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Route of Administration Intravenous infusion
Proposed Indication For intravenous use as a 30 minute infusion in:

 Ovarian Cancer at 1000 mg/m2 on Days 1 
and 8 of each 21 day cycle

 Breast Cancer at 1250 mg/m2 on Days 1 
and 8 of each 21 day cycle

 Non-Small Cell Lung Cancer at 1000 
mg/m2 on Days 1, 8 and 15 of each 28 day 
cycle or 1250 mg/m2 on Days 1 and 8 of 
each 21 day cycle

 Pancreatic Cancer at 1000 mg/m2 once 
weekly for up to 7 weeks, followed by a 
week of rest from treatment. Subsequent 
cycles should consist of infusions once 
weekly for 3 consecutive weeks out of 
every 4 weeks.

Applicant Accord Healthcare Inc.
Associated IND IND107393
OCP Review Team Edwin Chiu Yuen Chow, Ph.D.

Jeanne Fourie Zirkelbach, Ph.D.
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2.2 Dosing and Therapeutic Individualization

2.2.1 General dosing
The applicant’s proposed Gemcitabine Injection is supplied in a sterile form for intravenous use only. The 
proposed drug product is available in a 100 mg/mL strength with four filled volumes of 2 mL, 10 mL, 15 
mL and 20 mL, and excipients include  (PEG) 300, % propylene glycol, and 

% dehydrate alcohol.  The pH of the final solution for injection is adjusted by sodium hydroxide and 
hydrochloric acid to pH  

The aqueous solubility of gemcitabine hydrochloride studied in purified water is 70.2 mg/mL.

2.2.2 Therapeutic individualization
This section is not applicable for this NDA.

2.3 Outstanding Issues
 None.

2.4 Summary of Labeling Recommendations
There are no significant content changes to the relevant clinical pharmacology sections in the label 
proposed by Accord Healthcare Inc. Based on the current Clinical Pharmacology Section of Labeling for 
Human Prescription Drug and Biological Products1, Section 7 (Drug Interactions) was removed from the 
label since there is no significant clinical meaningful interaction between gemcitabine, cisplatin, 
paclitaxel, or carboplatin. The pharmacokinetic contents in Section 12.3 was re-organized according to 
the published Clinical Pharmacology Section of Labeling for Human Prescription Drug and Biological 
Products.

3. COMPREHENSIVE CLINICAL PHARMACOLOGY REVIEW

1https://www.fda.gov/downloads/Drugs/GuidanceComplianceRegulatoryInformation/Guidances/ucm10973
9.pdf
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Between-batch (inter-day precision) 0.9-4.2%
Within-batch (Intra-day precision) 0.6-2.7%
Between-batch (Inter-day accuracy) 97.4-106.4%
Within-batch (Intra-day accuracy) 97.8-107.1%
Recovery (Gemcitabine) for low quality control 
(LQC), medium quality control (MQC) & high 
quality control (HQC)

75.1%, 74.7%, and 75.3%

Average recovery of ITSD 80.4%
Bench-top stability 11 hours at room temperature
Processed stability 101 hours within 2-8°C

2 hours at room temperature
Freeze-thaw stability (cycles) 5 cycles (at -65 ± 10°C)
Long-term stability of gemcitabine in human 
plasma

181 days at -65 ± 10°C & -22 ± 5°C

In Study 311-13, gemcitabine total plasma concentrations were determined though the same LC-MS/MS 
method as described above and analyzed by . A total of 14 sample 
analysis batches were performed. Of the 14 analysis batches, 1 run failed due to blank QC samples not 
meeting prespecified analytical run acceptance criteria, but the batch was re-ran and met the analysis 
criteria. Incurred sample reproducibility was performed on 103 samples and 95.1% of samples met the 
prespecified criteria. Samples were stored at -65°C until time of analysis. The maximum sample storage 
duration between collection and analysis for all samples was 140 days, which was within the established 
stability interval of 181 days. A summary of the LC-MS/MS method results are show in Table 3. 

Table 3: Summary of LC-MS/MS method parameters from Study 311-13

Matrix Human Plasma
Reference or analytical standard Lot 9-DHL-154-2 (From ; 98% 

purity)
Minimum dilution 1
Standard curve concentrations 
(µg/mL)

0.102, 0.203, 1.753, 5.264, 17.547, 26.308, 31.506, 35.007 µg/mL 

Limit of detection NA
LLOQ 0.102 µg/mL
ULOQ 35.007 µg/mL
Standard Curve Precision 
(%CV)

1.3 to 3.3%

Standard Curve Accuracy (%) 91.0 to 105.4%
Inter-assay Precision (%CV) HQC (27.002 µg/mL): 3.9%

MQC (15.526 µg/mL): 5.7%
LMQC (5.279 µg/mL): 3.8%
LQC (0.301 µg/mL): 6.7%

Inter-assay Accuracy (%) HQC (27.002 µg/mL): 105.2%
MQC (15.526 µg/mL): 98.6%
LMQC (5.279 µg/mL): 95.4%
LQC (0.301 µg/mL): 101.3%
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4.2 Clinical PK/PD Assessments
Study 311-13: The applicant conducted a multicenter, randomized, open label, two-period, two-
treatment, two-way crossover, single dose bioequivalence study in patients with pancreatic or ovarian 
cancer. . Patients were administered Gemcitabine 
Injection (either test or reference product as per randomization schedule) at a dose of 1000 mg/m2 over 30 
minutes (-3 minutes and + 5 minutes) on Day 1 (Period 1) and Day 8 (Period 2) of the 21 day cycle in 
case of ovarian cancer patients and on Day 1 and Day 8 of the chosen week in case of pancreatic cancer 
patients. Carboplatin was administered intravenously on Day 1 after Gemcitabine administration for 
ovarian cancer patients. A total of 16 blood samples, (3 samples during infusion and 12 samples post 
infusion of 2 mL each & 1 pre-dose sample of 4 mL) were collected from each patient in each period 
(except for discontinued / withdrawn patients and missing samples). The timepoints taken were predose, -
25 min before end of infusion (EOI), -15 min EOI, EOI, 5, 10, 20, 30, and 45 min, 1, 1.5, 2, 4, 6, 8, and 
10 hr post EOI. 

The study was planned to be conducted on 44 patients with pancreatic or ovarian cancer, but only 32 
patients were treated. Only 30 patients were included in statistical analysis. One patient was excluded 
from the analysis due to withdrawal of informed consent. The other patient had an infusion interruption at 
around 16 minutes and was discontinued from the study. 

A summary of the PK parameters by study drug is shown in Table 4.

Table 4: Summary of PK Parameters (Study 311-13)

Geometric Mean (% CV)
Test Reference

PK parameters

Period 1 Period 2 Period 1 Period 2
CMax (µg/mL) 28.7 (18.4%) 26.4 (17.4%) 25.0 (26.5%) 27.5 (45.1%)
AUC0-t (µg /mL∙hr) 14.2 (17.5%) 14.2 (18.8%) 13.0 (22.9%) 13.1 (26.9%)
AUC0-Inf (µg/mL∙hr) 14.3 (16.9%) 14.3 (18.7%) 13.1 (23.1%) 13.2 (26.8%)
Vc (L/m2) 24.8 (42.7%) 28.3 (49.1) 32.3 (65.5%) 33.4 (36.2%)
CL (L/hr/m2) 70.4 (20.8%) 69.1 (20.2%) 75.2 (27.1%) 76.1 (28.0%)
t1/2 (hr) 0.244 (12.6%) 0.284 (33.7%) 0.298 (28.0%) 0.304 (30.6%)
Test: test product (Gemcitabine Injection); Reference: reference listed product (Gemzar)

As shown in Figure 2, the PK profiles of Gemzar and Gemcitabine Injection were similar.

Figure 1: Plasma gemcitabine concentration vs. time profile in study drugs
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Bioequivalence analyses were performed on data of 30 patients using Phoenix 64 (V7.0.0.2535). The 
pharmacokinetic parameters of gemcitabine were summarized in Table 5.

Table 5: Bioequivalence analyses of gemcitabine

Geometric Mean Ratio 
(T/R)

Lower Bound Upper Bound

LogCmax 105.2 94.4 117.2
LogAUC0-t 108.6 101.9 115.7
LogAUC0-inf 108.4 101.7 115.5
T: test product (Gemcitabine Injection); R: reference listed product (Gemzar)

The bioequivalence result showed that Gemcitabine Injection is bioequivalent to reference listed product. 
The same individual patient had received a single dose of Gemcitabine Injection and the reference listed 
product, which eliminate a potential deviation of differences in total gemcitabine clearance between male 
and female patients. The washout period between the two dosing periods (Day 1 and Day 8) of the 
crossover design study is acceptable since the half life of gemcitabine is between 42-94 min.

The two-way crossover bioequivalence study with 30 patients conducted by Accord appears acceptable. 
The between subject coefficient of variation (CV%) of gemcitabine clearance was reported to be between 
17.1-31%. Intra-subject coefficient of variation is less than between subject variation. Assuming the intra-
subject variability of gemcitabine is between 10-25%, a standard two-way crossover comparison between 
test and reference product showed that no more than 17 patients are needed to achieve 80% power for 
bioequivalence (see Table below).
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In addition, the FDA statistical team has verified that the smaller number of subjects in the study is 
acceptable. See biometric review (REV-BIOMETRICS-01, 06/08/2017).

4.3 Exposure-Response
No formal studies were conducted for exposure-response for this NDA. 

4.4 Co-Development of Drug and Companion Diagnostic
No formal studies were conducted for Co-development of drug and companion diagnostic for this NDA. 

4.5 Influence of Genetic Markers on PK, Efficacy, or Safety
No formal studies were conducted for influence of genetic marker on PK, efficacy, or safety for this 
NDA. 

4.6 PBPK Modeling and Simulation
No formal studies were conducted for PBPK modeling and simulation for this NDA. 

4.7 Enrichment and Stratification
No formal studies were conducted for enrichment and stratification for this NDA. 

4.8 Population PK Analysis
No formal studies were conducted for population PK analysis for this NDA. 
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items 1 to 6 above (in .xpt format if data are 
submitted electronically)?

Study 311-13 & 655-10

8. Did the applicant submit the module 2 
summaries (e.g. summary-clin-pharm, summary-
biopharm, pharmkin-written-summary)?  

Yes ☐No ☐N/A
Submitted BE Summary Data 
Tables

9. Is the clinical pharmacology and 
biopharmaceutics section of the submission 
legible, organized, indexed and paginated in a 
manner to allow substantive review to begin?
If provided as an electronic submission, is the 
electronic submission searchable, does it have 
appropriate hyperlinks and do the hyperlinks 
work leading to appropriate sections, reports, and 
appendices?

Yes ☐No ☐N/A

Complete Application
10. Did the applicant submit studies including 
study reports, analysis datasets, source code, input 
files and key analysis output, or justification for 
not conducting studies, as agreed to at the pre-
NDA or pre-BLA meeting?  If the answer is ‘No’, 
has the sponsor submitted a justification that was 
previously agreed to before the NDA submission?

Yes ☐No ☐N/A

Criteria for Assessing Quality of an NDA (Preliminary Assessment of Quality) Checklist
Data 
1. Are the data sets, as requested during pre-
submission discussions, submitted in the 
appropriate format (e.g., CDISC)? 

☐Yes ☐No N/A

2. If applicable, are the pharmacogenomic data 
sets submitted in the appropriate format? ☐Yes ☐No N/A

Studies and Analysis 
3. Is the appropriate pharmacokinetic information 
submitted? Yes ☐No ☐N/A

Tmax, Cmax, AUC, and PK 
concentrations

4. 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)?

☐Yes ☐No N/A

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

☐Yes ☐No N/A

6. 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?

☐Yes ☐No N/A

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

☐Yes ☐No N/A

General 
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8. Are the clinical pharmacology and 
biopharmaceutics studies of appropriate design 
and breadth of investigation to meet basic 
requirements for approvability of this product?

Yes ☐No ☐N/A

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

☐Yes ☐No N/A

Filing Memo
Gemzar (gemcitabine for injection, USP) is a nucleoside metabolic inhibitor that exhibits antitumor activity. 
Gemcitabine HCl is denoted as 2´-deoxy-2´,2´-difluorocytidine monohydrochloride (β-isomer). The empirical 
formula for gemcitabine HCl is C9H11F2N3O4 .HCl. The salt form has a molecular weight of 299.66 g/mol. 
Gemcitabine HCl is soluble in water, slightly soluble in methanol, and practically insoluble in ethanol and polar 
organic solvents.

Mechanism of Action:  The main mechanism of action of gemcitabine is to induce cell apoptosis by blocking 
the progression of cells through the G1/S-phase boundary. Gemcitabine is first metabolized by nucleoside 
kinases to diphosphate (dFdCDP) and triphosphate (dFdCTP) nucleosides. Gemcitabine diphosphate inhibits 
ribonucleotide reductase, an enzyme responsible for catalyzing the reactions that generate deoxynucleoside 
triphosphates for DNA synthesis, resulting in reductions in deoxynucleotide concentrations, including dCTP. 
Gemcitabine triphosphate competes with dCTP for incorporation into DNA. The reduction in the intracellular 
concentration of dCTP by the action of the diphosphate enhances the incorporation of gemcitabine triphosphate 
into DNA (self-potentiation). After the gemcitabine nucleotide is incorporated into DNA, only one additional 
nucleotide is added to the growing DNA strands, which eventually results in the initiation of apoptotic cell 
death.

Indication: Gemzar is approved for use (1) in combination with carboplatin, for the treatment of advanced 
ovarian cancer that has relapsed at least 6 months after completion of platinum- based therapy (2) in 
combination with paclitaxel, for first-line treatment of metastatic breast cancer after failure of prior 
anthracycline-containing adjuvant chemotherapy, unless anthracyclines were clinically contraindicated (3) in 
combination with cisplatin, for the treatment of non-small cell lung cancer (4) and as a single agent, for the 
treatment of pancreatic cancer. 

Drug Product: Gemzar is supplied in a sterile form for intravenous use only. For the reference listed drug 
(RLD) product (NDA#020509), vials of Gemzar contain either 200 mg or 1 g of gemcitabine HCl (expressed as 
free base) formulated with mannitol (200 mg or 1 g, respectively) and sodium acetate (12.5 mg or 62.5 mg, 
respectively) as a sterile lyophilized powder. Hydrochloric acid and/or sodium hydroxide may have been added 
for pH adjustment. For Gemcitabine Injection drug product, it is available in 100 mg/mL strength with four 
filled volumes of 2 mL, 10 mL, 15 mL and 20 mL, containing excipients that include % polyethylene glycol 
(PEG) 300, % propylene glycol, and % dehydrate alcohol and is adjusted by sodium hydroxide and 
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11 adverse events were reported after administration of test drug product and 19 adverse events were reported 
after administration of reference listed drug product.

Table 6:
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