
63ISSN 2045-0907CNS Oncol. (2015) 4(2), 63–69

part of

CNS Oncology

10.2217/CNS.14.54 © 2015 Future Medicine Ltd

REVIEW

Dendritic cell immunotherapy for solid 
tumors: evaluation of the DCVax® 
platform in the treatment of glioblastoma 
multiforme

Alia Hdeib1 & Andrew Edward Sloan*,1,2,3

1Department of Neurological Surgery, University Hospitals Case Medical Center & The Case Comprehensive Cancer Center, Case 

Western Reserve University School of Medicine, 2109 Adelbert Road, Cleveland, OH 44106, USA 
2Department of Radiation Oncology, University Hospitals Case Medical Center & The Case Comprehensive Cancer Center, Case 

Western Reserve University School of Medicine, 2109 Adelbert Road, Cleveland, OH 44106, USA 
3Department of Pathology, University Hospitals Case Medical Center & The Case Comprehensive Cancer Center, Case Western Reserve 

University School of Medicine, 2109 Adelbert Road, Cleveland, OH 44106, USA

*Author for correspondence: Tel.: +1 216 844 2724; Fax: +1 216 844 3014; Andrew.Sloan@UHhospitals.org

January2015January 2015

SUMMARY	 DCVax® (Northwest Biotherapeutics, Inc., MD, USA) is a platform technology 
for delivering dendritic cell-based therapeutic vaccines for a variety of cancers, including 
glioblastoma multiforme (GBM). DCVax®-L, one of the implementations of the DCVax 
platform, provides personalized active immunotherapy composed of autologous dendritic 
cells pulsed with autologous whole tumor lysate. Clinical trials with DCVax-L for GBM included 
previous Phase I/II clinical trials and an ongoing Phase III trial. Preliminary reports of patient 
outcomes after administration of the DCVax-L vaccine provide a promising therapeutic 

Practice points

●● 	DCVax® is a platform providing active immunotherapy via dendritic cell-based therapeutic vaccines for a variety of 
cancers.

●● 	By activating dendritic cells, DCVax helps harness an immune response that mobilizes both the innate and adaptive 
immune system (including cellular and humoral immune responses).

●● 	The DCVax platform can be further subdivided based on mechanism of dendritic cell antigen loading and types of 
antigens used for loading.

●● 	The DCVax®-L platform requires dendritic cell activation ex vivo before vaccination compared with DCVax®-Direct 
in which antigen loading occurs in situ intratumorally in the body. Antigens can be derived from autologous tumor 
lysates as in DCVax-L for glioblastoma multiforme (GBM) or specific recombinant antigenic epitopes, such as 
prostate-specific membrane antigen used for loading in DCVax-Prostate.

●● 	The DCVax platform has been studied in clinical trials for various cancers including prostate, ovarian and glial tumors 
and inoperable solid tumors.

●● 	DCVax-L for GBM has been studied in several clinical trials. Phase I and II trials completed at University of California, 
Los Angeles showed promising results in 39 patients with interim data showing significant survival advantage, with 
time to recurrence of 2 years, and median overall survival of approximately 3 years, compared with 14.6 months. 
Long-term survivors are also reported.

●● 	Currently DCVax for GBM is under study in a Phase III trial for patients with newly diagnosed GBM.

●● 	The promising results reported in interim results along with low toxicity and favorable safety profiles makes DCVax a 
very appealing therapeutic platform for GBM treatment.
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Background
Despite recent therapeutic advances, the prog-
nosis for patients with malignant gliomas – in 
particular glioblastoma multiforme (GBM) – 
remains poor. GBM is not only the most com-
mon of the primary malignant brain tumors 
but the most frequently diagnosed as well  [1]. 
According to the Central Brain Tumor Registry 
of the USA, the incidence of gliomas in the USA 
is 6.02 per 100,000 of which 3.19 per 100,000 
are GBMs. GBMs account for 15.6% of all pri-
mary brain tumors and 45.2% of primary malig-
nant brain tumors  [1]. Unfortunately, median 
survival is only 16 months and only 25% survive 
2 years after initial diagnosis [1].

The current standards of treatment for newly 
diagnosed GBM include surgical resection with 
concurrent chemotherapy and radiation. Lacroix 
and colleagues demonstrated that resections 
greater than 98% of the preresection tumor vol-
ume were associated with a significant survival 
advantage, compared with only an 8.8-month 
survival for tumor resections less than 98% [2]. 
A more recent analysis of a larger cohort of 500 
patients also showed that, for patients with 
newly diagnosed GBMs, more aggressive resec-
tions correlate with improved survival, and there 
was a noted survival benefit for resections even 
as low as 78% of tumor volume [3]. With con-
current temozolomide chemotherapy in addition 
to radiotherapy, median survival for GBM has 
increased from 12.1 to 14.6 months [4].

Due to the heterogeneous and highly infil-
trative nature of this disease, prognosis remains 
dismal. Delivery of chemotherapeutics to the 
CNS as well as dose-limiting systemic toxicity 
have been impediments to successful treatment. 
Several treatment paradigms for novel therapeu-
tics have been described, including local delivery 
of chemotherapeutics using controlled release 
platforms for drugs, targeted therapy, convection-
enhanced delivery methods for various drugs 
and treatment platforms such as targeted radio
immunotherapeutic compounds as a means of 
local radiotherapy  [5–11]. However, for the most 
part, success is incremental and modest at best and 
often accompanied by toxicity and side effects.

The failure of these experimental chemothera-
peutic approaches has led to renewed interest in 

immunotherapy. Theoretically, immunotherapy 
offers greater treatment specificity, less toxic-
ity and treatment resistance and immunologic 
memory to prolong therapeutic response and 
counteract recurrent growth [12]. Active immune 
therapies take advantage of therapeutic vaccine 
platforms to treat those who already harbor a 
tumor by promoting various antitumor immune 
responses. Dendritic cell (DC) immunotherapy 
promotes a wider immune response through 
activation of DCs, involving arms of both the 
innate immune system (nonspecific, mediated 
by natural killer cells, neutrophils, macrophages) 
and the more specific adaptive immune response, 
which includes both B-cell-mediated humoral 
immunity for antibody formation and T-cell-
mediated cellular immunity  [12–14,27]. Here we 
review the current DC immunotherapeutic 
options using the DCVax® platform for solid 
tumors, with a focus on the clinical experience 
with DCVax®-L for GBM at recurrence as well 
as at initial diagnosis.

Indications & usage
DCVax is a therapeutic vaccine technology plat-
form for DC-based immunotherapy, providing 
active immunization for patients with various 
malignancies. The DCVax platform can be 
tailored to specific cancer treatments through 
either purified tumor-specific antigen or tumor 
cell extracts derived from patients’ tumors [13,27]. 
Cancer types that DCVax has been devised to 
treat include solid tumors such as prostate, 
non-small-cell lung and renal cancer, and glial 
tumors such as GBM. DCVax was developed 
and is being commercialized by Northwest 
Biotherapeutics, Inc. (MD, USA) and is cur-
rently in clinical trials for treatment of multiple 
malignancies [27].

There are three separate DCVax platforms. 
Two are produced by purifying autologous DC, 
differentiating them in vitro, and then pulsing 
them with either of two types of antigens. The 
prostate cancer vaccine pulses DC with recom-
binant prostate-specific membrane antigen 
(PSMA) to produce the DCVax-Prostate vac-
cine for treatment of high-stage, hormone-inde-
pendent prostate cancer, which tends to be more 
diffuse and metastatic [13,15,27]. For patients with 
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paradigm for patients with both initially diagnosed and recurrent GBM. Here we evaluate 
the current literature and clinical experience with the DCVax platform, with a particular focus 
on GBM treatment.
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GBM, DCVax is likewise composed of autolo-
gous, differentiated DCs which are pulsed with 
autologous tumor lysate in a proprietary fashion. 
This approach was also studied in the context 
of recurrent ovarian cancer  [13,16,28]. Two prior 
Phase I/II clinical trials conducted at University 
of California, Los Angeles showed encouraging 
results, and currently there is an ongoing Phase III 
trial recruiting patients with newly diagnosed 
GBMs for treatment with DCVax [27,30].

The third DCVax platform under evalua-
tion is DCVax®-Direct. This platform is used 
in the context of unresectable solid tumors that 
cannot provide adequate autologous tumor for 
preparation of DCVax-L. While the DCVax-
Direct platform starts with leukopheresis to 
obtain autologous monocytes which are then 
differentiated into DCs, these DCs are not 
fully differentiated in vitro but rather stimu-
lated in  vitro with bacillus Calmette-Guerin 
for a short time to induce DC activation, but 
unlike the more mature DCs, these activated or 
partially matured cells do not express CD83, a 
well-known maturation marker that was shown 
to provide co-stimulatory signals  [17]. These 
activated DCVax-Direct DCs are injected 
unpulsed into the tumor where they are thought 
to take up autologous solid tumor in situ and 
then mature with production of IL-12 p70 and 
CD83 with MHC class II molecules and present 
these antigens to the immune system. Phase I/
II clinical trials of DCVax-Direct for inoperable 
solid tumor cancers (including locally advanced 
tumors, colon, liver, melanoma, pancreatic, 
head and neck), are ongoing, but no interim 
reports are available [29].

Dosage & administration
The dose and administration regimens vary 
among the three platforms. For example, 
DCVax-L for GBM is in Phase III clinical trials, 
composed of three biweekly intradermal injec-
tions [13] on days 0, 10 and 20, and at weeks 8, 
16, 32, 48, 72, 96 and 120  [30]. The route of 
administration for optimal performance of DCs 
has been reviewed in the literature. Advantages 
of intradermal delivery of DCs for treatment of 
tumors have been shown by some, with supe-
rior performance of DCs when delivered intra-
dermally as opposed to intranodal delivery [18]. 
Yet other groups demonstrated optimal perfor-
mance of DCs for tumor treatment with a com-
bination of intradermal and intravenous deliv-
ery [19]. DCVax-Direct is currently in a Phase I/

II dose-escalation vaccine composed of direct 
intratumoral injection of partially matured 
autologous DCs injected into the tumor, either 
directly or utilizing image guidance [20,27,29].

Clinical pharmacology
Proprietary manufacturing technology for the 
DCVax DC-based vaccine platform has not 
been disclosed by Northwest Biotherapeutics, 
Inc., thus the exact composition, pharmacology 
and biology remain undisclosed. However, a 
review of the general mechanisms of DC biology 
and cancer immunology provides insight into 
the probable mechanism. DCs generally reside 
dormant in the blood and bone marrow in an 
immature state. Not only does cancer usually fail 
to prompt DC maturation, but various tumors 
including GBM appear to have developed mech-
anisms to ‘escape’ or suppress the innate immune 
system  [21–24]. However, once DC maturation 
occurs, these cells become powerful APCs that 
can summon multiple arms of both the innate 
and adaptive (cellular and humoral) immune 
system (Figure 1) [13,27].

The first step is the derivation of DCs, which 
involves separating a patient’s autologous mono-
nuclear cells from peripheral blood by leuko-
pheresis and prompting maturation of these 
immature peripheral blood DCs using various 
cytokines [13]. Matured DCs are then pulsed with 
various antigens depending on the malignancy 
to be treated. DCVax-L for prostate cancer is 
derived by pulsing these DCs with recombinant 
PSMA protein to generate an antigen-specific 
immune response for this antigen. In contrast, 
for GBM in which there is less certainty regard-
ing tumor-specific epitopes, autologous DCs are 
activated in vitro and pulsed with autologous 
whole tumor lysate in vitro prior to vaccine 
administration. Similar approaches are utilized 
for other solid tumor types (Figure 2). The man-
ner in which this is achieved differs for different 
DCVax vaccines depending on tumor biology. 
For instance, when applying DCVax platform for 
GBM (DCVax-L for GBM), the autologous DCs 
are pulsed with proteins from tumor cells from 
resected GBM  [13,14,27,30]. Unlike DCVax for 
GBM, which uses autologous tumor cell lysates 
for DC pulsing, for certain malignancies such 
as prostate cancer the DCVax platform relies on 
purified recombinant antigens. DCVax-Prostate 
vaccine takes advantage of the proprietary anti-
gen PSMA found on late-stage, hormone-inde-
pendent prostate cancer tumors, a 750 amino 
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Figure 1. Schematic of immunotherapy process using the DCVax® platform.
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acid transmembrane glycoprotein expressed spe-
cifically on the endothelium of these cells [13,15]. 
However, it can also be found in the endothelium 
of other nonprostate cancers [15].

By contrast, DCVax-Direct is designed for all 
solid tumor types that are inoperable and for 
which no core tumor mass is available for resec-
tion [27]. Autologous monocytes are isolated and 
differentiated into DCs, which are then partially 
matured, comprising the DCVax-Direct vaccine, 
which is administered directly into the tumor 
core. They are injected either under direct visu-
alization or under image guidance for deeper, less 
accessible tumors [27]. Because the DCs are still 
somewhat immature, they should theoretically 
readily ‘prime’ themselves as they take up intrin-
sic tumor epitopes in situ and exhibit them with 
MHC class II molecules after injection of the 
vaccine intratumorally [27]. Currently, DCVax-
Direct is under study in a Phase I/II clinical 
trial for inoperable solid tumors (Figure 2)  [29]. 
Preliminary reports presented at the recent 
annual meeting of the American Society of 
Clinical Oncology suggested minimal toxicity 
with possible efficacy [20].

Clinical evidence
The DCVax platform has been configured for 
treatment in several clinical trials for various 
cancers, including ovarian, prostate, GBM and 
inoperable solid tumors. However, much of the 
data from these trials have not yet been reported 
in the peer-reviewed literature, and some clini-
cal trials are still recruiting. In December 2009, 

a Phase I clinical trial of autologous DC vac-
cination for patients with recurrent epithelial 
ovarian carcinoma or primary peritoneal carci-
noma using DCVax-L technology in addition to 
bevacizumab and oral metronomic cyclophos-
phamide was completed [16]. For prostate cancer, 
DCVax-Prostate showed promising clinical ben-
efit and immunologic response in some patients 
in interim analyses of Phase I/II trials conducted 
more than a decade ago  [13,15,27]. According to 
Northwest Biotherapeutics, DCVax-Prostate 
was previously cleared by the US FDA for a 
Phase III trial but awaits partnering for trial 
commencement [27].

Currently, there are two ongoing clinical trials 
with DCVax – one using DCVax-L for the treat-
ment of GBM patients with newly diagnosed 
tumors in a Phase III trial actively recruiting 
and one using the DCVax-Direct platform. The 
DCVax-Direct platform is currently under study 
in a Phase I/II clinical trial recruiting patients 
with tumors, including melanoma, pancreatic, 
colorectal, liver, locally advanced and metastatic 
solid tissue tumors deemed inoperable, for intra-
tumoral administration of autologous activated 
DCs using the DCVax-Direct vaccine technol-
ogy [29]. End points include safety and efficacy 
as determined by tumor response; interim data 
are not available [29].

For treatment of GBM, DCVax-L has 
been studied in completed Phase I/II stud-
ies conducted primarily at UCLA with the 
goal to determine safety and efficacy. From 
Northwest Biotherapeutics’ public reports, the 
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Figure 2. Categorization of various DCVax platforms.
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Phase I/II studies have been conducted and com-
pleted at UCLA, with a Phase III study currently 
open  [27,30]. The company reports interim data 
on its website, with 39 patients recruited for the 
Phase I/II studies of which 20 had newly diag-
nosed GBMs and 19 had recurrent GBM and 
other gliomas  [27]. For those with newly diag-
nosed GBM who received DCVax in addition to 
standard of care, the median time to tumor recur-
rence was approximately 2 years, with median 
survival of 3 years [27]. Reportedly, there are sub-
stantial long-term survivors in the DCVax group, 
with 33% of patients exceeding 4 years and 27% 
reaching or exceeding 6 years; two patients have 
exceeded the 10-year survival mark, according 
to the company [27]. These results are promising 
and are consistent with other reported DC vac-
cination trial results for patients with GBMs [14]. 
Currently, the company is conducting a Phase III 
clinical trial with DCVax for newly diagnosed 
GBMs, with the goal to enroll 312 patients from 
sites across the USA, with end points of pro-
gression-free and overall survival [27,30]. Interim 
results are not available [27,30].

Adverse reactions
In general, there have been few significant 
reported side effects from DC vaccines created 
from tumor lysates  [14]. Side effects after such 
vaccinations have included mild fevers, rashes 

and irritation at the injection sites  [14]. Trial 
results for DCVax are largely unpublished in 
the peer-reviewed literature, but the sponsoring 
company reports that DCVax-L is nontoxic and 
that, to date, in clinical trials that have included 
more than 1000 treatments, no significant seri-
ous adverse events have been noted [27], similar 
to other reported GBM vaccine trials in which 
vaccines have had very limited toxicity  [14,27], 
although autoimmune encephalitis has been 
reported in primate models [25,26].

Drug interactions
DCVax is currently still under investigation in 
clinical trials. No significant drug interactions 
have been reported.

Use in specific populations
DCVax-L for prostate and DCVax direct for 
solid tumors can be administered to any patient 
with prostate or other solid tumor who meets 
eligibility criterion, respectively.

Conclusion
DCVax is a platform technology for delivery of 
active DC-based immunotherapy vaccines for 
various cancers including GBM. The DCVax-L 
platform requires dendritic cell loading ex vivo 
before vaccination, while the DCVax-Direct 
platform allows for in situ antigen loading of 
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dendritic cells intratumoraly. Phase I and II 
trials with DCVax for GBM show promising 
results, with interim data reporting of significant 
survival advantage, time to recurrence of 2 years, 
and overall survival of approximately 3 years. 
Currently, DCVax for GBM is in a Phase III 
study for patients with newly diagnosed GBM. 
Both the promising interim results and low tox-
icity profile make DCVax a favorable therapeutic 
for GBM.
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