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Cutaneous lymphomas (CLs) are a heterogeneous group
of lymphoproliferative disorders that are manageable
by immunotherapy. Twenty-one patients were enrolled
in a prospective open-label, dose-escalation multi-
center study evaluating the effects of repeated TG1042
[adenovirus-interferon (IFN)-y] intralesional injections in
patients with primary CLs, of which 18 were of T-cell
and 3 of B-cell type. Repeated intralesional therapy using
TG1042 consistently results in local tumor regressions in
about half of treated patients and one-third of patients
also in regressions in noninjected distant lesions, likely
reflecting the systemic immune activation after intral-
esional therapy. Treatment was well tolerated with few
adverse events including injection site reactions, chills,
lymphopenia, and fever. Immune monitoring in the
peripheral blood demonstrated systemic immune acti-
vation and the induction of antibodies against tumor
antigens in some patients without clear association with
clinical responses. CLs, in particular B-cell lymphomas
with high objective response rates, seem to be excellent
targets for this type of immunotherapy.

Received 9 November 2009, accepted 3 March 2010; published online
6 April 2010. doi:10.71038/mt.2010.52

INTRODUCTION
Progress in immunology and molecular biology has improved
insight into the nature of cutaneous lymphomas (CLs)."?

CLs are treated preferentially with skin-directed therapies.** In
case of resistance, systemic therapies are used. Systemic cytokine
treatment using interferons (IFNs), preferentially IFN-o, iseffective in
many patients.” More than two decades ago, IFN-ywas administered
systemically in patients with advanced cutaneous T-cell lymphoma

(CTCL) leading to variable clinical remissions.®” Due to the short
half-life, IFNs must be injected several times per week.” Moreover,
systemic administration of IFNs is associated with systemic toxici-
ties, particularly in case of IFN-Y.° Because cytokines are designed by
nature to orchestrate short-distance immune responses, local secre-
tion appears more attractive than systemic administration.

CLs are suitable targets for intralesional injection with geneti-
cally engineered* or live viruses.® Indeed, the use of a nonreplicat-
ing adenoviral vector encoding the IFN-y (termed TG1042) was
successfully tested in a previous phase I trial.” Subsequent gene
expression analysis revealed that intralesional IFN-y expression
together with the induction of a type I IFN response underlies the
clinical response to TG1042 (ref. 10). Moreover, adenovirus with
the IFN-yinsert (TG1042) was shown to have superior immuno-
modulatory properties to the adenoviral backbone without IFN-y
gene insert in inducing and polarizing immune response toward
the Th-1 arm in vitro, which is considered to be the key event in
the initiation of antitumor immunity." Herein, we report data
from the consecutive multicenter phase II trial investigating fur-
ther the efficacy and safety of intralesional application of TG1042
in CL.

RESULTS

This clinical trial investigated the safety and efficacy of TG1042
applied intratumorally. Out of 21 enrolled patients, 20 were actu-
ally treated with TG1042, whereas 15 were evaluable for response
analysis (i.e., without study protocol violations). Our therapeutic
approach induced local in 8 out of 15 evaluable patients (53%)
and also global responses of distant noninjected lesions in 4 out
of 15 patients (27%) (for details, see Table 1). With respect to
tumor type, local responses were observed in 6 out of 13 CTCL
patients (46%) and 2 out of 2 cutaneous B-cell lymphoma (CBCL)
patients (100%). Local complete responses were observed in three
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Table 1 Patients’ characteristics and clinical responses

Adenovirus-interferon-y for Cutaneous Lymphomas

Stage No. of No. of Responses®
Cohort Dose (tp) Patient ID Gender Age Disease subtype at baseline treated lesions injections Local Distant Global
5 3 x 10" 20 M 54 CD30" ALCL 1B 3 3 CR NA CR
24 M 73 Pleomorphic CTCL 1B 3 27 CR CR CR
25 M 74 MF 1B 2 24 PR SD SD
27 M 44 MF 1B 3 5 PD NA PD
29 M 62 MF 1B 2 27 SD PR SD
30 F 60 MF 1B 3 18 PD PD SD
31 M 70 MF 1B 4 30 PR PD PD
32 M 73 MF 1B 3 27 PR PR SD
33 F 68 DLBCL T3a 3(4at 9 CR NA CR
re-treatment)
34 M 72 MF 1B 3 24 PD PD SD
35 F 19 MZBCL T3b 3 9 PR NA PD
36 M 40 MF 1B 4 45 PR CR PR
37 F 79 CD30% ALCL 1B 3 9 SD PD SD
38 M 70 MF IB 3 24 SD SD SD
39 M 57 MF 1B 1 45 SD NA SD

Abbreviations: ALCL, anaplastic large cell lymphoma; CTCL, cutaneous T-cell lymphoma; DLBCL, diffuse large B-cell lymphoma; F, female; M, male; MF, mycosis

fungoides; MZBCL, marginal zone B-cell lymphoma; tp, total particles.
Disease stage according to Olsen et al.’* Disease stage according to Kim et al.’®

Responses are defined as follows: complete response (CR) is defined as the absence of detectable residual disease maintained for a minimum of 4 weeks. Partial
response (PR) is defined as >50% decrease in the size of pre-existing lesions in the absence of disease progression and newly appearing lesions maintained for a
minimum of 4 weeks. Stable disease (SD) is defined as any change that did not meet the criteria for CR, PR, or PD. Progressive disease (PD) is defined as an increase
of >25% of the pre-existing lesions or the appearance of new lesions. NA stands for not available for clinical assessment.

patients (two CTCL and one CBCL), and local partial responses
were observed in five patients (four CTCL and one CBCL). Four
patients exhibited a global response with disappearance of nonin-
jected distant lesions, three of which had CTCL (CD307 anaplastic
large cell lymphoma, pleomorphic CTCL, and mycosis fungoides)
and one with CBCL (diffuse large B-cell lymphoma of leg type).

The treatment was well tolerated in treated patients. Most of
the adverse drug reactions (ADRs) reported by the investigators
were considered as mild or moderate. There were only 12 grade 3
ADRs, which occurred in seven patients. No grade 4 ADRs were
reported during the study. Most commonly occurring ADRs were
chills (65% of patients); pain at injection site (60%); lymphope-
nia (55%); fever (45%); headache, fatigue, and burning sensa-
tion at injection site (35%); swelling and erythema of injection
site (25%); and gastrointestinal disorders (nausea and diarrhea)
(20%). Reported grade 3 ADRs consisted of lymphopenia (seven
episodes), chills (two episodes), high fever (one episode), pain
(one episode), and pruritus (one episode) at the injection site. One
treatment-related serious adverse event (a transient grade 3 fever
with chills 7 hours after the 1st injection) was reported.

These side effects seem to reflect systemic immune activation.
Indeed, elevated serum levels for IL-6, IL-10, IFN-y, and neop-
terin were recorded. These immune parameters did not correlate
with response or dose. No increase of antithyroperoxidase and
antinuclear antibodies was noted.

By immunophenotyping of T- and NK-cell subsets using
5-color flow cytometry, we identified a group of 12 markers
that could be predictive for local objective response to TG1042

Molecular Therapy vol. 18 no. 6 june 2010

(Figure 1). Apart from cytotoxic T cells, activated regulatory
T cells (CD4TCD257CD697) as well as effector memory T cells
(CD4TCD45RATCCR7-CD28™) were also assigned to the pre-
dictor list suggesting their important contribution to the clinical
response.

Except for patient no. 031, who presented with increased base-
line titers of neutralizing antiadenovirus antibodies, all treated
patients had titers below or equal to the cutoff values. Neutralizing
antiadenovirus antibody titers increased after one cycle of injec-
tions in all patients with titers ranging from 1:2,000 to 1:3,210,000.
There was no additional increase later. No correlation between
baseline or induced neutralizing antiadenovirus antibody levels,
and clinical response was discerned.

We recorded significant, patient-specific increases in antibody
titers against tumor antigens by fluorescent bead assay.!' By ana-
lyzing sera of 15 evaluable patients, we found in total 16 signifi-
cant increases of specific antibodies to MAGE-A1 (one increase),
MAGE-A3 (two), MAGE-A9 (two), se57-1 (one), c-TAGE5a
(one for N- and C-terminus, respectively), p53 (two), and p16
(two) (for details, see Supplementary Figure S1). In contrast,
only five decreases in specific antibody titers were observed, four
of which (LAGE-1a, CAMEL, GAGE-7b, and p53) in the same
patient (patient no. 031). The induction was often detected after
the first cycle, but in some cases also later in the course of treat-
ment. The most frequent antibody induction was found against
pl6 (in 6 out of 15 evaluable patients). No correlation between
antibody reactivity and clinical response either local or distant
was observed.
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Figure 1 Classification of patient samples using immune cellular markers predicting clinical response to TG1042. The heat map was obtained
by unsupervised hierarchical clustering of 30 conditions (fold-change differences in marker expression between the end of treatment cycle and
baseline) and using 12 predictor immune cellular markers. The similarity of gene expression profiles among experimental samples is summarized in a
dendrogram above the heat map, in which the pattern and the length of the branches reflect the relatedness of the conditions. Red in the heat map
stands for high relative level of expression; green for low relative level of expression. Objective clinical response either local or global is represented
by blue squares, whereas lack of objective response is represented by yellow squares.

DISCUSSION

In conjunction with the phase I trial,”'° the data provide the proof
of concept for further development of this innovative IFN-y gene
transfer in CL. Intralesional TG1042 application was well tolerated
in our current study. Lack of significant changes in levels of other
cytokines, inflammation, and autoimmune markers substantiates
that no generalized pathologic perturbation of the immune system
could be associated with frequent and repeated administrations of
TG1042. The induction of cytotoxic T cells, activated regulatory
T cells, and effector memory T cells shown by detailed immuno-
phenotyping analysis is not surprising, given the critical role of
cytotoxic T cells and their subsets in antitumor immune response.
This was reflected in their predictive value for mounting of clinical
objective response. We have recently shown that gene expression
signatures in early biopsies from tumors treated with TG1042 can
also be predictive of objective response further in the course of
treatment.'® However, predictor markers from peripheral blood,
as identified in this study, may be an elegant and less invasive
method to assess the patients that may profit from the treatment
with TG1042 in the future trials. Whereas our report reveals for
the first time the kinetics of antibody responses to lymphoma- and
cancer-associated antigens, no correlation with clinical responses
could be made. Forthcoming investigations will be able to clarify
the characteristics and importance of these responses in immuno-
therapy approaches in CL.

The treatment with TG1042 seems to be especially promising
in CBCL considering the efficacy results of both phase I and our
current trial. There are limited treatment options for CBCL and
currently, no registered drugs for this indication. The best estab-
lished therapy is radiation therapy.' However, radiotherapy has its
limitations, especially in young patients. From the group of immu-
nomodulatory agents, IFN-o. was employed in indolent CBCL
types on several occasions showing high complete remission rates
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(summarized in ref. 12). A recently completed open-label phase
IT trial of TG1042 in CBCL will provide more information on the
effectiveness of this approach in this CL subtype. The risk/benefit
ratio of TG1042 is encouraging and compares favorably with
other immunomodulatory treatments (local and systemic) used
for these rare diseases.

MATERIALS AND METHODS

Study design and patients. The primary objective of this phase II study
was to determine the local and/or distant efficacy of TG1042 intratumoral
injections. The secondary objectives were determination of the immuno-
biological effects as well as collection of safety data.

The study was approved by the local institutional ethical committees
and the national authorities for biosafety in Switzerland, Germany, and
France, and conducted in accordance with the ethical principles of the
Declaration of Helsinki, in compliance with the approved protocol, and
its amendments, and good clinical practices. Twenty-one patients were
enrolled by six study centers between March 2004 and December 2005.
Eighteen patients presented with primary CTCL, of which 13 cases suffered
from mycosis fungoides, 3 had CD30% anaplasticlarge cell lymphoma, and 2
pleomorphic CTCL with 13 out of 18 patients evaluable per protocol. Three
patients were diagnosed with primary CBCL with two out of three patients
evaluable per protocol. Patients’ characteristics and clinical responses of
the evaluable patients are shown in Table 1. Patients had received a median
number of four prior lines of therapy, including systemic ones. The most
important inclusion criteria were as follows: histologically proven CTCL
(except Sézary syndrome and lymphomatoid papulosis) or multilesional
CBCIL, clinical disease stage IB or higher for CTCL, and failure of local
tumor control by at least two first-line treatments.

Study drug, administration procedure and immunomonitoring. TG1042
is a nonreplicating (E1 and E3 regions deleted) adenovirus type 5 (group C)
vector containing a human IFN-y cDNA insert under cytomegalovirus
promoter control.” TG1042 was manufactured under cGMP conditions."!
Adenovirus-mediated expression of the IFN-y gene results in the prolonged
local production of IFN-y.” Patients received intratumoral injections of
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TG1042 into up to three lesions during 3 weeks on days 1, 8, and 15. The
total dose administered was 3 x 10" total particles divided in up to three
lesions. The length of each treatment cycle was 4 weeks. In the absence
of progression, patients continued up to 12 cycles. Readministration of
TG1042 was authorized in case of complete response and subsequent
relapse occurring in the 12-month period after inclusion.

All patients but one completed at least the first treatment cycle (three
injections). The median treatment duration was 27.5 weeks. The injected
lesions had to be accurately measured at the baseline and at the end of
each cycle® using WHO (World Health Organization) tumor response
assessment classification. The intensity of clinical adverse events was
graded according to NCI-CTC (National Cancer Institute-Common
Toxicity Criteria) version 2.0.

Apart from standard laboratory evaluations, autoantibodies,
antibodies to adenovirus, IFN-y and against tumor antigens,'>* as well as
serum cytokine levels, were determined. Peripheral blood mononuclear
cells were drawn at baseline and day 29. Peripheral blood mononuclear
cells were stained for groups of markers associated with an individual
cell phenotype, using 5-color flow cytometry. The analyses were done at
the ISO (International Organization for Standardization) accredited lab
Thymed (Wendelsheim, Germany). Following groups of cellular markers
were detected: lymphocyte/NK cell (CD3/CD4/CD8/TCRa. a/3), T-cell
differentiation/homing (CD4/CD8/CD28/CD45RA/CCR?7), T-cell
activation/suppressor (CD4/CD8/CD25/CD69/CD127), and NK/NK
T-cell markers (CD16/CD56/CD69).

SUPPLEMENTARY MATERIAL
Figure S1. Antibody responses to tumor antigens in patients from
phase | (no. 01-018) and phase Il trial (no. 020-039).
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