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Table 1. FDA Disciplines and Reviewers Involved in the Evaluation of NDA 208870 

Discipline Reviewer Team Leader
Chemistry, Manufacturing and 
Controls
     Drug Product
     Drug Substance
     Process
     Facility
     Biopharmaceutics
     Microbiology

Dr. Dhanalakshmi Kasi
Dr. Martin Haber
Dr. Dhanalakshmi Kasi
Mr. Michael Klapal
Dr. Poonam Delvadia
Dr. Samata Tiwari

Dr. Danae Christodoulou
Dr. Donna Christner
Dr. Danae Christodoulou
Dr. Vidya Pai
Dr. Sandra Suarez
Dr. Nandini Bhattacharya

Nonclinical 
Pharmacology/Toxicology

Dr. Olayinka Dina Dr. Adebayo Laniyonu

Clinical 
Pharmacology/Biopharmaceutics

NA NA

Clinical Dr. Phillip Davis, MD Dr. Nushin Todd, MD, 
Ph.D.

Statistics Dr. Satish Misra Dr. Jyoti Zalkikar
Pediatric and Maternal Health Carrie Ceresa, Pharm.D Dr. Jane Liedtka

Dr. Ethan Hausman
Radiation Dosimetry Dr. Stanley Stern Dr. Alex Gorovets, MD
Labeling    
    Office of Prescription Drug 

Promotion (OPDP)
    Division of Medication Error   

Prevention and Analysis 
(DMEPA)

    ADL - DMIP

Zarna Patel, Pharm.D

Idalia Rychlik, Pharm.D Hina Mehta, Pharm.D

Dr. Michele Fedowitz, MD

2. Background
As discussed above, the proposed Tc-99m Exametazime by JDI contains the same active and 
inactive ingredients at the same concentrations and in the same dosage form as the referenced 
approved drug, Ceretec™, by GE Healthcare. Ceretec™, NDA 19829, was approved in 1988 
for brain imaging “detection of altered regional cerebral perfusion in stroke”. In 2013, 
Ceretec™ was approved for the additional indication of “leukocyte labeled scintigraphy as an 
adjunct in the localization of intra-abdominal infection and inflammatory bowel disease”.  
The applicant is not including the brain imaging indication in NDA 208870 and submits the 
current NDA as a 505(b)(2) rather than a (j). No non-clinical, clinical safety and efficacy data 
have been submitted in the application. The applicant requested a biowaiver from BE/BA 
studies and submitted physicochemical comparison of key product characteristics and in vitro 
studies for two clinically relevant attributes, percent labeling efficiency of leukocytes and 
percent efflux radioactivity of the proposed product versus the referenced approved drug. With 
respect to safety, efficacy and labeling information the applicant relies on FDA’s findings for 
Ceretec™ and its labeling.
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2. Non-clinical Pharmacology/Toxicology
No new non-clinical data are submitted. The review team agrees with the applicant that their 
product is supported by the findings and labeling of Ceretec™.

3. Clinical Pharmacology/Biopharmaceutics 
No BE/BA studies were conducted. The applicant submitted a biowaiver request per 21 CFR 
320.22(b)(1)(i) and (ii). The biopharmaceutics review team determined that the biowaiver 
request was not applicable but rather the in vitro BE data submitted for demonstrating 
bioequivalence between the proposed and reference drug can be evaluated under 21 CFR 
320.24(b)(6) which states: “Any other approach deemed adequate by FDA to measure 
bioavailability or establish bioequivalence”. As such, the comparative physicochemical 
properties and the in vitro studies in support of BE, % labeling efficiency (%LE) and % efflux 
radioactivity (%CER) for radiolabeled leukocytes for the proposed drug versus Ceretec™ were 
evaluated. Comparisons of formulations and critical physicochemical properties are evaluated 
in the biopharmaceutics review p. 7-9 by Dr. Poonam Delvadia (see Panorama). In the pre-
IND meeting package dated 9/28/2015 and 10/15/2015, the applicant submitted the detailed in 
vitro BE protocol and proposed % labeling efficiency (%LE) and % cell efflux radioactivity 
(%CER) as the metrics to address bioequivalence. The Agency advised the applicant by 
written responses: (1) to collect %CER data over multiple time points to calculate and use area 
under the curve (AUC) as the endpoint for in vitro equivalence assessment; (2) to
use two one-sided t-test (TOST) procedure with 90% confidence interval (CI) around the
geometric mean ratio of products for each end point to conclude BE instead of the proposed 
paired t-test with null and alternative hypotheses to support the claim of bioequivalence; and 
(3) to provide power calculations (80% to 90%) and relevant sample sizes based on varied 
estimates of the variability in %LE and %CER. In the NDA submission, the applicant refined 
the in vitro equivalence study protocol and made the following minor technical adjustments to 
the original protocol proposed in the pre-IND meeting package: (1) sample size changed from 
16 to 30 blood samples; (2) use of heparin as anticoagulant instead of acid citrate dextrose 
(ACD); and (3) addition of Hespan® or hetastarch [6% Hydroxyethyl starch (HES)] in the 
blood collection tube as a sedimentation agent. See the protocol steps for radiolabeling of 
leukocytes for the in vitro BE study in p. 11-12 of Dr. Delvadia’s review.

Percent labeling efficiency (%LE) was calculated by: %LE = [A/(A+B)]×100
Where A: Radioactivity of the cells (measured after leukocytes were treated with reconstituted 
Tc 99m exametazime centrifuged, precipitated and separated in tube A);
B: Radioactivity of the supernatant separated in tube B
The %LE data for the test and reference drug were subjected to equivalency test using one-
tailed paired t-test at α of 0.05.
The labeled leucocytes sample was tested for cell viability using the trypan blue dye method. 
The number of cells with blue color (C) and those which have excluded the dye (D) were 
counted in a hemocytometer. 

Percent cell viability was calculated by % cell viability = (D×100)/(C+D).
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To measure Percent Cell Efflux Radioactivity, the precipitated leukocytes (button) were 
broken up and re-suspended in 3 ml of supernatant and subsequently divided in four samples 
centrifuged and separated from supernatant. Radioactivity was measured for the corresponding 
tubes containing leukocytes (E) and supernatant (F).

Percent cell efflux radioactivity (%CER) was calculated by: %CER = (F×100)/(E+F).
Based on the %CER versus time profile, Cmax and AUC (trapezoidal method) were calculated 
and used for statistical in vitro BE analysis comparing the test and the reference drug.
Dr. Satish Misra (statistician, CDER/OTS) was consulted to assess the data pooling for both 
%LE and %CER (Cmax and AUC) across both reference and test drug. In the statistical review 
dated 3/31/2017 in DAARTS, Analysis of Variance (ANOVA) in SAS software determined 
that %LE and %CER (Cmax and AUC) can be pooled as there is not significant effect of the 
reference drug lot # and test lot # in fast and fed state. The same conclusion was reached by the 
biopharmaceutics reviewer by performing statistical analysis using Phoenix software. Refer to 
the biopharmaceutics review p. 24-26. In conclusion, the proposed product is bioequivalent to 
the reference drug, CeretecTM, with respect to two clinically relevant in vitro endpoints, % 
labeling efficiency (%LE) and % cell efflux radioactivity (%CER – Cmax and AUC). 
I concur with the findings.

4. Clinical Microbiology 
Not applicable.

5. Statistical Analysis Evaluation of in vitro studies in 
support of bioequivalence.

See 3 above. Statistical analysis evaluated data pooling across test and reference drug in 
support of the in vitro % labeling efficiency and % cell efflux radioactivity (Cmax and AUC). 
Analysis of Variance (ANOVA) in SAS software, determined that %LE and %CER (Cmax and 
AUC) can be pooled as there is not significant effect of the reference drug lot # and test lot # in 
fast and fed state. In conclusion, the proposed product is bioequivalent to the reference drug, 
CeretecTM, with respect to two clinically relevant in vitro endpoints, % labeling efficiency 
(%LE) and % cell efflux radioactivity (%CER – Cmax and AUC).

6. Safety
The safety of Tc 99m exametazime has been well established since the CeretecTM approval and 
29 years of clinical use. No new safety data has been submitted for review. However, the 
lactation section of the package insert (PI) has been updated for the current drug per USNRC 
guidelines and the Pregnancy and Lactation Labeling Rule (PLLR) requirements for labeling. 
See discussion in 8 and 10 below. 

7. Advisory Committee Meeting
Not applicable.
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