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Despite fits and starts, scientists remain fully invested in discovering 

curative vaccines. The complexity of the topic warrants a closer look, 

especially after recent events. The most notable and recent catalysts are 

anticipated to continue to fuel advancements and include heightened 

immunotherapy awareness (with the global COVID-19 pandemic), 

momentum in combination therapies (extending survival) and drive for 

personalized medicine. These recent trends and wider acceptance of 

complex vaccines are anticipated to reinvigorate deal activity that targets 

companies with the most robust and innovative technologies and possibly 

change perceptions.  

Evolution from tried-and-true to curative 

For quite some time, commercialized vaccines have proven to be reliable in 

preventing infectious disease. Supported by an early thesis from more than 300 

years ago and the eradication of smallpox less than 50 years ago, vaccines have 

played an important role in preventative care. Although considered a basic scientific 

foundation, vaccines train the immune system to detect, attack pathogens, and 

forge immunological memories. Perhaps the effectiveness of traditional vaccines on 

less variable pathogens has staved off the urgency to materially diverge the 

development of alternative applications for more complex therapies. Nonetheless, 

we believe recent catalysts provide an impetus to change this dated perception and 

optimism for the discovery of therapies with improved efficacy and survival. 

Numerous advanced concepts have evolved over the past decades. Most of these 

technologies (vaccine platforms) have not advanced outside of the clinic or 

materially circulated outside a small community of highly specialized scientists. The 

vaccines used during the COVID-19 pandemic are just a taste of a relatively more 

advanced technology (mRNA and DNA), which we view as a half step in the 

potential evolution of vaccines. 

Combination therapies are the key (in oncology) 

This heightened awareness of novel technologies, coupled with the notable 

emergency order government funding and political support, has drawn significant 

global interest and has started to change perceptions of vaccines. Cancer vaccines 

now represent an important part of many biotech pipelines. Although there is much 

variability in approaches, several companies are forging their own paths.  

There had not been much success with proposed monotherapies so far. Significant 

investments (and strides) have been made in checkpoint inhibitors, but recent 

thinking has evolved and suggests it is not a long-term, standalone solution. Recent 

advancements in vaccines and the wider acceptance of combination therapies are 

anticipated to reinvigorate partnering and deal activity, targeting companies with the 

most robust and innovative technologies. We view this as pivotal for oncology 

vaccines, either independently (through partnerships) or as acquisition targets, 

where buyers contemplate the buy-versus-build decision in a segment with a 

significantly long investment tail.  
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Evolution to curative vaccines 

Therapeutic vaccines represent a new class of immunotherapy medicine with the opportunity to be 

personalized, in which the vaccine can be designed to treat a specified patient’s unique tumor 

blueprint. The aim of curative vaccines is, by stimulating an immune response, to target a disease 

already present in the body (eg cancer) and forge long-lasting immunological memory against 

cancer cells, rather than just protect against future disease (preventative). In oncology, this 

approach introduces layers of variability and complexity when compared to traditional preventative 

vaccines addressing more static targets, as it involves targeting the body’s own cells, which the 

immune system is naturally hardwired to avoid.  

Even identifying tumor-specific antigens (proteins on the surface of tumor cells) for vaccines to 

target, isolating suitable neoantigens (tumor-specific proteins generated by mutations in tumor 

cells) and selecting vehicle of delivery is a critical decision tree, which is the basis of much 

dedicated research. Through various mechanisms, cancer vaccines cause the immune system to 

recognize antigens or neoantigens present on cancer cells (not on healthy cells). Once recognized, 

this triggers a targeted immune response where T cells can bind to the antigens presented on the 

surface of cancer cells and destroy them. 

However, it is essential for a cancer to possess mechanisms by which it can avoid the immune 

system and multiply further. Hence, therapeutic cancer vaccine monotherapies have historically 

been met with limited success in the clinic, as the vaccine may cause an immune response, but 

(the immune system) cannot access the necessary tumor. This is highlighted by the development of 

many successful immune checkpoint inhibitors (ICIs) in recent decades. Cancer vaccine platforms 

can largely be categorized into four categories: cell-based vaccines (tumor-l or dendritic-cell 

derived), virus-based vaccines, peptide-based vaccines and nucleic acid-based vaccines, Exhibit 1 

and Appendix A.  

https://www.mskcc.org/news/immune-system-can-fight-cancer-so-why-doesn-t-it
https://www.mskcc.org/news/immune-system-can-fight-cancer-so-why-doesn-t-it
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Exhibit 1: Classes of therapeutic cancer vaccines 

Cancer vaccine type How they work Pros Cons 

Cell-based vaccines 
(tumor cells) 

Vaccines that use inactivated versions of 
tumor cells to be injected into patients; may 
derive from patients (autologous) or non-
patients (allogeneic) 

◼ Many different tumor antigens recognized 
◼ Allows development of vaccine without 

knowing specific antigen 

◼ May be expensive and difficult to produce 
◼ Production can be time consuming 
◼ Potentially weak antigen presentation due 

to downregulation of MHC class I 
molecules  

Cell-based vaccines 
(DCs) 

Vaccines that use patient-derived 
(autologous) or non-patient derived 
(allogeneic) DCs that are loaded with 
peptide antigens or antigen corresponding 
genes and administered to patient 

◼ High immunogenicity  
◼ Control over antigen presentation 

◼ May be expensive and difficult to produce 
◼ Production can be time consuming  
◼ White blood cell removal may cause 

problems in patients (vascular injury, 
electrolyte imbalance) 

Virus-based vaccines Vaccines that use viruses and viral vectors 
to target either tumor cells directly, triggering 
the breakdown of cancer cells (oncolysis) 
and secondary immune responses or DCs 
to deliver antigens and elicit an immune 
response  

◼ High immunogenicity 
◼ Easier to produce on large scale 

◼ Potentially high toxicity 
◼ Potential risk of undesired infections 
◼ May illicit an undesired immune response 

against the vector 

Peptide/protein-based 
vaccines 

Vaccines that are composed of known or 
predicted tumor antigens injected into 
patients, taken up and presented by APCs 
such as DCs 

◼ Lower toxicity 
◼ Easy to produce 

◼ Can elicit a less powerful immune 
response 

◼ Peptide vaccines are restricted to human 
leukocyte antigen (HLA) presenting 
subtypes 

◼ Protein vaccines can be expensive to 
produce 

Nucleic acid-based 
vaccines 

Vaccines that use DNA and RNA to produce 
peptides and proteins in APCs. These are 
then processed to produce cancer specific 
antigens that are displayed on the surface 
of the APC 

◼ Ease of delivery of multiple antigens 
◼ Not restricted to HLA patient type  
◼ Can induce both cellular and humoral 

immunity 

◼ RNA vaccines require specific 
transportation and storage conditions 

◼ DNA/RNA vaccines suffer from poor 
immunogenicity in humans 

◼ DNA vaccines require extra 
transcriptional step 

Source: Journal of Experimental & Clinical Cancer Research. Note: DC, dendritic cell; MHC, major histocompatibility complex; APC, 
antigen presenting cell. 

Right-sizing expectations  

After an intensified period of research activity over the last decade, therapeutic vaccines have only 

seen limited clinical success as a monotherapy within the regulatory framework construct. The first 

therapeutic cancer vaccine approved for use by the FDA in 2010 was sipuleucel-T (Provenge), a 

DC-based vaccine for treating metastasized prostate cancer. However, the widespread clinical 

uptake of sipuleucel-T has been limited due to its cost and concerns associated with the overall 

patient benefits. The vaccine has been withdrawn and is no longer available in the European Union. 

A second therapeutic vaccine received FDA approval in 2015, Imlygic (T-VEC), an oncolytic viral-

based vaccine for the treatment of advanced melanoma; however, it has only received approval in 

this one indication as a monotherapy. Recently, a combination study of T-VEC with pembrolizumab 

(Keytruda) failed to improve overall survival in unresectable melanoma; however, the combination is 

still under active investigation in other melanoma sub-patient groups and solid tumors. Historically, 

attempts to develop cancer vaccines as monotherapies have been met with disappointing results, 

meaning their full clinical utility is yet to materialize. 

Lessons learned from past failures, however, mean cancer vaccine research is now starting to 

translate into positive clinical results and numerous therapies are progressing through 

development. The critical lessons that have helped to drive this progress lie in three key areas:  

◼ the requirement of having multiple immunogenic antigens; 

◼ the requirement of having highly effective and stable viral vectors and adjuvants; and 

◼ an improved understanding of how to downregulate tumor-mediated immunosuppression. 

Advancements in all three of these areas, we believe, will be critical for the long-term success and 

application of therapeutic cancer vaccines. 

https://aob.amegroups.com/article/view/5744/html
https://aob.amegroups.com/article/view/5744/html
https://jeccr.biomedcentral.com/articles/10.1186/s13046-019-1154-7
https://jamanetwork.com/journals/jamanetworkopen/fullarticle/2730784
https://www.oncnursingnews.com/view/t-vec-pembrolizumab-combination-misses-primary-end-point-in-unresectable-melanoma
https://www.nature.com/articles/s41541-019-0103-y#:~:text=Unfortunately%2C%20many%20previous%20attempts%20to,achieve%20some%20promising%20clinical%20results.
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The evolving oncology competitive landscape 

ICIs fall short (on their own) 

A noticeable theme in therapeutic cancer vaccine development is that very few are being 

investigated as monotherapies. While vaccines alone may be able to elicit an immune response, it 

is often not strong enough to deliver a clinical benefit. This reinforces a previous point whereby 

scientific research has advanced and clinical investigators now have a greater understanding of 

how to overcome the lack of efficacy observed in earlier vaccines. With the emergence of ICIs, 

particularly programmed cell death 1/programmed death ligand 1 (PD-1/PD-L1) inhibitors, cancer 

vaccine development has moved towards combination therapies. The first PD-1/PD-L1 ICIs 

(pembrolizumab, Keytruda, Merck and nivolumab, Opdivo, BMS) were approved in 2014 and have 

since revolutionized treatment regimens in certain cancers.  

Most ICIs are monoclonal antibodies that block the receptors that tumors use to switch off T-cell 

responses (and therefore the whole immune system). This turns the tumor microenvironment from 

‘cold’ (immunosuppressive) to ‘hot’ (vulnerable to the immune system). In this way, ICI treatments 

could be considered combination therapies, where the ICI represents one part of the combination 

and the patient’s immune system the other. The success of ICIs, both pharmacologically and 

economically, has rapidly changed the oncology landscape. However, their use as a monotherapy 

has limitations characterized by low response rates in certain indications and the development of 

tumor resistance. Therefore, a clear synergy exists between ICIs and therapeutic cancer vaccines, 

with the former overcoming the tumor immunosuppression and the later upregulating the T-cell 

response to extend survival. This combinational approach opens a host of potential opportunities 

for cancer vaccines in the clinic, a number of which have been highlighted above.  

Second look at oncology vaccines: Changed perceptions 

While the pandemic has helped define companies such as Moderna and BioNTech as the giants of 

mRNA therapeutics, it is important to understand it is not the only technology that can be used in 

cancer vaccine development. In recent years, various vaccine technologies have caught the eyes of 

big pharma with multiple deals and strategic partnerships being struck, Exhibit 2. However, because 

of the complexity associated with oncology therapies and variables across indications, it is almost 

impossible to state confidently that one type of technology will be superior to another because each 

has its own advantages and disadvantages. It may be important to administer a vaccine quickly in 

the case of some advanced cancers, so those vaccines that require extended production times may 

not be suitable. The route of administration and frequency of vaccination may also affect the choice 

of vaccine selected for treating a patient. As such, we believe each cancer vaccine may bring its 

own unique offering to the market, providing opportunities across more than just one type of 

platform. However, as is the case in drug development, the key to success will lie in developing 

therapies with robust data combined with a clear and focused clinical strategy. 

There have been several interesting collaborations and deals to date. A few are summarized below. 

https://jhoonline.biomedcentral.com/articles/10.1186/s13045-022-01247-x
https://jamanetwork.com/journals/jamanetworkopen/fullarticle/2732329
https://www.frontiersin.org/articles/10.3389/fonc.2018.00086/full
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Exhibit 2: Big pharma collaborations and deals 

Company Deal partner Vaccine Indication/phase Phase Deal value Technology Checkpoint 
inhibitor 
combination 

Clinical trial 
reference 

Roche/ 
Genentech 

Nykode 
Therapeutics 

VB10.NEO Locally advanced or 
metastatic Phase I/II 

Phase II Up to $715m DNA vaccine No NCT03548467 

Sanofi BioNTech Multiple 
programs 

Multiple Indications Phase I 
Phase II 

Up to $360m mRNA vaccine Yes NCT03871348 
 
NCT04526899 

Regeneron Nykode 
Therapeutics 

Undisclosed Undisclosed Preclinical Up to $925m DNA vaccine Undisclosed Preclinical 

Odeon 
Therapeutics 

OBI Pharma OBI-833 Esophageal cancer Phase I Up to $200m Peptide/protein vaccine No NCT05376423 

Boehringer 
Ingelheim 

Enara Bio N/A N/A N/A Up to $905m Vaccine discovery 
platform 

N/A N/A 

Takeda* Turnstone 
Biologics 

TBio-6517 Solid tumors Phase I/II Up to $900m Viral vector vaccine Yes NCT04301011 

Medigene Roivant/ 
Cytovant 

WT1 / 
PRAME 
vaccination 

AML  Phase I/II Strategic 
partnership 

Cellular vaccine No NCT02405338 

Eli Lilly* CureVac Multiple 
programs 

Skin cancers Phase I Up to $1.7bn mRNA vaccine Yes NCT03291002 

Medimmune* Inovio Multiple 
programs 

Multiple indications Phase I Up to $727m DNA vaccine Yes NCT03835533 

AstraZeneca OncoPep PVX-410 Triple negative breast 
cancer 

Phase II Strategic 
partnership 

Peptide/protein vaccine Yes NCT02826434 

BioNTech **Neon 
Therapeutics 

NEO-PV-01 Advanced or 
metastatic melanoma, 
smoking-associated 
NSCLC, or bladder 
cancer 

Phase I Up to $67m Peptide/protein vaccine Yes NCT02897765 

Regeneron Nykode 
Therapeutics 

Multiple 
programs 

Multiple Indications Preclinical Up to $900m Undisclosed Undisclosed Preclinical 

Boehringer 
Ingelheim 

Amal 
therapeutics 

ATP-128 Colorectal cancer Phase I/II Up to $366m Peptide /protein vaccine Yes NCT04046445 

Boehringer 
Ingelheim 

Vira 
Therapeutics 

VSV-GP Colorectal cancer Phase I/II Up to $245m Viral vector vaccine Yes NCT04046445 

Moderna Merck mRNA-4157 Melanoma Phase II Strategic 
Partnership 

mRNA vaccine Yes NCT03897881 

Bristol Myers 
Squibb 

UbiVac DPV-001 Triple negative breast 
cancer 

Phase I/II Strategic 
Partnership 

Peptide/protein vaccine Yes NCT02737475 

Janssen Nouscom VAC85135 Solid tumors Phase I/II Strategic 
Partnership 

Viral vector vaccine Yes NCT05444530 

Source: Evaluate Pharma, Edison Investment Research. Note: *Partner has exited the deal. **Neon Therapeutics was acquired by 
BioNTech in 2020. 

Combinations are the likely answer: Vaccines boost survival 

While regulatory complexities mean oncology discovery pathways are long (trial by error), we 

anticipate advancements will continue in shorter intervals in light of the strides made to date by 

many of the nimblest biotech companies (robust science/technology) and recently heightened 

awareness with the COVID-19 pandemic. As we continue to see clinical data for different platforms, 

small biotechs will inch closer to proving the robustness of their technology and science. With this 

progression, we anticipate an acceleration on combinations and alignments with pharma 

companies with deeper pockets seeking to bolster their broader solutions to maintain market share.  

In this oncology vaccine series, we anticipate vaccine companies will line up best with more 

established checkpoint inhibitors as combination therapies to bolster efficacy and survival. We view 

this as the most natural extension for combinations outside of acquisitions into new (blank slate) 

areas that generally incur higher degrees of execution risk. Based on what we have learned so far, 

checkpoint inhibitors are not likely to go it alone. Plus, the required time to market (studies require 

significant investment in time and specialization and a pause) would likely be another deterrent and 

risk the decay of market share garnered to date.  

Subject to the positive outcomes of randomized clinical trials, an oncology vaccine acquisition by a 

pharma company with a leading checkpoint inhibitor would improve the efficacy in their indication 

https://www.vaccibody.com/wp-content/uploads/2020/10/201001_PR1-Genentech-Vaccibody-collaboration-FINAL.pdf
https://clinicaltrials.gov/ct2/show/NCT03548467?term=NCT03548467&draw=2&rank=1
https://investors.biontech.de/news-releases/news-release-details/sanofi-and-biontech-announce-cancer-immunotherapy-collaboration
https://clinicaltrials.gov/ct2/show/NCT03871348?term=sanofi+biontech&draw=2&rank=3
https://clinicaltrials.gov/ct2/show/NCT04526899?term=BNT111&draw=2&rank=1
https://vaccibody.com/wp-content/uploads/2021/11/211123_Nykode_Therapeutics_enters_into_multi-target_license_and_collaboration_agreement_with_Regeneron.pdf
https://www.obipharma.com/investor-announcements/obi-enters-license-agreement-with-odeon-for-the-rights-of-obi-999-and-obi-833-in-china-hong-kong-and-macau/
https://clinicaltrials.gov/ct2/show/NCT05376423?term=OBI-833&draw=2&rank=1
https://www.boehringer-ingelheim.com/press-release/strategic-collaboration-enarabio#:~:text=Enara%20Bio%20is%20eligible%20to,royalties%20on%20future%20product%20sales.
https://www.fiercebiotech.com/biotech/turnstone-teams-up-takeda-900m-deal-to-work-biotech-s-oncolytic-cancer-drug
https://clinicaltrials.gov/ct2/show/NCT04301011?term=TAK-605&draw=2&rank=1
https://www.medigene.com/investors-media/press-releases/detail/medigene-and-cytovant-enter-into-service-agreement-for-dc-vaccine-manufacturing-process-development
https://www.medigene.com/investors-media/press-releases/detail/medigene-and-cytovant-enter-into-service-agreement-for-dc-vaccine-manufacturing-process-development
https://clinicaltrials.gov/ct2/show/NCT02405338
https://investor.lilly.com/news-releases/news-release-details/lilly-and-curevac-announce-global-collaboration-develop-mrna
https://clinicaltrials.gov/ct2/show/NCT03291002?term=CV8102&rank=1
https://www.astrazeneca.com/media-centre/press-releases/2015/medimmune-inovio-pharmaceuticals-cancer-vaccine-10082015.html
https://clinicaltrials.gov/ct2/show/NCT03835533
https://www.businesswire.com/news/home/20180222005466/en/OncoPep-Announces-Initiation-of-Phase-1b-Clinical-Trial-of-PVX-410-in-Metastatic-Triple-Negative-Breast-Cancer
https://www.businesswire.com/news/home/20180222005466/en/OncoPep-Announces-Initiation-of-Phase-1b-Clinical-Trial-of-PVX-410-in-Metastatic-Triple-Negative-Breast-Cancer
https://clinicaltrials.gov/ct2/show/NCT02826434
https://www.fiercebiotech.com/biotech/after-ipo-biontech-nabs-cell-therapy-startup-neon-therapeutics
https://clinicaltrials.gov/ct2/show/NCT02897765
https://nykode.com/nykode-therapeutics-formerly-vaccibody-enters-into-multi-target-license-and-collaboration-agreement-with-regeneron/
https://www.fiercebiotech.com/biotech/boehringer-buys-up-cancer-vaccine-player-eyeing-oncology-combo-strategy
https://clinicaltrials.gov/ct2/show/NCT04046445?term=VSV-GP&draw=2&rank=1
https://www.fiercebiotech.com/biotech/boehringer-buys-oncolytic-virus-startup-viratherapeutics
https://clinicaltrials.gov/ct2/show/NCT04046445?term=VSV-GP&draw=2&rank=1
https://www.merck.com/news/moderna-and-merck-expand-mrna-cancer-vaccines-collaboration/
https://www.merck.com/news/moderna-and-merck-expand-mrna-cancer-vaccines-collaboration/
https://clinicaltrials.gov/ct2/show/NCT03897881?term=mRNA+4157&draw=2&rank=1
https://www.ubivac.com/press-releases/2020/6/9/ubivac-announces-clinical-trial-collaboration-with-bristol-myers-squibb-on-combination-immunotherapy-for-advanced-triple-negative-breast-cancer
https://www.ubivac.com/press-releases/2020/6/9/ubivac-announces-clinical-trial-collaboration-with-bristol-myers-squibb-on-combination-immunotherapy-for-advanced-triple-negative-breast-cancer
https://clinicaltrials.gov/ct2/show/NCT02737475?term=DPV-001&draw=2&rank=3
https://www.nouscom.com/2022/05/17/nouscom-announces-janssen-receives-us-fda-ind-clearance-for-vac85135-an-off-the-shelf-cancer-immunotherapy-developed-using-nouscoms-proprietary-viral-vector-platform/
https://www.nouscom.com/2022/05/17/nouscom-announces-janssen-receives-us-fda-ind-clearance-for-vac85135-an-off-the-shelf-cancer-immunotherapy-developed-using-nouscoms-proprietary-viral-vector-platform/
https://clinicaltrials.gov/ct2/show/NCT05444530?term=VAC85135&draw=2&rank=1
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through a one-two punch and easily support a buy-versus-build argument, especially in the light of 

current valuations. Vaccines would recruit T cells to kill cancer cells, create long-term immune 

memories and provide long-term monitoring. The combination with checkpoint inhibitors (that open 

pathways for the immune system or therapy) would improve survival rates. Recent studies show 

that oncology vaccines survive in excess of seven years.  

To better visualize the most natural combinations, we have outlined large pharma with checkpoint 

inhibitors by indication and likeliest vaccine counterpart (with ongoing clinical trials) (Exhibit 3). 

Exhibit 3: Likeliest checkpoint inhibitor and oncology vaccine combinations 

 

Source: SEC filings and company presentations. Note: Tickers indicate areas (indications) where the company’s lead vaccine candidate is 
currently in active clinical trials.  
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Appendix A: Back to basics – preventative (traditional) 
vaccines 

The body’s immune system is highly effective at detecting altered or foreign cells and pathogens 

and disposing of them through the innate immune system. These responses are often non-specific, 

meaning they are the same despite the characteristics of the invading pathogen. Traditional vaccine 

platforms leverage the body’s immune response by priming the immune system to protect it from 

future infections. The most reliable vaccines address pathogens with little or no variability such as 

the smallpox, polio and measles (MMR vaccine). The smallpox vaccine is based on a weakened 

(attenuated) version of the pathogen. The origins of the first smallpox vaccine surfaced in the 18th 

century and it was effective in eradicating the global outbreak in 1980. 

We have simplified the mechanisms of action for preventative (traditional) vaccines below, as it is a 

good starting point to better understand the more complex platforms evolving in the clinic. There 

are a few variations in preventative vaccines, such as those that employ attenuated or live bacteria 

or viruses. Relatively newer subunit vaccines employ inactive portions (shells without genetic 

information) of the bacteria/virus (eg human papillomavirus vaccines) and activate an immune 

response with the addition of adjuvants. This immune response creates immunological memory, 

which allows the immune system to remember the initial response and mount a more efficient 

secondary response (monitoring).   

Exhibit 4: Adaptive immune system 

 

Source: Edison Investment Research 

Curative vaccines are all the rage  

The COVID-19 pandemic has been a global catalyst for vaccine development on a few fronts. The 

development and deployment of viral vector vaccines during the pandemic is a notable 

advancement (outside of the clinic). In this approach, genetic materials (RNA and DNA) of the 

target pathogen are manufactured in the lab, which is much faster than replicating the whole 

pathogen (in a lab) as for traditional vaccines. The created genetic material of the identified 

pathogen is encased in a virus shell (the viral vector) to provide stability before injection with the 

intent of triggering an immune response (produce antigens and recruit T cells). After injection, the 

genetic payload of the vaccine is integrated into the patient’s own cells, which then begin to 

manufacture the required antigen, causing an immune response and immunity to the selected 

pathogen. Although the scientific intent of these vaccines is still preventative, the technology 

employed was a notable advancement from traditional vaccines. 

Pfizer, BioNTech and Moderna manufactured viral vector technology with mRNA, and the University 

of Oxford and AstraZeneca employed the same technology with DNA sequences (Exhibit 2). The 

Oxford-AstraZeneca vaccine was based around a genetically modified version of a chimpanzee 

adenovirus known as ChAdOx1.  

Pathogen in Dendritic cell Helper T-cell (response) Communication with B-cells Killer T-cells destroy pathogensAntigens (produced and attached)
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Immunoncology: A wide breadth of potential therapies 

The overall immunoncology (IO) market is expected to grow to c $100bn by 2026 and it is 

estimated that cancer vaccines will represent c 10% of this, comprised of both preventative and 

therapeutic cancer vaccines. IO therapies have evolved significantly over the past decade with the 

landscape now consisting of a variety of different types of drugs with unique mechanisms of actions 

(Exhibit 5).  

Exhibit 5: Types of IO therapy 

 

Source: Edison Investment Research 

An emerging theme observed in the IO treatment space is that the likelihood of one specific 

therapeutic subtype being used as a sole treatment for cancer is unlikely. More regularly, the most 

effective therapies are proposed as combinations. However, because many of these therapies are 

discovered through trial and error, there are notable challenges in coordinating with partners, which 

are often considered peers in a highly competitive market. As a result, understanding the correct IO 

combinations to be used in patient-treatment regimens is the subject of significant clinical research. 

Additionally, certain indications may be more suited to IO therapies than others.  

This is clearly highlighted by the NSCLC IO market, which is expected to dominate IO therapy. It is 

estimated that sales of NSCLC IO therapies will reach c $25bn by 2028 (EvaluatePharma), almost 

double the value of the second leading indication, melanoma. While it may be challenging to 

predict, we believe cancer vaccines have the potential to play an important role in the IO market. 

With market-leading ICIs such as Merck’s pembrolizumab (Keytruda), Roche’s atezolizumab 

(Tecentriq) and Bristol Myers Squibb’s nivolumab (Opdivo) continuing to improve on current SoC 

regimens and score FDA approvals across a range of indications, we believe this provides an 

exciting opportunity for future cancer vaccine combinations. 

IO therapies are also attempting to address one of the most significant drawbacks of classical 

chemotherapy agents, toxicity. IO drugs are being developed to address these safety issues by 

targeting cancer specific biomarkers that are absent on healthy cells. As such, IO medicines have 

the potential to represent the next generation of personalized medicines, each being designed on a 

patient-by-patient basis to treat an individual’s unique cancer profile and limiting off-target side 

effects.  

https://www.edisongroup.com/wp-content/uploads/2022/07/Oncology-ABCs_010722-1.pdf
https://www.globenewswire.com/en/news-release/2022/04/19/2424119/28124/en/Global-Cancer-Vaccines-Global-Markets-Analysis-Competitive-Landscape-Forecasts-2016-2021-2021-2026F-2031F.html
https://jhoonline.biomedcentral.com/articles/10.1186/s13045-021-01164-5
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Classes of therapeutic cancer vaccines 

Cell-based vaccines 

Cell-based vaccines introduce whole cells to the body to induce an immune response to a patient’s 

specific cancer. Vaccines of this type can be based on inactivated tumor cells or dendritic cells 

(DCs), either of which can be autologous (patient derived) or allogeneic (off-the-shelf). DCs play an 

important role in immune system pathways and are critical in presenting TSAs to the immune 

system’s B and T cells. As such, DCs are a primary cellular target or component of many cancer 

vaccine therapies. Clinical responses to DC vaccines have so far proven to be limited, with previous 

trials failing potentially due to the use of only single antigen-loaded DCs. Additionally, autologous 

therapies have encountered challenges associated with costly and time-consuming production 

processes. Of interest is Mendus’s DCP-001, an allogeneic vaccine that consists of DCs produced 

from maturation and differentiation of the company’s proprietary acute myeloid leukemia (AML) cell 

line DCOne. The company’s DCs are derived from a cancerous cell line and, therefore, DCP-001 

contains a broad panel of tumor-associated antigens, increasing the probability of an immune 

response compared to single antigen therapies. Additionally, as the product is cell-line based it 

allows for scalable, centralized manufacturing, which is a major challenge faced by many cancer 

vaccine products during commercialization. DCP-001 can also be effectively stored frozen, allowing 

for immediate access to patients. Management’s lead Phase II program for DCP-001 is 

investigating its use as a maintenance therapy in patients with AML who display measurable 

residual disease. Currently, the only oral chemotherapy approved for AML maintenance 

(azacitidine) is associated with toxicities that may not be suitable for long-term maintenance 

therapies, particularly in elderly patient populations.  

Viral vectors  

The same viral vector-based technology (discussed above) can be used in therapeutic cancer 

vaccines where modified viruses can deliver genes to cells. The targeted cells could either be DCs, 

to produce antigens that trigger a direct immune response, or tumor cells, to generate proteins that 

result in tumor cell death (oncolytic viruses) and release antigens to trigger an indirect immune 

response. A slightly altered version of ChAdOx adenovirus has been investigated in the clinic as a 

therapeutic vaccine. This vaccine is designed to target DCs and stimulate T-cell activity for the 

treatment of pancreatic cancer. In a Phase IIa study (NCT03815942) the ChAdOx vaccine was 

combined with ICI Opdivo. It was observed that 22% of patients had a >50% reduction in prostate-

specific antigen (a prostate cancer biomarker) levels compared to 9% response rates seen in a 

previous ICI monotherapy study (NCT02787005). This study also represents a type of vaccine that 

can be successfully combined with ICIs to deliver a therapeutic response. AstraZeneca UK’s 

COVID-19 vaccine AZD1222 also employs the viral vector technology (ChAdOx1; chimpanzee 

adenovirus Oxford 1). 

Peptide- or protein-based vaccines 

Peptide- or protein-based vaccines are the most comparable to traditional vaccines used for 

infectious disease prevention when considering mechanisms of action. Vaccines of this type consist 

of cancer-related proteins that can induce an immune response in patients. The ease of production 

and (relatively) lower toxicities make this form of vaccine attractive to developers.  

For example, Ultimovacs is focused on the development of UV1, a potentially universal peptide-

based cancer vaccine that targets human telomerase reverse transcriptase (hTERT). Telomerase is 

expressed in up to 90% of all cancers; however, it is not expressed in most normal human cells. 

Expression of telomerase plays a critical role in tumor cell lifecycles, resulting in unlimited, 

uncontrolled cell division. hTERT is primarily expressed in a subpopulation of cancer cells called 

cancer stem cells (CSCs), which are often resistant to conventional cancer treatments, leading to 

https://www.nature.com/articles/d42859-020-00022-7
https://www.nature.com/articles/cr2016157
https://link.springer.com/article/10.1007/s00262-018-2198-9
https://ashpublications.org/blood/article/127/1/53/34879/An-update-of-current-treatments-for-adult-acute
https://clinicaltrials.gov/ct2/show/NCT03815942?term=NCT03815942&draw=2&rank=1
https://www.vaccitech.co.uk/phase-2a-data-prostate-cancer-immunotherapy/
https://clinicaltrials.gov/ct2/show/NCT02787005
https://www.edisongroup.com/company/ultimovacs/
https://www.nature.com/articles/s41388-019-0872-9
https://jbiomedsci.biomedcentral.com/articles/10.1186/s12929-018-0426-4
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metastasis and tumor resistance. As such, this makes hTERT an attractive target for cancer 

vaccine development. UV1 peptides are administered to patients through intradermal injection and, 

 following uptake, processing and presentation by antigen-presenting cells (APCs), induce an 

hTERT specific CD4 T-cell response orchestrating immune responses against tumor-specific 

antigens. In the company’s most advanced clinical trial, UV1 is being investigated in the Phase II 

INITIUM study in combination with nivolumab (Opdivo) and ipilimumab as a first-line treatment for 

patients with unresectable or metastatic melanoma, with top-line readouts expected in H123. The 

company is also developing UV1-based combinations for the treatment of mesothelioma, ovarian 

cancer, head and neck cancer and non-small cell lung cancer (NSCLC).   

Another example of a peptide-based cancer vaccine comes from OSE Immunotherapeutics. Its lead 

asset, Tedopi, is targeting second-line NSCLC as its lead indication. The vaccine is composed of 10 

epitopes (the part of the antigen that is recognized by the immune system) derived from two wild-

type, seven chemically modified peptides and a pan-DR epitope (PADRE) to enhance cytotoxic T-

cell response. These can prime the immune system to target five tumor associated antigens (CEA, 

p53, HER-2, MAGE-A2 and MAGE-A3) that are commonly over expressed in NSCLC. Recently 

announced results from the Phase III ATALANTE-1 trial demonstrate that Tedopi monotherapy 

caused a statistically significant survival benefit (median overall survival (OS) 11.1 months versus 

standard of care (SoC) 7.5 months) in patients with HLA-A2-positive NSCLC who have developed 

secondary resistance to ICIs. 

Nucleic acid vaccines: The same but different 

There is a degree of crossover between nucleic acid-based vaccines and viral vaccines as they 

both use either DNA or RNA to produce proteins that ultimately trigger an immune response to 

target cancer cells. However, differences between these vaccines arise from potentially different 

mechanisms of action, as well as the nucleic acid delivery platform.  

BioNTech and Genentech recently announced the results of a Phase I study in pancreatic cancer 

(NCT04161755) that utilizes lipophilic mRNA structures (mRNA-lipoplex) to deliver the mRNA 

vaccine to DCs. The trial included 16 patients who had previously undergone surgery, who were 

then dosed with the personalized, neoantigen specific mRNA vaccine (autogene cevumeran) in 

combination with ICI atezolizumab. A T-cell response was observed in 50% of patients with a 

median recurrence-free survival of 13.4 months and demonstrated a tolerable safety profile.  

Further clinical studies are also underway investigating the use of personalized cancer vaccines 

with dual characteristics. A recently initiated Phase II trial (NCT05456165) is dosing patients with a 

vaccine comprised of both a viral vaccine component (ChAdOx) and a lipid nanoparticle RNA 

vaccine component to provide a double immune response. The vaccine will be administered in 

combination with ICIs atezolizumab and ipilimumab, with the primary outcome of the study 

measuring the decrease in circulating tumor deoxyribonucleic acid.   

https://clinicaltrials.gov/ct2/show/NCT04382664?term=ultimovacs&recrs=adf&draw=2&rank=2
https://www.edisongroup.com/company/ose-immunotherapeutics/
https://clinicaltrials.gov/ct2/show/NCT02654587?term=ATALANTE-1&draw=2&rank=1
https://investors.biontech.de/news-releases/news-release-details/positive-phase-1-data-mrna-based-individualized-neoantigen
https://clinicaltrials.gov/ct2/show/NCT04161755
https://clinicaltrials.gov/ct2/show/NCT05456165?term=RNA+cancer+vaccine&recrs=adf&draw=2&rank=6
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Appendix B: Shining a spotlight on the clinic 

Mendus: DCP-001 cell-based vaccine 

Mendus is a Swedish biotech company focused on the development of its DC-based vaccine (DCP-

001). The lead Phase II program for DCP-001 is investigating its use as a maintenance therapy in 

AML in patients who have responded to previous treatments, but still display measurable residual 

disease. Oral chemotherapy agent azacitidine (Onureg, Bristol Myers Squibb) is the only 

therapeutic approved for AML maintenance therapy and is the existing SoC. However, due to 

toxicities associated with chemotherapy agents, they may not be suitable for long-term 

maintenance therapies, particularly in elderly patient populations.   

There are seven ongoing clinical studies (NCT03697707, NCT03679650, NCT03083054, 

NCT03059485, NCT01096602, NCT01686334, NCT05000801) assessing the use of either 

allogeneic DCs or autologous DCs for the treatment of patients with AML. Clinical responses to DC 

vaccines have so far been limited, with previous trials failing potentially due to the use of only single 

antigen-loaded DCs. Autologous therapies, in particular, also have challenges associated with 

costly and time-consuming production processes. 

Mendus’s DCP-001 is an allogeneic DC vaccine that aims to address some of the historic issues 

associated with these therapies. DCP-001 consists of mature DCs that have been produced from 

maturation and differentiation of the company’s proprietary AML cell line DCOne (Exhibit 6). 

Mendus’s technology platform has been designed to allow for DC maturation during the 

manufacturing process. As these DCs have been derived from a cancerous cell line, DCP-001 

possesses a broad panel of tumor-associated antigens. This multi-antigen design therefore 

increases the probability of eliciting an immune response when administered to patients compared 

to single-antigen therapies. Additionally, as the product is cell-line based, it allows for scalable, 

centralized manufacturing, which is one of the major challenges faced by many cancer vaccine 

products during commercialization. DCP-001 can also be effectively stored frozen, allowing for 

immediate access to patients (Exhibit 7).  

Exhibit 6: DCOne Cell line image Exhibit 7: DCP-001 product 

 
 

Source: Mendus Corporate Presentation Source: Mendus Corporate Presentation 

In the ongoing Phase II study (ADVANCE-II), DCP-001 is being assessed as a monotherapy and 

has generated positive interim results. Measurable residual disease (MRD), an important risk factor 

in AML and the primary endpoint of the study, responses were observed in 35% (seven out of 20 

patients) and a stable MRD was observed in a further 35% of patients. Median regression free 

survival (mRFS) and OS, both secondary endpoints, have, so far, not been reached at 14.3 months, 

suggesting a potentially significant benefit over Onureg (mRFS 7.1 months, median OS 14.6 

months). While final datasets from the open label ADVANCE-II study are still required, these 

preliminary results have started to demonstrate the high immunogenicity of DCP-001. Mendus is 

also investigating the use of DCP-001 as a first-line monotherapy treatment for ovarian cancer 

(ALISON trial) with initial results expected in H222. 

https://ashpublications.org/blood/article/127/1/53/34879/An-update-of-current-treatments-for-adult-acute
https://clinicaltrials.gov/ct2/show/NCT03697707?term=dendritic+cell+vaccine&recrs=adf&cond=AML&draw=2&rank=1
https://clinicaltrials.gov/ct2/show/NCT03679650?term=dendritic+cell+vaccine&recrs=adf&cond=AML&draw=2&rank=2
https://clinicaltrials.gov/ct2/show/NCT03083054?term=dendritic+cell+vaccine&recrs=adf&cond=AML&draw=2&rank=3
https://clinicaltrials.gov/ct2/show/NCT03059485?term=dendritic+cell+vaccine&recrs=adf&cond=AML&draw=2&rank=4
https://clinicaltrials.gov/ct2/show/NCT01096602?term=dendritic+cell+vaccine&recrs=adf&cond=AML&draw=2&rank=5
https://clinicaltrials.gov/ct2/show/NCT01686334?term=dendritic+cell+vaccine&recrs=adf&cond=AML&draw=2&rank=6
https://clinicaltrials.gov/ct2/show/NCT05000801?term=dendritic+cell+vaccine&recrs=adf&cond=AML&draw=2&rank=7
https://www.nature.com/articles/d42859-020-00022-7
https://www.nature.com/articles/cr2016157
https://link.springer.com/article/10.1007/s00262-018-2198-9
https://clinicaltrials.gov/ct2/show/NCT03697707?term=dendritic+cell+vaccine&recrs=adf&cond=AML&draw=2&rank=1
https://clinicaltrials.gov/ct2/show/NCT04739527
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OSE Immunotherapeutics: Tedopi peptide cancer vaccine 

Drug resistance is a major cause of therapeutic failure in NSCLC and only three drugs have been 

approved for the treatment of advanced NSCLC in a second-line setting (docetaxel, pemetrexed 

and erlotinib). This indication therefore remains an area of high unmet need.  

OSE Immunotherapeutics (OSE) has developed its lead asset Tedopi, a peptide-based therapeutic 

vaccine targeting second-line NSCLC as its lead indication. The vaccine has been developed to 

target five tumor-associated antigens (CEA, p53, HER-2, MAGE-A2 and MAGE-A3), commonly 

over expressed in NSCLC, based on nine epitopes (the part of the antigen that is recognized by the 

immune system). This multi-antigen and epitope design further increases the chances of eliciting an 

immune response in patients while decreasing the likelihood of off-target toxicity (Exhibit 8).  

Exhibit 8: Tedopi targeted design 

 

Source: OSE corporate presentation 

Tedopi is one of the most advanced therapeutic vaccines in clinical development, with OSE having 

recently announced the final datasets from its Phase III ATALANTE-1 trial. The trial investigated 

Tedopi as a monotherapy for the treatment of patients with HLA-A2-positive NSCLC who have 

developed secondary resistance to ICIs. In this context, secondary resistance refers to patients who 

failed treatment after receiving a minimum of 12 weeks ICI. The study’s primary endpoint assessed 

OS associated with Tedopi monotherapy over SoC (docetaxel or pemetrexed) and demonstrated a 

statistically significant outcome (median OS 11.1 months versus SoC 7.5 months). It is anticipated 

that this data will support filing with the FDA’s early access program, allowing the use of Tedopi 

outside of clinical trials when no comparable or satisfactory alternative therapy options are 

available. 

In collaboration with academic partners, OSE will supply Tedopi as part of two Phase II studies to 

investigate the vaccine in ICI combinations. In a further second-line NSCLC setting, the Combi-TED 

study will evaluate Tedopi in combination with nivolumab while the TEDOVA trial will combine 

Tedopi with pembrolizumab as a maintenance therapy in ovarian cancer. We believe the clinical 

success observed with Tedopi as a monotherapy provides encouraging signs for future clinical 

utility, particularly in combinational therapy settings with ICIs.  

https://clinicaltrials.gov/ct2/show/NCT02654587?term=ATALANTE-1&draw=2&rank=1
https://clinicaltrials.gov/ct2/show/NCT04884282?term=combi-ted&draw=2&rank=1
https://clinicaltrials.gov/ct2/show/NCT04713514?term=TEDOVA&draw=2&rank=1
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Ultimovacs: UV1 universal cancer peptide vaccine 

Ultimovacs is a pharmaceutical company that is primarily focused on the development of its lead 

asset, UV1, a peptide-based cancer vaccine with the potential for universal application across 

cancer types. This pan-cancer characteristic comes from the antigens that UV1 is designed to elicit 

in an immune response against tumor cells. These antigens are derived from the cell replication 

enzyme, telomerase. Telomerase is expressed in up to 90% of all cancers; however, it is not 

expressed in most normal human cells. Expression of telomerase plays a critical role in tumor cell 

lifecycles, resulting in unlimited, uncontrolled cell division. hTERT is primarily expressed in a 

subpopulation of cancer cells called CSCs, which are often resistant to conventional cancer 

treatments, leading to metastasis and tumor resistance. As such, this makes hTERT an attractive 

target for cancer vaccine development. UV1 peptides are administered to patients through 

intradermal injection and, following uptake, processing and presentation by APCs, induce an 

hTERT-specific CD4 T-cell response, orchestrating immune responses against tumor-specific 

antigens.  

Ultimovacs is investigating the use of UV1 in combination with ICIs. With this combination, the 

company is leveraging the mutual dependency and synergistic relationship between both the 

immune system and ICIs. In summary, the UV1 vaccine is designed to enhance the activity of the 

immune system’s T cells to target cancer cells while ICIs block the cancer cells’ defense 

mechanism against those same T cells. This clinical strategy allows Ultimovacs to explore the use 

of UV1 across a range of indications in which blockbuster ICIs have received approval and may 

provide UV1 with future growth opportunities (Exhibit 9). 

Exhibit 9: UV1’s ICI combination potential 

 

Source: Ultimovacs corporate deck, May 2022 

In its lead indication, malignant melanoma, UV1 has received dual fast-track designation from the 

FDA as an add-on therapy to pembrolizumab (Keytruda) or ipilimumab (Yervoy) for treating 

unresectable or metastatic melanoma. UV1 has also received orphan drug designation in the 

treatment of malignant melanoma. UV1 is being investigated in the Phase II INITIUM study in 

https://www.nature.com/articles/s41388-019-0872-9
https://clinicaltrials.gov/ct2/show/NCT04382664?term=ultimovacs&recrs=adf&draw=2&rank=2
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combination with nivolumab (Opdivo) and ipilimumab as a first-line treatment for patients with 

unresectable or metastatic melanoma. Top-line readouts are expected in H123. However, the 

encouraging results, in year five, of a Phase I study of UV1 with ipilimumab in malignant melanoma 

reported a median OS in 12 patients of 66.3 months versus 17 months with ipilimumab alone. This 

result demonstrates proof-of-concept for clinical efficacy. This result is clinically very relevant as it 

shows that UV1 can affect lasting immune memory via the stimulation of CD4 lymphocytes on 

administration, a mechanism not demonstrated by many other cancer vaccines. In addition to 

positive clinical results, UV1 is easily manufactured using low-cost standard peptide synthesis 

techniques and possesses an extended shelf life (three years), making it an attractive off-the-shelf 

product.   
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