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REVIEW

Autologous dendritic cells loaded with antigens from self-renewing autologous 
tumor cells as patient-specific therapeutic cancer vaccines
Robert O. Dillman a, Gabriel I. Nistorb, and Hans S. Keirsteadc

aMedical Affairs, AIVITA Biomedical Inc, Irvine, CA, USA; bResearch and Development, AIVITA Biomedical Inc, Irvine, CA, USA; cAdministration, AIVITA 
Biomedical Inc, Irvine, CA, USA

ABSTRACT
A promising personal immunotherapy is autologous dendritic cells (DC) loaded ex vivo with autologous 
tumor antigens (ATA) derived from self-renewing autologous cancer cells. DC-ATA are suspended in 
granulocyte-macrophage colony stimulating factor at the time of each subcutaneous injection. 
Previously, irradiated autologous tumor cell vaccines have produced encouraging results in 150 cancer 
patients, but the DC-ATA vaccine demonstrated superiority in single-arm and randomized trials in 
metastatic melanoma. DC-ATA have been injected into more than 200 patients with melanoma, glio-
blastoma, and ovarian, hepatocellular, and renal cell cancers. Key observations include: [1] greater than 
95% success rates for tumor cell cultures and monocyte collection for dendritic cell production; [2] 
injections are well-tolerated; [3] the immune response is rapid and includes primarily TH1/TH17 cellular 
responses; [4] efficacy has been suggested by delayed but durable complete tumor regressions in 
patients with measurable disease, by progression-free survival in glioblastoma, and by overall survival 
in melanoma.

ARTICLE HISTORY 
Received 23 November 2022  
Revised 24 March 2023  
Accepted 30 March 2023 

KEYWORDS 
Dendritic cells; autologous 
tumor antigens; cancer stem 
cells; tumor initiating cells; 
cancer; vaccine; personalized 
immunotherapy; personal 
immunotherapy

Introduction

Immunotherapy is now firmly established as a therapeutic 
modality for the treatment of widespread malignancy.1–3 

Because of inherent interpatient heterogeneity of cancer and 
individual immune systems, there is increasing interest in 
personalized and personal immunotherapies.4,5 Although 
these terms are often used synonymously, in this review, we 
distinguish between “personalized” and “personal.” 
Personalized immunotherapies are those that use a menu for 
selection of a combination of agents that are applicable to that 
specific patient. These may be chosen based on specific geno-
mic or phenotypic markers, or by the availability of specific 
agents that are potentially additive or synergistic without 
increasing toxicity. One example of a personalized approach 
is the selection of a combination of monoclonal antibodies 
based on the phenotypic expression of that patient’s cancer 
cells. A second example of a personalized approach is the use 
of autologous antigen-presenting cells to present one or more 
tumor-associated antigens that are selected based on their 
expression on each patient’s cancer cells. A third example is 
the combining of immune modulating agents selected as per 
the characteristics of a specific patient’s tumor microenviron-
ment (TME). In contrast, personal immunotherapies consist 
entirely of autologous biological material. The first such pro-
duct that was granted commercial marketing approval was 
sipuleucel-T (Provenge®), autologous mononuclear cells incu-
bated with a fusion protein that expresses granulocyte macro-
phage colony stimulating factor (GM-CSF) to differentiate 
monocytes (MC) into dendritic cells (DC) in vitro, and 

prostatic acid phosphatase (PAP) as an antigenic target.6 The 
final product consists of autologous DC, lymphocytes, and 
undifferentiated MC, hence the generic name sipuleucel-T 
rather than sipuldencel-T. Other examples are adoptive cell 
therapies that utilize autologous immune cells including nat-
ural killer cell-based therapies such as lymphokine activated 
killer (LAK) cells and cytokine-induced killer (CIK) cells,7,8 

tumor infiltrating lymphocytes (TIL),9,10 and autologous 
immune cells modified by chimeric antigen receptor 
(CAR),11,12 or T cell receptor (TCR) engineering.13,14 Other 
examples include purely autologous vaccines, such as those 
derived from autologous tumor, including tumor lysates,15–18 

heat shock proteins,19 and mRNA.20 For vaccine purposes, 
these autologous products can be injected directly as immuno-
gens or delivered via autologous DC.

This article focuses on a singular personal immunother-
apy that utilizes autologous tumor cells (TC) and autologous 
DC as personal therapeutic cancer vaccines.21 The product 
is unique such that the antigen source is autologous cancer 
cells that are self-renewing in short-term tissue culture and 
have characteristics of “tumor initiating cells (TIC),” a term 
that encompasses cells with features of cancer stem cells and 
early progenitor cells.22,23 A generic term for the product is 
DC-ATA based on the autologous DC and autologous 
tumor antigens (ATA). Other autologous DC-ATA 
approaches have used lysates of whole tumor,17,18 mRNA 
from whole tumor,20 or manufactured antigens selected 
after genomic analysis of whole tumor and computer selec-
tion of antigens predicted to illicit a good immune response 
in that patient.24–28
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Theoretical advantages of tumor initiating cells as an 
antigen source

There are several potential advantages to the autologous TIC 
approach, but one of the most important one may be the 
elimination of normal cells from the population of cells from 
which tumor antigen is derived. Tumor masses contain not 
only malignant cells, but also hematopoietic, immune, and 
stromal cells. Specific tumor masses may consist almost 
entirely of malignant cells at one extreme, or a predominance 
of stroma and nonmalignant cells at the other extreme. Cell 
counts on histologic sections of cancer specimens have esti-
mated that anywhere from 5% to 95% of a sample are cancer 
cells, and conversely, 95% to 5% normal cells.29,30 A higher 
stroma to TC ratio is associated with a worse prognosis.31 

Because of the interplay between malignant and nonmalig-
nant cells in the TME, there is interest in targeting non- 
cancerous TME components.32 However, nonselective 
immunization against these normal cells has not been con-
sidered a desirable strategy because of the theoretical poten-
tial to destroy anti-cancer cells such as natural killer and 
cytotoxic T cells, and/or induce autoimmune responses 
against normal tissue.33

The other unique aspect of this approach is the focus on TICs, 
which typically make up only a small percentage of malignant 
cells in both hematologic malignancies and solid tumors, com-
pared to the percentage of terminally differentiated cells that 
constitute the vast majority of the malignant cells.34–36 The 
identification and isolation of TICs for therapeutic targeting 
has proved challenging,37,38 but short-term (30-d) cell cultures 
under conditions that favor survival of TC result in the elimina-
tion of all but self-renewing cancer cells, unless specific cytokines 
such as interleukin-2 (IL-2) are added to favor survival and 
propagation of lymphocytes.9,39,40 TICs are believed to be 
responsible for resistance to standard anti-cancer therapies and 
to account for the propagation of metastatic lesions, and there-
fore are desirable targets for anti-cancer therapy including 
immunotherapy.41–47 The DC-ATA approach is designed to 
induce or enhance endogenous immune responses against anti-
gens on TICs that result from translation and transcription of 
mRNA resulting from non-synonymous mutations that are 
unique to each cancer patient and therefore are tumor specific 
antigens.48,49 Furthermore, if there are tumor-associated anti-
gens associated with driver mutations or other tumor-associated 
antigens that the immune system can recognize, these may also 
be safely targeted (e.g. melanin, gp100, and thyroid antigens 
associated with melanoma). Antigens from TICs have induced 
immune responses and anti-tumor effects in animal models.50–53 

Various phenotypic markers have been associated with TICs, 
including CD133, CD24, CD44, CXCR4, EpCAM, ALDH-1, and 
CD166,54 but expression varies among different tissue types, and 
there is no unique TIC phenotype.55–57 We continue to test cell 
lines for expression of various markers, but we do not use them 
as a quality or release criteria. The non-synonymous mutations 
in TICs are preserved in subclones of more differentiated malig-
nant cells, although the latter will contain greater numbers of 
acquired mutations, including driver mutations that are not 
present on the TICs. These mutations may or may not be 
associated with some differences in phenotype.

From a vaccine perspective, TIC antigens could be intro-
duced directly or indirectly (e.g. mRNA) as injections that 
would result in endogenous DC processing and antigen pre-
sentation to stimulate antigen-specific immune responses. 
However, there are numerous theoretical advantages to load-
ing autologous DC ex vivo with relevant antigen. This includes 
loading of a much larger number of DC than might be 
attracted to an injection site, and loading of antigens ex vivo, 
away from any inhibitory factors that might interfere with 
antigen loading in vivo, such as happens in the milieu of the 
immunosuppressive TME. After injection, only a small per-
centage of DC will traffic to regional lymph nodes where they 
activate T lymphocytes that have T-cell receptors that are 
cognate for tumor antigens.58–64 Furthermore, non-trafficking 
DC that undergo apoptosis after injection, but contain anti-
genic peptides in their lysosomes, may induce a desired anti-
gen-specific anti-tumor immune response after phagocytosis 
and protein processing by endogenous DC.65–68

Components of the personal DC-ATA vaccines

Autologous tumor antigens (ATA)

The most important component of any vaccine is antigen.69–71 

The evolution of short-term cell cultures as the source of ATA 
was reviewed previously.72 Prior to 2000, our vaccine efforts 
focused on irradiated autologous TC, and specifically self- 
renewing cells from autologous short-term cell lines,73–78 rather 
than whole autologous tumor as was being pursued most nota-
bly in colon cancer and melanoma.15,16,79,80 Additional per-
ceived advantages of this approach were: (1) the use of short- 
term autologous cancer cell cultures as the source of cancer 
antigens, rather than long-term allogeneic cell lines that focused 
on antigens that might be commonly shared; (2) the cell culture 
conditions and time in culture eliminated nonmalignant cells 
that were inevitably present in the initial tumor sample that had 
been surgically resected, and therefore reduced the quantity of 
irrelevant antigens; (3) the cell culture conditions promoted the 
survival of cells that could self-renew, which later were found to 
be consistent with cancer stem cells, and more rapidly prolifer-
ating early progenitor cells; (4) culturing allowed selection of 
ATA from cells with the capacity to self-renew, rather than 
more differentiated malignant cells that eventually undergo 
apoptosis and do not contribute to propagation of the cancer; 
(5) the use of intact TC rather than secreted antigens might 
facilitate antigen recognition in the cancer cell membrane; (6) 
the number of tumor cells used for ATA might serve as a 
surrogate for the quantity of antigen being presented; (7) the 
cell lines provided an unlimited supply of pure TC that could be 
used for genetic analysis and for in vitro anti-tumor assays; and 
(8) because the cells were proliferating, there was the potential 
to transfect the cells with DNA for specific cytokines that might 
enhance immune recognition of the TC.73,81 In recent years, we 
used lysates of irradiated TC (ITC) rather than intact ITC as the 
source of antigen.82 This results in a final product that consists 
only of DC rather than DC plus residual ITC that were not 
phagocytosed during coincubation.83 Human studies indicate 
that DC loaded with autologous antigen by incubating with 
either ITC or ITC lysate results in an immunogenic vaccine.84
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The rationale for this personal approach was further 
enhanced when it was shown that patient-specific neoantigens 
were generally more important immunologic targets on cancer 
cells than shared tumor-associated antigens.48,49,85–87 It is now 
known that all cancers are naturally immunogenic because 
each contain tens to thousands of non-synonymous mutations 
from which proteins potentially can be transcribed and 
translated.48,49,88 As such mutations have taken place during 
the life span of the patient, rather than existing at birth, the 
resulting proteins are likely to appear foreign to the patient’s 
immune system, and therefore antigenic.89–91 The existence of 
these natural immune responses to neoantigens is the basis for 
the success of immune checkpoint inhibitors of programmed 
death molecule 1 (PD-1) and its ligand (PDL-1) and human 
cytotoxic T cell antigen-4 (anti-CTLA4).92–99 The unique anti-
gens encoded by such singular mutations have been loaded 
onto autologous DC, and when injected, induce and/or 
enhance immune recognition of such antigens.100 We have 
continued to use self-renewing autologous TC as the source 
of unique patient-specific neoantigens, rather than the more 
complex and expensive process of performing genomic analy-
sis and using computer programs to predict what may be the 
optimal neoantigen targets in each patient’s tumor, and then 
manufacturing these antigens.26,28,101

DC-ATA: antigen-loaded autologous dendritic cells

The second component of the DC-ATA vaccine is the autolo-
gous DC that will be loaded with antigen ex vivo by incubating 
with ITC, or with a lysate of ITC. As reviewed elsewhere, DC are 
the most important of the antigen-presenting cells that are 
crucial for initiation of anti-tumor immune responses.102–105 

We and others have been testing DC vaccines in the clinic for 
more than two decades.106–108 By 2000, there was great interest 
in autologous DC loaded with antigen as an alternative to 
injecting antigen directly. The growing enthusiasm for DC was 
based on increasing awareness of the extensive preclinical stu-
dies of DC that culminated in a Nobel Prize for Ralph Steinman 
in 2011109,110 By 2000 it was established that DC could be 
reliably generated from peripheral blood mononuclear cells 
(PBMC) by incubating in the presence of interleukin-4 (IL-4) 
and GM-CSF.111 Important for potential commercial applica-
tion, it was demonstrated that both MC and DC could be 
cryopreserved and subsequently thawed with retention of via-
bility and biological activity.112 Studies in murine tumor models 
suggested that DC vaccines were superior to TC vaccines as 
antigen delivery strategies.113 Recent animal studies suggest that 
immunizing with personal neoantigens via DC is also more 
effective than direct injection of personal neoantigens.114 Early 
clinical reports demonstrated safety and some efficacy for DC 
loaded with anti-idiotype antigens in patients with B cell 
lymphoma,115 and for DC loaded with ATA or tumor associated 
peptide antigens in patients with metastatic melanoma.116 

When we started treating patients with DC-ATA vaccines, it 
was quickly apparent that the clinical outcomes were superior to 
what we had observed with TC vaccines.117,118 This was subse-
quently confirmed in a single arm trial in melanoma in which 
overall survival was compared to that of historical controls,119 

and in a randomized trial in melanoma that directly compared 

personal DC vaccines to personal TC vaccines with self-renew-
ing ITC serving as the antigen source for both products.120

DC can be loaded with ATA by various means including 
creation of a DC-TC fusion hybridoma cell, incubation of DC 
with TC, incubation of DC with TC lysate, incubation with free 
antigen, and electroporation with mRNA.84,121 We have uti-
lized both incubation of DC with ITC and incubation of DC 
with ITC lysates. Between 2001 and 2015, DC were incubated 
with intact ITC,119,120,122–124 during 2017–2021 DC were incu-
bated with ITC lysates.125,126

Manufacturing of personal DC-ATA vaccines

The methodology for manufacturing personal DC-ATA was 
published previously.117–120,122–124 Figure 1 illustrates the man-
ufacturing procedure for the two intermediate products (auto-
logous self-renewing TC and autologous DC), and the final 
product (antigen-loaded DC, i.e., DC-ATA). A surgical tumor 
specimen is processed into a cell suspension and incubated for 
two to four weeks in media that sustains TICs and supports their 
propagation. Peripheral blood mononuclear cells (PBMC) are 
collected by leukapheresis.127 The PBMC are enriched for MC 
from which DC are differentiated by incubating MC with IL-4 
and GM-CSF. ATA are loaded by incubating DC for 18 to 24  
hours with either whole ITC, or with ITC lysate. In recent years, 
DC were incubated with ITC lysate for trials in glioblastoma 
(GBM),125 and ovarian cancer.126 The final DC-ATA product is 
divided into aliquots and cryopreserved in liquid nitrogen for 
eventual administration. At the time of each treatment, a vial of 
thawed DC-ATA cell product is admixed with 500-µg GM-CSF 
shortly before each subcutaneous injection.

Over the years, there have been improvements in the media 
used to grow TC including adding growth factors and utilizing 
serum-free media specifically selected because of its ability to 
enhance stem cell growth in vitro, which also eliminates or 
minimizes the use of fetal bovine serum (FBS).72 Intact ITC or 
ITC lysate have served as the ATA source.72 The use of lysate 
rather than intact ITC yields a more uniform final product and 
eliminates the remote possibility that tumorigenic TC might 
survive and propagate. Using an ITC lysate rather than whole 
ITC results in a product that is 97–100% DC-ATA.72,125,126 

Methodology to enrich for MC from PBMC collections has 
evolved from plastic adherence and scraping,116,118,122 to using 
mechanical flow procedures based on cell size.120,122,124,125,128 

Vaccine doses for individual patients have ranged from 1 to 30 
million cells per subcutaneous injection given weekly for 3 
weeks and then at weeks 8, 12, 16, 20, and 24 which results 
in eight doses over about 6 months.

Adjuvant granulocyte-macrophage colony stimulating 
factor

The third component of the DC-ATA vaccine is adjuvant GM- 
CSF. When we started clinical investigation into personal ATA 
vaccines, it was generally accepted that an immune-stimulating 
adjuvant was necessary for a vaccine to be effective.129,130 Alum 
and incomplete Freund’s adjuvant (mineral oil) and complete 
Freund’s adjuvant (mineral oil with dried mycobacteria) were 
available,131 but more popular at the time in cancer vaccine 
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investigation was Bacille-Calmette-Guérin (BCG) which was 
being used with allogeneic cell lines in melanoma,132 and with 
lysates of whole autologous tumor in colorectal cancer and 
melanoma.15,16 IL-2 had not yet been approved, but the cyto-
kines interferon-alpha (INF-a), interferon gamma (IFN-γ), and 
GM-CSF had recently become commercially available and were 
perceived as potentially superior to BCG as adjuvants.133–135 

Since then additional adjuvants have been developed, and adju-
vants are still considered to be an important component for 
optimizing cancer vaccines.136,137

IFN-γ and GM-CSF were tested as adjuvants in a 98-patient 
randomized phase 2 trial in which patients were stratified by 
tumor type and by whether they had measurable metastatic 
disease prior to randomization.138 All patients received a per-
sonal vaccine consisting of self-renewing autologous ITC. 
Because of existing regulatory restrictions, these adjuvants 
were not admixed with the ITC, but instead they were injected 
subcutaneously at an adjacent site at the time of each TC 
vaccine injection. As an alternative to participating in this 
randomized trial, physicians who wanted to treat their patients 
with the patient-specific vaccine, but did not want to enroll 
their patients in the randomized trial, had the option of using 
the adjuvant of their choice, typically BCG, IFN-α, or the 
hapten dinitrophenol, or no adjuvant at all.138 Most of the 
patients in the randomized trial had melanoma, renal cell 
cancer (RCC), or sarcoma; about half had measurable disease. 
Injections of ITC vaccine and adjuvant were well-tolerated and 
similar in both arms. The most common adverse events (AEs) 
were mild-to-moderate local injection site reactions or sys-
temic symptoms such as fatigue, fever, chills, rash, and/or 
pruritus, myalgias, arthralgias, and nausea and/or vomiting. 
About 25% of patients in each arm had a positive delayed-type 
hypersensitivity reaction to an intradermal injection of one 
million autologous ITC. There were no differences in objective 
response rates (ORRs), progression-free survival (PFS), or 
overall survival (OS).138 In a retrospective analysis of 74 

patients with metastatic melanoma who were treated with 
autologous TC vaccine, the 53 patients who received GM- 
CSF or IFN-γ as adjuvant had longer PFS (p < .0001) com-
pared to 21 who received a different adjuvant (n = 14) or no 
adjuvant (n = 7).78 It was concluded that either of these cyto-
kines would be suitable as an adjuvant in subsequent vaccine 
trials.

In 2000, when we switched our research focus to DC loaded 
with ATA, it was decided to proceed with GM-CSF as the 
adjuvant, largely based on work by others.109,139–141 It had 
been shown that GM-CSF had important effects on the 
maturation and function of DC, and even though the immu-
nostimulatory function of DC in the skin was enhanced by 
various cytokines, GM-CSF had the most profound effects.109 

In a seminal study performed in murine tumor models, cancer 
cells were transfected with genetic messages for 10 potential 
adjuvants, including IL-2, IL-4, IL-5, IL-6, GM-CSF, IFNγ, 
ICAM-1, CD2, IL-1 receptor antagonist, and human TNF-α, 
and then the cells were irradiated.140 GM-CSF was the most 
powerful adjuvant of the 10 tested. Other studies also sug-
gested that GM-CSF was an effective vaccine adjuvant.142,143 

Subsequently, additional studies in mice,144,145 and in 
humans,146,147 have provided more evidence for beneficial 
adjuvant effects of GM-CSF. In all the personal DC-ATA trials, 
the cells were admixed with 500 µg of GM-CSF just prior to 
each injection.

Two phase 2 trials conducted in melanoma patients sug-
gested that repeated subcutaneous injections of GM-CSF 
monotherapy daily in alternating 2-week cycles might be an 
effective immunotherapy with acceptable toxicity.148,149 

However, efficacy as defined by PFS and OS was not confirmed 
in two large randomized trials.150–152 Although it is generally 
well-tolerated, GM-CSF does have predictable mild-to-mod-
erate, self-limited, local and systemic side effects.153,154 These 
are more troublesome in association with consecutive daily 
injections compared to single injections. Individuals with 

Figure 1. Manufacturing of dendritic cell-autologous tumor antigen (DC-ATA) vaccine.
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known hypersensitivity to GM-CSF were ineligible to partici-
pate in DC-ATA vaccine trials, but during screening no patient 
has ever been excluded because of a history of such hypersen-
sitivity. We have observed two acute hypersensitivity reactions 
during our trials. In 2003, aggregates in a single lot of a GM- 
CSF formulation that was being produced by a new manufac-
turer, were determined to be the cause of anaphylactoid reac-
tions in one patient with RCC and one with melanoma.119,123 

There have been no acute anaphylactoid reactions following 
DC-ATA vaccinations since that time. In a randomized trial in 
ovarian cancer, one patient in the control arm, who was 
receiving injections of autologous MC suspended in GM- 
CSF, had recurrent and refractory urticaria after her eighth 
and final injection, which led to a brief hospitalization.155

Issues for DC-ATA vaccines

There are many questions that arise for a product such as 
personal DC-ATA. The first three are feasibility questions, 
the fourth addresses safety, and the last two are related to 
efficacy. First, what is the feasibility of collecting tumors and 
successfully establishing cell lines? The second question is what 
is the feasibility and success rate for collecting sufficient num-
bers of MC and differentiating them into DCs? Third, what is 
the success rate for converting the intermediate TC and DC 
products into satisfactory final DC-ATA products? The fourth 
question is: are subcutaneous injections of DC-ATA admixed 
in GM-CSF well-tolerated? Fifth, are injections of DC-ATA 
associated with desirable immune responses? Sixth, are sub-
cutaneous injections of personal DC-ATA vaccines associated 
with clinical benefit, such as ORR, PFS, and OS?

The remainder of this review addresses these six questions 
using data generated during the past 22 years in a series of 
clinical trials conducted in patients with a variety of advanced 
cancers. Those trials are summarized in Table 1. The clinical 
data emanated from a 9-patient phase 1–2 trial in distant 
metastatic or locally advanced RCC,123 an 8-patient phase 1 
trial in locally advanced hepatocellular cancer (HCC) in 
Chinese patients who had hepatitis B,122 a 54-patient single 
arm adaptive phase 2 trial in metastatic melanoma,119 a 42- 
patient randomized phase 2 trial in metastatic melanoma in 
which 18 were randomized to DC-ATA and 24 to the ITC 
vaccine control arm,124 a 45-patient randomized phase 2 trial 
in newly diagnosed stages 3 and 4 ovarian cancer in which 29 
were randomized to DC-ATA (28 treated) and 16 to the MC 
control arm,155 and a 60-patient single-arm phase 2 trial in 
patients with newly diagnosed GBM.125

*Yes, cell lines can be reliably established from 
surgically resected fresh tumor specimens.

For this personal vaccine approach, there can be no treatment 
product unless a short-term cell line is successfully established 
to serve as the ATA source. ATA is the first intermediate 
product needed in order to manufacture this personal vaccine. 
If ATA cannot be produced, then there can be no DC-ATA 
therapeutic vaccine product. The logistics associated with tis-
sue acquisition and shipping specimens can be challenging. 
Logistical coordination is required to obtain approvals and 
permissions at various levels in order to collect sufficient 
quantities of fresh, sterile, tumor tissue and transport it to 
the manufacturing facility in a timely manner. The clinical 
team must be sure that each clinical site has been appropriately 

Table 1. Summary of clinical trials in which patients were treated with personal dendritic cell-autologous tumor antigen (DC-ATA) vaccines.

RCC Mel Mel HCC GBM Ovary

ClinicalTrials.gov NCT 00014131 00012064 00436930 None 03400917 00331526
Trial Phase 1–2 1–2 Random 2 1 2 Random 2
Study population Metastatic Advanced regional  

or Distant Metastatic
Advanced regional  

or Distant Metastatic
HBV+ locally advanced Newly Diagnosed Newly Diagnosed  

Stage 3 or 4
Treatment type Monotherapy Monotherapy Monotherapy Adjuvant Adjuvant Adjuvant
Number Treated 9 54 18 8 57 28
Vaccine Adjuvant GM-CSF GM-CSF GM-CSF GM-CSF GM-CSF GM-CSF
Accrual Started 09/2001 11/2000 10/2007 01/2013 08/2018 12/2017
First Dose Injected 10/2001 01/2001 11/2007 04/2013 11/2018 08/2018
Last Dose Injected 09/2006 09/2005 08/2011 10/2013 09/2020 02/2022
Last Date of Follow Up 05/2008 12/2011 12/2016 11/2013 01/2023 03/2022
Duration of Injections 6 mos 6 mos 6 mos 1 mos 6 mos 6 mos
Average # of Injections 6.4/8 7.4/8 7.1/8 3.0/3 6.9/8 7.4/8
Last Dose Injected 2007 2007 2011 2013 2021 2022
Immune Response Yes1 Yes1 Yes2 N/A Yes3 N/A
Tumor Response4 2/7 0/15 1/8 N/A N/A N/A
PFS median in mos. 1.9 4.2 5.4 N/A 10.4 18.8
OS median in mos. 26.1 >60 43.4 N/A 16.0 NR
2-y overall survival 67% 72% 68% N/A 91% 33%

1by changes in delayed type hypersensitivity to irradiated tumor cells. 
2by changes in serum cytokines. 
3by changes in interferon gamma ELISpots. 
4includes delayed tumor responses. 
GM-CSF=granulocyte-macrophage colony stimulating factor. 
PFS=progression free survival; OS=overall survival. 
DC-ATA=dendritic cell-autologous tumor antigens. DC were incubated with whole irradiated autologous tumor cells or with a tumor cells lysate from autologous 

irradiated tumor cells. 
PFS=progression free survival. 
N/A=not available. 
NR=not reached.
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“activated,” which includes approved consent forms, local 
regulatory approvals, and education of local personnel who 
will be involved in the study. Clinical sites are provided with 
kits specifically designed for collection and transport of fresh 
tumor tissue. These kits are validated with shelf-lives of about 
90 d from the time the transport media is made. Sections of 
tumor are placed into conical tubes that contain transport 
media, then shipped by overnight courier to the manufactur-
ing laboratory. Quality of tumor, fresh (not frozen or formalin 
fixed) and non-necrotic, is more important than quantity. 
About a cubic centimeter of tissue is recommended, but a 
melanoma cell line was established from a needle aspirate of 
ocular melanoma.156

In addition to the successful implementation of the logistics 
needed for tissue acquisition, this metric also takes into account 
the appropriateness of standard operating procedures for grow-
ing short-term cancer cell lines and the training and competency 
of laboratory staff. Historically cell lines have been successfully 
established from samples that took up to 3 d to arrive from 
foreign countries.156 Tumor samples are processed and either 
placed directly into cell culture and/or cryopreserved. If appro-
priate freezing procedures are used, the success rate is compar-
able for fresh and cryopreserved samples.72,156,157 Overgrowth of 
fibroblasts can be problematic for certain tissues, especially if 
FBS is needed for cell propagation; therefore, special procedures 
are sometimes needed to limit the growth of fibroblasts.158 

Between 2000 and 2011, in trials with ITC and DC vaccines, 
enough TC were grown to insure that 10 million ITC per dose 
would be available for at least eight doses; so the goal was to 
grow 100 million TC. The success rate using this criterion was 
about 45%, with success rates of more than 50% in RCC,75,76,123 

melanoma,119,120,124 sarcoma,77 and primary GBM,156 with 
lower success rates for recurrent GBM and for other cancers.156 

Using media supplemented with factors to encourage propaga-
tion of TICs, the success rate in the China HCC study was 17/17 
(100%) including 15/15 for hepatoma, 1/1 for cholangiocarci-
noma, and 1/1 for metastatic colon adenocarcinoma.122

Based on lack of clinical correlation with the numbers of TC 
injected in TC vaccines, or incubated with DC for DC vaccines, 
in recent years, we have attempted to provide ATA from one 
million ITC per dose and have grown cell lines for either four 
weeks or to 10 million cells, whichever occurs first, with the 
caveat that accurate cell counting is difficult when spheroids 
are present. The best data regarding cell line success using 
current methods are from clinical trials recently conducted 
during 2018–2021 in patients with newly diagnosed GBM or 
ovarian cancer.125,126 In the GBM trial, 106 patients signed a 
consent for tumor acquisition, but many of these proved to be 
other than GBM. Ultimately, 80 GBM tumors were received at 
the manufacturing site, but 7 patients withdrew consent for 
participation; so, their cell cultures were discontinued. Efforts 
to establish cell lines were attempted for 73 patients with 
success in 71 (97%).125 The two unsuccessful samples were 
due to contamination. Samples for treatment were prepared 
for 60 patients and 58 (97%) had lysates from more than one 
million ITC per dose. Similarly, in patients with newly diag-
nosed stage 3 or 4 ovarian cancer, efforts were successful for 
70/72 (97%) of ovarian samples that resulted from 92 pre- 
surgical consents for tissue acquisition.126 Twelve of those 

samples were not malignant ovarian cancer, one patient was 
ineligible because of low-stage disease, no tumor was sub-
mitted from three patients, and four patients withdrew consent 
for participation. Of the two unsuccessful samples, one was 
contaminated, and one could not be grown. All 56 (100%) of 
the successful cell cultures provided more than one million 
lysed ITC per dose.

Despite the numerous obstacles and challenges, data indi-
cate that it is feasible to reliably collect tumor tissue and 
successfully establish short-term cell lines for use in generating 
ATA for the manufacturing of the autologous DC-ATA vac-
cines. However, there is an inherent inefficiency due to 
uncontrollable clinical issues, including lack of a specific tissue 
and/or stage diagnosis until after the surgical procedure, and 
the subsequent withdrawal of consent by patients for various 
reasons. Thus collectively, in the ovary and GBM trials, out of a 
total of 198 consents to collect tissue, an effort to establish a 
cell line was only attempted on behalf of 145 patients (73%), 
but cell lines were successfully established for 141/145 (97.2%).

*Yes, it is feasible to collect sufficient quantities of 
monocytes and differentiate them into dendritic cells

DCs are the second critical intermediate component needed for 
manufacturing DC-ATA. Sufficient numbers of autologous MC 
must be collected and differentiated into DC in order to man-
ufacture personal DC-ATA vaccines. Similar to tissue acquisi-
tion, obtaining autologous MC also requires permissions, 
agreements, standard operating procedures, coordination of 
PBMC collection and shipping of PBMC to the manufacturing 
site, and competency of laboratory personnel who isolate the 
MC and differentiate them into DC in cell culture. If there are 
insufficient MC, or they cannot be differentiated into DC, then 
there can be no DC-ATA for that patient.

In order to collect PBMC, all patients underwent a 2–4-h 
leukapheresis procedure on a commercially available cell col-
lecting machine.127 Leukapheresis procedures were performed 
without prior injection of colony stimulating factors for mobi-
lization, in order to minimize the number of granulocytes 
collected, which is a problem for both granulocyte colony 
stimulating factor and GM-CSF, and to avoid premature dif-
ferentiation of MC to DC prior to in vitro antigen exposure, 
which occurs with GM-CSF. In our RCC and melanoma DC- 
ATA trials conducted between 2000 and 2011, PBMC were 
collected at one location using leukapheresis procedures and a 
specialized team that was originally established for the collec-
tion of PBMC from patients who were to be treated with high- 
dose chemotherapy and autologous stem cell rescue, and for 
clinical trials of adoptive cell therapies utilizing cells derived 
from PBMC, and later for generation of DC for the DC-ATA 
vaccine trials. The success rate was 100%, including 11/11 for 
RCC patients123 and 87/87 for melanoma patients.83,119,124

The recent trials in ovary and GBM involved multiple clinical 
institutions (six ovary, seven GBM) with PBMC products col-
lected by local leukapheresis teams and shipped by overnight 
courier from as far away as Colorado, New Jersey, and 
Kentucky. Samples always arrived for further processing within 
48 h of collection. A target goal was set at 450,000 CD14+ cells 
following an elutriation procedure to enrich for MC with 
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removal of erythrocytes, platelets, and neutrophils. This number 
was chosen based on the number of DC differentiated from MC 
in previous studies. It was intended to assure final products 
containing at least one million DC per dose. The success rates 
for PBMC collection were 63/65 (97%) for GBM patients125 and 
47/50 (94%) for ovarian cancer patients.128 Ten GBM patients 
required a second leukapheresis in order to achieve an adequate 
MC number, but one patient declined to repeat the pheresis 
procedure, and one patient had three unsuccessful collection 
attempts. Among the ovarian cancer patients, two required a 
second leukapheresis for success, and three declined to undergo 
a second leukapheresis. DC were successfully generated from the 
MC for all 89 patients (60 GBM and 29 ovarian) for whom 
manufacturing of DC-ATA was attempted.

*Yes, once intermediate tumor cell and monocyte 
products are available, a final DC-ATA product can be 
reliably manufactured

For a commercial product and reliable treatment planning, it is 
important that when the intermediate ITC lysate and DC are 
available, the final DC-ATA product can be reliably manufac-
tured. However, missteps can occur during manufacturing, 
and the final DC-ATA product must meet pre-specified qual-
ity assurance criteria before the personal product is released 
for clinical use. Final DC-ATA products using intact ITC were 
generated for 11/11 RCC patients with nine administered,123 

56/56 melanoma patients in the single arm trial with 54 
administered,119 18/18 in the melanoma randomized trial 
with all 18 DC-ATA products administered,120,124 and 17/17 
in the HCC trial with eight administered.122 In the multicenter 
trials using the ITC-lysate DC-ATA products, success rates 
were 60/60 in GBM with 57 administered125 and 28/29 in 
ovarian cancer with all 28 administered with the one failure 
due to contamination.128 The combined results were 181/ 
182 (99.4%).

*Yes, subcutaneous injections of DC-ATA admixed in 
GM-CSF are well-tolerated

Safety is a critical issue for all therapeutic products. Although it 
is presumed that autologous products should be well-tolerated, 

this has had to be confirmed in clinical subjects. GM-CSF is 
commercially available in the United States and has a well- 
known side-effect profile,153,154 but the safety of DC-ATA 
admixed with GM-CSF had to be established. In all of these 
trials, study agents were injected subcutaneously at weeks 1, 2, 3, 
8, 12, 16, 20, and 24, i.e., up to eight doses over 6 months.

Table 2 summarizes AE in the larger trials and shows that 
patients received an average of more than seven of the eight 
planned injections in each study. In addition to the 180 patients 
who received DC-ATA, there were 24 patients injected with ITC 
admixed with GM-CSF in the randomized melanoma trial,120,124 

and 16 patients injected with autologous MC admixed in GM- 
CSF in the randomized ovarian trial.155 Data in Table 2 confirm 
that the personal vaccines administered in GM-CSF are well- 
tolerated. No patient discontinued treatment because of an AE. 
There were no life-threatening (grade 4) or lethal toxicities, 
and severe (grade 3) AEs were rare. As shown in Table 2, the 
most common AEs were local injection site reactions (ISR), 
including erythema, discomfort, and swelling, with frequencies 
of 54%–80%, except in GBM in which the frequency of ISR was 
only 16%, perhaps because so many GBM patients were taking 
corticosteroids.125 AE tended to be mild to moderate in inten-
sity, brief in duration, and self-limited. Occasional patients took 
acetaminophen or non-steroidal anti-inflammatory agents 
briefly, and/or diphenhydramine for rashes that were not readily 
controlled with topical creams.

In all of these trials, the cellular vaccines were admixed in 
GM-CSF; therefore, it is hard to determine whether AE are all 
due to GM-CSF or are some AE unique for the DC-ATA. The 
vast majority of AE were grade 1 or 2, and many of the grade 3 
were attributed to other than the study agents. For instance, the 
grade 3 AE in the DC-ATA and MC arms of the ovarian trial 
were cytopenias attributed to concurrent chemotherapy.155 

Interestingly, in the randomized melanoma trial, although 
DC-ATA and ITC were both well-tolerated, there was a higher 
frequency of grade 2 or 3 AE in the ITC arm perhaps because of 
residual FBS in the ITC product.124 In the two randomized 
trials, the frequency and severity of AE were similar between 
treatment arms,124,155 which suggest that vaccine-related AEs 
are probably due to GM-CSF. There were only two hospitaliza-
tions because of serious adverse events (SAEs) attributed to 
vaccine injections. One occurred in a melanoma patient treated 

Table 2. Summary of adverse events reported in DC-ATA clinical trials in which up to 8 doses were injected.

Mel DC-ATA
Mel 

DC-ATA
Ovary 

DC-ATA
GBM 

DC-ATA
Mel 
TC

Ovary 
MC

Number of Subjects 54 18 28 57 24 16
Average # of Vaccinations 7.4 7.1 7.4 6.9 6.2 7.3
SAE attributed to study agent 2 0 0 0 0 1
Stopped RX because of AE 0 0 0 0 0 0
Highest AE Grade 0 0% 22% 4% 54% 8% 0%
Highest AE Grade 1 19% 61% 18% 42% 21% 31%
Highest AE Grade 2 56% 11% 54% 4% 71% 38%
Highest AE Grade 3 19% 5% 29% 0 0% 31%
Highest AE Grade 4 4% 0 0 0 0 0
Local Injection Site Reaction 80% 67% 54% 16% 67% 69%
Flu-like Symptoms 15% 28% 32% 11% 38% 19%
Malaise/Fatigue 19% 0% 50% 0% 21% 38%
Bone Discomfort 48% 17% 32% 7% 17% 19%
Rash/Pruritus 41% 6% 32% 4% 8% 44%

Mel= melanoma; GBM=glioblastoma; DC-ATA=dendritic cells incubated with autologous irradiated tumor cells or with a lysate of autologous tumor antigens from 
irradiated tumor cells, TC=tumor cells, MC= monocytes. AE=adverse event. SAE=severe adverse event, and RX=treatment.
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with DC-ATA in 2003, who experienced an anaphylactoid 
reaction that led to her being hospitalized overnight.119 This 
proved to be due to aggregates in the GM-CSF product. The 
other was an ovarian cancer patient in the MC control arm who 
was hospitalized after her final injection because of refractory 
urticaria that were treated with corticosteroids.155

Disease progression was always the reason for discontinu-
ing treatment except for two patients who died from other 
medical causes. There was a similar lack of toxicity among the 
nine RCC patients in that trial.123 There was no exacerbation 
of hepatitis or viremia among eight hepatitis-B-virus positive 
HCC patients.122 There has been no evidence of cumulative 
toxicity except for rare patients who have developed more 
frequent and bothersome skin rashes after receiving several 
injections. In two patients in whom this has occurred, there 
were no such symptoms when the DC product was injected by 
itself rather than admixed in GM-CSF.119

*Yes, DC-ATA injections are associated with desired 
immune responses

The mechanism of action (MOA) of all vaccines including DC- 
ATA is the induction and/or enhancement of anti-cancer 
immune responses that result in targeting and killing of cancer 
cells.69–71 Most important ones are direct cytotoxic T cell 
effects, but there may also be a role for antibody-dependent 
cell-mediated cytotoxicity based on anti-tumor antibodies in 
conjunction with various immune cells with appropriate Fc 
receptors.69–71 Detection of desirable immune responses is 
supportive evidence for the in vivo bioactivity of DC-ATA 
and evidence that the MOA is taking place, and ideally might 
be a surrogate marker for clinical efficacy.

In vaccine trials in which a small number of specific anti-
gens are being used for immunization, it is relatively easy to 
measure immune responses to the specific antigens using 
enzyme linked immunosorbent spot (ELISpot) assays.159–161 

This is more complicated when one is using a vaccine in which 
the various antigens are not defined. We have not looked for 
humoral and/or cellular responses to specific tumor-associated 
antigens in patients treated with our personal DC-ATA vac-
cines, because to date we have not attempted to identify all of 
the possible neoantigens or shared antigens expressed on each 
patient’s self-renewing TC, although this theoretically can be 
done. The initiation of such responses starts shortly after 
injection, but efforts to document B cell and/or T cell immune 
responses typically take place 1–4 weeks after the first injec-
tion. There was demonstration of both humoral B-cell and 
cellular T-cell antigen-specific immune responses induced by 
personal DC-based COVID-19 vaccines.162 In a 31-subject 
phase 1 trial, there was an increase in IgG antibodies specific 
for the receptor binding domain of the SARS-CoV-2 spike 
protein in 70% of patients on day 28.162 In a 145-subject 
phase 2 trial, T cell responses to the spike protein were present 
by day 14 in 94% of patients.162 Such antigen-specific tests are 
believed to better reflect the immune response than serum or 
plasma proteomics since the nexus for immune responses 
reside in lymph nodes rather than in the blood stream, and 
blood levels may be only transiently elevated, if at all. For these 
reasons, measurement of serum or plasma cytokines days to 

weeks following vaccinations may not reliably capture the 
immune response.

The most convincing serologic data for desirable immune 
responses in our cancer trials came from the melanoma ran-
domized trial in which there were obvious changes in clusters 
of cytokines between a week-0 baseline, 1 week prior to initi-
ating the vaccines, and week-4, 1 week after the third of three 
weekly vaccinations. There were decreases in clusters of certain 
immune inhibiting cytokines and angiogenesis factors.124 A 
more sophisticated principal component analysis confirmed 
statistically significant clustering of cytotoxic CD4 and CD17 
cytokines in the DC-ATA arm, but not in the ITC arm.163 In 
this analysis, there was also some correlation between an 
enhanced immune response and survival.163 In the rando-
mized ovarian trial and single-arm GBM trial, blood samples 
were obtained before and 1 week and 2 weeks after initiating 
vaccination (1 and 2 weeks after the first injection), and the 
second time point was 1 week after the second injection). In 
the ovarian trial, compared to baseline levels there was a 
statistically significant doubling in the number of interferon- 
γ ELISpots within 2 weeks of starting vaccination in the DC- 
ATA arm, but there was no change in the number of inter-
feron-γ ELISpots within 2 weeks of starting vaccination in the 
MC control arm.164 It is planned to analyze changes in cyto-
kine levels and T cell immune responses in GBM patients 
treated with DC-ATA in the single arm trial.

Because DC-ATA has been admixed with GM-CSF in all of 
these cancer trials, it is difficult to distinguish the immune effects 
induced by DC-ATA as opposed to those induced by GM-CSF. 
However, the antigen-specific T cell responses documented 
following the anti-covid DC vaccine are noteworthy because 
GM-CSF was not given with that product.162 Both mouse 
experiments and samples from the phase I trial of the anti- 
covid vaccine suggested that there might be some benefit for 
the addition of GM-CSF in terms of immunoglobulin responses 
to the receptor binding domain of the spike protein.162 As noted 
above, in the melanoma randomized trial, based on cytokine 
clustering, there were substantial differences in immune 
responses between the two arms, even though GM-CSF was 
included with both products, which suggests the differences 
were related to the vaccine cell products.124,162 In the single- 
arm melanoma trial, an analysis of changes in levels of serum 
thymus-and activation-regulated chemokine (TARC/CCL17) 
suggested a correlation between PFS and increases in TARC 
levels.165 TARC is secreted by DC,166 but also is induced by 
GM-CSF.167 In the randomized phase 2 melanoma trial, there 
were similar large increases in serum levels of TARC in both 
study arms,124 which suggests that this was an effect of GM-CSF 
rather than due to secretion of TARC by the large number of DC 
that were injected in the DC-ATA treatment arm.

*Yes, subcutaneous injections of personal DC-ATA 
vaccines are associated with clinical benefit in some 
patients

In cancer patients, a suggestion of clinical efficacy may be 
inferred from ORR, based on regression of tumors that were 
present and measurable prior to starting treatment, and by 
prolonged PFS or OS compared to historical or contemporary 
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controls.168 Ultimately, safety and clinical efficacy must be 
established by large randomized well-controlled phase 3 clin-
ical trials, typically with OS as the primary endpoint. However, 
it is hard to justify the costs of such trials and the participation 
of large numbers of human subjects in the absence of some 
suggestion of efficacy in earlier phase trials. Of the three 
metrics, ORR, PFS, and OS, OS is considered the gold standard 
of clinical endpoints because the date of death is definitive and 
easily determined.168,169 However, inference regarding causal-
ity and OS can be confounded by subsequent treatment; there-
fore, other therapies must be tracked until the time of death or 
censoring. ORR and PFS are not always surrogate markers for 
improved OS. Documentation of tumor regression is useful, 
but is only applicable to patients with measurable disease, and 
anything other than a complete response is somewhat arbi-
trary, which is why standard definitions of response and tumor 
progression continue to evolve.170,171 Because of changes in 
definitions, it is often inappropriate to compare response rates 
observed in recent trials to those reported in earlier trials. In 
modern trials, by convention PFS, also referred to as event-free 
survival or time to progression (TTP), is defined by whichever 
occurs first: the date of disease progression or the date of death, 
regardless of cause. In phase 2 trials, PFS has an advantage over 
ORR because it includes all patients regardless of disease 
measurability, and an advantage over OS because it is not 
confounded by subsequent therapies.168,172 However, PFS is 
the least definitive of these endpoints because it includes 
arbitrary definitions of disease progression, confirming that 
cancer progression actually has occurred, is confounded by 
deaths from non-cancer causes, and is affected by the fre-
quency of observations during which progression might be 
recognized.173

For several reasons, our DC-ATA trials have emphasized 
OS more than PFS or ORR as a clinical trial endpoint. First, 
most patients have not had measurable disease at the time of 
treatment because of previous surgical resection of tumor in 
order to make DC-ATA, and the challenges in conducting 
trials in patients with readily detectable progressive metastatic 
disease that has been refractory to other therapies. Second, PFS 
may be misleading because immune therapies may cause 
tumor inflammation that can be confused with disease pro-
gression. For instance, in the large, randomized trial that 
resulted in regulatory approval of ipilimumab, there were no 
significant differences in response rates or PFS compared to 
the control arm, but the OS was superior in the immunother-
apy arms.92 Third, it is generally believed that therapeutic 
cancer vaccines are most likely to provide benefit if adminis-
tered in the setting of no measurable tumor or minimal tumor 
burden.174,175

There was no tumor response rate data obtained in the 
recent GBM and ovary trials because DC-ATA was given as 
an adjunctive therapy after primary therapy was completed; 
therefore, nearly all patients lacked measurable disease when 
vaccine therapy was initiated. Response rate was not an 
objective of the HCC phase I trial because the focus was on 
short-term follow up for safety.122 Only eight patients in the 
DC-ATA arm of the randomized melanoma trial had mea-
surable disease.120,124 In earlier trials, estimations of ORR 
were only possible in the subsets of patients who had 

measurable disease at the time vaccine treatment was 
initiated. Therefore, the only formal response data per 
RECIST criteria are 0/7 in metastatic RCC123 and 0/15 in 
metastatic melanoma.119 However, there have been delayed 
durable complete responses in patients who had measurable 
disease at baseline, including two delayed complete regres-
sions in RCC and one in melanoma. A 49-year-old male with 
recurrent RCC had measurable pulmonary lymphadenopathy 
that was stable during 6 months of vaccination, but gradually 
regressed completely.123 He subsequently received gamma knife 
treatment to a solitary small brain lesion that was presumed to 
be a metastasis, but was cancer free 5 years from the start of 
vaccine therapy. A 74-year-old male had a 1-cm lung metastasis 
from RCC when he started treatment.123 The lesion was regres-
sing but technically stable during the 6 months of vaccine 
therapy, but totally resolved 1 month later. This patient also 
was subsequently treated for a single small brain lesion that was 
presumed to be a metastasis, and he also was cancer-free 5 years 
after starting the vaccine. In the randomized melanoma trial, at 
diagnosis, a 59-year-old woman had metastases to the cervical 
spine and, subsequently, had repeated recurrences of wide-
spread metastatic disease including axilla, bowel, brain, gallblad-
der, and soft tissue metastases, despite multiple surgeries, 
radiation, chemotherapy, tyrosine kinase therapy, and IL-2 
based immunotherapy.176 She had five new sites of progressing 
soft-tissue metastases at the time she started vaccine therapy. 
These five lesions stabilized during the 6 months of DC-ATA 
injections; 6 months later, she was declared to have a partial 
response per radiologic scans, and 3 months later, all lesions had 
totally resolved. She received no other anti-cancer therapy and 
was still disease-free 5 years after starting the vaccine.124,177 

Based on these three patients, the delayed durable complete 
response rate is a respectable 3/30 (10%) for patients treated 
with DC-ATA who had measurable disease at the time vaccine 
therapy was initiated.

In terms of PFS, in the randomized melanoma trial med-
ian PFS was somewhat longer in the DC-ATA arm (5.4 vs 3.7  
months), but the difference was not statistically significant, 
while the difference in OS was signficant.124 The converse 
was seen in the GBM trial in which the median PFS of 10.4  
months was 50% greater than the medians reported from 
each of six other GBM trials, all of which had median PFS of 
less than eight months.178 However, this prolonged PFS, 
which persisted only while DC-ATA was being adminis-
tered, did not translate into a longer OS compared to the 
historical data.124 It was hypothesized that OS may have been 
longer had DC-ATA injections been continued for a longer 
duration.

OS is generally considered the most reliable endpoint for 
establishing efficacy in cancer clinical trials, but OS is difficult to 
interpret unless there is a control arm, and potentially can be 
affected by effective salvage therapies. In the 54-patient single- 
arm melanoma trial, DC-ATA treatment was associated with a 
median OS of 5 y compared to about 20 months in a historical 
control group of 74 patients who were treated with ITC vaccine.-
78,119 A large and statistically robust difference persisted even 
when the historical control group was limited to patients who 
received at least the first three weekly vaccine injections.119 The 
only randomized trial data available at this time is from the 42- 
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patient melanoma trial.120,124 Even though early closure of this 
trial meant that it was severely underpowered to detect a differ-
ence in OS, survival results were much better in the DC-ATA 
arm with median OS of 43.4 vs. 20.5 months, 3-y OS of 61% vs 
25% (p = .018), and a hazard ratio of 0.304, or a 70% reduction 
in the risk of death (p = .0053) with the DC-ATA vaccine.124 In 
addition to this data, there have been encouraging survival out-
comes in several patients with liver metastases who were ren-
dered disease free by surgery with or without radiofrequency 
ablation, and then treated with a personal DC vaccine derived 
from the resected tumor.179 One such patient, who had also 
previously had lung and small bowel metastases prior to the 
liver metastases, has now been disease free for 20 y from DC- 
ATA initiation.

Definitive proof of therapeutic efficacy requires a large, 
randomized, and preferably double-blinded, phase 3 trial. 
Such a trial was approved for patients with metastatic mela-
noma with a DC-ATA treatment arm and an MC control 
arm.180,181 However, because of a financial shortfall, the spon-
soring company discontinued this trial after only six patients 
had started treatment. A randomized, double-blind phase 3 
trial has been granted regulatory approval for newly diagnosed 
GBM patients with OS as the primary endpoint (ClinicalTrials. 
gov NCT05100641).

Other issues

There is a strong rationale for combining monoclonal anti-
body immune checkpoint inhibitors with therapeutic anti- 
cancer vaccines.182–185 Agents such as nivolumab, pembroli-
zumab, and ipilimumab are most in effective in patients who 
have a high tumor mutation load, and therefore have large 
numbers of neoantigens and existing anti-tumor immune 
responses that have been suppressed via PD-1/PDL-1 and/or 
CTLA-4 receptors.186,187 Even in an immune-responsive can-
cer such as melanoma, a limitation of immune checkpoint 
inhibitors is that more than one-third of patients have tumors 
that are not associated with tumor infiltrating lymphocytes.183 

The proportion of non-infiltrated tumors is typically even 
higher in adenocarcinomas. Histologic assessment has defined 
three general immune signatures that are both prognostic for 
survival and predictive of a response to PD-1/PDL-1. These 
include (1) T cell infiltration with elevated PDL-1 expression, 
(2) T cells limited to the tumor periphery, but not infiltrating 
the tumor, and (3) neither T cell infiltration nor elevated PDL- 
1 expression.188–191 The last signature is considered an immu-
nologically “cold tumor,” with no potential for response to 
anti-PD-1/PDL-1 therapy.192 For this reason, there is great 

interest in the potential for vaccines that might convert an 
immunologically “cold” tumor into a “hot” tumor,193,194 which 
might then benefit from checkpoint immunotherapy,183,184 or 
other immune stimulating therapies, such as IL-2.195,196 

Furthermore, studies in B16 melanoma mouse tumor models 
showed that concomitant vaccine therapy enhances the clinical 
effects of both anti-CTLA-4 and anti-PD-1 therapies.144,145 In 
the randomized phase 2 melanoma trial, there was an interest-
ing relationship between baseline serum PD-1 levels and 
changes in those levels after therapy that were associated 
with improved survival, but only in the DC vaccine arm.197 

For this reason, an exploratory safety trial has been initiated 
for the combination of personal DC-vaccine therapy and anti- 
PD-1 therapy in patients with metastatic melanoma 
[ClinicalTrials.gov NCT03743298]

Another issue is the dose of DC-ATA administered. Table 3 
shows the average number of cells injected during each of the 
first three weekly injections in each trial. In all trials to date, the 
dose of DC-ATA has been dictated by the number of DC 
generated from MC obtained by leukapheresis rather than a 
predetermined dose. Typically, the total product was aliquoted 
into 10 separate vials with up to eight being injected during the 
course of vaccine therapy. In the first four trials, cells were 
counted at the time of thawing just prior to injection;119,122–124 

in the two recent trials a cell count was performed on a single 
representative thawed sample of each personal DC-ATA batch 
lot.125,128 In the DC-ATA trials in which DC were incubated 
with intact ITC,119,122–124 the final treatment product included 
unphagocytosed ITC, and as a consequence, up to 20% of the 
cells were residual ITC.83 In contrast, in the recent randomized 
ovary trial and single-arm GBM trial, products were 97%– 
100% DC and 0%–3% lymphocytes.125,128

There was no correlation between dose and clinical out-
come in any of these trials, including delayed tumor response 
in the first three trials,119,123,124 and PFS and OS in the five 
trials with such data.119,123–125,128 It is unclear what a mini-
mum effective dose may be, but in the GBM trial, the five 
patients who received less than 1 million cells per dose have 
survived 10.4, 13.3, 22.9, 36.3+, and 37.5+ months,198 which 
suggests that even these seemingly low doses are still above a 
minimum threshold that might define a clinically potent dose. 
In the covid vaccine phase 2 trial, the average number of DC 
injected was only 2.1 million with a range of 0.2 to 16.5 million, 
and 43 received a single injection that contained fewer than 1 
million DC, but this was sufficient to rapidly induce antigen- 
specific T-cell responses.163 One study by others suggested that 
injection of no more than five million DC is associated with 
better trafficking to regional lymph nodes.63 Based on these 

Table 3. Numbers of DC-ATA products injected by clinical trial. Numbers reported are the average numbers of cells injected during each of 
the first three injections.

Trial # patients
Median # cells injected 

x 106
Mean # cells injected 

x 106 ± standard deviation
Lowest # cells injected 

x 106
Highest # cells injected 

x 106

Renal Cell 9 12.8 14.9 ± 7.4 6.0 28.2
Melanoma 54 15.0 15.4 ± 6.4 4.8 33.1
Melanoma 18 13.0 12.5 ± 3.7 5.7 19.1
Hepatoma 8 6.6 8.6 ± 4.5 4.4 16.0
Ovary 28 7.0 10.7 ± 9.0 0.52 29.0
GBM 57 8.5 10.3 ± 7.8 0.27 27.0
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observations, for the GBM phase 3 randomized trial, it is 
planned to treat with fixed dose of two million cells per injec-
tion based on the number of cells at the time of freezing 
(estimated one million cells at the time of thawing), rather 
than dividing up the batch of DC-ATA cells into a fixed 
number of aliquots [ClinicalTrials.gov NCT05100641].

Another unsettled issue is duration of vaccine therapy. In 
all trials to date except for the phase 1 HCC trial,122 the 
treatment schedule has been eight vaccines over 6 months, 
with injections at weeks 1, 2, 3, 8, 12, 16, 20, and 24. In a small 
number of patients, this has resulted in long-term disease 
control,119,123–125,178 but for most, it does not. It is possible 
that survival would be increased if patients continued to 
receive DC-ATA injections until disease progression was 
established. It is not surprising that there is a strong correla-
tion between OS and whether patients received all eight 
injections, since the only reason patients discontinued ther-
apy was because of progressive disease.125 But for all patients 
in the single-arm GBM trial, 68% of patients completed all 
eight doses and OS and PFS were increased relative to histor-
ical controls until about 2 months after vaccines were 
discontinued.178 Since the vaccines have been so well-toler-
ated, and since most patients have not had progressive disease 
after 6 months of injections, it should be feasible to treat a 
high proportion of patients for a longer period of time. 
Because of the availability of the immortal TC lines and the 
ability to do repeated leukaphereses, treatment products can 
be generated repeatedly. This concept has been incorporated 
into the randomized phase 3 trial in GBM in which in the 
absence of confirmed progressive disease, patients may 
receive vaccine treatment every 4 weeks for up to 17–18  
months [ClinicalTrials.gov NCT05100641]. It is anticipated 
that for patients who have not progressed after eight injec-
tions, in order to provide the additional vaccine doses, many 
likely will require one or more additional leukapheresis pro-
cedures, in addition to growing additional TC from the ori-
ginal TC culture.

Conclusions

Despite complex logistics and the need for technical cell cul-
ture expertise, personal patient-specific DC-ATA vaccines can 
be reproducibly and reliably manufactured and made available 
for therapeutic use in less than 8 weeks from the collection of 
tumor tissue. Not surprisingly, injections of personal DC-ATA 
vaccines are associated with only mild-to-moderate self-lim-
ited AEs that likely are due to the GM-CSF adjuvant. These 
AEs are less disruptive than the AE that cancer patients experi-
ence because of their disease and the effects of other therapies. 
Although difficult to measure because of interpatient hetero-
geneity and variation in personal treatment products, there is 
evidence that DC-ATA induces a desirable immune response 
that is detectable within 1–4 weeks of starting treatment. 
Clinical efficacy remains to be established in a randomized 
phase 3 trial with a primary endpoint of OS, but delayed 
durable complete objective responses, and promising PFS 
and OS have been observed in the trials that have already 
been completed.
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