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Nanomedicines = Complex drugs
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NATURE IS COMPLEX.



4https://doi.org/10.3389/fimmu.2018.00711

Nucleic acid sensing

https://doi.org/10.3389/fimmu.2018.00711
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SO WHAT?
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Diseases are complex and dynamic, as well...

Figure 1: An example of the 
outcome of a bioinformatics 
analysis combining patient 
data with the network 
analysis platform. 
A network model reveals 
different molecules (nodes, 
scaled by centrality) and 
mechanisms (colored 
network clusters), relevant 
at different time points after 
a cardiac event.

© Edgeleap.com
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...and precisely rather personal.
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YES?
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TOUS LES PROBLÈMES NE SONT 
PAS DES CLOUS.

You try to screw a screw with a hammer – you’re screwed...
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AN APPROACH THAT TAKES INTO ACCOUNT 

DYNAMIC COMPLEXITY IS NEEDED.
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HOW?
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We are in need of more complex tools.
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Nanomedicine is part of a pathology-based approach
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Next: Information medicine?



Wer hat’s erfunden?



Prof. Peter Paul Speiser, 1921-2013



Paul Ehrlich et “Der Freischütz” 

• Der Freischütz est un opéra allemande de Carl Maria von Weber. 

• Freikugeln (“balles magiques”) sont fourni par le diable en échange de l’âme de 
Max, le garde-chasse du Prince.

• Ces balles qui atteindraient leur cible sont utilisées lors d’un concours de tir dont 
l'enjeu est la nomination du nouveau garde-chasse et obtenir ainsi la main 
d'Agathe, la fille du garde forestier.

• Paul Ehrlich (1854-1915) a assisté à cet opéra à Francfort, et lui a donné le 
concept du “drug targeting” (ciblage des médicaments).

• Salvarsan: premier médicament contre la syphilis et premier agent 
chimiothérapeutique, considéré comme balle magique, a été développé par 
Ehrlich et Sahachiro Hata (1910).

16



Honestly Paul, where are we?
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Comirnaty
Moderna 

2020

Li, et al. (2017). Cancer drug delivery in the nano era: An overview 
and perspectives. Oncology Reports. 38. doi: 10.3892/or.2017.5718. 

A brief history of nanomedicine

Venofer
1949



K. Park, J. Control. Rel. 267 (2017) 2-14

“Disappointing outcomes of nano-sized formulations 
(nanoformulations) in clinical studies indicate that our 

overall approach of nanomedicine needs serious 
reevaluation. (…) we all have to find the reality by 

absorbing the truth and fight our way out of the egg to 
break the ill-conceived illusion of the nanomedicine.”



Pfizer/BioNTech’s S-protein mRNA

4,284 nucleotides 
1388 kDa molecular weight

20



Hou, X., Zaks, T., Langer, R., Dong, Y.
Lipid nanoparticles for mRNA delivery. Nat Rev Mater (2021). 
https://doi.org/10.1038/s41578-021-00358-0

60 years of mRNA...

...and its formulation, 
the “lesser known 

sister”.
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K. Karikó & D. Weissman, Curr. Opin. Drug Discov. Devel. 2007, 
10:523-32. 

Les modifications nucléosidiques naturelles 
suppriment l'activité immunostimulante de 

l'ARN.

Nelson et al., Sci. Adv. 2020, 6, DOI: 10.1126/sciadv.aaz6893

L'ARNm interagit avec les récepteurs de l'immunité 
innée, provoquant une inflammation.



Mol. Therap. 16, 2008, 1833-1840, doi: 10.1038/mt.2008.200

«I felt like a God!»



2023

2021
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What are we talking about?
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Step 1: DNA template

- prepare DNA (E. coli, cell-free)
- purify linear DNA template
- Freeze product 

Step 2: mRNA

- prepare mRNA (cell-free)
- purify mRNA
- Freeze product 

Step 3: Drug product

- formulate LNP
- buffer exchange by TFF
- filter-sterilize
- fill & finish, freeze

At the onset of the pandemic, very few companies were able to manufacture GMP grade DP!



Storage ?
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Pfizer/BioNTech: 654.77M
Moderna: 155.10M

Pfizer/ BioNTech: 664.6M

Moderna: 156.4M



Comirnaty’s formulation

KCl, KH2PO4, NaCl, Na2HPO4, sucrose, aq. ad inj.

ALC-0315 ALC-0159

Cholesterol
DSPC
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How do you source and assure quality of these compounds for billions of doses?
0.2 mg/dose = 130 tons in EU doses  alone

Majority of the cholesterol needed for industrial 
processes comes from animal sources: either 
through extraction from lanolin or from animal 
tissues.



“...mRNA vaccines are nanomedicines...”
CASSS CMC Strategy Forum Europe 2021, October 2021

?
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30 © EDQM, Council of Europe, 2022. All rights reserved.

Quality requirements for 
nanomedicines: 
which role for the European 
Pharmacopoeia? 

7-8 June 2022
Council of Europe premises

40 registrants (67 including speakers & EDQM staff) from 15 
countries: 5 academia, 15 authorities, 16 industry
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• Creation of a Working Party on mRNA vaccines (mRNAVAC)
• Appointment at November 2022 session of the Ph. Eur. Commission 
• Develop a consolidated strategy for future standards addressing these 

vaccines and their components
• The ideas and proposals put forward on this topic during the 

recent EDQM Symposium on Nanomedicines will be taken into 
account

Outcomes

https://www.edqm.eu/en/-/quality-requirements-for-nanomedicines-what-role-should-the-european-pharmacopoeia-play-

https://www.edqm.eu/en/-/edqm-event-quality-requirements-for-nanomedicines-
https://www.edqm.eu/en/-/quality-requirements-for-nanomedicines-what-role-should-the-european-pharmacopoeia-play-
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mRNAVAC Working Party – terms of reference



33 © EDQM, Council of Europe, 2022. All rights reserved.

mRNAVAC Working Party – composition
• Experts appointed at COM 174
• 43 Members from various areas of activities: vaccines, mRNA, nanomedines / nano-formulation
• Regulatory authorities, national control labs, mRNA vaccine manufacturers, 

lipid supplier, nanofluidics company, academia
• Regulators/NCLs: 

• European regulators but also US FDA, Health Canada, TGA, TFDA 
  à Global effort!

• Industry:
• 14 experts from 6 mRNA vaccine manufacturers     

 (Moderna, Pfizer / BioNTech, eTheRNA, GSK, Sanofi-Pasteur, Novartis)
• 1 lipid supplier (Lipoid GmbH), 1 nanofluidics company (Precision NanoSystems)

• 6 Group 15 experts including its Chair (S. Andersen)
• 1 representative from the European Commission’s Joint Research Centre (JRC) 
• Chair: G. Borchard
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mRNAVAC Working Party – country distribution

5
2

1

1

31

16 countries, 4 continents

Reminder
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Raw materials Finished 
product

e.g., nucleotides

Starting 
materials

Drug 
substanceExcipients

DNA template
Lipid 

components, 
cholesterol

mRNA DS mRNA-LNP
(vaccine)

1) Areas for 
standardisation

2) Format / Type 
of Ph. Eur. text

Individual 
monograph

Reference 
standard

General 
monograph General chapter

à Additional info: induction training

à Additional info: feedback from EDQM Nanomedicines Symposium

What role can the Ph. Eur. play in setting standards for mRNA vaccines?
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mRNAVAC Working Party

1) EDQM Nanomedicines 
Symposium: 
- Dedicated session on mRNA 

vaccines
- Brainstorming session on Role 

for the Ph. Eur in setting 
standards for mRNA vaccines 
and nanomedicines

2) COM 173: 
- Outcome of Nano Symposium
- Establishment of the mRNAVAC WP

Jun 2022

4) mRNAVAC WP
‘Get together’ (virtual):
- To set the scene, welcome 

Members
- To kick off the work (action 

plan, preparatory work for 
face-to-face meeting)

Nov 2022

3) COM 174:
- Nomination of Experts and Chair

Jun 2022 Dec 2022
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mRNAVAC Working Party

5) mRNAVAC WP Induction 
training (virtual)
- Many members with no prior 

experience in Ph. Eur. work
- Need for training on Ph. Eur. & Ph. 

Eur. processes (how the Ph. Eur. 
works, elaboration & revision of 
texts…)

- 2 virtual meetings

6) 1st mRNAVAC WP meeting (in-
person): kick-off & brainstorming 
- Feedback from the EDQM 

nanomedicines symposium
- Brainstorming on how to address 

mRNA vaccines in the Ph. Eur. (future 
texts & areas for standardisation

Jan 2023 Feb 2023



mRNA 
DS

mRNA 
content 

mRNA-LNP 
DP

ExcipientsFRC

DSPC

Delivery 
systems

mRNA 
vaccine

General chapter (key QAs/testing strategy/characterisation elements)

General chapter (key QAs/specifications)

PCs 
class

PEG-
lipid 

Standardisation of 
analytical procedures 
(general chapters) 

Purity
Integrity

……………

“DNA template”
General chapter

XTP 
general 

text

“Potency”

mRNA after 
encapsulation

mRNA Vaccines: Proposed “Roadmap” (from 1st mRNAVAC WP meeting, Feb. 2023)

Cholesterol 
monograph 
(revision?)

mRNA 
extraction

Enzymes 
(e.g. 4.1.1) 

TRIS-
HCl General chapter (key QAs, testing strategy)
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mRNAVAC Working Party – Activities since EPC175

5 May      31 May

29-30 June2) Drafting groups meetings (virtual)

- Kick off drafting of Ph. Eur. chapters 5.36 (DP), 
5.39 (DS) and 5.40 (DNA template)

- Discuss the outline /structure and content
- Appoint Rapporteurs and assign work 

3) 2nd plenary mRNAVAC WP 
meeting (virtual)
- Agreement on draft outlines for 

each text
- Organisation of drafting work

Phase 1: Outline /structure and key elements of each chapter

Mar 2023

1) EPC175:
- Feedback from 1st 

mRNAVAC WP 
meeting

- First additions to 
work programme 
(5.36, 5.39 & 5.40)

& 21 June

May June
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mRNAVAC Working Party – Activities since EPC175 (cont’d)

September

7) 3rd mRNAVAC WP 
meeting (in-person)
- Detailed review of 

consolidated texts and 
outstanding comments

- Agreement on draft 
chapters 5.36, 5.39 & 
5.40

11-13 October

July 2023 August

Phase 2: drafting of individual sections 
by Rapporteurs (working in “pairs”)

Phase 3: initial review & 
consolidation by Drafting Groups

Phase 4: Final review by 
mRNAVAC WP

6) Drafting groups meetings 
(virtual)
- Review of draft sections prepared 

by Rapporteurs
- Discussion on Drafting Group 

comments
- Consolidation of draft texts

15, 22 & 28 Sep4) Drafting by Rapporteurs

October November 2023

5) Peer review – comments from 
Drafting Group members

8) Final verification of 
draft texts
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25 & 26 Jan

mRNAVAC Working Party 

Review of stakeholders’ comments 
(5.36, 5.39, 5.40)

10) 4th Plenary mRNAVAC 
WP meeting (in-person)
- Continue discussion “other 

streams”
- Agreement on proposed 

strategy and actions

January February March April

Public consultation Pharmeuropa 36.2 
(5.36, 5.39 & 5.40)

(deadline for comments: 31 August 2024)

EPC 178:
§ Update on work programme

11) Plenary 
mRNAVAC WP 
meeting (in-person)

May June AugustJuly Sep   Oct
“Other streams”:
- Analytical standardisation (stream 5)
- Lipid excipients (stream 6)
- Raw materials (stream 4)

§ Continue discussions in drafting 
groups (“other streams”)

§ Consolidate strategies
§ Prepare proposals for addition 

to the work programme 

EPC 179:
§ Potential additions to the work programme 

November

9) Drafting groups 
meetings (virtual)
- Discussion “other streams”
- Prepare proposals for 

further discussion
15-16 Feb.
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mRNA vaccines: Elaboration of chapters 5.36, 5.39 & 5.40
m

RN
A-

LN
P 

St
ar

tin
g 

m
at

er
ia

l
m

RN
A 

su
bs

ta
nc

e

Draft completed

Draft completed

Draft completed
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mRNA Vaccines: Elaboration of chapters 5.36, 5.39 & 5.40

Texts published in Pharmeuropa!
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mRNA vaccines: Current status

• Drafted the 3 proposed general 
chapters (mRNA-LNP DP, mRNA 
DS, DNA template) in dedicated 
sub-teams

• Continue the discussions on 
other topics            
(incl. excipients, raw materials, 
standardisation of analytical 
procedures and reference standards)



“Our home is simple, small. It is 
constructed, literally, from the earth 
that surrounds it: clay and straw, 
pressed into adobe walls, 
whitewashed, then covered with a 
thick roof of reeds.

We live in a single room. The house 
is larger than this one room, but for 
most of the year, the other rooms 
are too cold for anything but storage. 
We live where the heat is.”



Stay connected with the EDQM

© EDQM, Council of Europe, 2022. All rights reserved.

Thank you for your attention 

EDQM Newsletter: https://go.edqm.eu/Newsletter
LinkedIn: https://www.linkedin.com/company/edqm/
Twitter: @edqm_news
Facebook: @EDQMCouncilofEurope


