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Background: 
 
Teva Pharmaceuticals submitted on November 30, 2009, BLA 125294 for XM02 
for reducing the duration of severe neutropenia (DSN) in patients with non-
myeloid malignancies receiving myelo-suppressive anti-cancer drugs.  The 
submission included general pharmacokinetic (PK) and pharmacodynamic (PD) 
information on XM02 and comparative PK and PD information against a filgrastim 
product approved in certain European countries. The Clinical Pharmacology 
discipline had no input or interaction with the sponsor prior to their conduct of PK 
and PD studies, and the reviewer evaluated the data submitted in this 351(a) 
BLA, including the comparative studies.  Although the original review contained 
certain statements characterizing the relationship between the XM02 and the 
comparator product, it should be noted that the overall focus of the Clinical 
Pharmacology discipline review is the adequacy of the submission with regard to 
the characterization of the PK and PD profile of XM02.  Data comparing XM02 to 
a non-US-approved filgrastim product was not necessary or relied upon for the 
evaluation of the PK and PD of XM02.  The PK and PD findings relevant to XM02 
will be reflected in the labeling for this product.  This memorandum provides 
highlights of the clinical pharmacology review of XM02 and describes our view 
regarding the adequacy of the submission dated November 30, 2009 and the 
resubmission dated February 29, 2012 for regulatory action. 
 
Clinical Pharmacology Review: 
 
The clinical pharmacology data demonstrated that in healthy volunteers the 
absolute bioavailability of 5 and 10 μg/kg tbo-filgrastim were 33% and 45%, 
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respectively.  After a single subcutaneous (SC) administration of a 5 μg/kg tbo-
filgrastim dose, the serum maximum concentration (CMax) and exposure (AUC0-

48h) were 18 ng/mL and 158 ng*h/mL, respectively.  The median Tmax was 6 
hours and the median half-life (t½) was 8.9 hours. Increasing the dose of tbo-
filgrastim from 5 to 10 μg/kg resulted in an approximately 3-fold increase in both 
Cmax and AUC0-48h. 
 
Pharmacokinetic data were obtained from patients with breast cancer, lung 
cancer and non-Hodgkin’s Lymphoma (NHL) (N=12 per group) who received SC 
tbo-filgrastim 5 μg/kg/day. Following the first tbo-filgrastim dose in cycle 1, the 
geometric mean (CV%) of serum Cmax and AUC0-24h were 36 ng/mL (41%) and 
305 ng*h/mL (35%) in breast cancer, 25 ng/mL (60%) and 273 ng*h/mL in lung 
cancer (61%), and 20 ng/mL (24%) and 184 ng*h/mL (23%) in NHL patients, 
respectively. For the three groups combined, the median Tmax was between 4 to 
6 hours and the median t½ was between 3.2 to 3.8 hours. The terminal half-life 
was calculated from serum levels measured up to 24 hours as compared to up to 
48 hours in the healthy subjects. Accumulation after repeated dosing was not 
observed. No dose adjustment based on cancer type is warranted.  
 
Data on the excretion of XM02 was not provided in this submission.  Although 
information about the excretion of a product helps in understanding the scientific 
basis for dose modifications under special conditions, this information was not 
required for approval. The information on XM02 clearance (which is a function of 
exposure and excretion) relied upon for approval is based on studies conducted 
by the applicant.  
 
No gender-related differences were observed in the pharmacokinetics of XM02 
following a SC administration. Mild renal impairment (creatinine clearance 60–89 
mL/min; N=11) had no clinical meaningful effect on XM02 pharmacokinetics. No 
dose adjustment is recommended for mild renal impairment. The 
pharmacokinetic profile in patients with moderate and severe renal impairment 
has not been assessed. However, based on the safety margin of XM02 and the 
lack of relationship between the incidence of the major adverse event (bone pain) 
and degree of renal impairment, an XM02 dosage adjustment would not be 
clinically warranted. The pharmacokinetic profile in patients with hepatic 
impairment has not been studied. 
 
Information on chronic dosing of 5 μg/kg SC daily in breast cancer trial (XM02-
02-INT) characterized the multiple dose PK of the product. No accumulation of 
XM02 was observed in phase 3 trials XM02-03-INT and XM02-04-INT.   
 
The pharmacodynamics (PD) of XM02 was studied in both healthy subjects and 
in cancer patients. In healthy subjects who received a single SC dose of 5 or 10 
μg/kg XM02, a transient decrease in the absolute neutrophil count (ANC) 
occurred during the first hour, followed by an increase in ANC. Following 
subcutaneous administration of 5 μg/kg (N=61), the mean maximum ANC was 
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22x109/L; the median time to peak ANC was 12 hours. After subcutaneous 
administration of 10 μg/kg (N=58), the mean maximum ANC was 26x109/L; the 
median time to peak ANC was between 14 to 18 hours. The ANC returned to 
baseline by 4-days post-dose. In cancer patients receiving various 
chemotherapies (N=361), 5 μg/kg XM02 was administered SC daily starting 24 
hours after the completion of chemotherapy until an ANC of 10x109/L after a 
nadir was reached or after 14 days of XM02 dosing, whichever occurred 
first. During cycle 1, the time to maximum mean ANC was between 3 to 5 days, 
and then ANC decreased to a nadir by 7 to 11 days following chemotherapy.  
Mean ANC values returned to baseline by 21 days following completion of 
chemotherapy. The ANC profile was similar in subsequent chemotherapy cycles. 
 
The potential effects of XM02 on the QTc interval were not adequately evaluated 
in clinical trials.  ECGs were monitored in clinical trials at times when tbo-
filgrastim was totally cleared from systemic circulation.  The applicant provided a 
protocol, XM02-TQT-103 in the current submission to address this issue.  
Submission and evaluation of data from the completed thorough QT trial typically 
is not required prior to licensure given that XM02 is a supportive care product in 
the oncology setting.  A post-marketing requirement to perform the thorough QT 
trial in accordance with the ICH E-14 guidelines is recommended. 
 
The incidence of anti-XM02 antibody formation obtained in clinical studies is not 
considered reliable since the assessment did not use validated assay methods. 
Further, the impact of immunogenicity on XM02 PK generated could not be 
assessed because of the non-validated immunogenicity assay and because of 
XM02 PK data not collected in patients who tested positive for binding or 
neutralizing antibodies. A post-marketing requirement to conduct an assessment 
for the presence of anti-XM02 and anti-native human G-CSF binding antibodies 
using a validated assay in patients has been proposed.  
 
Recommendation: 
 
From the Clinical Pharmacology perspective, the XM02 (tbo-filgrastim) 
development program generated adequate data to characterize the PK and PD 
of XM02 and support the approval of this 351(a) BLA.  The application is 
acceptable provided the Applicant and the Agency come to an agreement 
regarding the post-marketing requirements and language in the package insert.  
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1 EXECUTIVE SUMMARY 
Neutroval is a human granulocyte colony-stimulating factor (G-CSF) produced by 
recombinant DNA technology in Escherichia coli (E coli). The original BLA for Neutroval 
with an indication for the reduction in the duration of severe neutropenia (DSN) in 
patients with non-myeloid malignancies receiving myelosuppressive anti-cancer drugs 
associated with a clinically significant incidence of febrile neutropenia (FN) was 
submitted on November 30, 2009. On September 29, 2010, FDA issued a complete 
response (CR) letter addressing deficiencies rated to data integrity, device safety and 
closure, reproductive toxicity, proposed proper name, microbial control, effects on QTc 
interval, anti-product antibody (ADA) assay validation and other CMC related issues. 

The selection of dose and dosing regimen for the phase 3 trials was based on the data 
obtained in the phase 1 trials and historical clinical use with an FDA-approved product, 
Neupogen®. To support approval for this indication, the sponsor conducted two phase 1 
PK/PD trials in healthy subjects (N=176) and three phase 3 trials in patients with breast 
cancer (N=348), lung cancer (N=240), or non-Hodgkin lymphoma (NHL, N=92). 

1.1 Recommendation 
From a clinical pharmacology perspective, this BLA application is acceptable provided 
that the applicant and the Agency come to a mutually satisfactory agreement 
regarding the PMR and language in the package insert.  

1.2 Post Marketing Requirements 

1.2.1 The sponsor should conduct a TQT assessment for Neutroval in accordance with 
the ICH E-14 guidelines.  
Protocol submission Date: Draft protocol was submitted on 2/29/2012. 
Submission Date: 12 months after FDA agreement to submitted protocol. 
Final Study Report: 18 months after FDA agreement to submitted protocol. 

1.3 Post Marketing Commitments 
None 

1.4 Comments to the Applicants 
None 

1.5 Summary of Important Clinical Pharmacology Findings from the original BLA review 
Introduction: Neutroval, is a human granulocyte colony-stimulating factor (G-CSF) 
produced by recombinant DNA technology in E coli. The proposed indication for 
Neutroval is for the reduction in the duration of severe neutropenia (DSN) in patients with 
non-myeloid malignancies receiving myelosuppressive anti-cancer drugs associated with 
a clinically significant incidence of febrile neutropenia (FN). The selection of dose and 
dose regimen for the phase 3 trials were based on the data obtained in the phase 1 trials 
and historical clinical use with an FDA-approved product, Neupogen. To support 
approval for this indication, the sponsor conducted two phase 1 PK/PD trials in healthy 
subjects (N=176) and three phase 3 trials in patients with breast cancer (N=348), lung 
cancer (N=240), or non-Hodgkin lymphoma (NHL, N=92). 

Pharmacokinetics Findings: The pharmacokinetics (PK) of Neutroval was studied in both 
healthy subjects and in cancer patients. 
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Healthy Subjects: Subjects in the phase 1 trials were assigned to receive single 5 pg/g or 
10 μg/kg iv or SC doses of Neutroval or European Neupogen. The absolute bioavailability 
of 5 and 10 μg/kg SC Neutroval was 33% and 45%, respectively. After single dose SC 
administration of 5 μg/kg Neutroval (N=33), the geometric mean (CV%) of serum Cmax 
was 18 ng/mL (41%) and of AUC0-48h was 158 ng*h/mL (37%). The median T max was 6 
hours and the median half-life (t½) was 8.9 hours. Increasing the dose of Neutoval from 5 
to 10 μg/kg resulted in an approximately 3-fold increase in both Cmax and AUC0-48h. 

Cancer Patients: PK data were obtained from patients with breast cancer, lung cancer 
and NHL (N=12 per group) who received SC Neutroval 5 μg/kg/day. Following the 1st 
Neutroval dose in cycle 1, the geometric mean (CV%) of serum Cmax and AUC0-48h were 
36 ng/mL (41 %) and 305 ng*h/mL (35%) in breast cancer, 25 ng/mL (60%) and 273 
ng*h/mL in lung cancer (61 %), and 20 ng/mL (24%) and 184 ng*h/mL (23%) in NHL, 
respectively. For the 3 groups combined, the median Tmax was between 4 to 6 hours and 
the median t½ was between 3.2 to 3.8 hours. The terminal half-life was calculated from 
serum levels measured up to 24 hours as compared to up to 48 hours in the healthy 
subjects. Accumulation after repeated dosing was not observed. No dose adjustment 
based on cancer type is warranted. 

No gender-related differences were observed in the pharmacokinetics of Neutroval 
following a SC administration. Mild renal impairment (creatinine clearance 60-89 mL/min; 
N=l1) had no clinical meaningful effect on Neutroval pharmacokinetics. No dose 
adjustment is recommended for mild renal impairment. The pharmacokinetic profile in 
patients with moderate and severe renal impairment has not been assessed. However, 
based on the safety margin of Neutroval and the lack of relationship between the 
incidence of the major adverse event (bone pain) and degree of renal impairment, an 
Neutroval dosage adjustment would not be clinically warranted. The pharmacokinetic 
profile in patients with hepatic impairment has not been studied.  

Pharmacodynamic Findings: The pharmacodynamics (PD) of Neutroval was studied in 
both healthy subjects and in cancer patients. 

Healthy Subjects: In healthy subjects who received a single SC dose of 5 or 10 μg/kg 
Neutroval, a transient decrease in the ANC occurred during the first hour, followed by an 
increase in ANC. Following subcutaneous 5 μg/kg (N=61), the mean maximum ANC was 
22 x 109/L; the median time to peak ANC was 12 hours. After subcutaneous 10 μg/kg 
(N=58), the mean maximum ANC was 26 x 109/L; the median time to peak ANC was 
between 14 to 18 hours. The ANC returned to baseline by 4 days post-dose. 

Cancer Patients: In cancer patients receiving various chemotherapies (N=361), SC 5 
μg/kg Neutroval was administered daily starting 24 hours after the completion of 
chemotherapy until an ANC of 10 x 109/L after a nadir was reached or after 14 days of 
Neutroval dosing, whichever occurred first. During cycle 1, the time to maximum mean 
ANC was between 3 to 5 days, and then ANC decreased to a nadir by 7 to 11 days 
following chemotherapy. Mean ANC values returned to baseline by 21 days following 
completion of chemotherapy. The ANC profile was similar in subsequent chemotherapy 
cycles. 

Efficacy: All three phase 3 trials were multi-national, multi-center, randomized and 
controlled studies assessing efficacy and safety of XM02 as compared to placebo 
(breast cancer only) or European Neupogen. In all three trials, XM02 and Neupogen 
were administered at doses of 5 μg/kg/day SC for 5 to 14 days in each cycle of 
chemotherapy (CTX), starting the day after the end of CTX within a cycle and stopping 
when an ANC ≥ 10 x 109/L after nadir was reached. The dose and dose regimen for these 
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trials were based on the data obtained in the phase 1 trials and historical clinical use with 
an FDA-approved product, Neupogen. 

• Breast cancer trial: 348 CTX-naïve patients with high risk stage II, III, or IV breast 
cancer needing CTX were enrolled. Patients were randomized 2:2:1 to Neutroval, 
European Neupogen, or placebo during cycle 1; those patients initially 
randomized to the placebo group in cycle 1, received Neutroval in all 
subsequent CTX cycles. Patients were administered 4 cycles of CTX (doxorubicin 
IV 60 mg/m2 and docetaxel IV 75 mg/m2) on day 1 of each 3-week cycle for a 
total of 4 cycles. 

• Lung cancer trial: 240 patients with small cell lung cancer (SCLC) or advanced 
non-small cell lung cancer (NSCLC) having received no more than 1 prior CTX 
cycle were enrolled. During cycle 1, patients received either Neutroval or 
European Neupogen and in all subsequent cycles patients received XM02. CTX 
regimens consisted of any myelosuppressive platinum-based CTX in a 3- or 4-
week cycle for up to 6 cycles. 

• Non-Hodgkin Lymphoma trial: 92 CTX-naïve patients with aggressive NHL treated 
with CHOP regimen (Cyclophosphamide IV 750 mg/m2, Doxorubicin IV 50 mg/m2, 
Vincristine IV 1.4 mg/m2, Prednisolone 100 mg/day one to five days) were 
enrolled. During cycle 1, patients received either Neutroval or European 
Neupogen and in all subsequent cycles, up to 6 cycles, patients received 
Neutroval. 

Results of the phase 3 trials showed that treatment with Neutroval reduced the duration 
of severe neutropenia (DSN) in patients with non-myeloid malignancies receiving 
myelosuppressive anti-cancer drugs associated with a clinically significant incidence of 
febrile neutropenia (FN). In the breast cancer trial, Neutroval efficacy was demonstrated 
as compared to placebo in reducing DSN and preventing the incidence of FN in patients 
with malignant disease undergoing CTX. Safety Profile: In clinical trials, the most frequent 
adverse reaction attributable to Neutroval 5 μg/kg/day SC is bone pain. In the breast 
cancer trial, the overall incidence of bone pain in cycle 1 was 14.2% for Neutroval, 17.9% 
for placebo, and 19.0% for Neupogen. 

QT/QTc Evaluation: The potential effects of Neutroval on the QTc interval were not 
adequately evaluated in clinical trials included in the BLA since ECGs were monitored at 
times when Neutroval was totally cleared from systemic circulation. A post-marketing 
requirement to perform a QTc study in either healthy subjects or patients at the highest 
dose tested is recommended. Protocol XM02-TQT-103 was provided by the applicant in 
this submission to address this issue.  Clinical pharmacology and the FDA Interdisciplinary 
Review Team (IRT) provided comments regarding the proposed protocol to the 
applicant on 5/25/2012. 

Immunogenicity: The incidence of anti- Neutroval antibody formation obtained in clinical 
studies is not considered reliable since it was not assessed using validated assay 
methods. The unvalidated immunogenicity assays yielded the following results: Less than 
1 % (5 out of 677) of patients treated with XM02 tested positive for binding antibodies 
during study treatment; 4 of the 5 tested positive for neutralizing antibodies. No evidence 
of toxicity profile or clinical response was associated with binding antibody or neutralizing 
antibody development. The impact of immunogenicity on XM02 PK could not be 
assessed since XM02 PK data were not collected in patients who tested positive for 
binding or neutralizing antibodies. 

Conclusion: In conclusion, Neutroval provides a reduction in the duration of severe 
neutropenia in patients with non-myeloid malignancies receiving myelosuppressive anti-
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cancer drugs associated with a clinically significant incidence of febrile neutropenia with 
an acceptable safety profile. 

 
Signatures 
 
 
 

______________________________________ 
Joseph Grillo, Pharm.D. 

Clinical Pharmacology Reviewer 
Division of Clinical Pharmacology 5 

______________________________________ 
Bahru Habtemariam, Pharm.D. 

Clinical Pharmacology Acting Team Leader  
Division of Clinical Pharmacology 5 

 ______________________________________ 
Nam Atiqur Rahman, Ph.D. 

Division Director 
Division of Clinical Pharmacology 5 
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2 QUESTION BASED REVIEW 

2.1 General Attributes 
See the original BLA review by Dr. Schrieber on August 9, 2010. 

2.2 General Clinical Pharmacology 
See the original BLA review by Dr. Schrieber on August 9, 2010. In the September 29, 2010, 
CR letter, FDA stated that the applicant must conduct and provide the results of a single-
dose, three-way crossover thorough QT clinical trial in a sufficient number of healthy 
volunteers receiving the highest subcutaneous dose of Neutroval studied (10 mcg/kg). In 
its response to the CR the applicant was instructed to provide the protocol for the 
requested clinical trial and milestones. A protocol for a thorough QT/QTc trial was 
submitted in the current submission.  The applicant intends to initiate the study 
approximately 6 months from the date of BLA approval, to be completed by 
approximately 1 year from the date of BLA approval. The final study report will be 
submitted to the Agency approximately 1.5 years from the date of BLA approval.  
Clinical pharmacology and the FDA Interdisciplinary Review Team (IRT) provided 
comments regarding the proposed protocol to the applicant on 5/25/2012.  The clinical 
trial and milestones are acceptable. 

2.3 Intrinsic Factors 
See the original BLA review by Dr. Schrieber on August 9, 2010. 

2.4 Extrinsic Factors 
See the original BLA review by Dr. Schrieber on August 9, 2010. 

2.5 General Biopharmaceutics 
See the original BLA review by Dr. Schrieber on August 9, 2010. 

2.6 Analytical Section 
See the original BLA review by Dr. Schrieber on August 9, 2010. 
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 “X” if included 
at filing 

Number of 
studies 

submitted 

Number of 
studies 

reviewed 

Critical Comments If any 

   Dose proportionality -     
fasting / non-fasting single dose:     

fasting / non-fasting multiple dose:     
    Drug-drug interaction studies -     

In-vivo effects on primary drug:     
In-vivo effects of primary drug:     

In-vitro:     
    Subpopulation studies -     

ethnicity:     
gender:     

pediatrics:     
geriatrics:     

renal impairment:     
hepatic impairment:     

    PD -     
Phase 1:     

Phase 2/3:     
    PK/PD -     

Phase 1 and/or 2, proof of concept:     
Phase 3 clinical trial:     

    Population Analyses -     
Data rich:     

Data sparse:     
II.  Biopharmaceutics     
    Absolute bioavailability     
    Relative bioavailability -     

solution as reference:     
alternate formulation as reference:     

    Bioequivalence studies -     
traditional design; single / multi dose:     
replicate design; single / multi dose:     

    Food-drug interaction studies     
    Bio-waiver request based on BCS     
    BCS class     

Dissolution study to evaluate alcohol 
induced dose-dumping 

    

III.  Other CPB Studies     
    Genotype/phenotype studies     
    Chronopharmacokinetics     
    Pediatric development plan     
    Literature References     
    ECG Monitoring X 1  Protocol only 
    Biomarkers      
    Immunogenicity Testing     
Total Number of Studies  1   
     

 
On initial review of the BLA application for filing: 
 

 Content Parameter Yes No N/A Comment 
Criteria for Refusal to File (RTF) 
1 Has the applicant submitted bioequivalence data 

comparing to-be-marketed product(s) and those 
used in the pivotal clinical trials? 

  X  

2 Has the applicant provided metabolism and drug-   X  
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 Content Parameter Yes No N/A Comment 
drug interaction information? 

3 Has the sponsor submitted bioavailability data 
satisfying the CFR requirements? 

  X  

4 Did the sponsor submit data to allow the evaluation 
of the validity of the analytical assay? 

  X  

5 Has a rationale for dose selection been submitted?   X  
6 Is the clinical pharmacology and biopharmaceutics 

section of the BLA organized, indexed and paginated 
in a manner to allow substantive review to begin? 

  X  

7 Is the clinical pharmacology and biopharmaceutics 
section of the BLA legible so that a substantive review 
can begin? 

  X  

8 Is the electronic submission searchable, does it have 
appropriate hyperlinks and do the hyperlinks work? 

X    

 
  
9 Are the data sets, as requested during pre-submission 

discussions, submitted in the appropriate format (e.g., 
CDISC)?  

  X  

10 If applicable, are the pharmacogenomic data sets 
submitted in the appropriate format? 

  X  

  
11 Is the appropriate pharmacokinetic information 

submitted? 
  X  

12 Has the applicant made an appropriate attempt to 
determine reasonable dose individualization 
strategies for this product (i.e., appropriately 
designed and analyzed dose-ranging or pivotal 
studies)? 

  X  

13 Are the appropriate exposure-response (for desired 
and undesired effects) analyses conducted and 
submitted as described in the Exposure-Response 
guidance? 

  X  

14 Is there an adequate attempt by the applicant to use 
exposure-response relationships in order to assess the 
need for dose adjustments for intrinsic/extrinsic factors 
that might affect the pharmacokinetic or 
pharmacodynamics? 

  X  

15 Are the pediatric exclusivity studies adequately 
designed to demonstrate effectiveness, if the drug is 
indeed effective? 

  X  

16 Did the applicant submit all the pediatric exclusivity 
data, as described in the WR? 

  X  

17 Is there adequate information on the 
pharmacokinetics and exposure-response in the 
clinical pharmacology section of the label? 

  X  
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 Content Parameter Yes No N/A Comment 
18 Are the clinical pharmacology and 

biopharmaceutics studies of appropriate design and 
breadth of investigation to meet basic requirements 
for approvability of this product? 

X   Single TQT 
study 
Submitted 

19 Was the translation (of study reports or other study 
information) from another language needed and 
provided in this submission? 

  X  

 
IS THE CLINICAL PHARMACOLOGY SECTION OF THE APPLICATION FILEABLE? _X_Yes __ No 
 
If the BLA is not fileable from the clinical pharmacology perspective, state the reasons 
and provide comments to be sent to the Applicant. 
 
Not applicable 
 
 
Please identify and list any potential review issues to be forwarded to the Applicant for 
the 74-day letter. 
 
None 
 
 
 
Reviewing Clinical Pharmacologist      Date 
 
 
 
 
Team Leader/Supervisor        Date 
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