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Strasbourg, September 3, 2023

Report on the Thesis manuscript of M. Stéphane Hoang

The Thesis of M. Stéphane Hoang entitled “PEGylated micelles for diagnostic and therapy against solid
tumors” describes the design and development of different approaches to address the problem of treating
cancers, overcoming difficulties of cell imaging, cell uptake, tissue accumulation, and drug resistance.

The Thesis is organized in three experimental chapters, supported by a first chapter entitled “General
Introduction” and a final chapter called “General Conclusions”. The thesis has also an exhaustive Experimental
section describing all syntheses and characterizations of the molecules reported in chapters 1-3.

The General Introduction chapter covers several concepts including nanomedicine, nanoparticles for
cancer treatment, and all types micelles and their characterizations, concluding with the objectives of the thesis.
This chapter is well written, highly didactic, but rather long.

Chapter 1 reports all approaches explored to prepare the amphiphilic ferrocene-based micelles. It initiates
with the description of ferrocene as candidate for cancer therapy. Many approaches have been then followed to
prepare the precursors of the micelles. Unfortunately, many syntheses failed at the last steps forcing to start
again and design different retrosynthesis. One of the characteristic of the micelles precursor was the presence
of the polymerizable groups. After the big synthetic efforts, the micelles could not be stabilized as the
irradiation was incompatible with the presence of ferrocene leading to the degradation of the chains. Eventually
the new strategy was based on the preparation of non polymerizable ferrocene-based micelles. All the products
and side-products have been carefully characterized, allowing to understand how to modify the protocols in the
cases of failure. This chapter is fundamental for the development of the micelles used in the following two
chapters.

Chapter 2 starts with a rather long introduction covering the photodecomposition of ferrocene derivatives,
photodynamic therapy and photosensitizers, before entering into the topic of the chapter. In the rest of the
chapter it is discussed a new strategy to kill cancer cells, based on the formation of amphiphilic micelles
containing a ferrocene derivative as photoactive molecule. Ferrocene can be activated by light to produce
cytotoxic radical oxygen species. As control, micelles without the ferrocene moiety were also prepared. The
different micelles were then tested on MCF-7 and HeLa cells to measure their cytotoxicity without or with
irradiation. The same micelles have been subsequently combined with a photosensitizer to enhance the
therapeutic efficacy and explore an alternative photodynamic therapeutic approach. The different in vitro
experiments are quite promising, encouraging to move into an in vivo model of cancer.
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Chapter 3 describes an alternative strategy to increase the efficacy of the EPR process that is responsible
to passively accumulate therapeutic particles into tumour tissues. The capacity of micelles to penetrate into the
tumour was combined with sonoporation, a treatment based on the use of ultrasounds that enhance the
permeability of molecules into a (cancer) tissue. The micelles were also loaded in the radioactive zirconium for
positron emission tomography, making the system versatile for both imaging and therapy. These micelles were
tested in vitro and in vivo. Unfortunately, the sonopotaion seems not to enhance the therapeutic outcome, but a
combination with an anticancer drug is envisaged as future development. A manuscript reporting these data was
published in Nanoscale.

The last chapter summarizes the content of the Thesis and the main findings but does not offer a thorough
discussion on future directions.

To sum up, the project developed by M. Hoang is highly multidisciplinary, covering the particle
preparation and characterization, the understanding of their properties and their use in cancer cell treatments.
The work reported of this Thesis is of excellent quality from the point of view of originality, presentation and
discussion of the results obtained.

In conclusion, I give a favourable advice on the defence of M. Hoang’s thesis in view to obtain the title of
Doctor in Chemistry from the University Paris-Saclay and Charles University.

Best regards

Sincerely Yours,
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