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Cancer immunotherapy: hype or hope?

André et al., N Engl J Med, 2020, 383, 2207-2218.

We can increase response rate by
decreasing heterogeneity

Hegde et al., Immunity, 2020, 52, 17-35
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Immuno-competent Immuno-deficient

Immunomodulation

ICD-inducing (metallo)drugs potentiate immunotherapy

Doxorubicin

Tesniere et al., Oncogene, 2010, 29, 482–491
Englinger et al., Chem. Rev. 2019, 119, 2, 1519–1624Pfirschke et al., Immunity 2016, 44, 343-354
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Nanomedicine boosts immunomodulation

Irvine et al., Nat. Rev. Immunol., 2020, 20, 321-334. 
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Shi, Y.; Lammers, T., Acc. Chem. Res., 2019, 52, 1543-1554. 
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Π-electron-stabilized polymeric micelles
Π-electron-stabilized micelles prime the tumor (immune) microenvironment

GI PDX

M1/M2

Ratio↑

Shi et al., ACS Nano 2015, 9, 3740-3752

Liang et al., Biomaterials, 2021, 266, 120432

I. Biancacci et al., Adv. Sci,, 2022, 9, e2103745,   

Taxane-loaded
(paclitaxel (PTX), docetaxel (DTX))

4



Smart (nano-)immunomodulation combinations

++

ICD-(metallo)drugs High-intensity focused ultrasoundNanomedicine

Doxorubicin (Dox)

Oxaliplatin (OxPt)

Amplifier
Oscilloscope HIFU

Polymeric micelles
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Nanomedicine

ICD-drugs

Physical co-treatments



(Metallo)prodrug chemistry

Enzymatic 
activation

K.Roemhild et al., Theranostics 2022, 12, 4791-4801 Q.Peña et al., Chem Soc Rev 2022, 51, 2544-2582

Redox activation 
(reduction)

ProdrugDrug ProdrugDrug

Pt(IV)-benzoato

Ligand nature       Oxidation state Geometry        Isomerism

Metal-based drugsOrganic-based drugs

XPromoiety
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HydrophobicityHydrophobicity

Smart modifications of pharmacological and/or physicochemical properties

Prodrug ProdrugDrugDrug
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(Metallo)prodrug-loaded micelles
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Enhanced prodrug encapsulation and retention in micelles
Increased immunogenicity 
when combined with micelles

Dox-Prodrug OxPtDoxEmpty Pt(IV)prodrug
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(b) In vitro cytotoxicity

HIFU + Enzyme Prodrug Therapy
ICD-inducing prodrugs

0 5 10 15 20 25
0

20

40

60

80

100

0

20

40

60

80

100

+ HIFU

Time (h)

D
o

x
-P

ro
d

ru
g

 (
%

)

D
o

x
 (%

)

✱

✱

✱✱

C
e

ll 
vi

ab
ili

ty
 (

%
)

100

50

[Compound] (µM)

1000.1 1 10
0

(a) Enzymatic activation (c) Calreticulin translocation (ICD marker)
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HIFU synergizes with enzyme-responsive (ICD-inducing) prodrugs
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K.Roemhild et al., Theranostics 2022, 12, 4791-4801

Dox-Prodrug

High-intensity focused ultrasound
Release of enymeMicroscopy

Amplifier
Oscilloscope HIFU

Enzyme release



Conclusion: modular prodrug chemistry is a key player

++

ICD-(metallo)drugsHIFU Polymeric micelles

Doxorubicin (Dox)

Oxaliplatin (OxPt)

Enzyme prodrug therapy (EPT) (poster 349)

(Metallo)prodrug-loaded polymeric micelles (poster 348)

Amplifier
Oscilloscope HIFU

Prodrug chemistry Prodrug chemistry
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