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A B S T R A C T

Purpose
Autologousmonocyte-derived dendritic cells (DCs) electroporated with synthetic mRNA (TriMixDC-MEL)
are immunogenic and have antitumor activity as a monotherapy in patients with pretreated advanced
melanoma. Ipilimumab, an immunoglobulin G1 monoclonal antibody directed against the cytotoxic
T-lymphocyte-associated protein 4 receptor that counteracts physiologic suppression of T-cell function,
improves the overall survival of patients with advanced melanoma. This phase II study investigated the
combination of TriMixDC-MEL and ipilimumab in patients with pretreated advanced melanoma.

Patients and Methods
Thirty-nine patients were treated with TriMixDC-MEL (4 3 106 cells administered intradermally and
20 3 106 cells administered intravenously) plus ipilimumab (10 mg/kg every 3 weeks for a total of
four administrations, followed by maintenance therapy every 12 weeks in patients who remained
progression free). Six-month disease control rate according to the immune-related response criteria
served as the primary end point.

Results
The 6-month disease control rate was 51% (95% CI, 36% to 67%), and the overall tumor response
rate was 38% (including eight complete and seven partial responses). Seven complete responses
and one partial tumor response are ongoing after a median follow-up time of 36months (range, 22 to
43 months). The most common treatment-related adverse events (all grades) consisted of local DC
injection site skin reactions (100%), transient post–DC infusion chills (38%) and flu-like symptoms
(84%), dermatitis (64%), hepatitis (13%), hypophysitis (15%), and diarrhea/colitis (15%). Grade 3 or
4 immune-related adverse events occurred in 36% of patients. There was no grade 5 adverse event.

Conclusion
The combination of TriMixDC-MEL and ipilimumab is tolerable and results in an encouraging rate of
highly durable tumor responses in patients with pretreated advanced melanoma.

J Clin Oncol 34:1330-1338. © 2016 by American Society of Clinical Oncology

INTRODUCTION

Antitumor T-cell activation requires interac-
tion of antigen-derived peptides displayed in
the context of major histocompatibility com-
plex (MHC) molecules on the surface of antigen-
presenting cells (APCs) with the T-cell receptor
(signal 1) and interaction of the T-cell cos-
timulatory receptor CD28 with its ligands CD80
(B7-1) and CD86 (B7-2) on the APC (signal 2).
The cytotoxic T-lymphocyte-associated protein 4
(CTLA-4) receptor is expressed at the surface of
T cells and serves to control the early stages of
naive and memory T-cell activation by binding

CD80 and CD86 on APCs, preventing these two
ligands from engaging the CD28 costimulatory
T-cell receptor.1-3 The main physiologic function
of CTLA-4 is to downmodulate CD4+ T-helper
cell activity and increase regulatory T-cell (Treg)–
mediated immunosuppression.4

Monoclonal antibodies that inhibit signal-
ing through CTLA-4 (ipilimumab and trem-
elimumab) have antitumor activity in patients
with advanced melanoma.5-8 Ipilimumab sig-
nificantly improved the overall survival (OS) of
patients with advanced melanoma, either as a
monotherapy when compared with a gp100
peptide vaccine or when added to dacarbazine in
comparison with dacarbazine monotherapy.6,9
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A long-term incremental OS benefit is achieved in approximately
10% to 15% of patients, with a plateau in the survival curve
appearing 2 to 3 years after the first dose of ipilimumab.6,9-11

The combination of a CTLA-4–blocking monoclonal anti-
body and a dendritic cell (DC) vaccine or granulocyte-macrophage
colony-stimulating factor–producing cellular vaccine (Gvax)
demonstrated enhanced activity in mouse models.12,13 In a phase I
clinical trial on 16 patients with melanoma treated with the
combination of MART-1 peptide-pulsed DCs and tremelimumab,
a higher rate of durable objective tumor responses was observed
than what was expected from each agent alone.14 In addition,
patients with melanoma who developed anti–NY-ESO-1 immune
responses before or during ipilimumab therapy were found to be
more responsive to CTLA-4 blockade.15

DCs are professional APCs that play a crucial role in the initiation
and regulation of the adaptive immune system.16 We previously
demonstrated that the immune stimulatory capacity of autologous
monocyte-derived DCs can be optimized by coelectroporation with
mRNA encoding CD40 ligand (CD40L), CD70, and constitutively
activated TLR4 (caTLR4; so-called TriMix-DC).17 Administration of
TriMixDC-MEL (a mixture of TriMix-DC coelectroporated with one
out of four melanoma-associated antigens fused to an HLA class II
targeting signal [gp100, tyrosinase, MAGE-A3, or MAGE-C2 fused to
DC.LAMP]) is safe and immunogenic in patients withmelanoma.18-20

In a phase IB study, durable tumor responses were observed in four of
15 patients with pretreated advanced melanoma when administrating
TriMixDC-MEL both by the intravenous and intradermal routes.19

In vitro, TriMix-DCs retain their capacity to mature and secrete IL-
12p70 in the presence of ipilimumab. Moreover, ipilimumab sig-
nificantly increased interleukin (IL) -2 secretion of CD4+CD252

T cells upon polyclonal stimulation with TriMix-DC and anti-CD3
beads (Data Supplement). We here report the results of a phase II
study investigating the combination of TriMixDC-MEL and ipili-
mumab in patients with pretreated advanced melanoma.

PATIENTS AND METHODS

Patients
Patients with histologically confirmed, unresectable, American Joint

Committee on Cancer (AJCC) stage III or IV melanoma with measurable
disease, who experienced treatment failure with at least one prior line of
systemic treatment, were eligible. Other key inclusion criteria included the
following: age $ 18 years; WHO performance status of 0, 1, or 2; normal
hematologic, liver, and renal function tests; and negative serologic tests for
HIV, syphilis, hepatitis B, and hepatitis C. Exclusion criteria included prior
treatment with an anti–CTLA-4 antibody, history of autoimmune disease,
primary uveal melanoma, untreated or symptomatic CNS metastasis, and
the need for permanent therapeutic anticoagulation. This trial was
approved by the institutional ethics committee (ClinicalTrials.gov iden-
tifier: NCT01302496). All patients provided signed informed consent.

TriMixDC-MEL Production
Immature DCs were generated by culturing monocytes in the

presence of 1% autologous plasma, 1,000 U/mL of granulocyte-
macrophage colony-stimulating factor, and 500 U/mL of IL-4. After
leukapheresis, monocytes were enriched by plastic adherence. On day 6,
DCs were harvested and coelectroporated with TriMix-mRNA (CD40L-,
CD70-, and caTLR4-encoding mRNA) and mRNA encoding one of four
melanoma-associated antigens (MAGE-A3, MAGE-C2, tyrosinase, or

gp100) linked to an HLA class II targeting signal, as reported previously.21

After electroporation, the four different TriMixDC-MEL cellular con-
stituents (ie, DCs expressing one of the four antigens) were mixed at equal
ratios and cryopreserved. DCs were thawed 2 to 3 hours before injection.
An in-process quality check and quality control of the final product were
carried out, as reported previously (Appendix Table A1, online only).18

Study Design
This clinical trial was designed as an open-label, single-arm, single-center,

two-stage phase II clinical trial. The primary objective of this study was to
estimate the disease control rate (DCR) at 6 months. The DCR is the pro-
portion of patients with a confirmed complete response, partial response, or
stable disease according to the immune-related response criteria (irRC).8 A
Simon two-stage design (minimax)was used to test the null hypothesis that the
DCR at 6months was# 33% versus the alternative hypothesis that the DCR at
6 months was$ 50%. Using an a error of .05 and a b error of .20, a DCR by
irRC at 6 months of greater than seven of 19 patients was needed to continue
the study and recruit a final total of 39 patients.22 If more than 17 patients
achieved DCR in the total study population of 39 patients, TriMixDC-MEL
plus ipilimumab would be considered worthy of further investigation.

Secondary objectives included safety, estimation of the overall
response rate (ORR) by irRC, duration of response, and estimation of the
median progression-free survival (PFS) and median OS according to
Kaplan-Meier statistics. IBM SPSS software version 22.0 (SPSS, Chicago,
IL) was used for the statistical analysis.

Correlation of outcome measurements (best overall response and
survival) with baseline covariables (age; sex; performance status; lactate
dehydrogenase, C-reactive protein, and absolute lymphocyte count [ALC]
measurements; AJCC stage; and baseline presence of brain metastases) and
surrogate covariables (development of grade 3 or 4 immune-related
adverse events) was analyzed by cross-tabs statistics (two-sided Fisher’s
exact test) and for survival by univariate analysis (log-rank test) and
multivariate analysis (Cox logistic regression).

Treatment Schedule
Eligible patients received ipilimumab intravenously at a dose of 10

mg/kg over a period of 90 minutes once every 3 weeks for four doses
(induction phase of the treatment plan, weeks 1 to 24). Patients with stable
disease or an objective response at the tumor response assessment at week
24 were eligible to enter a maintenance phase in which ipilimumab was
continued every 12 weeks until progression, unacceptable toxicity, patient
refusal to continue treatment, or maximal treatment duration of 3 years.

One hour after the end of the ipilimumab administration, TriMixDC-
MEL was administered intravenously (20 3 106 DCs) and intradermally
(4 3 106 DCs), as previously described.19 In the first 18 patients, one
TriMixDC-MEL administration was performed 2 weeks before combined
administration with ipilimumab. Thereafter, the first TriMixDC-MEL admin-
istrationwas eliminated after an amendment to the protocol. The administration
schedule is shown in the Data Supplement (online only).

Immunologic Assessments
Peripheral-blood mononuclear cells were collected by leukapheresis

(before treatment) and by 10-mLwhole blood collection in week 6 or 9 and
a buffy coat in week 12. Phenotypic and functional markers of T cells were
evaluated by flow cytometry. The frequency of Tregs was assessed by
quantification of demethylated FOXP3i1 sequences using a methylation-
sensitive quantitative polymerase chain reaction assay on bisulfite-treated
genomic DNA as previously reported.23 Antigen-specific CD8+ T cells in
HLA-A*0201 patients were analyzed by peptide-MHC multimer-based
monitoring as previously reported24 (Data Supplement).

Assessment of Tumor Response and Toxicity
Tumor assessments were performed by whole-body 2-fluoro-2-

deoxy-D-glucose–positron emission tomography/computed tomography
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at baseline and every 12 weeks thereafter. Objective response was evaluated
using irRC.8 Safety was assessed continuously throughout the study.
Clinical and blood parameters were assessed every 3 weeks. Adverse events
(AEs) were graded for severity according to the National Cancer Institute
Common Terminology Criteria for Adverse Events (version 4.0).

RESULTS

Patients
Between May 2011 and November 2013, 39 patients with

pretreated advanced melanoma were enrolled onto the study and
initiated treatment with TriMixDC-MEL plus ipilimumab. Baseline
patient demographics and clinical characteristics are listed in Table 1.
Thirty-two patients (82%) had metastases to visceral sites (AJCC
stage IV-M1b in four patients and stage IV-M1c in 28 patients),
including metastasis to the brain in seven patients (20%). Fifteen
patients (38%) had an elevated lactate dehydrogenase serum level,
and 10 patients (26%) had an ALC of less than 1,000 lymphocytes/
mL. Eighteen patients (51%) had previously experienced disease
progression on BRAF inhibitor therapy, and 18 patients (46%) had
experienced progression on cytotoxic chemotherapy.

Study Treatment Disposition
Database lock occurred on June 1, 2015, after a minimum follow-

up of 18months. Twenty-four patients (62%) completed the induction
phase according to the protocol. Fifteen patients (38%) discontinued
treatment during the induction phase (seven patients [18%] because of
progressive disease and eight patients [20%] because of toxicity).
Twenty patients (51%) initiated ipilimumab administrations in the
maintenance phase of the study. Sixteen patients stopped ipilimumab
maintenance administrations because of progressive disease (n = 12;
31%) or toxicity (n= 4; 10%). Two additional patients ended treatment
3 years after the first dosing of ipilimumab (both were in a complete
remission). Ipilimumab maintenance treatment is ongoing in two
patients. The median number of ipilimumab administrations in the
maintenance phase is four (range, one to 11 administrations).

Safety
Grade 2 TriMixDC-MEL dermal injection site reactions were

observed in all patients. Chills (grade 1 to 2) occurring within the

Table 1. Baseline Patient Demographic and Clinical Characteristics

Characteristic No. of Patients (%)

Sex
Female 16 (41)
Male 23 (59)

Age, years
Mean 46
Range 24-70

WHO-PS
0 26 (67)
1 9 (23)
2 4 (10)

Stage
IIIc 1 (2.6)
IV-M1a 6 (15)
IV-M1b 4 (10)
IV-M1c 28 (72)

Brain metastases at baseline 7 (20)
Lactate dehydrogenase
# ULN 24 (62)
. ULN 15 (38)

Absolute lymphocyte count
$ 1,000/mL 29 (74)
, 1,000/mL 10 (26)

C-reactive protein
# ULN 22 (66)
.ULN 17 (44)

Prior treatments
Cytotoxic chemotherapy 18 (46)
BRAF inhibitor 20 (51)
MEK inhibitor 3 (7.7)
Interferon alfa-2b 7 (18)
Dendritic cells (intradermally) 4 (10)

Abbreviations: WHO-PS, WHO performance status; ULN, upper limit of normal

Table 2. Treatment-Related AEs

Treatment-Related AE

No. of Patients (%)

Grade 1/2 AEs Grade 3 AEs Grade 4 AEs

TriMixDC-MEL related
Injection site reaction 39 (100) 0 0
Postinfusion chills (, 1 hour after infusion) 15 (38.5) 0 0
Flu-like symptoms (, 72 hours after administration) 33 (84.6) 0 0

Immune-related adverse events
Dermatitis 23 (59.0) 2 (5.1) 0
Colitis/diarrhea 4 (10.2) 2 (5.1) 0
Hepatitis 0 4 (10.2) 1 (2.6)
Hypophysitis, hypopituitarism 3 (7.7) 3 (7.7) 0
Pneumonitis 0 3 (7.7)* 0
Sarcoid-like lymphadenopathy 5 (12.8)† 0 0
Colonic pseudo-obstruction 0 1 (2.6) 0
Muscle pain and elevated CRP/ESR 0 1 (2.6) 0

Abbreviations: AEs, adverse events; CRP, C-reactive protein; ESR, erythrocyte sedimentation rate.
*All three patients diagnosed with pneumonitis presented with fever, elevated CRP, normal to slightly elevated WBC count, and negative microbiologic cultures and
serology. All patients recovered within 3 weeks on antibiotic therapy without need for corticoids or immunosuppressive therapy. However, one of these three patients
experienced recurrent pneumonitis when she was retreated with ipilimumab and TriMixDC-MEL.
†Five patients were diagnosed with sarcoid-like symmetric fluorodeoxyglucose-avid hilar and mediastinal adenopathies on the positron emission tomography/
computed tomography assessment in week 12. In all but two patients, there was a complete normalization on imaging by week 24.
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Fig 1. Absolute leukocyte counts and immunomonitoring in patients treated with TriMixDC-MEL and ipilimumab. (A) Absolute counts of lymphocytes, eosinophils, and
monocytes in peripheral blood during the induction phase of the study treatment. (B) Peripheral-blood immunophenotyping. CD3+ cells, CD4+ cells, CD8+ cells, CD19+

cells, CD32CD16+CD56+ cells, and the percentage of CD4+HLA-DR+ cells were analyzed by flow cytometric analysis of peripheral-blood mononuclear cells (PBMCs) in 28
patients at baseline and betweenweeks 6 and 9 during treatment with TriMixDC-MEL and ipilimumab. Frequencies of circulating regulatory T cells (Tregs) were analyzed in
14 patients at baseline and week 12 during treatment with TriMixDC-MEL and ipilimumab by FOXP3methylation-specific quantitative polymerase chain reaction assay on
PBMC. Statistical analysis was performed by a paired, two-sided t test. (C) Overview of CD8+ T-cell responses detected in 10 patients with HLA-A*0201 melanoma before
(pre) and after (post) treatment. Color code: blue, 0.005% to 0.099%; gold, 0.1% to 0.99% peptide–major histocompatibility complex multimer-positive CD8+ of total CD8+

cells. CR, complete response; PD, progressive disease; PR, partial response; SD, stable disease. (D) Immunohistochemical analysis of frozen specimens from a regressing
subcutaneous melanoma metastasis. (a) Hematoxylin and eosin stain; abundant infiltration by (b) CD3+ and (c) CD8+ lymphocytes; (d) scarcity of residual melanoma cells
stained with panMEL antibody cocktail; and residual tumor cells express cleaved caspase-3 (an apoptosis marker) at (e) low and (f) high magnification.
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first hour after intravenous infusion of TriMixDC-MEL occurred in
38% of patients, and mild flu-like symptoms (within the first 72
hours after infusion) occurred in 85% of patients. Clinically sig-
nificant related AEs are listed in Table 2 and in the Data Supplement.
A total of 14 patients (36%) developed treatment-related grade 3 or 4
AEs. All immune-related AEs were managed using established
treatment algorithms.25 Grade 1 to 2 dermatitis (diffuse itching,
erythema) was the most frequent AE and was reported by 64% of
patients. Systemic corticosteroids were required tomanage immune-
related AEs in 18 patients (46%).Mycophenolate mofetil was used in
one patient with grade 4 hepatitis. No treatment-related deaths
occurred. Treatment-related AEs were completely reversible in all
patients except for hypopituitarism requiring continued hormonal
substitution in all affected patients.

Peripheral-Blood Cells and Immunomonitoring
No differences in lymphocyte, eosinophil, or monocyte counts

were observed 2 weeks after the first DC administration in the first
18 patients on the trial (data not shown). A significant increase in
peripheral-blood lymphocytes, eosinophils, and monocytes was
observed at the second and third administration of TriMixDC-MEL
plus ipilimumab, compared with baseline. Flow cytometric
analysis of peripheral-blood mononuclear cells was performed in
28 of the 39 patients (in 11 patients with early progressive disease,
no sample could be obtained in week 12). A significant increase in

CD3+, CD4+, and CD8+ cells as well as the ratio of CD4+ to CD8+

cells was documented after induction treatment with TriMixDC-
MEL and ipilimumab. There was a significant increase of the
HLA-DR+ activation marker on CD4+ cells. No changes in the
number of CD19+ cells (B cells) or CD3+CD16+CD56+ (natural
killer cells) were observed. An increase of the frequency of Tregs
in the peripheral blood (assessed by quantification of demeth-
ylated FOXP3i1 sequences using a methylation-sensitive quan-
titative polymerase chain reaction assay on bisulfite-treated
genomic DNA) was observed in 11 of the 14 patients.

Of the 10 HLA-A*0201–positive patients who could be analyzed
for antigen-specific CD8+T-cell responses, onewas found to have pre-
existing responses against MART-1 and gp100, and these responses
persisted at week 12. In two patients, novel antigen-specific CD8+

T-cell responses (against MACE-C2 and trp-2) were detected. In one
HLA-A*0201–negative patient, immunohistochemical analysis of a
formalin-fixed paraffin-embedded regressing subcutaneous mela-
nomametastasis showed a dense infiltrate of CD8+ T cells with sparse
melanoma cells. The absolute leukocyte counts and immunomoni-
toring are summarized in Figure 1.

Tumor Response and Duration of Response
The investigator-assessed best ORR by irRC was 38%, including

eight patients (20%) with a complete response and seven patients
(18%) with a partial response (all responses were confirmed after an
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Fig 2. Tumor response characteristics. (A) Swimmer plot representing the survival, progression-free survival, and response kinetics of patients with a partial or complete
response according to the immune-related response criteria (irRC). In three patients, new lesions were observed. In two patients, a new solitary brain metastasis was
diagnosed after 3 and 6months, respectively, of initiating TriMixDC-MEL plus ipilimumab andwas treated successfully by stereotactic radiotherapy. In an additional patient,
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interval of at least 4 weeks). Seven of the eight complete responses and
one of the seven partial responses were ongoing at the time of this
analysis (Fig 2). Tumor responses were observed at different anatomic
sites (Data Supplement). Median follow-up time for patients with an

ongoing response is 36 months (range, 22 to 43 months). Response
rates and the duration of response are listed in Table 3. Tumor
responses occurred by an atypical pattern in four patients (10%). An
additional six patients (15%) experienced stable disease that persisted
for a median of 9.5 months (range, 5 to 20 months).

OS and PFS
The DCR at 6 months (by irRC) was 51% (95% CI, 36% to

67%). At the time of data analysis, a total of 31 patients (79%) had
been diagnosed with progression of disease. The estimated median
PFS was 27 weeks (95% CI, 9 to 44 weeks). The 1-, 2-, and 3-year
PFS rates were 33% (95% CI, 18% to 48%), 22% (95% CI, 9% to
36%), and 18% (95% CI, 5% to 31%), respectively (Fig 3A).

Twenty-five patients (64%) have died, all as a result of pro-
gressive disease. The median follow-up time for the 14 surviving
patients was 157 weeks (range, 72 to 185 weeks). The estimated
median OS was 59 weeks (95% CI, 40 to 79 weeks; Fig 3C). The 1-,
2-, and 3-year OS rates were 59% (95%CI, 43% to 74%), 38% (95%
CI, 23% to 53%), and 34% (95% CI, 19% to 50%), respectively.

Table 3. Tumor Response by irRC and Duration of Response

Best Response
by irRC

No. of
Patients (%)

Duration of Response
(months)*

CR 8 (20.5) 20, 22+, 26+, 36+, 36+,
40+, 41+, 43+

PR 7 (17.9) 6, 8, 10, 11, 24, 33, 34+
SD 6 (15.4) 5, 7, 8, 11, 14, 20
Progressive disease 18 (46.2)
Best objective response rate
CR + PR 15 (38.5)

Disease control rate
CR + PR + SD 21 (53.8)

Abbreviations: CR, complete response; irRC, immune-related response criteria;
PR, partial response; SD, stable disease.
*Plus signs indicate tumor response ongoing at the latest follow-up.
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Fig 3. Kaplan-Meier estimates of progression-free survival (PFS) and overall survival (OS) in patients treatedwith the combination ofmonocyte-derived autologousmRNA
electroporated dendritic cells (TriMixDC-MEL) and ipilimumab. (A) PFS for the total study population (N = 39) and (B) according to the incidence of grade 3 or 4 immune-
related adverse events (irAEs). (C) OS for the total study population and (D) according to the incidence of grade 3 or 4 irAEs.

1336 © 2016 by American Society of Clinical Oncology JOURNAL OF CLINICAL ONCOLOGY

Wilgenhof et al

Downloaded from jco.ascopubs.org by JCO Gratis on June 5, 2016 from 24.90.166.239
Copyright © 2016 American Society of Clinical Oncology. All rights reserved.



No significant correlation was observed between PFS and
baseline variables. OS was significantly better in the subgroup of
patients with AJCC stage III or IV-M1a-b disease (compared with
patients with AJCC stage IV-M1c disease) and worse in patients
with brain metastases or a baseline ALC of less than 1,000/mL (Data
Supplement). Patients who experienced grade 3 or 4 immune-related
AEs (andwere treated with systemic corticosteroids) had a significantly
better PFS and OS (Fig 3B and 3D). OS was also superior in patients
with a more than 2.5-fold increase over baseline counts of eosinophils
and a 1.5-fold increase of monocytes at the third administration of
TriMixDC-MEL plus ipilimumab (Data Supplement).

DISCUSSION

This single-arm phase II clinical trial met its primary end point
demonstrating a 51% 6-month DCR in patients with pretreated
advanced melanoma who were treated with an autologous monocyte-
derived synthetic mRNA electroporated DC therapy (TriMixDC-
MEL) in combination with the CTLA-4–blocking monoclonal
antibody ipilimumab. Of particular interest is the high rate of patients
who achieved an objective tumor response (ORR, 38%; including 20%
of complete responses). The observed antitumor activity compares
favorably with the ORR observed with ipilimumab monotherapy in
numerous prospective clinical trials in patients with pretreated
advanced melanoma, and the observed frequency of complete
responses is in range with the rate reported for the combination of
ipilimumab and nivolumab.6,7,11,26-28 These results were obtained
despite the poor baseline prognostic factors of our study population.
Unlike previous studies with ipilimumab, 20% of patients had pre-
viously been treated for brain metastases, and more than half of all
patients experienced prior progression on a BRAF inhibitor therapy.

An encouraging duration of response was observed in patients
obtaining a CR. Seven of eight complete responders and one patient
with a partial response remained free from progression at their latest
follow-up, 22 to 43 months after the initiation of study treatment. The
2- and 3-year survival rates compare favorably with the long-term
outcomes of prospective clinical trials of ipilimumab monotherapy in
patients with pretreated advanced melanoma.6,7,10 In accordance with
previous observations, a correlation was found between an increase in
eosinophil counts and survival, but not with an increase in the ALC.29,30

The clinical results obtained in our study may be a result of enhanced
T-cell stimulation by the combination of ipilimumab and TriMixDC-
MEL, with enhanced CD4+ T-cells stimulation in particular, as indi-
cated by higher level of IL-2 secretion by CD4+ T cells when stimulated
by TriMix-DC in vitro and the increased ALCs (both CD8+ and CD4+

cells) in vivo with an increased expression of the activation marker
HLA-DR+ on CD4+ T cells. The importance of IL-2 in contributing to
the antitumor effect of ipilimumab has recently been demonstrated.31

Using a peptide-MHC multimer-based assay, no evidence was found

for a higher frequency of melanoma antigen-specific T cells in the 10
HLA-A*0201 patients analyzed in our trial, as compared with historical
data on patients treated with ipilimumab monotherapy.24

The incidence of grade $ 3 immune-related AEs on ipi-
limumab monotherapy has been approximately 20% to 30%
in patients with advanced melanoma.6,7 Recently, an incidence
of 43% has been reported in an adjuvant phase III trial with
ipilimumab.32 An incidence of 36% was observed with
TriMixDC-MEL and ipilimumab. No increase in AEs related to
TriMixDC-MEL and no clear increase in incidence for the most
common ipilimumab-related AEs were observed. All AEs could
be successfully managed following established treatment algo-
rithms. A higher incidence (13%) was observed of grade 1 to 2
sarcoid-like adenopathy, a syndrome that has been reported with
ipilimumab monotherapy with an incidence of less than 1%.33-41

The three instances of pneumonitis that occurred on this trial are
suspected to be treatment-related manifestations of immune-
related injury to the lung. Unlike the pneumonitis occurrences
(, 1%) reported with ipilimumab or treatment with an anti-PD1
monoclonal antibody, full recovery occurred without need for
immunosuppressive therapy.

Although patients with baseline AJCC stage IV-M1c or brain
metastases had a worse outcome, patients experiencing grade 3 or 4
AEs had an improved survival. Such correlation has been reported
previously for ipilimumab monotherapy but did not reach sig-
nificance.42 Resembling previous observations on patients treated
with corticosteroids to control immune-related AEs related to
ipilimumab, we suspect no detrimental effect from our observa-
tions.43 On the basis of our observations, combinations of autol-
ogous TriMix-DC therapy and checkpoint inhibitors deserve further
evaluation in prospective clinical trials.
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Appendix

Table A1. Quality Control Assessments of TriMixDC-MEL

Assessment Median Range

Expression, %
CD70 68.5 38.7-90.8
CD40 66.9 47.3-96.2
CD80 47.1 24.2-80.6
CD83 62.3 43.4-83.2
CCR7 43.6 26.1-87.7
CD14 6.5 1.5-18.3

Viability, % 89.4 74.5-94
Purity, % 64.9 39.1-87.7
IL-12p70 secretion 0-24 hours, pg/mL 431 8-18,870
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