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method for impurity identification was not adequately validated for linearity, accuracy, 
and precision.  Based on this quality deficiency, it was not possible to precisely 
determine the impurity levels that were achieved with the lot used in the non-clinical 
study, and the impurities could not be qualified.

In the current submission, additional data were submitted to validate the method for 
linearity, accuracy, and precision at the proposed limits and extending to the higher 
concentrations of impurities found in lot U022750RA, the lot used in the nonclinical 
toxicology study conducted for impurity qualification.  The CMC reviewer reviewed this 
data and determined that the analytical method is validated for linearity, accuracy, and 
precision both at the proposed specifications and at the concentrations present in lot 
U022750RA used in the toxicology study.  Based on this validation of the method, the 
impurity levels reported in the toxicology study appear to be accurate, and therefore, the 
impurities are qualified at the proposed specifications.  There were no other issues 
requiring pharmacology/toxicology input that developed during the course of the review 
process for this or the previous submission.  The Hospira formulation for Gemcitabine 
Injection is, therefore, recommended for approval. 
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MEMORANDUM

Date:  December 8, 2010 
From: S. Leigh Verbois, Ph.D.  
 Supervisory Pharmacologist 
 Division of Drug Oncology Products 
To: File for NDA #200795 
 Gemcitabine Injection 
Re: Approvability of Pharmacology and Toxicology  

Hospira, Inc submitted a 505(b)2 NDA application for the treatment of patients with 
ovarian cancer, breast cancer, non-small cell lung cancer or pancreatic cancer.  The 
sponsor submitted data to qualify impurities in order to support specifications for 

  Although the GLP non-clinical study (Study 1632-08668) was 
well conducted and did not detect difference between the lots of RLD and the lot with 
purported elevated impurity levels, the Chemistry, Manufacturing and Controls review 
was unable to provide assurance that the levels were impurities were accurate or precise 
based on the analytical method which was used.  Therefore it is not possible to qualify 
impurities or set specifications above qualification thresholds described in ICH Q3A or 
Q3B at this time.     

Recommendations: I concur with Dr. Robert Dorsam’s conclusion that the sponsor 
should provide justification for the impurity levels within lot U022750RA the lot used in 
the Study 1632-08668.   This justification should adequately address accuracy and 
precision of previous reported measures to allow for setting of specifications for 

   

Should new analytical methods indicate that substantial differences exist between 
information submitted previously to qualify impurities or should a justifiable bridge 
between analytical procedures previously used and those to be developed not be capable 
of being established, specifications may need to be lowered to below qualification 
thresholds or an additional non-clinical study may be necessary to support specifications.   
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1 Executive Summary 

1.1 RECOMMENDATIONS 

1.1.1 Approvability 

Hospira, Inc. has developed a preparation of Gemcitabine Injection which contains 
impurities specification limits that exceed the ICHQ3A qualification threshold of 0.15% 
and ICHQ3B qualification threshold of 0.2%.  In order to qualify these impurities, 
Hospira, Inc. has performed a bridging toxicology study which includes both the 
Reference Listed Drug (RLD) and a preparation of gemcitabine that contains elevated 
levels of impurities.  During the review of the chemistry, manufacturing, and controls 
module of the submission, the reviewer identified issues with the analytical methods for 
impurity identification.  Due to this it is not possible to PRECISELY determine the 
impurity levels that were achieved with the lot used in the non-clinical study.  Given this 
it is not possible to qualify impurities to allow for setting of specification as this time.      

1.1.2 Additional Non Clinical Recommendations 

The sponsor should provide adequate justification that the impurity levels within lot 
U022750RA, the lot used in Study 1632-08668, have been precisely and accurately 
reported.  This will allow setting of specifications for    
 
Should new analytical methods indicate that substantial differences exist between 
information submitted previously to qualify impurities and current lots OR should a 
justifiable bridge between analytical procedures previously used and those to be 
developed not be capable of being established specifications may need to be lowered 
or an additional non-clinical study may be necessary to support specifications.   
 
1.1.3 Labeling 
The Pharm/Tox studies that were submitted by Hospira, Inc. do not present any findings 
that require revisions from that submitted. 

1.2 BRIEF DISCUSSION OF NONCLINICAL FINDINGS
The sponsor conducted a bridging toxicology study in mice to compare the 
toxicities of the Reference Listed Drug (RLD) and a preparation of gemcitabine 
that had elevated levels of  for qualification purposes.  
For clarity, the gemcitabine preparation that contains elevated levels of impurities 
will be referred to as “Hospira’s gemcitabine injection” throughout this review.  
Four dose groups received RLD at 0, 100, 500, or 600 mg/kg on Days 1 and 8 
followed by necropsy 7 days later.  Another four dose groups received Hospira’s 
gemcitabine injection under the same dose and schedule.  Two deaths of mice 
receiving 600 mg/kg Hospira’s gemcitabine injection demonstrated that the drug 
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targets the lymphoid tissue as is expected with gemcitabine exposure.  One male 
receiving 500 mg/kg of the RLD died without clinical observations or microscopic 
findings.  Treatment with either the RLD or Hospira’s gemcitabine injection 
reduced WBC, RBC, Hb, and lymphocyte counts.  Changes in spleen, thymus 
and testes weight were also similar between drug preparations.  
Histopathological findings further demonstrate that lymphoid tissues and testes 
were the major target organs for both the RLD and Hospira’s gemcitabine 
injection.  In the absence of unique toxicities that can be attributed to 

 this bridging study provides qualification of these 
impurities in Hospira’s gemcitabine injection.   

2 DRUG INFORMATION 

2.1 Drug Gemcitabine Hydrochloride 

2.1.2 Generic Name Gemcitabine 

2.1.1 CAS Registry Number  122111-03-9 

2.1.3 Code Name N/A 

2.1.4 Chemical Name 
2’-Deoxy-2’,2’-difluorocytidine 
monohydrochloride ( -isomer) 
Cytidine: 2’-deoxy-2’,2’-difluro-, 
monohydrochloride 

2.1.5 Molecular Formula/Molecular Weight C9H11F2N3O4·HCl 

2.1.6 Structure 
299.7 (hydrochloride) 

 

2.1.7 Pharmacologic class Nucleoside metabolic inhibitor 

2.2 Relevant IND/s, NDA/s, and DMF/s IND 106215,  

 

2.3 Clinical Formulation 
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3.3 Previous Reviews Referenced 

 None 

4 Pharmacology 

4.1 PRIMARY PHARMACOLOGY 

No pharmacology studies have been submitted. 

4.2 SECONDARY PHARMACOLOGY 

No secondary pharmacology studies have been submitted. 

4.3 SAFETY PHARMACOLOGY 

No safety pharmacology studies have been submitted. 

5 Pharmacokinetics/ADME/Toxicokinetics 

5.1 PK/ADME 

 No PK/ADME studies have been submitted. 

6 General Toxicology 

6.1 SINGLE-DOSE TOXICITY 

 None submitted 
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Species/Strain: CD-1 mice 
Number/Sex/Group: 3 animals/sex/group 

Age: Approximately 9 weeks 
Weight: Males: 31.43 – 35.53 g 

Females: 21.43 – 27.06 g 
Satellite groups: None 

Unique study design: Eight dosing groups in this study. 
Groups 1 to 4 received Hospira’s gemcitabine injection 
Groups 5 to 8 received Gemzar® 

Deviation from study protocol: There were no deviations that appear to impact the 
outcome of the study. 

Observations and Results 

Mortality 

There were no unscheduled deaths during this study. 

Clinical Signs 

Clinical observations were made prior to dosing and then 1 to 2 hours and 4 to 6 hours 
after dosing on Days 1 and 8.  Observations were made once daily on other days.  No 
findings were in greater incidence for any drug-treated group.  Blue and white 
discolorations at the injection site were of equal incidence among all groups in the 
study. 

Body Weights 

Mice treated with Hospira’s gemcitabine at doses of 0, 100, 350, or 500 mg/kg (Groups 
1 to 4) or the RLD (Groups 5 to 8) showed similar body weights among all groups.  
There were no differences among dose groups or between the groups treated with RLD 
and Hospira’s gemcitabine injection.  Data below are for males, though females also 
showed no differences among doses or between drug preparations.  

 
(the following male body weight data was excerpted from the sponsor’s study report) 
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Table 2. Male Body Weights - Hospira's Gemcitabine injection 

 
 

Table 3. Male Body Weights - Gemzar®
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The repeat dose toxicology study incorporates 4 groups of mice treated with Hospira’s 
gemcitabine and 4 groups of mice treated with the RLD at doses up to 1800 mg/m2 for a 
comparison of the toxicities.  Both the RLD and Hospira’s gemcitabine targeted the 
lymphoid tissues (thymus and spleen) as demonstrated in the altered organ weights and 
histopathological findings of hematopoiesis, hemorrhage, and atrophy in these organs. 
Suppression of RBC, WBC and lymphocyte counts indicate that both the RLD and 
Hospira’s gemcitabine target the bone marrow and lymphoid tissue.  The testes were 
also reduced in weight and had germ cell depletion.  Effects on the lymphoid organs, 
bone marrow, and testes are typical of gemcitabine-mediated toxicities.   
 
All mice in the study had signs of degradation of myofibers at the site injection site.  In 
addition to myofiber degradation, mice treated with 500 mg/kg Hospira’s gemcitabine 
had minimal to mild inflammation, mineralization, and exudate of the injection site in 1 or 
2 out of 10 mice in the dose group.  Inflammation was mainly noted in the 500 mg/kg 
group for both males and females who received Hospira’s gemcitabine and was not 
present in the higher dose group (600 mg/kg).  The absence of inflammation in the high 
dose group is not due to suppression of immune function; immune cell levels are 
roughly similar between the 500 and 600 mg/kg groups. 
 
Inflammation in the heart was noted in a single mouse in the high dose groups that 
received either the RLD or Hospira’s gemcitabine.  There was also a 5 to 10% increase 
in heart weight in those animals treated with Hospira’s gemcitabine that was not dose 
dependent nor statistically significant due to variability in the data.  Additionally, the 
heart weight was not different among treatment groups when normalized according to 
brain weight therefore this does not appear to be toxicologically relevant.  Because 
inflammation was noted with both preparations of gemcitabine, observations in the heart 
are not unique to Hospira’s gemcitabine. In summary, the toxicities in the groups treated 
with the RLD and degraded Hospira’s gemcitabine appear to be similar.   
 
 
The structures of gemcitabine and  were evaluated for 
genotoxic and carcinogenic potential based on a quantitative structure activity 
relationship analysis using the Derek database.  As expected, gemcitabine scored 
positive for both genotoxic and carcinogenic potential.   were 
each negative for genotoxic and carcinogenic potential according to this analysis and 
therefore possess less genotoxic potential than gemcitabine, the parent compound.  
 
During the CMC review, the CMC reviewer noted issues with analytical validation which 
called into question the quantification of   Due to this, it is not 
possible to precisely or accurately determine the levels of impurities with the nonclinical 
studies at this time.  However, based on the data that was provided, Hospira’s 
gemcitabine was degraded to 88.8% impurity with elevated levels of
(Table below).   is a major inactive metabolite of gemcitabine
not require qualification.  The maximal dose used in the mouse study (600 mg/kg or 
1800 mg/m2) resulted in exposure of mice to levels of these impurities that are above 
the proposed specifications for the clinical dose of Hospira’s gemcitabine.  When 
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accounting for a patient taking the typical dose of 1000 mg/m2 which may be degraded 
to the maximal specification, mouse exposure to the impurities in the general toxicology 
study was 2.76 to 3.34 fold higher than a single clinical dose (Table 16).  Gemcitabine 
dosage may be escalated up to 1500 mg/m2, in which case mice were exposed to 1.38 
to 1.95 fold higher impurities than the predicted human exposure during a single 
administration.   
   
During a therapeutic cycle, the RLD is administered to patients once weekly for 3 weeks 
followed by a one week break during a 28-day cycle.  Alternatively, patients may receive 
up to 7 weekly doses or until toxicity necessitates holding the dose, followed by once 
weekly doses over three weeks in a 4 week cycle.  The dosing schedule used in this 
repeat dose toxicology study is once weekly for two consecutive weeks.  Though the 
toxicology study dose schedule is not as intense, the mice gained higher exposure to 
the intermediates in two doses than to four doses of maximally degraded 1000 mg/m2 
gemcitabine on a 28-day cycle (Table 17).  Similarly, animals in the toxicology studies 
received higher exposure to the impurities than if humans were exposed to three doses 
of 1500 mg/m2 maximally degraded gemcitabine.  The closest margin between mouse 
and human exposure is found with   Mice received two doses of 8.28 
mg/m2  for a total exposure of 16.6 mg/m2 in the study whereas patients 
receiving 3 doses of 1500 mg/m2 maximally degraded gemcitabine would theoretically 
receive a dose of 13.5 mg/m2 of   Mice therefore receive higher exposure 
to  under this “worst case scenario” considering maximally degraded 
gemcitabine at the highest dose (1500 mg/m2).   
 
Considering this, should the deviations in the analytical methods indicate that there was 
a substantial change in impurities in Hospira’s gemcitabine, specifications may need to 
be lowered or an additional nonclinical study may be required to support the proposed 
specifications and approval.   
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