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Behind Moderna: the opportunity of personalised
medicine
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Moderna’s Phase Il success in developing a melanoma vaccine could mark a
turning point for personalised medicine, showing how sequencing, Al and
MRNA can enable individualised therapies at scale and create opportunities
beyond drug developers.

1. Moderna’s Phase Il results provide important clinical validation for individualised cancer therapy, showing that
a patient-specific treatment can move from biological rationale to meaningful clinical benefit.

2. The approach is enabled by the converdence of sequencing, Al and mRNA technology. Sequencing identifies
tumour mutations, Al selects the most promising immune targets, and mRNA turns those predictions into a
patient-specific therapy.

3. The broader investment opportunity may lie in the life-sciences supply chain. As personalised medicine scales,
every patient requires sequencing, specialised manufacturing inputs, purification, formulation and testing,
creating opportunities that do not depend on predicting which therapeutic developer ultimately wins.

Why Moderna’s Phase Il results matter

It is not often that an S&P 500 stock rises 177% in a single session. This is what happened with Moderna. The
company announced that its Phase lll melanoma trial combining Merck’s immunotherapy drug Keytruda with
intismeran (MRNA-4157) met its primary and secondary endpoints at the first prespecified interim analysis. Detailed
Phase IlI efficacy data have not been released yet, and overall survival data is still being tracked. So what are the
implications of this announcement to justify such an extraordinary re-rating?
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The significance of the melanoma vaccine could go well beyond positive Phase Il results and Moderna itself.
Understanding why requires starting with Keytruda, a cornerstone of modern cancer immunotherapy, and how it
complements Moderna’s approach.
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Keytruda has helped redefine cancer immunotherapy and has become one of the greatest commercial successes
in pharmaceutical history. Since its launch in 2014, the drug has generated roughly USD 180bn in global sales,
including USD 31.7bn in 2025 alone. It has already overtaken Lipitor, the blockbuster cholesterol-lowering drug, in
cumulative nominal sales, despite Lipitor having been launched in 1997. Keytruda, with cumulative sales projected
to reach about USD 265bn by 2028, could become the highest-selling pharmaceutical product ever, overtaking
Humira, the autoimmune-disease blockbuster launched 11 years earlier.

Keytruda’'s commercial success reflects the importance of the biological mechanism it targets. But it solves only one
part of the problem.

Cancer cells often protect themselves from the immune system by exploiting an immune checkpoint called PD-1.
PD-1 is a receptor on the surface of T-cells, while its “key”, PD-L1, can be expressed by cancer cells. When T-cells
encounter cancer cells and PD-L1 binds to PD-1, like a key fitting into a lock, it tells the T-cell to reduce or stop its
attack. Keytruda blocks this mechanism, removing the brake and allowing the immune system to attack cancer cells.
However, removing the brake does not completely solve the problem since the immune system must first know what
to attack.

Cancer is particularly difficult because every tumour is different. As cancer cells accumulate mutations, they can
produce abnormal proteins that healthy cells do not contain. Inside the cell, proteins are continuously broken into
small fragments called peptides. Some of these fragments are then carried to the cell surface by molecules called
HLA. HLA molecules act like small display platforms on the surface of cells. Their function is to show the immune
system what is happening inside the cell, making internal proteins visible to T-cells that would otherwise have no
way to inspect them. When a mutation creates an abnormal peptide that is presented by an HLA molecule and
recognised by T-cells, it can act as a neoantigen, a tumour-specific tardet for an immune attack.

The difficulty is that a tumour can contain hundreds of different mutations, each potentially creating a different
abnormal peptide. At the same time, every patient has a particular combination of HLA molecules, and each HLA type
can present only certain peptides effectively. This creates many possible mutation-peptide-HLA combinations. Only
some mutated peptides are produced, processed and presented on the tumour-cell surface. Hence, there are many
possible mutation-peptide-HLA combinations, but only a small fraction can become useful immune targets.
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This is where Moderna’s intismeran, and Al, come in. For each patient, Moderna analyses the tumour mutations,
using Al/ML models to make this enormous search problem computationally tractable. The models analyse each
mutation together with the patient’s HLA type and predict which mutated peptides are most likely to be produced
by the tumour, bind strongly to HLA molecules, appear on the cancer-cell surface and trigger a T-cell response. The
candidates are then ranked and the most promising, up to 34 in Moderna’s vaccine, are selected, without having to
experimentally test hundreds of possibilities for every patient. In practice, Al is used to identify, among many possible
mutation-derived targets, the small number most likely to generate effective immune tardets for that specific patient.

Moderna then creates an mRNA molecule, as with the COVID vaccines, encoding the selected neoantigens specific to
that patient. Once injected, the mRNA is taken up by immune cells, especially dendritic cells, that read the mRNA,
produce the encoded neoantidgens and display them on their HLA molecules. This allows T-cells to learn what the
tumour-specific targets look like.

The combination with Keytruda is therefore highly complementary. Intismeran tells the immune system what to
attack, while Keytruda prevents the tumour from telling the immune system to stop attacking.

The investment perspective

This elegant mechanism would remain just that, as many promising ideas in medicine do, without clinical proof.
Phase Il is crucial because it provides evidence that the approach can translate from biological rationale into
meaningful benefits for patients.

The clinical validation has been made possible by the converdence of three technologies that already existed
independently. Together, they make an individualised treatment approach practical at scale in a way that none could
achieve alone.

The parallel with Al is the convergence of technologies that already existed independently. Compute, algorithms and
cloud infrastructure became transformative when combined. Individualised cancer vaccines may be following a
similar path through the converdence of sequencing, Al and mRNA technolody.

Next-generation sequencing identifies the mutations in that specific tumour. Al/computational biology makes the
resulting search problem tractable, identifying which mutations are most likely to be therapeutically useful. mRNA
manufacturing then rapidly converts those predictions into a physical, patient-specific drug.

From an investment perspective, the interesting question may therefore not be which personalised cancer vaccine
ultimately wins, but which companies benefit as the entire field scales.

Moderna is unlikely to be the only company trying to exploit personalised cancer vaccines. If the Phase lll results
validate the approach, it should encourage more companies, more indications and more patient-specific programs.

The supply chain broadly follows the same architecture described above. At the front end, sequencing technology is
needed to identify each patient’'s tumour mutations. The potentially more interesting economic opportunity,
however, may be further downstream, because every individualised drug must be physically manufactured for every
patient. This is particularly interesting because companies exposed to this part of the value chain can potentially
benefit redardless of which therapeutic developer ultimately wins and whether production is kept in-house or
outsourced. In either case, the industry still needs the specialised materials, equipment and processes required to
manufacture, purify, formulate and test each therapy. This makes the life-sciences supply chain one of the clearest
ways to dain exposure to the growth of individualised medicine without having to predict the eventual therapeutic
winner.
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Key terms

T-cell: An immune cell that can recognise and destroy abnormal or infected cells.

PD-1/PD-L1: PD-1 is a receptor protein found on T-cells, while PD-L1 is the partner protein found on normal cells
and many cancer cells that binds to PD-1 to turn off immune responses. This immune checkpoint can reduce T-cell
activity. Some tumours exploit it to escape immune attack.

Mutation: A change in DNA that can cause a cancer cell to produce an abnormal protein.
Peptide: A small fragment of a protein.

HLA (Human Leukocyte Antigen): Molecules on the cell surface that display peptides to T-cells so the immune
system can check what is happening inside the cell.

Neoantigen: A tumour-specific tardet created by a cancer mutation and potentially recognised by T-cells.
mRNA (messenger RNA): A temporary set of dgenetic instructions that teaches cells which proteins to produce.

Dendritic cell: An immune cell specialised in presenting antigens to T-cells and helping activate an immune
response.

Next-dgeneration sequencing (NGS): A fast, high-throughput technology used to read DNA and identify the
mutations present in a patient’s tumour.

Personalised cancer vaccine: A vaccine designed around the specific mutations found in an individual patient’s
tumour.
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Ledal Notices

Glossary

Terms used in the report are available on our website: Our glossary.

Marketing Communication

This publication/video constitutes a marketing communication of UniCredit S.p.A., UniCredit Bank Austria AG, Schoellerbank AG and
UniCredit Bank GmbH (hereinafter jointly referred to as the “UniCredit Group”) is addressed to the general public and is provided free of
charge for information only. It does not constitute investment recommendation or consultancy activity by the UniCredit Group or, even
less, an offer to the public of any kind nor an invitation to buy or sell securities. The information contained herein does not constitute an
investment research or financial analysis since, in addition to the lack of content, it has not been prepared in accordance with legal
requirements designed to promote the independence of investment research, and it is not subject to any prohibition on dealing ahead
of the dissemination of investment research.

UniCredit Group, including all its group companies may have a specific interest in relation to the issuers, financial instruments or
transactions detailed herein. Relevant disclosures of interests and positions held by UniCredit Group are available at: Conflicts of interest.
Any estimates and/or assessments contained in this publication represent the independent opinion of the UniCredit Group and, like all
the information contained therein, are given in good faith on the basis of the data available at the date of publication, taken from reliable
sources, but having a purely indicative value and subject to change at any time after publication, on the completeness, correctness and
truthfulness of which the UniCredit Group makes no duarantees and assumes no responsibility. Interested parties must therefore carry
out their own investment assessments in a completely autonomous and independent manner, relying exclusively on their own
considerations of the market conditions and the information available overall, also in line with their risk profile and economic situation.
Investment involves risk. Before any transaction in financial instruments please refer to the relevant offering documents. It should also
be noted that:

4. |Information relating to the past performance of a financial instrument, index or investment service is not indicative of future results.

5. Ifthe investment is denominated in a currency other than the investor’s currency, the value of the investment can fluctuate strongly
according to changes in exchande rates and have an undesirable effect on the profitability of the investment.

6. Investments that offer high returns can undergo significant price fluctuations following any downgrading of creditworthiness. In the
event of bankruptcy of the issuer, the investor may lose the entire capital.

7. High volatility investments can be subject to sudden and significant decreases in value, being able to generate significant losses at
the time of sale up to the entire capital invested.

8. Inthe presence of extraordinary events, it may be difficult for the investor to sell or liquidate certain investments or obtain reliable
information on their value.

9. If the information refers to a specific tax treatment, it should be noted that the tax treatment depends on the individual situation of
the customer and may be subject to change in the future.

10. If the information refers to future results, it should be noted that they do not constitute a reliable indicator of these results.

11. Diversification does not guarantee a profit or protect against a loss.

The UniCredit Group cannot in any way be held responsible for facts and/or damages that may arise to anyone from the use of this

document, including, but not limited to, damades due to losses, lost earnings or unrealised savings. The contents of the publication —

including data, news, information, imades, graphics, drawings, brands, and domain names — are owned by the UniCredit Group unless

otherwise indicated, covered by copyright and by the industrial property law. No license or right of use is granted and therefore it is not

allowed to reproduce its contents, in whole or in part, on any medium, copy them, publish them and use them for commercial purposes

without prior written autharisation from UniCredit Group unless if purposes of personal use only. E 25/1
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