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70 Glossary 

71 aPTT activated partial thromboplastin time
72 AC advisory committee
73 AE adverse event
74 BE bioequivalence
75 BLA biologics license application
76 BPCA Best Pharmaceuticals for Children Act
77 BRF Benefit Risk Framework
78 CAD coronary artery disease
79 CBER Center for Biologics Evaluation and Research
80 CDER Center for Drug Evaluation and Research
81 CDRH Center for Devices and Radiological Health
82 CDTL Cross-Discipline Team Leader
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84 CI confidence interval
85 CMC chemistry, manufacturing, and controls
86 COSTART Coding Symbols for Thesaurus of Adverse Reaction Terms
87 CRF case report form
88 CRO contract research organization
89 CRT clinical review template
90 CSR clinical study report
91 CSS Controlled Substance Staff
92 DESI Drug efficacy and safety investigation
93 DMC data monitoring committee
94 ECG electrocardiogram
95 eCTD electronic common technical document
96 ETASU elements to assure safe use
97 FAB French-American-British
98 FDA Food and Drug Administration
99 FDAAA Food and Drug Administration Amendments Act of 2007

100 FDASIA Food and Drug Administration Safety and Innovation Act
101 GCP good clinical practice
102 GPIIb/IIIa glycoprotein IIb/IIIa
103 GRMP good review management practice
104 HIT Heparin induced thrombocytopenia
105 HITTS Heparin induced thrombocytopenia with thrombosis syndrome
106 ICH International Conference on Harmonization
107 IND Investigational New Drug
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108 IPSS/IPSS-R International Prognostic Scoring System (Revised)
109 ISE integrated summary of effectiveness
110 ISS integrated summary of safety
111 ITT intent to treat
112 MedDRA Medical Dictionary for Regulatory Activities
113 MDS Myelodysplastic syndrome
114 mITT modified intent to treat
115 NCI-CTCAE National Cancer Institute-Common Terminology Criteria for Adverse Event
116 NDA new drug application
117 NME new molecular entity
118 OCS Office of Computational Science
119 OPQ Office of Pharmaceutical Quality
120 OSE Office of Surveillance and Epidemiology
121 OSI Office of Scientific Investigation
122 PBRER Periodic Benefit-Risk Evaluation Report
123 PCI Percutaneous coronary intervention
124 PD pharmacodynamics
125 PI prescribing information
126 PK pharmacokinetics
127 PMC postmarketing commitment
128 PMR postmarketing requirement
129 PP per protocol
130 PPI patient package insert
131 PREA Pediatric Research Equity Act
132 PRO patient reported outcome
133 PSUR Periodic Safety Update report
134 PT prothrombin time
135 PTCA Percutaneous transluminal coronary angioplasty
136 REMS risk evaluation and mitigation strategy
137 RCT randomized controlled trial
138 RLD reference listed drug
139 SAE serious adverse event
140 SAP statistical analysis plan
141 SEALD Study Endpoints and Labeling Development 
142 SGE special government employee
143 SOC standard of care
144 STEMI ST segment elevation myocardial infarction
145 TT thrombin time
146 TEAE treatment emergent adverse event
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202
Benefit-Risk Summary and Assessment

The analysis of benefit and risk for the use of Azacitidine for Injection is based on the benefit and risk of VIDAZA, the RLD. During review of NDA 50794, the efficacy and 
safety of the use of VIDAZA in patients with MDS were assessed based on clinical data from 4 clinical trials that exhibited the following:

• In Study 1, a randomized, open-label, controlled trial, there were 191 subjects enrolled.  Subjects treated with VIDAZA had a complete plus partial response rate of 
15.7% compared to best supportive care (control) response rate of 0%.  The mean duration of remission for those who experienced remission was 512 days.  All 
subjects who entered remission became transfusion independent.

• In Study 2, a single arm trial of 72 subjects, the response rate was 13.9% with a mean duration of remission of 810 days. 
• In Study 3, a single arm trial in 48 subjects, the response rate was 18.8% and the mean duration of remission was 389 days.  All subjects in this study received 

VIDAZA intravenously.
• In Study 4, an international, multi-center, open-label, randomized trial in 358 subjects, the overall survival in the VIDAZA treated subjects was 24.5 months 

compared to 15.0 months in the best supportive care (control) arm (Hazard ratio 0.58, 95% CI 0.43, 0.77).  Of those who were transfusion dependent prior to 
enrollment, 45.0% in the VIDAZA arm no longer required transfusions, whereas 11.4% of the control arm no longer required transfusions.

• Major adverse events associated with the use of VIDAZA included neutropenia, thrombocytopenia, gastrointestinal symptoms, and renal and hepatic toxicity.

VIDAZA remains a marketed drug in the U.S.  Therefore, if Azacitidine for Injection is deemed to be the “same” as VIDAZA despite the fact that the former contains mannitol 
and the latter contains sucrose, monosodium phosphate monohydrate, and disodium hydrogen phosphate dehydrate as excipients, the efficacy and safety of the use of 
Azacitidine for Injection for the same indications can be assumed.   

Dimension Evidence and Uncertainties Conclusions and Reasons 

Analysis of Condition

MDS is a disorder of bone marrow failure with a propensity to evolve into 
an acute leukemic state.  The cause of MDS is unknown, but may occur after 
the use of chemotherapy or radiotherapy.  There is a wide variability in the 
severity and duration of different forms of MDS.  The main medical 
problems that occur are due to anemia, neutropenia or a diminished 
platelet count, and transfusion dependence is common, as are infections 
and bleeding.    

MDS is a marrow failure state that leads to various 
cytopenias with attendant complications.  Most patients 
with the disease are elderly and this complicates 
therapy.
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Dimension Evidence and Uncertainties Conclusions and Reasons 

Current Treatment 
Options

Treatment options are very limited.  Stem cell transplantation may lead to 
cure but is not commonly employed.  Decitabine is approved for all 
classifications of MDS.  Lenalidomide is approved for transfusion dependent 
Low and Int-1 risk patients who have a deletion of 5q.

Stem cell transplantation may be curative for MDS.  Drug 
therapies are of limited efficacy.

Benefit

VIDAZA induces a complete or partial remission in 15-20% of patients 
treated.  In addition, patients who are transfusion dependent may no longer 
require transfusion support.  VIDAZA has been shown to improve overall 
survival in patients with MDS.

Therapy with VIDAZA increases the frequency of 
remission, leads to a lesser need for transfusions and 
increases overall survival in MDS.

Risk

VIDAZA may suppress bone marrow function and aggravate various 
cytopenias.  Gastrointestinal side effects are common.  VIDAZA may cause 
liver or kidney dysfunction.

Adverse events associated with VIDAZA are troublesome 
but tolerable, and can be managed with alteration of the 
dosing regimen.

Risk Management

Laboratory assessment of blood counts, hepatic and renal function.  Dose 
adjustment in the event of adverse events.  No REMS or other special safety 
requirements.  Adverse event reporting per 21CFR314.80-314.81.

Standard assessment of laboratory measures lessens the 
risks of developing serious side effects.

203
204
205
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242 Table 1.  Classification of MDS

243  

244 Sourc
245 e.  Sponsor submission, Clinical Overview, page 4

246
247 Prognosis is poor for most patients with MDS, with 3-year survival rates estimated at less than 
248 50% (Rollison, 20082). The standard prognostic tool in MDS is the International Prognostic 
249 Scoring System (IPSS), which classifies patients into Low-, Intermediate-1, intermediate-2, and 
250 High risk categories on the basis of the percentage of bone marrow blasts, the karyotype, and 
251 the number of cytopenias; the respective median survival rates are estimated at 8, 5.3, 2.2, and 
252 0.9 years (Germing, 20053; Greenberg P, 19974). Recently, another Revised International 
253 Prognostic Scoring Systems (IPSS-R) has been developed (Greenberg P et al, 20125, Adess L, 
254 20126, Messa, 20127, Mishra A, 20138) to improve the standard IPSS (Greenberg P et al, 19974): 
255 it identifies five different prognostic categories based mainly on stratification of cytogenetic 
256 risk.
257
258 Therapy for MDS is often less than effective.  Many patients receive no treatment other than 
259 supportive care (transfusions for anemia, antibiotics for infections, platelet transfusions for 
260 bleeding, red cell and/or white cell stimulating agents, etc).  Stem cell transplantation may be 
261 curative but is not commonly used in MDS because of the clinical characteristics of the patients 
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374 The sponsor has not submitted any information to elucidate the mechanism of action of 
375 Azacitidine for Injection.   

376 According to the VIDAZA label, azacitidine is a pyrimidine nucleoside analog of cytidine. VIDAZA 
377 is believed to exert its antineoplastic effects by causing hypomethylation of DNA and direct 
378 cytotoxicity on abnormal hematopoietic cells in the bone marrow. The concentration of 
379 azacitidine required for maximum inhibition of DNA methylation in vitro does not cause major 
380 suppression of DNA synthesis. Hypomethylation may restore normal function to genes that are 
381 critical for differentiation and proliferation. The cytotoxic effects of azacitidine cause the death 
382 of rapidly dividing cells, including cancer cells that are no longer responsive to normal growth 
383 control mechanisms. Non-proliferating cells are relatively insensitive to azacitidine.

384

385  3.7.2     Pharmacodynamics

386 No clinical pharmacodynamic studies of Azacytidine for Injection have been conducted.  There 
387 are no pharmacodynamic data provided in the VIDAZA label.
388

389 3.7.3    Pharmacokinetics

390 No clinical pharmacokinetic studies of Azacytidine for Injection have been conducted.  As 
391 described in the VIDAZA label, the pharmacokinetics of azacitidine were studied in 6 MDS 

392 patients following a single 75 mg/m
2 

subcutaneous (SC) dose and a single 75 mg/m
2 

393 intravenous (IV) dose. Azacitidine is rapidly absorbed after SC administration; the peak 
394 plasma azacitidine concentration of 750 ± 403 ng/ml occurred in 0.5 hour. The bioavailability 
395 of SC azacitidine relative to IV azacitidine is approximately 89%, based on area under the 
396 curve. Mean volume of distribution following IV dosing is 76 ± 26 L. Mean apparent SC 
397 clearance is 167 ± 49 L/hour and mean half-life after SC administration is 41 ± 8 minutes. The 
398 AUC and Cmax of SC administration of azacitidine in 21 patients with cancer were 

399 approximately dose proportional within the 25 to 100 mg/m
2 

dose range. Multiple dosing at 
400 the recommended dose regimen does not result in drug accumulation.  Of note is that the 
401 clinical studies to support the effectiveness and safety of VIDAZA were conducted with drug 
402 administration predominantly via the subcutaneous route (> 80% of subjects), and the 
403 sponsor provided a study comparing the subcutaneous and intravenous routes allowing an 
404 understanding of the PK relationship between the two routes of administration.

405 Published studies indicate that urinary excretion is the primary route of elimination of 
406 azacitidine and its metabolites. Following IV administration of radioactive azacitidine to 5 
407 cancer patients, the cumulative urinary excretion was 85% of the radioactive dose. Fecal 
408 excretion accounted for <1% of administered radioactivity over 3 days. Mean excretion of 
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409 radioactivity in urine following SC administration of 
14

C-azacitidine was 50%. The mean 
410 elimination half-lives of total radioactivity (azacitidine and its metabolites) were similar after IV 
411 and SC administrations, about 4 hours.
412

413 3.8 Devices and Companion Diagnostic Issues

414 Not applicable.

415 3.9     Consumer Study Reviews

416 Not applicable.
417

418 4 Sources of Clinical Data and Review Strategy

419 Table of Clinical Studies

420 See Section 5.2.  There are no clinical studies of Azacitidine for Injection that were submitted to 
421 determine efficacy and safety.  Azacitidine for Injection has not been administered to any 
422 person.  Table 4, below, summarizes the relevant clinical trials from the VIDAZA label.
423
424
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425  Table 4. Listing of Clinical Trials Relevant to the efficacy and safety of VIDAZA
Trial 

Identity
Trial Design Regimen/ schedule/ 

route
Study 

Endpoints
Treatment 
Duration/ 
Follow Up

No. of 
patients 
enrolled

Study Population No. of Centers 
and Countries

Controlled Studies to Support Efficacy and Safety
Study 1 Open label, 

multicenter RCT
Azacitidine IV, 75 

mg/M2/d x 7 every 4 
weeks

vs.
Best supportive care

Response 
rate, duration 
of response

Indefinite 
treatment/fol

low-up at 1 
year

191 Patients with any FAB 
type MDS

Multicenter

Study 2 Single arm Azacitidine SC, 75 
mg/M2/d x 7 every 4 

weeks

Response 
rate, duration 
of response

Indefinite 
treatment

72 Patients with any FAB 
type MDS

Multicenter

Study 3 Single arm, open label Azacitidine IV, 75 
mg/M2/d x 7 every 4 

weeks

Response 
rate, duration 
of response

Indefinite 
treatment/fol

low-up at 1 
year

48 Patients with any FAB 
type MDS

Multicenter
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Study 4 Open label, 
international, 

multicenter RCT

Azacitidine IV, 75 
mg/M2/d x 7 every 4 

weeks
vs.

Best supportive care

Overall 
survival, 

transfusion 
requirement

Indefinite 
treatment

358 Patients with RAEB, 
RAEB-T, CMML, IPSS 
Int-2 and High Risk

International

426 Source:  Reviewer table based on VIDAZA Label dated May 17, 201
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492 the efficacy/safety of azacitidine.  This IR was discussed with the sponsor in a teleconference 
493 on March 3, 2016.
494
495 In a response dated March 10, 2016, the sponsor provided the following.
496 1. A review of the Vidaza® efficacy and safety data obtained so far (post-approval)
497 with both SC and IV routes and subsequent determination, based on presented
498       data, that a similarity can be established between SC and IV, to permit their
499       interchangeability during treatment administration.
500 2.   A review of the observed differences in PK of IV use compared with the SC and an
501       evaluation of their impact on efficacy and safety effects, as seen with the
502       subcutaneous route.
503 3.   Submission of a new biowaiver request for both SC/IV routes with additional in 
504 vitro characterization data to demonstrate bioequivalence, in lieu of a biostudy.
505
506 The sponsor indicates that the original approval for VIDAZA was for the subcutaneous route 
507 of administration.  However, several problems related to local injections led VIDAZA’s sponsor 
508 to assess the intravenous route based on the data published by Marcucci (2005)9.  The 
509 sponsor then re-iterates the evidence submitted from the various studies9, 10, 11 referred to in 
510 its submission dated February 19, 2016, reviewed above.  
511
512 The sponsor has also provided efficacy and safety data from the AVIDA study12.  The AVIDA 
513 study is a longitudinal, multicenter patient registry designed to prospectively collect data from 
514 US community based hematology clinics on the natural history and management of patients 
515 with MDS and other hematologic disorders, including acute myeloid leukemia, who are treated 
516 with azacitidine. Data from AVIDA has been reported periodically at scientific meetings and in 
517 the literature and includes both IV and SC use of azacitidine in the US within the data collection 
518 period.  A total of 421 patients with various classifications of MDS are included in the database.  
519 Of these, 60% have been treated with IV azacitidine and 40% have been treated with 
520 subcutaneous azacitidine.  IPSS scores were Low and Int-1 in 68.3%, Int-2 and High in 25.3% and 
521 Unknown in 6.4%.  Fifty-one percent (51%) of patients received less than 7 days of therapy, 17% 
522 received 7 days of therapy, 30% received 7 days of therapy with breaks and 2% received more 
523 than 7 days of therapy at each cycle.  Baseline parameters were similar between the IV and 
524 subcutaneously treated patients.  At analysis at 600 days, 15% in the subcutaneous group and 
525 17% in the IV group had died.  Hematologic improvement had occurred in 61% of patients, and 
526 was not different between the two groups.  Transfusion independence for RBCs was achieved in 
527 75% of patients and platelet transfusion independence in 70% of patients.  Efficacy results were 
528 similar between patients who had received azacitidine either intravenously or subcutaneously.
529   
530 In an additional study (Martin MG, 200913), 22 evaluable patients with various types of MDS 
531 (9 lower risk and 13 higher risk) were treated with IV azacitidine at a dose of 75 mg/m2 for 5 
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532 days every 28 days.  There were 5 CRs and 1 PR.  The median OS was 14.8 months with a 
533 median duration of response of 15.0 months.  Except for OS, these results were similar to 
534 those achieved in other studies of azacitidine in which the drug was administered for 7 days in 
535 each cycle.  The sponsor also indicates that a search of ClinicalTrials.gov reveals a number of 
536 studies investigating both the intravenous and/or subcutaneous use of azacitidine in different 
537 disease states, but that there is no published information reported from these trials.  
538 Additionally, the sponsor states that, even though intravenous VIDAZA is commonly used in 
539 clinical practice, there have been no post-marketing reports of new or different 
540 efficacy/safety concerns that have been noted with its use.
541
542 Reviewer Comments.  The evidence provided by the sponsor strongly suggests that the 
543 efficacy and safety of the administration of azacitidine is similar whether azacitidine is given 
544 by the subcutaneous or by the intravenous route despite the fact that there are some 
545 differences in the PK which are route specific.
546
547 In regard to the differences in PK of azacitidine when administered by the intravenous 
548 compared to the subcutaneous route, the sponsor re-iterates published studies9, 10 in which 
549 the Cmax is considerably higher after IV dosing, but the AUC is reasonably similar.
550
551 The sponsor also provided literature about the sucrose excipient and an assessment of the 
552 possible influence of mannitol replacement with sucrose on the pK profile of azacitidine, as 
553 well as a new in vitro dissolution study.
554
555 The sponsor stated that it prefers to obtain approval for both the SC and IV routes of 
556 administration. The sponsor submitted a revised request for waiver of in vivo bioavailability 
557 testing in its submission of March 10, 2016, for both the SC/IV routes of administration that 
558 provides additional in-vitro characterization data to demonstrate bioequivalence, in lieu of a 
559 biostudy.
560
561 Reviewer Comments.  The additional PK data and Biowaiver Request for the subcutaneous 
562 route are under review by Biopharmaceutics and CMC.
563

564 8 Advisory Committee Meeting and Other External Consultations

565 No Advisory Committee or other external consultations were held or obtained. 

Reference ID: 3911499





Clinical Review
George Shashaty 
NDA 208216
Azacitidine for injection

27

589 1. http://www.cancer.org/cancer/myelodysplasticsyndrome/detailedguide/myelodyspl
590 astic-syndromes-key-statistics
591 2.  Rollison DE, Howlader N, Smith MT, Strom SS, Merritt WD, Ries LA et al.  
592 Epidemiology of myelodysplastic syndromes and chronic myeloproliferative 
593 disorders in the United States, 2001- 2004, using data from the NAACCR and SEER 
594 programs. Blood 2008; 112(1):45-52.
595 3. Germing U, Hildebrandt B, Pfeilstocker M, Nosslinger T, Valent P, Fonatsch C et al.
596 Refinement of the international prognostic scoring system (IPSS) by including LDH as 
597 an additional prognostic variable to improve risk assessment in patients with 
598 primary myelodysplastic syndromes (MDS). Leukemia 2005; 19(12):2223-2231.
599 4. Greenberg P, Cox C, Lebeau MM, Fenaux P, Morel P, Sanz G et al. International 
600 scoring system for evaluating prognosis in myelodysplastic syndromes. Blood 1997; 
601 89(6):2079-2088.
602 5. Greenberg P, Heinz Tuechler, Julie Schanz, Guillermo Sanz et al: Revised 
603 International Prognostic Scoring System for Myelodysplastic Syndromes. Blood. 
604 2012;120(12): 2454-2465
605 6. Ades L, Lamarque M, Raynaud S: Revised-IPSS (IPSS-R) Is a Powerful Tool to Evaluate
606 the Outcome of MDS Patient Treated with Azacitidine (AZA): The Groupe 
607 Francophone Des Myelodysplasies (GFM) Experience. Blood (ASH Annual Meeting 
608 Abstracts) 2012;120: Abstract 422
609 7. Messa E, Gioia D, Evangelista A et al: High Predictive Value of the Revised 
610 International Prognostic Scoring System (IPSS-R): An External Analysis of 646 
611 Patients From a Multiregional Italian MDS Registry. Blood (ASH Annual Meeting 
612 Abstracts) 2012 120: Abstract 1702
613 8. Mishra A, Corrales-Yepez M, Ali NA et al: Validation of the revised International
614 Prognostic Scoring System in treated patients with myelodysplastic syndromes. Am. 
615 J.Hematol. 88:566–570, 2013
616 9.   Marcucci G et al, 2005: Bioavailability of azacitidine subcutaneous versus    
617 intravenous      in patients with the myelodysplastic syndromes. J Clin Pharmacol 
618 2005; 45(5):597-602
619 10. Uchida T, Ogawa Y, Kobayashi Y, Ishikawa T, Ohashi H, Hata T et al. Phase I and II
620 study of azacitidine in Japanese patients with myelodysplastic syndromes. Cancer Sci
621       2011; 102(9):1680-1686
622 11. Silverman et al, 2006: Further analysis of trials with azacitidine in patients with 
623 myelodysplastic syndrome: studies 8421, 8921, and 9221 by the Cancer and 
624 Leukemia Group B. J Clin Oncol 2006; 24(24):3895-3903.
625 12. Grinblatt DL, et al. 2015: Patients with myelodysplastic syndromes treated with    
626 azacitidine in clinical practice.  Leuk Lymphoma. 2015 Apr; 56(4):887-95.
627 13. Martin MG et al: A phase II study of 5-day intravenous azacitidine in patients with 
628 myelodysplastic syndromes.  Am. J. Hematol. 84:560–564, 2009.

Reference ID: 3911499





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

GEORGE G SHASHATY
04/01/2016

KATHY M ROBIE SUH
04/04/2016

Reference ID: 3911499




