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1) BACKGROUND 
Despite recent advances in therapy, multiple myeloma (MM) 
remains incurable, showing the need for novel therapies.

Melflufen is a lipophilic peptide-conjugated alkylator that rapidly 
delivers a highly cytotoxic payload into myeloma cells through 
peptidase activity (Figure 1).

Melflufen is currently being evaluated for the treatment of multiple 
myeloma in a phase III study.

2) INITIAL COLLABORATION  
In 2008-2009, the collaboration between (Recipharm)  
OT Chemistry and Oncopeptides started as a very small  
project with limited resources:

During the early stage of the project, an impurity was  
formed over time. 

The impurity was identified and the  
formulation stability was solved by  
careful selection of method and  
excipients.

3) �FURTHER COLLABORATION  
– PUSHING THE PROJECT FORWARD  

 Metabolite and impurity synthesis (also used as ref standards)

 Synthesis of deuterated internal standards

 Structural assignments with 2D-NMR

 Mechanistic investigations

 Synthesis of novel analogues for patent support

 CMC documentation

4) DEVELOPMENT OF A SYNTHETIC ROUTE OF MELFLUFEN-HCl   
The synthesis was developed in collaboration with Magle ChemoSwed, using an early 
unmatured medicinal chemistry route (via route scouting, scale-up and manufacturing 
steps). The final route was performed in four steps with an overall yield of 47%.

5) SYNTHESIS OF STARTING MATERIALS
It was challenging to source starting materials with minimum levels of unwanted regio-
isomers. The fluorine-substituted starting material was synthesised in 4 steps, whereas a 
purification method was developed to successfully remove the unwanted regio-isomers for  
the nitro-substituted starting material.

FIGURE 1. MELFLUFEN MECHANISM OF ACTION
Peptidase-enhanced activity in multiple myeloma cells

Multiple myeloma is a cancer of 
the bone marrow that results in 

the production of abnormal blood 
plasma cells.

Approximately three in every 
10,000 people are diagnosed with 

multiple myeloma each year.
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Melflufen – a peptidase-potentiated alkylating agent in clinical trials. Ontarget 2017, 8, 66641.

Peptidase are expressed in several 
cancers, including multible myeloma

Melflufen is rapidly taken 
up by myeloma cells due 

to its high lipophilicity

Once inside the myeloma cell 
melflufen is immediately cleaved 

by peptidases

The hydrophilic alkylator 
payloads are entrapped

Melflufen rapidly induces 
irreversible DNA damage, 

leading to apoptosis of  
myeloma cells
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Melflufen is 50-fold more potent than melphalan in myeloma  
cells in vitro due to increased intracellular alkylator activity.
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Reagents and conditions: a) EDC, HOBt, 
NMM, acetone, 89%; b) H2, Pd/C, 2-Me-THF, 
1 bar, 35-40 °C, 83%; c) ClCH2COOH 26 eq, 
ClCH2CO2Na 10 eq, BH3Me2S 13 eq, THF,  
20-25 °C; d) HCl in EtOH, 63% over 2 steps. 

Reagents and conditions: a) NaOEt, EtOH, 60-70°C; b) telescoped from the 1st step, KOH (destillation off EtOH), reflux, 
87%; c) Acylase, water, CoCl2x6H2O, pH 8.1-8.5, 45-48°C; d) Ac2O, Na2CO3; e) SOCl2, EtOH, Toluene, 60-65°C.

Development of a Safe Process for Manufacturing of the Potent Anticancer Agent Melflufen Hydrochloride. Org. Process Res. Dev. 2019, 23, 1191

Recipharm  
has helped us to  

manage complexity  
at every step.

Jakob Lindberg,  
CEO Oncopeptides

6) ANALYSIS 

 � Development and pre-validation of HPLC methods  
for melflufen and standards/impurities

 � Stability studies of substance and drug product:  
temperature, moisture, light, plasma/blood from  
different species.

 � In silico predictions and experimental determinations  
of phys-chem properties, such as logP, logD and pKa.

 Dissolution studies in various excipients.

7) FORMULATION STUDIES 

Formulation design to overcome challenges such as stability 
and powder dissolution. Followed by technology transfer to 
manufacturing.

8) BIOANALYSIS/GLP ANALYSIS 

Recipharm is involved in all phases of the clinical development 
program of melflufen.

All the the PK in both GLP/OECD pre-clinical and the clinical  
GCP programs has been analysed by Recipharm OT Chemistry.

The analytical methods were evolved from exploratory 
bioanalysis studies to meet GLP standards.

9) �CLINICAL DEVELOPMENT PROGRAM  
OF MELFLUFEN 
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