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Abstract
Background: Solid tumor malignancies are a cause of mortality in adults, with 

growing prevalence in young adults. Chemotherapies in combination with immune 
checkpoint inhibitors have been shown to induce responses in these tumors through 
T cell responses, however non-responders in the clinical setting have been observed. 

Methods: PubMed searches were conducted with the keywords “Cancer vaccines”, 
“Personalized vaccines,” “tumor neoantigens” and “cancer immunotherapies.” 

Results: Personalized neoantigen vaccines constructed from primarily DNA, RNA 
and peptides have been shown to generate CD4+ and CD8+ T cell responses, resulting 
in delay in tumor growth and tumor regression. Created from tumor specifi c antigens, 
they are unique to each patient. Experiments detecting for T cell responses and 
preclinical models have provided evidence for the safety, feasibility and clinical effi  cacy 
of personalized neoantigen vaccines and immune checkpoint inhibitor combination 
treatments. 

Conclusion: Future research can be directed to developing personalized neoantigen 
vaccines-ICI combination treatments for treatment of cancer and hematologic 
malignancies. 

Introduction
Cancer is among the one of the highest causes of mortality worldwide 

and is showing increasing incidence in young adults. Since chemotherapy 
is associated with less than favorably safety profi les, considerable number 
of patients cannot tolerate it. Combination strategies with pembrolizumab 
have been administered, but however meet with drug resistance and non-
responders. Precision oncology, or personalized cancer medicines, are in 
increasing clinical utilization and have led to improved clinical outcomes 
and less side eff ects in patients. Personalized cancer medicines comprise 
targeted therapies and cancer immunotherapies. 

Personalized neoantigen vaccines are customized vaccines 
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manufactured to treat an individual patient in contrast 
to shared or public vaccines that are constructed 
through shared antigens. These vaccine types 
have distinct characteristics in that personalized 
neoantigens are tumor specifi c antigens, or TSAs, 
that are formed from non-synonomous mutations 
in tumors unique to each patients, while shared 
antigens vaccines are formed from tumor associated 
antigens or TAAs that are formed from mutations 
that are common among tumors such as KRAS 
and EGFR that can treat multiple patients with the 
same vaccine. It was in fact major advancements in 
genomics and bioinformatics from massively parallel 
sequencing and epitope prediction that in part led to 
the development of personalized neoantigen cancer 
vaccines, with development of neoantigens having 
sensitivity to immunotherapies and NGS to predict 
personalized neoantigen as well as algorithms that 
predict “naturally recognized tumor neoepitopes 
that are associated with immune responses.” Shared 
neoantigens form the basis for off -the-shelf vaccine 
therapies that are manufactured [1].

TSAs are more attractive immunological targets 
since they are more immunogenic and lead to 
less central tolerance and since the target is not 
expressed on normal cells, they have less propensity 
for autoimmunity, and are identifi ed through whole 
exome sequencing and whole genome sequencing. 
Cancer vaccines have shown considerable promise 
for cancers with some of the highest post-recurrence 
rates and harshest tumor immunosuppressive 
environments and lowest survival rates such as 
glioblastoma and pancreatic cancer [1].

The main types of personalized cancer neoantigens 
are DNA vaccines, RNA vaccines, peptide vaccines 
(the most common) and dendritic cell vaccines. 
According to one review, “tumor vaccines are 
designed to enhance antigen presentation, activate 
antigen-specifi c eff ector function, and induce 
memory T cell-mediated killing, thereby exerting 
their immunotherapeutic eff ects. Traditional cancer 
vaccines designed to Target Tumor-Associated 
Antigens (TAAs) have limited success due to poor 
tumor specifi city” [2]. Vaccines increase the number 
of T cells that recognize MHC peptides that are 
induced by pathogens [3]. Personalized neoantigen 
cancer vaccines hold promise since they attack 
tumor cells while sparing normal cells and are highly 
eff ective given with the highly variable mutation rate 
of cancers and tumor heterogeneity, and show great 

potential especially when combined with immune 
checkpoint blockade [3]. 

There exists signifi cant evidence that the 
immune system can recognize tumor neoantigens. 
According to observations from mouse models, 
it was found that antitumor T cells can recognize 
aberrant peptides from TSAs, while another study 
found that somatic mutations were found to be 
a source of TSAs recognized by T cells in human 
tumors [1]. Similarly, the Rosenberg group found 
that two neoantigens on melanoma cells in a patient 
with melanoma caused complete tumor regression 
after adoptive transfer of ex-vivo TILs. Additionally, 
cancerous cells acquire genetic alterations that lead 
to the presence of neoantigens, which are part of 
the cancer acquiring immune tolerance through the 
elimination (the elimination of precancerous lesions 
prior to being symptomatic), equilibrium (immune 
system fi nds the lesion and prevents it from being 
clinically detectable) and escape phases (cancer 
becomes clinically detectable since antigens are 
lost), involving immune cells, the TME and tumor 
metabolism. Neoantigen vaccines seek to overcome 
the immunosuppressive environment. A number of 
studies eliciting data have supported the principle 
that neoantigen immunotherapies target tumors with 
a modest number of neoantigens. 

Another preclinical model study by Ott PA, et 
al. [4] that used a complicated predictive approach 
that showed interestingly that neoantigens can be 
subdivided into dominant and subdominant antigens. 
According to Yarchoan, et al. [1] “they confi rmed that 
the peptides

They used bound to their predicted HLA class 
I molecules. Second, they immunized the three 
patients with advanced melanoma with seven selected 
peptides. This is unique in that no other study has 
used lymphocytes from vaccinated individuals.” T 
cells emerged specifi c for one of the seven peptides 
before vaccination and three of the seven peptides 
after vaccination. T cells expanded after vaccination 
and undetectable neoantigens before vaccination had 
induced T cell responses, showing that vaccination 
can induce non-naturally occurring neoantigen-
specifi c T cell responses, dividing them into 
dominant neoantigens that “spontaneously induce T 
cell responses” and subdominant neoantigens that do 
not naturally induce immune responses and require 
immunization. As of December 2022, a total of 199 
trials reported in one analysis with phase I studies 
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being the most numerous and predominant study 
type. 

As Wu DW, et al. [2] state Compared to traditional 
vaccines, neoantigen vaccines have severe 
advantages: (1) They can eff ectively stimulate, 
enhance, and diversify antitumor T cell responses, 
maximizing therapeutic specifi city and overcoming 
immune tolerance; (2) its strong affi  nity with Major 
Histocompatibility Complex (MHC) molecules can 
prevent immune cells from attacking normal cells of 
patients and ensure the safety of treatment; and (3) 
they are highly feasible, generally safe, and easier to 
manufacture. Preliminary effi  cacy has been observed 
in both animal models and clinical studies, and tumor 
neoantigen vaccines have a potential synergistic 
eff ect in combination with ICIs. Tumor neoantigen 
vaccines are expected to bring tumor immunotherapy 
to a new height, prolong patient survival, and benefi t 
more patients mainly attributed to the rapidly 
development of two technologies: neoantigen 
prediction tools, and vaccine delivery platform. 
The advent of immunogenomics approaches has 
facilitated the development of cancer vaccines based 
on tumor-specifi c neoantigens derived from somatic 
alterations (for example, point mutations, insertions 
or deletions, gene fusions) [2].

Categories of neoantigen vaccines 

Peptide vaccines: Forming a category of vaccines 
formed by small chains of amino acids corresponding 
to neoantigens from specifi c tumors, these peptides 
trigger an immune response through the presentation 
of T cells to tumors, attacking and killing cancer 
cells. One example of a peptide vaccine is NeoVax 
which elicited a CR when PD-1 therapy was initiated 
following disease recurrence. The Neo-PV-01 
entered into a phase 1b clinical trial in combination 
with pembrolizumab in 82 patients with advanced 
melanoma, non-small cell lung cancer, and bladder 
cancer, and demonstrated the presence of CD4+ and 
CD8+ T cell response subsequent to vaccination. These 
vaccines hold promise for eliciting highly targeted 
responses and as well as for their manufacturing 
process [4].

Another formulation of peptides vaccines are that 
they contain 8-12 amino acids derived from tumor 
antigens which also include MHC binding peptides 
that are endocytosed, processed and presented 
to professional APCs to lead to the production 
of “peptide-specifi c T cells.” SLP, or synthetic 

long peptide, vaccines lead to more broader and 
diverse immune response that “enhance vaccine 
eff ectiveness by targeting a wider range of antigens 
or strains.” Combined with other agents such as 
GM-CSF, polyriboinosinic-polyribocytidylic acid-
poly L-Lysine Carboxymethylcellulose (poly-ICLC), 
Cytosine-Phosphateguanine (CPG) and Toll Like 
Receptor (TLR), T cell priming is optimized and 
antigen delivery effi  ciency. A phase I clinical trial for 
glioblastoma involved the delivery of a two vaccines, 
one derived from pre-manufactured unmutated 
antigens and one derived from neoantigens elicited 
sustained memory CD4 and CD8 T cells [5].

RNA vaccines: Using mRNA to construct a 
vaccine, RNA vaccines elicit T cell response to 
produce tumor specifi c neoantigens and trigger 
an immune response, and have been optimized by 
technological advancements that enhanced their 
stability, delivery methods and cost-eff ectiveness as 
well as their backbone structure. The two COVID-19 
mRNA vaccines brought mRNA vaccines back into 
the spotlight. Being fl exible and versatile, they lead 
to tumor antigens and other immunomodulatory 
molecules and inducing innate and adaptive 
immunity [6]. In 2017 the fi rst clinical trial involving 
mRNA neoantigen vaccines took place and showed 
a robust and targeted T cell response in advanced 
melanoma and “vaccine-induced T cell infi ltration 
and neoepitope-specifi c killing of autologous tumor 
cells.” Known as the fi rst personalized cancer vaccine, 
the mRNA vaccine mRNA-4157 was evaluated in a trial 
that comprised 13 patients in a monotherapy group 
and after a median follow-up of 8 months, 12 patients 
remained disease-free. Additionally, 20 patients 
received combination therapy 1 achieved CR, 2 had 
partial stable disease, 5 had disease progression, 2 
had unconfi rmed disease progression, supporting 
advancement to phase 2. Based on data from the 
phase IIb KEYNOTE-942, the combination of mRNA-
4157/V940 vaccine with pembrolizumab led to a 44% 
reduction in disease recurrence in 157 patients with 
surgically resectable high-risk melanoma, with mild 
adverse eff ects reported, leading to FDA approval in 
combination with anti-PD-1 therapy in advanced 
melanoma patients in the adjuvant setting. A lipid 
nanoparticle coated neoantigen mRNA vaccine with 
driver gene mutations tandemly linked into a single 
mRNA sequenced administered to patients with GI 
cancer. Neoantigens and “driver gene mutations 
were tandemly linked into a single mRNA sequence, 
coated with LNP, and administered to patients with 
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gastrointestinal cancer,” elicited a robust and broad 
immune response. In a randomized phase 2 trial, 
the individualized mRNA neoantigen cancer vaccine 
BNT122 in combination with pembrolizumab was 
utilized to treat advanced melanoma, and induced a 
response in surgically resectable pancreatic cancer 
tumors which also led to a robust and specifi c T cell 
response and recurrence free survival [4]. Due to their 
lower risk for mutagenesis and autoimmune and 
absence of HLA restriction they lead to the capability 
of targeting multiple neoantigens along with their 
ease and rapidity, neoantigen RNA vaccines “hold 
great potential for cancer immunotherapy” [3].

DNA vaccines: DNA vaccines are formed by the 
DNA fragments that encode specifi c neoantigens that 
are translated into proteins presented to the immune 
system leading to an immune response and the 
elimination of tumor cells that express the targeted 
neoantigen. Their advantage lies in producing a vector 
that expresses both tumor antigen and adjuvant, 
with plasmid and viral based being the two types. 
Plasmid based DNA vaccines are designed through 
directly injectable DNA that are delivered through 
electroporation as one method while viral based DNA 
vaccines use a virus that is genetically modifi ed to 
deliver the DNA. One DNA vaccine in a phase 2/3 study 
GRT-C901/GRT-R902 is being combined with ICB for 
mCRC patients administered through intramuscular 
injection. However they are limited by being weak and 
having a short-lived response along with physical 
barriers [5].

There are a number of DNA vaccines undergoing 
studies, one being GX-188E against HPV-16/HPV-
18 administered to patients diagnosed with cervical 
cancer positive for HPV virus. Remission was achieved 
in 19 of 60 patients [ORR 31.7%] with CR being 6/60 
and PR being 13/60. The vaccine along showing 
clinical effi  cacy, the safety profi le was excellent. 
Another plasmid DNA vaccine was constructed 
through encoding HER2/neu which also led to an 
antigen-specifi c T cell response with persistence 
after vaccine. [Fan] DNA vaccines can also administer 
other immunostimulatory cytokines such as GM-CSF 
and IL-2 [5].

Cell based vaccines: Cell based vaccines take the 
form of dendritic cell vaccines that take a patient’s 
DC and load the DC’s with neoantigens (peptides 
(most utilized), mRNA or DNA) and have emerged as 
a promising approach due to high immunogenicity, 
specifi city and safety and long-lasting immunity. 

After injection or intravenous administration, 
they stimulate a specifi c T cell response leading to 
tumor killing. According to Li, “[p]eptide-pulsed DC 
vaccines have demonstrated an augmented spectrum 
and diversity of neoantigen-specifi c T cells in 
melanomas and advanced lung cancer.” Neo-DCVac, 
a peptide DC vaccine, was evaluated in a phase I trial 
and had robust clinical activity in 12 lung cancer 
patients, with a DCR of 75% and mPFS of 5.5 months 
and mOS of 7.9 months. Neo-MoDC vaccine was 
combined with ICI therapy and evaluated in a phase 
I trial for metastatic GC and was also shown to have 
similar promise. However these vaccines are limited 
due to complexity and cost of preparation. DCVax-L 
an autologous tumor lysate-loaded DC vaccine was 
shown in a phase 3 trial to treat newly diagnosed 
glioblastoma and recurrent glioblastoma, with nGBM 
patients having a median OS of 19.3 months, longer 
than the 16.5 months in control groups. (HR = 0.80; 
98% CI, 0.00-0.94; p = 0.002). rGBM patients had a 
median OS of 13.2 months compared to 7.8 months on 
those without treatment [3,5]. 

64.8% of all clinical trials involved peptide vaccine 
and delivery platforms, with 16.1% for the DC system, 
and 5.5% for LNP. Most vaccines were applied as 
monotherapy with some combination therapies with 
immunotherapies evaluated. Tumor types involved 
including unspecifi ed solid tumors (25.1), NSCLC 
(12.1%) and pancreatic cancer (7.5%) [4].

ICI and personalized neoantigen vaccines 
combination therapies 

Termed an “immunotherapy duo”, the 
combination of immune checkpoint inhibitors and 
personalized neoantigen cancer vaccines have been 
shown to sustain the anti-tumor immune response 
of vaccines and that there are preclinical and clinical 
studies with data supporting the synergy of anti-PD-1 
ICIs with neoantigen vaccines [2].

An early neoantigen vaccine and immune 
checkpoint inhibitor combinations reported was a 
peptide generated vaccine, and demonstrated the 
feasibility, safety and tolerability of a NEO-PV-01 
in a phase1b single arm study in combination with 
chemotherapy and pembrolizumab as fi rst-line 
therapy in non-squamous NSCLC. PD-L1 status 
determined patient enrollment with primary 
endpoint being safety and secondary endpoints being 
PFS, OS and ORR. Combination vaccine treatment was 
observed to lead to cytotoxic T cell infi ltrate and was 
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shown to be immunogenic. The vaccine was composed 
of peptides, specifi cally, poly-ICLC (polyinosinic-
polycytidylic acid stabilized with polylysine and 
carboxymethylcellulose. 

Dosing instructions included patients receiving 
the combination treatment every 3 weeks in 4 cycles 
with fi ve priming and two booster doses of NEO-
PV-01, continued until either toxicities developed or 
disease progression. 

Mutational status observed in NSCLC among an 
ITT set of 38 patients

Mutation # of patients

KRAS mutation 19

TP53 15

KEAP1 6

STK11 No mutations

Key Results
 “Median PFS (95% CI) for ITT patients was 6.3 

months (5.6–14.7) and for VAX patients was 7.2 
months (5.7–14.7). 

 Median OS for ITT patients was 16.8 months 
and for VAX patients was 20 months (11.6, NR 
ITT set, 11.5, NR VAX group).”

MHC Class II expression was observed in a 
monocytic lineage with tumor infi ltration of CD4+ T 
cells and CD8+ T cells in the outside of tumor areas. 
Immune response was proportional to the presence 
of vaccine peptides and was observed in 13 patients 
when assessed 8 weeks after the fi rst dose. Ex vivo 
responses were observed in all patients (100%), 
with a 94% response rate post-vaccination. 19 
patients with KRAS mutations were observed to have 
immune responses, suggesting its immunogenicity 
is driving clinical outcomes. The authors concluded 
that safety, feasibility, and clinical effi  cacy were 
observed in patients receiving NEO-PV-01 vaccine 
in combination treatment and also suggested that 
oncogenic mutations such as KRAS may be driving 
response with epitope spread also observed [6,7].

Lin MJ, et al. [8] evaluated the regimen of 
bevacizumab, an anti-angiogenic agent, with a DNA 
viral vaccine that leads to T-cells entering tumor 
cells in non-small cell lung cancer. LLCVac, 7 novel 
immunogenic peptides, were also created that elicited 
a strong immune response, leading to decreases 
in tumor volume with a favorable adverse event 

profi le. With the Ki67 tumor marker being found, 
the study remains highly signifi cant fi nding since 
NSCLC is resistant to immune checkpoint inhibitors 
and chemotherapy. Tumor effi  cacy was determined 
by evaluation of in vivo tumor models. Mice were 
divided into four experimental groups after being 
injected subcutaneously with tumor cells. When 
tumor volume gera 50–80 mm3 on day 0, they were 
injected with LLCvac the neoantigen peptide vaccines 
(100 peptides/mouse) with dual immune adjuvants 
and compared saline controls. Bevacizumab (Bev: 
5 mg/kg, 100 μg/mouse, Roche Diagnostics GmbH, 
Germany) was injected into mice with growing tumors 
and anti-PD-1 antibody (2.5 mg/kg, 50 μg/mouse, 
Leinco Technologies, USA) or the combination of 
LLCvac and anti-PD-1 + Bev twice weekly for 2 weeks. 
Single cell sequencing determined T cell infi ltration. 
Whole transcriptome and whole exome sequencing 
of LLC cells and C57BL/6 mice to identify tumor 
antigen mutations. 762 mutations were identifi ed 
and RNA analysis showed a variant allele frequency ≥ 
10%, read depth ≥ 20 and transcripts per million of 
the corresponding gene ≥ 1. 7 out of 16 long peptides 
showed immunogenicity. The growth rate of the 
tumor was shown to be slowed down and induced 
potent anti-tumor response since the “maturity 
of lymph node DC (CD80+ and CD86+) and the 
amount of spleen immune memory T cells (CD44+ 
and CD62L−) were signifi cantly increased in the 
LLCvac group, indicating the neoantigen vaccine was 
successful in targeting the tumor and led to systemic 
immune response. Immunofl uorescence staining of 
CD4+ and CD8+ T cells showed activity of T cells in the 
tumor microenvironment. (p = 0.0196 and p = 0.0071). 
Further investigated was whether the bevacizumab 
would augment the shrinkage of the tumor volume 
and lead to slowing of tumor growth rate, and it was 
determined experimentally that the effi  cacy of Bev 
and anti-PD-1 was better than the monotherapy 
groups, and is consistent with clinical performance. 
Signifi cantly it was also found that Mki67 a marker 
of active cell proliferation was expressed under 
stimulation of tumor antigens in vaccines, suggestive 
of better prognosis in solid tumors. Diff erentiation 
of naïve T cells into Mki67 diff erentiated T cells was 
found to be induced by the combined therapy [9-11].

The combination of pembrolizumab and a 
neoantigen DNA plasmic vaccine, PCTV, composed 
of 40 neoantigens, co-administered with IL-12, 
to patients with hepatocellular carcinoma, which 
showed improvement over PD-1 monotherapy. Safety 
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and immunogenicity were primary endpoints and 
effi  cacy and feasibility were secondary endpoints. 
According to RECIST criteria, “30.6% (11 of 36 
patients), with 8.3% (3 of 36) of patients” achieved a 
complete response. T cell responses to the neoantigens 
were confi rmed in 86.4% or 19/22 patients. Bulk 
sequencing revealed T cell expansion and infi ltration 
as a result of vaccination. 75 patients were observed 
to have low grade TRAEs and with no grade ≥3 
TRAEs 8.3% of patients showed an irAE that required 
systemic corticosteroids including “grade 2 nephritis, 
grade 2 pneumonitis and grade 2 hepatitis).” “One 
patient (2.8%) discontinued pembrolizumab owing to 
an adverse event, but no patients discontinued PTCV 
therapy because of an adverse event.” ORR was 30.6% 
with 8.3% achieving a complete response (3 of 36) 
and 22.2% (8 of 36) achieving a partial response. DCR 
was 55.6% (20 of 36 patients). mPFS was 4.2 months 
and mOS was 19.9 months. ctDNA baseline analysis 
was conducted showing a molecular response as 
50% reduction in ctDNA levels. These results were 
observed in patients receiving 40 neoantigens. T cell 
biomarkers CD8A, CD8B, CCL5, CXCR6, LCK and TIGIT 
were increased in responders versus non-responders. 
mOS as distinguished by IFN-gamma response 
showed was 30.2 versus 15.7 months. Pembrolizumab 
in combination with PCTV induced responses in 
hepatocellular carcinoma, quite possibly eliminating 
hepatotoxicity induced symptoms. 

An M38 tumor model was developed by Salvatori 
E, et al. [12] that was tested in combination with 
anti-CTLA-4 inhibitors to generate T cell responses 
in colon cancer. C20 a vaccine expressing 20 C26 
neoantigens also generated CD4+ and CD8+ T cells in 
vivo and led to tumor delay. IL17A cytokine release was 
detected in the infl ammatory response and relieved. 
Tumor regression was also seen in cotreated animals, 
with tumor stabilization seen in the monotherapy 
group. T cell depletion experiments showed that the 
mechanism of action was the anti-tumor activity 
induced by the cotreatment of immune checkpoint 
inhibitor and neoantigen vaccine.

Discussion
Personalized cancer vaccines can induce anti-

tumor response and lead to tumor regression in 
combination with immune checkpoint inhibitors 
in solid tumors such as NSCLC and melanoma. 
Malignancies such as glioblastoma and ovarian cancer 
are also under investigation for this co-treatment 
combination, also termed the immunotherapy 

duo and cancer vaccines are have been termed 
the new frontier in immunotherapies [13], also 
suggesting that this intervention could be combined 
with radiotherapy. Huang reported that in poorly 
immunogenic tumors such as colorectal cancer and 
triple negative breast cancer that cancer vaccines 
would lead to antitumor immunity [14]. Tanyi JL, et 
al. [15] reported similar results for ovarian cancer 
demonstrating the eliciting of a polyfunctional T cell 
response. Circumventing immunological tolerance 
and immunosuppression, cancer vaccines elicit local 
and systemic immune responses that are augmented 
by immune checkpoint inhibitors, as these reviews 
and studies have provided evidence for Safety 
considerations are addressed signifi cantly in the 
evaluation of the mRNA COVID-19 vaccines in the 
literature. One review stated key results for the clinical 
vaccine effi  cacy of the BNT162b2 vaccine in data from 
a study in the UK. A 90% effi  cacy upon initial dosing 
that dropped to 60% after 25 weeks was shown. The 
effi  cacy of ChAdOx1 nCoV19 dropped to 40% as well, 
due to waning immunity and decrease in virus specifi c 
antibodies [16]. Third doses of the mRNA vaccine were 
shown to mitigate against this waning immunity and 
protect against emerging variants. A study conducted 
between 2021 and 2022 evaluating vaccine effi  cacy 
in series demonstrated comparative eff ectiveness of 
the third dose of BNT162b2 or mRNA-1273 vaccines 
in approximately in eligible 65,000 US veterans who 
received prior doses [17]. The number of infectious 
events decreased considerably after the third dose of 
BNT162b2 when compared with mRNA-1273: 

 45.4 (95% CI: 19.4, 84.7) (documented 
infection)

 3.7 (2.2, 14.1) (symptomatic COVID-19)

 10.6 (5.1, 19.7) (COVID-19 hospitalization)

 2.0 (−3.1, 6.3) (COVID-19 intensive care unit 
admission) 

 0.2 (−2.2, 4.0) (COVID-19 death)

Copland E, et al. [18] performed an analysis on 
safety outcomes for 5.1 million children in UK who 
received the BNT162b2 vaccine. A favorable safety 
profi le was reported with low rates of hospitalizations 
and adverse events. Cases of myocarditis were 
observed in 12-17 year olds (estimated 3 (95%CI 0-5) 
and 5 (95%CI 3-6) per million following a fi rst and 
second dose with BNT162b2, respectively) and12 
(95% 0-23) hospitalizations for epilepsy following 
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vaccination. SARS-CoV-2 infection was associated 
with increased risk of hospitalization due to systemic 
infl ammation and myocarditis shown to be mitigated 
by vaccination. 

Conclusion
Personalized cancer vaccines have been shown 

in preclinical models and phase 1 trials to treat solid 
tumor and augment clinical effi  cacy of immune 
checkpoint inhibitors in patients that do not respond 
to monotherapy chemotherapy combinations. 
Future research can be directed to understanding 
mechanisms behind delay in tumor growth and tumor 
regression. 
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