
CENTER FOR DRUG EVALUATION AND 
RESEARCH 

 
 
 

APPLICATION NUMBER: 
 

204042Orig1s000 
 
 

OTHER REVIEW(S) 



Version: 4/17/12 1 

RPM FILING REVIEW 
(Including Memo of Filing Meeting) 

 

Application Information 
NDA 204042 
 

NDA Supplement: N/A Efficacy Supplement Type SE- 1 

Proprietary Name:  Invokana 
Established/Proper Name: canagliflozin 
Dosage Form:  Tablets 
Strengths: 100 and 300 mg 
Applicant:  Janssen Research & Development, LLC 
Agent for Applicant (if applicable):  N/A 
Date of Application:  May 31, 2012 
Date of Receipt:  May 31, 2012 
Date clock started after UN:  N/A  
PDUFA Goal Date: March 31, 2013 Action Goal Date: March 29, 2013  

  
Filing Date:  July 30, 2012 Date of Filing Meeting:  July 31, 2012 
Chemical Classification: (1,2,3 etc.) (original NDAs only)  1 
Proposed indication: As an adjunct to diet and exercise to improve glycemic control in adults with Type 2 
diabetes mellitus. 
 
Type of Original NDA:          
 
If 505(b)(2): Draft the “505(b)(2) Assessment” review found at:  
http://inside.fda.gov:9003/CDER/OfficeofNewDrugs/ImmediateOffice/UCM027499   
and refer to Appendix A for further information.   

505(b)(1)      
 
N/A 

Review Classification:          
 
If the application includes a complete response to pediatric WR, review 
classification is Priority.  
 
If a tropical disease priority review voucher was submitted, review 
classification is Priority.  
 

Standard      
 
 
 
 

Resubmission after withdrawal?    No Resubmission after refuse to file?  No 
Part 3 Combination Product?  No 
 
 

 Convenience kit/Co-package  
 Pre-filled drug delivery device/system (syringe, patch, etc.) 
 Pre-filled biologic delivery device/system (syringe, patch, etc.) 
 Device coated/impregnated/combined with drug 
 Device coated/impregnated/combined with biologic 
 Separate products requiring cross-labeling 
 Drug/Biologic 
 Possible combination based on cross-labeling of separate 

products 
 Other (drug/device/biological product) 
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  Fast Track 
  Rolling Review 
  Orphan Designation  

 
  Rx-to-OTC switch, Full 
  Rx-to-OTC switch, Partial 
  Direct-to-OTC  

 
Other: None 

 PMC response 
 PMR response: 

 FDAAA [505(o)]  
 PREA deferred pediatric studies [21 CFR 

314.55(b)/21 CFR 601.27(b)] 
  Accelerated approval confirmatory studies (21 CFR 

314.510/21 CFR 601.41)  
 Animal rule postmarketing studies to verify clinical 

benefit and safety (21 CFR 314.610/21 CFR 601.42) 

Collaborative Review Division (if OTC product): N/A 

List referenced IND Number:  076479 

Goal Dates/Product Names/Classification Properties YES NO NA Comment 
PDUFA and Action Goal dates correct in tracking system?  
 
If no, ask the document room staff to correct them immediately. 
These are the dates used for calculating inspection dates. 

    

Are the proprietary, established/proper, and applicant names 
correct in tracking system?  
 

    

Is the review priority (S or P) and all appropriate 
classifications/properties entered into tracking system (e.g., 
chemical classification, combination product classification, 
505(b)(2), orphan drug)? For NDAs/NDA supplements, check 
the New Application and New Supplement Notification Checklists 
for a list of all classifications/properties at: 
http://inside.fda.gov:9003/CDER/OfficeofBusinessProcessSupport/ucm163969.ht
m    
 

    

Application Integrity Policy YES NO NA Comment 
Is the application affected by the Application Integrity Policy 
(AIP)?  Check the AIP list at: 
http://www.fda.gov/ICECI/EnforcementActions/ApplicationIntegrityPolicy/default
.htm    

    

If yes, explain in comment column. 
   

    

If affected by AIP, has OC/OMPQ been notified of the 
submission? If yes, date notified:      

    

User Fees YES NO NA Comment 
Is Form 3397 (User Fee Cover Sheet) included with 
authorized signature?  
 

    

User Fee Status 
 

Payment for this application: Paid (PD3012205) 
$1,841,500.00 
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If the firm is in arrears for other fees (regardless of 
whether a user fee has been paid for this application), 
the application is unacceptable for filing (5-day grace 
period does not apply). Review stops. Send UN letter 
and contact the user fee staff. 

 
 
Not in arrears 
 

505(b)(2)                      
(NDAs/NDA Efficacy Supplements only) 

YES NO NA Comment 

Is the application for a duplicate of a listed drug and eligible 
for approval under section 505(j) as an ANDA?  

    

Is the application for a duplicate of a listed drug whose only 
difference is that the extent to which the active ingredient(s) 
is absorbed or otherwise made available to the site of action 
is less than that of the reference listed drug (RLD)? [see 21 
CFR 314.54(b)(1)]. 

    

Is the application for a duplicate of a listed drug whose only 
difference is that the rate at which the proposed product’s 
active ingredient(s) is absorbed or made available to the site 
of action is unintentionally less than that of the listed drug 
[see 21 CFR 314.54(b)(2)]? 
 
If you answered yes to any of the above questions, the application 
may be refused for filing under 21 CFR 314.101(d)(9). Contact 
the (b)(2) review staff in the Immediate Office of New Drugs 

    

Is there unexpired exclusivity on the active moiety (e.g., 5-
year, 3-year, orphan, or pediatric exclusivity)?  
Check the Electronic Orange Book at:  
http://www.accessdata.fda.gov/scripts/cder/ob/default.cfm    
 
If yes, please list below: 

    

Application No. Drug Name Exclusivity Code Exclusivity Expiration 
                        
                        
                        

If there is unexpired, 5-year exclusivity remaining on the active moiety for the proposed drug product, a 505(b)(2) 
application cannot be submitted until the period of exclusivity expires (unless the applicant provides paragraph IV 
patent certification; then an application can be submitted four years after the date of approval.)  Pediatric 
exclusivity will extend both of the timeframes in this provision by 6 months. 21 CFR 314.108(b)(2).Unexpired, 3-year 
exclusivity will only block the approval, not the submission of a 505(b)(2) application. 
Exclusivity YES NO NA Comment 
Does another product (same active moiety) have orphan 
exclusivity for the same indication? Check the Orphan Drug 
Designations and Approvals list at: 
http://www.accessdata.fda.gov/scripts/opdlisting/oopd/index.cfm  

    
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If another product has orphan exclusivity, is the product 
considered to be the same product according to the orphan 
drug definition of sameness [see 21 CFR 316.3(b)(13)]? 
 

    

Has the applicant requested 5-year or 3-year Waxman-Hatch 
exclusivity? Yes, requested 5 years of exclusivity 
 

    

Is the proposed product a single enantiomer of a racemic drug 
previously approved for a different therapeutic use (NDAs 
only)? 

    

If yes, did the applicant: (a) elect to have the single 
enantiomer (contained as an active ingredient) not be 
considered the same active ingredient as that contained in an 
already approved racemic drug, and/or (b): request 
exclusivity pursuant to section 505(u) of the Act (per 
FDAAA Section 1113)? 

    

 
 

Format and Content 
 
 
Do not check mixed submission if the only electronic component 
is the content of labeling (COL). 
 

All electronic 
 
eCTD   
 

If mixed (paper/electronic) submission, which parts of the 
application are submitted in electronic format?  

 

Overall Format/Content YES NO NA Comment 
If electronic submission, does it follow the eCTD 
guidance?1 
If not, explain (e.g., waiver granted). 

    

Index: Does the submission contain an accurate 
comprehensive index? 

    

Is the submission complete as required under 21 CFR 314.50 
(NDAs/NDA efficacy supplements)  
 

 legible 
 English (or translated into English) 
 pagination 
 navigable hyperlinks (electronic submissions only) 

   Legible, English,  
pagination, 
avigable hyperlinks  
 

BLAs only: Companion application received if a shared or 
divided manufacturing arrangement? 
 

    

                                                           
1 
http://www.fda.gov/downloads/Drugs/GuidanceComplianceRegulatoryInformation/Guidances/ucm072349.
pdf  
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Forms and Certifications 

Electronic forms and certifications with electronic signatures (scanned, digital, or electronic – similar to DARRTS, 
e.g., /s/) are acceptable. Otherwise, paper forms and certifications with hand-written signatures must be included.  
Forms include: user fee cover sheet (3397), application form (356h), patent information (3542a), financial 
disclosure (3454/3455), and clinical trials (3674); Certifications include: debarment certification, patent 
certification(s), field copy certification, and pediatric certification.    
Application Form   YES NO NA Comment 
Is form FDA 356h included with authorized signature per 21 
CFR 314.50(a)?  
 

    

Are all establishments and their registration numbers listed 
on the form/attached to the form? 

    

Patent Information  
(NDAs/NDA efficacy supplements only) 

YES NO NA Comment 

Is patent information submitted on form FDA 3542a per 21 
CFR 314.53(c)? 
 

    

Financial Disclosure YES NO NA Comment 
Are financial disclosure forms FDA 3454 and/or 3455 
included with authorized signature per 21 CFR 54.4(a)(1) and 
(3)? 
 
Forms must be signed by the APPLICANT, not an Agent [see 21 
CFR 54.2(g)]. 
 

    

Clinical Trials Database  YES NO NA Comment 
Is form FDA 3674 included with authorized signature? 
 
If yes, ensure that the application is also coded with the 
supporting document category, “Form 3674.”  
 

    

Debarment Certification YES NO NA Comment 
Is a correctly worded Debarment Certification included with 
authorized signature?  
 
Certification is not required for supplements if submitted in the 
original application; If foreign applicant, both the applicant and 
the U.S. Agent must sign the certification [per Guidance for 
Industry: Submitting Debarment Certifications]. 
 
Note: Debarment Certification should use wording in FD&C Act 
Section 306(k)(1) i.e.,“[Name of applicant] hereby certifies that it 
did not and will not use in any capacity the services of any person 
debarred under section 306 of the Federal Food, Drug, and 
Cosmetic Act in connection with this application.” Applicant may 
not use wording such as, “To the best of my knowledge…” 

    

Field Copy Certification  
(NDAs/NDA efficacy supplements only) 

YES NO NA Comment 

Is a Field Copy Certification (that it is a true copy of the 
CMC technical section) included?   

    
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Controlled Substance/Product with Abuse Potential YES NO NA Comment 
For NMEs: 
Is an Abuse Liability Assessment, including a proposal for 
scheduling, submitted per 21 CFR 314.50(d)(5)(vii)? 

    

 

Pediatrics YES NO NA Comment 
PREA 
 
Does the application trigger PREA? 
 
Note: All waiver & deferral requests, pediatric plans, and pediatric 
assessment studies must be reviewed by PeRC prior to approval of 
the application/supplement. 

   Meeting held 
3/13/13  

If the application triggers PREA, are the required pediatric 
assessment studies or a full waiver of pediatric studies 
included? 

    

If studies or full waiver not included, is a request for full 
waiver of pediatric studies OR a request for partial waiver 
and/or deferral with a pediatric plan included?  
 

   Waiver & Deferral 
requested. Pediatric 
Plan included in 
submission. 

If a request for full waiver/partial waiver/deferral is 
included, does the application contain the certification(s) 
required by FDCA Section 505B(a)(3) and (4)? 
 

   314.55(b) 
314.55(c) 

BPCA (NDAs/NDA efficacy supplements only):  
 
Is this submission a complete response to a pediatric Written 
Request? 
 

    

Proprietary Name YES NO NA Comment 
Is a proposed proprietary name submitted? 
 
If yes, ensure that the application is also coded with the 
supporting document category, “Proprietary Name/Request for 
Review.” 

   Acceptable 

REMS YES NO NA Comment 
Is a REMS submitted? 
 
If yes, send consult to OSE/DRISK and notify OC/ 
OSI/DSC/PMSB via the CDER OSI RMP mailbox 

   Will not have a 
REMS.  

Prescription Labeling      

Check all types of labeling submitted.  
 
 

Package Insert, Patient Information 
Med Guide 
Carton & container labels 
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  YES NO NA Comment 
Is Electronic Content of Labeling (COL) submitted in SPL 
format? 
If no, request applicant to submit SPL before the filing date.  

    

Is the PI submitted in PLR format?2  
 

    

If PI not submitted in PLR format, was a waiver or 
deferral requested before the application was received or in 
the submission? If requested before application was 
submitted, what is the status of the request?   
 

    

All labeling (PI, PPI, MedGuide, IFU, carton and immediate 
container labels) consulted to OPDP? 

   PI, PPI, C & C, 

MedGuide, PPI, IFU (plus PI) consulted to OSE/DRISK? 
(send WORD version if available) 
 

   N/A as of filing 

Carton and immediate container labels, PI, PPI sent to 
OSE/DMEPA and appropriate CMC review office (OBP or 
ONDQA)? 
 

    

OTC Labeling                   Not Applicable 

Check all types of labeling submitted.   Outer carton label 
 Immediate container label 
 Blister card 
 Blister backing label 
 Consumer Information Leaflet (CIL) 
 Physician sample  
 Consumer sample   
 Other (specify)  

  YES NO NA Comment 
Is electronic content of labeling (COL) submitted? 
 

    

Are annotated specifications submitted for all stock keeping 
units (SKUs)? 

    

If representative labeling is submitted, are all represented 
SKUs defined? 
 

    

All labeling/packaging, and current approved Rx PI (if 
switch) sent to OSE/DMEPA? 

    

Other Consults YES NO NA Comment 
Are additional consults needed?  
 

   CDRP: 10/25/12 
(renal); 
OSE: 10/25/12 
(liver); DRUP: 
10/25/12 (bone. 
 

                                                           
2 
http://inside fda.gov:9003/CDER/OfficeofNewDrugs/StudyEndpointsandLabelingDevelopmentTeam/ucm0
25576.htm  
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Meeting Minutes/SPAs YES NO NA Comment 
End-of Phase 2 meeting 
Date: 4/28/09 
 

    

Pre-NDA Meeting 
Date:  4/13/12 
 
If yes, distribute minutes before filing meeting 

    

Any Special Protocol Assessments (SPAs)? 
Date: 3/18/08 (PCL) 
 

    
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ATTACHMENT  
 

MEMO OF FILING MEETING 
 
 
DATE:  July 31, 2012 
 
NDA:  204042 
  
PROPRIETARY NAME:  Invokana 
 
ESTABLISHED/PROPER NAME: canagliflozin 
 
DOSAGE FORM/STRENGTH: 100 & 300 mg Tablets (for oral use) 
 
APPLICANT:  Janssen Research & Development, LLC 
 
PROPOSED INDICATION: As an adjunct to diet and exercise to improve glycemic control in 
adults with Type 2 diabetes mellitus. 
 
BACKGROUND:  NME. A sodium-glucose co-transporter 2 (SGLT2) inhibitor 
 
REVIEW TEAM:  
 

Discipline/Organization Names Present at 
filing 
meeting? 
(Y or N) 

Regulatory Project Management 
 

RPM: Jena Weber Yes 

CPMS/TL: Julie Marchick Yes 

Cross-Discipline Team Leader (CDTL) 
 

Jean-Marc Guettier Yes 

Clinical 
 

Reviewer: 
 

Hyon Kwon Yes 

TL: 
 

Jean-Marc Guettier Yes 

Social Scientist Review (for OTC 
products) 
 

Reviewer: 
 

N/A N/A 

TL: 
 

 N/A 

OTC Labeling Review (for OTC 
products) 
 

Reviewer: 
 

N/A N/A 

TL: 
 

 N/A 

Clinical Microbiology (for antimicrobial 
products)  

Reviewer: 
 

N/A N/A 

TL: 
 

 N/A 
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Clinical Pharmacology 
 

Reviewer: 
 

Jaya Vaidyanathan 
Manoj Khurana 

Yes 
Yes 

TL: 
 

Lokesh Jain 
Immo Zadezensky 

No 
Yes 

Biostatistics  
 

Reviewer: 
 

Eugenio Andraca-Carrera 
Wei Liu 

Yes 
Yes 

TL: 
 

Mat Soukup 
Aloka Chakravarty 
Todd Sahlroot  

No 
Yes 
Yes 

Nonclinical 
(Pharmacology/Toxicology) 
Teritary (Paul Brown) 

Reviewer: 
 

Fred Alavi 
Dan Minck 
Paul Brown 

Yes 
Yes 
No 

TL: 
 

Todd Bourcier Yes 

Statistics (carcinogenicity) 
 

Reviewer: 
 

Min Min No 

TL: 
 

Karl Lin No 

Immunogenicity (assay/assay 
validation) (for BLAs/BLA efficacy 
supplements) 

Reviewer: 
 

N/A N/A 

TL: 
 

N/A N/A 

Product Quality (CMC) 
 

Reviewer: 
 

Sheldon Markofsky Yes 

TL: 
 

Su Tran 
Danae Christodoulou 

Yes 
No 

Quality Microbiology (for sterile 
products) 

Reviewer: 
 

N/A N/A 

TL: 
 

N/A N/A 

CMC Labeling Review  Reviewer: 
 

Shelly Markofsky 
 

Yes 
 

TL: 
 

Su Tran 
Ali Al Hakim   

Yes 
Yes 

Facility Review/Inspection  Reviewer: 
 

To be scheduled. 
Facility(ies) information 
submitted 

No 

TL: 
 

Danae Christodoulou No 

OSE/DMEPA (proprietary name) Reviewer: 
 

Reasol Agustin 
Yelena Maslov 
Riata Toss 

No 
No 
Yes 

TL: 
 

Yelena Maslov No 

OSE/DRISK (REMS) Reviewer: 
 

            

TL: 
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OC/OSI/DSC/PMSB (REMS) Reviewer: 

 
            

TL: 
 

            

Bioresearch Monitoring (OSI) 
 

Reviewer: 
 

N/A N/A 

TL: 
 

 N/A 

Controlled Substance Staff (CSS) Reviewer: 
 

N/A N/A 

TL: 
 

N/A N/A 

ONDQA Biopharmaceutics  
 

Reviewer: Houda Mahayni 
TL: John Duan   
TL: Angelica Dorantes    

Yes 
No 
Yes 

Other attendees 
 

           

 
FILING MEETING DISCUSSION: 
   
GENERAL 
 
• 505(b)(2) filing issues? 
 

 
 
Not Applicable 
 

• Per reviewers, are all parts in English or English 
translation? 

 

YES 
 

• Electronic Submission comments   
 

None  
 

CLINICAL 
Comments: Additional requests for 74-day letter. 
 

FILE 
 

• Clinical study site(s) inspections(s) needed? 
   

YES 
 

• Advisory Committee Meeting needed?  
 
Comments:       
 

YES 
Date if known:  January 10, 2013 
 
 

• Abuse Liability/Potential 
Comments:       
 

Not Applicable 
 

• If the application is affected by the AIP, has the 
division made a recommendation regarding whether 
or not an exception to the AIP should be granted to 
permit review based on medical necessity or public 
health significance?  
 

Not Applicable 
 

CLINICAL MICROBIOLOGY 
 

Not Applicable 
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CLINICAL PHARMACOLOGY 
 
Comments:       

FILE 
 

• Clinical pharmacology study site(s) inspections(s) 
needed? 

 

NO 

BIOSTATISTICS 
 
Comments:       
 

FILE 
 

NONCLINICAL 
(PHARMACOLOGY/TOXICOLOGY) 
 
 
 
Comments:       
 

FILE 
 

 
IMMUNOGENICITY (BLAs/BLA efficacy 
supplements only) 
 

Not Applicable 
 

PRODUCT QUALITY (CMC) 
 
Comments:       

FILE 
 

Environmental Assessment 
 
• Categorical exclusion for environmental assessment 

(EA) requested?  
 
If no, was a complete EA submitted? 

 
 
If EA submitted, consulted to EA officer (OPS)? 
 

Comments:       
 

YES 
 
 
 

Quality Microbiology (for sterile products) 
 
 
 

Not Applicable 
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Facility Inspection 
 
• Establishment(s) ready for inspection? 
 
 Establishment Evaluation Request (EER/TBP-EER) 

submitted to OMPQ? 
 

 
Comments:       
 

 
YES 
 
 
YES 
 

Facility/Microbiology Review (BLAs only) Not Applicable 
 

CMC Labeling Review  
 
Comments: None at this time 

N/A 
 
 
 
 

REGULATORY PROJECT MANAGEMENT 
 
Signatory Authority:  Curtis Rosebraugh, M.D. 
Office Director (ODE II) 
 

REGULATORY CONCLUSIONS/DEFICIENCIES 
 

 The application is unsuitable for filing.  Explain why: 
 

 The application, on its face, appears to be suitable for filing. 
 
Review Issues: 
 
No review issues have been identified for the 74-day letter. Some comments & requests 
only. 
 
Review Classification: 
 
Standard  Review 
    

ACTIONS ITEMS 
 

 Ensure that any updates to the review priority (S or P) and classifications/properties are 
entered into tracking system (e.g., chemical classification, combination product 
classification, 505(b)(2), orphan drug).  

 If RTF, notify everybody who already received a consult request, OSE PM, and Product 
Quality PM (to cancel EER/TBP-EER). 
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 If filed, and the application is under AIP, prepare a letter either granting (for signature by 
Center Director) or denying (for signature by ODE Director) an exception for review. 
 

 BLA/BLA supplements: If filed, send 60-day filing letter 
 

 If priority review: 
• notify sponsor in writing by day 60 (For BLAs/BLA supplements: include in 60-day 

filing letter; For NDAs/NDA supplements: see CST for choices) 
 
• notify OMPQ (so facility inspections can be scheduled earlier) 

X  Send review issues/no review issues by day 74 
 

 Conduct a PLR format labeling review and include labeling issues in the 74-day letter 
 

 BLA/BLA supplements: Send the Product Information Sheet to the product reviewer and 
the Facility Information Sheet to the facility reviewer for completion. Ensure that the 
completed forms are forwarded to the CDER RMS-BLA Superuser for data entry into 
RMS-BLA one month prior to taking an action  [These sheets may be found in the CST 
eRoom at:  
http://eroom.fda.gov/eRoom/CDER2/CDERStandardLettersCommittee/0 1685f ] 

 Other 
 

 
 
 

Reference ID: 3284946



---------------------------------------------------------------------------------------------------------
This is a representation of an electronic record that was signed
electronically and this page is the manifestation of the electronic
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03/29/2013
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Division of Metabolism and Endocrinology Products 
 

REGULATORY PROJECT MANAGER LABELING REVIEW  
 

 
Application: NDA 204042  
 
Name of Drug: Invokana (canagliflozin) 100 mg and 300 mg Tablets   
 
Applicant: Janssen Research & Development 
 

Labeling Reviewed 
 
Submission Date: March 29, 2013 (final) 
  
Receipt Date: March 29, 2013 (final) 

 
Background and Summary Description: Initial approval of NME to improve glycemic control 
in adults with type 2 diabetes mellitus. 
 
 

Review 
 
Final labeling including Med Guide and immediate carton and container labels approved via action 
letter signed by Curt Rosebraugh, M.D., Director ODE-II, on March 29, 2013. 
 

Recommendations 
 
AP letter with appropriate labeling attached and sent to sponsor. 
 
 
Jena Weber, RHPM      March 29, 2013 

Regulatory Project Manager      Date 
 
 
Chief, Project Management Staff     Date 
 
 
 
 

Reference ID: 3285147



---------------------------------------------------------------------------------------------------------
This is a representation of an electronic record that was signed
electronically and this page is the manifestation of the electronic
signature.
---------------------------------------------------------------------------------------------------------
/s/
----------------------------------------------------

JENA M WEBER
03/29/2013

JULIE C MARCHICK
03/29/2013
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3. If the study/clinical trial is a PMR, check the applicable regulation. 
If not a PMR, skip to 4. 

- Which regulation? 

 Accelerated Approval (subpart H/E) 
 Animal Efficacy Rule  
 Pediatric Research Equity Act 
 FDAAA required safety study/clinical trial 

 
- If the PMR is a FDAAA safety study/clinical trial, does it: (check all that apply) 

 Assess a known serious risk related to the use of the drug? 
 Assess signals of serious risk related to the use of the drug? 
 Identify an unexpected serious risk when available data indicate the potential for a serious 
risk? 

 
- If the PMR is a FDAAA safety study/clinical trial, will it be conducted as: 

 Analysis of spontaneous postmarketing adverse events? 
Do not select the above study/clinical trial type if: such an analysis will not be sufficient to 
assess or identify a serious risk 

 
 Analysis using pharmacovigilance system? 
Do not select the above study/clinical trial type if: the new pharmacovigilance system that the 
FDA is required to establish under section 505(k)(3) has not yet been established and is thus 
not sufficient to assess this known serious risk, or has been established but is nevertheless not 
sufficient to assess or identify a serious risk 

 
 Study: all other investigations, such as investigations in humans that are not clinical trials as 
defined below (e.g., observational epidemiologic studies), animal studies, and laboratory 
experiments? 
Do not select the above study type if: a study will not be sufficient to identify or assess a 
serious risk 

 
 Clinical trial: any prospective investigation in which the sponsor or investigator determines 
the method of assigning investigational product or other interventions to one or more human 
subjects? 

4. What type of study or clinical trial is required or agreed upon (describe and check type below)?  If the 
study or trial will be performed in a subpopulation, list here. 

This is a deferred pediatric study under PREA to assess the PK, PD and safety of canagliflozin in 
pediatric patients age 10 to <18 years with T2DM. 
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 This PMR/PMC has been reviewed for clarity and consistency, and is necessary to further refine 
the safety, efficacy, or optimal use of a drug, or to ensure consistency and reliability of drug 
quality.  

 
_______________________________________ 
(signature line for BLAs) 
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3. If the study/clinical trial is a PMR, check the applicable regulation. 
If not a PMR, skip to 4. 

- Which regulation? 

 Accelerated Approval (subpart H/E) 
 Animal Efficacy Rule  
 Pediatric Research Equity Act 
 FDAAA required safety study/clinical trial 

 
- If the PMR is a FDAAA safety study/clinical trial, does it: (check all that apply) 

 Assess a known serious risk related to the use of the drug? 
 Assess signals of serious risk related to the use of the drug? 
 Identify an unexpected serious risk when available data indicate the potential for a serious 
risk? 

 
- If the PMR is a FDAAA safety study/clinical trial, will it be conducted as: 

 Analysis of spontaneous postmarketing adverse events? 
Do not select the above study/clinical trial type if: such an analysis will not be sufficient to 
assess or identify a serious risk 

 
 Analysis using pharmacovigilance system? 
Do not select the above study/clinical trial type if: the new pharmacovigilance system that the 
FDA is required to establish under section 505(k)(3) has not yet been established and is thus 
not sufficient to assess this known serious risk, or has been established but is nevertheless not 
sufficient to assess or identify a serious risk 

 
 Study: all other investigations, such as investigations in humans that are not clinical trials as 
defined below (e.g., observational epidemiologic studies), animal studies, and laboratory 
experiments? 
Do not select the above study type if: a study will not be sufficient to identify or assess a 
serious risk 

 
 Clinical trial: any prospective investigation in which the sponsor or investigator determines 
the method of assigning investigational product or other interventions to one or more human 
subjects? 

4. What type of study or clinical trial is required or agreed upon (describe and check type below)?  If the 
study or trial will be performed in a subpopulation, list here. 

Deferred pediatric study required under PREA to assess the efficacy and safety of canagliflozin 
compared with placebo when added on to metformin and as monotherapy for the treatment of 
T2DM in pediatric subjects ages 10 to <18 years. 
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PMR/PMC Development Coordinator: 
 This PMR/PMC has been reviewed for clarity and consistency, and is necessary to further refine 
the safety, efficacy, or optimal use of a drug, or to ensure consistency and reliability of drug 
quality.  

 
_______________________________________ 
(signature line for BLAs) 
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 Theoretical concern 
 Other 

 
There is a nonclinical signal for pheochromocytoma, Leydig cell tumors, and renal tubule 
carcinoma.  Given the rarity of these malignancies, enhanced pharmacovigilance is required to 
generate additional data to better assess this serious risk related to the long-term use of this drug. 
 
A case of fatal hemorrhagic pancreatitis occurred with canagliflozin, and there was a slight 
imbalance in the incidence of serious and overall pancreatitis not favoring canagliflozin.  Enhanced 
pharmacovigilance is required to generate additional data to better assess this serious risk related to 
the long-term use of canagliflozin. 
 
A case of angioedema of the lips occurred with canagliflozin, and an imbalance in skin and 
hypersensitivity reactions not favoring canagliflozin was noted in the clinical development program.  
In addition, canagliflozin absorbs light in the UV range that is a concern for photoirritation, and 
there was an imbalance in the overall incidence and discontinuations due to photosensitivity skin 
adverse events not favoring canagliflozin.  Enhanced pharmacovigilance is required to generate 
additional data to better assess this serious risk once the product is widely marketed to the general 
population. 
 
An imbalance in hepatic transaminase elevations (i.e., ALT and AST elevations of 5 and 10x upper 
limit of normal) was observed with canagliflozin, although no Hy’s law case has been identified.  
Enhanced pharmacovigilance is required to assess the potential for hepatotoxicity once the product 
has been used in a larger patient population. 
 
Canagliflozin causes renal pelvis and renal tubule dilatation as well as a decrease in the rate of body 
growth in juvenile rats.  Post-natal week 3 to 6 was identified as the time window of susceptibility 
for the toxic renal effect.  This window covers the period of morphological and functional kidney 
development in rats and would correspond to the second/third trimesters of pregnancy in humans. 
Therefore, canagliflozin is not recommended for use during the second and third trimester of 
pregnancy.  Enhanced pharmacovigilance is required to generate additional data on canagliflozin 
exposure during pregnancy, and adverse pregnancy outcomes. 

 

2. Describe the particular review issue and the goal of the study/clinical trial.  If the study/clinical trial is 
a FDAAA PMR, describe the risk.  If the FDAAA PMR is created post-approval, describe the “new 
safety information.” 
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The goal of the enhanced pharmacovigilance is to gather additional data on known and potential 
serious risks related to the long-term use of canagliflozin. 
 
The program will include: 
  

1. Active query of reporters to obtain additional clinical information related to reports of    
malignancy (pheochromocytoma, Leydig cell tumors, renal cell carcinoma), fatal 
pancreatitis, hemorrhagic/necrotizing pancreatitis, severe hypersensitivity reactions 
(angioedema, anaphylaxis, Stevens Johnson syndrome), photosensitivity reactions, serious 
hepatic abnormalities, and pregnancy. The sponsor should actively query reporters for the 
following information: 

 
a. For reports of pheochromocytoma, Leydig cell tumor, renal cell carcinoma, the 

sponsor should actively query reporters for laboratory, imaging, and pathology 
results, duration of canagliflozin exposure, indication for canagliflozin use, 
canagliflozin dose, patient age, gender, and race (if available), age at first use of 
canagliflozin, action taken with canagliflozin (e.g., discontinued), concomitant 
medications including prior exposure to immunosuppressants or antineoplastics, 
time between initiation of therapy and date of event, comorbid conditions, all 
supportive studies (pathologic, laboratory, radiologic) – preferably source 
documents (for phenochromocytoma provide determination of multiple endocrine 
neoplasia [MEN] Type 1 or 2 or variant), malignancy stage and findings that 
support the stage (if applicable), other relevant risk factors specific for the 
malignancy (e.g., smoking, occupational exposures, if applicable), family history of 
malignancy of at least first degree relatives (if applicable), treatment for the event, 
event outcome 

b. For reports of fatal pancreatitis and hemorrhagic/necrotizing pancreatitis, the 
sponsor should actively query reporters for related laboratory values (including 
triglyceride, lipase, and amylase values), confirmatory imaging and pathology 
results, duration of canagliflozin exposure, dose of canagliflozin, and other risk 
factors for pancreatitis.   

c. For reports of severe hypersensitivity reactions, the sponsor should actively query 
reporters for concomitant medication use, biopsy results, duration of canagliflozin 
exposure, dose of canagliflozin, and other risk factors for hypersensitivity reactions. 

d. For reports of photosensitivity reactions, the sponsor should actively query 
reporters for sun exposure, concomitant medication use, duration of canagliflozin 
exposure, dose of canagliflozin, and other risk factors for photosensitivity reactions. 

 
e. For reports of serious hepatic abnormalities, the sponsor should actively query 

reporters for liver-related laboratory (including viral serology), imaging and 
pathology results, duration of canagliflozin exposure, dose of canagliflozin, and 
other risk factors for hepatic abnormalities.   

f. For reports of pregnancy, the sponsor should actively query reporters for comorbid 
conditions, concomitant medication use, other relevant exposures (smoking, 
alcohol), duration of canagliflozin exposure, dose of canagliflozin, action taken 
with canagliflozin and the week of gestation at which the action was taken, and the 
outcome of the pregnancy.    

 
2) Expedited reporting to FDA of all initial and follow-up reports of pheochromocytoma, 

Leydig cell tumors, renal cell carcinoma, fatal pancreatitis and hemorrhagic/necrotizing 
pancreatitis, severe hypersensitivity reactions (angioedema, anaphylaxis, Stevens-Johnson 
syndrome), photosensitivity reactions, serious hepatic abnormalities, and adverse pregnancy 
outcomes. 

 
Interim analyses and summaries of new and cumulative safety information must be submitted 
annually, followed by the final report at the conclusion of the monitoring period. The annual 
summary and analysis will also include pertinent findings from ongoing or newly analyzed clinical 
trials and pertinent findings from the published medical literature. 
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3. If the study/clinical trial is a PMR, check the applicable regulation. 
If not a PMR, skip to 4. 

- Which regulation? 

 Accelerated Approval (subpart H/E) 
 Animal Efficacy Rule  
 Pediatric Research Equity Act 
 FDAAA required safety study/clinical trial 

 
- If the PMR is a FDAAA safety study/clinical trial, does it: (check all that apply) 

 Assess a known serious risk related to the use of the drug? 
 Assess signals of serious risk related to the use of the drug? 
 Identify an unexpected serious risk when available data indicate the potential for a serious 
risk? 

 
- If the PMR is a FDAAA safety study/clinical trial, will it be conducted as: 

 Analysis of spontaneous postmarketing adverse events? 
Do not select the above study/clinical trial type if: such an analysis will not be sufficient to 
assess or identify a serious risk 

 
 Analysis using pharmacovigilance system? 
Do not select the above study/clinical trial type if: the new pharmacovigilance system that the 
FDA is required to establish under section 505(k)(3) has not yet been established and is thus 
not sufficient to assess this known serious risk, or has been established but is nevertheless not 
sufficient to assess or identify a serious risk 

 
 Study: all other investigations, such as investigations in humans that are not clinical trials as 
defined below (e.g., observational epidemiologic studies), animal studies, and laboratory 
experiments? 
Do not select the above study type if: a study will not be sufficient to identify or assess a 
serious risk 

 
 Clinical trial: any prospective investigation in which the sponsor or investigator determines 
the method of assigning investigational product or other interventions to one or more human 
subjects? 

4. What type of study or clinical trial is required or agreed upon (describe and check type below)?  If the 
study or trial will be performed in a subpopulation, list here. 
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Enhanced pharmacovigilance program for reports of pheochromocytoma, Leydig cell tumors, and 
renal cell carcinoma in patients treated with canagliflozin for a period of 10 years from the date of 
approval, and for reports of fatal pancreatitis and hemorrhagic/necrotizing pancreatitis, severe 
hypersensitivity reactions (angioedema, anaphylaxis, Stevens Johnson syndrome), photosensitivity 
reactions, serious hepatic abnormalities, and pregnancy for a period of 5 years from the date of 
approval.  The enhanced pharmacovigilance will enable collection of data that will be analyzed to 
better define these risks and includes the following: 
 

• Active query of reporters to obtain additional clinical information related to reports of 
pheochromocytoma, Leydig cell tumors, renal cell carcinoma, serious hepatic abnormalities, 
fatal pancreatitis and hemorrhagic/necrotizing pancreatitis, severe hypersensitivity reactions, 
photosensitivity reactions, and pregnancy.  

• Expedited reporting to FDA of all initial and follow-up reports of pheochromocytoma, Leydig 
cell tumors, renal cell carcinoma, serious hepatic abnormalities, fatal pancreatitis and 
hemorrhagic/necrotizing pancreatitis, severe hypersensitivity reactions, photosensitivity 
reactions, and adverse pregnancy outcomes. 

 
Interim analyses and summaries of new and cumulative safety information must be submitted 
annually, followed by the final report at the conclusion of the monitoring period. 

 
Required 

 Observational pharmacoepidemiologic study  
 Registry studies 
 Primary safety study or clinical trial 
 Pharmacogenetic or pharmacogenomic study or clinical trial if required to further assess safety 
 Thorough Q-T clinical trial 
 Nonclinical (animal) safety study (e.g., carcinogenicity, reproductive toxicology) 

Continuation of Question 4 
 

 Nonclinical study (laboratory resistance, receptor affinity, quality study related to safety) 
 Pharmacokinetic studies or clinical trials 
 Drug interaction or bioavailability studies or clinical trials 
 Dosing trials 
 Additional data or analysis required for a previously submitted or expected study/clinical trial  
(provide explanation) 
      

 Meta-analysis or pooled analysis of previous studies/clinical trials 
 Immunogenicity as a marker of safety 
 Other (provide explanation) 

Enhanced pharmacovigilance 
 

Agreed upon: 

 Quality study without a safety endpoint (e.g., manufacturing, stability) 
 Pharmacoepidemiologic study not related to safe drug use (e.g., natural history of disease, 
background rates of adverse events) 

 Clinical trials primarily designed to further define efficacy (e.g., in another condition, 
different disease severity, or subgroup) that are NOT required under Subpart H/E 

 Dose-response study or clinical trial performed for effectiveness 
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 Nonclinical study, not safety-related (specify) 
      

 Other 
      

 

5. Is the PMR/PMC clear, feasible, and appropriate? 

 Does the study/clinical trial meet criteria for PMRs or PMCs? 
 Are the objectives clear from the description of the PMR/PMC? 
 Has the applicant adequately justified the choice of schedule milestone dates? 
 Has the applicant had sufficient time to review the PMRs/PMCs, ask questions, determine 
feasibility, and contribute to the development process? 

 

PMR/PMC Development Coordinator: 
 This PMR/PMC has been reviewed for clarity and consistency, and is necessary to further refine 
the safety, efficacy, or optimal use of a drug, or to ensure consistency and reliability of drug 
quality.  

 
_______________________________________ 
(signature line for BLAs) 
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PMR/PMC Development Template 
 

This template should be completed by the PMR/PMC Development Coordinator and included for each 
PMR/PMC in the Action Package. 

 
NDA/BLA # 
Product Name: 

204042 
Invokana (canagliflozin) 

 
PMR/PMC Description: 

Completion and submission of the final report for the 78-week double-blind 
extension phase of DIA3010, a clinical trial to assess the long-term safety of 
canagliflozin, including, but not limited to, the effect of the addition of 
canagliflozin to the addition of placebo on bone mineral density and markers 
of bone turnover.  

 
PMR/PMC Schedule Milestones: Final Protocol Submission:   
 Study/Trial Completion:   
 Final Report Submission:  12/31/2013 
 Other:    
 

1. During application review, explain why this issue is appropriate for a PMR/PMC instead of a 
pre-approval requirement.  Check type below and describe. 

 Unmet need 
 Life-threatening condition  
 Long-term data needed 
 Only feasible to conduct post-approval 
 Prior clinical experience indicates safety  
 Small subpopulation affected 
 Theoretical concern 
 Other 
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In a 12-week, phase 2, multiple ascending dose study conducted in relatively healthy subjects with 
type 2 diabetes, use of canagliflozin was associated with a 14 to 28% placebo-adjusted rise in serum 
markers of bone resorption (collagen type 1 beta-carboxy-telopeptide).  The rise was not dose-
dependent above a 50 mg per day dose, was observed at Week 3 and persisted to Week 12 inclusive.  
Changes were also noted in hormones involved in mineral and bone metabolism.  Serum parathyroid 
hormone levels increased from baseline and both 25-OH vitamin D and 1,25-OH vitamin D 
decreased at high doses.   
 
DIA3010 is a dedicated trial in adults 55 years of age or older with osteopenia (female participants 
must be at least three years post-menopause).  A key objective of this trial is to assess bone turnover 
markers and bone mineral density using various methodologies over time. 
 
The changes from baseline to Week 26 and 52 in bone turnover markers and in hormones involved 
in bone metabolism observed in DIA3010 was available at the time of NDA review and showed that 
canagliflozin causes a statistically significant, dose-dependent, increase in the serum bone resorption 
marker beta-CTX relative to placebo and variable changes to serum markers of bone formation. 
These changes have been interpreted as showing the potential to result in changes to bone mineral 
density. The study also shows that canagliflozin results in a dose-dependent decline in serum 
estradiol and a slight non-significant elevation in serum PTH. 
 
The significant changes in bone turnover did not have a clinically significant repercussion on 
placebo adjusted bone mineral density as measured by DXA at Week 52. The sponsor believes the 
changes are attributable to weight loss and provided examples from the literature to support this 
assertion. 

 

2. Describe the particular review issue and the goal of the study/clinical trial.  If the study/clinical trial is 
a FDAAA PMR, describe the risk.  If the FDAAA PMR is created post-approval, describe the “new 
safety information.” 

3. If the study/clinical trial is a PMR, check the applicable regulation. 
If not a PMR, skip to 4. 

- Which regulation? 

 Accelerated Approval (subpart H/E) 
 Animal Efficacy Rule  
 Pediatric Research Equity Act 
 FDAAA required safety study/clinical trial 

 
- If the PMR is a FDAAA safety study/clinical trial, does it: (check all that apply) 

 Assess a known serious risk related to the use of the drug? 
 Assess signals of serious risk related to the use of the drug? 
 Identify an unexpected serious risk when available data indicate the potential for a serious 
risk? 

 

The goal of the clinical trial is to determine whether the changes in bone resorption markers and 
hormones observed in patients treated with canagliflozin have a clinically significant impact on 
bone mineral density. 
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- If the PMR is a FDAAA safety study/clinical trial, will it be conducted as: 

 Analysis of spontaneous postmarketing adverse events? 
Do not select the above study/clinical trial type if: such an analysis will not be sufficient to 
assess or identify a serious risk 

 
 Analysis using pharmacovigilance system? 
Do not select the above study/clinical trial type if: the new pharmacovigilance system that the 
FDA is required to establish under section 505(k)(3) has not yet been established and is thus 
not sufficient to assess this known serious risk, or has been established but is nevertheless not 
sufficient to assess or identify a serious risk 

 
 Study: all other investigations, such as investigations in humans that are not clinical trials as 
defined below (e.g., observational epidemiologic studies), animal studies, and laboratory 
experiments? 
Do not select the above study type if: a study will not be sufficient to identify or assess a 
serious risk 

 
 Clinical trial: any prospective investigation in which the sponsor or investigator determines 
the method of assigning investigational product or other interventions to one or more human 
subjects? 

4. What type of study or clinical trial is required or agreed upon (describe and check type below)?  If the 
study or trial will be performed in a subpopulation, list here. 

Completion and submission of the final report for the 78-week double-blind extension phase of 
DIA3010, a clinical trial to assess the long-term safety of canagliflozin, including, but not limited 
to, the effect of the addition of canagliflozin to the addition of placebo on bone mineral density and 
markers of bone turnover. 

 
Required 

 Observational pharmacoepidemiologic study  
 Registry studies 
 Primary safety study or clinical trial 
 Pharmacogenetic or pharmacogenomic study or clinical trial if required to further assess safety 
 Thorough Q-T clinical trial 
 Nonclinical (animal) safety study (e.g., carcinogenicity, reproductive toxicology) 

Continuation of Question 4 
 

 Nonclinical study (laboratory resistance, receptor affinity, quality study related to safety) 
 Pharmacokinetic studies or clinical trials 
 Drug interaction or bioavailability studies or clinical trials 
 Dosing trials 
 Additional data or analysis required for a previously submitted or expected study/clinical trial  
(provide explanation) 
      

 Meta-analysis or pooled analysis of previous studies/clinical trials 
 Immunogenicity as a marker of safety 
 Other (provide explanation) 
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Agreed upon: 

 Quality study without a safety endpoint (e.g., manufacturing, stability) 
 Pharmacoepidemiologic study not related to safe drug use (e.g., natural history of disease, 
background rates of adverse events) 

 Clinical trials primarily designed to further define efficacy (e.g., in another condition, 
different disease severity, or subgroup) that are NOT required under Subpart H/E 

 Dose-response study or clinical trial performed for effectiveness 
 Nonclinical study, not safety-related (specify) 

      
 Other 

      
 

5. Is the PMR/PMC clear, feasible, and appropriate? 

 Does the study/clinical trial meet criteria for PMRs or PMCs? 
 Are the objectives clear from the description of the PMR/PMC? 
 Has the applicant adequately justified the choice of schedule milestone dates? 
 Has the applicant had sufficient time to review the PMRs/PMCs, ask questions, determine 
feasibility, and contribute to the development process? 

 

PMR/PMC Development Coordinator: 
 This PMR/PMC has been reviewed for clarity and consistency, and is necessary to further refine 
the safety, efficacy, or optimal use of a drug, or to ensure consistency and reliability of drug 
quality.  

 
_______________________________________ 
(signature line for BLAs) 
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 Nonclinical (animal) safety study (e.g., carcinogenicity, reproductive toxicology) 
Continuation of Question 4 
 

 Nonclinical study (laboratory resistance, receptor affinity, quality study related to safety) 
 Pharmacokinetic studies or clinical trials 
 Drug interaction or bioavailability studies or clinical trials 
 Dosing trials 
 Additional data or analysis required for a previously submitted or expected study/clinical trial  
(provide explanation) 
      

 Meta-analysis or pooled analysis of previous studies/clinical trials 
 Immunogenicity as a marker of safety 
 Other (provide explanation) 

      
 

Agreed upon: 

 Quality study without a safety endpoint (e.g., manufacturing, stability) 
 Pharmacoepidemiologic study not related to safe drug use (e.g., natural history of disease, 
background rates of adverse events) 

 Clinical trials primarily designed to further define efficacy (e.g., in another condition, 
different disease severity, or subgroup) that are NOT required under Subpart H/E 

 Dose-response study or clinical trial performed for effectiveness 
 Nonclinical study, not safety-related (specify) 

      
 Other 

      
 

5. Is the PMR/PMC clear, feasible, and appropriate? 

 Does the study/clinical trial meet criteria for PMRs or PMCs? 
 Are the objectives clear from the description of the PMR/PMC? 
 Has the applicant adequately justified the choice of schedule milestone dates? 
 Has the applicant had sufficient time to review the PMRs/PMCs, ask questions, determine 
feasibility, and contribute to the development process? 

 

PMR/PMC Development Coordinator: 
 This PMR/PMC has been reviewed for clarity and consistency, and is necessary to further refine 
the safety, efficacy, or optimal use of a drug, or to ensure consistency and reliability of drug 
quality.  

 
_______________________________________ 
(signature line for BLAs) 
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Department of Health and Human Services 
Public Health Service 

Food and Drug Administration 
Center for Drug Evaluation and Research 

Office of Medical Policy Initiatives 
Division of Medical Policy Programs 

 
PATIENT LABELING REVIEW 

 

Date: March 28, 2012  
 

To: Mary Parks, M.D., Director 
Division of Metabolism and Endocrinology Drug 
Products (DMEP)  
 

Through: LaShawn Griffiths, RN, MSHS-PH, BSN  
Supervisor, Patient Labeling Team 
Division of Medical Policy Programs (DMPP)  
 

Melissa Hulett, RN, BSN, MSBA 
Team Leader, Patient Labeling Team 
Division of Medical Policy Programs (DMPP)  
 

From: Twanda Scales, RN, MSN/Ed. 
Patient Labeling Reviewer 
Division of Medical Policy Programs (DMPP)  
 

Subject: DMPP Review of Patient Labeling: Medication Guide (MG)  

 
Drug Name:  INVOKANA (canagliflozin) 

 

Dosage Form and Route: Tablets 
 

Application 
Type/Number:  

 
NDA 204042 

  

Applicant: Janssen Research & Development, LLC 
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1 INTRODUCTION 

 
On May 31, 2012, Janssen Research & Development, LLC, on behalf of Janseen 
Pharmaceuticals, Inc., submitted a New Drug Application (NDA 204042) for 
canagliflozin 100mg and 300mg oral tablets to be marketed as a prescription product 
for the treatment of type 2 diabetes mellitus.  Additionally the Applicant submitted, 
for evaluation by the Agency, a request for Proprietary Name Review for Invocana.  
Subsequently, the Applicant withdrew Invocana and submitted a request for 
Proprietary Name Review for Invokana on July 27, 2012.  On October 2, 2012, the 
proprietary name Invokana was approved by the Agency.  On March 24, 2013, the 
Applicant submitted a NDA Amendment for revised carton and container labels in 
response to the Agency’s requirement of a medication guide for canagliflozin. 
  
On February 6, 2012, the Division of Metabolism and Endocrinology Products 
(DMEP) requested that the Division of Medical Policy Programs (DMPP) review the 
Applicant’s proposed patient labeling for Invokana (canagliflozin) tablets. This 
review is written in response to a request by Division of Metabolism and 
Endocrinology Products (DMEP) to review the Applicant’s proposed medication 
guide for Invokana (canagliflozin) tablets. 

 
2 MATERIAL REVIEWED 
 

• Draft Invokana (canagliflozin) Medication Guide (MG) received on March 24, 
2013, and received by DMPP on March 26, 2013.  

 
• Draft Invokana (canagliflozin) Prescribing Information (PI) received on May 31, 

2013, revised by the Review Division throughout the review cycle, and received 
by DMPP on March 26, 2013. 

 
3 REVIEW METHODS 

To enhance patient comprehension, materials should be written at a 6th to 8th grade 
reading level, and have a reading ease score of at least 60%. A reading ease score of 
60% corresponds to an 8th grade reading level.  In our review of the MG the target 
reading level is at or below an 8th grade level. 

Additionally, in 2008 the American Society of Consultant Pharmacists Foundation 
(ASCP) in collaboration with the American Foundation for the Blind (AFB) 
published Guidelines for Prescription Labeling and Consumer Medication 
Information for People with Vision Loss. The ASCP and AFB recommended using 
fonts such as Verdana, Arial or APHont to make medical information more 
accessible for patients with vision loss.  We have reformatted the MG document 
using the Verdana font, size 11. 

In our review of the MG we have:  

• simplified wording and clarified concepts where possible 
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• ensured that the MG is consistent with the Prescribing Information (PI)  

• removed unnecessary or redundant information 

• ensured that the MG meets the Regulations as specified in 21 CFR 208.20  

• ensured that the MG meets the criteria as specified in FDA’s Guidance for 
Useful Written Consumer Medication Information (published July 2006) 

 
4 CONCLUSIONS 

The MG is acceptable with our recommended changes. 
 

5 RECOMMENDATIONS 

• Please send these comments to the Applicant and copy DMPP on the 
correspondence.  

• Our review of the MG is appended to this memorandum.  Consult DMPP 
regarding any additional revisions made to the PI to determine if corresponding 
revisions need to be made to the MG.   

 Please let us know if you have any questions.  
.  
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Highlights (HL) 

GENERAL FORMAT  

1. Highlights (HL) must be in two-column format, with ½ inch margins on all sides and in a 
minimum of 8-point font.  

Comment: Top margin is 1 inch, instead of 1/2 inch. 
2. The length of HL must be less than or equal to one-half page (the HL Boxed Warning does not 

count against the one-half page requirement) unless a waiver has been is granted in a previous 
submission (i.e., the application being reviewed is an efficacy supplement).   

Instructions to complete this item:  If the length of the HL is less than or equal to one-half page 
then select “YES” in the drop-down menu because this item meets the requirement.  However, if 
HL is longer than one-half page:  

 For the Filing Period (for RPMs) 

 For efficacy supplements:  If a waiver was previously granted, select “YES” in the drop-
down menu because this item meets the requirement.   

 For NDAs/BLAs and PLR conversions:  Select “NO” in the drop-down menu because this 
item does not meet the requirement (deficiency).  The RPM notifies the Cross-Discipline 
Team Leader (CDTL) of the excessive HL length and the CDTL determines if this 
deficiency is included in the 74-day or advice letter to the applicant. 

 For the End-of Cycle Period (for SEALD reviewers) 

 The SEALD reviewer documents (based on information received from the RPM) that a 
waiver has been previously granted or will be granted by the review division in the 
approval letter.  

Comment:  HL is > 1/2 page. DMEP will not grant a waiver.  Suggestions given to reduce HL 
length. 

3. All headings in HL must be presented in the center of a horizontal line, in UPPER-CASE letters 
and bolded. 

Comment:      
4. White space must be present before each major heading in HL. 

Comment:  There must be white space between the HL limitation statement and the product title.   
5. Each summarized statement in HL must reference the section(s) or subsection(s) of the Full 

Prescribing Information (FPI) that contains more detailed information. The preferred format is 
the numerical identifier in parenthesis [e.g., (1.1)] at the end of each information summary (e.g. 
end of each bullet). 

Comment:     
6. Section headings are presented in the following order in HL: 

Section Required/Optional 
 Highlights Heading Required 
 Highlights Limitation Statement  Required 
 Product Title  Required  
 Initial U.S. Approval  Required 
 Boxed Warning  Required if a Boxed Warning is in the FPI 

NO 

NO 

YES 

NO 

YES 

YES 
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 Recent Major Changes  Required for only certain changes to PI*  
 Indications and Usage  Required 
 Dosage and Administration  Required 
 Dosage Forms and Strengths  Required 
 Contraindications  Required (if no contraindications must state “None.”) 
 Warnings and Precautions  Not required by regulation, but should be present 
 Adverse Reactions  Required 
 Drug Interactions  Optional 
 Use in Specific Populations  Optional 
 Patient Counseling Information Statement Required  
 Revision Date  Required 

* RMC only applies to the Boxed Warning, Indications and Usage, Dosage and Administration, Contraindications, 
and Warnings and Precautions sections. 

Comment:        

7. A horizontal line must separate HL and Table of Contents (TOC). 
Comment:        

 
HIGHLIGHTS DETAILS 
Highlights Heading 
8. At the beginning of HL, the following heading must be bolded and appear in all UPPER CASE 

letters: “HIGHLIGHTS OF PRESCRIBING INFORMATION”. 
Comment:        

 
Highlights Limitation Statement  
9. The bolded HL Limitation Statement must be on the line immediately beneath the HL heading 

and must state: “These highlights do not include all the information needed to use (insert 
name of drug product in UPPER CASE) safely and effectively. See full prescribing 
information for (insert name of drug product in UPPER CASE).”  
Comment:        

Product Title  

10. Product title in HL must be bolded.  

Comment:        

Initial U.S. Approval  

11. Initial U.S. Approval in HL must be placed immediately beneath the product title, bolded, and 
include the verbatim statement “Initial U.S. Approval:” followed by the 4-digit year. 

Comment:        

Boxed Warning  

12. All text must be bolded. 

Comment:        

13. Must have a centered heading in UPPER-CASE, containing the word “WARNING” (even if 
more than one Warning, the term, “WARNING” and not “WARNINGS” should be used) and 
other words to identify the subject of the Warning (e.g., “WARNING: SERIOUS 
INFECTIONS”). 

YES 

YES 

YES 

YES 

YES 

N/A 

N/A 
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Comment:        

14. Must always have the verbatim statement “See full prescribing information for complete boxed 
warning.” in italics and centered immediately beneath the heading. 

Comment:        

15. Must be limited in length to 20 lines (this does not include the heading and statement “See full 
prescribing information for complete boxed warning.”) 
Comment:        

16. Use sentence case for summary (combination of uppercase and lowercase letters typical of that 
used in a sentence). 

Comment:        

 

Recent Major Changes (RMC)  

17. Pertains to only the following five sections of the FPI: Boxed Warning, Indications and Usage, 
Dosage and Administration, Contraindications, and Warnings and Precautions. 

Comment:        

18. Must be listed in the same order in HL as they appear in FPI. 

Comment:        

19. Includes heading(s) and, if appropriate, subheading(s) of labeling section(s) affected by the 
recent major change, together with each section’s identifying number and date (month/year 
format) on which the change was incorporated in the PI (supplement approval date). For 
example, “Dosage and Administration, Coronary Stenting (2.2) --- 3/2012”.  

Comment:        

20. Must list changes for at least one year after the supplement is approved and must be removed at 
the first printing subsequent to one year (e.g., no listing should be one year older than revision 
date). 

Comment:        

Indications and Usage 

21. If a product belongs to an established pharmacologic class, the following statement is required in 
the Indications and Usage section of HL: “(Product) is a (name of established pharmacologic 
class) indicated for (indication)”.  

Comment:    

Dosage Forms and Strengths 

22. For a product that has several dosage forms, bulleted subheadings (e.g., capsules, tablets, 
injection, suspension) or tabular presentations of information is used. 

Comment:        

Contraindications 

23. All contraindications listed in the FPI must also be listed in HL or must include the statement 
“None” if no contraindications are known. 
Comment:        

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

YES 

N/A 

YES 

YES 
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24. Each contraindication is bulleted when there is more than one contraindication. 
Comment:        
 

Adverse Reactions  

25. For drug products other than vaccines, the verbatim bolded statement must be present: “To 
report SUSPECTED ADVERSE REACTIONS, contact (insert name of manufacturer) at 
(insert manufacturer’s U.S. phone number) or FDA at 1-800-FDA-1088 or 
www.fda.gov/medwatch”.  

Comment:        

Patient Counseling Information Statement  

26. Must include one of the following three bolded verbatim statements (without quotation marks):  
 

If a product does not have FDA-approved patient labeling: 

 “See 17 for PATIENT COUNSELING INFORMATION”  
 
 

If a product has FDA-approved patient labeling: 
 

 “See 17 for PATIENT COUNSELING INFORMATION and FDA-approved patient labeling.”  

 “See 17 for PATIENT COUNSELING INFORMATION and Medication Guide.”  

 Comment:        

Revision Date 

27. Bolded revision date (i.e., “Revised: MM/YYYY or Month Year”) must be at the end of HL.   
Comment:  Must read "Revised: March 2013," not "Issued: MM/YYYY."  

 
 

Contents: Table of Contents (TOC) 
 

GENERAL FORMAT 

28. A horizontal line must separate TOC from the FPI. 
Comment:        

29. The following bolded heading in all UPPER CASE letters must appear at the beginning of TOC: 
“FULL PRESCRIBING INFORMATION: CONTENTS”. 

Comment:        

30. The section headings and subheadings (including title of the Boxed Warning) in the TOC must 
match the headings and subheadings in the FPI. 

Comment:        

31. The same title for the Boxed Warning that appears in the HL and FPI must also appear at the 
beginning of the TOC in UPPER-CASE letters and bolded. 

Comment:        

32. All section headings must be bolded and in UPPER CASE.  

Comment:        

YES 

YES 

NO 

YES 

YES 

YES 

N/A 

YES 

Reference ID: 3283759



 

Selected Requirements of Prescribing Information 
 

  Page 6 of 8 

33. All subsection headings must be indented, not bolded, and in title case. 

Comment:        

34. When a section or subsection is omitted, the numbering does not change.  

Comment:        
35. If a section or subsection from 201.56(d)(1) is omitted from the FPI and TOC, the heading 

“FULL PRESCRIBING INFORMATION: CONTENTS” must be followed by an asterisk 
and the following statement must appear at the end of TOC: “*Sections or subsections omitted 
from the Full Prescribing Information are not listed.”  

Comment:  Do not bold this statement. 
 

Full Prescribing Information (FPI) 

GENERAL FORMAT 

36. The following heading must appear at the beginning of the FPI in UPPER CASE and bolded: 
“FULL PRESCRIBING INFORMATION”.  

Comment:        

37. All section and subsection headings and numbers must be bolded. 

Comment:        
 

38. The bolded section and subsection headings must be named and numbered in accordance with 
21 CFR 201.56(d)(1) as noted below. If a section/subsection is omitted, the numbering does not 
change. 

 

Boxed Warning 
1  INDICATIONS AND USAGE 
2  DOSAGE AND ADMINISTRATION 
3  DOSAGE FORMS AND STRENGTHS 
4  CONTRAINDICATIONS 
5  WARNINGS AND PRECAUTIONS 
6  ADVERSE REACTIONS 
7  DRUG INTERACTIONS 
8  USE IN SPECIFIC POPULATIONS 

8.1 Pregnancy 
8.2 Labor and Delivery 
8.3 Nursing Mothers 
8.4 Pediatric Use 
8.5 Geriatric Use 

9  DRUG ABUSE AND DEPENDENCE 
9.1 Controlled Substance 
9.2 Abuse 
9.3 Dependence 

10  OVERDOSAGE 
11  DESCRIPTION 
12  CLINICAL PHARMACOLOGY 

12.1 Mechanism of Action 
12.2 Pharmacodynamics 
12.3 Pharmacokinetics 

YES 

YES 

YES 

YES 

YES 

NO 
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12.4 Microbiology (by guidance) 
12.5 Pharmacogenomics (by guidance) 

13  NONCLINICAL TOXICOLOGY 
13.1 Carcinogenesis, Mutagenesis, Impairment of Fertility 
13.2 Animal Toxicology and/or Pharmacology 

14  CLINICAL STUDIES 
15  REFERENCES 
16  HOW SUPPLIED/STORAGE AND HANDLING 
17  PATIENT COUNSELING INFORMATION 

Comment:  Subsection 13.2 is designated by regulation "Animal Toxicology and/or 
Pharmacology," not "Reproduction and Development."  Revise subsection numbering or heading  
accordingly in the FPI and TOC. 

 

39. FDA-approved patient labeling (e.g., Medication Guide, Patient Information, or Instructions for 
Use) must not be included as a subsection under Section 17 (Patient Counseling Information). 
All patient labeling must appear at the end of the PI upon approval. 

Comment:        

40. The preferred presentation for cross-references in the FPI is the section heading (not subsection 
heading) followed by the numerical identifier in italics.  For example, “[see Warnings and 
Precautions (5.2)]”. 
Comment:        

41. If RMCs are listed in HL, the corresponding new or modified text in the FPI sections or 
subsections must be marked with a vertical line on the left edge. 

Comment:         

FULL PRESCRIBING INFORMATION DETAILS 
 

Boxed Warning 

42. All text is bolded. 

Comment:        

43. Must have a heading in UPPER-CASE, containing the word “WARNING” (even if more than 
one Warning, the term, “WARNING” and not “WARNINGS” should be used) and other words 
to identify the subject of the Warning (e.g., “WARNING: SERIOUS INFECTIONS”). 

Comment:        

44. Use sentence case (combination of uppercase and lowercase letters typical of that used in a 
sentence) for the information in the Boxed Warning. 

Comment:        

Contraindications 
45. If no Contraindications are known, this section must state “None”. 

Comment:        

Adverse Reactions  

46. When clinical trials adverse reactions data is included (typically in the “Clinical Trials 
Experience” subsection of Adverse Reactions), the following verbatim statement or appropriate 
modification should precede the presentation of adverse reactions: 

 

YES 

YES 

N/A 

N/A 

N/A 

N/A 

N/A 

YES 
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“Because clinical trials are conducted under widely varying conditions, adverse reaction rates 
observed in the clinical trials of a drug cannot be directly compared to rates in the clinical 
trials of another drug and may not reflect the rates observed in clinical practice.” 

 

Comment:        
 

47. When postmarketing adverse reaction data is included (typically in the “Postmarketing 
Experience” subsection of Adverse Reactions), the following verbatim statement or appropriate 
modification should precede the presentation of adverse reactions: 

 

“The following adverse reactions have been identified during post-approval use of (insert drug 
name).  Because these reactions are reported voluntarily from a population of uncertain size, it 
is not always possible to reliably estimate their frequency or establish a causal relationship to 
drug exposure.” 

 

Comment:        
 

Patient Counseling Information 

48. Must reference any FDA-approved patient labeling, include the type of patient labeling, and use 
one of the following statements at the beginning of Section 17: 

 “See FDA-approved patient labeling (Medication Guide)” 
 “See FDA-approved patient labeling (Medication Guide and Instructions for Use)” 
 “See FDA-approved patient labeling (Patient Information)" 
 “See FDA-approved patient labeling (Instructions for Use)"       
 “See FDA-approved patient labeling (Patient Information and Instructions for Use)” 

Comment:       
 

N/A 

YES 
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i. For reports of pheochromocytoma, Leydig cell tumor, renal cell 
carcinoma, the sponsor should actively query reporters for 
laboratory, imaging, and pathology results, duration of 
canagliflozin exposure, indication for canagliflozin use, 
canagliflozin dose, patient age, gender, and race (if available), age 
at first use of canagliflozin, action taken with canagliflozin (e.g., 
discontinued), concomitant medications including prior exposure 
to immunosuppressants or antineoplastics, time between initiation 
of therapy and date of event, comorbid conditions, all supportive 
studies - preferably supplied by the original diagnostic histology 
report (for phenochromocytoma provide status for multiple 
endocrine neoplasia [MEN] Type 1 or 2 or variant), malignancy 
stage and findings that support the stage (if applicable), other 
relevant risk factors specific for the malignancy (e.g., smoking, 
occupational exposures, if applicable), family history of 
malignancy of at least first degree relatives (if applicable), 
treatment for the event, and event outcome 

v. For reports of serious hepatic abnormalities, the sponsor should 
actively query reporters for liver-related laboratory (including viral 
serology), imaging and pathology results, duration of canagliflozin 
exposure, dose of canagliflozin, and other risk factors for hepatic 
abnormalities. 

The program will include: 
  

a. Active query of reporters to obtain additional clinical information related 
to reports of malignancy (pheochromocytoma, Leydig cell tumor, renal 
cell carcinoma), fatal pancreatitis, hemorrhagic/necrotizing pancreatitis, 
severe hypersensitivity reactions (angioedema, anaphylaxis, Stevens 
Johnson syndrome), photosensitivity reactions, serious hepatic 
abnormalities, and pregnancy. The sponsor should actively query reporters 
for the following information: 

 

ii. For reports of fatal pancreatitis and hemorrhagic/necrotizing 
pancreatitis, the sponsor should actively query reporters for related 
laboratory values (including triglyceride, lipase, and amylase 
values), confirmatory imaging and pathology results, duration of 
canagliflozin exposure, dose of canagliflozin, and other risk factors 
for pancreatitis.   

iii. For reports of severe hypersensitivity reactions, the sponsor should 
actively query reporters for concomitant medication use, biopsy 
results, duration of canagliflozin exposure, and other risk factors 
for hypersensitivity reactions. 

iv. For reports of photosensitivity reactions, the sponsor should 
actively query reporters for sun exposure, concomitant medication 
use, duration of canagliflozin exposure, dose of canagliflozin, and 
other risk factors for photosensitivity reactions. 
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M E M O R A N D U M         DEPARTMENT OF HEALTH AND HUMAN SERVICES 
                                 PUBLIC HEALTH SERVICE 
                                 FOOD AND DRUG ADMINISTRATION 

                                          CENTER FOR DRUG EVALUATION AND RESEARCH 
____________________________________________________________________________ 
 

CLINICAL INSPECTION SUMMARY 

 
DATE:                         February 11, 2013 
 
TO: Hyon Kwon, Pharm.D., M.P.H., Senior Clinical Analyst 

Jena Weber, Regulatory Health Project Manager 
Division of Metabolism and Endocrinology Products (DMEP) 

  
FROM:  Cynthia F. Kleppinger, M.D. 

Good Clinical Practice Assessment Branch 
Division of Good Clinical Practice Compliance 

       Office of Scientific Investigations 
 
THROUGH:   Janice Pohlman, M.D., M.P.H. 
 Team Leader 
 Good Clinical Practice Assessment Branch 
 Division of Good Clinical Practice Compliance 
 Office of Scientific Investigations 
 
 Susan D. Thompson, M.D. 
 Acting Branch Chief 
 Good Clinical Practice Assessment Branch 
 Division of Good Clinical Practice Compliance  
 Office of Scientific Investigations  
 
SUBJECT:    Evaluation of Clinical Inspections 
 
NDA:                           204042      
 
APPLICANT:  Janssen Research & Development, LLC 
 
DRUG:    Canagliflozin tablets, 100 mg and 300 mg 
 
NME:              Yes 
 
THERAPEUTIC CLASSIFICATION: Standard Review  
 
INDICATIONS:   Adults with type 2 diabetes mellitus using canagliflozin as an adjunct to 

diet and exercise to improve glycemic control 
 

Reference ID: 3259606



Page 2                                           Clinical Inspection Summary  
NDA 204042 Canagliflozin 

 
  

 

CONSULTATION REQUEST DATE: August 15, 2012 
CLINICAL INSPECTION SUMMARY DATE: February 8, 2013 
DIVISION ACTION GOAL DATE: March 31, 2013 
PDUFA DATE: March 31, 2013 
                                   
I. BACKGROUND:   

 
Janssen Pharmaceuticals submitted this application to support the use of canagliflozin as an 
adjunct to diet and exercise to improve glycemic control in adults with type 2 diabetes mellitus. 
Canagliflozin is an orally active inhibitor of sodium-glucose co-transporter 2 (SGLT2).  
SGLT2 is the major transporter responsible for renal glucose reabsorption, and canagliflozin 
lowers plasma glucose in patients with type 2 diabetes mellitus by reducing renal reabsorption 
of glucose, thereby enhancing urinary glucose excretion.   
 
The application is based on the results of nine multicenter, randomized, double-blind, placebo-
controlled Phase 3 trials. 
 
Six studies were involved with the inspections: 
 
• 28431754DIA3005, entitled “A Randomized, Double-Blind, Placebo-Controlled, Parallel-

Group, Multicenter Study to Evaluate the Efficacy, Safety, and Tolerability of 
Canagliflozin as Monotherapy in the Treatment of Subjects With Type 2 Diabetes Mellitus 
Inadequately Controlled With Diet and Exercise” The CANTATA-M Trial (CANagliflozin 
Treatment and Trial Analysis – Monotherapy) 

o Date study initiated: February 8, 2010 
o Date study completed: August 18, 2011 (last subject out of the 26-week core 

double-blind period) 
o Study Center(s): A total of 90 sites participated in 17 countries, 33 of which were in 

North America, 29 of which were in Europe, 10 of which were in Central/South 
America and 18 of which were in the rest of world. 

o A Phase 3 randomized, double-blind, placebo-controlled, 3-arm parallel-group, 
global multicenter study composed of a Main Study and a High Glycemic 
Substudy. The primary objective for the Main Study was to assess the effect of 
canagliflozin relative to placebo on glycosylated hemoglobin (HbA1c) after 26 
weeks of treatment, and to assess the safety and tolerability of canagliflozin.  

o The primary efficacy endpoint was the change in HbA1c from baseline to Week 26. 
o A total of 1,667 subjects were screened. A total of 587 subjects were randomized to 

placebo, canagliflozin 100 mg and canagliflozin 300 mg in a 1:1:1 manner in the 
Main Study, and 91 subjects were randomized to canagliflozin 100 mg and 
canagliflozin 300 mg in a 1:1 manner in the High Glycemic Substudy. The study 
overenrolled 23% of the target worldwide.  
 

• 28431754DIA3006, entitled “A Randomized, Double-Blind, Placebo and Active 
Controlled, 4-Arm, Parallel-Group, Multicenter Study to Evaluate the Efficacy, Safety, and 
Tolerability of JNJ-28431754 (Canagliflozin) Compared with Sitagliptin and Placebo in the 
Treatment of Subjects With Type 2 Diabetes Mellitus With Inadequate Glycemic Control 
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on Metformin Monotherapy”  The CANTATA-D Trial (CANagliflozin Treatment and 
Trial Analysis - DPP-4 inhibitor Comparator Trial) 

o Date study initiated: April 7, 2010 
o Date study completed: October 27, 2011 Core (Week 26 – Period I)  
o Study Center(s): A total of 169 study centers in 22 countries, including 55 centers 

in North America, 51 centers in Europe, 23 centers in Central/South America, and 
40 centers in the rest of world. 

o A Phase 3, randomized, double-blind, placebo- and active-controlled, parallel-
group, 4-arm, multicenter study to assess the effect of canagliflozin relative to 
placebo on hemoglobin A1c (HbA1c) after 26 weeks of treatment and to assess the 
safety and tolerability of canagliflozin. 

o The total duration of the study, including the optional prescreening visit, the 52-
week double-blind treatment phase, and the 4-week follow-up period was 
approximately 59 (for subjects on a protocol-specified dose of metformin at study 
entry) to 71 weeks (for subjects not on a protocol-specified dose of metformin IR at 
study entry). 

o The primary efficacy endpoint was the change in HbA1c from baseline to Week 26. 
o A total of 2,883 subjects were screened and a total of 1,284 subjects were randomly 

assigned to study treatment in a 2:2:2:1 ratio. 
 
• 28431754DIA3008, entitled “A Randomized, Multicenter, Double-Blind, Parallel, 

Placebo-Controlled Study of the Effects of JNJ-28431754 on Cardiovascular Outcomes in 
Adult Subjects With Type 2 Diabetes Mellitus”  The CANVAS Trial (CANagliflozin 
cardioVascular Assessment Study) (Insulin Substudy) 

o Date study initiated: November 17, 2009 
o Date study completed:  Study is ongoing; data cutoff for report was September 15, 

2011 
o Study Center(s): 369 centers in 24 countries, including 89 centers in North 

America, 123 centers in Europe, 18 centers in Central/South America, and 139 
centers in the rest of the world. The substudy involved a total of 330 centers in 23 
countries (81 centers in North America, 16 centers in Central/South America, 112 
centers in Europe, and 121 centers in the rest of the world).  

o A Phase 3, randomized, double-blind, placebo-controlled, 3 parallel-group, 
multicenter study designed to evaluate the safety, tolerability, and cardiovascular 
(CV) risk with canagliflozin plus standard of care compared with placebo plus 
standard of care in subjects with type 2 diabetes mellitus, on a wide-range of 
current antihyperglycemic agents (AHAs), who have either a history or high risk of 
CV disease. At screening, subjects could be either (1) not on AHA therapy or (2) on 
AHA monotherapy or combination therapy with any approved agent for treatment 
of type 2 diabetes mellitus. The study duration is based upon the occurrence of 
sufficient events to evaluate the study hypothesis and objectives. 

o The primary measure of efficacy is the hazard ratio (HR) of the composite endpoint 
of MACE (CV death, nonfatal myocardial infarction (MI), and nonfatal stroke). 

o A total of 7,691 subjects were screened, and a total of 4,330 subjects were 
randomized, with 1,442, 1,445, and 1,443 subjects assigned to placebo, 
canagliflozin 100 mg, and canagliflozin 300 mg, respectively. 

Reference ID: 3259606



Page 4                                           Clinical Inspection Summary  
NDA 204042 Canagliflozin 

 
  

 

o A total of 2,074 randomized subjects comprised Population 1 (≥ 20 IU) of the 
insulin substudy.  A total of 1,718 randomized subjects comprised Population 2 (≥ 
30 IU; includes 83% of the subjects in Population 1) of the insulin substudy. A total 
of 432 randomized subjects were taking insulin ≥ 30 units/day and metformin ≥ 
2000 mg/day at study entry (Population 3 [≥ 30 IU + Met]) of the insulin substudy. 

o The total duration of this substudy was 18 weeks. 
 

• 28431754DIA3009, entitled “A Randomized, Double-Blind, 3-Arm Parallel-Group, 2-Year 
(104-Week), Multicenter Study to Evaluate the Efficacy, Safety, and Tolerability of JNJ-
28431754 100 mg and JNJ-28431754 300 mg Compared With Glimepiride in the 
Treatment of Subjects With Type 2 Diabetes Mellitus Not Optimally Controlled on 
Metformin Monotherapy”  The CANTATA-SU Trial (CANagliflozin Treatment And Trial 
Analysis Sulfonylurea) 

o Date study initiated: August 28, 2009 
o Date study completed:  December 21, 2011 (last subject out of the 52-week core 

double-blind period) 
o Study Center(s):  157 study centers in 19 countries, including 54 centers in North 

America, 39 centers in Europe, 9 centers in Central/South America, and 55 centers 
in the rest of world. 

o A Phase 3, randomized, double-blind, 3-arm, parallel-group, active-controlled, 
multicenter study conducted to evaluate the efficacy, safety and tolerability of the 
addition of canagliflozin (100 mg daily and 300 mg daily) compared with 
glimepiride in subjects with type 2 diabetes mellitus with inadequate glycemic 
control on a maximally effective dose of metformin.  

o The primary efficacy endpoint is the change in HbA1c from baseline through Week 
52. 

o A total of 3,316 subjects were screened and a total of 1,452 subjects were 
randomized to glimepiride, canagliflozin 100 mg, and canagliflozin 300 mg in a 
1:1:1 manner. 
 

• 28431754DIA3010, entitled “A Randomized, Double-Blind, Placebo-Controlled, Parallel-
Group, Multicenter Study to Evaluate the Efficacy, Safety, and Tolerability of 
Canagliflozin Compared With Placebo in the Treatment of Older Subjects With Type 2 
Diabetes Mellitus Inadequately Controlled on Glucose Lowering Therapy” 

o Date study initiated: April 12, 2010 
o Date study completed:  November 18, 2011 Core (Week 26)  
o Study Center(s):  A total of 90 study centers in 17 countries participated, including 

46 centers in North America, 23 centers in Europe, 5 centers in Central/South 
America, and 16 centers in the rest of the world. Body composition substudy: 38 
study centers in 10 countries. 

o A Phase 3, randomized, double-blind, placebo-controlled, parallel-group, 3-arm, 
multicenter study of subjects with type 2 diabetes mellitus with inadequate 
glycemic control randomized to treatment with 1 of 2 doses of canagliflozin (100 or 
300 mg) or placebo, in a 1:1:1 randomization ratio.  The study consists of a 26-
week core treatment period followed by a 78-week extension period.   

o The primary efficacy endpoint is the change in HbA1c from baseline through Week 
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26. 
o A total of 716 subjects were randomized to placebo, canagliflozin 100 mg, and 

canagliflozin 300 mg in a 1:1:1 manner. 
 

• 28431754DIA3015, entitled “A Randomized, Double-Blind, Active-Controlled, 
Multicenter Study to Evaluate the Efficacy, Safety, and Tolerability of Canagliflozin 
Versus Sitagliptin in the Treatment of Subjects With Type 2 Diabetes Mellitus With 
Inadequate Glycemic Control on Metformin and Sulphonylurea Therapy”  The 
CANTATA-D2 Trial (CANagliflozin Treatment and Trial Analysis – DPP-4 Inhibitor 
Second Comparator Trial) 

o Date study initiated: June 30, 2010 
o Date study completed:  March 9, 2012 
o Study Center(s):  A total of 140 study centers in 17 countries participated, 70 of 

which were in North America, 21 of which were in Europe, 10 of which were in 
Central/South America, and 39 of which were in the rest of world. 

o A Phase 3, randomized, double-blind, active-comparator (sitagliptin) controlled, 2 
arm, parallel-group, multicenter study of treatment with once daily canagliflozin 
300 mg or sitagliptin 100 mg (1:1 randomization ratio) over 52 weeks in subjects 
with type 2 diabetes mellitus with inadequate glycemic control on the combination 
of metformin and a SU, with both agents at maximally or near-maximally effective 
doses. Unlike other studies in the canagliflozin program, this study did not provide 
glycemic rescue therapy; subjects meeting prespecified glycemic criteria (as applied 
in other studies for rescue therapy initiation) were discontinued.  

o The primary efficacy endpoint was the change in HbA1c from baseline through 
Week 52. 

o A total of 1,672 subjects were screened/prescreened and 756 subjects were 
randomized into the study. 

 
The inspected foreign sites enrolled subjects in three of the nine pivotal studies comprising this 
application.  The inspected domestic sites enrolled subjects in four of the nine pivotal studies 
comprising this application.   
 
These inspections were conducted as part of the routine PDUFA pre-approval clinical 
investigation data validation in support of NDA 204042 in accordance with Compliance 
Programs 7348.811 and 7348.810. General instructions were also provided with this 
assignment.   
 
II. RESULTS (by Site):  
 
Name of CI/Site # Protocol # and # of 

Subjects randomized 
Inspection 
Date 

Final Classification 
 

Alexandrina Popescu 
Romania 
Site #40006 
 

DIA3009 
18 subjects 

1/7/13-1/9/13 Pending 
Preliminary 
classification NAI 
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Pekka Koskinen 
Sweden 
Site #46002 

DIA3005 
24 subjects 
 
DIA3008 
17 subjects 

1/21/13-
1/24/13 

Pending 
Preliminary 
classification NAI 

Elizabeth Bretton 
USA 
Site #1002 
Site #1346 

DIA3005 
20 subjects 
 
DIA3015 
16 subjects 

10/22/12-
10/26/12 

Pending 
Preliminary 
classification NAI 

Matthew Acampora 
USA 
Site #1087 

DIA3006 
14 subjects 

10/29/12 - 
11/01/12 

Pending 
Preliminary 
classification NAI 

Jakkidi Reddy 
USA 
Site #1253 

DIA3010 
22 subjects 

11/13/12-
11/16/12 

Pending 
Preliminary 
classification NAI 

Janssen Pharmaceuticals 
USA 

DIA3005 
DIA3006 
DIA3008 
DIA3009 
DIA3010 
DIA3015 

12/03/12- 
12/19/12 

Pending 
Preliminary 
classification NAI 

 
Key to Classifications 
 
NAI = No deviation from regulations.  
VAI = Deviation(s) from regulations.  
OAI = Significant deviations from regulations.  Data unreliable.   
Pending = Preliminary classification based on information in 483, preliminary communication 
                 with the field, and review of EIR; final classification is pending. 
 
General Issues Noted at All Sites: 
The Sponsor provided the requested data listings using the same data cut-off time point that 
was used for NDA 204042: the end of each study’s 26- or 52-week core double-blind treatment 
period with the exception of Study DIA3008. For DIA3008, a cut-off date of September 15, 
2011 was pre-specified (except data listings for each subject for the primary efficacy endpoint 
(HbA1c), list of concomitant medications and list of lab abnormalities, the data provided was 
up to the 18 week primary endpoint of the DIA3008 sub-studies).  All other data listings 
provided for DIA3008 used the cut-off date of September 15, 2011. Source documents at the 
sites and the CRFs contain data collected beyond the cut-off date of the listings provided with 
the NDA because the studies were on-going or near completion at the time of the submission 
Therefore, there were several instances at all sites where the site's source documents for 
adverse events and concomitant medications match the electronic case report form (CRF), but 
that information is not reflected in the Data Line Listings provided from the Sponsor.  
 
There were no country specific amendments in effect for the requested sites. 
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1. Alexandrina Popescu 

5 Sighet Ploiesti 
Romania 100163 
 
a. What was inspected: Records for all 27 subjects were reviewed. In addition, IRB, 

monitor and sponsor correspondences, drug accountability, adverse events, informed 
consents, protocol adherence, subject records, financial disclosure, safety reports, 
signature log, monitor log, source documents and electronic case report forms were 
reviewed. 
 

b. General observations/commentary: A total of 27 subjects were screened, 18 were 
randomized, 2 dropped out of the study due to adverse events, and 16 completed.  The 
adverse events were reported in the data listings. There were no serious adverse events 
reported at this site and no deaths. 
 
The first subject (900304) was dosed on January 5, 2010 and the last subject (903038) 
was last dosed on November 4, 2012.  The expiration date was changed for some 
medication boxes by the sponsor because they were close to expiration.  No left 
over/returned drug was found at the site at the time of the inspection.  The only issue 
discussed with management was the accountability of the investigational drug that was 
destroyed. The study monitor verified the number of pills returned in the dispensation 
record and wrote the medication box number only and not the number of pills that were 
sent out to eventually be destroyed.   
 
The FDA ORA field investigator was unable to verify the primary efficacy endpoint 
data for all the study subjects as the primary efficacy data (the HgA1c values) were not 
disclosed to the sites. The site sent blood samples to a central laboratory and did not 
receive the HgA1c values from the lab unless rescue medication was needed.   The data 
for the baseline HgA1c values was disclosed to the site; however, some reports were 
over a year after the site sent the samples to the laboratory and the laboratory received 
them. In February 2011 per request of EU Investigators, the sponsor agreed to provide 
HgA1c results in standard units (IFCC) in addition to the conventional units (%).  
Following this update, the investigators received re-prints of HgA1c reports with results 
added in standard units for all subject participating in the study regardless of their 
screening date.  The site did get the screening HgA1c values in a timely manner.   
 
The 1572 was not available for this site. This was addressed in a memo from the 
sponsor.  For the canagliflozin clinical studies, investigators from foreign sites are not 
being filed to the US IND (and, therefore, are not required to sign the 1572). The 
investigator did submit a report of Financial Disclosure and was qualified by the Health 
Authorities and the Ethics Committee. 
 
A review of records did not reveal concerns related to data capture at this site.  The 
inspectional findings indicate adequate adherence to good clinical practice regulations 
and the study protocol. There were no objectionable conditions noted and no Form 
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FDA 483, Inspectional Observations, was issued. 
 

c. Assessment of data integrity:  The full Establishment Inspection Report (EIR) was not 
available for review.  Preliminary inspection results were communicated by the FDA 
ORA field investigator. Data from this site appear acceptable. The audit did not 
indicate serious deviations/findings that would impact the validity or reliability of the 
submitted data. 
 

2. Pekka Koskinen 
Foreningsgatan 26 
Malmo Sweden 211 52 

 
a. What was inspected:  Records for all randomized subjects were reviewed. In addition 

IRB, monitor and sponsor correspondences, drug accountability, adverse events, 
informed consents, protocol adherence, subject records, financial disclosure, safety 
reports, signature log, monitor log, source documents and electronic case report forms 
were reviewed. 
 

b. General observations/commentary: For Study DIA3005, 24 subjects were 
randomized, 18 completed, 1 subject was lost to follow-up, 3 were withdrawn due to 
non-compliance, 1 was withdrawn due to adverse events, and 1 was improperly 
enrolled. For study DIA3008, 17 subjects were randomized, 13 subjects completed, 1 
was withdrawn due to adverse events, and 3 withdrew consent. 
 
HbA1c values are only available for Pre-Screening, Screening and Baseline visits since 
the site was blinded.  Therefore, the FDA ORA field investigator was unable to verify 
the primary efficacy endpoint data as the primary efficacy data (the HgA1C values) 
were not disclosed to the sites. The information was available for the subjects that 
needed rescue medication and the information matched the data listings. 
 
Adverse events and concomitant medications which appear in the source documents are 
also recorded in the eCRF. 
 
A study deviation was filed for subjects 500231 and 500185 after the study monitor 
found that the fingerstick glucose was not taken at the site at the baseline visit and that 
compliance could not be checked from the diary (meaning that the study subjects did 
not record their fingerstick glucose value in their diary either).  These two subjects 
were enrolled and dosed.  The fingerstick glucose value is one of the criteria needed to 
determine subject eligibility. The subjects were kept in the study and continued to be 
dosed after this deviation was discovered by the study monitor in November 2010. 
 
Further investigation revealed that both study subjects were kept in the study by the PI 
based on the previous glucose readings from both subjects (before and after baseline – 
since the issue was discovered after the subjects were randomized) which were stable.  
The PI subsequently came up with his own check list before randomizing a subject 
because the check lists and flow charts that the sponsor provided were felt by the PI to 
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not be clear and complete.  This same issue had been reported at 40 other sites for this 
study.   
 
The 1572 was not available for this site. This was addressed in a memo from the 
sponsor.  For the canagliflozin clinical studies, investigators from foreign sites are not 
being filed to the US IND (and, therefore, are not required to sign the 1572). 
 
A review of records did not reveal concerns related to data capture at this site.  The 
inspectional findings indicate adequate adherence to good clinical practice regulations 
and the study protocol. There were no objectionable conditions noted and no Form 
FDA-483, Inspectional Observations, was issued. 

 
c. Assessment of data integrity: The full Establishment Inspection Report (EIR) was not 

available for review.  Preliminary inspection results were communicated by the FDA 
ORA field investigator. Data from this site appear acceptable. The audit did not 
indicate serious deviations/findings that would impact the validity or reliability of the 
submitted data. 

 
 
3. Elizabeth Bretton 

Albuquerque Clinical Trial (ACT) 
601 Encino Place NE, Suite A16 
Albuquerque, New Mexico 87102 

 
a. What was inspected:  The numbers of subject records reviewed during the inspection 

were 32 for Study DIA3005 and 25 for Study DIA3015. During this inspection, 
regulatory records, subject files, electronic records, and other study-related documents 
were reviewed.  Source documentation was reconciled with eCRF entries, IRB 
submissions (both for approval of the study and related documents, as well as 
informational submissions such as adverse events), were reviewed for timeliness, and 
correspondence with sponsor/monitor was documented throughout both studies.   

 
b. General observations/commentary: For Study DIA3005, the total number of subjects 

screened at the site was 32, total number enrolled was 20, and total number completing 
the study was 19. One subject withdrew as he lost his job and home and could not 
comply with the study schedule or procedures. For Study DIA3015, the total number of 
subjects screened at the site was 25, the total number enrolled was 16, and the total 
number completing the study was 7.  Five subjects withdrew consent, one had a 
HgbA1c that was too high, and one was withdrawn due to PI decision. No Serious 
Adverse Events or subject deaths occurred at this site during either study. 
 

 monitored the studies. 
All subjects signed the informed consent. However, the site utilized a photocopied form 
to document their Informed Consent process. This form appeared to have been signed 
once, then photocopied and placed in every subject’s files (for study DIA3005). This 
process was considered inappropriate and was discussed with the PI and staff.  The Site 
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Final Report forms for both studies were submitted to the IRB on February 28, 2012.   
 
Hardcopy records were maintained on site and were readily available for review during 
this inspection.  Records were well organized and legible, although there were some 
instances where information was written-over on a handwritten record instead of lined-
out, initialed, dated, and changed. The eCRFs for Study DIA3015 were provided on a 
CD-ROM. The eCRFs for Study DIA3005 were not available from the sponsor on CD-
ROM but were able to be accessed through the password protected web-based portal 
for review during the inspection. 
 
This site remains blinded to the subject’s status (test, control, or placebo).  This site 
sent blood samples to a central laboratory,  for study-related labs such as the 
HgA1c (a primary efficacy endpoint).  The site did not receive the HgA1c values from 
the lab unless the value met certain criteria which would require treating the subject 
with additional medications for their safety (e.g. some subjects required metformin 
“rescue” as their HgA1c was too high).  However, in general this site did not receive 
HgA1c values beyond the screening visits; thus, the screening visit value was compared 
to the data line listing to determine accuracy, however, the 26-week HgA1c was not 
available at this site to compare to the data line listing.   
 
Other data compared from this site (via source documentation and eCRF submissions) 
that was compared to the data line listings included adverse events and concomitant 
medication.  The FDA ORA field investigator found several instances where data did 
not appear consistent (i.e. data from the eCRF was not consistent with the data line 
listing).  It was determined that the source data contained events that occurred after the 
data cut-off for reporting the data line listings. 
 
A review of records did not reveal concerns related to data capture at this site.  The 
inspectional findings indicate adequate adherence to good clinical practice regulations 
and the study protocol. There were no objectionable conditions noted and no Form 
FDA-483, Inspectional Observations, was issued. 

 
c. Assessment of data integrity: The full Establishment Inspection Report (EIR) was 

submitted.  Data from this site are acceptable. The audit did not indicate serious 
deviations/findings that would impact the validity or reliability of the submitted data. 

 
4. Matthew Acampora 

The Center for Nutrition and Preventive Medicine 
8035 Providence Rd., Suite 315 
Charlotte, North Carolina 28277 

 
a. What was inspected:  There were 14 subject records reviewed. The current inspection 

included a review of IRB, monitor and sponsor correspondence, drug accountability, 
adverse events, informed consents, protocol adherence, subject records, financial 
disclosure, safety reports, signature log, monitor log, FDA 1572s, curriculum vitas, 
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laboratory credentials and other supply records, source documents and electronic case 
report forms. 
 

b. General observations/commentary: There were 39 subjects consented at the site and 
14 enrolled. There were 8 subjects that completed the study but the data line listing 
submitted to the FDA has 9 (both the clinical investigator and the sponsor 
representative at the site confirmed that 8 subjects completed the study). Ten subjects 
withdrew from the study or were terminated. One was lost to follow-up, 3 had adverse 
events and 6 withdrew consent. 
 
The source documents were well organized and legible. There were no instances where 
the data reported by the clinical investigator did not match the data reported to the FDA 
in the NDA data line listings. All adverse events appeared to have been captured. There 
was one incidence (Subject 600313) where anxiety was listed but this history was not 
found in the source documentation.  
 

 monitored the study. The study was initially 
approved on February 26, 2010. The Site Final Report form was submitted to the IRB 
on April 12, 2012. Four informed consent forms were approved to be used during this 
study and three were used at this site. All subjects signed informed consent. It was 
noted that Subject 600016 had his wife print his name on several of the informed 
consent documents; however, subject did sign his name and initials.  
 
Electronic case report forms (eCRFs) were submitted to the sponsor. Dr. Acampora did 
not have a CD-ROM containing all eCRF data at the time of this inspection. According 
to the Sponsor’s most recent newsletter, the final Clinical Study Report was expected to 
be released on 10/31/12 and the CD-ROM containing all eCFR data that was generated 
at this site was to be mailed to the Clinical Investigator.  
 
The FDA ORA field investigator had access to the screening HgA1c but not the serial 
values collected throughout the study and was, thus, unable to verify the primary 
efficacy endpoint data.  The site remains blinded to the subject’s status.  The site sent 
blood samples to a central laboratory,  for study-related labs such as the 
HgA1c (a primary efficacy endpoint).  The site did not receive the HgA1c values from 
the lab unless rescue medication was needed.    
 
All patients that required rescue medication had results unblinded and these HgA1c 
results were compared to the data line listing. Two subjects (600241 and 600285) 
needed rescue medication.   (the central lab) released the elevated HgbA1c 
results in these two cases as per the protocol.  The lab value was unmasked, but the 
study drug was never unblinded.   
 
There was one other subject (600022) that  released the elevated HgbA1c 
value, but Dr. Acampora did not prescribe a rescue medication.  The subject had 
several issues that Dr. Acampora felt contributed to the slightly elevated results and he 
wanted to try other options (diet, etc.) before issuing a new medication.  The subject's 
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next test interval was normal.  It was discussed with Dr. Acampora that this was a 
protocol deviation.   
 
The inspectional findings indicate adequate adherence to good clinical practice 
regulations and the study protocol. There were no objectionable conditions noted and 
no Form FDA-483, Inspectional Observations, was issued.  
 

c. Assessment of data integrity: The full Establishment Inspection Report (EIR) was 
submitted.  Data from this site are acceptable. The audit did not indicate serious 
deviations/findings that would impact the validity or reliability of the submitted data. 

 
5. Jakkidi Reddy 

Sierra Clinical Research, Inc. 
576 N. Sunrise Ave., Suite 230 
Roseville, California 95661 

 
a. What was inspected:  All 22 randomized subject charts were reviewed. Documents 

reviewed included, but were not limited to, Form FDA 1572s, financial disclosure 
forms, IRB correspondence, sponsor correspondence, monitor correspondence, 
informed consent forms, protocol deviations, documentation of adherence to protocol 
procedures, inclusion/exclusion criteria, adherence to blinding/randomization 
procedures, source documentation for each subject enrolled, electronic case report 
forms, safety endpoint data, adverse events, and concomitant medications. 

 
b. General observations/commentary: There were 42 subjects screened at the site, 22 

were randomized, 11 subjects completed the study, 8 were currently in progress, 2 
withdrew, and 1 was an early termination. The first subject was randomized on June 2, 
2010. The study was on-going at the time of the inspection and the last subject was 
randomized into the trial with an expected completion date of February 28, 2012.  
 
The eCRFs were reviewed and compared to the source documents and data line listings. 
Overall, records reviewed appeared adequate and there were no instances of unblinding 
of the study. Records were well organized and legible, although there were some 
instances where accountability logs had a number of cross-outs, incorrect entries, and 
illegible markings. Drug accountability records were reviewed and were complete. 
 
The FDA ORA field investigator had access to the screening HgA1c but not the serial 
values collected throughout the study and was, thus, unable to verify the primary 
efficacy endpoint data.  The site remains blinded to the subject’s status.  The site sent 
blood samples to a central laboratory, , for study-related labs such as the 
HgA1c (a primary efficacy endpoint).  The site did not receive the HgA1c values from 
the lab unless rescue medication was needed.    
 

 monitored the study. 
Initial IRB approval was March 18, 2010. There were 3 informed consent documents 
utilized at the site. All received IRB approval.  A total of approximately 66 IC forms 

Reference ID: 3259606

(b) (4)

(b) (4)



Page 13                                           Clinical Inspection Summary  
NDA 204042 Canagliflozin 

 
  

 

were reviewed and all subjects signed all versions of the informed consent form except 
for one document that was missing a signature. However, all pages were initialed by the 
subject. It was discovered by staff and the subject signed the IC on the next visit.  
 
All financial disclosure forms were reviewed and appeared adequate. 
 
A few minor discussion items were raised to Dr. Reddy’s attention during the close-out 
meeting. One subject was inadvertently tested twice for HbgA1c. One subject gave his 
spouse the investigational medication. One subject file had vital signs missing. 
 
The inspectional findings indicate adequate adherence to good clinical practice 
regulations and the study protocol. There were no objectionable conditions noted and 
no Form FDA-483, Inspectional Observations, was issued.  

 
c. Assessment of data integrity: The full Establishment Inspection Report (EIR) was 

submitted.  Data from this site are acceptable. The audit did not indicate serious 
deviations/findings that would impact the validity or reliability of the submitted data. 

 
6. Janssen Pharmaceuticals  

920 Route 202 South  
P.O. Box 300 
Raritan, NJ 08868 

 
a. What was inspected:  The following areas were given coverage: monitoring, test 

article accountability, case report forms, regulatory forms (Form 1571, Form 1572 and 
Financial Disclosure), (serious) adverse events (evaluation and reporting), standard 
operating procedures, and computer systems (eCRF, Dashboard, disaster preparedness / 
recovery), adjudication process, and site selection.  

 
The clinical project /program consisted of nine protocols conducted in approximately 
1,500 clinical sites over approximately 48 countries around the world. 
 
Records were reviewed for at least 45 subjects from those clinical sites identified. 
Financial disclosure forms were reviewed for at least 45 clinical investigators. Form 
FDA 1572s were reviewed for at least 45 clinical investigators whose study was 
conducted within the USA. Monitoring reports were reviewed for at least six clinical 
sites. Standard operating procedures reviewed included those relating to adverse events 
and SUSARs evaluations, investigational product, and monitoring. 

 
During the inspection, the training of the clinical site monitors and clinical investigators 
were reviewed. Special attention was given to those clinical monitors hired from 
contract research organizations. 
 
During the inspection, transfers of obligations were reviewed.  
 
Janssen Pharmaceuticals acted as the sponsor for studies (previously named Johnson & 
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The inspectional findings indicate adequate oversight and adherence to good clinical 
practice regulations. There were no objectionable conditions noted and no Form FDA-
483, Inspectional Observations, was issued. 

 
c. Assessment of data integrity: The full Establishment Inspection Report (EIR) was 

submitted.  The audit did not indicate serious deviations/findings that would impact the 
validity or reliability of the submitted data. 

 
 
III.   OVERALL ASSESSMENT OF FINDINGS AND RECOMMENDATIONS 

  
The inspection for this NDA consisted of three domestic and two foreign clinical sites as well 
as the sponsor.  No site was issued a Form FDA 483; the preliminary classifications are all 
NAI (No Action Indicated).  In general, based on the inspection of the five clinical study sites 
and the sponsor, the inspectional findings support validity of data as reported by the sponsor 
under this NDA. 
 
Observations noted above for Drs. Bretton, Acampora, and Reddy, and the sponsor are based 
on the preliminary review of the Establishment Inspection Reports. Observations noted above 
for Drs. Popescu and Koskinen are based on communications from the field investigator.  An 
inspection summary addendum will be generated if conclusions change upon OSI final 
classification. 
 
 
 
 

{See appended electronic signature page} 
 
Cynthia F. Kleppinger, M.D. 

      Good Clinical Practice Assessment Branch 
Division of Good Clinical Practice Compliance 

      Office of Scientific Investigations  
 
 
CONCURRENCE:    {See appended electronic signature page} 
 

Janice Pohlman, M.D., M.P.H. 
Team Leader 
Good Clinical Practice Assessment Branch 
Division of Good Clinical Practice Compliance 

      Office of Scientific Investigations 
 
 
CONCURRENCE:    {See appended electronic signature page} 

 
 Susan D. Thompson, M.D.  
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• Container Labels submitted  November 15, 2012 (Appendix A) 

• Carton Labeling submitted  November 15, 2012   (Appendix B) 

• Insert Labeling submitted  November 15, 2012 

3 CONCLUSIONS  
DMEPA concludes that the proposed container and unit dose labels as well as carton and 
insert labeling can be improved to increase the readability and prominence of important 
information on the label to promote the safe use of the product. 

4 RECOMMENDATIONS  
Based on this review, DMEPA recommends the following be implemented prior to 
approval of this NDA:  

A. Container Label; 100 mg and 300 mg strengths (30-count, 90-count, and              
500-count bottles) 

1. Revise the presentation of the proprietary name to Title Case “Invokana” 
to improve readability and legibility because as currently presented, all the 
letters in the proprietary name are all the same size, thus decreasing 
readability. 

2. Remove the graphic that appears above the letter ‘V’ in the proprietary 
name, Invokana.   

3. Relocate the statement “Each tablet contains 100 mg canagliflozin” on the 
principal display panel to the side panel. 

4. Increase the font size and prominence of the dosage form “Tablets” so that 
it is presented with the same size and prominence as the established name 
“(canagliflozin).”  If needed, the strength presentation may be moved to 
the next line, immediately below the dosage form, “Tablets.” 

5. Ensure that the image of the tablet accurately represents the actual size, 
shape, color, and imprint of the commercial tablet and is not a schematic 
or computer-generated shape or image.  In addition, this image should be 
less prominent and located away from important information such as 
proprietary name, established name and strength.  Thus, relocate the tablet 
image to appear at the bottom of the principal display and side panels. 

B. Container Label; 100 mg strength (500–count bottle) 

1. The 300 mg strength, 500-count bottle has the statement “Package Not 
Child-Resistant” but this statement is not placed on the 100 mg strength 
500-count bottle.  Please add this statement on the 100 mg strength 500-
count bottle, so that both labels are consistent.   

C. Hospital Unit Dose Label 

1. Revise the presentation of the proprietary name to Title Case “Invokana” 
to improve readability and legibility because as currently presented, all the 
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letters in the proprietary name are all the same size, thus decreasing 
readability. 

D. Carton Labeling for Hospital Unit Dose 

1. Revise the presentation of the proprietary name to Title Case “Invokana” 
to improve readability and legibility because as currently presented, all the 
letters in the proprietary name are all the same size, thus decreasing 
readability. 

2. Remove the graphic that appears above the letter ‘V’ in the proprietary 
name, Invokana.   

3. Relocate the statement “Each tablet contains 100 mg canagliflozin” on the 
principal display panel to the side panel. 

4. Increase the font size and prominence of the dosage form “Tablets” so that 
it is presented with the same size and prominence as the established name 
“(canagliflozin).”  If needed, the strength presentation may be moved to 
the next line, immediately below the dosage form,“Tablets.” 

5. Ensure that the image of the tablet accurately represents the actual size, 
shape, color, and imprint of the commercial tablet and is not a schematic 
or computer-generated shape or image.  In addition, this image should be 
less prominent and located away from important information such as 
proprietary name, established name and strength.  Thus, relocate the tablet 
image to appear at the bottom of the principal display and side panels. 

6. Revise the statement  to read                
“100 tablets (10 blister cards with 10 tablets per blister card).”  Currently, 
the statement  
and may be confusing to the end user.   

E. Insert Labeling 

1. The symbols <, ≤, >, ≥ were utilized in the insert labeling to represent 
“less than,” “less than or equal to,” “greater than,” or “greater than or 
equal to,” respectively.   These symbols can be misinterpreted as the 
opposite of the intended symbol or mistakenly used as the incorrect 
symbol.  As part of a national campaign to decrease the use of dangerous 
symbols2, the FDA agreed not to use such error prone symbols in the 
approved labeling of products because these abbreviations can be carried 
over to prescribing.  Therefore, DMEPA recommends that < be replaced 
with “less than,” ≤ be replaced with “less than or equal to,” > be replaced 
with “greater than,” and ≥ be replaced with “greater than or equal to.”   

If you have further questions or need clarifications, please contact Margarita Tossa, 
project manager, at 301-796-4053. 

                                                      
2 Institute for Safe Medication Practices (ISMP).  ISMP’s List of Error-Prone Abbreviations, Symbols, and 
Dose Designations.  ISMP: 2010 
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Executive Summary 

Although plagued by the common problem of missing data or a competing cause for liver 

injury not sought, thus creating difficulty in absolutely ruling out drug-induced liver 

disease (dili) or in establishing an alternative diagnosis, there is little compelling 

evidence in review of these cases to implicate canagliflozin as a drug clearly capable of 

causing dili if it occurred. There are a few instances in which this diagnosis cannot be 

absolutely excluded because all possible alternative diagnoses have not been excluded or 

data are lacking, but most of these are cases of relatively mild liver disease. The 

diagnoses in some of them may be resolved if the sponsor is able to produce additional 

information. 

 

In sum, based on this group of cases selected for review, no signal for hepatotoxicity is 

appreciated for canagliflozin at this time.  
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Background 

This review is based on a consult request for the Division of Metabolic and Endocrine 

Products (DMEP) dated 18 October 2012 to review selected cases of potential drug-

induced liver injury (dili) in association with canagliflozin (NDA 20-4042).  

Canagliflozin is currently under review by the Agency as an oral agent for the treatment 

of DM2.   

 

As noted in the consult request, DMEP noted a slight imbalance (against cangliflozin) in 

the incidence of subjects with ALT > 5X ULN and >10X ULN and in incidence of 

subjects meeting biochemical Hy’s law in registrational trials.  DMEP requests a review 

of selected cases by OSE’s hepatology consultants including comment on the 

significance of the overall imbalance based on the findings from your review.   

 

This review is organized in 3 sections (A, B, and C) based on the organization of the 

consult request. 

 

Review of Cases 

 

Part A: Request for review of two cases regarded as unlikely DILI by sponsor’s 

Hepatic Events Assessment Committee (HEAC) 

 

ID  

This was a 61 year-old man with a history of type 2 diabetes, diabetic neuropathy, 

hypertension, osteoarthritis and arthroplasty of the right hip. He had apparently been 

treated with metformin for his diabetes, but the actual start date of this drug was not 

reported. On a background of normal baseline liver chemistries (ALT, AST, ALP, 

Bilirubin, GGT), he was started on treatment with canagliflozin on March 31, 2010. Over 

the course of the following year and a half, liver panel testing was performed at 

approximately 3 month intervals and remained completely normal until June 31, 2011 

(approximately 15 months after starting treatment with canagliflozin).  The next series of 

tests were performed on September 8, 2011 with results that are disputed.  Apparently, 
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another patient was seen at the same site and same day 10 minutes after the present 

subject, and had blood drawn that was found to have markedly elevated liver tests (the 

actual values not reported). The sponsor believes that the test results were switched 

between the two subjects and that the present subject in fact had quite normal 

chemistries. The information presented is, however, somewhat confusing. Blood drawn 3 

weeks later from the present patient (September 27, 2011, now about 18 months after 

starting the drug) revealed obviously abnormal liver chemistries (ALT 905 IU/L; AST 

478 IU/L; alp 123 IU/L. Bilirubin 2.0 mg/dl; and GGT 697 IU/L). That this was not a 

transient finding is evident by the fact that in three subsequent blood draws, similar 

abnormalities were found although slowly improving.  The last set of values shown, on 

October 17, 2011, 20 days after the first reported abnormalities, displayed values that 

were still abnormal (ALT 195 IU/L; AST 60 IU/L; Alp 98 IU/l, Bilirubin, 1.1 mg/dL, and 

GGT 370 IU/L).  

 

The precise cause of the abnormal liver chemistries is unclear. It is almost certainly not a 

consequence of treatment with canagliflozin because of the latency of 18 months from 

start of drug even though improvement occurred with withdrawal; however, improvement 

was apparent even before drug withdrawal.  Serologic tests for hepatitis A and B 

excluded these two conditions. The patient is reported to be positive for anti-HCV but the 

test for HCV PCR is pending as are the tests for ANA and EBV.  The patient was started 

on treatment with pioglitazone September 8, 2011 that was terminated on October 2, 

2011 by which time, the enzyme values had already begun to decline.     

 

Comment: Canagliflozin hepatotoxicity is almost certainly ruled out as a cause because 

of the 18 month latency and the fact that the enzyme levels began to decline even before 

withdrawal of the drug.  The subject did develop late in follow-up what appears to be 

acute hepatocellular liver injury with hyperbilirubinemia but without jaundice. The cause 

for the liver injury is unclear. The timing of the start and stop dates of pioglitazone 

relative to the identified liver injury makes liver injury from this drug highly unlikely.  

Not ruled out are infection from hepatitis C and E. A positive test for either would 

provide useful information to help resolve the diagnosis.  

Reference ID: 3229429



 5

ID  

This request represents a case that has been reviewed several times in the past by this 

reviewer and Dr. John Senior during which times no definitive diagnosis for the observed 

liver dysfunction could be reached for this case.  The view on each of these occasions 

was that the available data were insufficient to achieve a diagnosis of what appeared to be 

a cholestatic form of liver disease that developed about 8 months after starting treatment 

with canagliflozin. The last set of data reported at the time was from October 19, 2011.   

A review was submitted in November 2012.1  

 

The sponsor has now submitted additional work-up data, providing information to as 

recently as mid-July, 2012.   

 

Briefly, this was a man in his late 60’s who had participated in a double-blind, placebo-

controlled trial and who was admitted to hospital with abdominal pains, chills, nausea 

and vomiting approximately 8 months after starting the trial.  He had been in the 

treatment arm that received canagliflozin. The patient had also been on multiple other 

drugs for his diabetes, hypertension, coronary artery disease, and gastro-esophageal 

reflux. His liver chemistries showed moderate increases in his aminotransferases and 

alkaline phosphatase as well as a significant increase in his serum bilirubin value. In 

general, the pattern of injury suggested cholestatic liver disease and biliary tree disease 

was suspected but initial evaluation was unable to prove this diagnosis.  An ultrasound 

scan and magnetic resonance cholangiopancreatography of the upper abdomen was 

unrevealing. Noteworthy is that despite discontinuing canagliflozin, the abnormal 

chemistries persisted. Despite the fact that he had been evaluated at two different 

hospitals, the diagnosis remained unclear.  Indeed, a liver biopsy that was considered 

worth performing was cancelled because the liver chemistries showed improvement, yet 

the serum enzymes and serum bilirubin still remained elevated, although at a lower level. 

He continued to complain of severe pruritus. Drug-induced liver injury remained suspect 

                                                 
1 John Senior and Leonard Seeff to Mary Parks.  Possible hepatic adverse effects of canagliflozin.  
28 November 2012. 
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but uncertainty was expressed regarding whether it was due to canagliflozin or other 

drugs (simvastatin, pioglitazone) although the injury pattern was atypical for these drugs.   

 

Additional follow-up data have since revealed that he has continued to have abnormal 

liver chemistries with moderate increases in his aminotransferase levels, some higher 

increase in ALP levels and persisting modest hyperbilirubinemia. A liver biopsy was 

performed on November 11, 2011 and was reported to show prominent proliferative duct 

reaction, cholestasis and portal fibrosis, interpreted at first as displaying hepatic duct 

stenosis and later as a “biliary tract process.” In January, 2012, he had an MRI with 

contrast of the abdomen that showed an “irregular intrahepatic biliary tree with moderate 

peripheral intrahepatic biliary dilatation and normal appearing extrahepatic bile ducts.” In 

February, 2012, an ERCP was performed that showed several segments of mild to 

moderate narrowing of the intrahepatic bile ducts now raising the specter of sclerosing 

cholangitis. Putting this together, a hepatology consultant raised the possibility of 

primary biliary cirrhosis. However, as best as can be determined from the report of the 

liver biopsy, PBC was not raised as a possible diagnosis. Moreover, there is no report of 

testing for anti-mitochondrial antibody. Also of note is that the hepatologist involved felt 

that the manifestations in this patient were not typical for sclerosing cholangitis and that 

the presentation was more likely that of drug induced liver injury. In June, 2012, the 

patient was hospitalized because of increasing jaundice, weakness and chills attributed 

then to sclerosing cholangitis.  He was treated with antibiotics. At this point, the 

possibility of performing liver transplantation was raised. 

 

Comment: This is an extraordinary odyssey for this patient who has now had prolonged 

low grade jaundice that seemed to begin about 8 months after starting treatment with 

canagliflozin. He was taking many other drugs but there is still no information regarding 

start and stop dates for these drugs.  It is clear that the liver disease has shown a 

cholestatic pattern with bouts of what appeared to have been cholangitis. It is clear also 

that the disease process has been advancing with the most recent consideration for 

performing a liver transplantation although I don’t see definitive evidence of end-stage 

liver disease. I believe that the features of this illness are consistent with sclerosing 
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cholangitis. This, of course, raises the question of whether canagliflozin might have been 

the precipitating event. Three sets of liver chemistries following the beginning of 

treatment with canagliflozin were normal, which might suggest that the drug could have 

played a role.  However, it is not atypical for sclerosing cholangitis to have sporadic 

liver dysfunction early in its course so that, in my view, these normal values do not 

exclude a diagnosis of “idiopathic” sclerosing cholangitis, which represents my current 

diagnosis. I cannot entirely exclude the possibility that canagliflozin did play a role in 

inducing this liver disease, but I would grade it as an extremely low possibility.      

 

 

Part B: Request to review two phase 3 development cases with jaundice 

 

ID 2062301 

Minimal information is provided for this case that involved a 64 year-old man who 

developed deep jaundice, moderately elevated aminotransferase levels and markedly 

elevated alkaline phosphatase levels. Little information is provided other than a final 

diagnosis of biliary tree cancer. The biochemical values are consistent with this diagnosis 

and there are no data provided to dispute this. 

 

ID T060404 

Once again, the information provided here is minimal, as evidenced in part by the fact 

that only one set of liver chemistries is shown. This describes a 68 year old man with 

DM2 who, 24 weeks after starting treatment with canagliflozin, developed abnormal 

liver-related chemistries (ALT 296 U/L, AST 106 U/L, ALP of 481 U/L, and a total 

bilirubin value of 0.7 mg/dL. No other values are shown, but an abdominal US showed 

intrahepatic duct dilatation, a CT scan showed pancreatic duct narrowing, retroperitoneal 

fibrosis and interstitial nephritis together with elevated IgG4 levels. These findings are 

apparently reflective of “autoimmune pancreatitis.”  It would, however, have been helpful 

to have additional laboratory values to determine which direction they were moving in, 

specifically to learn whether the abnormal values persisted or subsided, and whether 

jaundice developed. Thus, the sponsor could provide additional information and whether 
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any other potential diagnoses were sought.  However, the available information does 

point to autoimmune pancreatitis. 

 

 

 

Part C: Request to review cases of “severe hepatic enzyme elevation or liver failure” 

to determine agreement with the applicant’s assessment of causality 

 

There are 18 cases in this category, but many of them were either poorly evaluated for 

causality or provided incomplete data. 

 

ID 500611 

This 50 year old female developed a transient mild increase in ALT, AST and ALP on 

day 15 of treatment with immediate return to normal but followed by a more marked 

increase in serum enzymes with fluctuating levels thereafter until day 393, the last value 

shown. Bilirubin apparently remained normal throughout. The drug was discontinued just 

before a marked increase in the values. Tests for hepatitis A, B, and C were negative. 

Markers for autoimmune hepatitis were not reported. The patient did have a background 

of cholelithisis that conceivably could have accounted for the abnormalities. However, 

there is uncertainty about what the cause was for these abnormalities that seem to have 

persisted for 8-9 months without resolution.  This reviewer does not suspect that the drug 

was responsible although uncertainty remains. It would be interesting to know what the 

sponsor’s experts think about this case. 

 

ID 150867 

This 63 year old man had abnormal liver-related chemistries from the outset, although 

there was a sudden marked increase in the ALT, AST and ALP on day 85 lasting through 

day 149 without an increase in the bilirubin level. A hepatitis panel revealed that the 

patient had chronic hepatitis C.  Accordingly, this is not an instance of drug induced liver 

injury. 

 

Reference ID: 3229429



 9

ID 601010 

This 28 year old man had evidence of necroinflammatory liver disease beginning on day 

1 of treatment, so clearly this is not a case of dili. This appears to be a case of chronic 

hepatitis C based on the finding of anti-HCV but no test for HCV RNA is provided.  It is 

also interesting that there is a single set of values on day 72 that are quite normal. Does 

this signify recovery from hepatitis C, which would be unusual? 

 

ID 601977 

This 68 year old man had abnormal liver chemistries from before and at the time of 

starting treatment ruling out dili as a cause for the abnormalities. Data reported are 

skimpy but the values, although fluctuating into the normal range, were still abnormal 

when the patient was last seen. Thus, this appears to be chronic necro-inflammatory liver 

disease but the cause is not apparent.  Hepatitis serology was not reported, information 

that should be made available by the sponsor. 

 

ID 602444 

This was a 40 year old female who developed a single set of abnormal aminotransferase 

levels at week 85 of treatment that returned to normal immediately thereafter.  Since the 

drug continued to be taken and the liver chemistries nevertheless normalized, this is not a 

case of dili. The reason for the single abnormality is not clear. 

 

ID 602764 

This 64 year old female with normal liver chemistries baseline was found to have 

moderate to marked increases in her liver chemistries beginning on day 85 (although no 

blood test results are reported between day 46 and day 85). The serum bilirubin value was 

normal. The drug was discontinued on day 87. The abnormal values gradually decreased 

but were still slightly abnormal on day 95, the last value shown. Hepatitis serology A, B, 

and C were negative as were ANA and SMA. Thus this is an acute but mild hepatitis 

without an obvious etiology. What needs to be determined is whether the patient 

developed acute hepatitis E, and the sponsor should be queried on this point. Until this is 

done and the results reviewed, a diagnosis of mild dili cannot be ruled out. Indeed, this 
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could be a possible to probable dili, a diagnosis that would be reversed if testing 

supported a diagnosis of acute hepatitis E virus infection. 

 

ID 602830 

This 35 year old woman with normal baseline liver chemistries was found to have mild 

increases in her ALT levels beginning on day 85 increasing by day 179, although no 

values are shown for the period between day 121 and day 179. Thereafter, the values 

remained abnormal up to the time of the last set of values tested, on day 310. The drug 

was withdrawn on day 277. This appears to be an instance of chronic necro-inflammatory 

disease with an undetermined etiology.  This could conceivably be a case of acute 

progressing to chronic hepatitis C, but no serology for any of the hepatitis viruses was 

reported. Until then, dili cannot be ruled out as a cause for the liver injury that could be 

graded as at least possible and perhaps even probable. 

 

ID  

This 66 year old man has cryptogenic cirrhosis without evidence of dili. 

 

ID  

This 64 year old man developed a lymphoproliferative disorder and apparent cholecystitis 

with septicemia that was apparently responsible for his death. He did not develop dili. 

 

ID  

This 61 year old man developed an acute hepatitis on day 282 of treatment that was 

diagnosed as acute hepatitis E. He was also found to have a hepatic cyst.  There is no 

evidence of dili. 

 

ID  

This was a very well worked up case involving a 66 year old man who developed 

abnormal serum enzymes and quite deep jaundice on day 237 of treatment. The enzymes 

have remained normal although fluctuating until day 412 at a slightly lower level. 

Treatment was discontinued on day 239.  The bilirubin level was still abnormal on day 
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412 although also reduced. All hepatitis serology, including for hepatitis E as well as for 

autoimmune hepatitis, were negative, as was the test for CMV.  However, one of the tests 

for EBV was positive. The latency in this case was prolonged beyond that consistent with 

dili, but still the diagnosis in this case is unclear to me. There was a slight suggestion that 

the patient had cholecystitis.  Dili cannot be completely ruled out as a diagnosis. Further 

information from the sponsor would be desirable. 

 

ID  

This was a 68 year old man whose liver chemistries remained normal until day 131 of 

treatment. The next test reported was on day 275, a huge gap from the prior test that 

displayed an ALT value of 302 and an AST of 95. That was the last value shown. The 

patient withdrew consent for further treatment on day 274. No information can be 

expected. A diagnosis of dili is unlikely given the long latency.  

 

ID  

Minimal information supplied regarding this 68 year old woman who developed 

modestly elevated ALT, AST and ALP values on day 260 of treatment that fell almost to 

normal one week later. This represents latency generally beyond that of dili, but the cause 

is unclear. One suggestion is that EBV infection might have played a role. It would be 

useful to obtain further follow-up information on this case.  

 

ID  

This is an absolutely inexplicable case. This 63 year old woman had completely normal 

liver chemistries except for a dramatic increase of the ALT to 2075 U/L, the AST to 3969 

U/L, with normal ALP and bilirubin values on day 41 of treatment.  The values 

immediately thereafter are normal and the patient had no symptoms.  The sponsor 

believes that there was a mix up in samples or there was something amiss with the 

testing.  I concur and believe this is not dili. 
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ID  

Once again, the information supplied here is somewhat skimpy. This was a 75 year old 

man started on treatment with canagliflozin who had normal liver chemistries; 

unfortunately, there were only a small number of test results reported. On day 285 of 

treatment, he developed vomiting and diarrhea, and was found to have moderate 

elevations of his aminotransferase levels. His bilrubin and ALP values remained normal.  

The drug was discontinued 3 days later. He was found to have diabetic ketoacidosis for 

which he was successfully treated. The serum enzyme levels normalized fairly rapidly 

and were back to normal by day 301. Serologic tests for hepatitis A, B, and C were non-

reactive and US evaluation suggested the presence of a small gallstone or polyp. The 

precise cause for the transient but relatively mild increases in the serum enzymes remains 

uncertain. Were it not for the fact that this would represent an unusually prolonged 

latency between start of treatment and onset of liver injury, this could be considered a 

possible instance of dili. 

 

ID  

This 63 year old woman had mildly abnormal aminotransferase levels at the beginning of 

treatment that returned to normal on day 85 and then increased considerably when next 

tested on day 183 (why no tests in the interim?).  The few tests obtained thereafter 

showed improvement but still abnormal values up to the last test reported. The drug was 

withdrawn on day 223 over a month after the increased values were found and after the 

values had begun to decline, suggesting that the drug was not responsible for the injury.  

This patient appears to have chronic liver disease from the outset but surprisingly, the 

only hepatitis serology reported was that of hepatitis A. Accordingly, chronic hepatitis B 

and C, and of course autoimmune hepatitis,  are not ruled out as potential etiologies.  A 

major problem in this case is that there are relatively few results of liver-related tests 

reported and that they are far-spaced. There is uncertainty in whether or not this is dili but 

the possibility is quite low. More information from the sponsor would be helpful in 

determining the etiology of the liver dysfunction. 
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ID  

This 56 year old man had fluctuating abnormal aminotransferase levels from the 

beginning of treatment through to the last value shown, on day 515. During this period, 

the study drug was interrupted for relatively short periods and finally withdrawn on day 

473. Because values were abnormal from the outset, this is not a case of dili but the 

actual cause for the abnormalities remains unclear. His hepatitis serology (A, B, C) and 

autoimmune serology were non-reactive, but there is a hint of EBV infection. The 

sponsor believes that the abnormalities were due to steatosis but the criteria for this 

diagnosis are quite spotty. 

 

ID  

As is the case for many of these reports, the data presented are meager. This was a 59 

year old woman with normal baseline liver chemistries who was found to have raised 

values for ALT, AST and bilirubin on day 98 of treatment; however, no values are 

reported between the baseline testing and day 98. The next tests were reported from day 

104 which showed a decline in the abnormal chemistries. Shortly thereafter, the drug was 

withdrawn (values has already begun to decline prior to this) and the last value shown, on  

day 116, was still abnormal although less so. Testing for hepatitis B and C showed 

negative results, but tests for hepatitis A and E are not reported. So once again, the cause 

for the observed abnormalities is not established. The investigator attributed them to 

“changes in the diet.”  Results of tests for hepatitis A and E would be helpful, until which 

time, dili (mild and transient) cannot be completely excluded.  A point against this 

possibility, however, is that liver tests were improving even before withdrawing the drug.     

    
 
Conclusion 

Based on this group of cases selected for review, no signal for hepatotoxicity is 

appreciated for canagliflozin at this time. 
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Clinical Consultation 
DRUP Track Correspondence No. 384 

 
From:            Stephen Voss MD, Medical Officer DRUP 
 
Through:      Theresa Kehoe MD, Medical Team Leader DRUP 
                       Hylton Joffe MD, MMSc, Division Director DRUP 
 
To:                 Division of Metabolism and Endocrinology Products:  

           Jena Weber, RPM 
                       Hyon J. Kwon, PharmD, MPH, Clinical Reviewer 
            Jean-Marc Guettier MD, Clinical Team Leader 
            Mary Parks MD, Division Director 
                        
Subject:         NDA 204042, Canagliflozin – review of bone safety data 
IND:  076479 
Date of consult request: October 19, 2012 
 
Background:  
Canagliflozin (JNJ-28431754, Janssen Research and Development) is an NME oral agent 
for treatment of type 2 diabetes mellitus (T2DM). Canagliflozin is an inhibitor of SGLT2 
(sodium-dependent glucose co-transporter 2), the major transporter responsible for renal 
glucose reabsorption. This inhibition results in urinary glucose excretion with reduction 
in plasma glucose, and potentially other benefits including reduction in body weight and 
fat mass, and changes in lipids. DMEP is currently evaluating NDA 204042 for 
canagliflozin which, if approved, would be the first in the SGLT2 inhibitor class. The 
PDUFA goal date is March 31, 2013.  
 
Canagliflozin and dapagliflozin, another SGLT2 inhibitor, have demonstrated efficacy in 
reducing HgbA1c, fasting and postprandial glucose, when given as monotherapy or in 
combination with other agents. These drugs induce an osmotic diuresis. Clinical trials of 
canagliflozin showed an increase in adverse reactions potentially related to volume 
depletion e.g. postural dizziness, orthostatic hypotension. Events of renal impairment or 
failure were more common in subjects with baseline moderate renal impairment or age 
over 65. In combination with insulin or sulfonylureas (SUs), there was an increased rate 
of episodes of hypoglycemia.  
 
Bone safety has been evaluated with these SGLT2 inhibitors because of properties that 
may include altered renal tubule reabsorption of calcium and phosphorus, potential for 
altered vitamin D metabolism, tendency for weight loss, and preclinical bone findings of 
hyperostosis in rats with these drugs; as well as an apparent increased propensity of some 
diabetics for osteoporosis and/or falls (e.g. related to decreased vision, neuropathy etc.) 
and previous findings of increased fractures with PPARγ drugs, which may potentially be 
co-administered to treat T2DM.  
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DRUP has previously provided consultation regarding data on dapagliflozin (see consult 
review by Dr. M. Whitaker in DARRTS, NDA 202293, 7/18/11). Key findings of this 
evaluation included: 
• There were no clinically significant changes in mineral metabolism (serum and urine 

Ca, Phos, Mg, 25-OH-vitamin D showed minimal change, PTH showed a slight 
increase) 

• Bone turnover markers showed small inconsistent changes in bone resorption and 
formation 

• Bone mineral density (BMD): the drug had minimal effect on mean BMD although 
there were outliers with positive and negative changes of ~8-12% 

• The overall fracture rate was low (1.4%) and balanced between dapagliflozin and 
control groups 

• A study of patients with moderate renal dysfunction (eGFR 30-59 mL/min) showed 
an apparent increase in fractures of various types with the drug, however there was no 
increase when subjects across all phase 2b/3 studies with moderate renal dysfunction 
were pooled  

• Fractures were associated with various risks for falls e.g. neuropathy, peripheral 
vascular disease/amputation, osteoarthritis, and fasting state 

• Dapagliflozin was associated with increased rates of hypoglycemia, hypotension, 
dizziness, syncope and falls, though it was not possible to directly link such events to 
fractures 

 
The conclusion of this evaluation was that there was no indication that dapagliflozin has a 
significant adverse effect on bone, though long term data were limited at that point. 
DRUP is now asked to evaluate similar bone-related data for canagliflozin, submitted in 
NDA 204042 (original submission 5/31/12). A 4 month safety update with updated data 
on fractures was submitted on 10/23/12 (#0008, SD-10).   
 
Nonclinical overview: 
In rat toxicology studies, a dose-dependent increase in metaphyseal trabecular bone 
(hyperostosis) of sternum, femur and tibia was observed with canagliflozin treatment, 
which was reversible upon drug discontinuation. Reduced bone size, area and strength 
were also seen at higher dose, associated with decreased body weight gain at this dose. 
Also seen in the rats were a marked dose related increase (~10- to 18-fold) in urinary 
calcium excretion, and reductions in levels of PTH, 1,25-OH-vitamin D, calcitonin and 
markers of bone turnover (osteocalcin, CTX-1 and DPD). Rather than representing 
mobilization of calcium from bone, Janssen believes the increased urinary calcium results 
from cross-reaction of the drug with the intestinal SGLT1 glucose transporter, causing 
excess carbohydrate in the gut lumen which (by unclear mechanisms) results in 
hyperabsorption of calcium. They believe that the hyperostosis and reductions in vitamin 
D, PTH and bone turnover markers are secondary to this hyperabsorption of calcium. 
Supporting this hypothesis are the observations that diets low in carbohydrate prevented 
the excess calcium excretion and hyperostosis, and dietary calcium restriction also 
prevented the hyperostosis. In addition, studies with labeled calcium demonstrated 
increased enteral absorption. Lesser increases in urinary calcium (~2-to-3-fold) occurred 
in dogs; hyperostosis did not occur in mice or dogs.  
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Reviewer comment: Increased urinary calcium, hyperostosis and reduced 1,25-OH-
vitamin D and bone turnover markers also occurred with dapagliflozin in rats. For both 
drugs, these findings are inconsistent with clinical studies which show increased bone 
resorption (CTX), without increased urinary calcium excretion.  
 
Overview of canagliflozin clinical trials:  
The ISS presents data from 40 phase 1 studies, 3 phase 2 studies and 9 phase 3 studies. 
Data related to calcium, phosphorus, vitamin D, PTH and bone turnover markers were 
evaluated in three phase 2 studies, each of 12 week duration and with a total of 1210 
subjects. Two of these (DIA2001 and TA-7284-04) were conducted in T2DM subjects, 
and one (OBE2001) in nondiabetic overweight/obese subjects. (The sponsor is not 
currently seeking the latter indication.)    
 
There were nine phase 3 trials of canagliflozin in T2DM, involving a total of 10,285 
Type 2 diabetic adults with inadequate control. Fracture data were captured as adverse 
events on supplemental eCRFs in all of these studies, which include: 
 
• 4 placebo-controlled studies (DIA3005, DIA3002, DIA3006 and DIA3012) which 

differ mainly in the subjects’ background diabetic therapy (diet/exercise, 
metformin/SU, metformin, and metformin/pioglitazone respectively), each with 52 
week duration and primary analysis at 26 weeks 

• 2 active-controlled studies (DIA3009, DIA3015) with background regimens of 
metformin and metformin/SU respectively, and comparator treatments of glimepiride 
and sitagliptin respectively; primary analysis at 1 year 

• 3 studies in special populations, placebo-controlled, with any stable background 
regimen (including insulin):  

o DIA3004: patients with moderate renal impairment (eGFR 30-50 
mL/min/1.73 m2); 52 week duration, primary analysis at 26 weeks 

o DIA3008: patients with cardiovascular disease or at high CV risk based on 
risk factors; long-term study, estimated duration 4-8 years; stratified by 
background therapy; the largest individual study (n=4330) 

o DIA3010: patients at higher risk of fracture, i.e. older age (55-80 y/o); 104 
week duration, primary analysis at 26 weeks 

 
Enrollment criteria of these phase 3 trials included the following: 
• Inclusion: in most of the trials, inadequate glycemic control was defined as HgbA1c of 

7.0-10.0%, and fasting plasma glucose ≥ 110 mg/dL but < 270 mg/dL 
• Only adults (male or female) were enrolled, mostly defined as ≥ 18 y/o (except 

DIA3010) 
• Renal function: eGFR ≥ 60 mL/ min/1.73 m2  was required in most studies except 

DIA3004 and DIA3008, and severe renal impairment (eGFR < 30 mL/min/1.73 m2) 
was an exclusion for all subjects 

• Subjects with other microvascular complications e.g. neuropathy or retinopathy were 
not excluded 
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DIA3010, as the phase 3 study dedicated to bone safety with measurement of bone 
turnover markers and BMD, had additional enrollment criteria such that subjects were 
older (age 55-80 y/o) and women were ≥ 3 yrs postmenopause, with the following 
additional exclusions: 
• Treatment with a bisphosphonate, teriparatide or denosumab within 12 months 
• Osteoporosis (T-score < -2.5 at any site), unless on stable treatment with estrogen 

replacement, SERM or calcitonin (which were allowed as concomitant drugs)  
• Treatment with systemic glucocorticoids for a total of >14 days within 3 months, or 

likely to require such therapy during the study  
• Serum 25-OH-vitamin D level ≤ 10 ng/mL 
• Hypercalcemia 
• Impediments to DXA: severe scoliosis or DJD of spine, spinal fusion, spine or hip 

implant 
• Non-healed fracture, or any fracture within 12 months 
• Bone metabolic disease e.g. Paget’s, osteomalacia, osteopetrosis, osteogenesis 

imperfecta, elevation of alkaline phosphatase > 1.5 x WNL 
• Rheumatoid arthritis 
 
Demographics of these nine phase 3 studies reflects a combination of 6 studies enrolling 
all adults with T2DM, with mean ages of 56-58 y/o; and 3 studies involving the renal, 
cardiovascular and bone-safety populations, with mean ages of 69, 63 and 63 y/o 
respectively. Among the 9439 subjects in the long-term DS4 dataset representing 92% of 
phase 3 subjects, the median age at enrollment was 60 y/o, and 58% are men; 36% are 
enrolled in North America and 27% in Europe; 73% are white, 16% Asian and 4% black 
or African-American; ethnicity is 16% Hispanic. The mean BMI was 31.9 kg/m2. The 
mean duration of diabetes was 9.6 years at baseline, and mean HgbA1c was 8.0%. At 
baseline, 75% of subjects were using metformin, 20% were using a sulfonylurea (SU) 
and 15% were using a PPARγ agent. Moderate renal impairment (< 60 mL/min/1.73m2) 
was present in 13%. Less than 1% used estrogens.  
 
All of these phase 3 studies are randomized, controlled, and double blinded. Each trial 
uses both of the canagliflozin (referred to as “Cana” in this review) doses intended for 
marketing, i.e. 100 mg and 300 mg daily, in addition to placebo and/or active control 
(collectively referred to as “Non-Cana”), except for DIA3015 which only uses 300 mg. 
Investigators and patients are instructed not to alter the background diabetic regimen 
unless the patient meets specific criteria related to glycemic control (“rescue therapy”) or 
medication intolerance.  
 
Bone safety assessments of canagliflozin studies include data related to calcium/ 
phosphorus/ vitamin D metabolism; markers of bone turnover; bone mineral density; and 
fractures.  
 
Calcium metabolism  
In the 12-week phase 2 dose-finding trial DIA2001 in T2DM subjects suboptimally 
controlled with metformin, there were no consistent Cana-associated changes in serum or 
urine calcium or serum phosphorus, and slight decreases in 25-OH-vitamin D and 1,25-
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OH-vitamin D levels at higher doses. (see table below) There was a small, non-dose-
dependent increase in PTH at week 3 in the Cana groups relative to placebo and 
sitagliptin, which returned to baseline by weeks 6 and 12 (in contrast to the reduction in 
PTH seen in the rats). Serum magnesium levels increased by ~10%. In two other 12-week 
phase 2 studies (OBE2001 and TA-7284-04) there were small increases from baseline in 
urine and serum phosphorus respectively, but also no change in serum or urine calcium. 
In TA-7284-04 there were also small decreases in 1,25-OH-vitamin D levels at week 8 
which returned toward normal by week 12.  
 
Study DIA2001 (Phase 2): Calcium-related metabolism 

 
Source: ISS p. 332 
 
Reviewer comment: These findings are generally consistent with dapagliflozin studies, 
where there were minimal, clinically insignificant changes in serum calcium, 
phosphorus, magnesium, and 25-OH-vitamin D, and small increases in PTH that were 
clinically insignificant.  
 
In the pooled dataset of all placebo-controlled phase 3 trials (DS1), mean serum calcium 
levels increased minimally (0.6-1.1%) from baseline. There was a somewhat larger 
increase in mean serum phosphate: 3.6%, 5.1% and 1.5% increase from baseline to 26 
weeks for canagliflozin 100 mg, 300 mg, and placebo groups respectively. In study 
DIA3010, there were increases of 8.3% and 10.8% in serum magnesium relative to 
placebo at 26 weeks, but minimal change in calcium or phosphorus.  
 
In DIA3004, the phase 3 study of 272 T2DM subjects with moderate renal impairment, 
there were slight increases from baseline to week 26 in mean serum calcium, phosphorus 
and magnesium of 1.3%, 7.8% and 14.6% respectively for the larger (300 mg) Cana dose, 
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with lesser increases for 100 mg and no change with placebo. Mean serum PTH in this 
study decreased by 10.3% and 16.1% compared to placebo for 100 mg and 300 mg 
respectively, however the Cana groups had higher levels at baseline and the differences 
between treatment groups were not significant statistically. There were moderate 
increases in 25-OH-vitamin D and slight decreases in 1,25-OH-vitamin D relative to 
placebo.  
 
Bone turnover markers 
In two phase 1 studies (diabetic and non-diabetic subjects), there were no changes after 2 
weeks of treatment with Cana on markers of bone resorption (NTX and DPD) or 
formation (osteocalcin and BSAP). 
 
In the 12-week phase 2b study DIA2001 (420 male and female T2DM subjects), as per 
the above Table 153, there were 22-36% increases from baseline that were apparent by 
week 3 and persisted in the bone resorption marker CTX, compared to 9% with placebo 
and 3% with sitagliptin (unlike rats which exhibited decreases in CTX). Other markers 
(NTX, TRACP, BSAP, osteocalcin, P1NP) did not show consistent changes. Similar 
increases in CTX occurred in other 12-week studies in obese, non-diabetic subjects 
(OBE2001) and Japanese subjects (TA-7284); the latter study also showed smaller 
increases in NTX, and decreases in BSAP.   
 
In the phase 3 bone-safety study DIA3010 (total N=714), bone turnover markers were 
measured at baseline and after 26 weeks of treatment. Consistent with the phase 2 studies, 
there were LS mean increases from baseline in CTx at 26 weeks of 28.8% and 36.6% 
with Cana 100 mg and 300 mg respectively, compared to 11.8% with placebo – 
differences that were statistically significant. There were smaller, non-significant 
decreases in P1NP with Cana compared to placebo. (see ISS Tables 155 and 156, next 
page)  
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Source: ISS 
 
Bone mineral density is measured in this one phase 3 study, DIA3010, which was 
designed to evaluate bone safety. As such, the study enrolled older T2DM adults (age 55-
80 y/o) including females who were at least 3 years post menopause, and there were 
several exclusion criteria related to disorders and/or medications potentially affecting 
bone (bisphosphonates, teriparatide, denosumab, glucocorticoids for >2 weeks). Subjects 
could be on any stable regimen of oral and/or injectable antidiabetic medications for at 
least 3 months prior to screening, or 6 months if pioglitazone was included (rosiglitazone 
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was not allowed). Following stratification for baseline lumbar spine T-score category (< -
1.5, ≥ -1.5) and PPARγ use, subjects were randomized 1:1:1 to receive Cana 100 mg, 
Cana 300 mg or placebo for 2 years. If subjects met criteria for glycemic rescue during 
the study, the only change in background regimen not allowed was the addition of 
pioglitazone or change in dose thereof.   
  
In this study, DXA of the lumbar spine, total hip, femoral neck and forearm (1/3 radius) 
is conducted at weeks 26, 52 and 104. The NDA includes only the week 26 data which 
constitutes the primary safety endpoint. The study is ongoing and the 52-week and 104-
week data will be submitted in a later report. A central DXA facility (Bioclinica Inc.) is 
used for instrument calibration and central interpretation of the data.  
 
[As a secondary endpoint, BMD will also be evaluated in this study using QCT of the 
spine and hip at week 52, in a subset of subjects (~50 per arm), in order to assess BMD 
changes specific to trabecular and cortical bone, geometric properties, and material 
properties using finite element analysis (FEA). These data are not yet submitted.] 
 
It was calculated that 156 subjects per treatment group in this study would exclude a 
decline in lumbar spine BMD of > 0.9%. This is the lower bound of the 95% CI for a 2-
sided comparison, assuming a standard deviation of 4.05% (derived from literature) for 
percent change from baseline in LS-BMD in placebo recipients over 2 years, with type I 
error rate of 0.05. 
 
A total of 716 subjects were randomized, and 88% completed the 26 week primary 
analysis period (91% of Cana recipients and 83% of placebo recipients). The median age 
was 63 y/o; 56% were male; 77% were white, 9% were Asian and 8% were black or 
African-American; ethnicity was 15% Hispanic. Mean BMI was 31.6 kg/m2. At baseline, 
12.2% of subjects were on a PPARγ agent. Baseline T-score was ≥ -1.5 in 77% of 
subjects. Only one subject (#101517) took corticosteroid therapy for greater than 14 days 
during the study. Seven subjects were using estrogens, and 2 were using SERMs, at 
baseline.  
 
The Applicant’s analysis of 26-week BMD findings from study DIA3010 at the 4 skeletal 
sites are summarized in the Applicant’s Tables 37-40 on the following pages, taken from 
pp. 138-139 of the CSR. Lumbar spine BMD showed small placebo-subtracted changes 
from baseline of +0.2% for Cana 100 mg and -0.3% for Cana 300 mg. The 1/3 radius 
BMD showed small placebo-subtracted declines of -0.3% and -0.4% for Cana 100 mg 
and Cana 300 mg respectively. The hip findings were somewhat inconsistent and also 
small: placebo-subtracted increases at femoral neck (+0.3% and +0.4%) but decreases at 
total hip (-0.4% and -0.5%) for Cana 100 mg and 300 mg respectively. Among these 
various changes, the only ones to achieve statistical significance between treatment 
groups were those at total hip (i.e. declines). 
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Source: DIA3010 CSR 
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   eGFR < 69 -0.3 -0.7 -0.6 
   eGFR 70-84 -0.3 -0.4 -1.1 
   eGFR >84 +0.4 +0.1 +0.2 
* N= 241, 247 and 226 for eGFR < 69, 70-84 and > 84 tertiles respectively 

 
There were 12.2% of DIA3010 subjects on a PPARγ agent at baseline. As this component 
of therapy was to remain unchanged throughout the study, and this subgroup was small, 
no analysis was done for the subgroup. The use of PPARγ agents was not a significant 
term in the model used to analyze lumbar spine BMD. 
 
Reviewer comment: In summary as shown in the Applicant’s table below, BMD changes 
over 26 weeks with canagliflozin were small and non-significant at lumbar spine and 1/3 
radius. The total hip BMD decline was statistically significant relative to placebo, 
however these changes (-0.4% and -0.5% with Cana 100 mg and 300 mg respectively) 
were modest and in the opposite direction to those at femoral neck. Age and gender 
subgroups showed no significant differences in lumbar spine BMD changes; renal 
function subgroups did not differ from each other at any skeletal site. None of these BMD 
findings appear likely to be of significance clinically, however additional DXA data at 
weeks 52 and 104 will be helpful, as will QCT data.   
 

 
 
Fractures  
Investigators gathered data on all suspected clinical fractures across all phase 2 and 3 
studies using a supplemental eCRF which recorded the fracture date and history of the 
event, level of trauma and skeletal location. This information, including additional review 
of radiographic images as needed, is evaluated by an independent, treatment-blinded 
Fracture Adjudication Committee (FAC), consisting of experienced radiologists 
employed by Synarc, the imaging vendor. The FAC confirmed that a fracture had 
occurred and classified it by location and one of the following: 
 
• High Trauma Fracture: fractures resulting from severe trauma such as motor vehicle 

crashes, being struck by a vehicle or other fast-moving projectile, or falls from greater than 
standing height (e.g. falls off a ladder or other raised surface, not including stairs) 

• Low Trauma Fracture: fractures due to falls from standing height or less; falls on stairs, 
steps, or curbs; moderate trauma other than a fall (e.g. collisions with objects during normal 
activities); and minimal trauma other than a fall (e.g. turning over in bed) 

• Pathological Fracture: fractures occurring in an area that is weakened by another disease 
process such as a tumor, metastatic cancer of the bone, infection, inherited bone disorders, 
etc. 
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• Stress Fracture: identifiable fractures caused by repetitive stress 
• Other Fracture: fractures that cannot be attributable to the definitions above 
 
Reviewer comment: The intent of the high-trauma/ low-trauma classification, 
presumably, was to differentiate fractures that were unlikely to be related to any 
compromise in bone strength (high-trauma) from those that were likely to be so related 
(low-trauma). However, trauma history may be misleading in some cases. In particular, 
fractures of metacarpals, metatarsals and phalanges are generally considered to have no 
relationship to bone fragility, yet under the above definitions may have been classified as 
low-trauma. Conversely, many fractures associated with significant trauma occur in part 
because of underlying fragility. Thus in osteoporosis trials, fractures of vertebrae, hip, 
forearm and humerus (other than pathologic) are generally considered potentially 
relevant to bony integrity regardless of trauma severity, and fractures of hand, foot, skull 
or face are typically disregarded. Because this NDA did not include any information 
regarding the adjudication findings other than overall tabulations of the categories, the 
relevance of the trauma classifications used is unclear.   
 
Phase 3 safety data, including fracture data, were pooled for analysis in the ISS. Because 
the 9 phase 3 studies examined different diabetic populations (6 represented general 
T2DM, and one each represented subjects with moderate renal dysfunction, elevated CV 
risk, and older age/increased fracture risk), an effort was made to have each study’s 
representation in the dataset evenly distributed ~1:1:1 between Cana 100 mg: Cana 300 
mg: Non-Cana control. Thus, one study (DIA3015) without a Cana 100 mg group and a 
small substudy of another (DIA3005) without a control group were excluded. The Non-
Cana control groups, representing placebo, glimepiride or sitagliptin depending on the 
study, were combined for comparison for the same reason.   
 
Reviewer comment: There is no evidence that glimepiride or sitagliptin have any 
significant effect on BMD or fractures, therefore it appears reasonable to combine these 
groups with placebo for the overall comparison of fractures.  
 
These data, from 8 of the 9 phase 3 studies, were pooled for analysis in the ISS, and 
fracture data are included in a long term (designated as “DS4”) ADAE dataset. At the 
1/31/12 cutoff date for ISS data, all 8 of these studies were ongoing, and 159 subjects 
with fractures had been reported. The 4 Month Safety Update extends the cutoff date to 
7/1/12, by which time 44 additional subjects with fractures had been reported. As of that 
date, the length of exposure exceeded 6, 12, 18 and 24 months for 88%, 79%, 40% and 
12% of the 10,285 phase 3 study subjects.   
 
Both the ISS and 4-Month Safety Update include Applicant analysis of cumulative 
fractures from these 8 studies. These analyses are based on all fractures occurring post-
randomization in this DS4 dataset, including those on treatment and for an unlimited 
length of time following end of treatment. Summary data from the FAC adjudications 
were also analyzed.  
 
The long term DS4 ADAE dataset includes 9439 subjects, who were randomized to Cana 
100 mg (N=3092), Cana 300 mg (N=3085), or Non-Cana (N=3262). The Non-Cana 
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clavicle and 5 ribs, each counted as a separate AE. Others included a 56 y/o man who 
fell from stairs resulting in fractures of R fibula and R calcaneus, and a 76 y/o man who 
incurred fractures of C-6 and C-7 in a motor vehicle accident. Most of the other subjects 
with >1 fracture, both Cana and Non-Cana, also appear to have experienced significant 
trauma. Therefore, it is unlikely that the treatment group difference in number of subjects 
with multiple fractures has any implications regarding bone fragility.   
 
ISS fracture events adjudicated as high-trauma were approximately even across treatment 
groups (0.4%, 0.3% and 0.3% respectively), but low-trauma events were more common 
with Cana 100 mg or 300 mg (each 1.3%) relative to control (1.0%). The Applicant’s ISS 
analysis found no statistical differences in these comparisons, nor when the Cana 100 mg 
and 300 mg groups were pooled together for comparison to Non-Cana.  
 
In the 4-Month Safety Update, with 44 additional subjects with fractures, the Applicant 
updated these analyses (see Applicant’s Table 29, next page). The additional fractures 
were somewhat more numerous with the test drug: 18, 16 and 10 additional subjects from 
the Cana 100 mg/ Cana 300 mg/ Non-Cana groups respectively. Thus, the updated 
difference in fracture incidence between the combined Cana groups (2.4%) and Non-
Cana subjects (1.7%) approached statistical significance. As the Applicant notes, there 
were more dropouts in the Non-Cana groups, therefore the median duration of exposure 
was greater in the combined Cana groups relative to Non-Cana (73 vs. 66 weeks). Thus, 
the time-adjusted incidence rates of 18.11 vs. 14.16 fractures per 1000 person years of 
exposure for Cana and Non-Cana respectively were somewhat closer than the incidence 
rates not so adjusted. The treatment group differences in incidence of positively 
adjudicated fractures (2.2%, 2.0% and 1.6% respectively) were not statistically 
significant.  
 
The rate of low trauma fractures continued, in the 4-Month Safety Update, to be 
numerically higher in the Cana groups (1.6% each, vs. 1.2% for Non-Cana), though this 
difference was not statistically significant. In a time to event analysis of all low trauma 
events in the Safety Update (adjudicated and otherwise), the curves of the Cana and Non-
Cana treatment groups appear to separate even as early as 12 weeks. (see Applicant’s 
Figure 2 below) 
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Source: 4-Month Safety Update, p. 58 
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The mechanism of the apparent dose-dependent increase in bone resorption is unclear. 
There was a mean weight loss of 2.4 kg and 3.0 kg (for 100 mg and 300 mg doses 
respectively) at 26 weeks in this study. Weight loss, particularly in the absence of a 
concomitant increase in exercise or physical activity, is typically associated with 
increased bone resorption and CTX levels, and decreased BMD. However, dapagliflozin 
resulted in weight loss comparable to canagliflozin, presumably via the same 
mechanisms, without a significant effect on CTX or other bone markers.  
 
A 17-25% increase in CTX might have been expected to result in significant declines in 
week 26 BMD, however observed BMD changes in study DIA3010 were small and 
inconsistent at lumbar spine, with small decreases at 1/3 radius, and small decreases at 
total hip (-0.4% and -0.5%) but small increases at femoral neck (+0.3% and +0.4%). Only 
the decreases at total hip reached statistical significance, and the Applicant is probably 
correct in their conclusion that the magnitude of the BMD changes is not sufficient to 
have clinical significance. The additional data anticipated from this study (DXA at weeks 
52 and 104, QCT at week 52 in a subset) will be required before any definitive 
conclusions on the effect of Cana on bone density may be reached.  
 
An analysis of clinical fractures in nearly 10,000 phase 3 Type 2 diabetics (mean age 60 
y/o, 58% male) showed apparent canagliflozin-associated increases in overall fractures 
(2.5%, 2.3% and 1.7% for Cana 100 mg, Cana 300 mg and control respectively); overall 
positively-adjudicated fractures (2.2%, 2.0% and 1.6%); positively-adjudicated low-
trauma fractures (1.6%, 1.6%, and 1.2%); overall upper extremity fractures (0.9%, 0.9% 
and 0.5%); and positively-adjudicated low-trauma upper extremity fractures (0.7%, 0.7% 
and 0.3%). The imbalance appears to be most pronounced in women with wrist fractures. 
There is also an imbalance in adjudicated low-trauma spine fractures (5, 1 and 0 for the 
three groups). These fracture results differ from those of the related drug dapagliflozin 
which was not associated with an overall increase in fractures. Conversely, studies of 
subjects with moderate renal impairment showed a dose-related increase in fractures with 
dapagliflozin, but not canagliflozin.  
 
There are several factors to consider in interpreting these fracture results. The treatment 
group comparisons do not reach statistical significance, except for borderline-significance 
of the overall (prior to adjudication, and without regard to trauma) fractures at all sites 
combined. However, the phase 3 program was not specifically powered to rule out an 
increase in fractures, which are relatively infrequent even in a sample population of 
10,000. Canagliflozin was associated with increased upper extremity fractures relative to 
control, however lower limb fractures display somewhat of the opposite trend, and there 
are no apparent dosage effects between 100 mg and 300 mg in any category of fractures. 
There are fewer phase 3 dropouts with Cana relative to control, thus somewhat greater 
mean observation time for detection of fractures. The Applicant notes that the treatment 
imbalance in low-trauma fractures is apparent within 12 weeks of treatment and that there 
is a dose related increase in events of postural dizziness and orthostatic hypotension, 
though it is unclear whether these help to explain the fracture findings.  
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In summary, clinical trials of canagliflozin demonstrate a modest dose dependent increase 
in bone resorption, which may contribute to bone fragility. There is also a potential 
increase in fractures, however the latter is apparent within 12-26 weeks of treatment, 
during which time frame there is no apparent decline in bone density sufficient to provide 
plausibility for this mechanism. The potential excess in fractures was essentially limited 
to the upper extremity, which would be highly unusual for a bone fragility issue. This 
suggests that falls may be a factor, though the information submitted is not sufficient to 
reach any conclusions about this. Further data on BMD and fractures will be forthcoming 
and will be needed to determine if there is a safety signal for fractures.  
 
Labeling 
The Applicant has not proposed any labeling content related to any of the bone-related 
data with the exception of the following statement in section 14.3 Studies in Special 
Populations/ Study in Older Patients, referring to week-26 DXA data from study 
DIA3010:  

There were no meaningful changes in bone density in trabecular and cortical 
regions. 

 
DRUP Recommendations 

1. The above-noted proposed labeling statement should be modified to: 
There were no meaningful changes in bone density through week 26. Specifying 
cortical and trabecular BMD is not warranted.  

2. We do not believe that the fracture data warrant any labeling at this time. 
However, we would defer to DMEP regarding this issue. In any case, it will be 
important to re-evaluate the bone data at the conclusion of study DIA3010, when 
the additional DXA data (weeks 52 and 104) are available. Updated fracture data 
should also be re-evaluated at that time, including fractures through the 
conclusion of study DIA3010 and fractures reported up to that time in study 
DIA3008. This information should include narratives of all (cumulative) reported 
fracture events and the adjudication decisions made regarding each one. We 
recommend making these trials PMRs, to assure that the additional bone data are 
submitted in a timely manner. DRUP would like the opportunity to review the 
additional data.     

3. Based on current data, it is acceptable to not include the bone marker data (CTX) 
in labeling, as there is no evidence that it has clinical significance. However, if 
updated fracture data, and/or additional DXA data (weeks 52 and 104) were to 
indicate a significant bone safety issue, the CTX information should be included 
in the added labeling.  
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        DEPARTMENT OF HEALTH AND HUMAN SERVICES 

 PUBLIC HEALTH SERVICE 

 FOOD AND DRUG ADMINISTRATION  

 CENTER FOR DRUG EVALUATION AND RESEARCH 
 DIVISION OF CARDIOVASCULAR AND RENAL PRODUCTS 
                  
                                                                                                        
 
Date: December 2, 2012     
 
From: Aliza Thompson, MD, Medical Officer 
 Division of Cardiovascular and Renal Products 
 
Through:  Norman Stockbridge, MD, PhD, Director 
   Division of Cardiovascular and Renal Products 
 
To:  Jena Weber, Regulatory Project Manager 
   Division of Metabolic and Endocrine Products 
  

Subject: Consult to evaluate and comment on the renal safety findings associated 
with canagliflozin use in NDA 204042 

 
Background 
Canagliflozin is an inhibitor of sodium-glucose transporter 2 (SGLT2) and has been developed 
by the applicant to improve glycemic control in adults with type 2 diabetes mellitus (NDA 
submitted in May 2012). The SGLT2 transporter in the proximal renal tubule is thought to 
reabsorb the majority of glucose filtered by the renal glomerulus. SGLT2 inhibitors lower plasma 
glucose levels by decreasing renal glucose re-absorption.  Although there are no approved 
agents in this class in the U.S., there are other SGLT2 inhibitors in various stages of 
development. 
 
Because of their mechanism of action, intravascular volume depletion has been a concern with 
SGLT2 inhibitors. There has also been concern for potential adverse renal effects secondary to 
volume depletion. In the canagliflozin development program, an early and dose-dependent 
increase in serum creatinine and BUN levels was observed. Early and dose-dependent 
increases in creatinine were also reported in the development program of another SGLT2 
inhibitor, dapaglifozin (see FDA Briefing Document for NDA 202293, Dapaglifloizin tablets, ACM 
July 19, 2011).   
 
This consult from the Division of Metabolic and Endocrine Drug Products asks for comment 
from the Division of Cardiovascular and Renal Products on the renal safety findings in the 
canagliflozin development program, as well as their clinical significance. 
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Sources of data 
In support of the proposed indication, the applicant conducted nine phase 3 trials in subjects 
with type 2 diabetes using the doses of canagliflozin proposed in labeling (100 mg and 300 mg). 
An overview of these trials is provided in the table below. Four of these trials had a placebo 
control and excluded subjects with an eGFR < ~50-60 mL/min/1.73 m2. Two were active-
controlled and also excluded subjects with an eGFR in the aforementioned range. In addition, 
three placebo-controlled trials were conducted/are underway in special populations as defined 
by age, renal impairment and cardiovascular risk. The trial conducted in subjects with moderate 
renal impairment (DIA3004) enrolled subjects with an eGFR ≥30 and <50 mL/min/1.73 m2. The 
applicant’s cardiovascular outcome study (DIA3008) allowed enrollment of subjects with an 
eGFR <30 mL/min/m2. The trial conducted in older subjects excluded subjects with an eGFR 
<50 mL/min/m2.    
 
Table 1. Overview of Phase 3 studies in subjects with type 2 diabetes mellitus 
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Table 1 Continued 

 
Source: Summary of Clinical Safety, Table 2 
 
The pooled datasets described below are referenced in this review. Results of some individual 
studies are also discussed.  

 Placebo-controlled studies dataset (DS1)- includes data to week 26 from the four 
placebo-controlled phase 3 studies that excluded subjects with an eGFRs  <~50-60 
mL/min/1.732 (DIA3002, DAI3005, DIA3006 and DIA3012). The median age in this 
dataset is 57 and median baseline eGFR is 86 mL/min/1.732. 

 Moderate renal impairment dataset (DS2)- includes data from subjects with a baseline 
eGFR ≥30 to < 60 mL/min/1.73m2 (DIA3004 and a subset of subjects enrolled in 
DIA3005, DIA3008 and DIA3010; data up to the data cut-off date of September 15, 2011 
for DIA3008 and up to week 26 for the other studies). The median age in this dataset is 
67 and median baseline eGFR is 50 mL/min/1.73m2; approximately one-third of subjects 
had an eGFR <45 mL/min/1.73m2. Subjects in this dataset had a mean duration of 
exposure of 36 and 33 weeks in the canagliflozin and placebo arms, respectively. 

 
 
Renal safety findings  
In phase 1 studies, treatment with canagliflozin was associated with early increases in urine 
volume and serum creatinine and BUN levels, and decreases in blood pressure. In the phase 3 
trials, an early and dose-dependent decrease in eGFR was also observed, which did not appear 
to worsen with continued therapy. As shown in the figures below, the magnitude of the initial 
drop in eGFR (relative to placebo) and its pattern/persistence over time, appeared to vary 
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somewhat, depending upon the population studied. Corresponding treatment-induced changes 
in BUN (i.e., an early increase and persistent elevation) were also seen.  
 
 

 
Figure 1. Mean Change (+/-SE) in eGFR from baseline in the placebo-controlled studies dataset 
Source: ISS, Figure 18  

 

 
Figure 2. Mean Change (+/-SE) in eGFR from baseline in DIA3008 
Source: ISS, Figure 20 

 
With regard to the reversibility of treatment induced changes in eGFR, routine post-treatment 
laboratory assessments were not performed in the phase 3 diabetes studies.1 However, 

                                                 
1 In a phase 2 study in non-diabetic overweight/obese subjects (study OBE2001), laboratory values were 
obtained two weeks after therapy (50, 100 and 300 mg). However, when compared to placebo, no 
marked/clear change in eGFR from baseline to week 12 was seen on therapy in the treatment arms 
(mean change [SD] of 0.3 [13.6] on placebo, -1.0 [11.3] on 50 mg QD, -1.8 [14.6] on 100 mg QD and 0.8 
[12.8] on 300 mg QD). 
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As of the 4-Month Safety Update, a total of 43 cases were identified that met the adjudication 
criteria and had adjudication results (15 in the control arm, 12 in the canagliflozin 100 mg arm 
and 16 in the canagliflozin 300 mg arm). The first table shows the criteria that the cases met by 
treatment arm; the second table shows the adjudication results for causation. The number of 
events is small and no clear differences are seen among the treatment arms.   
 
Table 4. Summary of cases sent for Renal Clinical Events Committee Adjudication  

 
aAny refers to any of the CEC adjudication criteria 
Source: 4-Month Safety Update Report, Table 27 
 
Table 5. Summary of CEC Causality assessment for cases sent for CEC Adjudication 

 
aAny refers to any of the CEC adjudication criteria 
Source: 4-Month Safety Update Report,Table 28 
 
Susceptible populations 
As indicated in prior analyses, compared to subjects with relatively well-preserved renal 
function, subjects with moderate renal impairment appear to be at greater absolute risk of 
developing more marked changes in renal function on canagliflozin.  Additional subgroup 
analyses were also conducted in an attempt to identify factors that might increase the risk of 
clinically significant changes in renal function on canagliflozin. As shown in the table below, in 
univariate analyses, factors associated with the most notable increase in risk included a GFR < 
60, age ≥ 65, use of diuretics, and use of ACEI/ARBs (particularly in combination with a 
diuretic).  
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Table 6. Subgroup analysis of number of subjects with any post-baseline eGFR value mL/min/1.73m2 and > 
30% decrease (Broad dataset) 

 
Source: ISS, Table 138 
 
Consult Questions 
 
The consult requests comment from DCRP on the following: 
1. Please comment on whether the data support the theory that observed changes in renal 
function were due to hypovolemia alone and fully reversible. 
 
The data as a whole suggest the observed changes in renal function are secondary to volume 
depletion. Although one would expect reversibility following drug discontinuation and correction 
of volume depletion, the applicant has not provided data that speak to the long term renal 
consequences of extended exposure to the drug in the proposed population (see also response 
to question 2). 
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2. Please comment on the potential clinical impact these changes in renal function may have in 
a population of patients with diabetes with normal renal function and in a population of patients 
with diabetes and moderate renal impairment. 
 
The long term renal consequences of canagliflozin’s effect on eGFR are unknown. Given the 
available data, including the experience with other drugs that cause volume depletion, it seems 
prudent to assume that the volume depletion and corresponding reduction in eGFR caused by 
canagliflozin places patients at increased risk for clinically significant episodes of acute kidney 
injury (AKI) and that larger treatment effects on eGFR will translate into greater risk. 
 
The analyses conducted by the applicant show a relatively low absolute incidence of more 
marked changes in eGFR on canagliflozin in subjects with normal and “near normal” levels of 
renal function. Thus, the incidence of clinically important adverse renal events may be low in 
patients with diabetes and normal renal function (assuming other similar characteristics to the 
study population). However, to get a better understanding of the nature of the treatment effect 
on eGFR in this population (and also other populations), you might want to consider comparing 
the distribution of the change from baseline in eGFR across treatment arms. 
 
The amount of safety data in subjects with diabetes and moderate renal impairment is limited 
(particularly in subjects with an eGFR< 45 mL/min/1.73m2) and what data exist suggest a high 
absolute risk of potentially clinically meaningful episodes of AKI at both doses and, in particular, 
at the high dose. This risk may be related to the presence of underlying renal disease, age, 
concomitant therapies commonly used in this population (such as diuretics), or a combination of 
these and possibly other factors. In addition, this risk may be magnified in the postmarketing 
setting when canagliflozin is used outside the carefully monitored setting of a clinical trial and in 
a less selected population. Given these issues, we think considerable uncertainty remains 
regarding renal safety in patients with diabetes and moderate renal impairment.  
 
3. Please comment on whether differences in changes in renal function observed between the 
lower and higher dose of canagliflozin (i.e., 100 mg and 300 mg) supports the notion that the 
100 mg dose is safer from a renal standpoint in subjects with moderate renal impairment. 
 
Considering the relatively high incidence of >30% reductions from baseline in eGFR in patients 
with moderate renal impairment and the higher incidence of these reductions at the 300 mg as 
compared to the 100 mg dose, it is reasonable to think that the 100 mg dose might be safer 
from a renal standpoint in patients with diabetes and moderate renal impairment. (See also 
response to Question 2). 
  
4. Please provide comments on the significance of the observed imbalance in adjudicated renal 
adverse events. 
 
Based on the 4-Month Safety Update, there does not appear to be an imbalance in adjudicated 
events. The small number of events in each of the treatment arms is not unexpected given the 
population that was studied as well as the relatively short duration of many of these studies. The 
results indicate that in the population that was studied and over the time span of these studies, 
canagliflozin did not cause a marked or obvious increase in the rate of these events. 
 
5. If it is not possible to address some of the comments above from the data in the NDA please 
comment on the type of study (ies) that would be needed to resolve these issues. 
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The ongoing study in patients with moderate renal impairment may provide further insight into 
safety in this population, though the trial may not be of sufficient duration to inform our 
understanding of the drug’s long/longer-term effects on renal function. Given its longer duration, 
the applicant’s cardiovascular outcome trial is likely to provide more insight into long term 
treatment effects on renal function. In both of these studies, it will be important to obtain 
creatinine measurements post treatment and at a time when any effects on volume status are 
likely to be resolved. 
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Appendix 
 
Table 7. Mean change from baseline in blood pressure* 
 Phase 3 Placebo 

Controlled Trials 
Study 3004 Study 3008 

Systolic Blood Pressure    
Placebo -0.1 (11.8) 0.2 (14.8) -1.6 (14.2) 
Canagliflozin 100 mg -3.9 (12.1) -5.0 (14.4) -4.3 (14.5) 
Canagliflozin 300 mg -5.3 (12.3) -5.9 (12.6) -6.3 (14.4) 
Diastolic Blood Pressure    
Placebo -0.3 (7.7) -0.6 (7.3) -1.1 (9.1) 
Canagliflozin 100 mg -2.1 (7.8) -1.0 (8.3) -2.4 (8.4) 
Canagliflozin 300 mg -2.5 (7.9) -3.7 (7.3) -3.4 (9.1) 
Sources: CSR for 3004, Table 48; CSR for 3008, Table 32 
*to Week 26 in 3004 and ISS Phase 3 Placebo-Controlled Studies Pooled and to Week 52 in 3008 
 
 
Table 8. Urine albumin/creatinine ratio (g/mol): mean and median change from baseline to 
endpoint-within 2 days after the last dose of study drug 

 
Source: ISS, Table 139 
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