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NDA Executive Summary  

 

1. Application/Product Information  

NDA Number. 217110 

Applicant Name Apotex Inc. 

Drug Product Name Melphalan Hydrochloride Injection 

Dosage Form.   Injection 

Proposed Strength(s) 90 mg/mL (1 mL) 

Route of 
Administration   Intravenous 

Maximum Daily Dose 28.8 mg 

Rx/OTC Dispensed   Rx 

Proposed Indication 
Indicated for the palliative treatment of patients with 
multiple myeloma for whom oral therapy is not 
appropriate.   

Drug Product 
Description 

Melphalan is a is a small molecule nitrogen 
mustard  alkylating, antineoplastic agent. It is 
indicated for the palliative treatment of patients with 
multiple myeloma for whom oral therapy is not 
appropriate.   
 
The Listed Drug (LD) for this application is 
ALKERAN (Melphalan Hydrochloride) for injection. 
ALKERAN is available in 50 mg single dose vials 
and was approved under NDA 020207 in 1992 
(discontinued in 2021).  The proposed product has 
the same active ingredient, route of administration, 
dosing regimen and concentration after dilution as 
the LD. The proposed product differs from the LD in 
terms of qualitative and quantitative composition and 
in that it is a ready to dilute injectable solution 
packaged in a multiple dosage vial.   
 
The usual IV dose of Melphalan Hydrochloride 
Injection is 16 mg/m2 and the MDD is 28.8 mg. 
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Co-packaged product 
information N/A 

 Device information: N/A 

Storage Temperature/ 
Conditions 5 ± 3°C 

Review Team 

Discipline  Primary  Secondary 

Drug Substance Raymond 
Frankewich Haripada Sarker 

Drug Product/ 
Labeling Mike Adams Thomas Oliver 

Manufacturing Ephrem Hunde Kshitji Patkar 

Biopharmaceutics  
Kevin Wei  Kevin Wei 

Microbiology Jason God Julie Nemecek 

Other (specify): 
 
 

N/A N/A 

RBPM Dahlia Walters 

ATL Sherita McLamore/Shalini Anand 

Consults N/A 

 

2. Final Overall Recommendation  - Approval 

3. Action Letter Information 

a. Expiration Dating: An expiration dating period of 18 months is granted from 
for the drug product when stored at 5ºC ± 3ºC conditions. 

b. Additional Comments for Action: n/a 
 

-
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4. Basis for Recommendation:  

a. Summary of Rationale for Recommendation: 
 
OPQ recommends APPROVAL of NDA 217110 for the commercialization of  
Melphalan Hydrochloride Injection 90 mg/mL.  Based on our evaluation of the 
available information, the Applicant provided sufficient information to support 
an approval recommendation from the drug product quality perspective.  The 
Applicant provided adequate information on the proposed drug product to 
ensure the identity, strength, purity, and quality of the proposed drug product. 
The overall manufacturing inspection recommendation is approval for all the 
facilities associated with this application. The proposed labeling and labels 
include adequate information to meet the regulatory requirements. 
 
b. Is the overall recommendation in agreement with the individual 
discipline recommendations?    Yes 

 
Recommendation by Subdiscipline: 
   Drug Substance      - Adequate 
   Drug Product  - Adequate 
   Quality Labeling  - Adequate 
   Manufacturing  - Adequate 
   Biopharmaceutics - Adequate 
   Microbiology  - Adequate 

 
 Environmental Assessment:    Categorical Exclusion - Adequate 
 QPA for EA(s):     No 

5.   Life-Cycle Considerations 

Established Conditions per ICH Q12:  No 
Comments: 

 

Comparability Protocols (PACMP):  No 
 
Comments:  N/A 

 
 Additional Lifecycle Comments: N/A 

 

_
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Important administration 
instructions supported by 
product quality information 
(e.g., do not crush or chew 
extended-release tablets, 
instructions for mixing with 
food) 

N/A  

For parenteral products: 
include statement: 
“Parenteral drug products 
must be inspected visually 
for particulate matter and 
discoloration prior to 
administration, whenever 
solution and container 
permit”  

Adequate Statement in section 2.3 

If there is a USP 
monograph for the drug 
product and it contains a 
labeling requirement, 
ensure the labeling 
requirement is fulfilled. 
Note the labeling 
requirement may be 
applicable to another 
section of the PI (e.g., 
Section 11). 

N/A  

For radioactive products, 
include radiation dosimetry 
for the patient and 
healthcare practitioner(s) 
who administer the drug 

N/A  

For hazardous products, 
include the statement 
“DRUG X is a hazardous 
drug. Follow applicable 
special handling and 
disposal procedures.x” with 
x numerical citation to 
“OSHA Hazardous Drugs”. 

Adequate Statement in section 16 
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Section 11 (DESCRIPTION)  

APPEARS THIS WAY ON ORIGINAL 
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For parenteral injectable 
dosage forms, include the name 
and quantities of all inactive 
ingredients. For ingredients 
added to adjust the pH or make 
isotonic, include the name and 
statement of effect. 

Inadequate Text is to be edited to: 
Each mL contains 90 mg melphalan 
free base equivalent to 100.75 mg 
melphalan hydrochloride, 170 mg 
propylene glycol, 5 mg 
monothioglycerol, 0.5 mg DOTA), 
0.025 mL water for injection in 
polyethylene glycol 400. Sodium 
hydroxide solution added for pH 
adjustment. 
 
Listing excipients by amount in the 
formulation is accepted. 
DOTA is an abbreviation.  The 
chemical name should be added to 
identify the excipient. 

If alcohol is present, must 
provide the amount of alcohol in 
terms of percent volume of 
absolute alcohol 

N/A  

Sterility statement (if applicable) Adequate Statement in section 11  
Pharmacological/Therapeutic 
class  

Adequate Melphalan hydrochloride is an 
alkylating drug. 

Chemical name, structural 
formula, molecular weight  

Adequate Chemical name:  4-[bis(2-chloroethyl) 
amino]-L-phenylalanine hydrochloride 
molecular formula:  C13H18Cl2N2O2 • 
HCl 
Molecular Weight:  341.67 

If radioactive, statement of 
important nuclear 
characteristics. 

N/A  
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1.2.4 Section 16 (HOW SUPPLIED/STORAGE AND HANDLING) 

APPEARS THIS WAY ON ORIGINAL 
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For parenteral injectable dosage forms, 
include the name and quantities of all 
active and inactive ingredients in 
alphabetical order. For ingredients 
added to adjust the pH or make 
isotonic, include the name and 
statement of effect. 

Adequate Excipients are not listed on the 
container or carton label for this 
information.  There may be 
insufficient space for this 
information.  The applicant will be 
asked to update the carton label 
with inactive ingredient information 
in the labeling negotiations. 

Comment to the Applicant:  
Update the carton label to list all 
the inactive ingredients in the 
alphabetical order. 

If alcohol is present, must provide the 
amount of alcohol in terms of percent 
volume of absolute alcohol 

N/A 

Linear Bar code Adequate 

APPEARS THIS WAY ON ORIGINAL 
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Table 8: Comparative physicochemical data of RS and proposed products (stored 
at RT) diluted to 0.45 mg/mL (M 1.12.15 (0003), Pg. 19) 

 

Table 9: Comparative physicochemical data of RS and proposed products (stored 
at RT) diluted to 0.75 mg/mL (M 1.12.15 (0003), Pg. 20) 

 

Table 10: Comparative physicochemical data of RS and proposed products 
(stored at RT) diluted to 1.0 mg/mL (M 1.12.15 (0003), Pg. 21) 
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2. In vitro protein binding study (Study No. BIO-DMP 032) 

The Applicant performed the in vitro protein binding study to compare the protein 
binding of human plasma, α-acid glycoprotein (AAG) and serum albumin (HSA) 
between the standard (melphalan HCl), proposed ) and RS ) 
products at low (2.5 μg/mL) middle, (6 μg/mL) and high (55 μg/mL) concentrations. 

Table 18: % Bound of standard, Test product and Reference standard product at 
1 mg/mL concentration (M 1.12.15 (0003), Pg. 46) 

 

Table 19: % Bound of standard, Test product and Reference standard product at 
0.75 mg/mL concentration (M 1.12.15 (0003), Pg. 47) 

 

Table 20: % Bound of standard, Test product and Reference standard product at 
0.45 mg/mL concentration (M 1.12.15 (0003), Pg. 48) 

 

(b) (4)(b) (4)
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Reviewer’s Assessment:  
According to the LD labeling, the mean (±SD) peak melphalan plasma concentrations 

in myeloma patients given IV melphalan at doses of 10 or 20 mg/m2 were 1.2 ± 0.4 and 

2.8 ± 1.9 mcg/mL, respectively. The average melphalan binding to plasma proteins is 

highly variable (53% to 92%). HSA is the major binding protein, accounting for 

approximately 40% to 60% of the plasma protein binding, while AGG accounts for 

about 20% of the plasma protein binding. Approximately 30% of melphalan is 

(covalently) irreversibly bound to plasma proteins. The submitted data indicate that the 

standard, proposed and RS products at therapeutically relevant concentrations are 

highly bound to the human plasma and HSA and poorly bound to AAG. No significant 

difference in the percentage of protein bound (or free) melphalan among the standard, 

test and RS products was observed, indicating the difference in excipients is unlikely to 

impact of PK (e.g., volume of distribution, clearance) of melphalan due to protein 

binding. 

 

3. In vitro Hemolysis study (Study No. BIO-INV-049) 

The Applicant performed the in vitro hemolysis assay to compare the haemolytic 
potential by diluting the solution with human whole blood at 1:5 and 1:10 ratio. 

Table 21: Haemolysis study results of Melphalan Hydrochloride Injection diluted 
with human whole blood at 1:5 ratio (M 1.12.15 (0003), Pg. 49) 
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Table 22: Haemolysis study results of Melphalan Hydrochloride Injection diluted 
with human whole blood at 1:10 ratio (M 1.12.15 (0003), Pg. 50) 

 

Reviewer’s Assessment:  
The submitted data indicate that the proposed drug product diluted to 0.45 mg/mL, 

0.75 mg/mL and 1.0 mg/mL are non-hemolytic (% Haemolysis < 10% as per the 

submitted criteria (Amin & Dannenfelser et al). 
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BIOPHARMACEUTICS INFORMATION REQUEST date:  2-14-2022:  
 

1) The submitted data show that the pHs of proposed drug product after dilution (<3) 
are lower than the relied upon Listed Drug product. We have concerns regarding 
the onset reaction at the site of IV infusion. Provide literature information or data 
from any other approved products that are administered IV with low pH to justify 
the low infusion pH (<3). 
 

2) Provide literature information or supporting data to demonstrate that the changes in 
excipients (povidone, sodium citrate, DOTA, polyethylene glycol 400, propylene 
glycol, monothioglycerol) at the highest proposed dose will not impact the 
clearance of melphalan from systemic circulation. 

 
 
 

BIOPHARMACEUTICS INFORMATION REQUEST RESPONSE RECEIVED 
ON 03-07-2023 (M.1.2 (0009)) 

For detailed repose refer to the link below and electron version of the submission is 
available in EDR as supporting document number 10 
\\CDSESUB1\EVSPROD\nda217110\0009\m1\us\12-cover-letters\response-to-
information-request-20230307.pdf 

Reviewer Comment: 

The Applicant’s response was reviewed in relevant sections of the scientific bridging 
assessment as adequate and supporting data/justification is included throughout this 
review document.  
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