GC-627-05 were all in cycle 2 
or after and included two SAEs. One event was grade 2 toxic hepatitis that resulted in 
hospitalization and one fatal, nontreatment emergent event of peritonitis that occurred in the 
posttreatment follow-up period. In addition, there were two events of neutropenia (one each, 
grade 2, and grade 3), one event of grade 2 autonomic nervous system imbalance, as well as one 
event of grade 2 interstitial lung disease with onset on cycle 3 Day 15. 

TEAEs leading to discontinuation of F-627 included increased alanine aminotransferase, 
recurrent breast cancer, pulmonary embolism, angioedema, allergic dermatitis and urticaria.  
These events are discussed above in Section 7.6.3.3.  

7.6.3.5. Treatment-Emergent Adverse Events, Trial GC-627-
05 

In trial GC- 627-05, in which efbemalenograstim alfa-vuxw (F-627) is compared to pegfilgrastim 
there is less of a difference between the two drugs in terms of the blood and lymphatic system 
disorders. The biggest differences in adverse reactions occur with asthenia and nausea.  

In trial GC-627-05, the AEs with a 5% and greater difference seen in subjects who received F-
627 compared with subjects who received pegfilgrastim are: nausea, and asthenia. 

Table 51. Adverse Reactions (≥5%) by Preferred Term in Subjects With Cancer Receiving 
Myelosuppressive Chemotherapy Who Received F-627, Trial GC-627-05 

Preferred Term 

F-627 20 mg GC05 
Cycle 1-4 

N=197 
n (%) 

Pegfilgrastim 6 mg 
GC05 Cycle 1-4 

N=196 
n (%) 

F-627 20 mg GC05 
Cycle 1-4 vs. 

Pegfilgrastim 6 mg 
GC05 Cycle 1-4 
Risk Difference 

(%) (95% CI) 
Any AE 178 (90.4) 169 (86.2) 4.1 (-2.2, 10.5) 
Nausea 71 (36.0) 58 (29.6) 6.4 (-2.8, 15.7) 
Thrombocytopenia 20 (10.2) 20 (10.2) -0.1 (-6.0, 5.9) 
Leukopenia 39 (19.8) 44 (22.4) -2.7 (-10.7, 5.4) 
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Preferred Term 

F-627 20 mg GC05 
Cycle 1-4 

N=197 
n (%) 

Pegfilgrastim 6 mg 
GC05 Cycle 1-4 

N=196 
n (%) 

F-627 20 mg GC05 
Cycle 1-4 vs. 

Pegfilgrastim 6 mg 
GC05 Cycle 1-4 
Risk Difference 

(%) (95% CI) 
Anemia 47 (23.9) 38 (19.4) 4.5 (-3.7, 12.6) 
Alopecia 103 (52.3) 100 (51.0) 1.3 (-8.6, 11.1) 
Arthralgia 30 (15.2) 22 (11.2) 4.0 (-2.7, 10.7) 
Leukocytosis 14 (7.1) 10 (5.1) 2.0 (-2.7, 6.7) 
Neutropenia 40 (20.3) 50 (25.5) -5.2 (-13.5, 3.1) 
Erythema 17 (8.6) 17 (8.7) -0.0 (-5.6, 5.5) 
Neutrophil count decreased 15 (7.6) 6 (3.1) 4.6 (0.1, 9.0) 
Myalgia 21 (10.7) 18 (9.2) 1.5 (-4.4, 7.4) 
Alanine aminotransferase increased 19 (9.6) 13 (6.6) 3.0 (-2.4, 8.4) 
Pyrexia 18 (9.1) 9 (4.6) 4.5 (-0.4, 9.5) 
Decreased appetite 11 (5.6) 7 (3.6) 2.0 (-2.1, 6.1) 
Aspartate aminotransferase 
increased 

11 (5.6) 10 (5.1) 0.5 (-4.0, 4.9) 

Headache 18 (9.1) 10 (5.1) 4.0 (-1.0, 9.1) 
Bone pain 41 (20.8) 34 (17.3) 3.5 (-4.3, 11.2) 
Stomatitis 13 (6.6) 12 (6.1) 0.5 (-4.3, 5.3) 
Diarrhea 32 (16.2) 27 (13.8) 2.5 (-4.6, 9.5) 
Fatigue 24 (12.2) 17 (8.7) 3.5 (-2.5, 9.5) 
Asthenia 58 (29.4) 46 (23.5) 6.0 (-2.7, 14.7) 
Vomiting 12 (6.1) 7 (3.6) 2.5 (-1.7, 6.8) 
Source: adae.xpt; Software: R 
Treatment-emergent adverse events defined as An AE if the date of onset was on or after the date of first chemotherapy treatment 
(in cycle 1) or was a worsening of a pre-existing medical condition (intensity and/or severity changed to a worsened grade). All AEs 
in subsequent cycles were considered TEAEs. AEs after the last cycle of treatment had been completed (i.e., Day 21 of the last 
cycle) were not considered treatment emergent. 
Duration is chemotherapy cycle 1 for GC04 and all four chemotherapies for GC05. 
Coded as MedDRA preferred terms. 
Risk difference (with 95% confidence interval) is shown between total treatment and comparator. 
Abbreviations: CI, confidence interval; N, number of subjects in treatment arm; n, number of subjects with adverse event 

Table 52. Adverse Reactions (≥5%) by System Organ Class and FMQ in Subjects With Cancer 
Receiving Myelosuppressive Chemotherapy Who Received F-627, Trial GC-627-05 

System Organ Class 
FMQ (Narrow) 

F-627 20 mg GC05  
Cycle 1-4 

N=197 
n (%) 

Pegfilgrastim 6 mg 
GC05 Cycle 1-4 

N=196 
n (%) 

Blood and lymphatic system disorders (SOC)   
Thrombocytopenia 23 (11.7) 24 (12.2) 
Leukopenia 43 (21.8) 45 (23.0) 
Anemia 49 (24.9) 38 (19.4) 

Cardiac disorders (SOC)   
Arrhythmia 13 (6.6) 14 (7.1) 
Tachycardia 12 (6.1) 11 (5.6) 

Endocrine disorders (SOC)   
Hyperglycemia 9 (4.6) 4 (2.0) 

Gastrointestinal disorders (SOC)   
Nausea 71 (36.0) 58 (29.6) 
Dyspepsia 13 (6.6) 6 (3.1) 
Abdominal pain 10 (5.1) 5 (2.6) 
Diarrhea 32 (16.2) 27 (13.8) 
Vomiting 12 (6.1) 7 (3.6) 
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System Organ Class 
FMQ (Narrow) 

F-627 20 mg GC05  
Cycle 1-4 

N=197 
n (%) 

Pegfilgrastim 6 mg 
GC05 Cycle 1-4 

N=196 
n (%) 

General disorders and administration site 
conditions (SOC) 

  

Decreased appetite 11 (5.6) 7 (3.6) 
Fatigue 79 (40.1) 64 (32.7) 
Pyrexia 29 (14.7) 13 (6.6) 

Hepatobiliary disorders (SOC)   
Hepatic injury 20 (10.2) 13 (6.6) 

Musculoskeletal and connective tissue 
disorders (SOC) 

  

Arthralgia 30 (15.2) 22 (11.2) 
Myalgia 21 (10.7) 18 (9.2) 

Nervous system disorders (SOC)   
Headache 18 (9.1) 10 (5.1) 

Skin and subcutaneous tissue disorders 
(SOC)   

Alopecia 103 (52.3) 100 (51.0) 
Erythema 24 (12.2) 18 (9.2) 
Rash 22 (11.2) 16 (8.2) 

Source: adae.xpt; Software: R 
Treatment-emergent adverse events defined as An AE if the date of onset was on or after the date of first chemotherapy treatment 
(in cycle 1) or was a worsening of a pre-existing medical condition (intensity and/or severity changed to a worsened grade). All AEs 
in subsequent cycles were considered TEAEs. AEs after the last cycle of treatment had been completed (i.e., Day 21 of the last 
cycle) were not considered treatment emergent. 
Each FMQ is aligned to a single SOC based on clinical judgment. However, please be aware that some FMQs may contain PTs 
from more than one SOC. 
Abbreviations: CI, confidence interval; FMQ, FDA medical query; N, number of subjects in treatment arm; n, number of subjects with 
adverse event; SOC, system organ class 

Reviewer's Comment: The adverse reactions of asthenia and nausea have other potential 
etiologies such as having cancer itself, which is associated with increased cytokines and 
receiving chemotherapy. Therefore, the adverse reactions are difficult to attribute to the study 
drug alone. Numerical imbalances noted in some of these expected AEs in the table above is 
likely due to chance and not clinically meaningful. F-627 and pegfilgrastim have a similar AE 
profile.  In addition, trial GC-627-05 was open-label and the reporting of AEs may have had 
some bias. The most common adverse reactions (>20%) were anemia, nausea, bone pain and 
fatigue. Leukopenia and alopecia were commonly observed but was likely related to 
chemotherapy and therefore will not be included in the USPI. 

7.6.3.6. Laboratory Findings, Trial GC-627-05 

Clinical laboratory abnormalities were similar between the two treatment groups, as were shifts 
from baseline to post baseline in Grades for hematology and chemistry parameters. No 
unexpected and clinically significant differences in electrolyte, chemistry or hematologic 
parameters were observed across treatment arms in these complicated trials where antiemetics, 
other supportive medication and fluids were administered. 

The most common laboratory abnormalities (i.e., outside the reference range) were hematology-
related and included high neutrophils, high leukocytes, and high monocytes, with most levels 
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returning to baseline by the end of the study. This is explained by the mechanism of action of F-
627 which is to stimulate the growth and differentiation of hematopoietic cells. The clinical 
laboratory values outside the normal range are detailed below in the next four tables, Table 53, 
Table 54, Table 55, and Table 56. 

Table 53. Subjects With One or More Chemistry Analyte Values Outside Specified Levels, Safety 
Population, Trial GC-627-05  

Laboratory Parameter 

F-627 20 mg  
GC05 

N=197 
n (%) 

Pegfilgrastim 6 mg 
GC05 

N=196 
n (%) 

Risk Difference 
(95% CI) 

Sodium, low (mEq/L)    
Level 1 (<134) 0/194 (0) 0/196 (0) 0 (0, 0) 
Level 2 (<132) 0/194 (0) 0/196 (0) 0 (0, 0) 
Level 3 (<125) 0/194 (0) 0/196 (0) 0 (0, 0) 

Sodium, high (mEq/L)    
Level 1 (>144) 59/194 (30.4) 54/196 (27.6) 2.9 (-6.1, 11.9) 
Level 2 (>150) 0/194 (0) 0/196 (0) 0 (0, 0) 
Level 3 (>155) 0/194 (0) 0/196 (0) 0 (0, 0) 

Potassium, low (mEq/L)    
Level 1 (<3.6) 5/194 (2.6) 3/196 (1.5) 1.0 (-1.8, 3.9) 
Level 2 (<3.4) 4/194 (2.1) 0/196 (0) 2.1 (0.1, 4.1) 
Level 3 (<3) 0/194 (0) 0/196 (0) 0 (0, 0) 

Potassium, high (mEq/L)    
Level 1 (>5.5) 10/194 (5.2) 7/196 (3.6) 1.6 (-2.5, 5.6) 
Level 2 (>6) 0/194 (0) 0/196 (0) 0 (0, 0) 
Level 3 (>6.5) 0/194 (0) 0/196 (0) 0 (0, 0) 

Chloride, low (mEq/L)    
Level 1 (<95) 0/194 (0) 0/196 (0) 0 (0, 0) 
Level 2 (<88) 0/194 (0) 0/196 (0) 0 (0, 0) 
Level 3 (<80) 0/194 (0) 0/196 (0) 0 (0, 0) 

Chloride, high (mEq/L)    
Level 1 (>108) 23/194 (11.9) 18/196 (9.2) 2.7 (-3.4, 8.8) 
Level 2 (>112) 0/194 (0) 0/196 (0) 0 (0, 0) 
Level 3 (>115) 0/194 (0) 0/196 (0) 0 (0, 0) 

Bicarbonate, low (mEq/L)    
Level 1 (<20) 35/194 (18.0) 37/196 (18.9) -0.8 (-8.5, 6.9) 
Level 2 (<18) 7/194 (3.6) 2/196 (1.0) 2.6 (-0.4, 5.6) 
Level 3 (<15) 0/194 (0) 0/196 (0) 0 (0, 0) 

Bicarbonate, high (mEq/L)    
Level 1 (NA) 1/194 (0.5) 3/196 (1.5) -1.0 (-3.0, 1.0) 
Level 2 (NA) 1/194 (0.5) 3/196 (1.5) -1.0 (-3.0, 1.0) 
Level 3 (>30) 1/194 (0.5) 3/196 (1.5) -1.0 (-3.0, 1.0) 

Glucose, low (mg/dL)    
Level 1 (<70) 2/194 (1.0) 3/196 (1.5) -0.5 (-2.7, 1.7) 
Level 2 (<54) 0/194 (0) 1/196 (0.5) -0.5 (-1.5, 0.5) 
Level 3 (<40) 0/194 (0) 0/196 (0) 0 (0, 0) 

Glucose, high (mg/dL)    
Level 1 (>200) 18/194 (9.3) 12/196 (6.1) 3.2 (-2.1, 8.4) 
Level 2 (>250) 8/194 (4.1) 5/196 (2.6) 1.6 (-2.0, 5.1) 
Level 3 (>500) 0/194 (0) 0/196 (0) 0 (0, 0) 
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Laboratory Parameter 

F-627 20 mg  
GC05 

N=197 
n (%) 

Pegfilgrastim 6 mg 
GC05 

N=196 
n (%) 

Risk Difference 
(95% CI) 

Calcium, low (mg/dL)    
Level 1 (<8.4) 0/194 (0) 1/196 (0.5) -0.5 (-1.5, 0.5) 
Level 2 (<8) 0/194 (0) 0/196 (0) 0 (0, 0) 
Level 3 (<7.5) 0/194 (0) 0/196 (0) 0 (0, 0) 

Calcium, high (mg/dL)    
Level 1 (>10.5) 13/194 (6.7) 17/196 (8.7) -2.0 (-7.3, 3.3) 
Level 2 (>11) 2/194 (1.0) 3/196 (1.5) -0.5 (-2.7, 1.7) 
Level 3 (>12) 1/194 (0.5) 0/196 (0) 0.5 (-0.5, 1.5) 

Phosphate, low (mg/dL)    
Level 1 (<2.5) 8/194 (4.1) 7/196 (3.6) 0.6 (-3.3, 4.4) 
Level 2 (<2) 2/194 (1.0) 0/196 (0) 1.0 (-0.4, 2.5) 
Level 3 (<1.4) 0/194 (0) 0/196 (0) 0 (0, 0) 

Source: adlb.xpt; Software: R 
Threshold levels 1, 2, and 3 as defined by the Standard Safety Tables & Figures Integrated Guide. 
Duration is over all four chemotherapy cycles. 
Risk difference column shows difference (with 95% confidence interval) between total treatment and comparator. 
Abbreviations: CI, confidence interval; N, number of subjects in treatment arm; n, number of subjects meeting criteria; CPK, creatine 
phosphokinase; ULN, upper limit of normal 

Reviewer’s Comment: The highest risk differences between the two G-CSFs, F-627 and 
pegfilgrastim, in the biochemistry laboratory tests are seen in the Level 1 category.  

Table 54. Subjects With One or More Kidney Function Analyte Values Outside Specified Levels, 
Safety Population, Integrated Safety Set, Trials GC-627-04 and GC-627-05  

Laboratory Parameter 

F-627 20 mg GC05 
N=197 
n (%) 

 Pegfilgrastim 
6 mg GC05 

N=196 
n (%) 

Risk Difference 
(95% CI) 

Blood urea nitrogen, high (mg/dL)    
Level 1 (>23) 14/194 (7.2) 14/196 (7.1) 0.1 (-5.1, 5.2) 
Level 2 (>27) 5/194 (2.6) 6/196 (3.1) -0.5 (-3.8, 2.8) 
Level 3 (>31) 2/194 (1.0) 2/196 (1.0) 0.0 (-2.0, 2.0) 

Creatinine, high (mg/dL)    
Level 1 (≥1.5X baseline) 3/194 (1.5) 3/196 (1.5) 0.0 (-2.4, 2.5) 
Level 2 (≥2X baseline) 1/194 (0.5) 1/196 (0.5) 0.0 (-1.4, 1.4) 
Level 3 (≥3X baseline) 1/194 (0.5) 0/196 (0) 0.5 (-0.5, 1.5) 

Source: adlb.xpt; Software: R 
Threshold levels 1, 2, and 3 as defined by the Standard Safety Tables & Figures Integrated Guide. 
Duration is over all four chemotherapy cycles. 
Risk difference column shows difference (with 95% confidence interval) between total treatment and comparator. 
Abbreviations: CI, confidence interval; eGFR, estimated glomerular filtration rate; N, number of subjects in treatment arm; n, number 
of subjects meeting criteria 

Reviewer’s Comment: Similar elevations in Levels 1 through 3 are seen for both blood urea 
nitrogen and creatinine for F- 627 and pegfilgrastim. These results suggest a risk profile for the 
study drug that is similar to an US-licensed long-acting G-CSF.  
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Table 55. Subjects With One or More Liver Biochemistry Analyte Values Outside Specified Levels, 
Safety Population, Trial GC-627-05  

Laboratory Parameter 

F-627 20 mg 
GC05 

N=197 
n (%) 

Pegfilgrastim 
6 mg GC05 

N=196 
n (%) 

Risk Difference 
(95% CI) 

Alkaline phosphatase, high (U/L)    
Level 1 (>1.5X ULN) 6/194 (3.1) 0/196 (0) 3.1 (0.7, 5.5) 
Level 2 (>2X ULN) 4/194 (2.1) 0/196 (0) 2.1 (0.1, 4.1) 
Level 3 (>3X ULN) 0/194 (0) 0/196 (0) 0 (0, 0) 

Alanine aminotransferase, high (U/L)    
Level 1 (>3X ULN) 11/194 (5.7) 5/196 (2.6) 3.1 (-0.8, 7.1) 
Level 2 (>5X ULN) 4/194 (2.1) 1/196 (0.5) 1.6 (-0.7, 3.8) 
Level 3 (>10X ULN) 0/194 (0) 0/196 (0) 0 (0, 0) 

Aspartate aminotransferase, high (U/L)    
Level 1 (>3X ULN) 0/194 (0) 1/196 (0.5) -0.5 (-1.5, 0.5) 
Level 2 (>5X ULN) 0/194 (0) 1/196 (0.5) -0.5 (-1.5, 0.5) 
Level 3 (>10X ULN) 0/194 (0) 0/196 (0) 0 (0, 0) 

Bilirubin, total, high (mg/dL)    
Level 1 (>1.5X ULN) 1/194 (0.5) 0/196 (0) 0.5 (-0.5, 1.5) 
Level 2 (>2X ULN) 0/194 (0) 0/196 (0) 0 (0, 0) 
Level 3 (>3X ULN) 0/194 (0) 0/196 (0) 0 (0, 0) 

Source: adlb.xpt; Software: R 
Threshold levels 1, 2, and 3 as defined by the Standard Safety Tables & Figures Integrated Guide. 
Duration is over all four chemotherapy cycles. 
Risk difference column shows difference (with 95% confidence interval) between total treatment and comparator. 
Abbreviations: DILI, drug-induced liver injury; N, number of subjects in treatment arm; n, number of subjects meeting criteria; ULN, 
upper limit of normal 

Reviewer’s Comment: There are no Level 3 elevations in liver tests. Therefore, there is less 
concern for drug induced liver injury with the study drug. No Hy’s law cases were observed. 

Table 56. Subjects With One or More Hematology Analyte Values Outside Specified Levels, Safety 
Population, Trial GC-627-05 

Laboratory Parameter 

F-627 20 mg  
GC05 

N=197 
n (%) 

Pegfilgrastim 6 mg 
GC05 

N=196 
n (%) 

Risk Difference 
(95% CI) 

Complete blood count    
WBC, low (cells/uL)    

Level 1 (<3500) 117/197 (59.4) 107/196 (54.6) 4.8 (-5.0, 14.6) 
Level 2 (<3000) 95/197 (48.2) 83/196 (42.3) 5.9 (-3.9, 15.7) 
Level 3 (<1000) 3/197 (1.5) 7/196 (3.6) -2.0 (-5.2, 1.1) 

WBC, high (cells/uL)    
Level 1 (>10800) 197/197 (100) 196/196 (100) 0 (0, 0) 
Level 2 (>13000) 197/197 (100) 196/196 (100) 0 (0, 0) 
Level 3 (>15000) 196/197 (99.5) 196/196 (100) -0.5 (-1.5, 0.5) 

Hemoglobin, low (g/dL)    
Level 1 (NA) 12/197 (6.1) 3/196 (1.5) 4.6 (0.8, 8.3) 
Level 2 (>1.5 dec. from baseline) 12/197 (6.1) 3/196 (1.5) 4.6 (0.8, 8.3) 
Level 3 (>2 dec. from baseline) 0/197 (0) 0/196 (0) 0 (0, 0) 

Hemoglobin, high (g/dL)    
Level 1 (NA) 0/197 (0) 0/196 (0) 0 (0, 0) 
Level 2 (>2X baseline) 0/197 (0) 0/196 (0) 0 (0, 0) 
Level 3 (>3X baseline) 0/197 (0) 0/196 (0) 0 (0, 0) 
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Laboratory Parameter 

F-627 20 mg  
GC05 

N=197 
n (%) 

Pegfilgrastim 6 mg 
GC05 

N=196 
n (%) 

Risk Difference 
(95% CI) 

Platelets, low (cells/uL)    
Level 1 (<140000) 106/197 (53.8) 102/196 (52.0) 1.8 (-8.1, 11.6) 
Level 2 (<125000) 76/197 (38.6) 70/196 (35.7) 2.9 (-6.7, 12.4) 
Level 3 (<1e +05) 23/197 (11.7) 24/196 (12.2) -0.6 (-7.0, 5.8) 

WBC differential    
Lymphocytes, low (cells/uL)    

Level 1 (<1000) 188/197 (95.4) 183/196 (93.4) 2.1 (-2.5, 6.6) 
Level 2 (<750) 160/197 (81.2) 158/196 (80.6) 0.6 (-7.2, 8.4) 
Level 3 (<500) 88/197 (44.7) 96/196 (49.0) -4.3 (-14.2, 5.5) 

Lymphocytes, high (cells/uL)    
Level 1 (>4000) 97/197 (49.2) 87/196 (44.4) 4.9 (-5.0, 14.7) 
Level 2 (>10000) 1/197 (0.5) 1/196 (0.5) -0.0 (-1.4, 1.4) 
Level 3 (>20000) 0/197 (0) 0/196 (0) 0 (0, 0) 

Neutrophils, low (cells/uL)    
Level 1 (<2000) 122/197 (61.9) 121/196 (61.7) 0.2 (-9.4, 9.8) 
Level 2 (<1000) 62/197 (31.5) 51/196 (26.0) 5.5 (-3.5, 14.4) 
Level 3 (<500) 27/197 (13.7) 27/196 (13.8) -0.1 (-6.9, 6.7) 

Eosinophils, high (cells/uL)    
Level 1 (>650) 32/197 (16.2) 33/196 (16.8) -0.6 (-7.9, 6.8) 
Level 2 (>1500) 4/197 (2.0) 2/196 (1.0) 1.0 (-1.4, 3.4) 
Level 3 (>5000) 0/197 (0) 0/196 (0) 0 (0, 0) 

Source: adlb.xpt; Software: R 
Threshold levels 1, 2, and 3 as defined by the Standard Safety Tables & Figures Integrated Guide. 
Duration is over all four chemotherapy cycles. 
Risk difference column shows difference (with 95% confidence interval) between total treatment and comparator. 
Abbreviations: CI, confidence interval; PT, prothrombin time; PTT, partial thromboplastin time; WBC, White blood cells; ULN, upper 
limit of normal; N, number of subjects in treatment arm; n, number of subjects meeting criteria 

Reviewer’s Comment: All hematological laboratory values that are at Level 3 are similar for 
both F-627 and pegfilgrastim. First, these changes are expected with a G-CSF. Second, it shows 
that the study drug shares a similar risk profile, in terms of what occurs to blood cells, to 
pegfilgrastim. 

7.7. Key Safety Review Issues 

7.7.1. Applicability of the F-627 Clinical Trial Results 
to Both Genders 

Issue  
The issue is the applicability of F-627 clinical trial results to both sexes The Applicant’s 
proposed indication does not restrict the indication to the population studied. The main trials 
providing efficacy and safety data only enrolled female subjects. No male subjects were enrolled. 
The adequacy of extrapolation of these results to the entire disease population proposed by 
Applicant’s label is a concern due to the sex of the study population.  
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Background 

Males were only enrolled as healthy volunteers in the phase 1 studies which provided additional 
safety data. Table 57 below shows the demographics for the two main trials. 

Table 57. Demographics for the Phase 3 Studies GC-627-04 and GC-627-05 

 
Source: Applicant’s ‘Integrated Summary of Efficacy’, Table 13. Demographics for the Phase III Studies GC-627-04, GC-627-05, 
and SP11631 

Assessment 
Efbemalenograstim alfa-vuxw (F-627) is a granulocyte colony stimulating factor (G-CSF) 
receptor agonist and belongs to the same class as filgrastim, pegfilgrastim and tbo-filgrastim, 
which are US-licensed G-CSFs. The main trials for the US-licensed products included both male 
and female subjects with cancer. Of note, submitted trials for the US-licensed products have not 
revealed any significant differences in efficacy or safety based on sex. In addition, post 
marketing experience since the approval of filgrastim in 1991 has not shown any difference in 
the efficacy or safety of G-CSFs in men and women.  
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The data from male healthy volunteers was submitted from phase 1 studies. These studies 
demonstrated safety regarding F-627 (efbemalenograstim alfa-vuxw) in that population. In the 
healthy population, the most commonly reported PTs in subjects administered 20 mg F-627 were 
back pain (54.2%), headache (58.3%), bone pain (25.0%), and alanine aminotransferase 
increased (16.7%).The adverse events were similar to those seen in female subjects with breast 
cancer who were included in the main studies.  

Conclusion 
The most common adverse reactions observed in healthy male volunteer studies were similar to 
common adverse reactions described in studies in which female patients with breast cancer 
received F-627. It is reasonable to extrapolate the safety of F-627 demonstrated in female 
patients to male patients due to phase 1 studies done in healthy male volunteers. 

7.7.2. Applicability of the F-627 Clinical Trial Results 
to the U.S. Population 

Issue  
The application (including all clinical trials) only enrolled eleven subjects from the U.S. 
Additionally, there was scant representation of the Black race. Only three subjects were Black.  
White and Asian racial groups were well represented in studies with F-627. When considering 
the two main studies (GC-627-04 and GC-627-05) there were only two US subjects, of which 
one subject was Black. The Applicant’s proposed indication does not restrict the indication to the 
population studied.  

Background 

Two U.S. subjects were included in the two main studies. The trial contained 0.4% Black 
subjects. Approximately 13.4% of the U.S. population is Black.  

Assessment 
Although not relied upon to extrapolate safety to Black patients, it is reassuring that the safety of 
G-CSF products do not appear to be dependent on race. The Applicant cites multiple issues for 
the failure to enroll more subjects from U.S. clinical sites in studies GC-627-04 and GC-627-05. 
They provide reasons such as a lack of interest for patients participating in a study for a 
supportive intervention as opposed to a therapy for their breast cancer diagnosis. The Applicant 
only had one Black man included in their studies with healthy volunteers. Of note, there was one 
additional Black female from Study GC-627-02, who received an alternative dose of F-627. 

Review of the safety data for the Black participants (N=3) in clinical trials did not identify any 
adverse reactions that differed from the rest of the population and the majority of adverse 
reactions were related to concomitant chemotherapy or comorbidities. All adverse events 
included; anemia, back pain, diarrhea, postural dizziness, dysphagia, dysphonia, headache, 
hypotension, leukocytosis, musculoskeletal pain, neck pain, neutropenia, and pyrexia.  
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Similarly review of safety data for the US subjects (N=11) did not identify to any adverse 
reactions that differed from the rest of the population. The most common adverse events 
(occurring in 3 more US patients) included; diarrhea, fatigue, alopecia, back pain, nausea, 
dehydration, headache, neutropenia, and pyrexia. Adverse events which occurred in the two US 
patients from the main clinical trials included; anemia, postural dizziness, hypotension, 
leukocytosis, neutropenia, pyrexia, backpain, fatigue, nausea, palpitations and urticaria.   

In addition, the Applicant submitted evidence that a genetic analysis of the G-CSF receptor does 
not significantly differ based on race.  The review team did find that the percentage of one allelic 
variant of the G-CSF receptor noticeably differed between those of African and European 
descent (see Section 8.1). However, this difference does not necessarily predict a difference in 
safety for F-627. 

Conclusion 
Although the safety database was small for the US subjects and Black subjects no new safety 
issues were identified in these subgroups. Additionally, it is reasonable to extrapolate the safety 
from the larger population to US subjects and Black subjects. Allelic variants of the G-CSF 
receptor gene are not expected to result in difference in safety.  

7.7.3. Applicability of the F-627 Clinical Trial Results in 
Patients With Breast Cancer to Patients With 
Other Cancer (Nonmyeloid) Types 

Issue  
No other tumor types were studied besides breast cancer. The Applicant’s proposed indication 
does not restrict the indication to the disease population studied.  

Background 
Typically, the Division has required trials in at least two solid tumor types thereby providing 
greater confidence that G-CSF class products can be used in patients with other cancers. 
Originally, in 2015, the Applicant had agreed to conduct a trial in subjects with lung cancer.  

Assessment 

The US-licensed G-CSFs, filgrastim, pegfilgrastim, and tbo-filgrastim included more than one 
type of cancer in the applications. For filgrastim, the main study is in lung cancer, but data from 
urothelial, breast, ovarian, and neuroblastoma (pediatric) studies are included in the application. 
Pegfilgrastim’s main study is in breast cancer, but data from thoracic cancer, non-Hodgkin 
lymphoma, and pediatric sarcoma studies are included in the application. Finally, for tbo-
filgrastim, the main study is in breast cancer, but data from lung and non-Hodgkin lymphoma 
studies are included in the application. 

The Applicant justifies the use of only one cancer type in its main trials by stating that the target 
of F-627 is the G-CSF receptor and the medical condition is myelosuppression and not the 
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tumor. In addition, the majority of chemotherapeutic agent categories are represented in 
regimens used to treat breast cancer.  

Conclusion 
The Sponsor’s justification seems reasonable and supports the use of this product in patients with 
different tumor types.  

7.7.4. Applicability of the F-627 Clinical Trial Results 
From Patients Receiving Chemotherapy 
Treatments Limited to Docetaxel, Doxorubicin, 
and Cyclophosphamide to Patients Receiving 
Other Myelosuppressive Chemotherapy 
Treatments 

Issue 
Applicability of the F-627 clinical trial results in subjects receiving chemotherapy treatments 
limited to docetaxel, doxorubicin, and cyclophosphamide to patients receiving other 
myelosuppressive chemotherapy treatments. The trials only studied the product in subjects with 
breast cancer receiving docetaxel, doxorubicin, and cyclophosphamide as chemotherapy. 

Background 
The Applicant’s proposed indication does not restrict the indication to the chemotherapy 
regimens used in the main trials. The only chemotherapies in the main trials were docetaxel, 
doxorubicin, and cyclophosphamide. In trial GC-627-04, docetaxel and doxorubicin were given. 
When breast cancer is treated with this combination there is a 13-97% risk of severe neutropenia 
and 33-48% risk of febrile neutropenia (Zielinski et al. 2008). In trial GC-627-05, docetaxel and 
cyclophosphamide were the chemotherapy agents given. This regimen confers a 43% risk of 
severe neutropenia and 5% incidence of febrile neutropenia (Bordoni 2012). Yet, a systematic 
review for patients receiving docetaxel and cyclophosphamide for breast cancer gives the median 
febrile neutropenia rate at 31.3% (Fernandes et al. 2017). The literature for risk of severe and 
febrile neutropenia is complex. In addition, enrolled subjects in trials were not always 
comparable. ASCO recommends the prophylactic use of colony stimulating factors (CSFs) to 
reduce the risk of febrile neutropenia when the risk of febrile neutropenia is approximately 20% 
or higher in a chemotherapy regimen (Smith et al. 2015). 

Assessment 
There are other chemotherapies inducing significant neutropenia are not represented in F-627 
clinical trials. The Applicant proposes that G-CSFs do not prevent chemotherapy induced 
destruction of neutrophils or their precursors rather, G-CSF acts on surviving cells to promote 
rapid proliferation and differentiation. Therefore, the safety profile of F-627 should not be 
impacted by the chemotherapy agent(s) used in the clinical studies. In addition, the Applicant 
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states chemotherapeutic agents in the F-627 breast cancer trials covered 4 of the 5 major 
mechanisms of action of chemotherapeutic agent. Therefore, safety was assessed when 
chemotherapy agents were administered with varying mechanisms of action.  

Conclusion  
The Applicant’s justification seems reasonable and supports the use of this product in patients 
receiving other chemotherapeutic agents.  

7.7.5. Applicability of the F-627 Clinical Trial Results 
to Patients >65 Years Old 

Issue  
Both trial GC-627-04 and trial GC-627-05 only enrolled few subjects who are 65 years or older. 
However, the Applicant’s proposed indication does not restrict to the age group studied.  

Background 
In trial GC-627-04, only 7 (8.4%) subjects in the F-627 arm and 3 (7.7%) subjects in the placebo 
arm were 65 years or older. The number of subjects who were 65 years or older increased in trial 
GC-627-05 (see Table 58 below). However, it still only constitutes a small proportion of the 
subjects in the ITT analysis population, 26 (13.2%) in the F-627 arm and 35 (17.9%) of subjects 
in the Neulasta control arm (see Table 58 below). 

Table 58. Summary of Age Group, Trials GC-627-04 and GC-627-05 

Age Group 

GC-627-04 GC-627-05 
F-627 

(N=83) 
n (%) 

Placebo 
(N=39) 

n (%) 

F-627 
(N=197) 

n (%) 

Neulasta 
(N=196) 

n (%) 
<65 years 76 (91.6) 36 (92.3) 171 (86.8) 161 (82.1)  
≥65 years 7 (8.4) 3 (7.7) 26 (13.2) 35 (17.9) 

Source: Reviewer analysis 

Assessment 
It is desirable for a clinical trial study to include sufficient geriatric subjects who are 65 years or 
older. Of note, the Applicant’s review of the CSF3R RNA expression levels did not indicate 
molecular features as a potential source of heterogeneity based age (See Section 8.1 for further 
details). 

Conclusion  

It is reasonable to extrapolate the safety of F-627 demonstrated in subjects included in the main 
studies to patients who are 65 years or older. 
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8. Therapeutic Individualization 

8.1. Intrinsic Factors 
There were no clinically significant differences in pharmacokinetics based on age. The ages in 
the studies ranged from 20 to 83 years. There were no clinically meaningful differences between 
geriatric subjects >65 years and younger subjects <65 years. 

Body weights of subjects included in the studies ranged from 43 to 137 kg. There are no 
clinically significant differences in pharmacokinetics based on weight. 

As all subjects with cancer in the clinical studies were females with breast cancer, gender-related 
differences in the pharmacokinetics of efbemalenograstim alfa-vuxw could not be evaluated. 
Further, pharmacokinetic differences in cancer type could not be evaluated. 

The impact of race, ethnicity, renal function impairment, hepatic function impairment, and 
pregnancy on the pharmacokinetics of efbemalenograstim have not been evaluated. Given the 
clearance mechanism i.e., catabolism and target mediated disposition via neutrophils, impaired 
renal and hepatic function are not expected to impact the pharmacokinetics of efbemalenograstim 
alfa-vuxw. 

The Applicant provided a review of the CSF3R gene variants and RNA expression levels as a 
part of the response to FDA’s Information Request for efbemalenograstim alfa-vuxw (submitted 
on 04/08/2022; Serial #0051) regarding generalizability of treatment effects of 
efbemalenograstim alfa-vuxw beyond women receiving chemotherapy for breast cancer.  

The Applicant analyzed the CSF3R molecular information contained in publicly available 
databases. The Applicant’s analyses focused on:  

• Analysis of differences in the variants leading to alteration of CSF3R protein sequence 
based on sex and race/ethnicity, and  

• CSF3R mRNA levels in human peripheral blood mononuclear cells of healthy human 
subjects in different sex, race/ethnicity, and age groups. 

Based on evaluation performed by the Applicant, amino acid changing variants with a minor 
allele frequency greater than 5% were identified, but the frequency did not differ based on sex or 
race/ancestry. Variants that differed were of low prevalence and would likely not produce 
significant heterogeneity in treatment response at the population level. In addition, differences in 
the CSF3R expression levels were not observed between sex, race/ethnicity, or age groups in 
data obtained from healthy subjects.  

In our review of sequence data (Ensembl), only one variant present on all transcripts is 
potentially damaging and has a global minor allele frequency of 5% (rs3917991); it is present at 
an allele frequency of 17% in African ancestry versus 2% in European ancestry. 

While sequence and expression differences cannot be definitively ruled out as a source of 
heterogeneity in treatment response, clinically relevant differences in response are not to be 
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anticipated across sex, race/ethnicity, and age groups based on these limited molecular data. 
Other factors might limit generalizability of current clinical trial data to other populations, such 
as differences in chemotherapy regimens. 

8.2. Extrinsic Factors 
Drug interactions were not evaluated for efbemalenograstim alfa-vuxw. Drug-drug interactions 
are not expected with efbemalenograstim alfa-vuxw. 

8.3. Plans for Pediatric Drug Development 
A pediatric research equity act (PREA) deferral request has been submitted to defer studies for 
patients ≤17 years old. The Applicant did submit an initial pediatric study plan (iPSP) which was 
agreed upon on December 11, 2016. As per the agreed iPSP, assessment of safety and efficacy 
for pediatric patients will be deferred until approval of F-627 for use in adults. The reasons for 
requesting deferral of pediatric studies are that adult studies are complete and ready for approval, 
and that additional safety and effectiveness data are needed in the pediatric population.  

The PREA postmarketing requirements will cover a future phase 1 pediatric clinical trial which 
will access pharmacokinetics, pharmacodynamics, and safety, along with an assessment and 
human factors study to determine the appropriate pediatric dose and presentation. Provided the 
results support pediatric dosing, data from PK, PD, and safety with HF data should be sufficient 
to approve the product in pediatric patients and an efficacy study is considered unnecessary 
because high-risk chemotherapy agents are also expected lead to myelosuppression in pediatric 
patients and the response to F-627 in pediatric patients is expected to be similar to adults (i.e., 
increase in neutrophil count).  

The Applicant has proposed a phase 3 study to further understand the efficacy of F-627 in 
pediatric patients, provided the safety results from the phase 1 study is reassuring.  While the 
Agency has not required other Applicants of G-CSF products to conduct phase 3 studies for 
efficacy, as a phase 1 PK/PD study is sufficient to inform pediatric dosing for the label, the 
Applicant’s proposal is reasonable. A postmarketing commitment will include a phase 3 trial that 
would evaluate the efficacy of F-627 in pediatric patients. See Section 24 for the PMRs and 
PMC. 

8.4. Pregnancy, Lactation, and Females/Males of 
Reproductive Potential 

The following nonclinical data are used to support the label. Additional detailed information is 
available in Section 13 for nonclinical data. 
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Table 59. Nonclinical Data Supporting Labeling on Fertility, Pregnancy, and Lactation 
Labeling Section Nonclinical Data 
8.1 Pregnancy In animal studies, no evidence of reproductive/developmental toxicity 

occurred in the offspring of pregnant rats and rabbits that received 
cumulative doses of efbemalenograstim alfa-vuxw approximately 2.6 and 
0.7 times, respectively, the recommended human dose (based on body 
surface area).  
 
The estimated background risk of major birth defects and miscarriage for 
the indicated population is unknown. All pregnancies have a background 
risk of birth defect, loss, or other adverse outcomes. In the U.S. general 
population, the estimated background risks of major birth defects and 
miscarriage in clinically recognized pregnancies is 2-4% and 15-20%, 
respectively.  
 
Data  
Animal Data  
Three studies were conducted in pregnant rats dosed with 
efbemalenograstim alfa-vuxw at cumulative doses up to approximately 2.6 
times the recommended human dose at the following stages of gestation: 
during the period of organogenesis, from mating through the first half of 
pregnancy, and from the first trimester through delivery and lactation. No 
evidence of fetal loss or structural malformations was observed in any 
study. Growth and learning were also unaffected.  
 
Pregnant rabbits were dosed with efbemalenograstim alfa-vuxw every other 
day during organogenesis at cumulative doses up to 0.7 times the 
recommended human dose showed no signs of fetal loss or structural 
malformations. Maternal toxicity (decreased weight gain or weight loss 
and/or death) was also observed when higher cumulative doses of 
efbemalenograstim alfa-vuxw were used in an early dose-ranging study in 
rabbits. 

8.2 Lactation There are no data on the presence of efbemalenograstim alfa-vuxw or its 
metabolite in either human or animal milk, the effects on the breastfed child, 
or the effects on milk production. The developmental and health benefits of 
breastfeeding should be considered along with the mother’s clinical need for 
efbemalenograstim alfa-vuxw and any potential adverse effects on the 
breastfed child from efbemalenograstim alfa-vuxw or from the underlying 
maternal condition. 

8.3 Females and Males 
of Reproductive Potential 

Efbemalenograstim alfa did not affect reproductive performance or fertility in 
male or female rats at cumulative weekly doses approximately 2.2 times 
higher than the recommended human dose (based on body surface area). 

13.1 Carcinogenesis, 
Mutagenesis, Impairment 
of Fertility 

No carcinogenicity or mutagenesis studies have been conducted with 
efbemalenograstim alfa-vuxw.  
Efbemalenograstim alfa did not affect reproductive performance or fertility in 
male or female rats at cumulative weekly doses approximately 2.2 times 
higher than the recommended human dose (based on body surface area). 

Source: FDA Reviewer  
Abbreviations: BW, body weight; MRHD, maximum recommended human dose; SC, subcutaneous; QOD, every other day 

Details of above information and exposure multiples shown are based on systemic exposures 
compared between animals. 
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9. Product Quality 
Refer to the reviews by the Office of Product Quality, available in Panorama. There were no 
approvability issues from a product quality perspective 

9.1. Device or Combination Product 
Considerations 

The Center for Devices and Radiological Health (CDRH) evaluated the needle safety device 
constituent part of the prefilled syringe product. The following text is from their review 
“UltraSafe PLUS device are prefilled standard glass syringes assembled prefilled by the pharma 
customer. The PLUS device is composed of a guard, body, spring, and plunger. The needle guard 
is a passive antineedle stick device. It is classified as passive activation in that no other actions 
are required to engage the safety feature; one just needs to fully administer the injection. Upon 
completion of the injection, the syringe will retract and the guard locks over the needle. It is a 
tactile and/or visual recognition and/or audible recognition that the device safety feature has 
activated.” Their review indicates that this portion of the device is approvable.  

10. Human Subjects Protections/Clinical Site 
and Other Good Clinical Practice 
Inspections/Financial Disclosure 

The Applicant states that all studies in the clinical development program were performed in full 
conformance with the provisions of the Declaration of Helsinki, and in accordance with the 
protocol, the International Council for Harmonisation of Technical Requirements for 
Pharmaceuticals for Human Use (ICH) E6 Guideline for Good Clinical Practice, and applicable 
local regulatory requirements and laws. All trials received Institutional Review 
Board/Independent Ethics Committee approval and all patients provided written informed 
consent before any study-specific activity was performed. 

Financial Disclosure 

The Applicant adequately reported on potential financial arrangements. The Applicant certifies 
that no clinical investigators or subinvestigators who participated in studies GC-627-04 and GC-
627-05 were full or part-time employees of Evive. Additionally, the Applicant did not identify 
any investigators with payments which might be considered a substantial financial conflict of 
interest. Therefore, the results may be considered unbiased from the perspective of financial 
conflict of interest. 
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11. Advisory Committee Summary 
No Advisory Committee was convened for this application because there were no safety or 
efficacy issues that arose needing an Advisory Committee meeting. The Division is familiar with 
the endpoints in the trial. 
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III. Additional Analyses and Information 

12. Summary of Regulatory History 
Investigational new drug application (IND) 112198 was submitted on March 30, 2012, and 
received on April 2, 2012, to study F-627, for the reduction in the incidence of infection, as 
manifested by febrile neutropenia, in patients with nonmyeloid malignancies receiving 
myelosuppressive anticancer drugs associated with clinically significant incidence of febrile 
neutropenia. F-627 is a recombinant human granulocyte colony stimulating factor - fragment 
crystallizable (G-CSF-Fc) fusion protein designed for subcutaneous injection. The protocol titled 
“A Phase II, Randomized, Multicenter, Open-label, Active- Controlled, Dose- Finding Study of 
F-627 in Women with Breast Cancer who are Receiving Myelotoxic Chemotherapy” was 
deemed safe to proceed on May 3, 2012. 

On December 1, 2015, an end-of-phase 2 meeting was held to discuss the clinical and nonclinical 
phase 3 development program. The Agency asked that the Applicant conduct an integrated dose-
response analysis using available pharmacodynamics, safety, and efficacy data in order to 
identify a dose that provides preliminary evidence of acceptable safety and efficacy profile. The 
Agency agreed with the new design of the superiority phase 3 trial for which a two-day 
difference in duration of severe neutropenia would be considered a clinically meaningful 
difference and therefore is a suitable and acceptable endpoint for demonstration of superiority. 

An initial Agreement letter was issued on December 29, 2016, for the Applicant’s proposed 
pediatric study plan for the indication of reduction of myelotoxic chemotherapy induced 
neutropenia and febrile neutropenia. 

On April 5, 2017, a clinical special protocol assessment request was submitted for GC-627-05 
entitled “A Phase III Randomized, Multi-Centre, Open-Label, Fixed Dose, Neulasta® Active-
Controlled Clinical Trial of F-627 in Women with Breast Cancer Receiving Myelotoxic 
Chemotherapy.” On May 18, 2017, a no agreement letter was issued due to the inadequate design 
and planned analysis. Specifically, the Agency was not in agreement with the comparator that the 
Applicant planned to use, and multiple deficiencies in the statistical analysis plan were 
identified. Sequentially, the protocol was revised and resubmitted on June 15, 2017. Another no 
agreement letter was issued on July 19, 2017. Based on the Agency’s comments, the protocol 
was again revised and resubmitted on August 24, 2017, and a special protocol-agreement letter 
for protocol GC-627-05 was issued on October 6, 2017.  

A pre- biologics license application (BLA) meeting was held on May 1, 2020, to discuss aspect 
of the clinical, chemistry, manufacturing, and controls, and nonclinical sections of the BLA 
submission. At the meeting, the following items were requested by the Agency: 1) subgroup 
analyses should be conducted for the primary endpoint for the pivotal trials: age, race, and 
weight in the pivotal trials; 2) in addition to the proposed adverse events of special interest 
(AESI), the list should also include the potential for tumor growth stimulatory effects on 
malignant cells and injection site reactions; 3) narratives of subjects who experience splenic 

Reference ID: 5278513



BLA 761134  
Ryzneuta (efbemalenograstim alfa-vuxw) 

125 
Integrated Review Template, version 3.0 (05/25/2022) 

rupture, acute respiratory distress syndrome, serious allergic reactions, sickle cell crises in 
subjects with sickle cell disorders, glomerulonephritis, capillary leak syndrome or aortitis be 
included; 4) in the datasets, include flags for “lyophilized formulation” and “PFS (prefilled 
syringe)”, and provide safety comparisons between the two formulations. BLA 761134 was 
submitted on March 30, 2021, based on the data from two phase 3 studies GC-627-04 and 
Pivotal Study #2: GC-627-05. The proposed indication for F-627 (efbemalenograstim alfa-vuxw) 
injection is decreasing the incidence of infection, as manifested by febrile neutropenia, in 
patients with nonmyeloid malignancies receiving myelosuppressive anticancer drugs associated 
with a clinically significant incidence of febrile neutropenia. 

The Applicant’s proposed proprietary name, Ryzneuta, was found conditionally acceptable on 
June 11, 2021. 

13. Pharmacology Toxicology  

13.1. Summary Review of Studies Submitted 
Under the IND  

Efbemalenograstim alfa-vuxw (F-627) is a recombinant fusion protein composed of G-CSF 
linked to a human IgG2 Fc fragment with a 16-amino acid linker. F-627 binds to the G-CSF 
receptor and activates signal transducer and transcription 3 (STAT 3), resulting in proliferation, 
differentiation, and end-point cell functional activation (i.e., neutrophils (NEUT), white blood 
cells (WBC). The IgG2 Fc moiety binds to Neonatal Fc receptor (FcRn) and extends the half-life 
by FcRn mediated cellular recycling while adding to the molecular weight that can decrease 
renal clearance. The pharmacological activity of F-627 at the G-CSF receptor has been 
demonstrated in vitro, and in vivo in normal and neutropenic animal models. F-627 binds to and 
activates the G-CSF receptor in the M-NFS-60 murine leukemic cell line. The half maximal 
effective concentration (EC50) for F-627 biological activity in M-NFS-60 cells is 695.5 pg/mL. 
The minimal effective dose of F-627 to increase NEUT count in Sprague Dawley (SD) rats is 
estimated to be 3 µg/kg. 

Tabulated summary of the in vitro and in vivo pharmacology studies in normal and neutropenic 
animal models conducted in support of F-627 mechanism of action via activation of G-CSF 
receptor are listed below.  
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Table 60. In Vitro and In Vivo Pharmacology Studies in Normal and Neutropenic Animal Models 
Conducted in Support of F-627 (efbemalenograstim) Mechanism of Action Via Activation of G-CSF 
Receptor 
Pharmacology Studies  Study Findings 
In vitro bioactivity in M-
NFS-60 cells Study# F-
627-BA-09-11-19 

The in vitro biological activity of F-627 was evaluated using M-NFS-60 cell 
line derived from a myelogenous leukemia induced with the Cas-BrMuLV wild 
mouse ectotrophic retrovirus. These cells are responsive to G-CSF and the 
readout of activity was induced M-NFS-60 cell proliferation. The EC50 for 
biological activity of F-627 was 695.5 pg/mL (7.77pM), with slightly less 
activity than rhG-CSF (129.3 pg/mL, 6.88pM) but comparable to pegfilgrastim 
(547 pg/mL, 29.1pM). The respective MWs of F-627, rhG-GCF and 
pegfilgrastim are 93.4, 18.8 and 39 KD (18.8 KD without peg).  

In vitro neutralizing 
antibody study in M-NFS-
60 cells  
 
Study # F-627-BA-10-1-
2.1 

Anti-hG-CSF neutralizing monoclonal antibodies (anti-G-CSF mAbs) 
produced a dose-dependent neutralization of F-627 bioactivity (measured as 
% inhibition of proliferation) in vitro. The in vitro study provided more evidence 
that F-627 stimulation of M-NFS-60 cells proliferation (optical density [OD]) 
was G-CSF specific. The negative control antibody (100 ng/mL) had no 
inhibitory effect on M-NFS-60 cell proliferation. 

Figure 13. In Vitro Stimulation of M-NFS-60 Cells by F-627 

 
Source: Study # F-627-BA-10-1-2.1 
Abbreviations: OD, optical density 

Continued 
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Table 60, continued  
Pharmacology Studies Study Findings 
In vivo normal mouse 
study and activation of 
mouse bone marrow 
STAT3# F627-IVTA-
100125 
 

Normal mice treated with 100 µg/kg F-627 had 2- to 6-fold increases in 
absolute neutrophil count (ANC) in the peripheral blood for up to 48 hours 
post dose. The ANC levels returned to basal values at 72 hours post dose. 
RhG-CSF increased ANC by ~2-fold at 1 and 24 hours while pegfilgrastim 
increased ANC by 2- to 4-fold at 1 and 24 hours. RhG-CSF and pegfilgrastim 
returned to basal values at 72 hours (Figure 14).  

Figure 14. Changes in WBC and ANC in Normal Mice Treated With F-627, 
Neulasta or RhG-CSF 

 
Source: Sponsor Study STAT3# F627-IVTA-100125 
Abbreviations: ANC, absolute neutrophil count; WBC, white blood cell 

F-627 produced a G-CSF receptor-mediated STAT3 activation in the bone 
marrow to increase the WBC and ANC in the peripheral blood. F-627, rhG-
CSF and pegfilgrastim increased pSTAT3 activation in the bone marrow by 
17- to 20-fold at 1 hour. Levels returned to basal values at 24 hours in the 
rhG-CSF group and 48 hours for F-627 and pegfilgrastim treated groups. 

In vivo normal rat Study# 
F-627-EF-Rat-081130  
Study# F-627-EF-Rat-
090203 

SC doses of F-627 (10, 30, 100 & 300 µg/kg) resulted in a dose-dependent 
increase in WBC and ANC in normal rats. The increases in the WBC and 
ANC at 30 µg/kg F-627 were comparable to 100 µg/kg rhG-CSF (filgrastim). 
In a lower dose study, SC administration of 1, 3 and 10 µg/kg F-627 resulted 
in a dose-dependent increase in WBC and ANC. Greatest increase in WBC 
and ANC was between 24 and 48 hours post dose. The minimal effective 
dose of F-627 in rats was 3 μg/kg. 

 Continued 
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Table 60, continued  
Pharmacology Studies Study Findings 
In vivo normal rat PK/PD 
response to F-627  
Study# F-627-PKPD-Rat-
100321 

The PK/PD response to 10, 30 and 100 µg/kg F-627 SC was evaluated in 
limited number of SD rats (n=3/sex). F-627 produced a dose-dependent 
increase in AUC, Cmax, WBC and ANC in normal SD rats. The PD response 
over 144 hours is shown below. 

Figure 15. Changes in WBC and ANC in SD Rats Treated With F-627 

 
Source: Study# F-627-PKPD-Rat-100321 
Abbreviations: ANC, absolute neutrophil count; WBC, white blood cell 

In vivo normal monkey,  
Study# A200911-T007 

SC administration of 300 and 3000 µg/kg F-627 to normal cynomolgus 
monkeys significantly increased WBC (265% to 561%) and NEUT (599-
1305%). The greatest increases were generally on Days 5/6. These 
measurements were taken as part of a single-dose toxicity study. 

In vivo radiation induced 
neutropenic mouse study 
(Co-γ-ray)  
Study# F-627-EF-Mice-
100104, 091118 

This study was designed to show the efficacy of F-627 in recovering from 
radiation-induced neutropenia in mice. Mice were made neutropenic using 
Cobalt -Ƴ-ray radiation on Day 0. F-627 administered starting on Day 3 
produced a dose-dependent increase in WBC and NEUT in neutropenic mice. 
Mice were dosed on day 3, 5, 7, 9, 11 & 13 (25, 60 &150 µg/kg SC Q2D x 6). 
Blood was collected on Day 0, 3, 6, 8, 10, 12, 14, 16, 18 & 20. 
 
The top dose of F-627 and Neulasta® increased WBC and ANC by about 2-
fold on Day 6 that peaked on Day 14. The maximum increase in WBC and 
ANC in response to F-627 were 26-and 47-fold relative to respective baseline. 
In comparison, Neulasta® induced peaks in WBC and ANC were 17-and 27-
fold to their respective baseline (Figure below).  

Figure 16. Changes in WBC and ANC in Neutropenic Mouse Model 
Treated With F-627 

 
Source: Study# F-627-EF-Mice-100104, 091118 
Abbreviations: ANC, absolute neutrophil count; WBC, white blood cell 

 Continued 
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Table 60, continued  
Pharmacology Studies Study Findings 
In vivo chemotherapy 
induced neutropenic 
mouse model 
 
Study# F-627-EF-Mice-
090206 
 
Study# F-627-EF-Mice-
091023 

The study was designed to show the ability of F-627 to reverse 
chemotherapy-induced neutropenia in mice. Mice were made neutropenic 
with intravenous dose of 5-Flurouracil on Day 0 (5-FU, 150 mg/kg). 5-FU 
resulted in severe hematopoietic injury with a significant drop in WBC and 
ANC by Day 6. SC injection with F-627 (30, 100 & 300 µg/kg) a day later 
reversed the 5-FU-induced neutropenia in a dose-dependent manner (10 to 
300 µg/kg). A comparable change was also observed with positive control, 
pegfilgrastim (100-300 µg/kg). The study provides further evidence that F-627 
and pegfilgrastim are effective interventions for 5-FC induced neutropenia. F-
627 and pegfilgrastim were administered as 4 Q2D doses, starting 24 hours 
after 5-FU treatment. 

In vivo neutropenic 
cynomolgus monkey 
model 
 
Study# A200911-P002 

Cynomolgus monkeys (n=36) were made leukopenic/ neutropenic with two 
consecutive intravenous doses of cyclophosphamide (60-65 mg/kg) prior to 
administration of test articles (F-627, rhG-CSF, and pegfilgrastim). F-627 (25-
150 µg/kg, SC on Days 6 and 11) reversed the cyclophosphamide-induced 
leukopenia/neutropenia in a dose-dependent manner (25, 60 & 150 µg/kg, 
SC). Comparable findings were also observed with pegfilgrastim (60 µg/kg, 
SC on Days 6 and 11) and rhG-CSF (10 µg/kg, SC, filgrastim on daily on 
Days 4 to 17). 

Source: Pharmacology studies# F-627-BA-09-11-19; F-627-BA-10-1-2-1; F627-IVTA-100125; F-627-EF-Rat-081130; F-627-EF-Rat-
090203; F-627-PKPD-Rat-100321; A200911-T007; F-627-EF-Mice-100104-091118; F-627-EF-Mice-090206; F-627-EF-Mice-
091023 and A200911-P002 
Abbreviations: ANC, absolute neutrophil count; EC50, half-maximal effective concentration; G-CSF, granulocyte colony-stimulating 
factor; hr, hour; mAb, monoclonal ant body; NEUT, neutrophil; PD, pharmacodynamic; PK, pharmacokinetic; pSTAT3, 
phosphorylated STAT3; Q2D, every 2 days; rhG-CSF, recombinant human granulocyte colony-stimulating factor; SC, 
subcutaneous; SD, Sprague-Dawley; STAT3, signal transducer and activator of transcription 3; WBC, white blood cell 

Safety Pharmacology 
F-627 had no effect on hERG channel activity (up to 1000 ng/mL), or on motor activity or sleep 
time (up to 480 µg/kg) in Kun Ming mice.  

Pharmacokinetics/ Toxicokinetics 
Pharmacokinetics of F-627 was evaluated in rats, rabbits, and monkeys. As a fusion protein (G-
CSF + IgG2 Fc fragment) the pharmacokinetics of F-627 differ from the marketed rhG-CSF 
products in that the addition of the IgG2 Fc fragment extends the half-life of F-627 by enabling 
FcRn-mediated cellular clearance and by imparting a higher molecular weight which potentially 
reduces tubular filtration and renal clearance. Studies in rats and monkeys show F-627 follows 
nonlinear kinetics where elimination rate is no longer proportional to drug concentrations. The 
nonlinearity is likely due to G-CSF receptor mediated clearance or endocytosis of F-627. Indeed, 
exposure in all test species increased more than dose-proportional to dose. Despite the lack of 
proportionality, increasing the F-627 doses is shown to produce a dose-related increase in 
pharmacodynamic response in rats, rabbits, and monkeys. The t1/2 in rats ranged between 8 and 
25 hours, with larger doses having the shorter half-life. The t1/2 in monkeys ranges from 5.7 to 11 
hours. The bioavailability of subcutaneous F-627 PFS and lyophilized F-627 is between 46.3 and 
48.7% in rats. F-627 PFS produced about 31% greater exposure in humans than the lyophilized 
form of F-627.  
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Table 61. Pharmacokinetic Parameters of Single Dose F-627 in Sprague-Dawley Rats  

 
Source: Study # F627-PKPD-rat-100321 
Abbreviations: AUC0-t, area under the plasma concentration-time curve from time 0 up to time t; CLz/F, clearance; Cmax, maximum 
serum concentration; MRT, mean residence time; SD, standard deviation; T1/2, half-life; Tmax, time of peak plasma concentration 

F-627 exposure substantially decreased with repeated dosing of F-627 in rats, rabbits, and 
monkeys. In a 3-month rat study (100, 300 and 1000 µg/kg/wk), the area under the 
concentration-time curve (AUC) exposure for F-627 at the end of the study decreased by 18 to 
38-fold in males and by 7 to 12-fold in females. The decrease in exposure did not correlate with 
positive antidrug antibodies (ADAs) since only 1 or 2 animals per dose tested positive for ADA. 
In comparison, in the 6-m rat study the 15 to 20-fold decrease in AUC and 37 to 45-fold decrease 
in maximum plasma concentration (Cmax) correlated with neutralizing ADA. Nearly all rats in the 
6-m study tested positive, suggesting that neutralizing ADAs had played a significant role in the 
decline of F-627 exposure. A similar finding was observed in the 3-month monkey study. These 
data suggest that a neutralizing ADA response in conjunction with G-CSF receptor mediated 
clearance and/or endocytosis may have contributed to the decline in F-627 exposure in animals. 

Table 62. Toxicokinetic Parameters for F-627 After First and Last Dose in 3-Month Rat Study 

 

 
Source: 3-Month rat study# A200911-T011 

The pharmacokinetics of F-627 has been also evaluated in cyclophosphamide induced-
neutropenic monkeys following two SC doses of F-627 on Day 6 and Day 11. F-627 
pharmacokinetics in neutropenic monkeys were similar to normal monkeys and followed 
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nonlinear kinetics. The increase in dose was more than dose proportional in neutropenic as it was 
in normal monkeys. The AUC decreased by 2 to 6-fold following the second dose.  

Table 63. Pharmacokinetic Parameters After First and Second Dose of F-627 in Neutropenic in 
Female and Male Cynomolgus Monkeys  

 

 
Source Study #A200911-P002 
Abbreviations: AUC0-120hr, area under the plasma concentration-time curve from time 0 up to 120 hours; CLz/F, clearance; Cmax, 
maximum serum concentration; MRT, mean residence time; SD, standard deviation; T1/2, half-life; Tmax, time of peak plasma 
concentration 

Distribution of F-627 has been evaluated in rats (3/sex/timepoint) following single SC dose of 
30 µg/kg I125 labeled F-627 with tissue samples collected at 2, 12 and 36 hours post dose. F-627 
radioactivity was found in nearly every tissue analyzed. Tissues/organs with the highest 
concentrations were serum, bladder, intestine, kidney, skin, lungs, ovary, spleen, oviduct and 
spermaduct. Nearly 80.2% of the radioactivity was recovered at 96 hours post dose in urine 
(57.5%) and feces (23.5%). Bile constituted about 15.7% of the radioactivity. 
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Table 64. Tissue Radioactivity (Bq/g or mL) Following Single SC Injection of 285 µg/kg 125I-F-627 at 
2, 12 and 36 Hours Postdose in Male and Female SD Rats, Study F-627-Rat-Dis-R1, aka F-627-
Distribution-Rat-2011 

Tissue/Organs 

Tissue F-627 Radioactivity Time (hr) Post Dose 
 Male   Female  

2 Hrs 12 Hrs 36 Hrs 2 Hrs 12 Hrs 36 Hrs 
Serum 10.3±3.5 56.4±14.8 41.2±3.5 7.5±3 47.3±7.3 34.9±2.4 
Brain 1.4±0.2 2.4±0.9 1.2±0.1 1.8±1.1 1.4±0.8 1.2±0.4 
Eyeball 4.1±1.4 8±3.8 3±0.3 4±1.5 6.4±1.8 2.5±0.7 
Adipose 3.6±1.5 2.8±1.8 3±0.3 2.3±2.6 5.9±5.6 3.4±1.3 
Skin 15.5±4.6 16.7±5.6 9.1±2.2 13.1±11.2 26.2±5.3 11.3±2.8 
Pancreas 11.1±2.9 10.2±2.9 5.1±1.2 15.5±4 9. 8±2.9 4.2±1 
Thymus 4.5±0.1 5.2±1 2.8±0.2 7.3±0.4 7.1±1.4 3.6±1.1 
Adrenals 7.3±2.2 6.1±1.9 6.5±2.6 7.7±2.6 9.9±3.9 3.5±1.6 
Muscle 3.6±1.1 3.9±0.5 2.5±0.4 4.4±1.2 5.4±5.2 1.9±0.3 
Intestine 17.7±2.6 22.3±4.5 9.7±4.5 22.7±16.9 15.4±1.4 5.8±0.9 
Lung 10.8±2.1 16.1±2.3 8.2±2.2 16±0.5 19.8±3.9 8±1.6 
Spleen 8.1±0.8 18.3±6.2 4.7±0.5 11.2±1.6 18.4±6 5.4±1 
Heart 5.9±0.6 9.2±4.4 6.8±1.6 6.9±2.2 8.8±0.6 4.6±0.5 
Ovary     12.8±2.1 20.1±10.1 8.6±0.8 
Uterus  13.1±3.6 14.9±7 9.2±2.8 
Oviduct    7.1±3.7 13.3±8.4 5.4±0.7 
Spermaduct 12±2.3 17.2±3.2 8.1±1.4    
Testicles  3.8±0.1 8±1.7 3.7±0.3    
Bladder 21.6±18 40±41.2 25.7±35.1 32.7±28.9 14.6±9 8±2.2 
Kidney 23.5±1.9 23.7±6.2 13.2±0.9 27.7±3.3 24.1±7.7 11.1±1.6 
Spinal cord 4.3±2.1 3.4±0.8 2.9±1.3 16.6±11.2 4.8±1.6 2.4±0.5 
Bone marrow 6±1 7.9±1.4 3.4±0.7 6.2±0.9 7.8±2.9 2.7±0.4 

Source: Tissue distribution study #F-627-Rat-Dis-R1 
Abbreviations: Hrs, hours; SC, subcutaneous; SD, Sprague-Dawley 

Pharmacokinetics of F-627 Among Different Species 
Pharmacokinetics of F-627 was compared across different species by the nonclinical reviewer. 
The t1/2 after single dose of F-627 in rats, monkey, and humans were about 5.6, 8.5 and 51.6 
hours, respectively. The t1/2 following multiple doses of F-627 were 24.4 and 42.3 hours in rats 
(26-week study) and humans, respectively. The comparative pharmacokinetics of single dose F-
627 in rats, monkeys, and humans are shown in Table 65 below.  

Table 65. Single Dose Pharmacokinetics of F-627 in Rats, Monkey and Human 
Species Rat Monkey Human 
Gender Combined  Combined Female  
Dose, µg/kg 100 225 320 

Tmax, hr 22 6 36 
Cmax, ng/mL 162.2 2434 315 
AUC0-t, ng•hr/mL 4216.6 41654 30,741 
MRT 0-t 21.4 13.2 71.6 
Clz/F, mL/hr/kg 24 5.9 13.5 
T1/2, hr 7.6 9.4 47  

Source: Compiled from studies in normal rat (Study# F-627-PK/PD-Rat-100321), monkey (Study# A200911-T014) and breast 
cancer patients (Study# SP-CDR-1-1301) 
Abbreviations: AUC0-t, area under the plasma concentration-time curve from time 0 up to time t; CLz/F, clearance; Cmax, maximum 
serum concentration; MRT, mean residence time; SD, standard deviation; T1/2, half-life; Tmax, time of peak plasma concentration 
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13.2. Individual Reviews of Studies Submitted to 
the BLA 

Study Title: 26-Week Subcutaneous Injection Repeated Dose Toxicity With F-627 Plus a 4 
Week Recovery Phase and Toxicokinetic Study in Sprague Dawley Rat (Study 8357255) 

Table 66. Study Methods, Study 8357255 
Methods 
Doses: 0, 0.1, 0.3 and 1.0/0.75 mg/kg/week (C, LD, MD, HD) 
Frequency of dosing: Weekly (reduced to every 3 weeks after WK19) 
Number/Sex/Group: 25/sex/group main study +12/sex/group for TK 
Dose volume: 1 mL/kg 
Formulation/Vehicle: PBS buffer, pH 7.4 [Na2HPO4(H2O)12)/ NaCl/Tween 80]  
Route of administration: Subcutaneous 
Species: Rats 
Strain: Sprague-Dawley 
Age / Sexual maturity: 6 to 7 weeks old  
Comment on study design and conduct: F-627 was administered SC once a week. The top dose of 

1 mg/kg was reduced beginning on Day 43 to 0.75 mg/kg 
based on toxicity. Blood samples collected for TK were 
also evaluated for antidrug antibodies (ADA). Dosing 
regimen changed to every 3 weeks after Week 19 to 
reduce an adverse footpad response. 

Dosing solution analysis: All formulations were within ±10% of the target 
concentrations (96.6 to 104%). There was no detectable F-
627 in the control vehicle samples.  

Source: Study 8357255 
Abbreviations: C, control; HD, high dose; LD, low dose; MD, mid dose; PBS, phosphate-buffered saline; SC, subcutaneous(ly); TK, 
toxicokinetics; WK, week 

Table 67. Study Information, Study 8357255 
Parameters Details 
Study no.: 8357255 
Study report location: Electronic common technical document (eCTD) 4.2.3.2 
Study initiation date: December 13, 2016  
Duration: 26 
Duration units: Weeks 
GLP compliance: Y 
Drug, lot #, and % purity: 627S150904 and 99% 
Target organ: Skin 
Target organ: Bone marrow 
Target organ: Spleen 
Target organ: Liver 
Target organ: Blood 

Source: Study 8357255 
Abbreviations: GLP, good laboratory practice 
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Table 68. 6-Month Rat Study Design and Dosing Regimen 

 
Source: Sponsor Study #8357255 
a Toxicity animals designated for recovery sacrifice (up to five animals/sex/ group in Groups 1, 2, 3, and 4) underwent 4 weeks of 
recovery following dosing. 
b Doses (21 in total) were administered weekly (Week 1 through 19) and on the first day of Weeks 22 and 25. 
c Group 1 animals were administered vehicle control article. 
d Due to findings resulting from a probable exaggerated pharmacological effect of the test article, the dose for Group 4 was lowered 
beginning on Day 43 of the dosing phase. The dose level was lowered from 1 mg/kg/dose to 0.75 mg/kg/dose and the dose 
concentration was lowered from 1 mg/mL to 0.75 mg/mL. 

Table 69. Observations and Results, Study 8357255 
Parameter Observations/Results 
Mortality There were 14 deaths of which 8 rats (6 HD M, 1 HD F and 1MD M) were 

sacrificed /died in a moribund condition between days 29 and 134 due to 
hind leg and footpad swellings marked by mononuclear cell inflammation 
and slight to marked fibro-osseous hyperplasia. In addition to moderately 
to markedly higher total and absolute leukocyte counts with microscopic 
correlates (consistent with the pharmacologic effect of F-627), animals 
with early mortality also had mild to moderate hepatobiliary alterations 
(increased ALP and GGT) that were of greater magnitude than in terminal 
sacrifice animals.  

Source: Study 8357255 
Abbreviations: ALP, alkaline phosphatase; F, female; GGT, gamma-glutamyl transferase; HD, high dose; M, male; MD, mid dose 
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Table 70. Unscheduled Sacrifices and Deaths 

 
Source: Study 8357255 
a Administered three rounds (two subcutaneous injections 3 days apart) of meloxicam /SR (nonsteroidal anti-inflammatory agent) 
therapy before decision to sacrifice was made. 
b Administered at least one more subcutaneous or oral dose of meloxicam. 
Abbreviations: A, accidental; M, moribund sacrifice; USD, unscheduled sacrifice and discard 

Clinical Signs 
Swollen hind feed or hind leg in some cases bilaterally were noted in males ≥0.1 mg/kg and in 
females at 0.1 and 1/0.75 mg/kg/wk. Microscopically, the swellings were marked by 
mononuclear cell inflammation and fibro-osseous hyperplasia. More males appeared to display 
the clinical signs and treatment. Several animals received treatment by a veterinarian 
(meloxicam. 1-3 rounds, 3 days apart) to relieve swollen hind limbs with limited mobility. Since 
more of the high dose (HD) rats were affected, more of them received Meloxican/SR, a 
nonsteroidal anti-inflammatory. When 3 rounds of treatment failed to improve health, animals 
were sacrificed (4 HD males, 1 HD female and 1 mid dose (MD) male). The mildly affected 
animals were terminated at the scheduled necropsy. The incidence and severity of footpad 
findings slightly improved by the end of the recovery phase. Articular swelling of hind legs and 
some degree of hind leg dysfunction has been observed with short acting rhG-CSF (Lee et al. 
2015) products such as Neupogen, Granix, Nivestym and Zarxio. In humans, the use of rh G-
CSF has been associated with puffiness and swellings around the mouth and eyes.  

Hind leg adverse findings were also seen in the 3-month rat study dosed with once weekly F-627 
doses up to 1000 µg/kg (Report #A200911-T011). Weekly SC injections of F-627 resulted in 
visible hind ankle swellings and hardening, affecting 4/15 males in the main study and 2/4 males 
in the toxicokinetic (TK) group at 1000 µg/kg. There were no visible hind ankle swellings in 
females or at lower doses in males (100 and 300 µg/kg/wk). Microscopic examination of the 
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ankle joints revealed slight to severe bone resorption and osteogenesis (low dose (LD):1M; 
MD:1F; HD: 1F, 5M) and slight to marked chronic inflammation of synovial membrane. The 
hind ankle swellings and hardening were present at the end of the 1-month recovery. The 
severity and incidence of microscopic findings increased with dose. 

Hematology and clinical chemistry values in the prematurely euthanized animals in the 6-month 
study were consistent with the drug pharmacology, i.e., moderate to marked increase in 
leukocyte counts (NEUT, lymphocyte (LYM), monocyte (MON), EOS, basophil (BASO)), 
increases bone marrow, and increased extramedullary splenic and hepatic hematopoiesis. The 
changes in some cases were of greater magnitude in rats with early mortality than rats that 
survived to scheduled necropsy suggesting that foot and leg swelling may have been due to the 
severity of hematological changes.  

Body Weights 
No treatment related changes in body weight (BW) or BW gain 

Feed Consumption 
A slight decrease in food intake was noted at >0.3 mg/kg in both sexes later in the study but not 
enough to impact the BWs or BW gains. Addition of gel pack food supplements may have 
negated any drop in consumption of rat chow. There were no differences in food intake in the 
recovery animals. 

Ophthalmoscopy 

Unilateral aqueous hemorrhage-hyphemia in left eye of one HD male was not considered 
treatment-related due to low incidence and its unilateral nature. 

Electrocardiogram (ECG) 
Not evaluated 

Hematology 

• Dose-related changes in hematology parameters were noted at ≥0.1 mg/kg F-627 at the 
end of the terminal sacrifice on Day 172. The increase in the hematology values is 
consistent with drug pharmacology 

— Increase in WBC, NEUT, MON, and BASO counts 
— Corresponding increase in bone marrow hyperplasia, increase in extramedullary 

splenic and hepatic hematopoiesis 
— Minimal increase in reticulocytes at ≥0.1 mg/kg in females  
— Minimal increase in red blood cell (RBC) counts, Hgb and Hct in females at 

≥0.3 mg/kg  
— Hematology parameters were not present at the end of the 4-week recovery 

suggesting quick reversibility of the hematological changes. 
— Minimal changes in coagulation parameters (PT, APTT, FIB)  
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Clinical Chemistry 

• Mild increase in ALP at ≥0.1 mg/kg in both sexes 
• Mild increase in GGT at ≥0.3 mg/kg in males and some females at 1/0.75 mg/kg 
• Minimal decrease in Chol at ≥0.3 mg/kg in females 

Urinalysis 
No treatment-related findings 

Gross Pathology 

• Increase in spleen size that correlated with extramedullary hematopoiesis was seen at the 
end of the treatment phase but not at the end of the recovery phase even though spleen 
appeared slightly larger, suggesting recovery was occurring. 

• Injection site scab and thickened skin was noted in control and treated animals.  
• The swellings in the footpads were marked by chronic inflammation of the tarsal bones, 

joints, and surrounding soft tissues. 

Organ Weights 
Increase in spleen weight at ≥0.1 mg/kg, consistent with increased extramedullary 
hematopoiesis. The increase in splenic size and weight persisted to a smaller degree at the end of 
the recovery indicating that a partial recovery had occurred.  

Table 71. F-627-Related Change in Spleen Weight - Terminal Sacrifice 

 
Source: Study 8357255 
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Table 72. F-627-Related Change in Spleen Weight - Recovery Sacrifice 

 
Source: Study #8357255 

Histopathology 
Adequate battery: Yes 

Peer review: Yes 

• Microscopic evaluation found myeloid hyperplasia in the bone marrow and 
extramedullary hematopoiesis in spleen and liver. The severity and incidence generally 
increased with dose.  

• Myeloid hyperplasia was present in the recovery animals, but at lower incidence and 
severity, suggesting a trend towards recovery. There was no evidence of extramedullary 
hematopoiesis in the spleen and liver indicating full reversibility. 

• The swellings in the footpads were marked by mononuclear cell inflammation and fibro-
osseous hyperplasia. The findings correlated with macroscopic swelling, chronic 
inflammation of the tarsal bones, joints, and surrounding soft tissues.  

• Based on hind leg and foot pad swellings noted in the MD (males) and HD (males and 
females), the no observed adverse effect level (NOAEL) was 0.1 mg/kg for male and 
0.3 mg/kg for female rats.  

Reference ID: 5278513



BLA 761134  
Ryzneuta (efbemalenograstim alfa-vuxw) 

139 
Integrated Review Template, version 3.0 (05/25/2022) 

Table 73. Histopathology Observations of Footpads of Prematurely Terminated Rats  

 
Source: Study # 8357255 
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Table 74. Incidence and Severity of F-627-Related Microscopic Findings - Terminal Sacrifice  

 
Source: Study # 8357255 

Table 75. Incidence and Severity of F-627-Related Microscopic Findings - Recovery Sacrifice 

 
Source: Study # 8357255 
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ADA Evaluation: 

Presence of ADA was determined in the blood samples collected from the TK animals.  

ADAs were detected in all groups (C: 6/25F, 5/25M; LD:14/25M, 11/25F; MD:12/25M, 13/25; 
HD:15/25M, 12/25F). An OD ≥0.117 was defined as a positive antibody response to F-627.  

Positive titers (<64000) were seen in 50 to 54% of rats treated with F-627.  

Despite the positive results seen in the control (22% or 11/50), the titer in the control samples 
were very low and considered negligible. By comparison, titers in the F-627 treated rats were 
very high, ranging from 20 to 640,000. There was no significant difference in positivity across 
the groups dosed with F-627. 

• 0.1 mg/kg: Positive ADA in 50% of rats (14/25 males and 11/25 females)  
• 0.3 mg/kg: Positive ADA in 50% of rats (12/25 males and 13/25 females)  
• 1/0.75 mg/kg: Positive ADA in 54% of rats (15/25 males and 12/25 females)  

Toxicokinetics 

• Exposure increased with dose in both sexes on Day 1 and Day 169. The increase in 
exposure was more than dose-proportional conforming to nonlinear kinetics. 

• Repeated injections of F-627 was associated with a substantial decrease in exposure. The 
AUCs decreased by ~15 to 20-fold while Cmax decreased by 37 to 45-fold on Day 169 
relative to Day 1, presumably due to clearing ADA (Anti-F-627 antibodies).  

• Despite the ADA response, detectable plasma F-627 levels were present on Day 169 at 
every dose level sufficient to exert pharmacological activity and therefore the study results 
were considered interpretable and relevant for toxicological evaluation. 

• At the NOAEL of 0.1 mg/kg in males, the Cmax on Day 1 and Day 169 was 171,000 and 
4,580 pg/mL, while AUC0-t was 4,280,000 and 277,000 h pg.h/mL, respectively.  

• At the NOAEL of 0.3 mg/kg in females, the Cmax on Day 1 and Day 169 was 3,010,000 
and 66,900 pg/mL, while AUC0-t was 78,700,000 and 3,930,000 pg.h/mL, respectively.  

Table 76. Mean Cmax and AUC for F-627 on Day 1 Versus Day 169 in SD Rat 

Day 
Dose 

mg/kg/dose 
Cmax 

pg/mL 
AUC0-t 

pg.hr/mL 
1 0.1 193,000 4,480,000 
 0.3 1,920,000 59,600,000 
 1.0 5770000 273,000,000 
169 0.1 10,200 495,000 
 0.3 40,700 2,520,000 
 0.75 769,000 29,200,000 

Source: Study 8357255 
Abbreviations: AUC0-t, area under the plasma concentration-time curve from time 0 to time t; Cmax, maximum serum concentration; 
SD, Sprague-Dawley 
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Table 77. Toxicokinetic Parameters of F-627 After First Dose in Rats  

 
Source: Study 8357255 
Abbreviations: AUC0-24, area under the plasma concentration-time curve from time 0 to 24 hours; AUC0-t, area under the plasma 
concentration-time curve from time 0 to time t; AUC0-inf, area under the plasma concentration-time curve from time 0 to infinity; Cmax, 
maximum serum concentration; T1/2, half-life; Tmax, time to peak plasma concentration 

Table 78. Toxicokinetic Parameters of F-627 After Last Dose (Day 169) in Rats 

 
Source: Study 8357255 
Abbreviations: AUC0-24, area under the plasma concentration-time curve from time 0 to 24 hours; AUC0-t, area under the plasma 
concentration-time curve from time 0 to time t; AUC0-inf, area under the plasma concentration-time curve from time 0 to infinity; Cmax, 
maximum serum concentration; T1/2, half-life; Tmax, time to peak plasma concentration 

Study Title: A 3-Month Toxicity Study on Subcutaneous Injection of F-627 in Cynomolgus 
Monkeys (Study A2900911-T014) 

Table 79. Study Information, Study A2900911-T014 
Study Parameters Details 
Study no.: A2900911-T014 
Study report location: eCTD 4.2.3.2 
Study initiation date: June 11, 2009 
Duration: 13 
Duration units: Weeks 
GLP compliance: N 
Drug, lot #, and % purity: 20081001 and >97% 
Target organ: Lung 
Target organ: Bone marrow 
Target organ: Spleen 
Target organ: Liver 
Target organ: Blood 
Source: Study A2900911-T014 
Abbreviations: eCTD, electronic common technical document; GLP, good laboratory practice 
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Table 80. Methods, Study A2900911-T014 
Methods 
Doses: 0, 75, 225 and 675 µg/kg 
Frequency of dosing: Weekly 
Number/Sex/Group: 5/sex/group 
Dose volume: 0.2 or 0.25 mL/kg 
Formulation/Vehicle: NaCl, Na phosphate buffer (Na2HPO4.12H2O) and Tween 80 
Route of administration: Subcutaneous 
Species: Monkey 
Strain: Cynomolgus 
Age / Sexual maturity: Not reported  
Comment on study design and 
conduct: 

F-627 was administered SC once a week for 13 weeks (total of 14 
times) to individually housed monkeys. The study included a 4-
week recovery period ending at WK17 (n=2/sex/group). Blood 
samples were collected from fasted animals for hematology and 
chemistry. Additional small blood samples were taken for TK and 
antidrug antibody (ADA) analysis, including a cell-based 
neutralization assay, and an immunology analysis. 

Dosing solution analysis: All formulations were within ±10% of the target concentrations 
(96.6 to 104%). There was no detectable F-627 in the control 
vehicle samples.  

Source: Study A2900911-T014 
Abbreviations: SC, subcutaneous; TK, toxicokinetic; WK, week 

Observations and Results 

Mortality 
There were no unscheduled deaths. 

Clinical Signs 

No notable clinical signs in appearance or otherwise. 

Body Weights 

No treatment related changes in BW or BW gain. 

Feed Consumption 

No change in food intake. 

Ophthalmoscopy 

No abnormalities related to treatment. 

ECG 
No treatment related changes were seen in the heart rate, QT-intervals, or any other ECG 
parameter.  
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Hematology 

• ↑ NEUT after the 1st, 5th, and last dose of 75, 225 and 675 µg/kg by 9 to 16-fold (highest at 
top dose).  

• ↑ MONO after the 1st, 5th, and last dose at all doses (6- to 11-fold) 
• ↑ Lymphocyte, eosinophil, and basophil after 1st, 5 and last dose (no dose-dependency). 
• ↑Reticulocyte 48 hours after 5th dose at all doses (79.5, 82.9 and 134.2%). 
• ↑ DOhle’s bodies in granulocytes smears (5/10 and 8/10 animals) at 225 and 675 µg/kg. 
• ↓ RBC (10 to 13.6%), Hct (10 to 14.7%) and Hgb values (12 to 18%) after the 5th and last 

dose at 225 and 675 µg/kg F-627. 
• Hematology changes noted above are compared to control and were statistically 

significant. 
• No notable changes in coagulation parameters (PT, APTT).  
• No changes were noted after a 4-wk recovery, suggesting reversibility and treatment 

dependency. 

Clinical Chemistry 

• ↓ Glucose after the 5th dose at all doses (↓68 to 89%). No difference in glucose levels 
among groups in the recovery animals. 

• Although there was no clear test article-related change in ALT level relative to control, 
one HD animal (4F01) had elevated (1.8 to 3.5-fold) ALT after 1st, 5th, and last dose  

• Aspartate aminotransferase (AST) levels after 5th and last dose of 225 µg/kg were lower 
than those in control.  

• CREA levels after 5th dose of 75, 225 and 675 µg/kg were higher than control (17.2 to 
19.9%). 

• No other notable changes in liver enzymes were reported. 

Urinalysis  
No treatment related findings. 

Gross Pathology 

• Increased splenic extramedullary hematopoiesis seen at the end of the treatment phase but 
not at the end of the recovery phase even though spleens appeared slightly larger 
suggesting recovery was occurring. 

• Injection site scabs and thick skin was noted in all groups including the control. 

Organ Weights 
• Higher spleen: body weight at 675 µg/kg (73.8%). The recovery spleen weight in the HD 

group was similar to control.  
• There were no treatment-related increases in other organ weights.  
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Histopathology 

Adequate Battery: appeared adequate 

Peer Review: yes 

• Drug pharmacology-related changes were noted in spleen, liver, lung, and bone marrow. 

— ↑NEUT in splenic red pulp, inside the capillaries in the liver and lung at every dose 
level.  

— ↑Granulocytes in bone marrow at 225 and 675 µg/kg. 
— Lobulated nuclear cells and NEUT infiltration at 225 and 675 µg/kg/wk.  

• Findings in bone marrow and lung were reversible. 
• After 4-week recovery 2/2 HD males had ↑ in granulocytes in liver and splenic red pulp at 

lower severity than during the treatment phase, suggesting reversibility. 

Table 81. Prominent Histopathology Findings in Monkeys -Terminal Sacrifice 

 
Source: Study A2900911-T014 
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Bone Biomarker  

Marrow Smears 
Bone marrow smears at the end of the treatment and recovery were assessed. There were no 
changes in the percentage of all cell lineages among groups. Consistent with the drug 
pharmacology, dosing monkeys with 675 µg/kg was associated with extremely active 
hyperplasia in the bone marrow, that was not observed in the recovery phase.  

Immunology 

• The levels of complement C (C3 and C4) measured before the 3rd dose were increased at 
all doses of F-627 (75, 225 and 675 µg/k) but returned to control levels thereafter.  

• The levels of IgG, IgM, and circulating immune complexes in serum and urine at the end 
of the 3-months and recovery were similar to control. 

Antibody and Neutralizing Antidrug Antibody 

• Monkey serum anti-F-627 antibody was measured before and at several time points after 
F-627 dosing using an enzyme-linked immunosorbent assay (ELISA)-based assay. A cell-
based assay was used to test the neutralizing ADA. No vehicle injected animal tested 
positive for neutralizing ADAs (Neu-ADAs, basal).  

• Neu-ADAs were observed beginning 2 weeks post dosing at 225 µg/kg. 
• Neu-ADAs were seen in LD and HD beginning Week 4. 
• By WK 13, nearly all F-627 treated animals had neutralizing ADAs present in serum. 

Table 82. Neutralizing Antibody Observed in Male and Female Monkeys Treated With F-627 

 
Source: Study A2900911-T014 
Abbreviations: F, female; M, male 

Toxicokinetics 

• The time to maximum concentration (Tmax) for F-627 ranged from 4 to 8 hours in 
monkeys.  

• Increase in dose was associated with more than dose-proportional increase in AUC in 
monkeys. 
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• AUC on last day tend to be lower than AUC after the first dose, likely due to clearing or 
neutralizing ADAs. 

• F-627 blood levels were detectable for up to 175 hours after weekly SC dosing in 
monkeys.  

• The top dose of 675 µg/kg was considered the NOAEL (192,145 ng. H/mL) in the 13-wk 
monkey study. The NOAEL provides about 2.5-fold safety margin to the clinical dose 
based on AUC (76284.5 ng.h/mL). The safety margin based on body surface area (BSA) 
was 0.66X the maximum recommended human dosage (MRHD).  

Table 83. TK Parameters of F-627 After First and Last Dose in Male and Female Monkeys 

 

 
Source: 13-WK monkey study #A200911-T014 
* Area under the curve of F-627 concentration from 0 to 24 hours, means ± SD (animal No n=3); 
§ Area under the curve of F-627 concentration from 0 to 168 hours, means (n=2); 
▲ Actual animal number, n=1; ◆ Actual animal number, n=2; / No AUC value 
Abbreviations: AUC(0-t), area under the plasma concentration-time curve from time 0 to time t; Cmax, maximum serum concentration; 
TK, toxicokinetic; Tmax, time to peak plasma concentration 
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Study Title: A Subcutaneous Injection Dose Range-Finding Study of the Effects of F-627 on 
Embryo/Fetal Development in New Zealand White Rabbits (Study 538502, Non- Good 
Laboratory Practice) 

Brief Description of Study Method 
Six-month-old pregnant rabbits (n=5/group) were treated with single SC dose of 0, 0.01, (LD) 
0.25 (MD), and 0.5 mg/kg (HD) F-627 on GDs 7, 9, 11, 13, 15, 17 and 19 (every other day). The 
vehicle (sodium acetate, glacial acetic acid, polysorbate-20, sorbitol, and EDTA-Na2) and 
treatment SC dose volume was 1 mL/kg. Ophthalmic examinations were conducted before and at 
the end of the treatment. Hematology parameters were evaluated on GD 7 and 19. 
Laparohysterectomy was performed on GD 29 for reproductive end points (uterus, placenta, 
ovaries, number of fetuses, early and late resorptions, total implantations, and corpora lutea). 
Fetuses were weighted, sexed, and examined for external malformations and developmental 
variations. Toxicokinetic data were collected from additional 4 rabbits/groups treated the same 
way as the main study animals. TK animals were euthanized on GD 22 and pregnancy status was 
determined. 

Rabbit Embryo-Fetal Development (EFD) Dose-Range Findings 

• All except two females survived. Two females (#7772 and #7759) at 0.5 mg/kg (HD) 
aborted and were euthanized early. They had lower BW and food intake prior to abortion. 
Both animals appeared to have enlarged spleen with related increase in extramedullary 
hematopoiesis and marked increase in number of mature heterophils. White pulp had 
decreased lymphocytes. 

• There were no notable clinical observations or injection site findings. 

• BW losses and/or lower BW gains corresponding with lower food intake were noted at 
0.25 and 0.5 mg/kg relative to control throughout the study (GD15 to GD24 or 29). Post 
treatment, BW loss was only noted in the HD group.  

• Lower gravid uterine weight in the MD and HD were likely due to lower number of viable 
fetuses and lower fetal BW. The mean net BW and net BW gains in the MD and HD were 
comparable to control. 

• Lower BW gain and food intake in the LD (0.01 mg/kg), the absolute BWs were 
comparable to control. The net BW gain, gravid uterine weight in LD was similar to 
control. 

• ↑ ANC and % NEUT at all doses on GD 8 and 20 suggesting that there was 
pharmacological activity. 

• ↑ WBC and MONO in the MD and HD groups on GD 8 and/or 20. 

• ↓ Lymphocytes and platelets at all doses on GD 20. 

• There were no notable macroscopic findings at scheduled necropsy.  
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• Microscopic findings included increased extramedullary hematopoiesis in the spleen in 
LD and MD and heterophilic infiltrates at all doses at necropsy with no microscopic 
correlates 

• MD and HD had higher litter proportions of postimplantation-loss (i.e. early resorption) 
and lower number of litter proportions of viable fetus. Fetal BW in the MD and HD were 
9.5% and 15.4% lower than control. 

• External malformations were noted in the MD group (1 fetus had ectrodactyly and another 
with tarsal flexure). 

• TK analysis detected drug exposure on GD7, but no measurable drug was detected on GD 
19 at any dose level. Most of the samples from the LD were below detectable levels (no 
AUC).  

• AUC and Cmax increased more than dose-proportional manner on GD 7  

• Based on maternal weight loss at ≥0.25 mg/kg, the Sponsor selected 0.01, 0.03, and 
0.1 mg/kg F-627 for the definitive rabbit EFD study.  

Table 84. Toxicokinetic Parameters of F-627 After First Dose in Pregnant Rabbits  

 
Source: Rabbit DRF study#538502  
a There were no measurable F-627 concentrations on GD 19 
Units for AUClast/D and Cmax/D are (ng*h/mL)/(mg/kg) and (ng/mL)/(mg/kg), respectively. 
Abbreviations: AUClast, area under the plasma concentration-time curve from time 0 to the last measured concentration; Cmax, 
maximum serum concentration; DN, dose-normalized; NR, not reportable due to <3 consecutive time points with measurable F-627 
concentrations; Tmax, time to peak plasma concentration 

Study Title: A Subcutaneous Injection Study of Effects of F-627 on Fertility and Early 
Embryonic Development to Implantation in Rats (Study 538501) 

Table 85. Study Information, Study 538501 
Study Parameters Information 
Study no.: 538501 
Study report location: eCTD 4.2.3.5.2 
GLP compliance: Yes 
Drug, lot #, and % purity: F-627, 627S150904, >97% (18-22 mg/mL) 

Source: Study#538502 
Abbreviations: eCTD, electronic common technical document; GLP, good laboratory practice 
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Table 86. Methods, Study 538501 
Methods 
Doses: 0, 0.1, 0.3 and 0.75 mg/kg/dose 
Frequency of dosing: Once weekly 
Number/Sex/Group: 25/sex/group 
Dose volume: 1 mL/kg 
Formulation/Vehicle: Sodium acetate, glacial acetic acid, polysorbate-20, sorbitol, and 

EDTA-Na2 
Route of administration: Subcutaneous 
Species: Rat 
Strain: Crl:CD(SD) 
Comment on study design and 
conduct: 

The maximum dose of 0.75 mg/kg was based on a DRF study (0, 
0.1, 0.3, 0.75 and 1.0 mg/kg) in which 1 mg/kg resulted in hind leg 
swellings in pregnant rats. Male and female rats (66-80 days) were 
injected once weekly with SC doses of F-627. Males were dosed 
through mating until euthanasia for total of 10 doses (10 weeks). 
Females received 3 doses prior to mating and gestation Days 0 and 
7 (5 or 6 doses total). Laparohysterectomy was performed on GD 15. 

Dosing solution analysis: Drug concentrations were generally within the target (±20%) drug 
concentrations and, if out of range, it did not affect the integrity of the 
study. 

Source: Study 538501 
Abbreviations: DRF, dose-range finding; EDTA, ethylenediaminetetraacetic acid; GD, gestation day; SC, subcutaneous; SD, 
Sprague-Dawley; wks, weeks 

Observations and Results 

Mortality 

• There were total of 4 deaths, males, all in the HD group (0.75 mg/kg): Three were 
euthanized (Day 35 or 42) while one was found dead (Day 62). Two of the three 
euthanized males (2763, 2779) had swollen hind paws starting Day 9 and also enlarged 
spleens (necropsy), suggesting that deaths were related to drug pharmacology. The 3rd 
euthanized male (2699) on Day 42 had prolonged weight loss, was dehydrated, and had a 
hunched back (76 g) but no swollen hind limbs/paws. At necropsy, this HD male had an 
enlarged spleen, pale liver, higher WBC (96.4 thou/µL) and absolute NEUT (62.08 
thou/µL) suggesting that adverse findings were treatment related. The 4th male (2791) 
found dead on Day 62 had no notable findings and was unlikely related to F-627. It should 
be noted that there were no deaths in males or females in a 3-month study dosed weekly 
with F-627 up to 1 mg/kg. 

• There were no deaths in females.  

Clinical Signs 
Swollen hind paw, with limited use, was noted in males treated with 0.3 and 0.75 mg/kg. No 
evidence of hind paw swelling in females. There were no notable injection site observations at 
any dose level. Minor signs of hair loss and scabbing were noted in some females that may have 
been related to F-627. Clinical findings were consistent with drug pharmacology seen before in 
toxicity studies conducted with F-627. 
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Body Weight 

• Premating and during the entire treatment the HD males had lower BW (5.1 and 8.5%) 
and BW gain (28.7 and 20.3%) than controls that were considered adverse. There was no 
change in BW in the LD (0.1 mg/kg) or males in the MD (0.3 mg/kg).  

• No notable treatment related changes in BW or BW gain were seen at any dose level in 
females during premating except for at one point (HD female at during Days 17-21). 

•  Lower BW gains were noted during gestation Days 0-3 at 0.3 and 0.75 mg/kg (Day 0-7).  

Table 87. Changes in Maternal Body Weight During Gestation 

 
Source: Applicant Study # 538501 

Food Consumption 

• HD males had lower food intake than the control (8 to 26.9%) that was considered 
adverse.  

• There were no notable changes in food intake in LD and MD males. There was no 
treatment related change in food intake in during premating in females. Slightly lower 
food intake was observed in treated females during gestation was not significant.  

Ophthalmic Examination 
There were no ophthalmic findings 

Hematology 

• As expected, all doses of F-627 increased WBC, NEUT, MONO and BASO in both male 
and female rats analyzed at 24 and 120 hours post first dose. One of the HD males that 
was found dead had substantial increases in WBC and ANC. The increase in WBC and 
NEUTs in males was greater than the historical values from the clinician-reported 
outcome (CRO).  

• F-627 also significantly decreased RBC, Hgb and Hct in males at all doses but values 
remained within the historical range for 9- to 12-week-old male rats. 
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• F-627 also decreased platelets and reticulocytes (↑ at 24 hours in M, F at HD) in both 
males and females at 0.1, 0.3 and 0.75 mg/kg at 120 hours post dose. 

Table 88. Changes in WBC and Neutrophil Values in Male Rats 

 
Source: Applicant Study # 538501 
Abbreviations: WBC, white blood cell 

Table 89. Changes in WBC and Neutrophil Values in Female Rats 

 
Source: Applicant Study # 538501 
Abbreviations: WBC, white blood cell 

Fertility and Pregnancy Parameters  

• There was no treatment effect on reproductive endpoints in males (mating, fertility, 
copulation, spermatogenesis such as testicular and cauda epididymal sperm numbers, 
production rate, mobility, and morphology) or in females (conception indices, female 
estrous cycle).  

• There was no effect on the number of days between pairing and coitus. 

Necropsy  

Macroscopic Findings 

• Swollen hind paws and enlarged/swollen spleen noted in males at 0.3 mg/kg and 
0.75 mg/kg was considered drug-related, as was observed in the general toxicity studies. 
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• Spleens were enlarged and swollen in females at 0.3 mg/kg and 0.75 mg/kg. There were 
no differences in the intrauterine survival of embryos at any dose level at gestation Day 15 
laparohysterectomy. Minor differences of pre-implantation loss, post implantation loss, 
number of viable embryos, corpora lutea and implantation sites were not statistically 
different than control. 

— SC administration of F-627 had no notable treatment-related changes in male and 
female fertility, female estrous cycle and male spermatogenesis or embryo viability, 
up to the top dose of 0.75 mg/kg F-627.  

— The NOAEL for the study was determined to be the next lower dose of 0.3 mg/kg for 
males based on mortality and adverse effects on body weight at the top dose and 
0.75 mg/kg for females.  

Organ Weights 
F-627 had no notable effect on organ weights relative to control in males 

Microscopic Findings 

No performed.  

Toxicokinetics 

Not performed. Body surface area was used for safety margin calculations. 

Embryonic and Fetal Development 

Study Title: A Subcutaneous Injection Study of the Effects of F-627 on Embryo/Fetal 
Development in Rats (Study # 538504) 

Table 90. Study Information, Study 538504 
Parameters Information 
Study no.: 538504 
Study report location: eCTD 4.2.3.5.2 
GLP compliance: Yes 
Drug, lot #, and % purity: F-627, 627S150904, >97% (18-22 mg/mL) 

Source: Study 538504 
Abbreviations: eCTD, electronic common technical document; GLP, good laboratory practice 
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Table 91. Methods, Study 538504 
Methods Details 
Doses: 0, 0.1, 0.3 and 0.75 mg/kg/dose 
Frequency of dosing: Every other day (GD 6, 8, 10, 12, 14, 16 &18) 
Number/Sex/Group: 22/group 
Dose volume: 1 mL/kg 
Formulation/Vehicle: Sodium acetate, glacial acetic acid, polysorbate-20, sorbitol, and 

EDTA-Na2 
Route of administration: Subcutaneous 
Species: Rat 
Strain: Crl:CD(SD) 
Comment on study design and 
conduct: 

Pregnant rats (11-12 wks old) were injected SC with F-627 every 
other day from GD 6 until GD18 (6, 8, 10, 12, 14, 16 & 18) and 
necropsies on GD 21. The study did not have toxicokinetic data.  

Dosing solution analysis: Drug concentrations were within the conducting laboratory’s 
acceptable range for solutions (80% to 120%). 

Source: Study 538504 
Abbreviations: EDTA, ethylenediaminetetraacetic acid; GD, gestation day; SD, Sprague-Dawley; wk, week 

Observations and Results 

F0 Dams 

Mortality 
All animals survived until necropsy on GD 21. 

Clinical Signs 
No treatment related clinical signs were observed. However, slight erythema and edema and 
pinpoint scabbing were noted at the injection sites at 0.75 mg/kg. There were no ophthalmic 
findings related to F-627.  

Body Weight 

There was a notable treatment-related change in BW, net BW, BW gains, gravid uterine weight. 
Slightly higher BW gain at 0.3 mg/kg on GD11-12 was not considered clinically relevant as it 
was transient and not dose-dependent.  

Feed Consumption 

No change in food intake. Non-dose dependent small sporadic changes in food intake on some 
days were not considered clinically relevant.  

Hematology 

• There were treatment related increases in WBC and NEUTs at all dose of F-627 (0.1, 0.3 
and 0.75 mg/kg) relative to control on GD 19 suggesting that F-627 was producing 
pharmacological activity in the rat EFD study. 

• There was no change in RBC on GD7 but tended to be lower by GD19. Higher 
reticulocytes were seen in treatment animals on GD19 (regenerative response due to lower 
RBC). 

Reference ID: 5278513



BLA 761134  
Ryzneuta (efbemalenograstim alfa-vuxw) 

155 
Integrated Review Template, version 3.0 (05/25/2022) 

Table 92. White Blood Cells and Neutrophil Counts in Pregnant Rats  

 
Source: Sponsor Study # 538504 
Abbreviations: WBC, white blood cell 

Cesarean Section Data  

Necropsy/ Histopathology 

• F-627 treated dams had enlarged spleen (all doses). Pale and white areas were seen in the 
spleen at ≥0.3 mg/kg F-627.  

• F-627 related minimal to marked increase in extramedullary hematopoiesis in the spleen 
parenchyma marked by increased number of granulocytic precursors. 

• Mild to marked decreased marginal zone lymphocytes in the spleen at all doses. 

• Hematological changes were not considered adverse, therefore the NOAEL for maternal 
toxicity was 0.75 mg/kg 

Table 93. Notable Microscopic Findings at Necropsy 

 
Source: Sponsor Study # 538504  

Toxicokinetics 
Not conducted.  
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F1 Offspring 

Terminal Observations 

• Slightly lower fetal body weights at the HD were not associated with any other changes 
(morphological, external, or internal) and therefore not considered an adverse effect. 

Fetal Malformations/Variations (External, Visceral, Skeletal): 

• External and visceral findings observed in the study were considered incidental and 
unrelated to F-627, based on similar occurrences in the control and dosed groups. 

• The NOAEL for embryo-fetal development was 0.75 mg/kg following SC administration 
of F-627 every other day. 

Study Title: A Subcutaneous Injection Study of the Effects of F-627 on Embryo/Fetal 
Development in Rabbits (Study# 538503) 

Table 94. Study Information, Study 538503 
Study Parameters Details 
Study no.: 538503 
Study report location: eCTD 4.2.3.5.2. 
GLP compliance: Yes 
Drug, lot #, and % purity: F-627, 627S150904, >97% (18-22 mg/mL) 

Source: Study 538504 
Abbreviations: eCTD, electronic common technical document; GLP, good laboratory practice 

Table 95. Summary Dosing Information and Study Design 
Methods 
Doses: 0, 0.01, 0.03, and 0.1 mg/kg/dose 
Frequency of dosing: Every other day (GD 7, 9, 11, 13, 15, 17 &19) 
Number/Sex/Group: 22/group +5/group for TK 
Dose volume: 1 mL/kg 
Formulation/Vehicle: Sodium acetate, glacial acetic acid, polysorbate-20, sorbitol, and 

EDTA-Na2 
Route of administration: Subcutaneous 
Species: Rabbits 
Strain: New Zealand White [Hra(NZW)SPF] 
Comment on study design and 
conduct: 

The high dose of 0.1 mg/kg was based on the observance of 
maternal toxicity at 0.5 mg/kg in the rabbit DRF study (0.01, 0.25 
and 0.5 mg/kg). Pregnant rabbits (7 months old) were injected SC 
with F-627 every other day from GD7 until GD19 (7, 9, 11, 13, 15, 
17 & 19) and necropsies on GD 29. Hematology was performed on 
GD 7 and 19. TK samples were collected predose, GD 7 and 19. 

Dosing solution analysis: Drug concentrations were within the conducting laboratory’s 
acceptable range for solutions (80% to 120%). 

Source: Study 538503 
Abbreviations: DRF, dose-range finding; EDTA, ethylenediaminetetraacetic acid; GD, gestation day; SC, subcutaneous 
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Observations and Results 

F0 Dams 

Mortality 

• No treatment related effect on survival. One MD (0.03 mg/kg) female (#1358) with 
significant weight loss (11.9% during GD 8-13), low food intake (≤5 g/day, post GD 10) 
and poor clinical condition and labored breathing was euthanized for humane reasons on 
GD 13. Necropsy of the animal found mottled lungs, white spots on the liver and dark red 
areas in the scapular region. Microscopic examination found increased extramedullary 
splenic hematopoiesis and decreased number of lymphocytes within the white pulp. 
Whether the poor health leading to weight loss and inappetence was due to F-627 was not 
established. Since there were no deaths at higher doses in the main study or in TK 
animals, the poor health may have been incidental.  

Clinical Signs 

• No treatment related clinical signs were observed. However, slight erythema, edema and 
scabs were noted at some injections site in all groups. 

• There were no F-627-related ophthalmic findings.  

Body Weight 

• There was no significant treatment-related change in BW, BW gain or differences in 
gravid uterine weights.  

Feed Consumption 

• No notable differences in food intake were noted.  

Hematology 

• There was a significant dose-related increase (0.01, 0.03, and 0.1 mg/kg) in WBC on GD 
8 and to some extent on GD 20 but not significantly compared to control. 

— Significant increase in NEUTs on GD 8 and to some degree on GD20, indicating that 
F-627 is pharmacologically active in rabbits. 

— Significant decrease in lymphocytes and basophil on GD 8 and 20 with all doses of F-
627 

— Significant increase in MONO and EOS on GD 7 and 20 at all doses of F-627  

• Slight (P<0.05) increase in reticulocytes on GD 20 was noted in the HD group. There were 
no significant changes in RBC counts, Hgb and Hct among groups. 
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Table 96. Changes in WBC in Rabbits on Gestation Days 8 and 20  

 
Source: Sponsor Study # 538503 
Abbreviations: WBC, white blood cell 

Ophthalmic Examination 

• There were no treatment-related changes before or after treatment. 

Cesarean Section Data 

• None of the animals aborted.  
• One MD pregnant rabbit (#1358) was euthanized due to poor health.  
• All females were gravid except for 1 in each F-627-treated arm in the main study.  
• All females in the TK study were gravid except for 1 control.  

Table 97. Maternal Status at Necropsy 

 
Source: Study 538503 
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Necropsy/ Histopathology 

• Microscopic findings noted at all dose levels (0.01, 0.03 and 0.1 mg/kg) included 
increased incidence and severity of extramedullary hematopoiesis in the spleen and 
heterophilic infiltrate (mature segmented heterophils without progenitor cells). 

• There were no other notable histopathology findings in dams. 

• Gestation Day 29 laparohysterectomy found no notable treatment effect. 

Table 98. Incidence of Histopathologic Findings in the Spleen Scheduled Necropsy 

 
Source: Sponsor Study # 538503 

Toxicokinetics 

• F-627 was detected in all serum samples of all treated animals on GD 7 but only 1 MD 
and 1 HD rabbit had measurable levels of F-627 on GD 19 suggesting significant 
neutralization/clearance by week two despite repeated dosing every other day (7 doses). 
Despite the low or negligible drug concentrations, the pharmacological activity of F-627 
was maintained through GD 19 as evidenced by increases in WBC and spleen 
hematopoiesis, thus yielding interpretable results. 

• AUC and Cmax exposures increased greater than dose-proportional on GD 7. A 10-fold 
increase in dose produced resulted in 55- and 36-fold increase in AUC and Cmax, 
respectively, on GD 7.  

• Total of 87 serum samples screened for presence of anti-F-627 antibodies of which 57 
samples were positive and confirmed to have anti-F-627 antibodies suggesting potential 
neutralization of F-627 in rabbits.  

• All the samples collected from the control animals were negative. Only a few LD (n=7) 
and MD samples (n=1) were negative for ADA. All HD were positive and had higher titer. 
There appeared to be an increase in positive signal with increase in F-627 dose in rabbits. 
SC injections with F-627 every other day from GD7-19 was long enough to develop ADA. 
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Table 99. Mean Toxicokinetic Parameters of F-627 in Pregnant Rabbits 

 
Source: Rabbit EFD study# 538503 
Abbreviations: AUClast, area under the plasma concentration-time curve from time 0 to the last measured concentration; Cmax, 
maximum serum concentration; Tmax, time to peak plasma concentration 

F1 Offspring 

Terminal Observations 

• The number of fetuses (litters) were similar among groups: Control: 193(22), LD: 182 
(21), MD: 155 (20) and HD: 177 (21).  

• There was no treatment effect on corpora lutea, implantation sites, viable fetuses, dead 
fetuses, early resorption, late resorption, pre- and postimplantation sites, ratio of male to 
female or fetal weight (consistent with historical control data from the lab). 

Fetal Malformations/ Variations (External, Visceral, Skeletal) 

• No treatment related external malformations were observed.  

• The few skeletal malformations noted in LD and HD appeared coincidental as there were 
none in the MD (0.03 mg/kg) group and all within the historical control.  

• No treatment related developmental variations considered treatment related due to low 
incidence, no dose-response, or statistical significance and similar to historical control. 

• There were no treatment related visceral malformations of fetuses. Incidental findings in 
all groups were within the historical background range. Overall, the incidence/# litters 
with malformations were not statistically significant across the dose groups [control: 
13(5), LD: 9(6), MD:10(5) and HD: 8(6)]  

In summary, SC administration of 0.01, 0.03 and 0.1 mg/kg F-627 injected every other day from 
GD 7 through GD 19 to pregnant rabbits had no statistically significant effect on survival, 
clinical signs, BW, food intake, hematology parameters (with the exception of WBC and NEUT 
count all doses) or intrauterine growth. There were no notable treatment related effects on 
external, skeletal, or visceral changes in the embryo-fetal development study in rabbits, making 
the top dose of 0.1 mg/kg as the NOAEL. The reviewer notes that SC administration of F-627 
doses ≥0.25 mg/kg resulted in maternal weight loss and toxicity in the rabbit dose-ranging study. 

Analysis of serum F-627 levels on GD 7 found greater than dose-proportional increase in 
exposure but hardly any drug was detected on GD19. Despite low serum exposure on GD19, F-

Reference ID: 5278513



BLA 761134  
Ryzneuta (efbemalenograstim alfa-vuxw) 

161 
Integrated Review Template, version 3.0 (05/25/2022) 

627 had maintained pharmacological activity (↑WBC, ↑ spleen hematopoietic activity), yielding 
interpretable results. 

Prenatal and Postnatal Development 

Study Title: A Subcutaneous Injection Study of the Effects of F-627 on Pre- and Postnatal 
Development, Including Maternal Function in Rats (Study 538505) 

Table 100. Study Information, Study 538505 
Study Parameters Information 
Study no.: 538505 
Study report location: eCTD4.2.3.5.3 
GLP compliance: Yes 
Drug, lot #, and % purity: F-627, 627S150904, >97% (18-22 mg/mL) 
Enhanced PPND study: N 
Source: Study 538505 
Abbreviations: eCTD, electronic common technical document; GLP, good laboratory compliance; PPND, prenatal and postnatal 
development 

Table 101. Methods, Study 538505 
Methods 
Doses: 0, 0.1, 0.3 and 0.75 mg/kg/dose 
Frequency of dosing: GD 6, 13, and 20 and lactation days 4, 11, and 18 for a total of 6 

doses (once weekly). 
Number/Sex/Group: 22/group 
Dose volume: 1 mL/kg 
Formulation/Vehicle: Sodium acetate, glacial acetic acid, polysorbate-20, sorbitol, and 

EDTA-Na2 
Route of administration: Subcutaneous 
Species: Rat 
Strain: Crl:CD(SD) rats  
Comment on study design and 
conduct: 

The high dose of 0.75 mg/kg was based on a rat DRF study 
where SC administration of 1 mg/kg resulted in notable hind leg 
swelling. Pregnant rats (11 to 12 wk old) were given a total of 6 
doses of F-627 (GD 6, 13, 20 & Lactation Days 4, 11, 18). All F0 
surviving females were allowed to deliver and rear their offspring 
to lactation Day 21. Eight pups/litter were randomly selected on 
PND 4. Parturition day was marked as PND 0. Nonselected pups 
were necropsied on PND 21. Selected pups were tested for 
behavioral evaluation (i.e., Biel Maze swimming test) on PND 61-
62 and a subset were earmarked for F1 breading phase.  

Laparohysterectomy was performed on GD 20 for assessment of 
gravid uterine data. Fetuses were examined for external, 
visceral, and skeletal malformations. TK and presence of F-627 
in milk was not determined.  

The dosing regimen was based on a previous study that tested 
doses up to 1.0 mg/kg in which 0.75 and 1.0 mg/kg was marked 
by hindlimb swellings in some rats.  
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Methods 
Dosing solution analysis: Drug concentrations were generally within the CRO’s SOP range 

of 80% to 120% and, if out of range, it did not affect the integrity 
of the study. 

Source: Study 538505 
Abbreviations: CRO, contract research organization; EDTA, ethylenediaminetetraacetic acid; GD, gestation day; PND, postnatal 
day; SD, Sprague-Dawley; SOP, standard operating procedure; TK, toxicokinetics 

Observations and Results 

F0 Dams 

• No treatment effect on survival. 

• One 0.75 mg/kg/dose group female (No. 5057) experienced a total litter loss on Lactation 
Day 0 and was subsequently euthanized. This female had findings of extramedullary 
hematopoiesis in the spleen and decreases in marginal zone lymphocytes, consistent with 
surviving females. There were no apparent signs of dystocia or maternal toxicity in this 
female (BW loss or reduced food consumption). The test article-relationship of this 
finding is uncertain since it occurred in only one litter (1/21); however, the litter loss 
occurred at the HD with a frequency higher than the lab historical control (2/~2000). Of 
note, it appears total litter loss in the historical control data overlapped with dystocia, 
which was not present in this female.  

• Swollen hindlimbs limiting the use of the limb was noted in one female at 0.75 mg/kg, 
another female with swollen hindlimb was also seen at 0.3 mg/kg. Hindlimb swellings 
have been observed in other rat studies and is considered a treatment-related response to 
F-627.  

• No treatment related findings were noted in F0 (injection site, ophthalmic examinations, 
BW, BW gain or food intake during gestation or lactation). 

• Per pharmacology 

— The top dose of 0.75 mg/kg F-627 increased WBC (NEUT, MONO, EOS, BASO and 
LYM) on GD 7 and on Lactation Day 19 relative to control. Greater positive WBC 
response on Lactation Day 19 suggests F-627 maintained its pharmacological activity 
for the duration of the study.  

— As noted, F-627 decreased RBC (all doses), Hgb (MD, HD), Hct (HD), and platelets 
(MD, HD) on Lactation Day 19. There was an increase in reticulocytes (MD, HD) on 
Lactation Day 19. 

— Enlarged spleen was observed at HD with corresponding microscopic changes in 
extramedullary hematopoiesis and decrease in marginal zone lymphocytes. Although 
the spleen size appeared normal at LD and MD, there was microscopic evidence of 
increase in extramedullary hematopoiesis. 

— Bilaterally swollen hind paws were observed in a single rat at HD; these findings 
correlated to clinical findings noted for this animal. The paws were not examined 
histologically, per protocol. 
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Table 102. Percent Change in Hematology Parameters During Gestation Days 7 and 19 in Rats  

 
Source: Sponsor Study # 538505 
Abbreviations: HCT, hematocrit; HGB, hemoglobin; MCH, mean corpuscular hemoglobin; MCV, mean corpuscular volume; RBC, 
red blood cell; WBC, white blood cell 
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Table 103. Changes in Absolute Counts for Neutrophil, Lymphocyte, and Monocyte During 
Gestation Days 7 and 19 in Rats 

 
Source: Sponsor Study # 538505 
Abbreviations: MONO, monocyte; NEUT, neutrophil 

Table 104. Incidences of Prominent Microscopic Findings on Lactation Day 21 Necropsy 

 
Source: Sponsor Study # 538505 
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F1 Generation 

• No drug-related findings were noted in the F1 generation, i.e. survival, clinical signs, BW, 
BW gain, gravid uterine weights, net BW or BW gain, developmental changes, sensory 
function, or behavior.  

• Pup survival from birth to PND4 was numerically but not statistically lower at the 
0.75 mg/kg dose relative to control and within the historical range of CRO’s lab This 
observation was largely but not completely due to total litter loss in one female (#5057) on 
PND0 (e.g., survival was 97.1% for PND0-4 excluding #5057). Nonetheless, pup survival 
over the first 4 postnatal days was numerically lower in dosed groups relative to control. 

• F-627 had no effect on reproductive performance (i.e. mating fertility, copulation, and 
conception) and estrous cycle. 

F2 Generation 

• No changes were seen in growth, survival, external morphology among F2 generation. 
• Toxicokinetics and Lactation (exposures): Not assessed.  

In summary, weekly SC administration of 0.1, 0.3 and 0.75 mg/kg F-627 to pregnant rats had no 
clear adverse maternal toxicity or any effect on any of the reproductive parameters in F1 
generation or F2 embryo-fetal toxicity. One female at 0.75 mg/kg had swollen hindlimbs with 
limited use while one female at 0.3 mg/kg has swollen left limb. Consistent with drug 
pharmacology, there were treatment-related increases in WBC parameters and decreases in 
erythroid parameters on GD 7 and GD 19, suggesting that F-627 maintained its pharmacological 
activity during gestation. With no adverse maternal toxicity or change in any of the reproductive 
parameters, the top dose of 0.75 mg/kg was considered NOAEL in the rat pre- and postnatal 
development study.  

14. Clinical Pharmacology 

14.1. In Vitro Studies 
Not applicable. 

14.2. In Vivo Studies 
Phase I, Open Labelled, Dose Escalation Trial in Healthy Male Subjects to Examine the 
Pharmacokinetics, Pharmacodynamics, and Safety of Single Dose Usage of F-627 (Trial 
GC-F-627-01) 

Study Design  
This SAD study evaluated the pharmacokinetics (PK), pharmacodynamics (PD), and safety of 
efbemalenograstim alfa-vuxw administered SC to healthy male subjects at single doses of 30, 60, 
120, 240, or 360 µg/kg. Six volunteers were assigned to each dosing level. Those included in the 
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study were to be aged 18 to 45 years, have a BMI of 19 to 34 kg/m2, have no clinically relevant 
findings on medical and physical examination, and have normal blood count, hepatic function, 
and renal function. Additionally, those included in the study could not have exposure to any 
medication within 1 month of the screening assessment. Blood samples for PK analysis were 
collected before drug administration and at 0.5, 1, 2, 4, 8, 16, 24, 36, 48, 72, and 96 hours, and 6, 
7, 9, 11, 13, and 15 days after drug administration. PK was determined based on drug 
concentrations in serum. Initially, PD variables that were to be assessed included peripheral 
blood cells and segmented neutrophils and included absolute neutrophil counts (ANC), 
peripheral blood cells, segmented neutrophil counts, and CD34+ cell counts. However, according 
to the Applicant, segmented neutrophils and subsequent ANC calculations were not reported for 
this study because the laboratory was only able to report segmented neutrophils if they were over 
a certain percentage. Therefore, only CD34+ cells, neutrophils, and white blood cell (WBC) 
counts are reported. These parameters were used to assess the relationship between drug 
concentrations and its granulopoietic effects. 

Results 
A summary of the PK parameters is included below in Table 105. The Cmax and AUC generally 
increased with increasing dose up to the 240 μg/kg dose and in a more than dose-proportional 
manner. However, the 360 μg/kg dose produced a similar AUC and Cmax as the 240 μg/kg dose. 
The mean apparent clearance decreased with increasing doses up to 240 μg/kg, but increased by 
73% between 240 μg/kg and 360 μg/kg. The mean half-life increased with increasing dose, but 
there was high variability. Concentration versus time profiles for each of the doses are presented 
in Figure 17. 
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Table 105. Pharmacokinetic Parameters Geometric Mean (%CV) [N], Trial GC-F-627-01  
Dose 
Level 
(μg/kg) Cmax (ng/mL) Tmax (hr) t1/2 (hr) AUC0-t (hr∙ng/mL) AUCinf (hr∙ng/mL) CL/F (mL/hg/kg) MRT0-t (hr) MRTinf (hr) 
30 19.1 (48.03) [6] 8.98 (34.99) [6] 43.14 (21.13) [6] 691.19 (29.78) [6] 751.78 (27.43) [6] 39.91 (30.84) [6] 44.45 (22.10) [6] 57.28 (23.75) [6] 
60 41.31 (39.68) [6] 10.08 (38.73) [6] 52.56 (41.47) [6] 1646.08 (38.36) [6] 1738.5 (37.12) [6] 34.51 (39.8) [6] 51.03 (34.22) [6] 63.15 (39.56) [6] 
120 206.16 (34.82) [6] 18.82 (42.23) [6] 55.82 (39.66) [5] 7960.13 (33.3) [5] 8034.4 (32.1) [5] 17.17 (41.78) [5] 37.85 (14.40) [5] 40.81 (20.16) [5] 
240 745.49 (21.1) [5] 36.00 (0) [5] 62.05 (17.19) [5] 44120.02 (37.14) [5] 44207.05 (36.98) [5] 5.41 (34.33) [5] 43.21 (13.87) [5] 43.92 (13.49) [5] 
360 633.67 (35.14) [6] 30.84 (64.12) [6] 67.84 (38.35) [6] 38385.06 (41.45) [6] 38471.77 (41.45) [6] 9.36 (98.5) [6] 44.4 (10.15) [6] 45.3 (8.93) [6] 
Source: Data extracted from Appendix 3 in the Pharmacokinetic Report for Study GC-F-627-01 
Abbreviations: AUC0-t, area under the concentration-time curve from time 0 to time t; AUCinf, area under the concentration-time curve from time 0 extrapolated to infinite time; Cmax, maximum serum 
concentration; CV, coefficient of variation; MRT0-t, mean residence time from time 0 to time t; MRTinf, mean residence time from time 0 extrapolated to infinite time; t1/2, half-life; Tmax, time at which Cmax 
occurred 
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Figure 17. Log Plasma Concentration of Efbemalenograstim Alfa-vuxw Versus Time Profiles 

 
Source: Applicant generated figure from GF-F-627-01 Pharmacokinetic Report, Appendix 4, Figure 1 

With increasing dose, levels of hematopoietic cells, including CD34+ cells, WBCs, and 
neutrophils, increased (Figure 18). With an autofitted logarithmic curve, R2 values were 0.924, 
0.934, and 0.935 for CD34+ cells, WBCs, and neutrophils, respectively. The increase in each cell 
type was nonlinear. Figure 19, Figure 20, and Figure 21 show the PD effect in relation to the PK 
profile. In general, with higher doses, peak PD effects occur later in those given higher doses 
compared to those given lower doses, as demonstrated by increasing CD34+ cells, WBCs, and 
neutrophils. There also appears to be a lag time between PD effects and drug administration, 
with the highest PD effect occurring after the Cmax (Figure 19, Figure 20, and Figure 21). 

Figure 18. Mean Peak Blood Cell Levels Versus Assigned Dose 

 
Source: Applicant generated figure from GF-F-627-01 Pharmacokinetic Report, Appendix 4, Figure 2. Reviewer added X and Y axis 
labels.  
Units for neutrophils and WBC are 109/L. Units for CD34+ are per μL. Fitted curves are logarithmic (R2 levels all >0.9). 

Reference ID: 5278513



BLA 761134  
Ryzneuta (efbemalenograstim alfa-vuxw) 

169 
Integrated Review Template, version 3.0 (05/25/2022) 

Figure 19. Comparison of Plasma Drug Concentration and Mean Neutrophil Count Over Time 

 
Source: Applicant generated figure from GF-F-627-01 Pharmacokinetic Report, Appendix 4, Figure 4. 

Figure 20. Comparison of Plasma Drug Concentration and Mean WBC Over Time 

 
Source: Applicant generated figure from GF-F-627-01 Pharmacokinetic Report, Appendix 4, Figure 5. 
Abbreviations: PD, pharmacodynamic; PK, pharmacokinetic; WBC, white blood cell 
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Figure 21. Comparison of Plasma Drug Concentration and Mean CD34+ Count Over Time 

 
Source: Applicant generated figure from GF-F-627-01 Pharmacokinetic Report, Appendix 4, Figure 6. 
Abbreviations: PD, pharmacodynamic; PK, pharmacokinetic 

Reviewer’s Comments: Results indicate that PK parameters (AUC and Cmax) increased more 
than dose-proportionally between doses up to 240 μg/kg. The mean apparent clearance was 73% 
higher with the 360 μg/kg compared to 240 μg/kg and the PK parameters were similar between 
the two doses. The reason for the increase in apparent clearance between 240 and 320 μg/kg is 
not clear particularly following a single dose. Interestingly, the PD effect as measured by WBCs, 
CD34+ cells, and neutrophils was still higher in those given the highest dose. Although the mean 
half-life increased with increasing dose, variability is high, so it is challenging to determine the 
true effect of dose on the drug half-life.  

A Phase I, Randomized, Single Center, Open-Label Trial in Healthy Male Subjects to 
Compare the Pharmacokinetics, Pharmacodynamics, and Safety of a Single Dose Usage of 
F-627 in Different Formulations (Trial GC-F-627-03) 

Study Design 
This phase 1, randomized, open-label, study assessed the PK, PD, and safety of 
efbemalenograstim alfa-vuxw in healthy male subjects receiving a 20 mg single dose 
subcutaneously, either in the liquid prefilled syringe form or in the lyophilized form. Twelve 
subjects were enrolled in each group. Normal, healthy, adult males aged 18 to 45 years with a 
BMI of 19 to 34 kg/m2 with no clinically significant findings in their medical history and 
physical exam were included. Blood was collected before drug administration, at 0.5, 2, 4, 16, 
24, 36, 48, 72, and 96 hours after administration, and on Days 6, 7, 9, 11, and 15. Blood samples 
for differential WBC counts were collected concurrently, except at 0.5 and 2 hours. PK 
endpoints included AUC, Cmax, Tmax, t1/2, CL, Vz, and mean retention time (MRT). ANC was 
assessed as a PD biomarker. 
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Results 

A summary of the PK parameters is below in Table 106. While it appears that AUC is higher 
with the liquid PFS compared to the lyophilized formulation, the standard deviations are quite 
large. The differences in the PK parameters of these formulations are likely due to an increased 
bioavailability with the PFS compared to the lyophilized form of the drug. Mean drug 
concentrations over time are plotted in Figure 22.  

Table 106. Summary of PK Parameters in the Liquid Prefilled Syringe Form vs. the Lyophilized 
Form 

 
Source: Applicant generated table from GC-F-627-03 PK Study Report, Table 1.  
Difference % = ((AUC0-t from formulation 1 – AUC0-t from formulation 2)/Mean of AUC0-t from 2 formulations). The t1/2 and Tmax is 
median value (range); other parameters are mean value (standard deviation). 
Abbreviations: AUC0-t, area under the concentration-time curve from time 0 to time t; AUCinf, area under the concentration-time curve 
from time 0 extrapolated to infinite time; Cl_F_obs, apparent observed systemic clearance; Cmax, maximum serum concentration; 
MRT0-t, mean residence time from time 0 to time t; MRTinf, mean residence time from time 0 extrapolated to infinite time; PK, 
pharmacokinetic; T1/2, half-life; Tmax, time to maximum observed concentration; Vz_F_obs, apparent observed volume of distribution 

Reference ID: 5278513



BLA 761134  
Ryzneuta (efbemalenograstim alfa-vuxw) 

172 
Integrated Review Template, version 3.0 (05/25/2022) 

Figure 22. Mean Drug Concentrations Over Time 

 
Source: Applicant generated figure from GC-F-627-03 PK Study Report, Appendix B, Figure B.1.  

While the PK parameters are a bit different between the two formulations, the ANC profiles are 
very similar between the two formulations in healthy volunteers (Figure 23). Figure 24 
demonstrates clearly that although there are differences in Cmax and AUC between the 
lyophilized formulation and the PFS, the ANC profiles for both formulations are nearly identical. 
The Tmax for both formulations is at 36 hours postdose, and the maximum effect on ANC was 
seen at 96 hours postdose. 
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Figure 23. Median ANC Over Time 

 
Source: Applicant generated figure from GC-F-627-03 Study Report Body, Figure 2. 

Figure 24. Median Serum PK Concentrations and ANC Over Time 

 
Source: Applicant generated figure from GC-F0627-03 Study Report Body, Figure 3 
Abbreviations: ANC, absolute neutrophil count; PK, pharmacokinetic 

WBC counts were also measured throughout the study, and changes in the differential 
parameters were similar between those given the lyophilized or PFS formulation (Table 107). 
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Table 107. Summary of WBC Count Value Changes 

 
Source: Applicant generated table from GC-F-327-03 Study Report Body, Table 15. 
Abbreviations: WBC, white blood cell 

Reviewer’s Comments: The lyophilized formulation was used for most phase 1 and phase 2 
studies, and the liquid prefilled syringe formulation was used for all phase 3 studies. This study 
was used to bridge the two formulations. While the mean AUC0-t appears to be 31% higher for 
the liquid prefilled syringe compared to the lyophilized formulation, variability is quite large 
within each group. More importantly, the PD results with the ANC profiles show very similar 
effects between the lyophilized formulation and the prefilled syringe formulation. A similar ANC 
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profile between the two formulations would arguably be more important in this case than a 
similar PK profile. The prefilled syringe form used in phase 3 studies is the same as the to-be-
marketed formulation. Measurements of differential WBC counts were similar between 
formulations at various timepoints throughout the study. 

A Phase Ib Clinical Trial to Evaluate the Safety, Pharmacokinetics and Pharmacodynamics 
of Recombinant Human Granulocyte Colony Stimulating Factor-Fc Fusion Protein (F-627) 
as an Adjuvant Therapy in Patients With Breast Cancer on the Same Day After TAC 
(Docetaxel + Doxorubicin + Cyclophosphamide) Chemotherapy (Study SP11502) 

Study Design 
This phase 1b clinical trial evaluated the safety and tolerability of efbemalenograstim alfa-vuxw 
as an adjuvant therapy in subjects with breast cancer on the same day after chemotherapy. 
Secondary objectives were to evaluate the PK and PD in cycles 1 and 3. Exploratory objectives 
were to observe the number of days in which ANC is less than 0.5×109/L after the completion of 
cycle 1 of chemotherapy. Potential immunogenicity of the drug was also determined by testing 
antidrug antibodies (ADA) in serum. This study evaluated 6 subjects with breast cancer receiving 
TAC chemotherapy (docetaxel 75 mg/m2 intravenous (IV) + doxorubicin 50 mg/m2 IV + 
cyclophosphamide 500 mg/m2 IV), administered on Day 1 of each cycle with 21 days per cycle; 
adjustments to the regimen and dose could be made after the first cycle as determined by the 
investigator based on subject condition. In each cycle, subjects were administered 
efbemalenograstim alfa-vuxw at 320 µg/kg on the same day of chemotherapy completion within 
4 hours for 6 consecutive cycles.  

Of note, an US-licensed G-CSF treatment could be used in those with febrile neutropenia (ANC 
<1.0×109/L, a single measurement of body temperature >38.3 ℃, or body temperature >38.0 ℃ 
lasting longer than 1 hour) or grade 4 granulocytopenia for longer than 3 days. Antibiotics were 
allowed if subjects were at risk of infection. 

Those included in the trial were females aged 18 to 75 years with breast cancer who require 
adjuvant chemotherapy after radical mastectomy and are planned to receive 6 cycles of TAC 
chemotherapy, with an ANC >2.0×109/L, hemoglobin (Hb) >11.0 g/dL, and platelet count (PLT) 
>100×109/L prior to chemotherapy. Additionally, participants were required to have hepatic and 
renal function within the normal range and have a left ventricular ejection fraction (LVEF) 
>50%. 

PK analysis included Cmax, Tmax, AUC0-24, AUC0-t, elimination half-life, CL/F, and apparent 
volume of distribution. PD analysis included the number of days when the ANC was <0.5×109/L, 
the number of days ANC was <1.0×109/L, ANC nadir, time to ANC nadir, and time of ANC 
recovery to 1.0×109/L from nadir. Immunogenicity was measured as serum antibody (IgG) test 
results. 

Results 

PK parameters were assessed in cycles 1 and 3 (Table 108). The Cmax and AUC values decreased 
between cycle 1 and cycle 3, and the CL/F increased. The differences in PK could be due to the 
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higher ANC counts at baseline in cycle 3. Neutrophil counts at the start of cycle 3 were a little 
higher than in cycle 1 (Figure 25 and Figure 27), neutrophils can aid in clearance of 
efbemalenograstim alfa-vuxw, and serum clearance is related to the number of neutrophils. 

Table 108. Summary of Mean PK Parameters 

 
Source: Applicant generated table from SP11502 PK Study Report, Table 1. 
Abbreviations: AUC0-t, area under the concentration-time curve from time 0 to time t; AUC0-inf, area under the concentration-time 
curve from time 0 extrapolated to infinite time; Cl/F, apparent systemic clearance; Cmax, maximum serum concentration; MRT0-t, 
mean residence time from time 0 to time t; MRTinf, mean residence time from time 0 extrapolated to infinite time; PK, 
pharmacokinetic; T1/2, half-life; Tmax, time to maximum observed concentration; Vz/F, apparent volume of distr bution 

ANC values and neutropenia were assessed as PD endpoints in each cycle (Tables 109 and 110). 
In cycle 1, 100% of participants had grade 4 neutropenia. This value was smaller in subsequent 
cycles. The incidence of developing grade 3 or grade 4 neutropenia also decreased after cycle 1. 
The mean duration of grade 4 neutropenia and grade 3 or 4 neutropenia was 2.1 days and 2.9 
days in cycle 1, respectively; however, the mean durations of grade 4 neutropenia and grade 3 or 
4 neutropenia were decreased in subsequent cycles. Mean ANC nadir in cycle 1 was 0.07×109/L. 
Mean ANC nadir was higher than the first cycle in all subsequent cycles. Mean time to ANC 
nadir in cycle 1 was 7.6 days. The mean time to ANC nadir occurred later in all subsequent 
cycles except for cycle 4 when it occurred at 7.2 days. The mean time to ANC recovery to 
1.0×109/L was 4 days in cycle 1, and the mean time to ANC recovery was faster in subsequent 
cycles. Graphs of the mean ANC changes over time in each cycle are presented in Figure 25, 
Figure 26, Figure 27, Figure 28, Figure 29, and Figure 30. 
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Table 109. Summary of PD Endpoints in Cycle 1 

 
Source: Applicant generated table from SP11502 Study Report Body, Table 17. 
Abbreviations: ANC, absolute neutrophil count; PD, pharmacodynamic; SD, standard deviation 
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Table 110. Summary of PD Endpoints in Cycles 2-6 

 
Source: Applicant generated table from SP11502 Study Report Body, Table 18 
Abbreviations: ANC, absolute neutrophil count; PD, pharmacodynamic; SD, standard deviation 
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Figure 25. Changes of Mean ANC Over Time (Log Transformation), PD Analysis Set, Cycle 1 

 
Source: Applicant generated figure from SP11502 Study Report Body, Figure 1 
Abbreviations: ANC, absolute neutrophil count; PD, pharmacodynamic 

Figure 26. Changes of Mean ANC Over Time (Log Transformation), PD Analysis Set, Cycle 2 

 
Source: Applicant generated figure from SP11502 Study Report Body, Figure 2 
Abbreviations: ANC, absolute neutrophil count; PD, pharmacodynamic 
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Figure 27. Changes of Mean ANC Over Time (Log Transformation), PD Analysis Set, Cycle 3 

 
Source: Applicant generated figure from SP11502 Study Report Body, Figure 3 
Abbreviations: ANC, absolute neutrophil count; PD, pharmacodynamic 

Figure 28. Changes of Mean ANC Over Time (Log Transformation), PD Analysis Set, Cycle 4 

 
Source: Applicant generated figure from SP11502 Study Report Body, Figure 4 
Abbreviations: ANC, absolute neutrophil count; PD, pharmacodynamic 
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Figure 29. Changes of Mean ANC Over Time (Log Transformation), PD Analysis Set, Cycle 5 

 

Source: Applicant generated figure from SP11502 Study Report Body, Figure 5 
Abbreviations: ANC, absolute neutrophil count; PD, pharmacodynamic 

Figure 30. Changes of Mean ANC Over Time (Log Transformation) – PD Analysis Set, Cycle 6 

 
Source: Applicant generated figure from SP11502 Study Report Body, Figure 6 
Abbreviations: ANC, absolute neutrophil count; PD, pharmacodynamic 

Immunogenicity was also assessed. Blood samples were collected from subjects at baseline, on 
Day 1 of cycles 2-6, and at the end-of-study visit. Table 111 summarizes the results of the 
immunogenicity assays. Blood samples were collected from 5 subjects enrolled in the study and 
analyzed. There were no positive samples detected in the binding assay, so all immunogenicity 
results were negative. 

Reference ID: 5278513



BLA 761134  
Ryzneuta (efbemalenograstim alfa-vuxw) 

182 
Integrated Review Template, version 3.0 (05/25/2022) 

Table 111. Summary of Results of Immunogenicity Analysis 

 
Source: Applicant generated table from SP11502 Study Report Body, Table 30. 

Reviewer’s Comments: AUC0-t and Cmax were lower in cycle 3 than in cycle 1. Clearance was 
higher in cycle 3 than cycle 1. This is consistent with what is known about this drug and 
chemotherapy. Typically, in cycle 1 of chemotherapy, ANC is depleted more than in subsequent 
chemotherapy cycles. One of the clearance mechanisms of efbemalenograstim alfa-vuxw is 
mediated through neutrophils i.e., target mediated clearance. Therefore, in cycles after cycle 1 
where the ANC will remain higher, clearance of the drug will be increased.  

In other studies conducted by the Applicant, efbemalenograstim alfa-vuxw was administered at 
least 24 hours after finishing chemotherapy. Compared with data from other studies where 
efbemalenograstim was administered at least 24 hours after chemotherapy, PD values appeared 
to be inferior in this study where efbemalenograstim was administered on the same day as 
chemotherapy. Other rhG-CSF drugs also recommend administration at least 24 hours after 
chemotherapy administration. The label for efbemalenograstim alfa-vuxw also mentions that this 
medication must be administered at least 24 hours after chemotherapy. 

A Single-Center, Open-Label, Dose-Escalation Phase I Clinical Trial of Recombinant 
Human Granulocyte Colony Stimulating Factor-Fc Fusion Protein for Injection As an 
Adjuvant to Chemotherapy in Subjects With Breast Cancer (Study 2012-F-627-CH1) 

Study Design 
This single-center, open-label, single-dose, and repeated-dose phase 1 clinical trial enrolled 
female postoperative subjects with breast cancer who required adjuvant chemotherapy. The 
chemotherapy used in this trial was EC (epirubicin 100 mg/m2 IV + cyclophosphamide 
600 mg/m2 IV on day 1, repeating the cycle every 21 days for 4 cycles). Efbemalenograstim dose 
cohorts were 80, 240, and 320 µg/kg administered 48 hours after the completion of 
chemotherapy. Six subjects were enrolled for each dose cohort. The primary objective was to 
evaluate the safety and tolerability in a subject population after a single dose and then after 
repeated doses. Secondary objectives were to evaluate the PK and PD. Exploratory objectives 
were to observe the number of days where the ANC was <0.5×109/L in cycle 1, the mean time of 
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ANC recovery to 1×109/L, and the number of days where the ANC is <1×109/L. Additionally, 
immunogenicity was assessed by measuring ADA in serum. 

Blood samples for immunogenicity were collected at baseline throughout each cycle. PK was 
evaluated in cycles 1 and 3, and blood was sampled predose and 2, 6, 12, 24, 36, 48, 72, 96, 120, 
144, 192, and 240 hours after dosing. Additionally, blood was sampled at 312 and 432 hours 
after dosing in the 320 µg/kg cohort. 

Results 
PK parameters are summarized in Table 112. The Cmax was lower in cycle 3 compared to cycle 1 
except for the 80 μg/kg dose which showed similar Cmax between the two cycles. The AUC was 
lower in cycle 3 compared to cycle 1 for each dosing level, and Tmax values were higher in cycle 
1 compared to cycle 3 for every dose cohort. Vz/F and CL/F were higher in cycle 3 compared to 
cycle 1. Median half-lives appeared to increase between cycles 1 and 3 for the 80 and 240 μg/kg 
doses and decreased between cycles 1 and 3 of the 320 μg/kg dose; however, the range was quite 
large, so it is challenging to see trends in the half-life data. MRT0-t values were similar between 
cycles 1 and 3. Cmax increased between the 80 and 240 μg/kg doses but did not between the 240 
and 320 μg/kg doses for cycle 1, and AUC values increased close to dose-proportionally between 
the 240 and 320 μg/kg doses. Mean concentration versus time profiles in cycles 1 and 3 are 
presented in Figure 31. 

Table 112. Summary of PK Parameters 

 
Source: Applicant generated table from 2012-F-627-CH1 PK Study Report, Table 1. 
Abbreviations: AUC0-t, area under the concentration-time curve from time 0 to time t; AUC0-inf, area under the concentration-time 
curve from time 0 extrapolated to infinite time; Clast, last observed quantifiable concentration; Cl/F, apparent systemic clearance; 
Cmax, maximum serum concentration; MRT0-t, mean residence time from time 0 to time t; MRT0-inf, mean residence time from time 0 
extrapolated to infinite time; PK, pharmacokinetic; T1/2, half-life; Tlast, time of the last sample that can detect concentration; Tmax, time 
to maximum observed concentration; Vz/F, apparent volume of distribution 
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Figure 31. Mean Concentration Versus Time Profiles, Cycle 1 and Cycle 3 

 
Source: Applicant generated figure from 2012-F-627-CH1 PK Study Report, Appendix C, Figure C.1. 

A summary of PD endpoints is presented in Table 113. For all doses, the % of subjects with 
grade 3 or 4 neutropenia or grade 4 neutropenia was highest in cycle 1. Mean ANC nadir was 
lower in the first cycle for all doses compared to subsequent cycles. The mean time to ANC 
recovery to 1.0 x 109/L was slower in cycle 1 compared to subsequent cycles. ANC nadir was 
higher with the 240 and 320 μg/kg doses compared to the 80 μg/kg dose. Changes of median 
ANC over time for each dose in each cycle are presented in Figure 32 and Figure 33. 
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Table 113. Summary of PD Endpoints 

 
Continued 
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Table 113, continued 

 
Source: Modified Applicant-generated table from 2012-F-627-CH1 Study Report Body, Table 12.1.1-1 
Abbreviations: ANC, absolute neutrophil count; PD, pharmacodynamic; SD, standard deviation 

Figure 32. Changes of Median ANC Over Time in Each Dose Cohort, Cycle 1 

 
Source: Applicant generated figure from 2012-F-627-CH1 Study Report Body, Figure 12.1.2-1. 
Abbreviations: ANC, absolute neutrophil count 
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Figure 33. Changes of Median ANC Over Time in Each Dose Cohort, Cycles 2-4 

 
Source: Applicant generated figure from 2012-F-627-CH1 Study Report Body, Figure 12.1.2-2. 
Abbreviations: ANC, absolute neutrophil count 

Immunogenicity was also assessed in this study. One subject in the 240 μg/kg cohort tested 
positive for the binding assay. This subject tested positive for the binding assay at baseline, on 
Day 8 and Day 13 of cycle 1, before dosing in cycle 2, and on Day 13 of cycle 4. Confirmatory 
assay (binding inhibition assay) results were all negative. 

Reviewer’s Comments: While there was an increase in Cmax and AUC between the 80 and 240 
μg/kg doses, there was not much difference between the 240 and 320 μg/kg doses. Based on the 
PD measurements, the efficacy of the 240 and 320 μg/kg doses seemed to be higher than those in 
the low dose group. Those in this study were receiving EC chemotherapy which the Applicant 
notes is considered a moderately myelosuppressive chemotherapy regimen. In those receiving 
EC chemotherapy, it appears that there is not much difference in Cmax, AUC, and PD in the 240 
and 320 μg/kg doses. A subsequent study (Trial SP-CDR-1-1301) examines the differences 
between these doses in those receiving TAC chemotherapy, which the Applicant notes is 
considered a highly myelosuppressive chemotherapy regimen. 
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A Phase Ib Clinical Trial to Evaluate the Safety, Pharmacokinetics and Pharmacodynamics 
of Recombinant Human Granulocyte Colony Stimulating Factor-Fc Fusion Protein as an 
Adjuvant Therapy in Patients with Breast Cancer Receiving TAC (Docetaxel + 
Doxorubicin + Cyclophosphamide) Chemotherapy (Study SP-CDR-1-1301) 

Study Design 
This phase 1b clinical trial evaluated efbemalenograstim alfa-vuxw as an adjuvant therapy in 
postoperative women with breast cancer receiving TAC chemotherapy (docetaxel 75 mg/m2 IV + 
doxorubicin 50 mg/m2 IV + cyclophosphamide 500 mg/m2 IV repeated every 21 days for 6 
cycles). In cycles 2-6, the investigator was allowed to determine the chemotherapy regimen and 
dosage based on subject conditions. The primary objective was to evaluate the safety and 
tolerability of efbemalenograstim alfa-vuxw as an adjuvant therapy in subjects with breast cancer 
receiving TAC therapy. Secondary objectives were to evaluate the PK and PD. Exploratory 
objectives were to observe the number of days in which ANC is <0.5×109/L in cycle 1, the 
average time of ANC recovery, and the number of days in which the ANC is <1×109/L. 
Immunogenicity was also evaluated.  

Two doses of efbemalenograstim were assessed: 240 and 320 µg/kg. Six subjects were enrolled 
in each dose cohort. Doses were administered 24 hours after the completion of chemotherapy. 
Subjects were females with breast cancer aged 18 to 75 years who require adjuvant 
chemotherapy after radical mastectomy and were planned to receive 6 cycles of TAC 
chemotherapy, with an ANC >2.0×109/L, hemoglobin (Hb) >11.0 g/dL, and platelet count (PLT) 
>100×109/L prior to chemotherapy. Additionally, participants were required to have hepatic and 
renal function within the normal range and have a left ventricular ejection fraction (LVEF) 
>50%. 

PK parameters included Cmax, Tmax, AUC0-24, AUC0-t, elimination half-life, CL/F, and apparent 
volume of distribution. PD parameters included the number of days ANC was less than 
0.5×109/L, ANC nadir, time to ANC nadir, and time of ANC recovery from nadir to 1.0×109/L in 
cycles 1-6. 

Results 
PK parameters are summarized in Table 114. The median Tmax ranged from 24 to 36 hours for 
the 240 and 320 μg/kg doses over cycles 1 and 3. The median half-life ranged from 37.1 to 48.3 
hours over both doses in cycles 1 and 3, and there were no obvious differences in half-life seen 
between the two dose cohorts. The mean clearance decreased with increasing dose and was 
higher in cycle 3 than in cycle 1. The mean Cmax and AUC increased with increasing dose, and 
Cmax and AUC were lower in cycle 3 than in cycle 1. 
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Table 114. Summary of Mean PK Parameters for F-627 in Human Serum 

 
Source: Applicant generated table from SP-CDR-1-1301 PK Study Report Amendment 02, Table 1 
Abbreviations: AUC0-t, area under the concentration-time curve from time 0 to time t; Clast, last observed quantifiable concentration; 
Cl_obs, observed apparent systemic clearance; Cmax, maximum serum concentration; DN, dose-normalized; MRTlast, mean 
residence time from time 0 to the time of the last measurable concentration; MRT0-inf, mean residence time from time 0 extrapolated 
to infinite time; PK, pharmacokinetic; T1/2, half-life; Tmax, time to peak plasma concentration; Vz_obs, observed apparent volume of 
distribution during the terminal phase 

PD endpoints were also assessed. In cycle 1, the incidence rate of grade 3 or 4 neutropenia was 
similar between those given 240 or 320 µg/kg at 85.7 and 87.5%, respectively (Table 115). 
However, the incidence rate of grade 4 neutropenia was 85.7 and 62.5% for the 240 and 
320 µg/kg doses, respectively. The mean duration of grade 3 or 4 neutropenia in cycle 1 was 
shorter in those given 320 µg/kg compared to those given 240 µg/kg at 1.6 and 2.7 days, 
respectively. The mean duration of grade 4 neutropenia in cycle 1 was also shorter in those given 
320 µg/kg compared to those given 240 µg/kg at 1.0 and 1.7 days, respectively. The ANC nadir 
was higher in the 320 µg/kg group at 0.75×109/L compared to the 240 µg/kg group at 0.29×109/L 
in cycle 1. The mean time of ANC recovery to 1.0×109/L was also shorter in the 320 µg/kg 
group at 2.1 days, compared to 2.7 days in the 240 µg/kg cohort. 
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Table 115. Summary of PD Endpoints, Cycle 1 

 
Source: Part of an Applicant generated table from SP-CDR-1-1301 Study Report Body, Table 19. Grade 3 or 4 neutropenia is 
defined as ANC ≤1.0×109/L; grade 4 neutropenia is defined as ANC ≤0.5×109/L. 
Abbreviations: ANC, absolute neutrophil account; MedDRA, Medical Dictionary for Regulatory Activities; PD, pharmacodynamic; 
SD, standard deviation 

A summary of the data from all cycles is provided in Table 116. The incidence of grade 3 or 
grade 4 neutropenia throughout the study was 100% in those given 240 µg/kg and 87.5% in those 
given 320 µg/kg. The incidence of grade 4 neutropenia overall was 85.7% in those given 
240 µg/kg and 62.6% in those given 320 µg/kg. The mean duration of grade 4 neutropenia was 
lower in those given 320 µg/kg (0.29 days) compared to those given 240 µg/kg (0.64 days). 
Overall, ANC nadir was higher with the 320 µg/kg dose (0.46×109/L) compared to the 240 µg/kg 
dose (0.19×109/L). The time of ANC recovery to 1.0×109/L was also faster in those in the 
320 µg/kg cohort (1.79 days) compared to those in the 240 µg/kg cohort (2.74 days). 

The incidence of grade 4 neutropenia at the 240 μg/kg dose changed throughout the study. In 
cycle 1, the incidence was 85.7%. In cycles 2 through 6, the incidence was 28.6% in cycles 2-4, 
57.1% in cycle 5, and 28.6% in cycle 6. The incidence of grade 4 neutropenia at the 320 μg/kg 
dose also changed throughout the study. In cycle 1, the incidence was 62.5%. In cycles 2 through 
6, the incidence was 12.5%, 0%, 12.5%, 25%, and 25%, respectively. At both dose levels, the 
incidence of grade 4 neutropenia improved in subsequent cycles compared to the first cycle of 
chemotherapy. ANC nadir also changed throughout the study at the 240 μg/kg dose. In cycle 1, 
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the mean ANC nadir was 0.29×109/L at the 240 μg/kg dose. In cycles 2 through 6, the mean 
ANC nadir was 0.54×109/L, 0.57×109/L, 1.59×109/L, 1.41×109/L, and 1.30×109/L, respectively. 
At the 320 μg/kg dose, the mean ANC nadir was 0.75×109/L in cycle 1. In cycles 2 through 6, 
the mean ANC nadir was 0.86×109/L, 1.19×109/L, 0.95×109/L, 1.25×109/L, and 1.76×109/L. In 
both dose cohorts, the mean ANC nadir improved in subsequent cycles compared to the first 
cycle. In most cycles, excepting for cycles 4 and 5, the mean ANC nadir was higher in the 320 
μg/kg dose cohort. 

Table 116. Summary of PD Endpoints Over All Cycles 

 
Source: Part of an Applicant generated table from SP-CDR-1-1301 Study Report Body, Table 20. Grade 3 or 4 neutropenia is 
defined as ANC ≤1.0×109/L; grade 4 neutropenia is defined as ANC ≤0.5×109/L. 
Abbreviations: ANC, absolute neutrophil account; MedDRA, Medical Dictionary for Regulatory Activities; PD, pharmacodynamic; 
SD, standard deviation 

Immunogenicity was assessed in this study. In the 240 μg/kg cohort, one subject had a positive 
binding assay at baseline; however, the confirmatory assay was not positive. In the 320 μg/kg 
cohort, one subject had a positive binding assay at baseline and one subject had a positive 
binding assay on Day 13 of cycle 2; however, the confirmatory assays for both cases were not 
positive.  

Reviewer’s Comments: The Cmax and AUC0-t increased with increasing dose in those receiving 
TAC chemotherapy. This is in contrast to those receiving EC chemotherapy where Cmax did not 
increase between the 240 and 320 μg/kg doses in the first dosing cycle. The AUC0-t and Cmax 
were lower in cycle 3 compared to cycle 1.  
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The 320 µg/kg dose appears to have a higher PD effect than the 240 µg/kg dose in those 
receiving TAC chemotherapy. The duration of grade 3 or 4 neutropenia, the duration of grade 4 
neutropenia, the ANC nadir, and the number of days when ANC recovered to 1.0×109/L from 
nadir was more favorable in those dosed with 320 µg/kg in both the first cycle and overall 
throughout all 6 cycles of chemotherapy. 

A Phase 3, Randomized, Multi-Centre, Open-Label, Fixed Dose, Neulasta® Active-
Controlled Clinical Trial of F-627 in Women With Breast Cancer Receiving Myelotoxic 
Chemotherapy (Trial GC-627-05) 

Study Design 
This phase 3 trial randomized female subjects with stage I to stage III breast cancer who were 
receiving neoadjuvant or adjuvant myelotoxic taxane + cyclophosphamide (TC; 75 mg/m2 
docetaxel +600 mg/m2 cyclophosphamide) chemotherapy to receive either the study drug (20 mg 
PFS) or Neulasta (6 mg). Study participation was limited to the first 4 cycles of chemotherapy. 
The primary objective was to evaluate the efficacy of efbemalenograstim alfa-vuxw compared to 
Neulasta in the first chemotherapy cycle. The safety objective was to assess safety in subjects 
treated with efbemalenograstim alfa-vuxw.  

Those included in the study had a WBC count >4.0×109/L, hemoglobin >11.5 g/dL, platelet 
count >150×109/L, and adequate renal, hepatic, and cardiac function. Sparse PK sampling was 
collected throughout cycles 1 and 3 of chemotherapy (Day 2 prior to efbemalenograstim alfa-
vuxw or Neulasta administration, Day 4, and Day 8). 

Results 

Sparse PK samplings were taken in this study for popPK analysis in cycles 1 and 3. Section 14.5 
discusses the popPK analysis results in greater detail. Table 117 summarizes the sparse PK 
samples collected during this study. 

Table 117. Summary of Serum Efbemalenograstim Alfa-vuxw PK Concentrations (μg/L) by 
Chemotherapy Cycle and Study Day  

 
Source: Applicant generated table from GC-627-05 Clinical Study Report, Table 27. 
Abbreviations: PK, pharmacokinetic 
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The mean duration of grade 4 neutropenia in cycle 1 was 0.2 days for those given 20 mg 
efbemalenograstim alfa-vuxw and those given 6 mg Neulasta. The duration of grade 4 
neutropenia was similar for both groups throughout the study, with mean durations of 0.1 days 
for both treatments in cycle 2, and 0.0 and 0.1 days for efbemalenograstim alfa-vuxw and 
Neulasta, respectively, in cycles 3 and 4. In chemotherapy cycle 1, both groups had 23 subjects 
(11.7%) that developed grade 4 neutropenia (Table 118). These numbers decreased with 
subsequent cycles. Mean ANC values for each of the cycles are presented in Figure 34. The 
depth of ANC nadir and time to ANC recovery postnadir was generally similar between the 
efbemalenograstim alfa-vuxw treated subjects and the Neulasta treated subjects (Tables 119 and 
120). 

Table 118. Incidence of Grade 4 (Severe) Neutropenia in Each Chemotherapy Cycle by Treatment 
Group, ITT Population 

 
Source: Applicant generated table from GC-627-05 Clinical Study Report, Table 19. 
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Figure 34. Median Absolute Neutrophil Counts (ANC) Over Time Over All Chemotherapy Cycles, 
ITT Population 

 
Source: Applicant generated figure from GC-627-05 Clinical Study Report, Figure 3. 
Abbreviations: ITT, intent-to-treat 

Table 119. Summary of the Depth of ANC Nadir in Each Cycle by Treatment Group, ITT Population 

 
Source: Applicant generated table from GC-627-05 Clinical Study Report, Table 23. 
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Table 120. Summary of the Time to ANC Recovery Postnadir in Each Cycle by Treatment Group, 
ITT Population 

 
Source: Applicant generated table from GC-627-05 Clinical Study Report, Table 26. 

Immunogenicity was also assessed in this study, and results are presented in Table 121.  

Thirty subjects treated with 20 mg efbemalenograstim alfa-vuxw had ADAs to the drug – 17 
developed treatment-induced binding ADAs, 3 subjects tested positive at baseline only, and 10 
subjects had binding ADAs at baseline and postbaseline, but not treatment boosted. In the 
efbemalenograstim alfa-vuxw group, no subjects developed neutralizing ADAs against 
efbemalenograstim alfa-vuxw, and no subjects developed treatment-boosted binding ADAs.  

Eighteen subjects treated with 20 mg efbemalenograstim alfa-vuxw developed G-CSF ADAs – 
15 developed treatment-emergent binding ADAs, 3 subjects tested positive at baseline only, no 
subjects had binding ADAs positive at baseline and postbaseline but not treatment-boosted, and 
no subjects had neutralizing ADAs against G-CSF. There were no subjects in the study that 
tested positive for treatment-emergent ADAs to both efbemalenograstim alfa-vuxw and G-CSF, 
there were no subjects who were positive for binding ADAs to efbemalenograstim alfa-vuxw and 
treatment emergent ADAs to G-CSF, and there were no subjects who were positive for binding 
ADAs to G-CSF and treatment emergent ADAs to efbemalenograstim alfa-vuxw.  

Fifteen subjects treated with 6 mg Neulasta had ADAs to efbemalenograstim alfa-vuxw – 6 
developed treatment-induced binding ADAs, 2 subjects tested positive at baseline only, and 7 
subjects had binding ADAs at baseline and postbaseline, but not treatment boosted. There were 2 
subjects treated with Neulasta that developed neutralizing ADAs against efbemalenograstim alfa-
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vuxw. No subjects developed treatment-boosted ADAs to efbemalenograstim alfa-vuxw after 
Neulasta treatment. 

Fourteen subjects treated with 6 mg Neulasta developed G-CSF ADAs – 13 developed 
treatment-emergent binding ADAs, and 1 subject had binding ADAs positive at baseline only. 
No subjects had treatment-boosted ADAs, no subjects had binding ADAs positive at baseline 
and postbaseline, but not treatment-boosted. No subjects developed neutralizing ADAs against 
G-CSF. 1 subject was positive for treatment-emergent binding to both efbemalenograstim alfa-
vuxw and G-CSF, 2 subjects were positive for binding ADAs to efbemalenograstim alfa-vuxw 
and treatment-emergent ADAs to G-CSF, and no subjects were positive for binding ADAs to G-
CSF and treatment-emergent ADAs to efbemalenograstim alfa-vuxw. 
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Table 121. Summary of Overall Immunogenicity Results  

 
Source: Applicant generated table from GC-627-05 Clinical Study Report, Table 39. 

Reviewer’s Comments: Sparse PK sampling was collected from participants in this study. The 
results of the popPK analysis are discussed in Section 14.5. PD parameters, including mean 
duration of grade 4 neutropenia, number of subjects who developed neutropenia, mean ANC 
values, depth of ANC nadir, and time to ANC recovery were similar between those treated with 
efbemalenograstim alfa-vuxw and Neulasta. No one treated with efbemalenograstim alfa-vuxw 
developed neutralizing antibodies to efbemalenograstim alfa-vuxw or G-CSF. There were 17 

Reference ID: 5278513



BLA 761134  
Ryzneuta (efbemalenograstim alfa-vuxw) 

198 
Integrated Review Template, version 3.0 (05/25/2022) 

subjects treated with efbemalenograstim alfa-vuxw that developed treatment-emergent drug 
ADAs, and 15 developed treatment-emergent G-CSF ADAs. 

14.3. Bioanalytical Method Validation and 
Performance 

The PK characteristics of efbemalenograstim alfa-vuxw were evaluated with ELISA 
quantification in serum samples. Development, quantification, and validation of the PK 
bioanalytical method and analyses of clinical samples were performed  

 The standard concentrations used in the analytical 
runs were 1.56, 3.125, 6.25, 12.5, 25.0, 50.0, and 100 ng/mL in human serum. The LLOQ was 
1.56 ng/mL and the ULOQ was 100 ng/mL. Concentrations for QC samples in the analytical 
runs were 5.0, 20.0, and 75.0 ng/mL in human serum. When testing clinical samples, subject 
serum samples were diluted 1:10 immediately prior to assay. Bioanalytical reports below meet 
the prespecified criteria, and deviations are noted as appropriate.  
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Table 122. Validation Performance for the Efbemalenograstim alfa-vuxw PK Assay 

 
Source: Applicant generated table from 2.7.1 Summary of Pharmaceutics and Associated Analytical Methods, Table 2.7.1-5. 
Abbreviations: CV, coefficient of variation; HQC, higher quality control; LQC, lower quality control; MQC, middle quality control; PK, 
pharmacokinetic 
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8258-165 Report 
The final report for the protocol titled, “Method Validation for the Determination of F-627 
Concentrations in Human Serum Using ELISA” (study number 8258-165) was submitted on 
January 23, 2014.  

• Calibration standard nominal concentrations:  

— 156.00, 312.00, 625.00, 1250.00, 2500.00, 5000.00, and 10000.00 pg/mL 

• Quality control/validation samples: 

— To have cross-validation with the client method, 2 sets of validation samples will be 
tested in accuracy and precision runs 

— Nominal concentrations in 100% human serum: 468.00 (lower limit of quantification 
(LLOQ)), 1500.00 (low quality control (LoQC)), 6000.00 (medium quality control 
(MeQC)), 22500.00 (high quality control (HiQC)) and 30000.00 (upper limit of 
quantification (ULOQ)) pg/mL 
 These validation samples will be diluted 1:3 in calibrator diluent RD6A prior to 

analysis 

— Nominal concentrations in 100% human serum: 1560.00 (LLOQ), 5000.00 (LoQC), 
20000.00 (MeQC), 75000.00 (HiQC) and 100000.00 (ULOQ) pg/mL 
 These validation samples will be diluted 1:10 in calibrator diluent RD6A prior to 

analysis 

• Samples will be analyzed in duplicate, and the mean of the duplicate results will be 
reported 

— Precision between sample duplicates should not exceed 20% based upon back-
calculated data 

• Calibration Curve 

— Calibration standards in the quantifiable range of 156.00 pg/mL to 10000.00 pg/mL in 
Calibrator Diluent RD6A must be within ±20% relative error (RE) of the nominal 
concentration (±25% at the LLOQ and ULOQ) and have a precision (coefficient of 
variation percent (CV%)) between duplicates of <20% (<25% at the LLOQ and 
ULOQ) 

— Six of seven standards within the quantifiable range of 156.00 pg/mL to 
10000.00 pg/mL must be included, one of seven standards may be dropped or edited 
from the curve 

• Intra-assay and interassay accuracy and precision 

— Each validation sample (LLOQ, LoQC, MeQC, HiQC and ULOQ) will be assayed in 
triplicate with a minimum of 3 batches performed on at least two days, by at least two 
analysis 

— Target criteria: 
 Precision <20% (25% at LLOQ and ULOQ) 
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 Accuracy: within +20% relative error (RE) (25% at LLOQ and ULOQ) 

• Calibration Curve – Acceptance Criteria 

— Precision <20% (25% at LLOQ and ULOQ) 
— Accuracy: within +20% relative error (RE) (25% at LLOQ and ULOQ) 

• QC Acceptance criteria: 

— Two duplicates each for LoQC (5000.00 pg/mL), MeQC (20000.00 pg/mL), HiQC 
(75000.00 pg/mL) level will be assessed in each subsequent validation batch, and 
each QCs will be diluted 1 in 10 in Calibrator Diluent RD6A prior to analysis 
 Precision between sample replicates: <20% 
 4 of the 6 QC samples analyzed must be + RE of the nominal value 
 Interassay accuracy: within +20% RE of the nominal value 

• Matrix effect: 

— For the matrix effect, a minimum of 80% of the individual samples should be within 
+20% of their nominal values for each kind of matrix 

• Dilution linearity: 

— Dilution linearity is considered acceptable when the mean accuracy of the dilution 
samples with concentration between the LLOQ and ULOQ falls within ±20% RE of 
the expected concentration with a precision of <20% 

• Matrix type: human serum 
• Minimum required dilution: 1:3 
• Calibration range in calibrator diluent RD6A (pg/mL): 156.00-10000.00 
• LLOQ: 468.00 pg/mL in 100% human serum (MRD 1:3) 
• Room temperature stability: 24 hours 
• Long-term stability: 181 days at -80 ºC to -60 ºC 
• Dilutional linearity: maximum validated sample dilution of 1 in 2000 (in addition to MRD 

of 1:3) 
• Calibration standard nominal concentrations: 156.00, 312.00, 625.00, 1250.00, 2500.00, 

5000.00, 10000.00 pg/mL 
• QC samples/validation samples; nominal concentrations in 100% human serum: 468.00 

(LLOQ), 1500.00 (LoQC), 6000.00 (MeQC), 22500.00 (HiQC) and 30000.00 (ULOQ) 
pg/mL; these validation samples were diluted in calibrator diluent RD6A prior to analysis 

• QC samples/validation samples; nominal concentrations in 100% human serum: 1560.00 
(LLOQ), 5000.00 (LoQC), 20000.00 (MeQC), 75000.00 (HiQC) and 100000.00 (ULOQ) 
pg/mL; these validation samples were diluted 1 in 10 in Calibrator Diluent RD6A prior to 
analysis 

• Calibration range of the assay is 156.00 pg/mL to 10000.00 pg/mL 
• Interassay precision (CV%) for calibration standards ranging from 156.00 pg/mL to 

10000.00 pg/mL was <4.8% 
• Interassay accuracy for the calibration standards ranging from 156.00 pg/mL to 

10000.00 pg/mL ranged from 92.5% to 102.3% 
• Mean absorbance of blank: 0.030 AU with standard deviation of +0.005 
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• The intra-assay and interassay precision and accuracy of QC samples were measured in 
VB01-VB03 with the dilution of 1:10 and 1:3 independently 

• For QCs with the dilution of 1:10: 

— Intra-assay precision (CV%) was <9.7% at the LLOQ, 4.5% at the LoQC, 2.0% at the 
MeQC, 6.1% at the HiQC and 3.9% at the ULOQ 

— Intra-assay accuracy ranged from 82.7% to 84.7% at the LLOQ, 93.3% to 105.3% at 
the LoQC, 96.3% to 103.4% at the MeQC, 90.3% to 97.8% at the HiQC and 90.4% to 
102.5% at the ULOQ 

— Interassay precision (CV%) was 5.9% at the LLOQ, 6.2% at the LoQC, 3.3% at the 
MeQC, 6.0% at the HiQC and 6.1% at the ULOQ 

— Interassay accuracy was 83.4% at the LLOQ, 100.5% at the LoQC, 100.0% at the 
MeQC, 94.7% at the HiQC and 96.5% at the ULOQ 

• For QCs with the dilution of 1:3: 

— Intra-assay precision (CV%) was <5.0% at the LLOQ, 4.8% at the LoQC, 3.6% at the 
MeQC, 4.8% at the HiQC and 2.7% at the ULOQ 

— Intra-assay accuracy ranged from 102.1% to 108.9% at the LLOQ, 104.1% to 115.0% 
at the LoQC, 102.1% to 106.4% at the MeQC, 98.7% to 102.5% at the HiQC and 
93.0% to 97.1% at the ULOQ 

— Interassay precision (CV%) was 3.9% at the LLOQ, 5.0% at the LoQC, 3.0% at the 
MeQC, 4.0% at the HiQC and 2.6% at the ULOQ 

— Interassay accuracy was 105.9% at the LLOQ, 109.1% at the LoQC, 103.6% at the 
MeQC, 100.6% at the HiQC and 94.6% at the ULOQ 

• The data of intra-assay and interassay precision and accuracy of QC samples, the data of 
QC samples on subsequent batches of VB04 t VB07 along with the first and last sets of 
QCs on the intra-assay and interassay precision and accuracy runs for QCs with dilution of 
1:10 and for QCs with dilution of 1:3 

— For those with a dilution of 1:10, the interassay precision (CV%) observed was 7.0% 
at the LoQC, 6.5% at the MeQC, 6.4% at the HiQC 

— For those with a dilution of 1:10, the interassay accuracy was 101.3% at the LoQC, 
100.6% at the MeQC, 94.7% at the HiQC 

— For those with a dilution of 1:3, the assay precision (CV%) was 3.8% at the LoQC, 
1.3% at the MeQC, 3.7% at the HiQC 

— For those with a dilution of 1:3, the mean accuracy was 102.2% at the LoQC, 101.0% 
at the MeQC, 100.7% at the HiQC 

• The overall values for each QC level were within the 80% to 120% acceptance criteria for 
accuracy (75% to 125% for LLOQ and ULOQ) and <20% for precision (<25% for LLOQ 
and ULOQ) 
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• Matrix effect: 

— Specificity and selectivity for normal human serum was assessed in VB05 and for 
disease matrix in VB06R 

— All naïve individuals had results lower than the LLOQ of 468.00 pg/mL 
— 10 normal human serum individuals were tested and 9 of 10 individual recoveries met 

the acceptance criteria of 80% to 120% accuracy, all 6 disease individual recoveries 
met the acceptance criteria 

— The matrix effect data passed the acceptance criteria 

• Room temperature stability: 

— For LoQC and HiQC, recovery for samples at 6 hours room temperature was 107.4% 
and 94.9%, respectively, with precisions of 3.4% and 1.1%, respectively 

— For LoQC and HiQC, recovery for samples at 24 hours room temperature was 
104.1% and 87.0%, respectively, with precisions of 4.8% and 0.3%, respectively 

— When stability QCs are compared to the baseline QCs, the % difference is 1.2% and -
2.5% for the LoQC and HiQC subjected to 6 hours at room temperature, and -1.9% 
and 10.6% for the LoQC and HiQC subjected to 24 hours at room temperature 

• Dilutional linearity: 

— Acceptable recovery of the dilution range up to 1 in 2000 dilution (not taking the 
minimum required dilution of 1:3 into account) was observed with accuracy ranging 
between 94.1% and 96.7% 

• Long-term freezer stability: 

— The recovery for the LoQC, HiQC, and > ULOQ samples that were subject to 181 
days at -80°C to -60°C was 112.4%, 96.1%, and 95.2%, respectively, with precision 
values of 3.8%, 1.5%, and 4.2%, respectively 

• For subsequent sample analysis, the following acceptance criteria should be applied: 

— Accuracy 80-120% of the nominal concentration at 312.00 pg/mL to 5000.00 pg/mL, 
accuracy 75%-125% of the nominal concentration at 156.00 pg/mL and 
10000.00 pg/mL 

— Precision of <20% at 312.00 pg/mL to 5000.00 pg/mL, <25% at 156.00 pg/mL and 
10000.00 pg/mL 

— Minimum of 6 valid calibration points between 156.00 and 10000.00 pg/mL 

— For QC samples, a minimum of 2/3, one at each level, are required to meet the above 
criteria for accuracy and precision of the batch to be considered valid 

• Sample Criteria 

— Precision of <20% (does not apply to samples below the LLOQ) 
— Samples should not be subject to more than 24 hours at room temperature 
— Samples are stable up to 181 days at -80°C to -60°C 
— No extrapolation above the ULOQ should occur 
— No extrapolation below the LLOQ should occur 
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— The highest validated dilution for a sample is 1 in 2000 (in addition to MRD of 1:3) 

• Method and Protocol Deviations: 

— Minimum required dilution is 1:3, but the QC samples were diluted 1:10. To have a 
bridge with the 1:10 dilution method, 3 accuracy and precision runs with the 2 
dilution factors were validated with 2 sets of validation samples. After the accuracy 
and precision runs, the QCs will continue with the dilution of 1:10 to be consistent 
with the client method in subsequent runs. 

— In VB05, the QCs samples with concentration of 1500.00 (LoQC), 6000.00 (MeQC), 
22500.00 (HiQC) were prepared and analyzed with MRD 1:3 instead of QCs samples 
of 5000.00 (LoQC), 20000.00 (MeQC), 75000.00 (HiQC) analyzed with the dilution 
of 1:10, deviating from the protocol. 

— Because 2 sets of QCs with the dilution of 1:3 and 1:10 were validated and passed the 
criteria, the VB05 run was determined to be acceptable since the deviation has no 
impact on the study. 

An amendment to correct one error in the report was finalized on December 15, 2014. The 
amendment corrected "data processed using Watson LIMS system 7.4 (Softmax pro. GxP version 
5.0.1 and Watson LIMS system 7.4 has been validated )" to "data processed using 
Softmax pro GxP version 5.0.1 (Softmax pro GxP version 5.0.1 has been validated ).”  

An addendum to the report was finalized on December 15, 2014. This addendum evaluated the 
12-month freezer stability of efbemalenograstim alfa-vuxw in human serum and the selectivity in 
hemolyzed human serum using ELISA to support the method validation in the original final 
report.  

• Long-term stability as demonstrated up to 365 days at -80 ºC to -60 ºC 
• Established that there was no interference up to 5% hemolyzed human serum 
• Calibration standards – nominal concentrations: 156.00, 312.00, 625.00, 1250.00, 

2500.00, 5000.00, 10000.00 pg/mL 

— The overall calibration standard data were within the stated acceptance criteria 

• QC samples: 

— Nominal concentrations in 100% human serum: 5000.00 (LoQC), 20000.00 (MeQC), 
75000.00 (HiQC) pg/mL, diluted 1:10 in calibrator diluent RD6A prior to analysis 

— Except for 1 replicate LoQC, all other QC samples met acceptance criteria 

• Matrix effect: 

— Selectivity for 2% and 5% hemolyzed human serum was assessed 
— Blank and F-627 spiked QC samples at the concentration between LLOQ and LoQC 

(1000.00 pg/mL) were assessed 
— 5 samples of 2% hemolyzed human serum and 5% hemolyzed human serum were 

tested and all met acceptance criteria of 80% to 120% accuracy 
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• Long-term freezer stability: 

— Recovery for LoQC, HiQC, and > ULOQ samples that were at -80°C to -60°C for 
365 days was 107.8%, 108.0% and 98.7%, respectively, with precisions of 3.1%, 
4.0%, and 4.3%, respectively 

A second addendum to the report was finalized on June 1, 2020. This addendum validated a 
method for the determination of efbemalenograstim alfa-vuxw in human serum  

 the additional validation experiments based on a method transferred to  in 
Trial 8258-166 (Generon study number F-627-HM-BA-R01). 

• Validated method: ICSH 13-001 
• Validated range: 1562.50 to 100000 pg/mL 
• QC Levels: 

— LLOQ: 1562.50 pg/mL 
— LQC: 5000.00 pg/mL 
— MQC: 20000.00 pg/mL 
— HQC: 75000.00 pg/mL 
— ULOQ: 100000.00 pg/mL 

• MRD: 1:10 
• Calibration model: 4 Parametric 
• Weighting factor: 1/Y 
• Selectivity: 

— No matrix effect in normal human serum 
— Selectivity in disease matrix will be reported in sample analysis study 
— No matrix effect in 10% hemolyzed human serum 
— No matrix effect in 300 mg/dL lipemic human serum 

• Dilution linearity/hook effect: 

— 5:517120 
— No hook effect observed up to 808000000.00 pg/mL 

• F/T matrix stability: 6 cycles at -60 to -80°C 
• Bench top stability 47 hours, 58 min 
• Refrigerator stability: 72 hours, 10 min 
• Freezer stability: 26 months +1 month stability is ongoing 
• Accuracy and precision runs: 

— Calibration standards: 
 Nonzero calibrator points >6 excluding anchor points, 1 calibration curve/run, 2 

replicates, 3 runs minimum 
 Bias: +20% and +25% at LLOQ and ULOQ 
 Precision: CV <20% and <25% at LLOQ and ULOQ 
 VB12 to VB14 me the calibration curve criteria 
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— Quality controls  
 QC levels >5 (LLOQ, LQC, MQC, HQC, and ULOQ), at least 6 per level, 2 

replicates, 3 runs minimum 
 Intra-assay 

• Accuracy bias: +20% and +25% at LLOQ and ULOQ 
• Precision: CV <20% and <25% at LLOQ and ULOQ 
• Total error (absolute bias + intra-assay precision) should not exceed 30% (40% 

for LLOQ and ULOQ) 
• For acceptance, at least 2/3 (66.7%) A&P runs must meet intra-assay precision 

and accuracy criteria 
• Intra-assay bias, precision (CV%) and total error for the LLOQ, LQC, MQC, 

HQC and ULOQ were acceptable and within the target specifications 
 Interassay 

• Accuracy bias: +20% and +25% at LLOQ and ULOQ 
• Precision: CV <20% and <25% at LLOQ and ULOQ 
• Total error (absolute bias + intra-assay precision) should not exceed 30% (40% 

for LLOQ and ULOQ) 
• Interassay bias, precision (CV%) and total error for the LLOQ, LQC, MQC, HQC 

and ULOQ were within the target specifications 

• Subsequent validation runs 

— Calibration standards: 
 Nonzero calibrator points >6 excluding anchor points, 1 calibration curve/run, 2 

replicates 
 Bias: +20% and +25% at LLOQ and ULOQ 
 Precision: CV <20% and <25% at LLOQ and ULOQ 
 VB15 to VB21 met the calibration curve criteria 

— Quality controls: 
 QC levels >3 (LQC, MQC, and HQC), 2 per QC level, with 2 replicates 
 Target specification: 67% of the QC samples with at least 50% of QCs at each 

level 
 Bias: +20% 
 Precision: CV <20% 
 VB15 to VB21 met the acceptance criteria 

• Selectivity for normal/diseased, hemolyzed, and lipemic samples 

— Normal/Diseased: Minimum of 10 independent samples of appropriate matrix (10 
from breast cancer subjects) unspiked (blank) and spiked at LLOQ and ULOQ, 2 
replicates, and 1 run minimum 

— Hemolyzed: Minimum of 5 individual hemolyzed matrices, unspiked (blank) and 
spiked at LLOQ and ULOQ, 2 replicates, and 1 run minimum 
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— Lipemic: Minimum of 5 individual lipemic matrix, unspiked (blank) and spiked at 
LLOQ and ULOQ, 2 replicates, and 1 run minimum 

— Acceptable if the analyte recovery is within the accuracy and precision criteria in at 
least 80% of the spiked samples tested 

— Accuracy bias: +25% 

— Precision: CV <25% 

— Blank: unspiked sample < LLOQ level 

— Target specifications met for normal/diseased samples: 
 The ODs of 10/10 (100%) unspiked samples were < LLOQ, 10/10 (100%) spiked 

samples at LLOQ and ULOQ met criteria 

— Target specifications met for hemolyzed samples: 
 5/5 (100%) unspiked samples generated a result < LLOQ 
 4/5 (80%) spiked samples at LLOQ met criteria 
 5/5 (100%) samples at the ULOQ met criteria 

— Target specifications met for lipemic samples: 
 The ODs of 5/5 (100%) unspiked samples generated a result < LLOQ 
 4/5 (80%) spiked samples at LLOQ met criteria 
 5/5 (100%) samples at the ULOQ met criteria 

• Dilution linearity 

— Ultra-high concentration sample serially diluted prior to assay, minimum 5 samples 
with >3 dilutions within the working range, >2 dilutions (if possible) above ULOQ, 
and >1 dilution below LLOQ, 2 replicates, 1 run minimum 

— The back-calculated concentration of the individual samples diluted into the assay 
range should be within 20% (25% at LLOQ and ULOQ) of the expected value, with 
precision (CV%) ≤20% (25% at LLOQ and ULOQ) 

— >80% of samples in the quantitative range should meet these criteria 

— The CV% of the cumulative back-calculated concentrations for the in-range samples 
should be ≤20% 

— The samples prepared at concentrations above the ULOQ level should generate a 
response greater than ULOQ to demonstrate the absence of a “hook’ effect 

— Samples prepared to concentrations below the LLOQ should generate a response less 
than the LLOQ 

— 3 out of 5 dilution series should meet the above criteria 

— Target specifications met: 
 The ODs of the ultra-high and DL were higher than the ULOQ with no hook 

effect 
 Dilution linearity 1:517120 in addition to the MRD was acceptable 
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 Samples < LLOQ exhibited a response < LLOQ 

• Sample stability 

— Freeze-thaw stability 
 Samples: LQC, HQC, and Ultra-High QC concentrations 
 Conditions: freeze minimum of 24 hours, at -60 to -80°C for the first freeze; 

subsequent cycles should be frozen for at least 12 hours; thaw 1 hour +15 min at 
ambient room temperature 

 3 samples/level/F/T cycle, 2 replicates, 1 run minimum, with 4 and 6 freeze thaw 
cycles 

— Room temperature (RT) stability: 
 Samples at the LQC, HQC, and Ultra-High QC concentrations at 24+4 hours and 

48+4 hours, 3 samples/level, 2 replicates, 1 run minimum 

— Refrigerator stability: 
 Stability samples at the LQC, HQC, and Ultra-High QC concentrations 
 72+4 hours at 2 to 8°C, 3 samples/level/timepoint, 2 replicates, and 1 run 

minimum 

— Freezer stability: 
 Stability samples at the LQC, HQC, and Ultra-High QC concentrations 
 26 months +1 month, 3 samples/level, 2 replicates, and 1 run minimum 

— Target Specification: 
 Accuracy – Bias +20% 
 Precision CV <20% 

— Freeze-thaw target specifications met:  
 Freeze thaw stability assessed at 4 and 6 cycles 
 Bias and precision acceptable at the LQC, HQC, and Ultra-High QC for all cycles 

following storage at -60 to -80°C 

— RT target specifications met: 
 Assessed at 24 hours and 12 minutes and 17 hours and 58 minutes 
 Bias and precision were acceptable at the LQC, HQC and Ultra-High QC 

— Refrigerator stability: 
 Assessed up to 72 hours 10 minutes 
 Bias and precision ere acceptable at LQC, HQC and Ultra-High QC 

— Freezer stability: 
 Reported in addendum 
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• Three accuracy and precision (A&P) runs were initially performed in VB09 to VB11 and 
performed with curve fit 4PL weighed 1/Y2, but they failed to meet the calibration curve 
criteria 

— The wash buffer and sample dilution buffer preparation was optimized and validation 
was restarted from VB12 

• Three A&P runs were then performed in VB12 to VB14 

— VB12 failed to meet calibration curve criteria when performed regression with curve 
fit 4 PL weighed 1/Y2 

— VB12 to VB14 met the calibration curve criteria successfully when performed 
regression with curve fit 4 PL weighed 1/Y 

• Deviations: the calibration standards, QCs, and validation samples in VB12 to VB21 were 
diluted in assay buffer rather than RD6A. The kit component RD6A is limited, so the 
method changed the calibration standards and QC diluent to assay buffer, and the method 
was modified accordingly. The Applicant states that the deviation had no impact on the 
study. 

NNW-015-FR-01 is a report titled, “Method Transfer and Qualification for the Analysis of F-627 
in Human Serum.” This report was generated when an existing ELISA method for F-627 in 
human serum, supplied by Generon and previously validated over the analytical range 150-
10000 pg/mL, was transferred to the  laboratory. 

• Acceptance criteria for precision and accuracy were defined as: 

— Precision: <15% (assessed as CV% of the measured concentrations) 
— Accuracy: +30% (assessed as % deviation of the mean measured concentration from 

the nominal concentration) 

• Interassay precision and accuracy were assessed for the QCL, QCM, and QCH of 500, 
2000, and 7500 pg/mL, respectively 

— QCL, QCM, and QCH Precision %: 7.0%, 8.6%, and 8.4%, respectively 
— QCL, QCM, and QCH Accuracy %: 9.9%, 9.5%, and 7.3%, respectively 

• Intra-assay precision and accuracy were assessed for the QCL, QCM, and QCH of 500, 
2000, and 7500 pg/mL, respectively 

— QCL, QCM, and QCH Precision %: 4.4%, 4.6%, and 2.4%, respectively 
— QCL, QCM, and QCH Accuracy %: 16.3%, 19.7%, and 15.3% 

• Sample dilution precision and accuracy was assessed 

— 5000 ng/mL was diluted by a factor of 1000 in 3 steps (1/10×1/10×1/10) 
 Precision %: 6.4% 
 Accuracy %: 3.0% 

— 1000 ng/mL was diluted by a factor of 200 in 2 steps (1/10×1/20) 
 Precision %: 2.0% 
 Accuracy %: -6.4% 
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— 100 ng/mL was diluted by a factor of 40 prepared in a single step 
 Precision %: 4.7% 
 Accuracy %: -5.7% 

NNW-015-FR-02 is an analysis report titled, “Analysis of F-627 in Human Serum Samples from 
a Clinical Trial.” The study was designed to analyze samples from trial GC-F-627-01. The 
analysis was conducted in the laboratories   

• All ELISA plates and reagents used for the assay were supplied with the commercial 
Quantikine kit, Human G-CSF Immunoassay 

• QC samples were prepared at low, medium, and high concentrations (5, 20 and 75 ng/mL 
respectively), and were 10-fold in calibrator diluent RD6A (as per assay protocol) and 
assayed in duplicate for each analytical batch at the working concentration of 500, 2000 
and 7500 pg/mL 

• Calibration concentrations used in the assay were 156, 312, 625, 1250, 2500, 5000 and 
10000 pg/mL 

• All samples were required to be diluted with a minimum 3-fold dilution in calibrator 
diluent (RD6A) to avoid any interference from the serum 

• Batch acceptance criteria: 

— For QC samples, 4/6 must yield analytical results within +30% of the nominal 
concentration and at least 1 control must meet this criterion at each of the low, 
medium, and high values 

— For calibration standards, the back-calculated values were required to be within +30% 
of the nominal concentration 

— All analytical batches accepted met these acceptance criteria, and inspection of the 
data for the calibration standards and QCs show the following: 
 All batches would still meet an acceptance criteria set at +25% of the nominal 

concentration for quality controls using the same 4/6 rule applied above, with ate 
least one value passing at each concentration 

 All calibration standards were within +20% of the nominal concentration, except 
at the LLOQ value, where values were within +25% of nominal concentration 

• QC results 

— Results were precise to within ±6.8%, ±6.8% and ±7.5% of the mean measured 
concentrations of 567, 2165 and 7984 pg/ml, respectively, and accurate to within 
13.5%, 8.3% and 6.4% of the nominal concentrations of 500, 2000 and 7500 ng/ml, 
respectively 

• Long-term frozen storage stability 

— Long-term frozen storage stability was assessed after quality control samples had 
been held in frozen storage (-80°C) for at least 112 days, which was the maximum 
time clinical samples were held in frozen storage from collection to completion of 
analysis 
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— QC samples that had been held at -80°C for 120 days were analyzed in duplicate 

— Mean measured concentrations at the low, medium, and high concentrations were 
within +12.2% when compared with the mean measured concentrations from the 
duplicate analysis of the Day 0 reference set 

— The current  Standard Procedure for Assay Validation states that the 
concentrations of frozen storage samples should be within ±15% of the 
concentrations of their respective reference set 

• Calibration standards of 156, 321, 625, 1250, 2500, 5000, and 10000 pg/mL were used, 
and precision ranged from 0.1 to 8.8%, while accuracy ranged from -4.9 to 1.4% across 
batches. 

• Quality control data values were 500 pg/mL for the QCL, 2000 pg/mL for the QCM, and 
7500 pg/mL for the QCH, and precision ranged from 6.8% to 7.5%, while accuracy 
ranged from 6.4% to 13.5% across batches. 

• Of note,  was requested to reanalyze selected samples from the study by Generon 
Corporation after it was noted that the measured concentrations for F-627 in Cohort 5 
were similar to those in Cohort 4 (at the 360 and 240 μg/mL doses)  

— All original batches for Cohorts 4 and 5 met acceptance criteria for standards and 
quality control samples, although Cohort 5 batches (lot no. 279329) were conducted 
on a different batch of ELISA kits to the ones used for Cohorts 1-4 (lot no. 276628) 

— Generon asked that a selected number of samples from Cohorts 4 and 5 be reanalyzed 
for comparison to the original results on the remaining ELISA plates held at  
from lot no. 279329 

— 3 subjects were chosen at random from each of the cohorts and were reanalyzed with 
a 200-fold dilution during sample preparation 

— Back-calculated results for quality control samples were within +6.0% of the nominal 
concentration 

— The acceptance criteria applied to the reanalyzed samples were based on those 
applied to ISR (Incurred Sample Reanalysis) – 2/3 of the repeat samples should agree 
with 30% of the variability 
 This criterion was met for all re-assayed samples, so the original results stand as 

the reported results for the study 
Study 8258-164 is an analysis report titled, “Determination of F-627 in Human Serum Samples 
Using ELISA from Clinical Study Phase I Trial 2012-F-627-CH1.” 

• Calibration standard quantifiable range in calibrator diluent RD6A: 156.00-
10000.00 pg/mL 

— Nominal concentrations in calibrator diluent RD6A: 156.00, 12.00, 625.00, 1250.00, 
2500.00, 5000.00, and 10000.00 pg/mL 

• Quality control sample nominal concentrations in 100% human serum: 5000.00 (LoQC), 
20000.00 (MeQC), and 75000.00 (HiQC) pg/mL 

Reference ID: 5278513

(b) (4)

(b) (4)

(b) (4)



BLA 761134  
Ryzneuta (efbemalenograstim alfa-vuxw) 

212 
Integrated Review Template, version 3.0 (05/25/2022) 

• Quantifiable range in 100% human serum: 468.00-30000.00 pg/mL 

• Minimum dilution: 1:3 

• Number of FT cycles: 3 

• Refrigerator (2-8°C): 16 hours 

• RT stability: 24 hours 

• Long term stability: 365 days at -80 to -60°C 

• Dilutional linearity: 1:2000 in addition to the minimum required dilution of 1:3 

• Sample dilutions: initially diluted 1:3 in calibrator diluent RD6A (MRD), any further 
dilutions were performed in calibrator diluent RD6A 

• Calibration standard data:  

— For the quantifiable range of the curve in 100% human serum, the interassay 
precision of the back-calculated concentrations for calibration standards from 
reported batches was <8.3% and the bias of the back-calculated concentrations within 
this range varied between -1.5 and 1.0% 

— Acceptance criteria:  
 Precision (CV%) between replicates should not exceed 20% (LLOQ and ULOQ 

+25%) 
 Back-calculated concentrations of 6 of 7 calibration standards in the quantifiable 

range must be within +20% RE of their respective nominal values (LLOQ and 
ULOQ +25%) 

• Quality control data:  

— The interassay precision in the determination of the QC samples was 8.4% at the 
LoQC, 8.1% at the MeQC, and 8.3% at the HiQC 

— Bias was 3.9%, -0.1%, and -1.8% for the LoQC, MeQC, and HiQC, respectively 

— Acceptance criteria: 
 Precision between QC replicates should not exceed 20% based on concentration 
 4 of the 6 QC samples analyzed must generate a result within +20% RE of the 

nominal concentration, with one QC sample representing each level 

• Sample data: 

— All samples were analyzed within long-term frozen stability, and no sample exceeded 
FT/RT stability 

— A total of 50 samples were analyzed for ISR analysis – 47 samples (94.0%) have 
<30% variability between the original and ISR concentration which met the 
acceptance criteria  
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— Acceptance criteria: 
 Precision (CV%) between sample replicates should not exceed 20% based upon 

concentration 
 No extrapolation above the ULOQ or below the LLOQ should be performed 
 For ISRs, 2/3 of the ISR repeat analysis results and the original result should be 

within 30% of each other 
F-627-HM-BA-R01 is a bioanalytical method validation report to validate an ELISA method for 
measurement of efbemalenograstim alfa-vuxw in human serum. 

• There was linearity in the range of 156-10000 pg/mL based on the fitting of 4-parameter 
equation 

• Standard curves of 2 standards (G-CSF and F-627 standard) were nearly parallel and there 
was nice linearity when fitting with the 4-parameter equation and using F-627 as a 
standard 

— Absorbance for each standard was plotted on the y-axis against the concentration on 
the x-axis 

— The R2 value was 1 when fitting with the 4-parameter equation 

— The R2 value was 0.997 and the slope rate was 0.923 and 0.875 individually when 
fitting with the double log equation 

• Serum samples higher than the ULOQ were multiproportion diluted within the detection 
range after predilution 

• Recovery value was 91.6-104.5% indicating dilution linearity 

• Repeatability assay of 3 QC samples (high, medium, and low concentration) showed the 
intra-assay RSD value and recovery value were 0.9-5.6% and 82.3-107.4%, respectively 

• The interassay RSD value and recovery value were 3.0-8.4% and 83.7-103.7%, 
respectively 

• The LLOQ was 0.47 ng/mL 

• The recovery value of the samples was 90.8%-99.6% when treated with the following 
conditions: freeze-thawed once (QC sample), incubated for 2 hours at room temperature, 
incubate for 16 hours at 2-8°C, and freeze-thawed three times 

• Recovery of F-627 in different dilution folds of serum was assessed, and the original 
serum influenced recovery the most, and recovery was 88.4-116.3% when serum 
concentration was lower than 33% (dilution fold >3); the results met the criteria of 
bioanalysis 

• When diluted in calibrator diluent RD6A, the RSD value was 4.8% and the recovery value 
was 80.5%-90.0% under the F-627 standard concentration of 156 pg/mL 

• The RSD value was 2.2% and recovery value was 91.1%-95.8% under 10000 pg/mL 
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• When diluted in 33% pooled human Serum/RD6A, the RSD value was 2.7% and recovery 
value was 115.0%-123.0% under 156pg/mL, and the RSD value was 1.0% and recovery 
value was 110.9%-112.8% under 10000 pg/mL 

• Serum samples were diluted in 3-folds or more in Calibrator Diluent RD6A, thus LLOQ 
of serum was 156 pg/mL×3=0.47ng/mL 

8396-956 is a bioanalytical report for determination of F-627, Anti-F-627 Antibodies, and Anti-
G-CSF antibodies in human serum samples in support of clinical trial GC-627-05. 

• No two consecutive out-of-specification calibrator points within the range of quantitation 
(LLOQ through ULOQ) may be masked 

• A calibration point with acceptable CV% and %Bias may not be masked to enable the 
calibration curve to compute the concentration of validation samples or controls within 
target acceptance limits  

• 75% of standards within the quantifiable range (LLOQ to ULOQ) must be included 
(minimum of 6 nonzero calibration standards); 25% may be masked from the curve 

• Calibration points within the quantitative range that fail to meet %Bias or precision 
criteria must be masked 

• For experimental design, there are to be >6 nonzero calibrator points (excluding anchor 
points), n=1 calibration curve/run, with 2 replicates 

• Target specifications 

— Accuracy (expressed as % bias): 
 Bias: +20% 
 Bias: +25% at LLOQ and ULOQ 

— Precision (expressed as %CV) 
 CV: <20% 
 CV: <25% at LLOQ and ULOQ 

• Quality controls – acceptance criteria 

— Two sets of QCs (LQC, MQC, and HQC) must be included at the start and end of 
each plate 

— At least 67% of all QC samples, with >50% at each level must generate a result 
within ±20%Bias of the nominal value and precision between sample replicates of 
<20% 

— Accuracy (expressed as % bias): +20% 

— Precision (expressed as %CV): <20% 

• Samples – acceptance criteria 

— Precision (CV%) between sample replicates should not exceed 20% based upon 
concentration (does not apply to samples falling below the LLOQ) 
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— No extrapolation of data above the ULOQ should occur; the sample will be repeated 
at a higher dilution where possible 

— No extrapolation of data below the LLOQ should occur (should be reported as 
< LLOQ or BLQ) 

— Should not undergo more than 6 F/T cycles 

— The highest validated dilution for a sample is 1 in 517120 in sample dilution buffer 
(additional to the minimum required dilution of 1 in 10). 

• Control matrix: human blank serum 

• Curve fit/weighting factor: 4PL weighted 1/Y 

• MRD: 1:10 

• Calibration range: 1562.5 to 100000 pg/mL 

• LLOQ: 1562.5 pg/mL 

• ULOQ: 100000 pg/mL 

• Matrix storage condition: -60 to -80°C 

• Sample storage temperature: -60 to -80°C 

• Freeze/thaw stability: 6F/T at -60 to -80°C 

• Room temperature stability: 47 hours, 58 min 

• Refrigerated temperature (2-8°C) stability: 72 hours 10 min 

• Matrix sample long term stability: at least 365 days at -60 to -80°C; the 26 months +1 
month stability is ongoing 

• Dilution linearity: maximum dilution factor up to 1 in 51720 from 808000000 pg/mL 
(MRD excluded) 

• Hook effect: non observed 

• Matrix effect: none observed in normal human serum, hemolyzed human serum, lipemic 
human serum, and disease human serum 

• ISR was performed using study samples from women with breast cancer 

• Interassay precision of the back-calculated concentrations from reported batches was 
<2.8% for the useable range of the curve (1562.50 pg/mL to 100000.00 pg/mL) 

• The interassay bias% of the back-calculated concentrations within the range varied 
between -0.3% and 0.3% 

• The interassay precision in the determination of the QC samples was 6.1% at the LQC, 
4.7% at the MQC, and 5.0% at the HQC 

• The mean accuracy bias % at the LQC, MQC, and HQC were -2.3%, -1.8%, and -1.5%, 
respectively 
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• Incurred sample reproducibility (ISR) was performed on 100 samples. Three samples had 
poor reproducibility; therefore, 97.3% met the required criteria, indicating that the method 
generated reproducible results  

• Selectivity was assessed in SB46 unspiked and spiked at the LLOQ and ULOQ to evaluate 
the ability of the assay to accurately determine F-627 in the presence of disease population 
with breast cancer in the predose samples for 10 subjects 

— 10 of 10 unspiked samples generated a result lower than the LLOQ 

— 9 of 10 spiked samples met criteria at the LLOQ 

— 10 of 10 spiked samples met criteria at the ULOQ 

• Parallelism was assessed in SB45 – the precision between samples in a dilution series 
within the quantification range was <4.6%, indicating the recovery of F-627 from the 
study-derived matrix was similar with its recovery from normal matrix used during 
method validation 

• Amendment 01: No changes to PK section 

• Amendment 02: “All PK primary samples will be analyzed for PK” was updated to, “All 
PK primary samples from F-627 group will be analyzed for PK.” 

• Amendment 03: No changes to PK section 
8337-103 is a bioanalytical report for determination of F-627 in human serum samples using 
ELISA from phase 1 clinical Trial, GC-F-627-03. 

• The method was partially validated previously (8258-165) 

• LLOQ: 468.00 pg/mL 

• ULOQ: 30000.00 pg/mL 

• Calibration standard quantifiable range in calibrator diluent RD6A: 156.00-
10000.00 pg/mL 

• Minimum dilution: 1:3 

• Number of freeze thaw cycles: 3 

• Refrigerator stability (2-8°C): 16 hours 

• Room temperature stability: 24 hours 

• Long term stability: 365 days at -80°C to -60°C 

• Dilutional linearity: 1:2000 (in addition to the minimum required dilution of 1:3) 

• Sample acceptance criteria: 

— Precision of <20% 

— Samples should not be subjected to more than 24 hours at room temperature or more 
than 3 freeze thaw cycles 

— No extrapolation above the ULOQ or below the LLOQ should occur 

Reference ID: 5278513



BLA 761134  
Ryzneuta (efbemalenograstim alfa-vuxw) 

217 
Integrated Review Template, version 3.0 (05/25/2022) 

— The highest validated dilution for a sample is 1:2000 (in addition to MRD 1:3) 

• A total of 15 runs were performed for sample analysis, including 1 qualification run. The 
15 runs passed, and data were reported. 

• Calibration curve acceptance criteria: 

— Accuracy: 80-120% of the nominal concentration at 312.00 pg/mL to 5000.00 pg/mL; 
75%-125% of the nominal concentration at 156.00 pg/mL and 10000.00 pg/mL 

— Precision: <20% at 312.00 pg/mL to 5000.00 pg/mL; <25% at 156.00 pg/mL and 
10000.00 pg/mL 

— Minimum of 6 valid calibration points between 156.00 and 10000.00 pg/mL 

— One calibration standard can be dropped from the working range of the curve if an 
outlier (high CV) is observed, or a known error occurred 

• Calibration standard data: 

— Interassay precision of the back-calculated concentrations for calibration standards 
from reported runs was <6.4%; bias of the back-calculated concentrations within this 
range varied between -5.0% and 1.5% 

• QC sample acceptance criteria: 

— Accuracy: 80-120% of the nominal concentration; 75% to 125% at the LLOQ and 
ULOQ 

— Precision: <20% (+25% at LLOQ and ULOQ) 

— Minimum of 2/3 QC samples, one at each level, are required to meet the criteria for 
accuracy and precision for the batch to be considered valid 

• QC data: 

— The interassay precision was 5.8% at the LoQC (5000 pg/mL), 5.8% at the MeQC 
(20000 pg/mL), and 6.1% at the HiQC (75000 pg/mL) 

— Bias was 9.0%, 6.7%, and 5.5% for the LoQc, MeQC, and HiQC, respectively 

• Samples were analyzed within long-term frozen stability and no samples exceeded FT/RT 
stability 

• 36 samples were analyzed for ISR and 100% had less than 30% variability between the 
original and ISR concentration 

8330-044 is a bioanalytical report for determination of F-627 in human serum samples using 
ELISA from phase 1b Trial SP11502. 

• The method was partially validated previously (8258-165) 

• Calibration standard quantifiable range in calibrator diluent RD6A: 156.00-
10000.00 pg/mL 

• Quantifiable range in 100% human serum: 468.00-30000.00 pg/mL 

• Minimum dilution: 1:3 
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• Number of freeze thaw cycles: 3  

• Refrigerator (2-8°C): 16 hours 

• Room temperature stability: 24 hours 

• Long term stability: 365 days at -80°C to -60°C 

• Dilutional linearity: 1:2000 (in addition to the minimum required dilution of 1:3) 

• Calibration model: 4 Parametric 

• Sample acceptance criteria: 

— Precision of <20% 

— Samples should not be subjected to more than 24 hours at room temperature or more 
than 3 freeze thaw cycles 

— No extrapolation above the ULOQ or below the LLOQ should occur 

— The highest validated dilution for a sample is 1:2000 (in addition to MRD 1:3) 

• 9 batches were performed including 1 qualification batch and 8 sample analysis batches, 
and all 9 batches passed 

• Calibration curve acceptance criteria: 

— Accuracy: 80-120% of the nominal concentration at 312.00 pg/mL to 5000.00 pg/mL; 
75%-125% of the nominal concentration at 156.00 pg/mL and 10000.00 pg/mL 

— Precision: <20% at 312.00 pg/mL to 5000.00 pg/mL; <25% at 156.00 pg/mL and 
10000.00 pg/mL 

— Minimum of 6 valid calibration points between 156.00 and 10000.00 pg/mL 

— One calibration standard can be dropped from the working range of the curve if an 
outlier (high CV) is observed, or a known error occurred 

• Calibration standard data: 

— For the quantifiable range of the curve (468.00 pg/mL to 30000.00 pg/mL), the 
interassay precision of the back-calculated concentrations for calibration standards 
from reported batches was <6.2%; bias of the back-calculated concentrations within 
this range varied between -5.8% and 2.0% 

• QC sample acceptance criteria: 

— Accuracy: 80-120% of the nominal concentration; 75% to 125% at the LLOQ and 
ULOQ 

— Precision: <20% (+25% at LLOQ and ULOQ) 

— Minimum of 2/3 QC samples, one at each level, are required to meet the criteria for 
accuracy and precision for the batch to be considered valid 
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• Quality control data: 

— Interassay precision: 8.5% at the LoQC (5000.00 pg/mL), 6.3% at the MeQC 
(20000.00 pg/mL), 5.9% at the HiQC (75000.00 pg/mL) 

— Bias: 2.6% at the LoQC, 1.1% at the MeQC, and 0.6% at the HiQC 

• Samples were analyzed within long-term frozen stability and no samples exceeded FT/RT 
stability 

• 24 samples were analyzed for ISR and 100% had less than 30% variability between the 
original and ISR concentration 

8262-684 is a bioanalytical report for determination of F-627 in human serum samples using 
ELISA from phase 1b Trial SP-CDR-1-1301. 

• The method was partially validated previously (8258-165) 

• Calibration standard quantifiable range in calibrator diluent RD6A: 156.00-
10000.00 pg/mL 

• Quantifiable range in 100% human serum: 468.00-30000.00 pg/mL 

• Minimum dilution: 1:3 

• Number of freeze thaw cycles: 3  

• Refrigerator (2-8°C): 16 hours 

• Room temperature stability: 24 hours 

• Long term stability: 365 days at -80°C to -60°C 

• Dilutional linearity: 1:2000 (in addition to the minimum required dilution of 1:3) 

• Sample acceptance criteria: 

— Precision of <20% 

— No extrapolation above the ULOQ or below the LLOQ should occur 

• 22 runs were performed including 1 qualification run 

— 2 runs (SB01 and SB02) failed QC criteria and were rejected 

— Remaining 20 runs passed and data were reported  

• Calibration curve acceptance criteria: 

— Precision: <20%; <25% at ULOQ and LLOQ 

— 6 of 7 calibration standards in the quantifiable range must be within +20% RE of their 
respective nominal values (+25% for LLOQ and ULOQ) 

• Calibration standard data: 

— For the quantifiable range of the curve (156.00 pg/mL to 10000.00 pg/mL), the 
interassay precision of the back-calculated concentrations for calibration standards 
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from reported runs was <9.5%; bias of the back-calculated concentrations within this 
range varied between -2.2% and 0.7% 

• QC sample acceptance criteria: 

— Precision: <20% 

— 4 of the 6 QC samples must generate a result within +20% RE of the nominal 
concentration with at least one QC representing each level 

• Quality control data: 

— Interassay precision: 7.1% at the LoQC (5000.00 pg/mL), 5.9% at the MeQC 
(20000.00 pg/mL), 5.2% at the HiQC (75000.00 pg/mL) 

— Bias: 6.1% at the LoQC, 4.1% at the MeQC, and 2.9% at the HiQC 

• Samples were analyzed within long-term frozen stability and no samples exceeded FT/RT 
stability 

Fifty-four samples were analyzed for ISR and 100% had less than 30% variability between the 
original and ISR concentration  

14.4. Immunogenicity Assessment—Impact of 
PK/PD, Efficacy, and Safety 

See Section 14.5.1. 

14.5. Pharmacometrics Assessment 

14.5.1. Summary of Applicant’s Population PK Analysis 
Population PK analysis was conducted using 2495 evaluable efbemalenograstim (F-627) 
concentrations in a total of 289 subjects, including 39 female subjects with breast cancer from 
three phase I trials 2012-F-627-CH1 (STDY 1), SP-CDR-1-1301 (STDY 2), SP11502 (STDY 3), 
54 healthy male subjects from two phase I trials GC-F-627-01 (STDY 4), GC-F-627-03 (STDY 
5), and 196 female subjects with breast cancer from the phase 3 trial GC-F-627-05 (STDY 6). 
The dose range included weight-based dosing (30, 60, 80, 120, 240, 320, and 360 μg/kg) and a 
20 mg fixed dose. Summary statistics of the continuous and categorical covariates that were 
evaluated in the population PK analysis are shown in Table 123. 
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Table 123. Summary Statistics for the Continuous and the Categorical Covariates in the 
Population PK Analysis 

 

 
Source: F-627 Population PK Analysis Report, Table 5. 

The Applicant claimed that a one-compartment model with first order absorption and elimination 
adequately described the efbemalenograstim concentration data. Lean body mass (LBM), age 
and dosing (weighted-adjusted dosing or fixed dosing) was found to influence CL/F; formulation 
was found to influence V/F; age and formulation were found to influence KA.  

The final function form for population KA is expressed as below: 

• For liquid formulation, TVKA =0.0213*EXP(-0.0146*(AGE-47)) *1.427; 
• For lyophilized formulation, TVKA =0.0213*EXP(-0.0146*(AGE-47)). 

The final function form for population CL/F is expressed as below: 

• For fixed dosing, TVCL =1.44*[(LBM/47.98) **0.803]*[(AGE/47)**0.191)]-1.03; 
• For weight-adjusted dosing, TVCL =1.44*[(LBM/47.98)**0.803]*[(AGE/47)**0.191]. 
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The final population V/F is expressed as below: 

• For liquid formulation, TVV =7 
• For lyophilized formulation, TVV =20.3 

The final efbemalenograstim PK model parameter estimates and the corresponding 95% 
confidence intervals (CIs) from Bootstrap are presented in Table 124. The goodness-of-fit plots 
for the final efbemalenograstim PK model are present in Figure 35. The prediction-corrected 
visual predictive check (pcVPC) based on all data from six studies (Figure 36) illustrated the 
prediction percentiles and corresponding 95% CI of simulated concentrations overlaid on the 
observed efbemalenograstim (F-627) concentrations and the corresponding 5th and 95th 
percentiles. 

Table 124. Population PK Parameters of Efbemalenograstim From the Applicant’s Final PK Model 

 
Source: F-627 Population PK Analysis Report, Table 9. 
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Figure 35. Goodness-of-Fit Plots for the Applicant’s Final Population PK Model for 
Efbemalenograstim 

 

  
Source: F-627 Population PK Analysis Report, Figures 31, 32, 33, and 35. 
Abbreviations: CWRES, conditional weighted residuals; DV, dependent variable (observed) ; IPRED, individual predictions; PK, 
pharmacokinetic; PRED, population predictions 
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Figure 36. Prediction Corrected Visual Predictive Check for the Applicant’s Final 
Efbemalenograstim Model 

 
Source: F-627 Population PK Analysis Report, Figure 38. 

Reviewer’s Comments: The Applicant’s final population PK model as described above is 
inadequate to describe the efbemalenograstim serum concentration-time profiles following the 
administration of efbemalenograstim ranged from 30 mg/kg to 360 mg/kg SC and 20 mg SC once 
every chemotherapy cycle. The dose escalation studies (GC-F-627-01 and 2012-F-627-CH1) 
indicated a saturable clearance mechanism for efbemalenograstim. The Applicant also claims in 
Section 12.3 of draft labeling that “serum clearance is directly related to the number of 
neutrophils.” However, this saturable clearance mechanism was not implemented in Applicant’s 
final PopPK model, which led to inaccurate prediction of the observed PK profiles. This was 
confirmed based on the Agency’s independent Goodness-of-fit assessment (Figure 37) using the 
Applicant’s final population PK model. The population prediction (PRED) versus observed (DV) 
(Figure 37 Panel A) and individual predictions (IPRED) versus DV (Figure 37 Panel B) plots 
indicate significant underpredictions of observed concentrations above 1000 ng/mL. The 
conditional weighted residuals (CWRES) versus PRED (Figure 37 Panel C) and CWRES versus 
Time (Figure 37 Panel D) also indicate significant trends of CWRES by PRED and over time. 
These GOF plots indicated that the Applicant’s final PopPK model failed to well characterize 
the observed efbemalenograstim concentrations time profiles. 
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Figure 37. Reviewer’s Goodness-of-Fit Plots Stratified by Study and Treatment Cycle Based on 
Applicant’s Final Population PK Model 

 
Source: Reviewer’s analysis. 
Abbreviations: CWRES, conditional weighted residuals; DV, dependent variable (observed); PK, pharmacokinetic; PRED, 
population predictions 

Reviewers noticed that the Applicant tested several base structural models for 
efbemalenograstim, such as parallel baseline ANC-mediated nonlinear clearance and linear 
clearance, etc. However, all those models were ill-conditioned with condition number >1000. 
This may be potentially due to imbalanced sample size and PK samples in lower dose levels 
(≤120 μg/kg) versus higher dose levels (≥240 μg/kg). The estimation of PK parameters may be 
mainly driven by majority of PK data at doses ≥240 μg/kg, where clearance of 
efbemalenograstim was probably saturated. Reviewers requested the Applicant to reconduct the 
PopPK analysis to reflect the nonlinear PK characteristics of efbemalenograstim at the studied 
dose range. However, the Applicant’s updated models were still ill-conditioned with condition 
number >1000. In addition, some covariate models failed to converge. Therefore, Reviewer 
conducted independent PopPK analysis using MONOLIX 2020 software in the following steps:  

• Determine an optimal base structural model using PK data only from two dose escalation 
studies (GC-F-627-01 and 2012-F-627-CH1).  
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• Fix some PK parameters (e.g., maximum nonlinear clearance (Vmax), efbemalenograstim 
concentration at half of Vm [Km]), which was not able to be estimated accurately by 
pooling PK data at the saturated doses (i.e., ≥240 μg/kg) from phase 3 studies. 

• Incorporate time dependent clearance into base model to account for the remarkable 
difference in PK between cycle 1 and cycle 3 based on full PK dataset.  

• Conduct covariate analysis using the full PK dataset to achieve the final PopPK model. 
Based on the Reviewer’s independent analysis, the PK of efbemalenograstim was best 
characterized by a one-compartment model with delayed first order absorption rate constant 
(tlag and ka), parallel linear (CL/F) and nonlinear elimination (Vmax, Km) together with time 
dependent clearance (TDmax and TD50) on linear CL/F. The interindividual variability (IIV) 
was estimated as log-normally distributed with a nonzero covariance on apparent clearance 
(CL/F), apparent volume of distribution (V/F), with a block omega on CL/F and V/F.  

Covariate analysis identified three statistically significant covariates, including effect of lean 
body weight (LBM) on Vmax, effect of race (Chinese Han versus others) on V/F, and effect of 
age on Ka. Sex, weight, baseline ANC, BMI, formulation, and weight-adjusted dosing (0: no; 1: 
yes) had no clinically meaningful effect on efbemalenograstim PK. The equations of the final 
covariate models are the following: 

𝐤𝐤𝐤𝐤 = 𝟎𝟎.𝟎𝟎𝟎𝟎𝟎𝟎𝟎𝟎 × (
𝐤𝐤𝐚𝐚𝐚𝐚
𝟒𝟒𝟒𝟒

)−𝟎𝟎.𝟒𝟒𝟒𝟒 

𝐕𝐕𝐕𝐕𝐤𝐤𝐕𝐕 = 𝟎𝟎𝟎𝟎.𝟑𝟑 × (
𝐋𝐋𝐋𝐋𝐋𝐋
𝟒𝟒𝟒𝟒

)𝟏𝟏.𝟑𝟑𝟒𝟒 

𝐕𝐕/𝐅𝐅 = 𝟏𝟏.𝟎𝟎𝟑𝟑 × (𝟏𝟏.𝟏𝟏𝟏𝟏)𝐫𝐫𝐤𝐤𝐫𝐫𝐚𝐚 

The final efbemalenograstim PK model parameter estimates and the corresponding 95% 
confidence intervals (CIs) from Bootstrap are presented in Table 125. PK parameters such as tlag, 
ka, Vmax, and Km were fixed to the estimated values from the base structure model based on 
intensive PK data from phase 1 studies. 

Table 125. Population PK Parameters of Efbemalenograstim From the Reviewer’s Final PK Model 
and Bootstrap 

Parameters 
Model 
Term Estimate 

Asymptotic Bootstrap 
RSE(%) 95% CI Median [95% CI] 

tlag θ 0.36 (fixed) - - 0.36 
ka θ 0.0096 (fixed) - - 0.0096 
Age on ka × (

𝑎𝑎𝑎𝑎𝑎𝑎
47

)𝜃𝜃 -0.42 15.3 -0.545, -0.295 -0.42 [-0.517, -0.317] 

V/F θ 1.93 6.82 1.675, 2.185 2.00 [1.824, 2.177] 
Race on V/F × 𝜃𝜃𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅  1.15 11.7 0.895, 1.405 1.15 [0.817, 1.456] 

CL/F θ 0.054 6.45 0.047, 0.061 0.055 [0.048, 0.063] 
Vmax θ 66.3 (fixed) - - 66.3 

LBM on Vmax × (
𝐿𝐿𝐿𝐿𝐿𝐿

47
)𝜃𝜃 1.32 9.06 1.085, 1.555 1.272 [1.019, 1.515] 
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Parameters 
Model 
Term Estimate 

Asymptotic Bootstrap 
RSE(%) 95% CI Median [95% CI] 

Km θ 9.56 (fixed) - - 9.56 
TDmax θ 6.01 15.9 4.128, 7.892 5.964 [4.011, 8.595] 
TD50 θ 103.48 12.7 77.80, 129.16 104.44 [61.253, 155.311] 
Interindividual variability 
tlag ω 0.19 13.0 0.143, 0.237 0.219 [0.152, 0.626] 
ka ω 0.30 6.46 0.263, 0.337 0.286 [0.242, 0.328] 
V/F ω 0.74 6.26 0.648, 0.832 0.708 [0.565, 0.860] 
CL/F ω 0.76 7.12 0.654, 0.866 0.715 [0.577, 0.846] 
Vmax ω 0.26 7.42 0.221, 0.299 0.259 [0.213, 0.298] 
Km ω 0.51 9.11 0.420, 0.600 0.549 [0.422, 0.671] 
TDmax ω 1.65 7.76 1.395, 1.905 1.573 [1.377, 1.795] 
Residual variability 
Log-additive error σ 0.39 1.89 0.376, 0.404 0.391 [0.373, 0.408] 

Source: Reviewer’s analysis. 
Abbreviations: CI, confidence interval; CL/F, apparent clearance; ka, absorption rate constant; Km, concentration associated with 
50% of Vmax; LBM, lean body mass; RSE, relative standard error; TD50, dose for a toxic effect in 50% of population; TDmax, maximal 
tolerated dose; tlag, absorption lag time; V/F, apparent volume of distribution; Vmax, maximum nonlinear clearance 

The goodness-of-fit plots for the final efbemalenograstim PK model are presented in Figure 38. 
The prediction-corrected visual predictive check (pcVPC) based on all PK data (Figure 39) and 
stratified by dose (Figure 40) and study (Figure 41) illustrated that the prediction percentiles and 
corresponding 95% CIs of simulated concentrations overlaid on the observed efbemalenograstim 
concentrations and the corresponding 5th and 95th percentiles. 
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Figure 38. Goodness-of-Fit Plots for the Reviewer’s Final Population PK Model for 
Efbemalenograstim  

 

  
Source: Reviewer’s analysis. 
Abbreviations: CWRES, conditional weighted residuals; PK, pharmacokinetics 
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Figure 44. Influence of Body Weight on Efbemalenograstim AUC in the Reviewer’s Final Model 

 
Source: Reviewer’s analysis. 
Abbreviations: AUC, area under the plasma concentration-time curve 

Figure 45. Influence of Body Weight on Efbemalenograstim Cmax in the Reviewer’s Final Model 

 
Source: Reviewer’s analysis. 
Abbreviations: Cmax, maximum plasma concentration 

Overall, Reviewers agree with the Applicant’s the statement in Section 12.3 of labeling that no 
clinically significant differences were observed based on age (20 to 83 years) or body weight (43 
to 137 kg). 

• To assess the influence of immunogenicity on the PK of efbemalenograstim, the presence 
of antidrug antibody (ADA) was tested as a categorical variable in the final PopPK model. 
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The results showed that ADA was not a statistically significant covariate on any PK 
Parameters of efbemalenograstim. In addition, the final model was fit to the data 
excluding 30 subjects whose ADA test results were positive. The exclusion of these 30 
subjects did not significantly change the final estimates and precision of PK parameters of 
final model. Taken together, PopPK analysis results suggested that the presence of ADA 
had no significant effect on the PK of efbemalenograstim, and thus no clinically 
meaningful impact of ADA on efbemalenograstim efficacy and safety is expected. 

• The reviewer’s final PopPK model was used to derive the individual PK parameters to 
support the labeling language in Section 12.3. The geometric mean (CV) of PK parameters 
in subjects with breast cancer who were on the recommended dosing regimen are 
presented in Table 126.  

Table 126. Summary of Individual Predicted Efbemalenograstim Exposure With Fixed Dose 20 mg, 
Cycle 1 and Cycle 3 

Parameter 
Cycle 1 Cycle 3 

Geometric Mean CV% Geometric Mean CV% 
AUC21d (ng∙h/mL) 54788.36 110 26125.43 168 
AUCinf (ng∙h/mL) 54857.94 110 26217.08 167 
Cmax (ng/mL) 1084.50 92 525.42 163 
Cl/F (L/h)  0.36 110 0.76 167 
V/F (L) 18.8 257 40.7 387 
Half-life (h) 35.64 108 36.94 120 
Tmax (h) 40.87 61 26.24 92 

Source: Reviewer’s analysis. 
Abbreviations: AUC21d, area under the plasma concentration-time curve from time 0 to day 21; AUCinf, area under the plasma 
concentration-time curve from time 0 extrapolated to infinite time; Cl/F, apparent clearance; Cmax, maximum serum concentration; 
V/F, apparent volume of distribution; Tmax, time to peak plasma concentration 

• The derived individual PK exposures from the reviewer’s final model were further used 
for the following exposure-response (E-R) analyses for both efficacy and safety.  

14.5.2. Summary of Applicant’s Exposure-Response 
Analysis 

14.5.2.1. Summary of Applicant’s Exposure-Response for 
Efficacy 

The Applicant’s E-R for efficacy analysis of efbemalenograstim was conducted in 196 subjects 
from phase 3 trial GC-F-627-05. One subject from the efbemalenograstim treatment group was 
not included in this analysis due to lack of individual PK parameters. There was no missing 
efficacy data. The E-R analysis dataset covered a body weight range between 45 and 137 kg and 
an age range of 28 and 83 years old. Table 127 shows statistical summaries of baseline 
continuous covariates for the evaluable subjects, while Table 128 shows statistical summaries of 
baseline categorical covariates.  
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Table 127. Summary of Baseline Continuous Covariates for the Efficacy E-R Dataset 

 
Source: gc-627-05-exposure-response-report table 4-1. 
Abbreviations: E-R, exposure-response; SD, standard deviation 

Table 128. Summary of Baseline Categorical Covariates for the Efficacy E-R Dataset 

 
Source: gc-627-05-exposure-response-report table 4-2. 
Abbreviations: ECOG, Eastern Cooperative Oncology Group; E-R, exposure-response 

The distribution of duration of severe neutropenia (DSN) in trial GC-627-05 is depicted in 
Figure 46. Approximately 88% of the subjects has zero day of DSN. Therefore, zero-inflated 
Poisson regression was selected to account for these zero observations. 

Reference ID: 5278513



BLA 761134  
Ryzneuta (efbemalenograstim alfa-vuxw) 

236 
Integrated Review Template, version 3.0 (05/25/2022) 

Figure 46. Observed Frequency of DSN in Days, Trial GC-627-05 

 
Source: gc-627-05-exposure-response-report figure 4-1. 
Abbreviations: DSN, duration of severe neutropenia 

The PK metric used by the Applicant for E-R analysis was efbemalenograstim AUC up to Day 
21 in cycle 1 (AUC21d). Zero-inflated Poisson regression was conducted to quantitatively 
evaluate the relationship between efbemalenograstim AUC21d and DSN, while logistic 
regression analysis was conducted to quantify the correlation between efbemalenograstim 
AUC21d and incidence of severe neutropenia. Univariate analysis showed that there was no 
significant relationship between efbemalenograstim AUC21d and DSN (Figure 47) or incidence 
of severe neutropenia (Figure 48) within the relatively narrow exposure range at one dose of 
20 mg.  
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Figure 47. Observed and Model Predicted Correlation Between DSN and Efbemalenograstim 
AUC21d 

 
Source: gc-627-05-exposure-response-report figure 4-3. 
Abbreviations: AUCt, area under the plasma concentration-time curve from time 0 to time t; DSN, duration of severe neutropenia 

Figure 48. Incidence of Severe Neutropenia vs. Exposure (AUC21d), With Incidence Grouped by 
Exposure Quartile and a Linear Logistic Regression Fit 

 
Source: gc-627-05-exposure-response-report figure 4-5. 
Abbreviations: AUCt, area under the plasma concentration-time curve from time 0 to time t 

Multivariate analysis indicated that there was no effect of baseline body weight, country, 
baseline Eastern Cooperative Oncology Group (ECOG), screening breast cancer stage, and prior 
chemotherapy on DSN. The parameter estimates from the multivariate zero-inflated Poisson 
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regression model that included efbemalenograstim exposure and age are listed in Table 129. The 
results indicated there was a positive correlation between age and DSN with a borderline p-value 
of 0.050; however, the effect of age was small with a slope of 0.037, i.e., 1 year of age increase 
would result in 0.037 days increase in DSN while other factors are constant. After including age 
in the model, efbemalenograstim exposure was still not a significant predictor for DSN. 

Table 129. Parameter Estimates of the Multivariate Zero-Inflated Poisson Regression Model 

 
Source: gc-627-05-exposure-response-report table 4-4. 
Abbreviations: AUC21d, area under the plasma concentration-time curve from time 0 to Day 21 

Reviewer’s Comments: Given that the Applicant’s E-R analysis was based on individual PK 
exposures derived from an inappropriate PopPK model, Reviewer also performed an 
independent E-R analysis for efficacy with derived individual PK exposures (AUC21d, Cmax and 
Cmin) based on Reviewer’s final PopPK model. Binary logistic regression analysis showed that 
there was no significant E-R relationship for incidence of severe neutropenia versus any of 
efbemalenograstim PK exposures. For example, as shown in Figure 49, there was a flat E-R 
relationship between efbemalenograstim logarithm transformed Cmin and the incidence of severe 
neutropenia.  

Figure 49. Exposure-Response Analysis for Incidence of Severe Neutropenia Using Binary 
Logistic Regression  

 
 

Source: Reviewer’s analysis 

Log(Cmin) 
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safety measures at the exposure levels in trial GC-627-05 following the 20 mg fixed dose 
(Figure 51). 

Figure 51. AE Incidence vs. Exposure (Cmax), With Incidence Grouped by Exposure Quartile and a 
Linear Logistic Regression Fit 

 
Source: gc-627-05-exposure-response-report figure 4-11 
Abbreviations: AE, adverse event; Cmax, maximum plasma concentration 

Reviewer’s Comments: Similarly, Reviewer also conducted independent E-R for safety analysis 
using individual efbemalenograstim PK exposures, which were derived from the Reviewer’s final 
PopPK model. The results showed no significant E-R relationship for safety measures versus 
efbemalenograstim exposure AUC21d (Figure 52), Cmax (Figure 53), and Cmin (Figure 54). 
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Figure 52. Exposure-Response Analysis for Safety Measures vs. Efbemalenograstim AUC21d 

  
Source: Reviewer’s analysis 
Abbreviations: AUC21d, area under the plasma concentration-time curve from time 0 to Day 21; TEAE, treatment-emergent adverse 
event 
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Figure 53. Exposure-Response Analysis for Safety Measures vs. Efbemalenograstim Cmax 

 
Source: Reviewer’s analysis 
Abbreviations: Cmax, maximum plasma concentration; TEAE, treatment-emergent adverse event 
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Figure 54. Exposure-Response Analysis for Safety Measures vs. Efbemalenograstim Cmin 

 
Source: Reviewer’s analysis 
Abbreviations: Cmin, minimum plasma concentration; TEAE, treatment-emergent adverse event 
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In summary, no statistically significant E-R relationships between efbemalenograstim PK 
exposures and efficacy endpoints, including DSN and incidence of severe neutropenia, or safety 
measures, including any TEAE, grade ≥3 TEAE, grade ≥2 alopecia, grade ≥2 nausea, grade ≥2 
bone pain, grade ≥2 asthenia, grade ≥2 leukopenia, and grade ≥2 thrombocytopenia at the 20 mg 
dose in trial GC-627-05. We also agree with the Applicant on potential limitations in the E-R 
analysis due to relatively narrow exposure range at a single dose level (20 mg) in trial GC-627-
05. The absence of positive E-R relationships may suggest that the effectiveness of 
efbemalenograstim had already reached the plateau at the 20 mg fixed dose.  

14.6. Pharmacogenetics 
Not applicable.  

15. Study/Trial Design 
None. 

16. Efficacy 
Results of additional secondary endpoints for Study GC-627-04 and Study GC-627-05 are 
described below.  

In Study GC-627-04, secondary endpoints demonstrated additional benefits of F-627. The 
incidence of intravenous (IV) antibiotic use in was 3.6% in subjects treated with F-627 and 
17.9% in subjects treated with placebo in cycle 1. One subject was hospitalized for febrile 
neutropenia (FN) or infection in the placebo arm and no subjects were hospitalized for FN in the 
F-627 arm.  

Secondary endpoints in Study GC-627-05 demonstrated that the efficacy of F-627 was no 
different from that of pegfilgrastim. The incidence of FN in the F-627 arm was 3% and 0% in the 
pegfilgrastim arm with an unadjusted treatment difference of 2.5% (95% confidence interval 
(CI): -7.3, 12.4). Intravenous antibiotics were used in 4.6% of subjects in the F-627 arm and in 
1% of subjects in the pegfilgrastim arm for cycles 1-4 combined. One subject in each arm was 
hospitalized for FN or any infection during the study. 
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17. Clinical Safety 
Adverse Events of Special Interest (AESI) 
Approximately one third of subjects (34.0%) experienced a TEAE identified as an adverse event of special interest (AESI) (reviewed in Section 
7.2); few were serious (0.3%), and the highest proportion of subjects reported musculoskeletal pain. Events of musculoskeletal pain (e.g., back 
pain, bone pain, and headache) in the F-627 group were similar to pegfilgrastim. 

Table 130. Adverse Events of Special Interest, Safety Population, Integrated Safety Set, Trial GC-627-04 and GC-627-05, Drug-Induced Liver Injury 
Assessment 

Drug-Induced Liver Injury 
Assessment 

F-627 20 mg 
GC04 
N=83 
n (%) 

Placebo 
GC04 
N=39 
n (%) 

Risk Difference 
(95% CI) 

F-627 20 mg 
GC05 

N=197 
n (%) 

Neulasta 6 mg 
GC05 

N=196 
n (%) 

Risk Difference 
(95% CI) 

F-627 20 mg 
Total 

N=280 
n (%) 

AE grouping related to AESI 4 (4.8) 1 (2.6) 2.3 (-4.5, 9.0) 20 (10.2) 13 (6.6) 3.5 (-2.0, 9.0) 24 (8.6) 
Alanine aminotransferase increased 4 (4.8) 1 (2.6) 2.3 (-4.5, 9.0) 19 (9.6) 13 (6.6) 3.0 (-2.4, 8.4) 23 (8.2) 
Aspartate aminotransferase increased 2 (2.4) 1 (2.6) -0.2 (-6.1, 5.8) 11 (5.6) 10 (5.1) 0.5 (-4.0, 4.9) 13 (4.6) 

Maximum severity        
Death 0 0 0 (0, 0) 0 0 0 (0, 0) 0 
Life-threatening 0 0 0 (0, 0) 1 (0.5) 0 0.5 (-0.5, 1.5) 1 (0.4) 
Severe 0 0 0 (0, 0) 1 (0.5) 1 (0.5) -0.0 (-1.4, 1.4) 1 (0.4) 
Moderate 1 (1.2) 0 1.2 (-1.1, 3.6) 8 (4.1) 2 (1.0) 3.0 (-0.1, 6.1) 9 (3.2) 
Mild 3 (3.6) 1 (2.6) 1.1 (-5.3, 7.4) 10 (5.1) 10 (5.1) -0.0 (-4.4, 4.3) 13 (4.6) 

Serious 0 0 0 (0, 0) 0 0 0 (0, 0) 0 
Deaths 0 0 0 (0, 0) 0 0 0 (0, 0) 0 

Resulting in discontinuation 0 0 0 (0, 0) 1 (0.5) 0 0.5 (-0.5, 1.5) 1 (0.4) 
Relatedness 0 0 0 (0, 0) 1 (0.5) 0 0.5 (-0.5, 1.5) 1 (0.4) 
Source: adae.xpt; Software: R 
Abbreviations: AE, adverse event; AESI, adverse event of special interest; CI, confidence interval; N, number of subjects in treatment arm; n, number of subjects with adverse event 
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Table 131. Adverse Events of Special Interest, Safety Population, Trial GC-627-04 and GC-627-05 (ISS), Pain-Related Assessment 

Pain Related Assessment 

F-627 20 mg GC04 
N=83 
n (%) 

Placebo GC04 
N=39 
n (%) 

Risk Difference 
(95% CI) 

F-627 20 mg GC05 
N=197 
n (%) 

Risk Difference 
(95% CI) 

F-627 20 mg Total 
N=280 
n (%) 

AE grouping related to AESI 21 (25.3) 8 (20.5) 4.8 (-11.0, 20.5) 76 (38.6) 8.0 (-1.4, 17.3) 97 (34.6) 
Arthralgia 14 (16.9) 3 (7.7) 9.2 (-2.4, 20.8) 30 (15.2) 4.0 (-2.7, 10.7) 44 (15.7) 
Back pain 1 (1.2) 0 1.2 (-1.1, 3.6) 7 (3.6) 1.0 (-2.4, 4.4) 8 (2.9) 
Bone pain 7 (8.4) 6 (15.4) -7.0 (-19.8, 5.9) 41 (20.8) 3.5 (-4.3, 11.2) 48 (17.1) 

Maximum severity       
Death 0 0 0 (0, 0) 0 0 (0, 0) 0 
Life-threatening 0 0 0 (0, 0) 0 0 (0, 0) 0 
Severe 0 0 0 (0, 0) 2 (1.0) 1.0 (-0.4, 2.4) 2 (0.7) 
Moderate 11 (13.3) 6 (15.4) -2.1 (-15.6, 11.3) 45 (22.8) 7.5 (-0.2, 15.3) 56 (20.0) 
Mild 10 (12.0) 2 (5.1) 6.9 (-2.9, 16.8) 29 (14.7) -0.6 (-7.6, 6.5) 39 (13.9) 

Serious 0 0 0 (0, 0) 0 0 (0, 0) 0 
Deaths 0 0 0 (0, 0) 0 0 (0, 0) 0 

Resulting in discontinuation 0 0 0 (0, 0) 0 0 (0, 0) 0 
Relatedness 9 (10.8) 2 (5.1) 5.7 (-3.9, 15.3) 46 (23.4) 7.5 (-0.3, 15.3) 55 (19.6) 
Source: adae.xpt; Software: R 
Abbreviations: AE, adverse event; AESI, adverse event of special interest; CI, confidence interval; N, number of subjects in treatment arm; n, number of subjects with adverse event 

Table 132. Adverse Events of Special Interest, Safety Population, Trial GC-627-04 and GC-627-05 (ISS), Headache Assessment 

Headache Assessment 

F-627 20 mg 
GC04 
N=83 
n (%) 

Placebo GC04 
N=39 
n (%) 

Risk Difference 
(95% CI) 

F-627 20 mg 
GC05 

N=197 
n (%) 

Neulasta 6 mg 
GC05 

N=196 
n (%) 

Risk Difference 
(95% CI) 

F-627 20 mg 
Total 

N=280 
n (%) 

AE grouping related to AESI 2 (2.4) 2 (5.1) -2.7 (-10.4, 4.9) 18 (9.1) 10 (5.1) 4.0 (-1.0, 9.1) 20 (7.1) 
Headache 2 (2.4) 2 (5.1) -2.7 (-10.4, 4.9) 18 (9.1) 10 (5.1) 4.0 (-1.0, 9.1) 20 (7.1) 

Maximum severity        
Death 0 0 0 (0, 0) 0 0 0 (0, 0) 0 
Life-threatening 0 0 0 (0, 0) 0 0 0 (0, 0) 0 
Severe 0 0 0 (0, 0) 0 0 0 (0, 0) 0 
Moderate 1 (1.2) 1 (2.6) -1.4 (-6.8, 4.1) 7 (3.6) 5 (2.6) 1.0 (-2.4, 4.4) 8 (2.9) 
Mild 1 (1.2) 1 (2.6) -1.4 (-6.8, 4.1) 11 (5.6) 5 (2.6) 3.0 (-0.9, 6.9) 12 (4.3) 

Serious 0 0 0 (0, 0) 0 0 0 (0, 0) 0 
Deaths 0 0 0 (0, 0) 0 0 0 (0, 0) 0 

Resulting in discontinuation 0 0 0 (0, 0) 0 0 0 (0, 0) 0 
Relatedness 1 (1.2) 1 (2.6) -1.4 (-6.8, 4.1) 3 (1.5) 3 (1.5) -0.0 (-2.4, 2.4) 4 (1.4) 
Source: adae.xpt; Software: R 
Abbreviations: AE, adverse event; AESI, adverse event of special interest; CI, confidence interval; N, number of subjects in treatment arm; n, number of subjects with adverse event 
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Table 133. Adverse Events of Special Interest, Safety Population, Trial GC-627-04 and GC-627-05 (ISS), Injection Site Reactions Assessment 

Injection Site Reactions 
Assessment 

F-627 20 mg 
GC04 
N=83 
n (%) 

Placebo GC04 
N=39 
n (%) 

Risk Difference 
(95% CI) 

F-627 20 mg 
GC05 

N=197 
n (%) 

Neulasta 6 mg 
GC05 

N=196 
n (%) 

Risk Difference 
(95% CI) 

F-627 20 mg 
Total 

N=280 
n (%) 

AE grouping related to AESI 0 0 0 (0, 0) 4 (2.0) 4 (2.0) -0.0 (-2.8, 2.8) 4 (1.4) 
Angioedema 0 0 0 (0, 0) 1 (0.5) 0 0.5 (-0.5, 1.5) 1 (0.4) 
Infusion related reaction 0 0 0 (0, 0) 1 (0.5) 0 0.5 (-0.5, 1.5) 1 (0.4) 
Urticaria 0 0 0 (0, 0) 2 (1.0) 4 (2.0) -1.0 (-3.5, 1.4) 2 (0.7) 

Maximum severity        
Death 0 0 0 (0, 0) 0 0 0 (0, 0) 0 
Life-threatening 0 0 0 (0, 0) 0 0 0 (0, 0) 0 
Severe 0 0 0 (0, 0) 2 (1.0) 0 1.0 (-0.4, 2.4) 2 (0.7) 
Moderate 0 0 0 (0, 0) 2 (1.0) 3 (1.5) -0.5 (-2.7, 1.7) 2 (0.7) 
Mild 0 0 0 (0, 0) 0 1 (0.5) -0.5 (-1.5, 0.5) 0 

Serious 0 0 0 (0, 0) 2 (1.0) 0 1.0 (-0.4, 2.4) 2 (0.7) 
Deaths 0 0 0 (0, 0) 0 0 0 (0, 0) 0 

Resulting in discontinuation 0 0 0 (0, 0) 2 (1.0) 0 1.0 (-0.4, 2.4) 2 (0.7) 
Relatedness 0 0 0 (0, 0) 2 (1.0) 0 1.0 (-0.4, 2.4) 2 (0.7) 
Source: adae.xpt; Software: R 
Treatment-emergent adverse events defined as An AE if the date of onset was on or after the date of first chemotherapy treatment (in cycle 1) or was a worsening of a pre-existing medical condition 
(intensity and/or severity changed to a worsened grade). All AEs in subsequent cycles were considered TEAEs. AEs after the last cycle of treatment had been completed (i.e., Day 21 of the last 
cycle) were not considered treatment emergent. 
Duration is over all four chemotherapy cycles. 
Relatedness is determined by investigator. 
Abbreviations: AE, adverse event; AESI, adverse events of special interest; CI, confidence interval; N, number of subjects in treatment arm; n, number of subjects with adverse event 
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18. Clinical Virology 
Not applicable.  

19. Clinical Microbiology 
Not applicable.  

20. Mechanism of Action/Drug Resistance 
Efbemalenograstim alfa-vuxw 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. See Section 5 for further details.  

21. Other Drug Development Considerations 
None.  

22. Data Integrity-Related Consults (Office of 
Scientific Investigations, Other Inspections) 

Clinical Site Inspections 
On-site clinical site inspections have not been conducted due to the SARS-Co-V2 pandemic. 
Instead the Food and Drug Administration (FDA) conducted a remote inspection.  

Here is the language from their review: 

The FDA conducted a remote regulatory assessment (RRA) as an alternative to the onsite 
inspection. This was the first inspection of Evive Technology (Singapore) PTE. Ltd. This RRA 
covered Studies GC- 627-04 and GC-627-05, respectively, submitted to the Agency in support of 
BLA 761134. Video conferencing via Zoom was conducted, and document sharing via an online 
platform (box.com) was deployed. This RRA was performed in accordance with Compliance 
Program 7348.810 Sponsors, Contract Research Organizations and Monitors and the 
assignment instructions. 

Records from Sites 100 and 131 in Study GC-627-04 and from Sites 108 and 701 in Study GC-
627-05 were evaluated. The following records were evaluated: organizational charts, standard 
operating procedures, investigator selection, monitoring plans, transfer of responsibilities, FDA 
1572s, financial disclosure forms, subject protection and ethical oversite, safety plans, data 
management and investigational product accountability records. 
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FDA also interviewed study personnel and reviewed regulatory files, source records, including 
subject selection, randomization, and blinding activities of four enrolled subjects, adverse 
events, IP accountability and efficacy endpoints.  

Despite the limited scope due to the logistical constraints of information exchange between the 
FDA and Sponsor, the FDA assessment found that these sites were monitored throughout the 
studies, and clinical investigators carried out their responsibilities according to the FDA 
regulatory requirements.  

In general, no significant deficiencies were observed during this remote regulatory assessment of 
the two studies in BLA 761134. 

23. Labeling: Key Changes and Considerations 
The draft labeling was reviewed by the multidisciplinary team for consistency with FDA labeling 
regulations, guidances, policies, and labelings of other drugs in the same class. A brief summary 
of the edits to the labeling is provided below: 

Highlights: Addition of biologic-specific nonproprietary name suffix placeholder. Addition of 
limitation of use for mobilization of peripheral blood progenitor cells for hematopoietic stem cell 
transplantation (consistent with class labeling). Removal of  statement  

 Addition of appropriate dosing timing to D&A subsection. 
Removal of  

 Edited Contraindications statement to include “human 
granulocyte colony-stimulating factors such as” and “pegfilgrastim or filgrastim products.”  

Full Prescribing Information 
Section 1: Indications and Usage: Revised indications to specify “adult” as age of indicated 
population. Added Limitations of Use statement to be consistent with other products in the class: 
“RYZNEUTA is not indicated for the mobilization of peripheral blood progenitor cells for 
hematopoietic stem cell transplantation”.  

Section 2: Dosage and Administration: Revised heading 2.1 to “Recommended Dosage” from 
the indicated population. Added appropriate timing of dose “at least 24 hours after cytotoxic 
chemotherapy”. To Section 2.2 Administration, clarified the natural rubber latex statement and 
added text regarding how the syringe is only for direct use in adults (due to the lack of 
graduation marks for smaller doses) and methods of administration.  

Section 3: Dosage Forms and Strengths: Removed  in this 
phrase for clarity   

Section 4: Contraindications: Added the nonproprietary names of “pegfilgrastim or filgrastim 
products”.   

Section 5: Warnings and Precautions: To the Serious Allergic Reactions added the relevant 
contraindication statement. Added new warnings (to be consistent with class warnings) of 
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Thrombocytopenia, Myelodysplastic Syndrome and Acute Myeloid Leukemia in Patients with 
Breast and Lung Cancer.  

Section 6: Adverse Reactions:  

Section 6.1 Revised to be consistent with our current approach to this section including a 
standard description of the trials and populations studied, including demographic information, 
and a list of the most common adverse reactions. For the placebo-controlled trial adverse 
reaction table, revised the common adverse reactions tables  

 
 

 

Section 8: Use in Specific Populations 

Section 8.1: Pregnancy: Deleted first paragraph in the Data/Animal Data subsection  
 Revised Section 8.4 to reflect the 

requirement in 21CFR201.57(c)(9)(iv)(F). Revised Section 8.5 (Geriatric Use) by removing the 
statement

 
Instead, we stated that the studies did not include sufficient numbers of older subjects 

to determine whether they responded differently.  

Section 10: Overdosage: Per 21 CFR 201.57(c)(3)(ii), this section should not include information 
 

 
Removed sentence that described  

  

Section 11: Description: Added the established pharmacologic class of “leukocyte growth 
factor”.  

Section 12: Clinical Pharmacology: Pharmacokinetics: PK parameters were updated based on 
FDA’s independent review of PopPK analysis.  

Section 13: Nonclinical Toxicology: 13.1: Revised BSA exposure multiples based on dosage and 
NOAEL in male and female rats,   

Section 14: Clinical Studies: Revised to remove  in USPI. 
Removed  
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Manufacturer information after Section 17: Revised to include the name and address of the 
manufacturer (Evive Biotechnology) and added name of manufacturing facility. Deleted 

  

The Applicant did submit  
 During the original review in 2021, DMEPA had informed the Applicant 

(in a labeling comment) that the Agency did not believe that  was needed  
 The Applicant included adequate directions for use of the PFS in 

Section 2 (Dosage and Administration) of the USPI. We do not plan to approve  with this 
product.  

23.1. Approved Labeling Types 
Upon approval of this application, the following labeling documents will be FDA-approved: 

• United States Prescribing Information (USPI) 
• Patient Package Insert (PPI) 

24. Postmarketing Requirements and 
Commitments 

Pediatric assessments are required.  

PMR 1: Conduct a multicenter, open-label, study to assess the safety, pharmacokinetics, and 
pharmacodynamics of efbemalenograstim alfa in at least 40 pediatric patients 1 month to <17 
years of age with non-myeloid solid tumors or lymphomas receiving myelosuppressive anti-
cancer drugs associated with a clinically significant incidence of febrile neutropenia.  

Schedule Milestones: 

Draft Protocol Submission: 12/2024 

Final Protocol Submission: 06/2025 

Study Completion:  06/2028 

Final Report submission:  12/2028 

 

PMR 2: Submit pediatric assessments for Ryzneuta (efbemalenograstim alfa) as described in 
section 505B(a)(2)(A) of the FD&C Act, including development of an “appropriate formulation” 
(presentation) that can be used to directly and accurately administer Ryzneuta 
(efbemalenograstim alpha) to pediatric patients (1 month to <17 years of age). Conduct any 
necessary human factors studies to evaluate the ability of healthcare providers and caregivers to 
measure the appropriate doses.  
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The final Report should include a report for the pediatric presentation development and the 
completed human factors study.  

Schedule Milestones:  

Interim (Submission of plan for pediatric presentation): Mar 2024 

Final Report Submission: Dec 2025 

 

PMC: Conduct a study to assess the efficacy and safety of efbemalenograstim alfa in pediatric 
patients 1 month to <17 years of age with non-myeloid malignancies receiving myelosuppressive 
anti-cancer drugs associated with a clinically significant incidence of febrile neutropenia. Submit 
the final clinical study report including datasets as a supplemental BLA. 

 

Schedule Milestones: 

Draft Protocol Submission: 12/2027 

Final Protocol Submission: 08/2028 

Study/Trial Completion: 08/2031 

Final Report Submission:  02/2032 
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25. Financial Disclosure 

Table 134. Covered Clinical Studies: GC-627-04 
Was a list of clinical investigators provided:  Yes ☒ No ☐ (Request list from Applicant) 

Total number of investigators identified: 16 

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

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

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

Compensation to the investigator for conducting the study where the value could be influenced by 
the outcome of the study: Enter text here. 

Significant payments of other sorts: Enter text here. 

Proprietary interest in the product tested held by investigator: Enter text here. 

Significant equity interest held by investigator: Enter text here. 

Sponsor of covered study: Enter text here. 

Is an attachment provided with details of the 
disclosable financial interests/arrangements:  

Yes ☐  No ☐ (Request details from 
Applicant) 

Is a description of the steps taken to minimize 
potential bias provided: 

Yes ☐  No ☐ (Request information from 
Applicant) 

Number of investigators with certification of due diligence (Form FDA 3454, box 3): Enter text here. 
Is an attachment provided with the reason:  Yes ☐ No ☐ (Request explanation from 

Applicant) 
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Table 135. Covered Clinical Studies: GC-627-05 
Was a list of clinical investigators provided:  Yes ☒ No ☐ (Request list from Applicant) 

Total number of investigators identified: 42 

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

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

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

Compensation to the investigator for conducting the study where the value could be influenced by 
the outcome of the study: Enter text here. 

Significant payments of other sorts: Enter text here. 

Proprietary interest in the product tested held by investigator: Enter text here. 

Significant equity interest held by investigator: Enter text here. 

Sponsor of covered study: Enter text here. 

Is an attachment provided with details of the 
disclosable financial interests/arrangements:  

Yes ☐  No ☐ (Request details from 
Applicant) 

Is a description of the steps taken to minimize 
potential bias provided: 

Yes ☐  No ☐ (Request information from 
Applicant) 

Number of investigators with certification of due diligence (Form FDA 3454, box 3): Enter text here. 
Is an attachment provided with the reason:  Yes ☐ No ☐ (Request explanation from 

Applicant) 
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27. Review Team 

Table 136. Reviewers of Integrated Assessment 
Role Name(s) 
Regulatory Project Manager Maureen DeMar, Caden Brennen, Rolanda Bailey 
Nonclinical Reviewer Fred Alavi 
Nonclinical Team Leader Pedro DelValle 
Office of Clinical Pharmacology 
Reviewer(s) 

Brianna Cote, Yuzhuo Pan 

Office of Clinical Pharmacology 
Team Leader(s) 

Sudharshan Hariharan, Liang Li 

Clinical Reviewer Donna Whyte-Stewart 
Clinical Team Leader Ann Farrell, Carrie Diamond 
Statistical Reviewer Lola Luo 
Statistical Team Leader Yeh-Fong Chen 
Cross-Disciplinary Team Leader Ann Farrell  
Division Director (pharm/tox) Todd Bourcier 
Division Director (OCP) Shirley Seo 
Division Director (OB) Yuan-Li Shen 
Division Director (clinical) Ann Farrell 
Office Director (or designated 
signatory authority) 

Lisa Yanoff 

Abbreviations: OB, Office of Biostatistics; OCP, Office of Clinical Pharmacology 

Table 137. Additional Reviewers of Application 
Office or Discipline Name(s) 
OPQ  Chana Fuchs, Jee Chung, Zhong Li, Maxwell Van Tassell 
Microbiology  NA 
OPDP Melissa Khashei 
OSI Anthony Orencia 
OSE/DEPI Steve Bird 
OSE/DMEPA Hina Mehta, Celeste Karpow  
OSE/DRISK Naomi Boston, Till Olickal  
CDRH  Alan Stevens, Suzanne Hudak, Shanly Chen, Rumi Young 
Other  Sharon Mills, Barbara Fuller, Virginia Kwitkowski 

Abbreviations: DEPI, Division of Epidemiology; DMEPA, Division of Medication Error Prevention and Analysis; DRISK, Division of 
Risk Management; OPDP, Office of Prescription Drug Promotion; OPQ, Office of Pharmaceutical Quality; OSE, Office of 
Surveillance and Epidemiology; OSI, Office of Scientific Investigations 
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