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Abstract
Purpose: Dendritic cells (DC) initiate adaptive immune
responses through the uptake and presentation of antigenic
material. In preclinical studies, intratumorally injected activated DCs (aDCs; DCVax-Direct) were superior to immature
DCs in rejecting tumors from mice.
Experimental Design: This single-arm, open-label phase I
clinical trial evaluated the safety and efﬁcacy of aDCs,
administered intratumorally, in patients with solid tumors.
Three dose levels (2 million, 6 million, and 15 million aDCs
per injection) were tested using a standard 3 þ 3 doseescalation trial design. Feasibility, immunogenicity, changes
to the tumor microenvironment after direct injection, and
survival were evaluated. We also investigated cytokine production of aDCs prior to injection.

Results: In total, 39 of the 40 enrolled patients were evaluable. The injections of aDCs were well tolerated with no doselimiting toxicities. Increased lymphocyte inﬁltration was
observed in 54% of assessed patients. Stable disease (SD; best
response) at week 8 was associated with increased overall
survival. Increased secretion of interleukin (IL)-8 and IL12p40
by aDCs was signiﬁcantly associated with survival (P ¼ 0.023
and 0.024, respectively). Increased TNFa levels correlated
positively with SD at week 8 (P < 0.01).
Conclusions: Intratumoral aDC injections were feasible
and safe. Increased production of speciﬁc cytokines was correlated with SD and prolonged survival, demonstrating a link
between the functional proﬁle of aDCs prior to injection and
patient outcomes. Clin Cancer Res; 24(16); 3845–56. 2018 AACR.
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Patients with unresectable, locally advanced, or metastatic solid
tumors have a poor prognosis and few therapeutic options,
especially after having failed standard therapies (1–3). Recently,
there have been several promising advances in immune cancer
therapies (4, 5). However, to mount an effective immune
response against cancer, the immune system must ﬁrst be primed
to attack cancer cells (6). Speciﬁcally, tumor-speciﬁc antigens
must be presented to na€ve T cells by antigen-presenting cells,
which induce T-cell differentiation into activated cytotoxic T cells
(CTL; refs. 4, 7).
One of the most efﬁcient antigen-presenting cells are dendritic
cells (DC; ref. 8). DCs stimulate both B and T cells and generate
costimulatory molecules, such as cytokines, to drive CTL clonal
expansion (8). Given DCs' ability to induce a broad immune
response, DC-based immunotherapy research has grown rapidly
in recent years. DC-based cancer vaccine clinical trials have shown
various degrees of promise, and several products are currently in
late-stage clinical trials (9). The various DC subsets found in
blood are known for their efﬁcient antigen cross-presentation
and their ability to effectively migrate to draining lymph nodes.
However, they comprise less than 1% of peripheral blood mononuclear cells, which means that there is insufﬁcient cellular
material to generate a vaccine (7, 10). As a result, researchers
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Translational Relevance
Dendritic cells (DC) initiate adaptive immune responses
through the uptake and presentation of antigenic compounds,
such as proteins expressed on the surface of tumor cells. In
preclinical studies, intratumorally injected activated DCs
(aDC; DCVax-Direct) were superior to immature DCs in
clearing tumors from mice. In this phase I clinical trial, we
evaluated the safety and efﬁcacy of intratumorally injected
aDCs in patients with advanced solid tumors. aDCs were well
tolerated. Lymphocyte inﬁltration increased in 54% of treated
patients. aDCs that secreted higher levels of interleukin (IL)-8
and IL12p40 were signiﬁcantly associated with overall survival, and those that expressed TNFa were associated with disease
stabilization. These ﬁndings indicate that aDCs injected directly in tumors are safe and, when expressing high levels of certain
cytokines, could prolong survival in patients with advanced
tumors.

typically use ex vivo–generated DCs derived from monocytes
collected from the patient via leukapheresis; however, strategies
using other DC types are currently being investigated (7, 10, 11).
After generating DCs, the cells are pulsed with an antigen and
injected back into the patient. The choice and source of the antigen
(e.g., puriﬁed protein or cell lysate), as well as the loading method,
have a large effect on outcome and vary widely between studies
(10).
Another consideration in DC-based immunotherapy is DC
maturation. Immature DCs take up antigens more readily; however, they also induce T-cell tolerance by triggering apoptosis,
promoting anergy, or priming regulatory T cell (Treg) differentiation in T cells (12). To ensure that the exogenously loaded DCs
will elicit an active immune response, maturation agents must be
used during vaccine preparation, either before or after antigen
loading (10, 13). Maturation agents include Toll-like receptor
(TLR) agonists or mixtures of cytokines, such as tumor necrosis
factor a (TNFa), interleukin (IL)-1b, IL6, and prostaglandin E2
(PGE2; ref. 10). Differentiation protocols often include IL4 to
inhibit differentiation into macrophages instead of DCs (14), but
this is not required if monocyte activation is avoided during
puriﬁcation (15). Some strategies supplement their maturation
compounds with interferon g (IFNg), IFNa, and polyinosinic:
polycytidylic acid to generate mature type-1–polarized DCs that
secrete IL12. The mature DCs induce a T-helper cell 1 (TH1)-type
proﬁle that elicits natural killer cell and CTL activation (16, 17).
CTL activation triggers a proinﬂammatory state, stimulating these
cells to kill tumor cells directly (18).
In addition to maturation, the administration method has a
signiﬁcant impact on outcomes. The administration route must
allow the DCs to reach the lymph nodes, so they can induce T-cell
differentiation. Several methods, including intravenous, intradermal, and intranodal injection, have been studied previously (10).
Another promising route is intratumoral (i.t.) injection, which
utilizes the necrotic or apoptotic milieu already present in tumors
to load na€ve DCs with endogenous antigens. I.t. injection of
immature, unloaded DCs in animal models resulted in tumor
regression and increased survival (19, 20). These therapeutic
effects were enhanced by simultaneously treating the animals
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with other, more traditional treatment regimens, including chemotherapy (21–23) and radiotherapy (24–26). These approaches
have also been tested in patients with various cancer types, and
these studies produced varied results (27–30). As mentioned
previously, immature DCs are proﬁcient at antigen uptake and
processing, whereas mature DCs are better at presenting antigens.
Thus, we hypothesized that partially matured DC that could take
up antigen in situ while being irrevocably committed to the
maturation pathway could provide a more effective tumor vaccine. These partially matured DCs, called "activated DCs" (aDC)
express all the appropriate signaling molecules as well as unusually high levels of cytokines and can induce antigen-speciﬁc
antitumor immune responses through MHC class I–mediated
antigen presentation (15). aDCs can be generated using various
agents, including Bacillus Calmette–Guerin (BCG) cell wall skeleton and a TLR-stimulating reagent (31). aDCs have been previously studied in mouse models (31) and humans (32).
We previously performed a preclinical study investigating i.t.
aDC injections combined with chemotherapy in mice xenografted with colon carcinoma cells. The immature DCs were
activated using inactivated BCG and IFNg. The aDCs expressed
higher costimulatory molecule levels than immature DCs and
secreted high levels of TNFa, IL6, IL8, IL12, and other cytokines
and chemokines. In this study, tumor clearance was higher for
mice treated with combination therapy than for those with
chemotherapy alone (33).
Based on the promising preclinical results, we conducted a
phase I trial to test the safety and feasibility of aDCs administered using i.t. injection as a treatment for patients with
unresectable, locally advanced, or metastatic solid tumors.
Secondary outcomes included immune response measures,
biopsy evaluations to determine local and systemic effects, and
exploratory efﬁcacy measures related to tumor size and patient
survival. During this trial, we observed some variability in the
autologous cell therapy products generated, possibly due to the
inherent variability in monocytes obtained from different
patients. Thus, we also investigated whether this variability
translates to clinical efﬁcacy.

Patients and Methods
Patients
Patients 18–75 years of age with locally advanced or metastatic
disease and who had undergone at least one antitumor treatment
regimen within 12 weeks of screening were eligible for the study.
Other eligibility criteria included having an Eastern Cooperative
Oncology Group (ECOG) performance status of 0 or 1, having at
least one injectable tumor mass >1 cm in diameter and located
away from major vascular structures or areas not amenable to
swelling (e.g., upper airway tumors), producing a sufﬁcient number of monocytes to manufacture the full dose course, having a life
expectancy >6 months, and having adequate bone marrow and
renal function. Patients with a history of autoimmune disease or
organ transplants were excluded from the study. Other exclusion
criteria included having positive status for HIV-1, 2, or HTLV-I, -II;
having heavily myelosuppressive or myelotoxic chemotherapy
within 4 weeks prior to the ﬁrst injection; receiving cancer immunotherapy within 2 years; having untreated brain metastases;
needing ongoing steroid or anti-coagulant therapies; or having
an acute or uncontrolled infection. Patient characteristics are
summarized in Table 1.
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Table 1. Baseline characteristics of treated patients
Characteristics, n ¼ 39
Age, years, median (range)
Sex, n (%)
Male
Female
Disease type, n (%)
Pancreatic adenocarcinoma
Sarcoma
Colorectal
Neuroendocrine
Melanoma
Lung
Breast
Ovarian
Bladder
Cholangiocarcinoma
Prior therapies, n (%)
2
3–5
6

Total
53 (30–73)
18 (46.2)
21 (53.8)
5 (12.8)
9 (23.1)
7 (17.9)
4 (10.3)
6 (15.4)
3 (7.7)
2 (5.1)
1 (2.6)
1 (2.6)
1 (2.6)
20 (51.3)
12 (30.8)
7 (17.9)

Study design
This was part 1 of a phase I/II open-label clinical trial
evaluating the safety and efﬁcacy of aDCs (ClinicalTrial.gov
identiﬁer NCT01882946). This dose-escalation portion of the
trial used a "3 þ 3" design. Three dose levels were included in
this study: 2 million, 6 million, and 15 million aDCs. The study
was conducted in accordance with the International Conference
on Harmonization principles of Good Clinical Practice and the
Declaration of Helsinki (1989). The study and consent forms
were approved by local Institutional Review Boards prior to
commencing the study. All patients provided written informed
consent. The study was conducted at two centers: The University of Texas MD Anderson Cancer Center in Houston, TX, and
Orlando Health in Orlando, FL.
Each patient underwent leukapheresis to collect monocytes, the
DC precursor cells. The aDCs (trade name DCVax-Direct) were
prepared as described below. The ﬁrst aDC injection took place
approximately 3 weeks after the leukapheresis, and subsequent
injections were administered at 1, 2, 8, 16, and 32 weeks after the
ﬁrst injection. All injections were administered to either a primary
or metastatic tumor as follows. First, an 18-G guide needle was
placed using image guidance [computed tomography (CT), ultrasound, or magnetic resonance imaging (MRI)] and the commonly
used coaxial technique, which provided access to the tumor. Then,
a 20-G trucut core biopsy device was inserted, followed by a
thinner 22-G needle to deliver the product directly into tumor
tissue. For each immunization, cells were administered in 3 to 4
needle passes within tumor margins using a fanning technique.
This technique enhanced aDCs' exposure to dead and dying
tumor cells while avoiding delivering a single bolus to the necrotic
center of the tumor mass. After the injections, the subjects were
observed for 2 hours with vital signs (heart rate, temperature, and
blood pressure) taken every 30 minutes.
Dose-limiting toxicities (DLT) and maximum tolerated dose
(MTD)
DLT was deﬁned as any of the following: grade 3 injection site
reactions, development of clinical signs and symptoms of autoimmune disease, grade 2 allergic reaction, grade 2 immunological reaction that lasted for 3 days or required drug intervention, grade 3 National Cancer Institute Common Toxicity Cri-
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teria (NCI CTC) v.4 toxicity, or grade 4 or life-threatening events
that are not related to malignancy progression. The MTD was
deﬁned as the highest dose level at which no more than one third
of subjects experience DLT.
Evaluation of efﬁcacy
Treatment efﬁcacy was evaluated by CT or MRI studies according to Response Evaluation Criteria in Solid Tumors v. 1.1 (34) or
immune response-related criteria (35). Brieﬂy, progressive disease
(PD) was deﬁned as a 20% increase in the sum of the target
lesion's diameters compared with the smallest sum observed
during the study, and the absolute sum must increase 5 mm.
Stable disease (SD) was deﬁned as having insufﬁcient tumor
shrinkage to qualify as a partial response (30% target lesion
diameter reduction), while also having insufﬁcient tumor growth
to qualify as PD.
Preparation of aDCs
Monocytes were puriﬁed from the leukapheresis product using
a proprietary tangential-ﬂow ﬁltration method. When comparing
cytokine levels produced by aDCs differentiated with or without
IL4, we previously showed that those differentiated without IL4
yielded higher levels of relevant cytokines (Supplementary Fig. S1;
ref. 15). Therefore, aDCs used in this study were produced as
follows. Cells were placed in Teﬂon tissue culture bags (SaintGobain) and differentiated into immature DC for 5 days in the
presence of granulocyte macrophage colony-stimulating factor.
Cells were cultured for 5 days, and then killed BCG mycobacteria
and IFNg were added to induce DC activation. The release criteria
for patient administration were purity (i.e., CD86þ, MHC-IIþ)
>70% and cell viability >50%. Following activation, the cells were
cryopreserved in single-dose aliquots. Flow cytometry was performed on cells looking for DC-activation markers (36).
Cytokine level determination
A custom multiplex magnetic (Luminex Corp.) bead set for
TNFa, IL4, IL6, IL8, IL10, and IL12p40 and a singleplex set for
IL12p70 (Invitrogen) were used to determine concentrations of
cytokines produced during a 24-hour period in clariﬁed supernatants from DCVax-Direct product cultures according to the
manufacturer's protocol. At the time the supernatant was harvested, a cell count was also performed. Cell viability was determined based on trypan blue exclusion. Data are reported as the
average value of duplicate determinations normalized per million
live DCs per 24-hour period.
Evaluation of tumor biopsies
Biopsied tumors were formalin-ﬁxed and parafﬁn-embedded
(FFPE) using standard methods. All immunohistochemistry was
performed by QualTek Molecular Laboratories.
In situ detection of IFNg and TNFa transcripts in FFPE specimens was performed using the RNAscope assay with probes HsIFNg and Hs-TNFa (cat nos. 310501 and 310421, respectively,
Advanced Cell Diagnostics, ACD), as well as positive control
probe PPIB (cat no. 313901), and the RNAscope 2.0 HD Reagent
Kit (Brown, cat no. 310035, ACD) following procedures recommended by the manufacturer. To verify IFNg and TNFa RNAscope
speciﬁcity, peripheral blood mononuclear cells (PBMC) from
three healthy donors were tested before and after T-cell stimulation. To stimulate T cells, PBMCs were isolated using Ficoll–
Paque (Sigma-Aldrich), resuspended in RPMI-1640 medium

Clin Cancer Res; 24(16) August 15, 2018

Downloaded from clincancerres.aacrjournals.org on September 26, 2020. © 2018 American Association for Cancer
Research.

3847

Published OnlineFirst July 17, 2018; DOI: 10.1158/1078-0432.CCR-17-2707

Subbiah et al.

supplemented with 10% fetal bovine serum, and treated with
50 ng/mL phorbol myristate acetate and 1 mg/mL ionomycin
(Sigma-Aldrich) for 5 hours at 37 C and 5% CO2. Cells were ﬁxed
in 10% neutral-buffered formalin in Histogel, processed, and
embedded into FFPE blocks. Sections (5 mm) were then tested
using RNAscope as indicated above. The stimulated T cells demonstrated a strong increase in both IFNg and TNFa compared with
untreated cells. Digital images of the stained slides were acquired
with an Aperio ScanScope XT digital slide scanner.
Statistical analysis
We performed statistical analyses to determine whether cytokine levels were associated with outcome. In addition, we assessed
whether the baseline characteristics or treatment factors were
predictive of the cytokine levels or outcome. Response was measured based on two variables: SD at week 8 (best response) as a
binary measure and duration of survival. We did not perform
adjustments for testing multiplicity. A P value of 0.05 was considered statistically signiﬁcant.
First, we generated descriptive measures for the cytokine levels,
including correlations between the potency measures. Next, we
assessed the association between baseline characteristics or treatment factors with cytokine levels using nonparametric ANOVA
(Wilcoxon) methods. Scatter plots of the measures were reviewed
for all of the pairs of cytokine levels. A proportional hazards
model was used to ﬁt the survival as a function of the individual
cytokine levels, and a backward regression was used to determine
if special measures were more predictive in a joint model. A
logistic model was used to ﬁt the SD at 8 weeks as a function
of the individual cytokine levels, and a backward regression
was used to determine if special measures were more predictive
in a joint model. Proportional hazards models, logistic models,
trend tests, or likelihood-ratio c2 tests were used to evaluate the
association of baseline characteristics and treatment factors
with survival and SD at 8 weeks as appropriate to the measure
and endpoint. For Kaplan–Meier plots of survival based on
cytokine levels, we used the median value for each cytokine as
the cutoff between the two groups.
Based on the analyses and a review of the scatter plots, a group
of observations appeared to be potential outliers or possibly a
unique set of subjects (described further in Results). The analyses
were repeated with these subject records removed. All analyses
were completed using SAS version 9.3 (SAS Institute Inc.).

Results
Patients
Overall, 40 patients were enrolled between July 2013 and June
2014 from two study centers, The University of Texas MD Anderson Cancer Center in Houston, TX, and Orlando Health in
Orlando, FL. Prior to treatment, the aDCs generated from the
leukapheresis product were evaluated for markers of DC activation (Fig. 1). Following this analysis, 1 patient was deemed not
evaluable due to an incorrect formulation of the aDCs. Patient
demographics and clinical characteristics are presented in Table 1.
The median patient age was 53 years (range, 30–73 years). The
study included 21 women (53.8%) and 19 men (48.7%). A large
number of solid tumor types were eligible for enrollment in the
study, with the most common being sarcoma (n ¼ 8), colorectal
cancer (n ¼ 7), and melanoma (n ¼ 6). Patients had a median of
three lesions (range, 1–5 lesions). The median number of prior
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treatments was two (average 3; range, 1–9). All aDC injections
were performed on an outpatient basis using image guidance (CT,
ultrasound, or MRI) facilitated by conscious sedation by an
interventional radiologist. At the 2-million aDC dose, 16 patients
were administered a median of four injections (range, 1–6 injections). At the 6-million aDC dose, 20 patients were administered a
median of three injections (range, 2–6 injections). At the
15-million aDC dose, 3 patients were administered a median of
4 injections (range, 3–4 injections). Only one tumor was injected
per patient.
Safety and survival
Despite the high levels of cytokines produced by the aDC, there
was no evidence of cytokine-mediated toxicity. No DLTs were
observed during the dose-escalation trial design, and thus, an
MTD was not determined. The maximum tested dose (15 million
aDCs) was well tolerated. Adverse events related to the study
treatment are reported in Table 2. Treatment-related adverse
events were observed in 32 patients (82.1%), but the vast majority
of these events were deemed to be grade 1 or 2 and most had
resolved by the end of the study period. The most common
adverse events were pyrexia (n ¼ 31; 79.5%), chills (n ¼ 16,
41.0%), fatigue (n ¼ 12, 30.8%), injection site pain or discomfort
(n ¼ 11, 28.2%), night sweats (n ¼ 10, 25.6%), decreased appetite
(n ¼ 9, 23.1%), and myalgia (n ¼ 7, 17.9%).
There were four grade 3 (10.3%) and one grade 4 (2.6%)
treatment-related serious adverse events, all at the 6 million aDCs
per injection dose.
Histology
Following a protocol amendment, serial biopsy data were
collected from 28 patients. In total, 104 biopsies were taken. New
or increased necrosis was observed in 16 biopsied patients (57%).
New or increased numbers of stromal lymphocytes were observed
in 14 biopsied patients (50.0%); new or increased numbers of
tumor-inﬁltrating lymphocytes were observed in 15 biopsied
patients (54%); and both inﬁltrating and stromal lymphocytes
were observed in 8 patients (29%). Biopsies were collected at week
3 and week 8, and peritumoral or intratumoral T cells were
generally detected at 8 weeks after treatment initiation
(Fig. 2A). Therefore, the immune response was initiated somewhere within that timeframe. In some patients, the T-cell accumulation was detected at 2 or 3 weeks after the ﬁrst injection.
These T cells may represent a preexisting antitumor immune
response that localizes to the tumor following aDC injection.
De novo or signiﬁcantly enhanced PD-L1 expression was
observed in 19 of 25 (76%) evaluated tumor biopsies. Among
biopsies stained for both lymphocytes and PD-L1, new or
increased PD-L1 expression was observed in 9 of 12 patients with
new or increased inﬁltrating T cells and 11 of 12 patients with new
or increased stromal lymphocytes. Among the 19 patients total
with new or increased PD-L1 expression, 14 had either peritumoral or inﬁltrating lymphocytes.
When tumor-inﬁltrating T cells were observed, they were primarily a mixture of CD4þ and CD8þ cells; however, there were a
few instances where either CD4þ or CD8þ T cells were detected
exclusively. In some cases, the T cells constituted >30% of total
cells in the biopsy section (see also Fig. 2A),
To assess tumor-associated and -inﬁltrating T-cell functionality,
we performed RNAscope analysis for IFNg and TNFa expression
on selected tissues. The majority of T cells in the samples tested
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Figure 1.
The phenotype of aDCs. Presented are representative ﬂow cytometry histograms of various DC activation markers. Red histograms are from the monocyte
population harvested during leukapheresis. Blue histograms are from aDCs.

were positive for both cytokines (Fig. 2B and C), suggesting that
fully functional T cells were recruited to the tumor. Tissue macrophages expressing TNFa were also detected.
Cytokine levels, survival, and SD
The cytokine levels of the aDCs were evaluated prior to injection in each patient. Because each batch of aDCs was derived from
the patient's own monocytes, there was a signiﬁcant degree of
interpatient variability observed in the cytokine levels. To investigate this variability and its effects on treatment efﬁcacy, we
evaluated the internal correlations between cytokine levels and
the associations between cytokine levels and baseline characteristics, treatment factors, survival, and SD at 8 weeks.
During statistical analyses, aDCs from 3 patients showed an
aberrant pattern of cytokine production compared with those of
aDCs from the majority of patients. The aDCs from these patients
produced high levels of IL8 and IL6 but low levels of TNFa, and
results from these patients consistently emerged as statistical
outliers. The ﬁrst outlier patient was a 51-year-old male melanoma patient from the 6-million aDC treatment group. He had ﬁve
lesions and underwent one round of treatment previously. He
received three injections, had SD at week 8, and died approximately 9 months after the ﬁrst injection. The second was a 59-yearold female breast cancer patient in the 6-million aDC treatment
group. She had three lesions and had undergone eight rounds of
treatment previously. She received three injections and died
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approximately 1 month after the ﬁrst injection. The third was a
52-year-old male lung cancer patient in the 15-million aDC
treatment group. He had three lesions and underwent ﬁve rounds
of treatment previously. He received three injections, had PD at
week 8, and died approximately 3.5 months after the ﬁrst injection. All three patients had a heavy burden of disease and an
extremely poor prognosis. The three patients did not have other
known prominent features that separated them from the rest of
the trial subjects. An exploratory analysis of the aDCs from one of
the patients using immunophenotyping suggested that the puriﬁed monocytes may have failed to completely transform into
aDCs. Thus, we attributed the aberrant cytokine pattern to incomplete monocyte-to-DC differentiation that was not detectable
initially based on the aDC release criteria used in the trial. In the
subsequent analyses where DC quality was compared with patient
outcomes, the outlier patient data were excluded.
Table 3 shows cytokine levels and expression of surface markers
for the 36 patients who were included in the analyses.
Internal correlations between cytokine levels
To assess the quality of activation and the effect of the cytokines
produced by aDCs, we determined the levels of TNFa, IL6, IL8,
IL10, IL12p40, and IL12p70 from the tissue culture supernatants
prior to harvesting. There was a high level of internal correlation
between the various cytokines evaluated. Those values were
correlated with outcome (SD or survival) in univariate analyses.
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Table 2. Treatment-related adverse events

Adverse eventa
Pyrexia
Chills
Fatigue
Injection site pain/discomfort
Night sweats
Decreased appetite
Myalgia
Headache
Nausea
Vomiting
Anemia
Inﬂuenza-like illness
Pain
Weight loss
Abdominal pain
Back pain
Chest pain
Dehydration
Dry eye
Dry mouth
Dyspnea
Face edema
Hydronephrosis
Hypokalemia
Hypomagnesemia
Insomnia
Musculoskeletal discomfort
Peripheral edema
Skin sensitization
Systemic inﬂammatory response syndrome
Tachycardia

2 million, n ¼ 16
G1–G2
G3–G4
15
0
10
0
8
0
8
0
5
0
6
0
4
0
3
0
3
0
3
0
1
0
1
0
0
0
0
0
0
0
0
0
0
0
1
0
1
0
1
0
0
0
0
0
1
0
0
0
1
0
1
0
1
0
1
0
0
0
0
0
0
0

aDCs/injection
6 million, n ¼ 20
G1–G2
G3–G4
14
0
5
0
2
2
3
0
5
0
2
0
3
0
1
0
0
0
0
0
0
1
1
0
2
0
1
0
1
0
1
0
1
0
0
0
0
0
0
0
1
0
1
0
0
0
0
1
0
0
0
0
0
0
0
0
1
0
0
1
1
0

15 million, n ¼ 3
G1–G2
G3–G4
2
0
1
0
0
0
0
0
0
0
1
0
0
0
0
0
1
0
1
0
0
0
0
0
0
0
1
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

Total, n (%)b
31 (79.5)
16 (41.0)
12 (30.8)
11 (28.2)
10 (25.6)
9 (23.1)
7 (17.9)
4 (10.3)
4 (10.3)
4 (10.3)
2 (5.1)
2 (5.1)
2 (5.1)
2 (5.1)
1 (2.6)
1 (2.6)
1 (2.6)
1 (2.6)
1 (2.6)
1 (2.6)
1 (2.6)
1 (2.6)
1 (2.6)
1 (2.6)
1 (2.6)
1 (2.6)
1 (2.6)
1 (2.6)
1 (2.6)
1 (2.6)
1 (2.6)

Abbreviations: G, grade (according to National Cancer Institute Common Terminology Criteria for Adverse Events, version 4).
When adverse events were observed on multiple dates at different grades, the highest grade observed was listed.
b
Percent of total patients, N ¼ 39.
a

Separately, a backward regression model was used to assess the
relative predictive strength of the measures and identify variable
combinations based on a joint model, starting with all of the
factors. The correlated cytokines were sorted into three groups.
The ﬁrst group included IL6, IL12p40, and, to a lesser extent,
TNFa. The Pearson r value for IL6 and IL12p40 was 0.64 (P ¼
0.004). The r value for IL6 and TNFa was 0.88 (P < 0.001). The r
value for IL8 and IL12p40 was 0.641 (P < 0.001). The second
group was IL10 and IL8. The r value for IL8 and IL10 was 0.63 (P <
0.001). The third group was IL12p40 and IL12p70, which had an r
value of 0.55 (P < 0.001). However, due to the short aDC
activation time, the full complement of IL12p70 production
could not be detected.
Associations between cytokine levels and baseline
characteristics and treatment factors
Next, we evaluated associations between cytokine levels and
baseline characteristics and treatment factors, including indications, number of lesions, prior treatment, dose, number of injections, age, sum of the longest tumor diameter (SLD), and absolute
lymphocyte count at screening (ALC), using regression analysis.
SLD was negatively associated with levels of IL8 (R2 ¼ 0.20; P ¼
0.006), IL12p40 (R2 ¼ 0.14; P ¼ 0.026), and IL12p70 (R2 ¼ 0.11;
P ¼ 0.051), and positively associated with IL10 levels (R2 ¼ 0.14;
P ¼ 0.023). ALC was positively associated with IL12p40 (R2 ¼
0.26; P ¼ 0.002). Neither SLD nor ALC were independently
associated with survival. We also investigated correlations
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between cytokine levels and quantitative measures of inﬁltrating
T cells, but none were found. This lack of correlation could be a
legitimate result or a sampling issue, as tumor sampling can be
misleading due to tumor heterogeneity.
Associations between cytokine levels and survival
The aDC cytokine concentrations were individually ﬁt in a
proportional hazard model to determine whether they were
predictive of survival. Univariate analysis indicated that IL8 and
IL12p40 were associated with survival. Speciﬁcally, IL8 levels
greater than 985 ng/106 cells/day and IL12p40 levels greater than
330 ng/106 cells/day were signiﬁcantly correlated with longer
overall survival (log-rank P ¼ 0.023 and 0.024, respectively; Fig.
3A and B). We performed an exploratory analysis to evaluate a
joint model of isolated cytokine pairs and assess potential factor
interactions. The combination of IL8 and IL12p40 was associated
with a potentially signiﬁcant interaction term (P ¼ 0.020). The
joint interaction model indicates that aDC preparations with high
concentrations of both IL8 and IL12p40 were associated with
longer overall survival in this patient population. This result
suggests that there may be more complex relationships between
DC potency measures and clinical outcomes.
Associations between cytokine levels and SD at week 8
Log-rank analysis showed that survival was signiﬁcantly associated with SD at week 8 (P ¼ 0.047, Fig. 3C); thus, we determined
whether there were cytokine markers associated with SD. The
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Figure 2.
Immunohistochemistry of biopsied tumor tissue. A, T-cell inﬁltration following aDC treatment. Immunohistochemical staining shows that tumor-inﬁltrating
lymphocytes, including CD3þ-activated T cells, CD4þ helper cells, and CD8þ killer cells, increased from baseline in 15 of 27 biopsied patients. Representative
images are from a clear cell sarcoma tumor treated with 6 million aDCs/injection. Two injections had been administered at the time of biopsy. Magniﬁcation,
20; scale bar, 200 mm. B and C, Cytokine production by activated T cells. Tissue sections were probed for (B) IFNg and (C) TNFa expression using RNAscope (brown
dots) and costained for CD3 expression (red dots) using immunohistochemistry. Black arrows represent CD3þ-activated T cells expressing either IFNg or TNFa.
White arrows represent CD3 cytokine-producing cells, likely macrophages. Representative images are from a clear cell sarcoma tumor treated with 6 million aDCs/
injection. Two injections had been administered at the time of biopsy. Magniﬁcation, 20; scale bar, 100 mm.

cytokine levels were individually ﬁt into a logistic model to
determine whether they were predictive of SD at week 8. Univariate analysis revealed a positive association between SD at week 8
and TNFa levels produced by aDCs (log-rank P < 0.01, Fig. 3D),
and this association was conﬁrmed in a multivariate backward
regression model (P ¼ 0.01).
Other measures of DC quality
The injected DC from 24 patients were analyzed for surface
marker expression. Weak trend correlations were observed
between survival and the levels of expression (mean ﬂuorescence
intensity divided into tertiles) of MHC class II (log-rank P ¼ 0.213,
P for trend ¼ 0.085) and the CD86 costimulatory molecule (logrank P ¼ 0.226, P for trend ¼ 0.088), lending further support for
the hypothesis that patient outcome is at least partially a function
of DC quality (Fig. 3E and F).

Discussion
In this phase I trial, we tested the safety and efﬁcacy of activated
autologous DCs, injected i.t., as a treatment for patients with
unresectable, locally advanced, or metastatic solid tumors.
Patients were treated with 2-, 6-, or 15-million aDCs per injection
at weeks 0, 1, 2, 8, 16, and 32 or until there were no more
autologous aDCs to administer. We did not observe any DLTs,
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and thus there was no MTD. This observation is consistent with
other DC vaccine studies in which no DLTs or MTDs were
identiﬁed (9, 37, 38). In our study, the maximum dose administered was 15 million aDCs per injection, and this dose was well
tolerated. The literature is conﬂicted on whether larger doses
improve outcomes (38) or do not add additional beneﬁts
(39–42). Given the results presented here, there is no clear
indication of what dose is ideal for i.t. injected aDCs. We observed
relatively few low-grade, treatment-related adverse events in this
study, and they were primarily associated with immune activation
(e.g., pyrexia; ref. 43). Collectively, these results indicate that
aDCs are a safe treatment for solid tumors.
With respect to the efﬁcacy of the aDCs, biopsies of injected
tumors showed increased necrosis and inﬁltration of lymphocytes, including CD4þ helper cells and CD8þ killer cells. In
individual cases, we observed immune reactivity with both rapid
and delayed inﬁltration of T cells in patient biopsies and extensive necrosis. These observations preceded a demonstrable
reduction in tumor size (Supplementary Fig. S2). Studies have
shown that increased inﬁltration and accumulation of certain
types of T cells, such as stromal lymphocytes and CTLs, in tumors
are strongly correlated with improved outcomes in several solid
tumors (44–46). In addition, PD-L1 was upregulated in 19 of 25
tumors tested, and this upregulation likely reﬂects the tumor
response to immune activation, particularly because tumor
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Table 3. Patient-level outcomes and biological markers
Patienta
Sex
Organ/tumor type
Survival
Statusb
1
M
Pancreas
48.5
A
2
M
Sarcoma/desmo
8.2
D
3
M
Soft tissue sarcoma
24.0
D
4
F
Soft tissue sarcoma
11.2
D
5
M
Melanoma
9.5
D
6
M
Metastatic CRC
3.7
D
7
F
Metastatic CRC
2.8
L
8
M
Metastatic CRC
4.7
D
9
F
Pancreas
8.8
D
10
F
Soft tissue sarcoma
13.8
D
11
F
Pancreas
2.4
D
12
M
NET Pancreas
45.5
A
13
M
Melanoma
45.0
A
14
F
Melanoma
7.5
D
15
F
Cholangiocarcinoma
21.8
D
16
F
Melanoma
5.3
D
17
M
NSCLC
1.5
L
18
M
NET Pancreas
5.6
D
19
M
NET Lung
42.6
A
21
F
Metastatic CRC
10.1
D
22
F
Ovary
42.5
A
23
F
NSCLC
34.7
D
24
M
Pancreas
4.1
D
25
M
Soft tissue sarcoma
13.4
D
26
M
Bladder
22.0
D
27
F
NET
28.6
D
28
F
Metastatic CRC
7.1
D
29
F
Pancreas
17.4
D
30
F
Soft tissue sarcoma
9.3
D
31
F
Soft tissue sarcoma
15.4
D
32
F
Soft tissue sarcoma
36.2
A
33
M
Metastatic CRC
41.0
D
34
M
Metastatic CRC
16.1
D
35
F
Breast
16.3
L
36
F
Melanoma
45.1
A
39
F
Soft tissue sarcoma
15.1
D

Diseasec
SD
PD
SD
SD
PD
PD
PD
PD
PD
SD
n.d.
SD
SD
PD
PD
PD
SD
SD
SD
SD
SD
SD
SD
SD
SD
SD
PD
SD
PD
SD
PD
SD
PD
n.d.
PD
SD

T cellsd
N
n.d.
Y
N
n.d.
n.d.
n.d.
n.d.
n.d.
Y
n.d.
Y
Y
n.d.
Y
Y
n.d.
Y
N
N
N
Y
Y
N
N
N
Y
Y
Y
n.d.
Y
n.d.
N
N
Y
N

TNFae
þþ
þ
þþ
þ
þþ
þ
þ
þ
þ
þ
þþþ
þþþ
þþ
þ
þþ
þ
þþþ
þþ
þþþ
þþþ
þþþ
þþþ
þþþ
þþ
þþþ
þþþ
þþ
þ
þþ
þþþ
þþ
þþ
þþ
þ
þ
þþþ

IL6e
þ
þ
þ
þ
þ
þþ
þþ
þþ
þþ
þ
þþþ
þþþ
þþþ
þþ
þþþ
þ
þþþ
þ
þþþ
þþ
þþþ
þþþ
þþ
þ
þþþ
þþþ
þþþ
þ
þþ
þþ
þ
þ
þþ
þþ
þþ
þþþ

IL8e
þ
þ
þþþ
þþ
þþ
þ
þ
þþ
þþþ
þ
þþ
þþþ
þþ
þþ
þþþ
þþ
þþþ
þ
þþ
þ
þþþ
þþ
þþþ
þ
þþþ
þþþ
þ
þ
þþ
þþþ
þ
þþþ
þ
þþ
þþþ
þþ

IL12 p40e
þ
þ
þþ
þþ
þ
þþþ
þþ
þþ
þþ
þ
þþþ
þþþ
þþþ
þþ
þþþ
þ
þþ
þ
n.d.
þ
þþþ
þþ
þþ
þ
þþþ
þþþ
þ
þ
þþ
þþþ
þ
þþþ
þþþ
þþ
þþ
þþþ

MHC-II MFIe,f
n.d.
n.d.
n.d.
þþ
þþ
þþþ
þþ
þþþ
þþþ
þ
þ
þþþ
þþþ
þþ
þþ
þþ
þ
þ
n.d.
n.d.
þþþ
þþ
þ
þ
þþ
n.d.
þ
n.d.
n.d.
n.d.
þ
n.d.
þþþ
n.d.
þþþ
n.d.

CD86 MFIe,f
n.d.
n.d.
n.d.
þþþ
þþþ
þþ
þþ
þþ
þþþ
þþ
þ
þþþ
þþþ
þþ
þþ
þ
þþ
þ
n.d.
n.d.
þþ
þþþ
þ
þ
þ
n.d.
þ
n.d.
n.d.
n.d.
þ
n.d.
þþþ
n.d.
þþþ
n.d.

Abbreviations: CRC, colorectal cancer; desmo, desmoplastic small-round-cell tumor; IL, interleukin; MHC, major histocompatibility complex; NET, neuroendocrine
tumor; NSCLC, non–small cell lung cancer; TNF, tumor necrosis factor.
a
Excludes 3 patients determined to be statistical outliers and excluded from correlation analysis.
b
Status: A, alive; D, deceased; L, lost to follow-up.
c
Disease: SD: stable disease at week 8; PD: progressive disease at week 8.
d
T cells: Y, de novo or signiﬁcant increase in inﬁltrating T cells detected on biopsy; N, no de novo or signiﬁcant increase in inﬁltrating T cells detected on biopsy; n.d., not
determined.
e
þ, þþ, þþþ indicate relative levels of expression: patients were divided into tertiles for each marker. Patients in the tertile with the lowest relative expression level
are indicated by a "þ," in the mid-tertile by "þþ," and in the top tertile by "þþþ." n.d., not determined.
f
MFI, mean ﬂuorescence intensity.

biopsies that tested positive for T cells were more likely to have
increased PD-L1 expression. PD-L1 is a coinhibitory molecule
elicited during lymphocyte inﬁltration that downregulates T-cell
activity to control excessive immune reactions, and tumors use it
to evade immune responses (4, 10). Given that our PD-L1 data
are from biopsied tumors, the emergence of PD-L1 expression
may serve as a marker of successful antitumor immune response
induction. Nevertheless, it is possible that the induced immune
responses are suppressed by this immune checkpoint and that
the addition of a checkpoint blockade following DC therapy
may further enhance efﬁcacy. Overall, these results provide
evidence that aDCs stimulate an effective T-cell response in
solid tumors.
For the aDC treatment to be effective, it should also improve
patient outcomes. We hypothesized that the survival mechanism
was related to DC potency, as measured by the cytokines secreted
by the aDCs. Therefore, we assessed cytokine levels of the aDCs
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prior to injecting them into the tumors. We observed that IL12p40
was signiﬁcantly associated with survival. IL12p40 is one subunit
of the heterodimeric IL12 complex, also called IL12p70. IL12 is
known to stimulate natural killer cells and mature T cells. It is also
known to help convert TH2 cells to TH1 cells that have antitumor
activity (47). Thus, IL12-producing aDCs are ideal for an effective
DC vaccine. We used IL12p40 as a marker of IL12 activity because
the gene expression of IL12p35, the other IL12p70 subunit, is
lower compared with that of IL12p40 (48). The relatively short
activation time of the aDCs was not sufﬁcient for cells to make
substantial quantities of IL12p70 complex before harvesting cells,
preventing us from exploring the associations between IL12p70
and survival.
IL8 secretion was also associated with survival. Speciﬁcally,
high IL8 secretion showed signiﬁcantly higher overall survival. IL8
is largely considered to be negatively associated with cancer, and
retention of i.t. DCs through IL8 has been demonstrated (49). IL8
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Figure 3.
Cytokine production and disease status subgroup analyses. A, Correlation between IL8 production (ng/106 DCs/day) and overall survival. Kaplan–Meier curve
of IL8 production and survival. The dashed line indicates survival in patients injected with aDCs producing <985 ng IL8/106 DCs/day (the median IL8 production);
the solid line represents those injected with cells producing 985 ng IL8/106 DCs/day (P ¼ 0.03, log-rank). B, Correlation between IL12p40 production
(ng/106 DCs/day) and overall survival. Kaplan–Meier curve of IL12p40 production and survival. The dashed line indicates survival in patients injected
with aDCs producing <330 ng IL12p40/106 DCs/day (the median IL12p40 production); the solid line represents those injected with cells producing 330 ng IL12p40/
106 DCs/day (P ¼ 0.03, log-rank). C, Stable disease (SD) at week 8 and survival. Kaplan–Meier curve of patients with SD at week 8 compared with that of
patients with PD at week 8. The dashed line indicates survival in patients with PD at week 8; the solid line represents those with SD at week 8. The overall
survival was signiﬁcantly different between the two groups (P < 0.05). D, TNFa production by the aDCs and disease status at week 8. The number of
patients with SD at week 8 is shown with black bars, and the number of patients with PD is shown with gray bars. There were no patients with PD at week 8 among
those with TNFa levels >130 ng/106 DCs/day (P < 0.01, c2). E, Association between patient survival and expression levels of the cell surface marker CD86. The
solid line indicates patients with cells having >3,400 MFI when stained for CD86; the dashed line indicates patients with cells having 2,000 to 3,400 MFI;
and the dotted line represents patients with cells having <2,000 MFI (P ¼ 0.18, log-rank; P ¼ 0.07, log-rank for trend). F, Association between patient survival and
expression levels of the cell surface marker MHC-II. The solid line indicates patients with cells having >6,000 MFI when stained for MHC-II; the dashed line
indicates patients with cells having 6,000 to 16,000 MFI; and the dotted line represents patients with cells having <16,000 MFI (P ¼ 0.21, log-rank; P ¼ 0.08, log-rank
for trend). Three outliers were removed for A, B, and D; see text for details. Twenty-four of 39 patients were available for CD86 and MHC-II analyses.

promotes angiogenesis, cell proliferation, and cell survival; however, it also promotes inﬁltration of immune cells into the tumor
microenvironment (50), does not disrupt the ability of DCs to
stimulate T cells, and may attract and retain neutrophils when
secreted by DCs (4, 49). In the case of BCG immunotherapy, IL8
was associated with the development of an antitumor immune
response (51). It seems possible that the localized application of
IL8-producing aDCs stimulated inﬁltration of immune cells into
the tumor.
The regression model indicated that the combination of IL8
and IL12p40 was positively associated with survival. To date, the
literature is conﬂicted on whether cytokines, such as IL8, are
immunosuppressive or whether they are beneﬁcial by affecting
the tumor microenvironment or playing a role in recruiting
inﬂammatory cells. Our positive association with survival indicates that the combination of IL8 and IL12p40 (and possibly
other cytokines), rather than individual cytokines, may be key for
improved survival. It seems likely that these cytokines play multiple roles in the complex interactions between the tumor and
immune system and that the overall effect is beneﬁcial. It is also
possible that these molecules solely serve as sensitive markers of
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overall aDC quality and potency. The observed associations
between patient baseline parameters and cytokine production
(i.e., aDC quality) suggest that factors, such as SLD and ALC, may
predispose patients toward greater beneﬁt from DC-based therapies, although the R2 values suggest that these baseline parameters only explain up to 25% of the variation in cytokine levels.
This possibility deserves further attention in subsequent trials
with more homogeneous patient populations and will be the
subject of future investigations.
IL8 and IL12 are known to play a role in the efﬁcacy of i.t.administered DCs. Several mouse and human studies evaluated
the efﬁcacy of i.t.-administered autologous DCs that were transfected to constitutively express IL12, presuming they would elicit a
stronger immune response. Mice with B16 melanoma treated i.t.
with IL12-transfected DCs lived signiﬁcantly longer than those
treated with unmodiﬁed or GFP-modiﬁed DCs. Analysis of mouse
spleen cells showed they were sensitized to generate CTLs (52). I.t.
administration of IL12-transfected DCs in mice with liver tumors
signiﬁcantly reduced tumor burden (based on liver weight).
Further, mice who had previously been treated with IL12-transfected DCs showed sustained immunity when challenged a
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second time with CMS4 tumor cells (53). In humans with metastatic gastrointestinal carcinomas, IL12-transfected DCs injected
i.t. were safe, but the response was limited (54). A study investigating the limited response observed in humans found that
IL12-transfected DCs administered i.t. stayed in tumors due to IL8
expression by tumor cells (55). Further investigations showed that
IL8 affects DC migration in tumors, but does not affect T-cell
stimulation (49). However, this barrier is not insurmountable
(56). Nishioka and colleagues (57) showed that IL12-transfected
DCs injected i.t. i.t. were capable of migrating to the draining
lymph in mice. Similarly, we observed decreased tumor size in
distant lesions (Supplementary Fig. S2), indicating that the i.t.administered aDCs could be reaching the lymph. It seems likely
that coupling aDCs with strategies to enhance migration to the
lymph may be an effective means to improve aDC efﬁcacy.
To evaluate clinical activity of antitumor vaccines, we must
consider parameters other than tumor response criteria, as those
may not be adequate or appropriate given the mode of action of
these agents. In some cases, cancer immunotherapy may not show
an apparent treatment effect, but still have an effect on survival
(58). One example is the failed trial for tremelimumab. This trial
was canceled due to futility, but later analysis revealed a survival
beneﬁt (59). Further, sipuleucel-T, the ﬁrst FDA-approved cancer
vaccine, was approved based on improvements in overall survival
(60). In our study, survival analysis of the aDC-treated patients
showed that SD at week 8 was signiﬁcantly correlated with
survival. These data suggest that if the tumor can be stabilized
by aDCs, then the odds of progression-free survival signiﬁcantly
increase, indicating clinical activity by aDCs. Based on this result,
we investigated what cytokines were associated with SD at week 8.
Analysis of the cytokine levels showed that TNFa was positively
associated with SD at week 8. TNFa is a well-characterized
cytokine extensively associated with upregulating the immune
response, including DC maturation and T-cell priming, proliferation, and recruitment (61, 62). Human trials have shown that
isolated limb perfusion of TNFa can be used to treat locally
advanced soft-tissue sarcomas (63). In addition, TNFa has been
shown to be critical for antitumor immune responses in mice
(61). Our observed positive association between TNFa and efﬁcacy outcomes is consistent with these results.
There were several limitations of this trial. First, this trial was
primarily a safety study. The trial was conducted over a limited
time frame, and we collected limited biopsy material. Therefore,
we could not investigate the mechanism of action by aDCs. Some
avenues for future research include looking at clinical activity with
respect to PD-L1 and IDO expression; staining for cells that might
be recruited by aDCs, such as tumor-inﬁltrating DCs and Tregs
(CD4þ/Foxp3þ cells); and performing more extensive chemokine
proﬁling, including CCL5 and CXCL9-11. Second, while the
quality of the aDCs was checked prior to patient administration,
the aDC release criteria used for the trial may need to be expanded
to identify incompletely differentiated aDCs. Third, while there
are clear correlations between the quality of the cell product and
outcomes, they cannot completely explain variations in clinical
outcomes; thus, there are exceptions at the individual patient
level. Cancer is a multifactorial disease, and other factors could
have a substantial effect on clinical outcomes. However, given the
explosive expansion of clinical cell products approved or in the
pipeline for regulatory approval, it is clear that cell product
quality, in the form of cytokine levels, should be considered as
part of trial design and analysis and product distribution. Addi-
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tional studies in the pipeline include more fully characterizing
efﬁcacy parameters, injecting multiple tumors, and biopsying
distant tumors. Several of these topics are currently planned in
the phase II portion of this trial.
In this study, we showed that aDCs are a safe, feasible treatment
option for patients with solid tumors. We also identiﬁed speciﬁc
cytokines that, when secreted by the aDCs, lead to stabilization of
disease, resulting in prolonged survival. We showed that (i) T-cell
inﬁltration of the tumor is either induced or enhanced following
the therapy; (ii) these T cells are functional CTLs based on in situ
cytokine production; (iii) PD-L1 is induced, indicating an
immune-related mechanism of action; and (iv) cytokine production (i.e., aDC quality) is correlated with clinical outcome, both in
terms of arresting tumor growth (SD) and subsequent survival.
Based on these data, it is clear that aDCs are a promising treatment
to extend the survival of patients with unresectable, locally
advanced, or metastatic solid tumors.
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