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Disclaimer 
 
Except as specifically identified, all data and information discussed below and 
necessary for approval of NDA 215252 are owned by Exela Pharma Sciences or are 
data for which Exela Pharma Sciences has obtained a written right of reference. Any 
information or data necessary for approval of NDA 215252 that Exela Pharma Sciences 
does not own or have a written right to reference constitutes one of the following: (1) 
published literature, or (2) a prior FDA finding of safety or effectiveness for a listed drug, 
as reflected in the drug’s approved labeling. Any data or information described or 
referenced below from reviews or publicly available summaries of a previously approved 
application is for descriptive purposes only and is not relied upon for approval of NDA 
215252.
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1 Executive Summary 

1.1 Introduction 

The applicant is seeking approval of the proposed drug product, diltiazem hydrochloride 
(HCl) injection, for the treatment of temporary control of rapid ventricular rate in atrial 
fibrillation or atrial flutter and rapid conversion of paroxysmal supraventricular 
tachycardias to sinus rhythm via a 505(b)(2) regulatory pathway. The proposed drug 
product is a premixed ready-to-use (RTU) product, which is to be supplied in 250 mL IV 
bags with a 125 mL or 250 mL fill volume. For the continuous iv infusion following the 
initial iv bolus dose, the infusion rate can be adjusted up to 15 mg/hr and the infusion 
may be maintained for up to 24 hrs, which results in a maximum infusion dose of 360 
mg/24 hrs for this drug product. The proposed indication, route of administration, and 
rate of iv infusion for the proposed drug product are consistent with the reference listed 
drug (RLD), Cardizem injectable (diltiazem HCl injection, 5 mg/mL) (NDA 020027). As 
RLD, Cardizem, was withdrawn from the market, the applicant also used a reference 
standard drug (ANDA 075853).  
 
This 505(b)(2) application relied on the FDA’s previous findings of safety and 
effectiveness of the RLD. This nonclinical review mainly focused on the safety 
assessment of the extractable and leachable (E&L) compounds upon CMC’s request. 
The maximum infusion dose of 360 mg/24hrs for the drug product is used as the 
maximum daily dose (MDD) for assessing safety of leachable compounds from IV bags 
in the review. 

1.2 Brief Discussion of Nonclinical Findings 

No nonclinical pharmacology or toxicology studies were submitted in support of this 
NDA application. This submission relied on FDA’s findings of safety and effectiveness of 
the RLD for nonclinical evaluation. 
 
There are no excipients/impurities/degradants identified that require nonclinical safety 
evaluation. 
 
The applicant submitted extractable and leachable (E&L) studies to assess potential 
E&L compounds from two different container closure systems,  and 

 IV bags. A request from the CMC reviewer was received on 4/22/2021 for a 
safety evaluation of extractables and leachables based on the E&L studies. Extraction 
study was conducted on pulverized/reduced samples of primary container-closure 
system and manufacturing equipment components. The leachable study was conducted 
on twelve exhibit batches using and/or  IV bags for up to 6 months 
at accelerated (25°C/40RH) conditions and up to 12 months at standard (5°C) 
conditions. It was understood that the analytical method (sensitivity and validation) and 
robustness of the test conditions are under CMC’s purview. 
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1.3.3 Labeling 

The applicant proposed labeling is to be in compliant with the Pregnancy and Lactation 
Labeling Rule (PLLR). As the labels of RLD and other approved diltiazem products have 
not been updated with the PLLR, the relevant nonclinical sections in the proposed 
labeling are based on the available limited animal data in the current RLD labeling. 
Minor revisions were suggested for clarity in Section 8.1. To be consistent with the RLD 
labeling, the “human oral antianginal therapeutic dose” was suggested in Section 8.1 
where dose multiples were referred to a human oral dose.  
 
Deletion of the proposed content (from literature search) in Section 8.3 was 
recommended by DPMH due to limited conflicting information. 
 

2 Drug Information 

2.1 Drug 

CAS Registry Number (Optional): 33286-22-5 
 
Generic Name: Diltiazem hydrochloride 
 
Code Name:  
 
Chemical Name:  

 1,5-Benzothiazepin-4(5H)-one,3-(acetyl-oxy)-5-[2-(dimethylamino) ethyl]-2,3-
dihydro-2-(4-methoxyphenyl)-, monohydrochloride, (+)-cis-  

 (+)-5-[2-(Dimethylamino) ethyl]-cis-2,3-di-hydro-3-hydroxy-2-(p-methoxyphenyl)-
1,5-benzothiazepin-4(5H)-one acetate (ester) monohydrochloride  

 (2S,3S)-3-acetyloxy-5-[2-(dimethylamino)-ethyl]-2-(4-methoxyphenyl)-2,3-
dihydro-1,5-benzothiazepin-4(5H)-one hydrochloride  

 
Molecular Formula/Molecular Weight: C22H26N2O4S.HCl / 450.98 g/mol 
 
Structure or Biochemical Description: 

Figure 1 
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Review of Applicant’s Justification for Elemental Impurities: 
 
In Table 8 above, the applicant listed elemental impurities, their maximum 
concentrations observed in extraction and leachable studies with its associated PDEs 
and Allowable Elemental Concentration (AEC) values. The PDEs were referred to the 
ones established in USP Chapter <232>, EPA established Reference dose (RfD) values 
(with a  safety factor) or CFR21 21(4); and AEC values were converted from the 
PDEs based on the maximum daily dose volume for diltiazem HCl injection of 360 mL. 
[Reviewer’s note: AECs may not be needed if the comparison was based on the PDEs].   
 
As shown in Table 8, in the leachable study, 10 elements were identified at the levels ≥  
ppb. For six of these elements,  

, the levels are well below the ICH Q3D (R1) listed parenteral PDE values 
(Table 9); therefore, are acceptable. 

Table 9: List of Elemental Impurities in ICH Q3D Guidelines. 

Element Maximum 
concentration 
(µg/L)* in 
leachable study

Maximum daily 
exposure# 
(µg/day) 

ICH Q3D(R1) 
parenteral PDE 
(µg/day)$ 

MOE@ 

 
For other 4 elements, , as the respective PDE 
values are not available in USP Chapter <232> or ICH guidelines, justifications based 
on the other sources are discussed below. 
 

 (maximum concentration observed =  ppb or MDE of  µg/day): In EPA IRIS 
chemical Assessment Summary, , and compounds, a RfD value of  mg/kg/day 
was determined based on human clinical studies.5 This RfD is derived based on three 
principal studies and a total uncertainty factors of  to account for variability in 
susceptibility in human population. Based on RfD and modification factor of  for the 
route-route extrapolation (the oral absorption of ), the PDE is determined as  
µg/day. As the level of  in diltiazem HCl injection (MDE of  µg/day) is below the 
PDE, it is considered acceptable. 
 

 (maximum concentration observed =  ppb or MDE of µg/day): In EPA 
Provisional Peer Reviewed Toxicity Values for  and Compounds Derivation of Sub 

 
5 EPA IRIS Chemical Assessment Summary,    
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The evaluation below was based on the original12 and revised version13 of the 
extractable and leachable study reports and the responses11,14,15,16 provided to our IRs 
listed above. 
 
As listed in Table 10 below, six out of 30 leachables were identified at the levels below 
the QT limit of 5 μg/day (  ppb), hence, there is no safety concern for these 
compounds. 
 
For the remaining leachable compounds (24 out of 30) with MDE >5 μg/day, the 
justifications based on available information were evaluated in the following three 
categories. 
 

1) Leachables (8 out of 24) with PDEs established in ICH  guidelines;  
2) Leachables (5 out of 24) with PDEs established based on published toxicological 

studies; 
3) Leachables (11 out of 24) with limited or no toxicological data for which a 

surrogate compound is used in a read-across approach. 
 

 
12 Pharmaceutical Development Container Closure System DP Seq 0001 
13 Pharmaceutical Development Container Closure System DP Seq 0011 
14 Cover letter Exela Response Seq 0010 28Jul2021  
15 Cover letter Exela Response Seq 0011 16Aug2021  
16 Cover letter Exela Response Seq 0012 18 Aug2021  
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Table 11: Leachables with Permitted Daily Exposures Established in ICH  
Guidelines. 

Leachable 
compound 

Highest level 
observed* 
(µg/L) 

Maximum daily 
exposure# 
(µg/day) 

PDE (µg/day)$ MOE@ 

 
Leachable compounds with PDEs established from published toxicological 
studies:  
The following leachables (5 out of 24) listed in Table 12 have an established PDEs 
based on published toxicological studies.  
 
In general, when a pivotal toxicity study was considered for estimating a PDE, various 
modification factors (F1 to F5) described in ICH  guidelines are applied. In 
addition, modification factor, F6, for route-route extrapolation should also be taken into 
consideration based on available bioavailability information (e.g., F6 =100 if oral 
bioavailability <1%; F6=10 if oral bioavailability ≥1% and <50%; F6=2 if oral 
bioavailability ≥50% and <90%; F6=1 if oral bioavailability ≥90%). The modification 
factors F1-F6 used for each PDE estimation are listed in Table 12. 

Table 12: Leachables with PDEs Established Based on Published Information. 

Leachable 
compound 

Highest 
level 

observed
* (µg/L) 

Max daily 
exposure
# (µg/day) 

NOAEL 
(mg/kg) 

Modification Factors PDE for 
50 kg 
adult 

(µg/day)# 

MOE
@ F1 F2 F3 F4 F5 F6 
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Concentration used in the study (conversion from mg/L to mg/day) 

                              
n/v =

                              

Rat respiratory volume =
 

Actual exposure: Study exposure is 6 hrs per day, 5 days per week 
 

 
NOAEL Dose (conversion from mg/day to mg/kg):  

 mg/day /  kg (Rat body weight) =  mg/kg 
 
Given the above converted NOAEL, PDE value is determined with the following 
modification factors. 

 
F1 = 5; F2 = 10; F3 = 5; F4 = 1; F5 = 1 and F6 = 10 (conservative modification factor for 
inhalation to intravenous route) 

 
PDE = NOAEL x 50 kg / (F1 x F2 x F3 x F4 x F5 x F6) 

 
PDE =  µg/day 

 
The level of  with a MDE of  µg/day is lower  than the estimated PDE, 
and is considered justified. 
 
Leachable compounds using surrogate compounds in a read-across approach:  
 
For 11 out of 24 leachable compounds, the applicant relied on a read-across approach 
by proposing surrogate molecules as there is limited or no toxicological information 
available for safety assessment. FDA DARS was consulted for the suitability of the 
selected surrogate compounds for the safety analysis. Based on the DARS analysis, the 
proposed surrogate could be rejected and a DARs suggested alternate surrogate 
compound may be used for the safety evaluation of the leachable compounds. If one 
surrogate is accepted for multiple leachables, the sum of all the leachable compounds 
MDEs should also be compared with the selected surrogate compound’s PDE values in 
the safety evaluation. 
 
The levels of leachable compounds and PDEs of their surrogate compounds are listed 
in Table 13 below. 
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