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Abstract Tumor immune escape has recently been shown
to be related to the development of an immune tolerance
state of the microenvironment. Cytokines activating the
immune system such as IFN-y can be used to reverse the
immune escape and thus to potentiate the efficacy of immu-
notherapy. A clinical study was conducted in 18 stage Illc/
IV melanoma patients treated with tumor-infiltrating lym-
phocytes (TILs) in combination with intratumoral TG1042
injection (adenovirus expressing IFN-y). The primary
objective was to investigate the safety of treatment. Second-
ary objectives were to study the clinical response and trans-
lational research. The treatment was well tolerated. Among
the 13 patients evaluable for tumor response, 38.5 % had an
overall objective response (OOR = CR + PR) and disease

Some preliminary results of this work have been presented at the
2013 ASCO meeting (abstract published in the J Clin Oncol 31,
2013, suppl; abstr €20022).

Electronic supplementary material The online version of this
article (doi:10.1007/s00262-015-1691-7) contains supplementary
material, which is available to authorized users.

< Brigitte Dreno
brigitte.dreno @wanadoo.fr

Dermato-Oncology Department, Nantes Hospital, 1 Place
Alexis Ricordeau, 44093 Nantes Cedex 1, France

Cancer Research Center Nantes-Angers (Inserm U892,
CNRS 6299), 9 Quai Moncousu, 44093 Nantes Cedex 1,
France

3 Cell and Gene Therapy Unit (UTCG), Nantes Hospital, 1
Place Alexis Ricordeau, 44093 Nantes Cedex 1, France

4 Biostatistic Department (PIMESP), Hopital St Jacques -
CHU Nantes, 44093 Nantes, France

5 Transgene SA, Boulevard Gonthier d’ Andernach, CS80166,
67405 Tllkirch-Graffenstaden, France

control rate (DCR = CR + PR + S) of 46 %. The clini-
cal response of the 37 targeted lesions led to an OOR of
51 % and a DCR of 75 %. Translational research on predic-
tive markers did not significantly differ between responder
and non-responder patients. However, specifically regard-
ing injected lesions, the clinical response correlated with
CD3—/CD56+ NK cells which could be activated by
TG1042. Further larger studies of this combined immuno-
therapy are needed to confirm our findings. Intralesional
TG1042 combined with antigen-selected TILs should be
discussed.
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Interferon-y - TG1042

Abbreviations

ACT Adoptive cell therapy

AJCC American Joint Committee of Cancer
APC Allophycocyanin

CR Complete regression

FACS Fluorescence-activated cell sorting
FITC Fluorescein isothiocyanate

H&E Hematoxylin and eosin

IFN-y Interferon-gamma

IL Interleukin

MAGE Melanoma-associated antigen

NCI-CTC  National Cancer Institute Common Terminol-
ogy Criteria

NK Natural killer

NY-ESO-1 New York esophageal squamous cell carcinoma

P Progression

PE Phycoerythrin

PR Partial regression

SD Stable disease

TIL Tumor-infiltrating lymphocytes
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Introduction

The ex vivo approach of tumor-infiltrating lymphocyte
(TIL) amplification before re-administration to the patient
has proven its protective activity against melanoma and
other tumors. This technique is called adoptive cell ther-
apy (ACT). The rationale is that after being infused back
into a patient, expanded T cells can travel to tumor lesions
and destroy cancer cells after specific recognition of their
cognate antigen through major histocompatibility complex
(MHC) class I presentation [1]. Clinically, the ACT strat-
egy is associated with incomplete responses and tumor
recurrence in melanoma. Many pathways through which
melanoma cells can escape from a T cell response have
been identified, and it is not surprising that T cell transfer
alone may be insufficient for tumor eradication. Nonethe-
less, some patients achieve durable complete tumor clear-
ance following ACT, suggesting its great potential. To con-
sistently achieve optimal results, the ability to inhibit the
escape mechanisms of melanoma cells must be improved
and inhibitory approaches should be developed. Two main
approaches may be used to improve ACT: first, changes
to directly improve the efficacy of transferred T cells and
second, changes to stimulate the innate immunity of mela-
noma cell microenvironment. To avoid local anergy, the
intratumoral administration of an adenovirus expressing
interferon-gamma (IFN-y) leads to changes in the tumor
microenvironment in different ways and is likely to opti-
mize the balance toward the anti-tumor immune response.
IFN-vy is known to exert locally different effects related to
its biology. First, it is a potent activator of immune cell sub-
types, including effector T cells, natural killer (NK) cells
and macrophages which are usually already present within
melanoma lesions, and it induces the expression of MHC
class I and class II molecules in tumor cells, increasing
their susceptibility to cytolysis by effector T cells. Sec-
ond, IFN-y has also a direct anti-proliferative effect on
some tumor cells and anti-angiogenic properties [2—4]. The
rationale for combining TILs with interleukin-2 (IL-2) is to
enhance, as previously demonstrated, infused TIL mainte-
nance over time. IL-2 by itself has also shown an anti-mela-
noma activity [5] mediated by several biological properties
[6]. In addition, Donia et al. [7] have recently evidenced
that in vitro anti-tumor reactivity of both CD8+ and CD4+
T cells could be enhanced by a pretreatment with low-dose
IFN-y, suggesting the interest of a combination strategy for
the treatment of metastatic melanoma. The primary aim of
this study was to assess the feasibility and safety of admin-
istrating subcutaneous IL-2 and intratumoral injections of
an adenovirus expressing IFN-y (TG1042) in combina-
tion with a TIL-based therapy in patients with unresect-
able relapsing melanoma. Secondary aims were to assess
the clinical response and translational research to identify
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some predictive markers of response to help defining the
best subpopulation which could benefit from this combined
approach.

Materials and methods
Patients

Patients with unresectable stage III or stage IV M1a—c mel-
anoma according to the American Joint Committee of Can-
cer (AJCC 2001) were included in an open-label, monocen-
tric phase I/II clinical trial, promoted by Nantes University
Hospital (France). The trial that met the tenets of the Decla-
ration of Helsinki was approved by the local ethics commit-
tee, the French National Agency for Medicines and health
products safety, and was registered with the regulatory
authority (Clinicaltrials.gov identifier: NCT00720031). All
patients gave written informed consent before enrollment
and met the following inclusion criteria: metastatic stage
III/TV melanoma with at least one non-resectable nodal or
cutaneous lesion for IFN-y injection and another one for
TIL production, a performance status from O to 2, suitable
hematology and biochemistry parameters and the absence
of brain or bone metastases. The primary endpoint was the
safety of the procedure according to the National Cancer
Institute Common Terminology Criteria (NCI-CTC), and
secondary endpoints included the clinical response accord-
ing to the RECIST 1.1 [8] and translational research.

TIL production from cutaneous metastases

TILs were minimally cultured according to a procedure
previously described [9, 10]. Briefly, short-term cultured
TILs were isolated by culturing fragments of stage IV
cutaneous metastases into 12-well tissue culture plates in
X-VIVO 15 serum-free medium (BioWhittaker, Walkers-
ville, MD, USA) containing 150 U/ml recombinant inter-
leukin-2 (rIL-2) (Eurocetus, Rueil Malmaison, France) and
glutamine (1 mM, BioWhittaker) for 10-14 days. Ex vivo
expanded TILs were then amplified in vitro using irradiated
feeder cells (allogeneic peripheral blood leukocytes (PBL)
and Epstein—Barr virus infected B (B-EBV) cells) for
10 days and transferred into cell culture bags for ten addi-
tional days. A second TIL expansion was performed within
1 month after the first one.

TG1042 adenovirus IFN-y

TG1042 consists of a suspension of recombinant type 5
adenoviral particles, carrying the gene coding for human
IFN-y. As it is a live virus expressing a transgene, it is con-
sidered as a genetically modified organism and has been
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Fig. 1 Sequences of TIL/IL-2 injections and TG1042 administration. D day, TG1042 adenovirus interferon-gamma

classified from a regulatory standpoint at the biosafety level
2. An agreement to handle the virus in the different areas
involved including pharmacy and clinical ward is needed
for each center. Preparation was performed under a class II
safety cabinet. TG1042 was supplied frozen at —80 °C in
single-dose ampoules (Transgene SA, Illkirch, France), and
it was thawed before use and injected by the physician into
lesions selected for intratumoral injection.

Combined therapy

The sequences of TIL/IL-2 injections and TG1042 admin-
istration are shown in Fig. 1. All injections were performed
at the investigational site (Department of Dermato-Oncol-
ogy, Nantes). TILs were infused over a 30- to 60-min
period on days 1 and 29 followed by subcutaneous IL-2
injections (6 M IU daily) for 10 days (Proleukine, Novartis
Pharma SAS, France). TG1042 was injected into the tumor
at a dose of 5 x 10'° viral particles per lesion (into up to
six lesions) every 2 weeks from day —15 to month 2 and
then every month up to month 11 or progression.

Tumor samples

Eleven tumor biopsy specimens from which TILs were
obtained were used to determine different microenviron-
mental markers by immunohistochemistry (IHC) and the
BRAF and NRAS mutational status.

Immunohistochemistry on cutaneous metastases

IHC was performed using the streptavidin/peroxidase tech-
nique as previously described [11]. Briefly, deep-frozen
sections were incubated for 30 min at room temperature
with the primary antibody. Seventeen different monoclonal
antibodies were used to explore the expression of several
markers (supplementary Table 1). Negative controls experi-
ments were performed using a mouse monoclonal immu-
noglobulin G1 (IgGl) isotype control or a monoclonal
immunoglobulin G2a (IgG2a) isotype control (DakoCyto-
mation). Slides were read with a Leica microscope (mag-
nification 25x). In each immunostained serial section, the
entire tumor area was evaluated. Each score was evaluated

on a five-point scale: absence of expression, weak expres-
sion (1-25 % of positive cells), moderate expression
(26-50 %), intermediate expression (51-75 %) and strong
expression (>75 %), corresponding, respectively, to 0, 1, 2,
3 and 4. To avoid the subjectivity of the reading, all slides
were read by two independent blinded examiners.

Desoxyribonucleic acid (DNA) extraction

Serial sections were cut from each paraffin block and
placed onto glass slides. The first 3-pm-thick section was
stained with hematoxylin and eosin (H&E) for histopatho-
logical examination. The 2-5 following 10-pwm-thick sec-
tions were processed for DNA extraction. To enrich the
analyzed specimen with tumor cells, tumor areas evidenced
by a pathologist on H&E preparation were macrodissected
using single-use sterilized scalpels. DNA was extracted
after paraffin removal and macrodissection using the
Forensic kit and an iPrep system according to the manu-
facturer’s recommendations (Invitrogen, Life Technolo-
gies SAS, Villebon sur Yvette, France). DNA concentration
was measured by spectrophotometry (NanoDrop ND-100
instrument, Thermo Fisher Scientific, Waltham, MA, USA)
and normalized to 5 ng/p1.

Detection of BRAF V600 and NRAS Q61 mutations

The most frequent BRAF mutations were detected by allele-
specific amplification as previously described [12] with
minor modifications. NRAS exon 2 and c¢-KIT exon 11 and
13 mutations were analyzed by conventional Sanger DNA
sequencing. Primers used for amplification and sequencing
are listed in supplementary Table 2. These assays allowed
detecting BRAF V600 or NRAS Q61 mutations when pre-
sent in at least 10 % of cells.

Antibodies and flow cytometric analysis on injected
TILs

TIL phenotype was determined in 13 patients. The follow-
ing antibodies were used: phycoerythrin (PE) anti-CD2
(clone S5.2), PE anti-CD56 (clone MY31) and PE anti-
CD25 (clone 2A3), all from BD Pharmingen, Le Pont de
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Claix, France. We also used PC5 anti-CD3 (clone UCHT1),
PE anti-CDS (clone B9.11), allophycocyanin (APC) anti-
CD4 (clone 13B8.2), APC anti-CD19 (clone J3-119), PC7
anti-CD45 (clone J.33) and PE anti-CD16 (clone 3G8), all
from Beckman Coulter, Marseille, France. For the evalu-
ation of the markers associated with regulatory T cells, a
five-color multiparametric analysis was used with the fol-
lowing antibodies: fluorescein isothiocyanate (FITC) anti-
CD4 (clone RPA-T4), PE anti-CD127 (clone hIL-7R-M21),
PE-Cy7 anti-CD25 (clone M-A251) and BD V450 Hori-
zon anti-CD3 (clone UCHT1) all from Becton Dickinson
and APC anti-Foxp3 (clone 236A/E7), from eBioscience,
San Diego, CA, USA. Lymphocytes were gated accord-
ing to their forward and size scatter characteristics, and
Fluorescence-activated cell sorting (FACS) Canto analysis
was performed using the BDFACS Diva software (BD Bio-
sciences, San Jose, CA, USA).

Establishment of melanoma cell lines

Melanoma cell lines were successfully established as pre-
viously described [13, 14] for six tumor samples. Briefly,
fresh cutaneous metastases were minced into small tumor
pieces and inoculated into a 24-well plate (NUNC), and
1.5 ml per well of RPMI (Roswell Park Memorial Institute)
medium supplemented with 10 % fetal calf serum (FCS)
was added. Plates were placed at 37 °C in a humidified
incubator with 5 % CO, and observed under a light micro-
scope every week and subcultured if necessary.

Cytokine production assay for tumor-specific TIL
quantification

The fraction of tumor-reactive TIL was determined from
the measurement of the fraction of IFN-y-secreting T cells
among TIL stimulated with the autologous melanoma cell
line, as described previously [10]. Briefly, about 1 x 10°
lymphocytes were stimulated with 3 x 10° autologous
melanoma cells in 200 pl of X-VIVO 15 medium in the
presence of brefeldin A. Cultures were incubated for 6 h at
37 °Cin 5 % CO,-humidified atmosphere. Cells were then
stained for surface markers with anti-human CD4 APC
and anti-human CD8 FITC (BD Biosciences, France) and
then fixed and stained for cytokine production using the
method described by Jung et al. [15]. Anti-IFN-y-specific
antibody was purchased from BD Biosciences. Cells were
finally analyzed on a FACSCalibur flow cytometer using
the BDFACS Cell Quest Pro software (BD Biosciences,
San Jose, CA, USA). T cell responses were considered sig-
nificant when the mean fluorescence labeling of TIL stimu-
lated with the autologous tumor cell line exceeded, by at
least half a log, the mean fluorescence of the background
responses of non-stimulated TILs and/or TILs stimulated
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with a HLA-mismatched melanoma cell line. A value of
0.3 % was considered as the significance threshold.

Statistical analysis

Wilcoxon rank and Fisher exact tests were used to com-
pare patients with or without progression. The Kaplan—
Meier estimator was used for the survival analysis between
the date of enrollment and the date of the last information
known.

Results
Patients

Eighteen patients (seven women and 11 men), with an aver-
age age of 54 years, were included. At study inclusion,
eight patients had AJCC stage III disease and ten had AJCC
stage IV disease. Before their inclusion, 13 patients had
previously been treated with at least one line of chemother-
apy or immunotherapy. Five patients were excluded from
data analysis: two because of insufficient tumor material
for TIL production and three because they did not receive
TIL infusions due to rapid disease progression with appear-
ance of brain metastasis and development of major asthenia
and anorexia. Finally, 13 patients whose characteristics are
summarized in Table 1 were clinically assessed.

TIL production and administration

TIL could be produced for 16 out of the 18 patients
included but only 13 patients received autologous TILs.
Eleven patients received two TIL infusions and two patients
received only the first cycle of TIL due to disease progres-
sion before protocol completion. All patients received
between 1.66 x 10° and 22.2 x 10° TILs and between
two and 16 cycles of IFN-y injections. Autologous mela-
noma cell lines were obtained for eight patients allowing
determining the proportion of specific reactive T cells pro-
ducing IFN-y (Table 2) which varied from 0.006 x 10° to
0.43 x 10° T lymphocytes.

Clinical efficacy

Overall clinical response (targeted cutaneous lesions
and other visceral metastasis)

Among the 13 patients evaluable for tumor response,
three patients experienced a complete regression (CR)
(15, 32 and 17 months™), two patients presented a partial
response (2 and 5 months), one patient presented a sta-
ble disease for 6 months, and seven patients progressed
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Table 2 Overall characteristics of infused TILs with clinical response for the 13 patients

Patients  Specific T Injected TIL CD3+ CD3+/ CD3+/ CD3/CD356+ CDI127"" Local Overall clini-
cells (x10%)  (x10°) (x10°%) CD4+ CD8+ (x10%) Foxp3+ cutaneous  cal response
(x10%) (x10%) among response
CD4+
CD25+
(x10%)
3C-B 0.04 2.24 2.24 1.71 0.52 0 0.03 P P
4H-F 0.102 1.66 1.41 0.35 0.81 0.24 0.01 SD SD
SA-C NA 9.87 9.40 1.8 7.5 0.43 0.02 CR CR
60-A 0.042 9.66 8.10 3.67 4.40 1.29 0.17 SD P
7G-M NA 20.64 20.47 8.28 12.40 0.17 0.09 CR PR
9C-D NA 222 22.14 7.73 13.80 0.09 0.06 CR CR
11L-M NA 8.01 8.01 3.20 4.84 0 0.01 P P
13H-M NA 2.4 2.39 1.94 0.44 0.01 0.03 CR CR
14R-J  0.006 1.99 1.98 1.66 0.31 0.01 0.02 P P
I5TJ 0 8.37 8.29 741 0.89 0.06 0.19 PR P
16 L-A 043 9.73 9.65 7.79 1.62 0.07 0.17 PR PR
17B-S  0.0075 8.22 8.19 4.71 343 0.01 0.37 SD P
18G-J  0.109 5.78 5.77 1.95 4.13 0.01 0.23 P P

Results are expressed as absolute number

(Tables 1, 2). Thus, the objective response (CR + PR) was
38.5 %, and the disease control rate (CR 4+ PR + SD) was
46 %.

The median overall survival was of 21.1 months [95 %
CI (12.1-NA)] with a 30-month follow-up (Fig. 2a).

Local cutaneous response (injected and non-injected
lesions)

When focusing on the analysis of the 37 targeted cutane-
ous lesions, the combination of TIL and TG1042 led to a
CR in 11 injected lesions and three non-injected lesions.
Four injected lesions and one non-injected lesion presented
a PR, and three injected lesions were stabilized. Thus, the
local cutaneous response of targeted lesions resulted in
38 % of CR and a DCR of 75 % (Fig. 2b).

Patient 7, whose global response was a PR for 2 months,
experienced a local CR in injected and non-injected lesions
4 months after treatment initiation (Fig. 2c), and the dis-
ease progressed outside the injected area. The local CR was
maintained until death 18 months later.

Patient 5 also experienced a CR in two IFN-y-injected
lesions and two non-injected lesions for 15 months; then,
progression was observed outside the targeted area, with
visceral metastases.

Safety profile

TIL infusion in combination with IFN-y injection was
well tolerated in all patients. No grade 4 adverse events
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related to the study treatment were observed, and only
six grade 3 adverse events were reported in five patients
(one flu-like syndrome, three asthenias, one nausea—
vomiting and one axillary pain) (Table 3). Most mild
or moderate adverse events reported were asthenia
(77 %), headache (23 %), flu-like syndrome (31 %),
fever (46 %), nausea and vomiting (31 %), erythema and
induration at injection site (31 %) and pain at injection
site (54 %). Most of these adverse events, mainly expe-
rienced few hours after TG1042 injection, seemed to be
related to a systemic immune activation induced by the
combined therapy.

Correlation between TIL expansion and clinical
response

The overall clinical response did not correlate (Wilcoxon
rank tests) with the number of injected TILs or the CD4/
CD8 ratio and the number of CD4+/CD25+4/Foxp3+ cells
(Table 4). However, taking only into account the local cuta-
neous response, the clinical response correlated with the
absolute CD3—/CD56+ NK cell number in TIL expansion
infused to patients (Table 4).

Immunochemistry of cutaneous melanoma biopsies

Regarding the expression of melanoma antigens and mark-
ers of innate immunity studied from the cutaneous metas-
tasis used to obtain TILs before initiating any treatments,
no immunological markers or antigens were statistically
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Fig. 2 Clinical outcome. a Overall survival. The median overall
survival was 21.1 months 95 % CI [12.1-NA] with a follow-up of
30 months. Dotted lines illustrate the 95 % confidence intervals. b
Clinical responses of targeted cutaneous lesions (n = 37). CR com-

associated with a good overall clinical response or local
cutaneous response (supplementary Table 3). Further-
more, no clinical correlation between the overall clinical
response and the BRAF status was noted (p = 1, Fisher
exact test).

Month 1.5

LR

Month 4

plete regression, PR partial regression, SD stable disease, P progres-
sion. Asterisk indicates non-injected lesions. ¢ Example of clinical
response in patient 7 who experienced a global partial response and a
complete local regression

Immunohistochemical evolution of melanoma tumor
before and after treatment

Changes in innate immunity markers and melanoma anti-
gens were studied in four patients (two CR, one PR and
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Table 3 Attributable adverse
events

Event

Number of patients (N = 13)

Grade 1/2 Grade 3
N (%) N (%)

IFN-y L2 TIL % IFN-y L2 TIL %

Flu-like syndrome

Asthenia

Fever

Headache

Nausea—vomiting

Erythema induration at injection site
Pain at injection site

Axillary pain

3 1 0 31 1 - - 8
9 1 - 77 3 - - 23
4 1 1 46 - - -

3 0 0 23 - - -

3 1 0 31 1 - - 8
3 0 1 31 - - -

6 0 1 54 - - -

- - - - 1 - - 8

Table 4 Comparison of TIL characteristics between responder and non-responder patients for overall clinical response and local cutaneous

response
T cells number Overall clinical response Local cutaneous response
CRorPRor SD [mean P [mean (min-max)] p value CR or PR or SD [mean P [mean (min—max)] p value
(min-max)] (min-max)]
Specific T cells (x10°) 0.266 (0.102-0.43) 0.047 (0-0.109) 0.133 0.116 (0-0.43) 0.0516 (0.006-0.109) 1
Injected TIL (x10°) 11.08 (1.66-22.2) 6.32 (1.99-9.66) 0.267 10.3 (1.66-22.2) 5.248 (1.99-8.22) 0.075
CD3+ (x10°%) 1091 (1.41-22.14) 6.08 (1.98-8.29) 0.234 10 (1.41-22.14) 5.23 (1.98-8.19) 0.075
CD3+/CD4+ (x10%) 4.64 (0.35-8.28) 3.47 (1.66-7.41) 0.628 4.85 (0.35-8.28) 2.65 (1.664.71) 0.148
CD3+/CD8+ (x10%) 6.1 (0.44-13.8) 2.65(0.31-4.84 0.445 5.03 (0.44-13.8) 2.64 (0.31-4.84) 0.414
CD3—/CD56+ (x10°%) 0.168 (0.01-0.43) 0.197 (0-1.29) 0.081 0.263 (0.01-1.29) 0.006 (0-0.01) 0.015
CD127"°%Foxp3+ among 0.063 (0.01-0.17) 0.145 (0.01-0.37) 0.350  0.1233 (0.01-0.37) 0.132 (0.01-0.37) 0.4379

CD4+ CD25+ (x10°)

Bold values are statistically significant

one SD) before and after 3 months of treatment with intral-
esional interferon. In situ IFN-y expression was increased
in three patients with initial low level (two CR and one
PR), and CD8+ T cells were increased in these three same
patients (supplementary Table 4).

Discussion

Tumor immune escape has recently been shown to be
related to increases in immunosuppressive state of the mel-
anoma metastasis microenvironment. In this clinical study,
we report for the first time the safety profile and clinical
efficacy of TIL adoptive transfer combined with TG1042,
an adenovirus expressing IFN-y, aimed to enhance the anti-
tumor cytotoxicity of autologous infused lymphocytes.

The administration of TILs/IL-2 combined with intra-
tumoral TG1042 injections was feasible in most patients
(13/18), as previously reported in studies using TILs in
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metastatic stages or in adjuvant stage III situation [16, 17].
Clinically, this therapeutic approach combining TILs with
TG1042 led to an objective overall response (CR + PR)
of 38.5 % and an overall DCR (CR + PR + SD) of 46 %.
Among the 13 patients evaluable, three long-lasting CR
(15, 25 and 10 months™), two PR (2 and 5 months) and
one SD for 6 months were obtained. The seven remaining
patients experienced disease progression.

Thus, our overall objective responses were similar to
that obtained with TIL transfer combined with previous
lymphodepletion in metastatic stage [18, 19]. The main
strength of our combined therapy was the duration of the
clinical response (15 months and two responses lasting for
32 and 17 months are still ongoing) which is also similar
to the results obtained with the use of previous lymphode-
pletion. Focusing on the local clinical response of targeted
cutaneous lesions, the clinical benefit obtained from the
TIL-TG1042 combination was particularly high with a
response rate of 75 % in injected lesions. Furthermore, a
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bystander effect with regression of non-injected lesions
was obtained in two patients, confirming that the therapeu-
tic combination could act locoregionally.

Regarding the safety, TIL/IL-2 in combination with
TG1042 was well tolerated and the safety profile was in
line with the expected adverse events related to the indi-
vidual administration of each treatment component as pre-
viously reported [5, 20, 21]. Fatigue, flu-like symptoms
and injection site reactions were the most frequent adverse
events, usually of minor-to-moderate intensity. Most of
these adverse events, especially flu-like syndrome, asthe-
nia and nausea, were related to IFN-y, IL-2 or endogenous
cytokines induced by the live virus TG1042. TILs induced
no adverse event, and for TG1042 injections, the main
local adverse event was pain at the injection site in metas-
tases (grade 1 or grade 2 according to NCI-CTC). Only six
patients experienced a grade 3 adverse event once, and no
grade 4 adverse event and no patient withdrawal because
of adverse event were noted. The different treatment com-
ponents did not seem to potentiate the adverse events. No
autoimmune adverse events were observed in this series;
especially no vitiligo appeared after ACT. As the treat-
ment was well tolerated, it could easily be repeated. In this
regard, the gene therapy approach with TG1042 assessed
in this study showed a good risk/benefit ratio with a high
response rate and long response duration. The adverse
events were less severe than with lymphodepletion com-
bined with ACT, in particular when considering the risk of
EBYV infection which was absent in our trial.

At the translational level, a correlation was observed
between the absolute number of CD3—/CD56+ cells in the
T cell expansion and the local cutaneous response. CD3—/
CD56+ cells or lymphokine-activated killer (LAK) cells
are essentially activated by NK cells. A higher number of
NK cells in the final T cell expansion transfused to patients
are associated with a significantly higher local cutane-
ous response (CR, PR, SD). CD3—/CD56+ cells mediate
important immunoregulatory “helper” functions in addition
to their cytolytic activity. In particular, NK cells can pre-
vent the maturation of dendritic cells related to exhaustion
[22]. During in vitro TIL expansion, a significant number
of TILs adhere to the bag surface several weeks after cul-
ture initiation and they contain more CD3—/CD56+ NK
cells and exhibit higher cytotoxicity than non-adherent
TILs. Adherent TILs, unlike non-adherent TILs, produce
IFN-y [23]. In addition to the low doses of IL-2 injected
subcutaneously to the patient at the same time than TILs
(10 days), the cytotoxicity of CD3—/CD56+ NK cells in
the T cell expansion could be strongly stimulated by the
high IFN-y level at the site of cutaneous metastasis intral-
esionally injected with TG1042. Indeed, it has been shown
that IFN-y stimulates CD56+ cells [24, 25] which could
play a critical role in regulating the effective anti-tumor

T cell activity [26]. In accordance with this assumption,
four patients experienced a good local clinical response
and their cutaneous biopsies were taken before and after
initiating the study treatment. The in situ IFN-y level was
increased in three injected lesions after 3 months of treat-
ment, and in the remaining patient, the IFN-y level was
already high before treatment initiation and remained stable
after 3 months. In these four patients, the absolute number
of CD8+ T lymphocytes was stable (1) or increased (3).
The expression of melanoma antigens was not significantly
changed after 3 months.

Interestingly, the immunochemical analysis of the innate
immunity in the tumor tissue did not show any correla-
tion between the local or overall clinical responses and the
immunotolerance level of the microenvironment before ini-
tiating the combined therapy. Indeed, the tumor infiltrate
profile (CD8+ and Tregs), the expression level of inhibi-
tory molecules [programmed cell death protein 1 (PD-1),
programmed death ligand 1 (PDL-1), anti-cytotoxic T lym-
phocyte antigen 4 (CTLA-4) and indoleamine dioxygenase
(IDO) and cytokines (IFN-y, IL-10, transforming growth
factor beta (TGF-B)] in the melanoma tissue before treat-
ment initiation did not correlate with the overall clinical
response and local cutaneous response. Regarding mela-
noma antigens, the expression of non-differentiated anti-
gens [melanoma-associated antigen (MAGE) and New
York esophageal squamous cell carcinoma (NY-ESO-1)]
did not correlate with the responding lesions although
Donia et al. have shown that IFN-y selectively enhanced
responses to tumor-associated antigens (such as MAGE-A1
in cancer testis) and thus could increase the reactivity of
CDS8+ T lymphocyte-infiltrating tumor cells. No link with
the BRAF status and the response to the combined treat-
ment was noted. The identification of a correlation between
the number of CD3—/CD56+ cells injected and the local
cutaneous response but without any association with a tis-
sue marker of the innate immunity suggests that the activ-
ity of CD3—/CD56+ NK cells could be independent of
the local site of immunosuppression. Thus, adoptive T cell
therapy in combination with intralesional TG1042 admin-
istrations could be a way to bypass the inhibition of the
microenvironment-induced TIL activation.

Obviously, one of the limitations of our study was the
small number of patients, in particular for translational
research, but it was a pilot study, and our results encourage
conducting a phase II study with a larger patient series to
confirm that this combined therapy could target NK cells.

In conclusion, we report the first clinical study of treat-
ment with “TILs in combination with intralesional adeno-
virus 5 expressing IFN-y” in metastatic melanoma. We
showed both the feasibility and safety of this approach
with a high clinical response rate. In addition, the duration
of the complete clinical responses lasted long (longer than
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1 year in some patients) with disappearance of all adverse
events. Thus, our results pave the way for the use of ACT
in further combination immunotherapies. As an example,
combining ACT with oncolytic viruses could take benefit
from both approaches since in the field of melanoma, onco-
lytic viruses have proven efficacy and their mechanism of
action involves an immune component [27, 28]. A study
conducted in melanoma patients using the same adenoviral
vector combined with IL-2 instead of IFN-y has shown the
regression of metastatic melanoma lesions in six out of the
21 patients [29]. Finally, the effect of intralesional adeno-
virus 5 expressing IFN-y could be improved in the future
by combining it with a selected expansion of TILs directed
against specific antigens [30].
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