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1  |  INTRODUC TION

Tumor cells present antigens in the context of negative co-
stimulation and immunosuppressive factors, resulting in the inhibi-
tion of T cell activation and immune tolerance. Dendritic cells (DCs) 
are a complex network of antigen-presenting cells within tumors and 
lymphoid organs that play a critical role in maintaining the equilib-
rium between immune activation directed against pathogens and 

tolerance necessary to prevent damage mediated by autoreactive T 
cell clones. DCs uniquely induce primary immune responses through 
the constitutive and enhanced expression of positive co-stimulatory 
molecules and inflammatory cytokines necessary for T cell activa-
tion. In this context, the design of a cancer vaccine is based on the 
effective presentation of tumor-associated antigens to evoke an 
antigen-specific activated T cell response, and importantly, immune 
memory. As such, DCs have played a major role in the development 
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Abstract
Tumor cells present antigen in the context of negative costimulation and immunosup-
pressive factors, resulting in the inhibition of T cell activation and immune tolerance. 
Dendritic cells (DCs) are a complex network of antigen presenting cells that play a criti-
cal role in maintaining the equilibrium between immune activation directed against 
pathogens and tolerance necessary to prevent damage mediated by autoreactive T cell 
clones. DCs uniquely induce primary immune responses through the constitutive and 
enhanced expression of positive costimulatory molecules and inflammatory cytokines 
necessary for T cell activation. In this context, the design of a cancer vaccine is based on 
the effective presentation tumor associated antigens to evoke an antigen specific ac-
tivated T cell response, and importantly, immune memory. As such, DCs have played a 
major role in the development of cancer vaccine therapy as critical mediators of antigen 
presentation reversing a major component of tumor mediated immune suppression. DC 
based vaccines have involved the loading of individual tumor associated antigens or the 
use of whole tumor cells and have demonstrated potent induction of tumor specific 
immunity. The correlation of immune response with clinical outcome and integration of 
DC vaccines with other immune based therapy is currently being explored.
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of cancer vaccine therapy as critical mediators of antigen presen-
tation reversing a major component of tumor-mediated immune 
suppression.

2  |  IMMUNE SURVEILL ANCE AND 
IMMUNE EDITING

Immune surveillance plays a critical role in protecting against the 
development and progression of cancer.1,2 Malignant cells harbor a 
myriad of somatic gene mutations whose products can be immuno-
logically recognized as non-self-antigens, by both innate and adap-
tive immunity providing a barrier for evolving tumors before they 
become clinically apparent.3 Tumor clones that survive immune 
elimination can be held in a state of equilibrium, where its unop-
posed growth is prevented by adaptive immunity.3,4 In contrast, a 
hallmark of malignancy is progressive immune dysfunction leading 
to a loss of immune surveillance and immune escape.2,5 Immune se-
lection during the equilibrium phase results in the editing of tumor 
immunogenicity, leading to the emergence of clonal malignant popu-
lations with decreased immunogenicity.3–5

Immune escape is further supported by the immunosuppres-
sive milieu of the tumor microenvironment.6,7 Accessory cell pop-
ulations, such as regulatory T cells and myeloid-derived suppressor 
cells (MDSCs) suppress immune mediated killing of malignant cells. 
In addition, activation of immune-regulatory pathways in the sur-
rounding stroma induces T cell exhaustion and inhibits migration of 
tumor-specific T cells, permitting immune evasion by the malignant 
clone.8,9 In designing immune-based therapy for hematological ma-
lignancies, it is critical to understand and overcome the factors that 
permit immune escape.4 The field of cancer vaccines fundamen-
tally seeks to effectively present tumor antigen in the context of 
functionally potent antigen-presenting cells while overcoming the 
immunosuppressive milieu of the microenvironment. DCs serve 
as a backbone to cancer vaccine development as potent antigen-
presenting cells that play a critical role in immune stimulation in re-
sponse to a foreign antigen.

3  |  DC BIOLOGY

DCs are potent antigen presenting cells with the ability to induce 
robust antigen-specific primary immune responses.10,11 DCs are 
localized in tissues where they uptake and internalize foreign anti-
gens. After antigen processing, peptides are presented in the con-
text of major histocompatibility complexes (MHCs) on the surface 
of DCs.12,13 DCs then undergo maturation and migrate to lymphoid 
organs to activate antigen-specific T cells.14 Mature DCs express 
co-stimulatory molecules that can be upregulated to allow DCs 
to activate either CD4-positive helper or CD8-positive cytotoxic 
T-lymphocytes.15 They have the ability to “cross prime” foreign 
antigens to CD8-positive cytotoxic T cells via MHC-Class I.16,17 
Thus, DCs play a critical part in immune stimulation and cytotoxic 

response to exogenous antigens. DCs have been classified into 
distinct subtypes based on morphology, function, cell origin, and 
surface marker expression.18,19 Myeloid DCs [also known as con-
ventional DCs (cDCs)], plasmacytoid DCs, dermal DCs, and epider-
mal Langerhans DCs are characterized by distinguishing patterns 
of cytokine production, antigen processing, and the induction of T 
cell polarization towards Th1, Th2, Th17, or regulatory T cells.20–23 
Myeloid/cDCs have been further classified into type 1 cDCs 
(cDC1s) and type 2 cDCs (cDC2s) that demonstrate distinct func-
tions and density within tumors. Recent studies have indicated 
that a vaccine generated from cDC1s elicits long-lasting systemic 
T-cell mediated cytotoxic response.24 Several immunophenotypic 
subsets of DCs have also been identified with cDCs consisting of 
either CD141+ or CD1c+ cells.25 Prior studies have demonstrated 
that expression of associated receptors of antigen presentation 
determines the effectiveness of antigen cross presentation26 and 
targeting these receptors influences immune response.27 These 
advances in our understanding of DC biology have led to novel 
vaccination strategies that utilize antigen-conjugated antibod-
ies targeting antigens to human DCs with DEC-205 and Clec9A 
emerging as promising targets.28 More recently, single-cell RNA 
sequencing has been utilized to define DC subsets more precisely 
and this approach has led to the identification of new DC subsets 
and progenitors that may represent new therapeutic targets.29

Strategies for the ex vivo isolation, generation, and expansion 
of the DC subsets have been developed. Most commonly, proto-
cols for myeloid DC generation have been developed involving the 
use of cytokine driven differentiation of monocyte precursors with 
granulocyte-macrophage colony-stimulating factor (GM-CSF), inter-
leukin-4 (IL-4), and maturation agents such as tumor necrosis fac-
tor-α (TNFα), lipopolysaccharide (LPS), or prostaglandin-E2 (PG-E2). 
FMS like tyrosine kinase 3 ligand (FLT3L) has also been investigated 
as a means to enhance the immune response to DC vaccine therapy 
in non-hematologic malignancies and needs to be further examined 
in hematologic malignancies.30 There have been several reports 
demonstrating functional competency of ex vivo generated DCs in 
contrast to deficiencies noted in the in vivo populations in cancer 
patients. There has been an ongoing debate as to the optimal DC 
platform for vaccine generation and the functional and migratory 
properties of DC populations once reintroduced in vivo in the set-
ting of malignancy. There have been recent reports suggesting that 
Langerhans cells may exhibit more effective properties as mediators 
of vaccine response.31

Phenotypic and functional deficiencies have been observed in 
circulating and intra-tumor DCs isolated from patients with ma-
lignancy, characterized by increased expression of indoleamine 
2,3-dioxygenase (IDO), and secretion of inhibitory cytokines.32–34 
DCs in the tumor bed are skewed toward an immature phenotype, 
less effective in eliciting an immune response due to reduced cyto-
kine production, lower levels of MHC, co-stimulatory molecules, and 
decreased trafficking to lymph nodes to allow T cell activation.35,36 
Strategies to enhance DC maturation and to upregulate CCR7 to 
enhance trafficking to lymph nodes have been studied in an effort 
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to enhance the potency of native DC populations in patients with 
malignancy.19,37

4  |  IDENTIFIC ATION OF ANTIGENIC 
TARGETS

Choosing the optimal antigenic target forms a vital component of 
cancer vaccine development. The optimal antigen must have (1) 
tumor-specificity allowing the generation of an immune response 
that spares the normal host tissues, (2) clonal breadth to capture the 
clonal diversity within the tumor, (3) functionality to be necessary 
for cancer cell survival to minimize chances of down-regulation, (4) 
memory for development of a sustained immune response to pro-
tect against relapse, and (5) high immunogenicity to elicit a robust 
immune response.38,39

Tumor-associated antigens (TAAs) are self-antigens that are ab-
normally expressed by tumor cells and have largely been the focus of 
vaccine development in hematological malignancies.40 These include 
(1) cancer-testis antigens whose physiologic expression is restricted 
to fetal development (e.g., MAGE1, MAGE3, NY-ESO, PRAME in 
acute leukemia and multiple myeloma41–43), 2) lineage-specific an-
tigens [e.g., CD13844 in plasma cells and B-cell maturation antigen 
(BCMA)45 in B-lymphocytes and plasma cells], 3) antigens derived 
from aberrantly expressed oncogenes or tumor suppressor genes 
(e.g., MUC146 and WT147,48 in leukemia). Tumor-specific antigens 
(TSAs) are antigens that are truly unique to tumors and may include 
1) idiotype derived peptides (e.g., in B cell lymphomas49 and multiple 
myeloma50), 2) antigens resulting from tumor-derived chromosomal 
translocations (e.g., BCR-ABL in chronic myeloid leukemia51), and 3) 
tumor neoantigens52 generated by somatic alterations in tumor cell 
genome that may arise from a point or nonsense mutations, chro-
mosomal translocation, splicing variants or epigenetic alteration in 
antigen expression.

Neoantigen epitopes have been determined through compu-
tational bioinformatics platforms that predict for mutationally 
derived peptides presented in the appropriate human leukocyte 
antigen (HLA) context. Results can be confirmed via mass spec-
trometry of cell surface antigen expression and via interrogation 
of the T cell repertoire for capacity for recognition and clonal 
expansion. Identified antigens may be introduced as peptides or 
proteins characteristically introduced with immune adjuvants or 
loaded onto antigen-presenting cells. The use of heteroclitic pep-
tides may enhance the immunogenicity of self-derived antigens. 
Recent studies suggest that the intrinsic nature of short and long 
peptides may drive the nature of the CD4 and CD8 mediated re-
sponse. Another strategy involves the use of antigen-specific ge-
nomic material including RNA or DNA. An alternative strategy is 
the use of the whole tumor as a source of antigen including tumor 
cell lysates53, tumor apoptotic bodies16,54 whole tumor RNA/DNA 
transfection55, or the creation of tumor/DC hybridomas. These 
strategies support the potential for a broader immune response 
without previously identifying the critical antigens required for 

response. However, there is a potential concern for the presenta-
tion of self-antigens in a format that would induce autoimmunity. 
The nature of antigen may induce changes in the antigen-presenting 
cell facilitating immune activation or inhibition.

5  |  C ANCER VACCINE PL ATFORMS

Cancer vaccine platforms have included strategies to recruit and 
potentiate native DCs in vivo as well as the generation of func-
tional DCs ex-vivo. Initial approaches for cancer vaccine design 
characteristically involved the introduction of TAAs in the context 
of immunostimulatory adjuvants to induce the recruitment of na-
tive antigen-presenting cells, uptake of antigen in the vaccine bed, 
and subsequent stimulation of antigen-specific T cell responses. 
One prominent example has been vaccination with idiotype pro-
tein linked to a carrier protein KLH designed to enhance responses 
targeting non-Hodgkin's lymphoma or multiple myeloma. While 
initial studies demonstrated expansion of idiotype-specific T cells, 
large randomized trials that were conducted to study the efficacy 
of idiotype-based vaccination in B cell malignancies did not demon-
strate a significant impact on outcomes despite the initial promising 
results seen in earlier phase studies.56–58 The use of WT1-based vac-
cination has been explored in patients with acute myeloid leukemia 
(AML) demonstrating the expansion of antigen-specific T cells but 
further studies are required to assess clinical efficacy.59,60 The use 
of heteroclitic peptides has been explored to enhance activation of 
T cells by targeting multiple antigens to decrease the risk of resist-
ance by the emergence of single antigen-negative variants. In one 
example, a multi-peptide vaccine targeting XBP1, CS1, and CD138 
has been shown to induce memory T cell responses in patients with 
smoldering myeloma.61

Neoantigen-based vaccination involves the identification of 
peptide antigens derived from clonally specific tumor mutations 
that are potentially seen as non-self-antigens and are recogniz-
able by high-affinity T cells. Neoepitopes can be identified by 
computational platforms that sequence these unique mutational 
events by genomic analysis. This technique has been used to 
design dendritic cell vaccines in solid tumors.62,63 Vaccination 
resulted in the expansion of T cells recognizing the mutated as 
compared to the wild type peptides and the targeting of tumor 
cells ex vivo. The clinical significance of these findings is currently 
being studied. A major challenge to this approach is the complex-
ity of neoantigen identification for each patient and tumor type. 
Furthermore, the determination of the immunogenicity of these 
antigens with respect to the T cell repertoire remains an active 
area of investigation.

Another approach has been the use of the whole tumor as 
a source of antigen for in vivo loading of DCs recruited to the 
site of vaccination. The GVAX platform involves the use of au-
tologous tumor cells to induce DC recruitment through the pro-
duction of GM-CSF.64 The GVAX vaccine was evaluated in a 
phase II clinical trial in patients with AML and demonstrated a 
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complete remission (CR) rate of 85% with a 3-year overall sur-
vival of 57.4% in patients who achieved a complete response.65 
In chronic lymphocytic leukemia (CLL), vaccination with GVAX 
in the adjuvant setting after reduced-intensity transplant was 
found to be safe, and a 2-year progression-free survival (PFS) of 
82% was observed.66

6  |  C ANCER VACCINE PL ATFORMS USING 
E X VIVO GENER ATED DC S

Phenotypically and functionally potent DCs can be generated ex vivo 
through the cytokine-mediated differentiation of mature DCs from 
precursor populations in the peripheral blood or bone marrow.67 
The starting cell populations for ex vivo DC vaccine production in-
clude CD14+ monocytes, CD34+ stem cells, CD123+ plasmacytoid 
DCs, and BDCA-1+ circulating myeloid DC which are all distinct.68 Ex 
vivo maturation of DCs is attained by culturing them in a cytokine 
cocktail including TNFα, IL-1β, IL-6, prostaglandins, GM-CSF, and 
IL-4.69,70 While DCs derived from CD34+ stem cells71 and CD123+ 
plasmacytoid DCs72 have been studied, monocyte-derived precur-
sor populations are most frequently utilized as a source for ex vivo 
DC tumor vaccine production.

The induction of tumor-specific immunity was demonstrated 
with an autologous DC-based vaccine pulsed with tumor-specific id-
iotype protein in patients with follicular lymphoma.49,73 In the larger 
study with 35 patients with follicular lymphoma, 65% of patients 
developed a T cell or humoral anti-idiotype immune response, and 
70% of patients remained without tumor progression at a median 
of 43 months prior chemotherapy.49 Idiotype-based vaccine devel-
opment has also been studied in multiple myeloma using a modified 
antigen-presenting cell platform (myelovenge) following autologous 
stem cell transplantation with potential improvement observed in 
overall survival (5.3 years versus 3.4 years) when compared to his-
torical control group.74

The development of DC-based vaccine against myeloid malig-
nancies and multiple myeloma has involved DNA or RNA coding 
for particular antigens that can be loaded onto DCs by ex vivo 
electropolation (Table 1). A vaccine against AML was developed 
by electropolating autologous DCs with mRNA of WT1 and an 
increased population of WT1-specific T cells and WT1-specific 
interferon-gamma producing CD8+ T lymphocytes was seen in a 
small trial evaluating its efficacy. In addition, 50% of the patients 
in this trial developed molecular remission of their AML following 
vaccination.60 When studied in a larger trial, 43% of 30 patients 
were noted to develop an anti-leukemic clinical response after 
vaccination with WT1 mRNA electropolated DCs following induc-
tion chemotherapy for AML.59 Chung et al. have demonstrated 
that WT1 mRNA electropolated Langerhans cells elicit a more 
robust immune response when compared to monocyte-derived 
DCs.31 This finding has significant implications for DC-based im-
munotherapies and suggests that the type of DCs used for mRNA 
electropolation has an impact on immunogenicity. Table 1 provides 

a summary of selected clinical trials of vaccines generated by load-
ing antigens onto DCs ex vivo.

7  |  DC/TUMOR FUSION VACCINES

Our group has developed a personalized whole-cell vaccine ap-
proach whereby patient-derived myeloma or leukemia cells are 
fused to ex vivo generated autologous DCs (Figure 1). The DC/
tumor cell fusion vaccines allow a broad spectrum of tumor-
associated antigens and neo-antigens to be presented in the con-
text of DC-mediated co-stimulation. A phase I study evaluating 
DC/multiple myeloma (DC/MM) fusion cells vaccination in patients 
with multiple myeloma demonstrated the expansion of myeloma 
reactive T cells in 11 out of 15 evaluable patients. Disease stabi-
lization was observed in 66% of patients.78 A subsequent phase 
II trial assessed if this DC/MM fusion vaccine can be used in the 
post-autologous stem cell transplantation (SCT) setting to target 
post-transplant residual disease.79 It was noted that although the 
period of lymphopoietic reconstitution was associated with the 
general suppression of cellular immunity, there was a transient ex-
pansion of the myeloma-specific T cells that was further boosted 
following vaccination with DC/MM fusion cells. Vaccination was 
also associated with a complete response/near complete response 
rate of 47% in the absence of maintenance therapy.79 Based on 
these encouraging results, a multi-center trial evaluating DC/MM 
fusion cell vaccination in conjunction with maintenance lenalido-
mide versus lenalidomide alone is being conducted through the 
BMT CTN (NCT02728102).83

Immunologic and clinical potency of DC/tumor fusion vaccines 
has also been demonstrated in patients with AML. In a pilot study, 
17 AML patients who achieved remission following chemotherapy 
were vaccinated with DC/AML fusion vaccine.80 The results demon-
strated that the vaccine was safe and elicited a significant expan-
sion of leukemia-specific T cells. Clinically, 71% of patients remained 
in remission after a mean follow-up of 57 months.80 Based on this 
study, a randomized phase II clinical trial is underway, in which 75 
patients who achieve remission will be randomized 2: 1 to vaccine 
versus standard of care (NCT03059485).84 In a phase I trial, the 
safety and potency of DC/AML vaccination administered alone and 
in conjunction with decitabine following allogeneic SCT is being as-
sessed (NCT03679650)85

8  |  DEFINING THE OPTIMAL DISE A SE 
SET TING

Choosing the appropriate setting in which to incorporate a cancer 
vaccine is vital for optimizing the potential immunologic and clini-
cal impact of vaccination. The development of vaccine-mediated 
immune response and clinical efficacy is more likely in the state 
of low disease burden as compared to rapidly proliferating dis-
ease.38 This setting allows for sufficient time for the generation 
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of an immune response that is less compromised by the immu-
nosuppressive milieu of the tumor microenvironment associated 
with more advanced disease. Another factor is that the pattern 
of antigen expression may vary dependent on the disease setting 
and prior therapy. For instance, the expression of cancer-testis an-
tigens (NY-ESO-1, MAGE3 in AML, and NXF2 in CLL) increases 
after treatment with decitabine.86,87 Vaccine efficacy is also de-
pendent on the functional potency of the effector cell population 
that exhibits progressive dysfunction as a consequence of disease 
evolution. As such, optimal settings for DC-based vaccine therapy 
may include pre-malignant disease states, post-chemotherapy or 
radiotherapy-induced pro-inflammatory state of remission, and 
the state of post-transplant immune reconstitution where a rever-
sal of tumor tolerance is seen that allows for skewing of T cells 
towards tumor-reactive T-cell clones. Among the pre-malignant 
disease states, smoldering myeloma is currently being evaluated as 
a possible avenue for vaccination using a multi-peptide-based vac-
cine in combination with Citarinostat (CC-96241) or Citarinostat 
and lenalidomide (NCT02886065).88 Another planned pilot trial 
is evaluating the safety and preliminary efficacy of dendritic cell 
DKK1 vaccine in monoclonal gammopathy and smoldering mye-
loma (NCT03591614).89

The post-transplant state of immune reconstitution also provides 
an opportunity for enhanced vaccine response due to depletion of 
regulatory T cells as demonstrated by in vitro studies.90 Several early 
phase studies (Table 1) in post-transplant multiple myeloma and AML 
patients have shown that vaccination in this setting is safe and asso-
ciated with significant immunological and clinical responses.64,76,79 
Several ongoing trials are also studying if vaccination is efficacious 
in the post-transplant setting.83,85 Allogeneic transplant period of-
fers unique aspects that may allow for enhanced response to vaccine 
therapy.91 Following conditioning therapy, patients have a state of 
low disease burden and the engraftment of donor-derived antigen-
presenting and effector cells that may exhibit greater functional 
potency. Potential toxicities, in particular the development of graft 
versus host disease (GVHD), must be considered when using vac-
cines in the post-transplant setting.

9  |  COMBINATORIAL STR ATEGIES

A major area of investigation for vaccine therapy is the use of 
immunostimulatory agents to augment vaccine effect by over-
coming the immunosuppressive milieu of the microenvironment. 

F I G U R E  1 Production process ofdendritic cell-tumor fusion vaccines involves leukapheresis ofpatient’s peripheral blood mononuclear 
cells (PBMCs) that are cultured withcytokines (IL-4, GM-CSF and TNF-alpha to facilitate differentiation andmaturation to dendritic cells. 
The dendritic cells are assessed for specific immunophenotypic markers and then fused with tumor cells obtained from the patient 
usingpolyethylene glycol (PEG). The resultant fusions are then quantified usingco-expression of immunophenotypic markers of both tumor 
cells and dendritic cells using flow cytometry andimmunohistochemistry. The fusion cells are then stored in frozen form untilready to be 
subcutaneously injected into the patient with GM-CSF

Bone Marrow Aspirate Leukapharesis

PBMC’s Cultured 
with GM-CSF and 

IL-2

Tumor cells 
isolated

Tumor cells 
assessed for 

specific markers

MUC1
CD138

CD38
Dendritic cells 
assessed for 

specific markers

CD40 CD80

CD83 CD86
Dendritic cells and Tumor cells fused with PEG

Fusion cells quantified by co-
expression of markers

CD38

CD86

Doses prepared & frozen
GM-CSF 100 μg at vaccine site for 4 days
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Activation of immunoregulatory pathways in the growing tumor's 
stroma induces T cell exhaustion and senescence, in addition to 
inhibiting migration of tumor-specific T cell populations. This leads 
to tumor proliferation by secretion of suppressive cytokines such 
as IL-10, and TGFβ; recruitment of regulatory T cells (Tregs), and 
myeloid-derived suppressor cells (MDSC); increased expression 
of inhibitory receptors; and production of suppressive enzymes 
like IDO.8,9 A better understanding of the impact of the tumor 
microenvironment on immune modulation and tumor progression 
has led to the development of several therapeutic strategies such 
as vaccines targeting the production of TGFβ.92,93 IL2 has been 
shown to protect effector CD8+ T cells from tumor cell-induced im-
mune dysfunction and has been most widely studied as a counter 
mechanism to these immunosuppressive cytokines.68,94 Preclinical 
studies demonstrated that combining IL2 with DC-based vaccina-
tion potentiate the anti-tumor efficacy in murine models.95 Clinical 
studies in solid tumors96,97 have not demonstrated a clinical or im-
munologic benefit and this has not been extensively studied in he-
matologic malignancies.

The combination of DC-based vaccinations with chemother-
apy affords many immune-potentiating effects by reversing the 
immune-suppressive tumor microenvironment in addition to lower-
ing the tumor burden. Lenalidomide has been shown to enhance the 
function of DCs, reverse tumor immune suppression and enhance 
anti-tumor cellular immunity.98–100 Hypomethylating agents have 
also been shown to alter the tumor microenvironment and enhance 
the immunogenic efficacy of DC/AML vaccine in pre-clinical studies 
and are being evaluated in a clinical trial.101

The combination of immune checkpoint inhibitors and tumor 
vaccines has the potential for unique potency. Single-agent im-
mune checkpoint blockade has demonstrated disappointing results 
in hematological malignancies outside of Hodgkin's disease. This 
is potentially due to the lack of a native T cell response such that 
blocking negative co-stimulatory signals alone is insufficient. In con-
trast, combining immune checkpoint blockade with strategies, such 
as vaccines, that potently induce tumor-reactive T cell populations, 
have demonstrated promise pre-clinically102 and is being studied in 
a clinical trial (NCT03782064).

Another potential powerful combinatorial strategy involves 
the use of vaccination with effector cell therapies such as chime-
ric antigen receptor (CAR) T cells. CAR T cells are genetically ma-
nipulated to express the variable chain of an antibody targeting 
a surface protein on tumor cells such as CD19 or BCMA that is 
linked to a costimulatory molecule and the zeta chain of the T cell 
receptor (TCR) resulting in T cell activation, expansion, and TCR 
mediated killing of the antigen-expressing target cells. While CAR 
T cells have demonstrated high levels of potency, disease progres-
sion can occur due to premature elimination or tolerization of the 
CAR T population, or the emergence of antigen-negative variants. 
Preclinical studies combining CAR T cell therapy with vaccination 
have also demonstrated potential activity.103,104 In animal models, 
our group has examined the capacity of the DC/tumor vaccine to 
enhance CAR T cell activity potentially through the broadening 

of the antitumor T cell response via the native TCR and the cyclic 
re-expansion and activation of the CAR population via vaccine-
mediated stimulation.105

10  |  CONCLUSION

There have been significant advances in the development of DC-
tumor vaccines against hematologic malignancies. DCs provide a 
critical platform for antigen presentation via the concurrent expres-
sion of co-stimulatory signals and inflammatory cytokines necessary 
for the induction of primary immune responses. As such, they offer 
an important strategy to overcome tumor-associated tolerance and 
targeting shared tumor antigens by low and medium affinity T cells. 
Responses may be further amplified towards neoantigens that are 
seen as foreign by the T cell repertoire.

While vaccine-mediated immunologic responses have been 
consistently observed, clear evidence of clinical efficacy has been 
more limited. Vaccination appears to be most effective in the set-
ting of low volume disease as a strategy to prevent disease re-
currence through the expansion of tumor-reactive lymphocytes 
for immune surveillance. Strategies that target multiple antigens 
are more potentially advantageous limiting immunologic escape 
through the emergence of antigen-negative variants. Vaccine 
responses have demonstrated the durable expansion of tumor-
reactive lymphocytes with the presence of memory cells capable 
of longer-term protection. However, overcoming the immunosup-
pressive milieu of the tumor microenvironment and the associated 
functional deficiencies of the T cell repertoire remain significant 
challenges. In addition, the kinetics of vaccine response likely 
manifest over weeks and are likely ineffective in the setting of 
advanced disease with more rapid tumor growth. These charac-
teristics are in contrast with CAR T cells in which the infusion of 
activated effector cells demonstrates high levels of initial potency 
but durability is limited by clearance or tolerization of the effector 
cell populations.

Future directions have focused on the development of combina-
torial strategies in which vaccine-mediated T cell expansion is com-
plemented by the use of immunomodulatory agents targeting the 
critical mediators of the tumor microenvironment including negative 
co-stimulatory signals and TGFβ. Integration of vaccination with 
adoptive T cell therapy is being explored in an effort to provide com-
petent effector cells targeting tumor cells with strategies for durable 
T cell expansion and activation.
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