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Neoantigen vaccines for cancer: 
ready for primetime
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Tumor neoantigens are somatic mutations specific to the tumor that can elicit immune re-
sponses. Genetic mutations are one of the hallmarks of cancer and as a result almost all tu-
mors harbor neoantigens and are susceptible to elimination by the immune system. However, 
tumor cells often organize an immunosuppressive tumor microenvironment, which hampers 
the recruitment of immune cells into the tumors and the development of immune responses 
against these neoantigens. The use of vaccines can facilitate the development of an immune 
response against tumor neoantigens and increase the immune pressure on cancer, ideally 
driving tumor elimination. Several challenges step in the way of neoantigen vaccines be-
coming effective immunotherapies today. Here, we discuss these challenges and provide a 
picture of the current state of the art in neoantigen vaccines. 
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TUMOR NEOANTIGENS
Tumor neoantigens are somatic mutations 
specific to the tumor that can elicit immune 
responses. The specific immune responses are 

generated by engagement of the adaptive im-
mune system (T cells and B cells) against the 
mutated peptides presented by Major Histo-
compatibility Complex (MHC) molecules. 
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Neoantigen presentation can activate anti-tu-
mor activity, which has the potential of elim-
inating the tumor cells. 

Unfortunately, tumors develop mech-
anisms to elude immune recognition and 
elimination. Some of these mechanisms 
for immune evasion involve developing 
an immunosuppressive microenvironment 
that prevents antigen presentation (such as 
through Human Leukocyte Antigen (HLA) 
loss) and/or T cell recognition, priming, infil-
tration or activation against the tumor cells. 
These issues prevent the expansion and in-
filtration of T cells that are able to recognize 
tumor neoantigens and target the tumor cells. 

Vaccines allow presentation of relevant an-
tigens to the immune system in conditions 
that favor the development of effective im-
mune responses. Vaccination typically results 
in activation and expansion of B cells and T 
cells that can respond to the corresponding 
antigens via the humoral and cellular im-
mune responses. In the context of cancer, 
vaccination can circumvent the difficulties 
imposed by the tumor immunosuppressive 
microenvironment facilitating the expansion 
of T cells specifically directed against the tu-
mor neoantigens [1]. Targeting tumor neo-
antigens provides important advantages that 
can be exploited for cancer treatment (Table 
1): 

	f Tumor neoantigens result from somatic 
mutations and are not subject to central 
tolerance. In contrast to tumor associated-
antigens, the immune system has never 
encountered these neoantigens prior to 
their emergence in the tumor and thus, 
has not been trained to ignore them. This 
results in neoantigens having the potential 
to elicit strong immune responses, similar 
to those elicited against microbial or other 
foreign agents [2]. 

	f Tumor neoantigens are specifically 
expressed in the tumor, consequently 
minimizing off-tumor adverse effects since 
the tumor driven somatic changes are not 
present in the germline. These observations 

increase the safety profile of neoantigen 
therapies compared to targeting tumor 
associated antigens or other common 
pathways which have the potential to 
lead to adverse effects by targeting similar 
processes present in normal cells [3]
onships. 

	f Somatic mutations are a hallmark of cancer 
development, which makes targeting 
neoantigens a therapeutic possibility in 
all cancer types [4,5]. While dysregulation 
of certain pathways or availability of 
tumor associated antigens to target is 
usually specific to certain tumor types, 
the presence of tumor somatic mutations 
occurs in all tumors, opening the possibility 
to use neoantigen-based treatments for 
any type of cancer. 

Thus, neoantigen directed personalized 
vaccines check off all the boxes for an ideal 
cancer targeted therapy based on their high 
degree of tumor specificity and their abil-
ity to activate the immune system. Indeed, 
emerging data from checkpoint immuno-
therapy studies as well as a re-evaluation of 
historical anti-cancer immunotherapy data 
suggests that the observed clinical effects 
correlate well with the presence of cancer 
neoantigens and neoantigen directed T cell 
responses in the different tumor targets [6]. 
Not surprisingly, many academic and in-
dustry groups have developed methods for 
targeting neoantigens using vaccines based 
on multiple vaccine platforms (Table 2). Al-
though most clinical studies are in Phase I 
or II, the early data bodes well for the safe-
ty profile of neoantigen targeting as a class 
of intervention. Indeed, even simply based 
upon the targeted enrollment of the reported 
ongoing studies, the cumulative exposure to 
neoantigen vaccines exceeds 3000 patients 
over more than 70 clinical trials across the 
different vaccine platforms. These studies 
have clearly demonstrated the induction of 
broad neoantigen directed T cell immuni-
ty. Additionally, clinical responses offered 
by neoantigen vaccines have demonstrated 
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encouraging signs of viability of approach 
and early clinical proof-of concept. Next, 
we discuss the main hurdles that neoantigen 
vaccines are facing in their growth towards a 
game-changing therapy (Table 1): 

Generation of CD8+ T cell responses

While anti-tumor activity may be mediated 
by multiple mechanisms, CD8+ T cells are 
recognized as the major contributors to cy-
tolytic activity in vivo and therefore tumor 
elimination via direct killing of cells display-
ing cognate MHCI-peptide complexes on the 
tumor cell surface. Thus, the basis of most al-
gorithms for generating neoantigen vaccines 
is the identification of MCHI epitopes that 
will drive expansion of neoantigen-targeted 
CD8+ T cells. These expanded anti-neoanti-
gen CD8+ T cells will circulate, infiltrate the 
tumor, and promote immune elimination of 
the neoantigen-expressing tumor cells.

Early neoantigen vaccine clinical trials have 
used synthetic long peptides (SLPs) in com-
bination with poly(I:C), dendritic cells load-
ed with HLA class I restricted peptides, or 
RNA vaccines encoding neo-epitopes. These 
clinical trials have demonstrated the induc-
tion of immune responses directed against 
an important fraction of the neoantigens 
delivered [7–11]. However, the vast majority 
of the immune responses elicited by RNA or 
SLPs have been CD4+ T cells, both in these 
early clinical studies as well as in pre-clinical 
mouse studies preceding the clinical trials 
[7–10, 12,13]. This strong induction of CD4+ 

T cell responses occurs despite the fact that 
the epitopes were putatively selected in silico 
for high MHCI binding affinity in an effort 
to drive CD8+ T cell responses. A potential 
explanation for the CD4+ responses are the 
presence of overlapping epitopes that activate 
both CD4+ and CD8+ T cells [14,15]. Over-
lapping MCHI and MHCII binding epitopes 
can be commonly found around neoantigens 
using bioinformatic prediction tools. How-
ever, the unexpectedness of a predominant 
CD4+ response was initially linked to the se-
lection of epitopes used and much focus was 
directed towards improvement of the predic-
tion methodology.

After more studies and additional clinical 
data across multiple different vaccine plat-
forms and neoantigen selection approach-
es, the epitope selection hypothesis seems 
unlikely to entirely explain the preponder-
ance of CD4+ T cell responses. An alternate 
hypothesis is that the immune phenotype 
is linked to the method of immunization. 
Dendritic cell vaccination methodology 
loaded with HLA class I restricted neo-epi-
topes (9mers) was able to generate frequent 
CD8+ T cell responses, as opposed to SLP 
and RNA [11]. Also, preclinical work with 
long neoantigen epitopes (33mers) encoded 
as DNA yielded primarily CD8+ responses, 
especially in those epitopes with highest pre-
dicted MHC Class I binding affinity [16]. 
This preclinical work is in line with the fre-
quency of CD8+ responses seen in clinical 
trials using DNA encoded full tumor associ-
ated antigens or viral proteins [17–19]. The 
understanding of why the RNA and peptide 

  f TABLE 1
Current challenges and opportunities for neoantigen vaccines.

Opportunities
	f Strong responses, not subject to central tolerance

	f Tumor-specific, minimizing off-target effects

	f Potentially present in all cancers
Current challenges

	f Difficulty in generating CD8+ responses

	f Ability to target a limited number of neoantigens

	f Long manufacturing timelines
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based vaccines induce infrequent CD8+ T 
cell responses remains unclear, although 
other mRNA and peptide/protein vaccines 
targeting viral antigens have also generated 
predominantly CD4+ T cell responses, sug-
gesting that this phenomenon could be plat-
form dependent [20–22]. 

Number of epitopes targeted

Adoptive cell transfer experience has shown 
that targeting CD8+ T cells against a single 
epitope can be sufficient for tumor elimina-
tion [23,24]. These studies typically target 
proteins encoded by driver genes or proteins 

  f TABLE 2
Representative clinical trials using neoantigen vaccines.
Clinical trial number Vaccine platform Phase Tumor types Estimated enrollment

NCT01970358 Peptide I Melanoma 10

NCT03597282 Peptide I Melanoma 40

NCT03568058 Peptide I Solid tumors 30

NCT03380871 Peptide I NSCLC 15

NCT02897765 Peptide I UC, Melanoma, NSCLC 55

NCT03633110 Peptide I/II Melanoma, NSCLC, HNSCC, 
UC, RCC

99

NCT04161755 mRNA I PDAC 20

NCT03897881 mRNA II Melanoma 150

NCT03313778 mRNA I Solid tumors 90

NCT03815058 mRNA II Melanoma 132

NCT04267237 mRNA II NSCLC 80

NCT04486378 mRNA II CRC 201

NCT03289962 mRNA I NSCLC, CRC, UC, melanoma, 
TNBC, RCC, HNSCC, other 
solid

770

NCT04251117 DNA I/II HCC 12

NCT03548467 DNA I/II Solid tumors 65

NCT04015700 DNA I GBM 6

NCT03598816 DNA II RCC 48

NCT03092453 Dendritic cell I Melanoma 12

NCT03300843 Dendritic cell II Melanoma, GI, breast, ovari-
an, pancreatic

1

NCT01132014 Dendritic cell I Ovarian 67

NCT03639714 Viral vector + RNA I/II NSCLC, CRC, GEA, UC 214

NCT03953235 Viral vector + RNA I/II NSCLC, CRC, PDAC, other 
solid tumors

144

NCT03265080 Bacterial vector I NSCLC, CRC, HNSCC, UC, 
melanoma

5

NSCLC: Non-small cell lung cancer; UC: Urothelial carcinoma; HNSCC: Head & neck squamous cell carcinoma; RCC: Renal cell carcinoma; PDAC: 
pancreatic adenocarcinoma; CRC: Colorectal carcinoma; TNBC: Triple negative breast cancer; HCC: Hepatocellular carcinoma; GI: Gsstrointestinal; 
GEA: Gastro esophageal adenocarcinoma.
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required for cell growth or function such as 
KRAS, TP53 or CD19. Targeting proteins 
that are required for cell function helps avoid 
immune evasion, in which the tumor cell 
‘gets rid’ of the therapeutic target by loss or 
mutation, avoiding recognition by the im-
mune system [25]. 

Tumor neoantigens occur frequently as pas-
senger mutations, not driver mutations. The 
fact that these mutations are not required for 
tumor survival makes it easier for the tumor 
to eliminate the target to avoid immune de-
tection without consequences for its growth or 
survival. Targeting a low number of neoanti-
gens could easily result in antigen loss and tu-
mor escape from the immune pressure. Initial 
clinical trials using neoantigen vaccines started 
targeting up to 20 neoantigens [7, 8]. Current-
ly, there are clinical trials targeting up to 40 
neoantigens per patient, which in some tumor 
types translate into targeting 100% of their 
neoantigens for a high number of patients. 

Subclonality in cancer also makes targeting 
a higher number of neoantigens beneficial. 
Cancer starts with the accumulation of driver 
mutations (oncogenes and tumor suppressor 
genes) in a single cell. This results in a trans-
formed cell growing in a dysregulated man-
ner. Dysregulated growth results in different 
mutations accumulating in different cells, 
establishing subclones, which will outgrow 
by competitive advantage. Outgrowth of dif-
ferent subclones becomes more dramatic fol-
lowing metastasis, chemotherapy or targeted 
therapies. The different subclones have a set 
of common and divergent mutations from 
each other. Additionally, the tumor neoanti-
gen landscape does not present a static, in-
variant picture. Indeed, large scale genomic 
analysis of cancer patient tumor samples have 
provided evidence of the clonal heterogene-
ity within (i) different sections of the same 
resected tumor; and (ii) between tumors sam-
pled at different metastatic sites within the 
same patient [26]. There is also the potential 
for an altered neoantigen landscape between 
tumors sampled longitudinally within a pa-
tient between primary and recurrent tumors 
or in response to various treatment regimens 

[27,28]. Significantly, at least one analysis by 
O’Donell et al concludes that even when 
clonal heterogeneity is observed longitudinal-
ly, these are likely resulting from mutational 
processes that are already underway in the 
earliest tumors [29]. Selection of a limited 
number of mutations for a vaccine can result 
in targeting only certain subclones, while not 
capturing neoantigens that are common to all 
subclones. A higher number of neoantigens 
or ideally targeting all discovered neoantigens 
will facilitate the targeting of all subclones 
present in that tumor, limiting also the possi-
bility of tumor escape [30]. 

Finally, the ability to include more neo-
antigens in the vaccine reduces the need for 
perfection in the neoantigen selection strat-
egy. Many groups select neoantigens based 
on bioinformatic prediction tools trained on 
binding affinity and mass spectrometry-elut-
ed ligands. Prediction algorithms can also be 
trained using immune responses to the neo-
antigens used in clinical trials. The ability of 
these tools to predict CD8+ T cell respons-
es have been criticized due to the inability 
of early clinical trials to drive CD8+ T cells, 
however, as noted above, this inability may 
be vaccine platform dependent. The Park-
er Institute for Cancer Immunotherapy is 
leading a bioinformatics effort coordinating 
scientists from over 40 industry, non-profit 
and academic groups to find the best way to 
predict neoantigens for treating patients [31]. 
However, the use of weakly or inconsistently 
immunogenic platforms, the different vac-
cine design and delivery methods, patient 
variability including tumor type and immu-
nosuppressive elements, and immunologic 
readouts are limitations that can confound 
prospective evaluation and validation of pre-
diction algorithms. Some groups adopt the 
approach of pre-validating the neoantigens 
by testing in vitro the patients’ T cells against 
predicted neoantigens identified by sequenc-
ing patient tumors and selecting only those 
neoantigens for inclusion in the vaccine for 
which preexisting T cell responses are detect-
ed. Inclusion of a higher number of neoan-
tigens to the vaccine will be helpful in both 
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cases. In the case of bioinformatic predic-
tions, it is likely that some predictions will 
not result in T cell responses in that patient. 
Targeting a higher number will therefore 
result in an increased probability of driving 
more neoantigen responses. Ex vivo experi-
mental selection is closer to in vivo reactivity 
in principle, as there is confirmation that the 
selected epitope is presented by MHC mol-
ecules, recognized by the relevant T cell re-
ceptors (TCR) and shown to activate the T 
cells. However, the methodology is limited 
by the sensitivity of the detection assays and 
susceptible to ex vivo assay artifacts. The dis-
advantage of experimental selection is that it 
identifies only the epitopes with the strongest 
preexisting responses, regardless of their func-
tional relevance to the anti-tumor response. 
Additionally, targeting T cells already present 
in the blood in significant numbers can also 
be detrimental as they could have a more ex-
hausted phenotype, as opposed to priming de 
novo responses. Here again, targeting higher 
number of epitopes will increase the likeli-
hood that the vaccine can effectively expand 
the desired T cells in vivo and that those T 
cells will be relevant to targeting the tumor. 

A potential limitation for the immuni-
zation with large antigenic numbers is the 
possibility of antigen competition. There 
is preclinical and clinical data suggesting 
that simultaneous immunization with large 
quantities of antigen can result in lower T 
cell responses to the desired antigens [32,33]. 
However, this varies depending on the num-
ber of antigens to be delivered, the vaccine 
platform, adjuvants or the immune fitness of 
the individual receiving the vaccine. There is 
preclinical data using DNA neoantigen vac-
cines which show no impairment to antitu-
mor responses of with up to 60 neoepitopes 
in which a single neoepitope was found to 
drive the antitumor response [16]. 

Manufacturing time

Tumor neoantigens are largely unique [34]. 
This makes neoantigen vaccines a truly 

personalized therapy. To manufacture these 
personalized vaccines, the minimal elements 
required are exome and RNA sequencing, 
neoantigen identification and GMP manu-
facturing of the patient-specific vaccine (Fig-
ure 1).

Most cancer therapies are off-the-shelf and 
can be dosed immediately once indicated. 
Neoantigen vaccines, however, require pa-
tient specific manufacturing time which is 
typically weeks or months. The longer the 
time required for vaccine manufacturing, the 
higher is the risk that the tumor can progress 
and make the patient ineligible for receiving 
the vaccine. Time is a critical factor in cancer 
treatment, and the speed in which a person-
alized vaccine can be manufactured is of high 
importance. 

Published clinical trials report manufactur-
ing timelines of over 12 weeks [7–10], which 
can result in the trials losing patients due to 
disease progression. Additionally, the extend-
ed manufacturing timelines make clinical 
studies to elucidate the efficacy of neoantigen 
vaccines challenging both as single agents 
(risk of disease progression) or as combina-
tions with other agents. For example, with 
PD1/PDL1 checkpoint immunotherapy be-
coming standard of care in many cancer set-
tings, the neoantigen vaccine clinical trials are 
often designed for the vaccine to be adminis-
tered in combination with the checkpoint in-
hibitor (CPI). The combination approach is 
well supported by pre-clinical model studies 
as well as sound scientific rationale of com-
bining a T cell inducer (vaccine) with a T cell 
activity facilitator (CPI). However, the long 
manufacturing lead times for current neo-
antigen modalities have meant that patients 
begin CPI therapy prior to vaccine availabil-
ity and often have already received 3+ cycles 
of CPI therapy prior to the first vaccination. 
This delay in vaccine administration makes it 
difficult to determine if the effects observed 
in uncontrolled vaccine-CPI combination 
clinical trials are attributable to the vaccine or 
the CPI alone. 

Recently, groups manufacturing DNA 
and RNA vaccines are claiming timelines for 
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vaccine production down to 6 weeks per pa-
tient. While 6 weeks is a significant advan-
tage over previous standards, the treatment 
of cancer requires more aggressive manufac-
turing timelines that allow patient therapy to 
become available. Here, the fledgling neoan-
tigen field need only look to their colleagues 
in the autologous/allogeneic CART therapy 
space. The initial therapies started with turn-
around times of several months. After mul-
tiple years of process innovation, the most 
advanced CAR-T therapies are now being 
turned around in 4 weeks from apheresis to 
administration. This manufacturing change 
was certainly driven by the first clinical suc-
cesses in the treatments impacting patient 
outcomes. In the meantime, the favorable 
safety profile, together with the longer time 
to treat available, makes adjuvant cancer ther-
apy an especially well-suited space for neoan-
tigen vaccines.

Neoantigen vaccines are patient friendly 
and benefit from requiring only a minimal 
starting sample from the patient - tumor bi-
opsy and normal tissue as opposed to a large 
volume of cells collected via apheresis of the 
patient. We are confident that successful neo-
antigen vaccine results will drive research and 
development efforts and manufacturing op-
timization which will further refine the time 
and scale required for these new personalized 
therapies. 

CONCLUSION
Neoantigen vaccines are at the forefront of per-
sonalized medicine and present a very prom-
ising alternative to treat many different kinds 
of cancer. However, it is still a new therapy 
and it requires optimization. This will involve 
finding the best vaccination platforms to elicit 

	f FIGURE 1
Minimal elements required for manufacturing of neoantigen vaccines.

The minimal elements required for manufacturing neoantigen vaccines are: (1) exome and RNA sequencing, informs of the tumor-specific somatic 
changes and their expression; (2) neoantigen identification, can be done through experimental validation or bioinformatic prediction; (3) cGMP 
manufacturing: the selected neoantigens can be manufactured in different vaccine platforms; (4) the immunotherapy strategy defines how the 
vaccine will be given to the patient, considerations to make at this point are the number of neoantigens that will be used, potential combination 
with other therapies and the type and stage of tumor treated. 
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potent CD8+ T cell responses, finding the best 
regimens and therapeutic combinations, in-
creasing the number of neoantigens that can 
be targeted and finding the most appropriate 
time for vaccination, for which shortening the 
manufacturing time will be an important step. 
The field as a whole is learning from the past 
experiences and making better neoantigen 

REFERENCES
1.	 Castle JC, Kreiter S, Diekmann J et al. 

Exploiting the mutanome for tumor 
vaccination. Cancer Res. 2012; 72(5): 
1081–91.

2.	 Hacohen N, Fritsch EF, Carter TA et al. 
Getting personal with neoantigen-based 
therapeutic cancer vaccines. Cancer Im-
munol. Res. 2013; 1(1): 11–5.

3.	 Gubin MM, Artyomov MN, Mardis ER, 
Schreiber RD, Tumor neoantigens: build-
ing a framework for personalized cancer 
immunotherapy. J. Clin. Invest. 2015; 
125(9): 3413–21.

4.	 Martincorena I, Campbell PJ, Somatic 
mutation in cancer and normal cells. Sci-
ence, 2015; 349(6255): 1483–9.

5.	 Chalmer ZR, Connelly CF, Fabrizio D 
et al. Analysis of 100,000 human cancer 
genomes reveals the landscape of tumor 
mutational burden. Genome Med. 2017; 
9(1): 34.

6.	 McGranahan N, Furness AJS, Rosen-
thal R et al. Clonal neoantigens elicit T 
cell immunoreactivity and sensitivity to 
immune checkpoint blockade. Science, 
2016; 351(6280): 1463–9.

7.	 Ott PA, Hu Z, Keskin DB et al. An im-
munogenic personal neoantigen vaccine 
for patients with melanoma. Nature 2017; 
547(7662): 217–221.

8.	 Sahin U, Derhovanessian E, Miller M 
et al. Personalized RNA mutanome vac-
cines mobilize poly-specific therapeutic 

immunity against cancer. Nature 2017; 
547(7662): 222–226.

9.	 Hilf N, Kuttruff-Coqui S, Frenzel K et 
al. Actively personalized vaccination trial 
for newly diagnosed glioblastoma. Nature 
2019; 565(7738): 240–245.

10.	 Keskin DB, Anandappa AJ, Sun J et al. 
Neoantigen vaccine generates intratu-
moral T cell responses in phase Ib glio-
blastoma trial. Nature 2019; 565(7738): 
234–239.

11.	 Carreno BM, Magrini V, Becker-Hapak M 
et al. Cancer immunotherapy. A dendrit-
ic cell vaccine increases the breadth and 
diversity of melanoma neoantigen-specific 
T cells. Science 2015; 348(6236): 803–8.

12.	 Kreiter S, Vormehr M, van de Roemer N 
et al. Mutant MHC class II epitopes drive 
therapeutic immune responses to cancer. 
Nature 2015; 520(7549): 692–6.

13.	 Martin SD, Brown SD, Wick DA et al. 
Low Mutation Burden in Ovarian Cancer 
May Limit the Utility of Neoantigen-Tar-
geted Vaccines. PLoS One. 2016; 11(5): 
e0155189.

14.	 Adhikari UK, Rahman MM, Overlap-
ping CD8+ and CD4+ T-cell epitopes 
identification for the progression of epi-
tope-based peptide vaccine from nucleo-
capsid and glycoprotein of emerging Rift 
Valley fever virus using immunoinformat-
ics approach. Infect. Genet. Evol. 2017; 56: 
75–91.

15.	 Abrams SI, Stanziale SF, Lunin SD et al. 
Identification of overlapping epitopes in 
mutant ras oncogene peptides that acti-
vate CD4+ and CD8+ T cell responses. 
Eur. J. Immunol. 1996; 26(2): 435–43.

16.	 Duperret EK, Perales-Puchalt A, Stoltz R 
et al. A Synthetic DNA, Multi-Neoanti-
gen Vaccine Drives Predominately MHC 
Class I CD8(+) T-cell Responses, Impact-
ing Tumor Challenge. Cancer Immunol. 
Res. 2019; 7(2): 174–182.

17.	 Trimble CL Morrow MP, kraynyak KA 
et al. Safety, efficacy, and immunogenic-
ity of VGX-3100, a therapeutic synthetic 
DNA vaccine targeting human papillo-
mavirus 16 and 18 E6 and E7 proteins 
for cervical intraepithelial neoplasia 
2/3: a randomised, double-blind, place-
bo-controlled phase 2b trial. Lancet 2015; 
386(10008): 2078–88.

18.	 Tebas P, Roberts CC, Muthumani K et 
al. Safety and Immunogenicity of an An-
ti-Zika Virus DNA Vaccine - Preliminary 
Report. N. Engl. J. Med. 2017; 

19.	 Aggarwal C, Cohen RB, Morrow MP et 
al. Immunotherapy Targeting HPV16/18 
Generates Potent Immune Responses in 
HPV-Associated Head and Neck Cancer. 
Clin. Cancer Res. 2019; 25(1): 110–124.

20.	 Alberer M, Gnat-Vogt U, Sangjoon Hong 
H et al. Safety and immunogenicity of a 
mRNA rabies vaccine in healthy adults: an 
open-label, non-randomised, prospective, 

vaccines that will be able to change cancer 
treatment in the near future. What makes 
this possibility even more tantalizing is that 
because all cancers harbor somatic changes to 
some degree, neoantigen vaccines if success-
ful, have the potential to be agnostic of tumor 
type, and could be used to treat all cancers 
based on their molecular (mutational) profile.



expert insight 

  125Immuno-Oncology Insights - ISSN: 2059-7800  

first-in-human phase 1 clinical trial. Lan-
cet. 2017; 390(10101): 1511–1520.

21.	 Jackson LA, Anderson EJ, Rouphael NG 
et al. An mRNA Vaccine against SARS-
CoV-2 - Preliminary Report. N. Engl. J. 
Med. 2020;

22.	 Corbett KS, Flynn B, Foulds KE et al. 
Evaluation of the mRNA-1273 Vaccine 
against SARS-CoV-2 in Nonhuman Pri-
mates. N. Engl. J. Med. 2020; 383(16): 
1544–1555.

23.	 Maude SL, Frey N, Shaw PA et al. Chi-
meric antigen receptor T cells for sus-
tained remissions in leukemia. N. Engl. J. 
Med. 2014; 371(16): 1507–17.

24.	 Sim MJW, Lu J, Spencer M et al. High-af-
finity oligoclonal TCRs define effective 
adoptive T cell therapy targeting mutant 
KRAS-G12D. Proc. Natl. Acad. Sci. U S 
A 2020; 117(23): 12826–12835.

25.	 Vinay DS, Ryan EP, Pawelec G et al. Im-
mune evasion in cancer: Mechanistic basis 
and therapeutic strategies. Semin. Cancer 
Biol. 2015; 35:  S185-S198.

26.	 McGranahan N, Swanton C, Clonal 
Heterogeneity and Tumor Evolution: 

Past, Present, and the Future. Cell 2017; 
168(4): 613–628.

27.	 Rosenthal R, Larose Cadieux E, Salgado 
R et al. Neoantigen-directed immune 
escape in lung cancer evolution. Nature 
2019; 567(7749): 479–485.

28.	 Patch AM, Christie EL, Etemadmogha-
dam D et al. Whole-genome characteri-
zation of chemoresistant ovarian cancer. 
Nature 2015; 521(7553):  489–94.

29.	 O’Donnell T, Christie EL, Ahuja A et al. 
Chemotherapy weakly contributes to pre-
dicted neoantigen expression in ovarian 
cancer. BMC Cancer 2018; 18(1): 87.

30.	 Reiter JG, Baretti M, Gerold JM et al. 
An analysis of genetic heterogeneity in 
untreated cancers. Nat. Rev. Cancer 2019; 
19(11):  639–650.

31.	 Wells DK, van Buuren MM, Dang KM et 
al. Key Parameters of Tumor Epitope Im-
munogenicity Revealed Through a Con-
sortium Approach Improve Neoantigen 
Prediction. Cell 2020; 183(3): 818–834.
e13.

32.	 Kallas EG, Grunenberg NA, Yu C et al. 
Antigenic competition in CD4(+) T cell 

responses in a randomized, multicenter, 
double-blind clinical HIV vaccine trial. 
Sci. Transl. Med. 2019; 11(519).

33.	 Schwartzkoff CL, Egerton JR, Stewart DJ 
et al. The effects of antigenic competition 
on the efficacy of multivalent footrot vac-
cines. Aust. Vet. J. 1993; 70(4): 123–6.

34.	 Parkhurst MR, Robbins PF, Tran E et al. 
Unique Neoantigens Arise from Somatic 
Mutations in Patients with Gastrointes-
tinal Cancers. Cancer Discov. 2019; 9(8): 
1022–1035.

AFFILIATIONS

Alfredo Perales-Puchalt 
Author for correspondence 
Affiliation

Neil Cooch 
Affiliation

Ashwini Shende 
Affiliation

Niranjan Y Sardesai 
Author for correspondence 
Affiliation

AlfredoPerales-Pucha
Sticky Note
Affiliation for all: Geneos Therapeutics. Plymouth Meeting, PA, USA. 

AlfredoPerales-Pucha
Sticky Note
peralespuchalt@geneostx.com

AlfredoPerales-Pucha
Sticky Note
sardesai@geneostx.com



126

IMMUNO-ONCOLOGY INSIGHTS	

DOI: 10.18609/ioi.2020.012

AUTHORSHIP & CONFLICT OF INTEREST

Contributions: All named authors take responsibility for the integrity of the work as a whole, and have given their approval for this 
version to be published.

Acknowledgements: None.

Disclosure and potential conflicts of interest: Dr Sardesai is an employee of Geneos Therapeutics and has a patent WO 2019/227106 
A1 pending. Mr Cooch is an employee of Geneos Therapeutics. Ms Shende was an intern at Geneos Therapeutics during the creation of 
this work. Dr Perales-Puchalt is an employee of Geneos Therapeutics and has a patent WO 2019/227106 A1 pending.

Funding declaration: The authors received no financial support for the research, authorship and/or publication of this article. 

ARTICLE & COPYRIGHT INFORMATION

Copyright: Published by Cell and Gene Therapy Insights under Creative Commons License Deed CC BY NC ND 4.0 which allows anyone 
to copy, distribute, and transmit the article provided it is properly attributed in the manner specified below. No commercial use without 
permission.

Attribution: Copyright © 2020 Perales-Puchalt A, Cooch N, Shende A & Sardesai NY. Published by Cell and Gene Therapy Insights 
under Creative Commons License Deed CC BY NC ND 4.0.

Article source: Invited; externally peer reviewed.

Submitted for peer review: Aug 6 2020; Revised manuscript received: Sep 29 2020; Publication date: date.


	_GoBack

