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Abstract

Purpose 7962 T lymphocytes have been shown to be
directly cytotoxic against renal carcinoma cells. Lympho-
cytes T yo can be selectively expanded in vivo with BrHPP
(IPH1101, Phosphostim) and interleukin 2 (IL-2). A phase I
Study was conducted in patients with metastatic renal cell
carcinoma (mRCC) to determine the maximum-tolerated
dose and safety of Innacell yd™, an autologous cell-therapy
product based on Y962 T lymphocytes, in patients with
mRCC.

Experimental design A 1-h intravenous infusion of 7942
T lymphocytes was administered alone during treatment
cycle 1 and combined with a low dose of subcutaneous
interleukin-2 (IL-2, 2 MIU/m? from Day 1 to Day 7) in the
two subsequent cycles (at 3-week intervals). The dose of
7962 T lymphocytes was escalated from 1 up to 8 x 10°
cells.
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Results Ten patients underwent a total of 27 treatment
cycles. Immunomonitoring data demonstrate that Y962 T
lymphocytes are initially cleared from the blood to reappear
at the end of IL-2 administration. Dose-limiting toxicity
occurred in one patient at the dose of 8 x 10° cells (dissem-
inated intravascular coagulation). Other treatment-related
adverse events (AEs) included mainly gastrointestinal dis-
orders and flu-like symptoms (fatigue, pyrexia, rigors).
Hypotension and tachycardia also occurred, especially with
co-administered IL-2. Six patients showed stabilized dis-
ease. Time to progression was 25.7 weeks.

Conclusion The data collected in ten patients with mRCC
indicate that repeated infusions of Innacell 0™ at different
dose levels (up to 8 x 10? total cells), either alone or with
IL-2 is well tolerated. These results are in favor of the ther-
apeutic value of cell therapy with Innacell 6™ for the
treatment of cancers.

Keywords Metastatic renal cell carcinoma -
1962 T lymphocytes - Interleukin-2 - Clinical efficacy -
Safety and tolerability

Introduction

Several signs point toward a possible immunologic distur-
bance at the origin of development of mRCC. Among these
are reported cases of spontaneous regression of metastatic
lesions, the presence of cytolytic T lymphocytes in renal
tumors, and recent descriptions of tumor-associated anti-
gens on renal cancer cells [2]. In line with these observa-
tions, much attention has been focused on immunotherapy,
using mainly a-interferon (IFN-a), interleukin-2 (IL-2) or
both. However, although tumor regressions were observed
in 10-15% of patients with mRCC [9, 14], randomized
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trials demonstrated only a modest survival advantage
through treatment with these cytokines [2, 12], at the cost
of relatively severe toxic effects [12].

T-cell infiltrates in renal tumors, characterizing the host
local antitumor immune response, involve conventional
and non-conventional (i.e., non-MHC-restricted) effector
cells, the latter constituting the innate immune response.
Among the non-conventional immune effectors, yd T lym-
phocytes (i.e., T lymphocytes carrying a yo T-cell surface
antigen receptor) represent a minor subset of human
peripheral T cells (less than 10%). These cells are potent
and are rapid producers of IFN-y and TNF-o in response to
bacterial antigens and to ligands expressed on tumor cells.
They have been shown to exert a lytic potential against
different tumor cells both in vitro [6, 17] and in vivo in ani-
mals after an adoptive transfer of ex vivo expanded human
cells [24]. In patients with RCC, yé T lymphocytes in
peripheral blood were found to increase with increasing
cancer stage and decrease after surgical resection of the
tumor, suggesting that yd T cells recognize certain RCC-
related antigens and play a role in the surveillance against
RCC [7].

Most human peripheral yd T cells display the disulfide-
linked 7962 receptor and express the CD45RO*CD95*
effector/memory phenotype [13], while lacking CD4 and
CD8 expressions. Activation of Y962 T cells can be induced
by non-peptidic natural and synthetic small molecular-
weight phosphorylated compounds, through a non-MHC-
restricted mechanism. One such synthetic compound, easily
synthesized and active at nanomolar concentrations simi-
larly to natural phosphoantigens, is bromohydrin pyrophos-
phate (BrHPP, IPH1101 Phosphostim®) [5]. In monkeys,
BrHPP, particularly when combined with low doses of IL-2,
was shown to induce a strong activation and amplification
of 9902 T cells accompanied by the production of con-
siderable amounts of cytokines, with no associated toxicity
[18]. Finally, peripheral Y962 T cells from mRCC patients,
activated and expanded in vitro with BrHPP, were found to
exert a selective lytic potential toward autologous primary
renal cell carcinoma lines, confirming Y942 effectors as a
promising approach for the treatment of mRCC [21].

The present Phase-I clinical study is aimed primarily to
determine the maximum-tolerated dose of a Y992 cell ther-
apy product named Innacell 6™ in mRCC patients. Inna-
cell 0™ is manufactured in vitro from an autologous
peripheral blood mononuclear cell (PBMC) preparation, by
a single stimulation with BrHPP followed by a 2-week
period of culture and expansion with IL-2. Innacell yo™
contains 95% of T lymphocytes, of which a high proportion
(mean of 76% of total cell number) is of the Y92 pheno-
type and a low proportion of the off phenotype, and a small
minority of other cells of different phenotypes (mainly 4%
of NK cells). Effector/memory (CD27-CD45RA-) T cells
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represent more than 90% of 7952 cells. A secondary objec-
tive of the study was to gain preliminary information on the
effectiveness of Innacell y0™ against mRCC. Tolerability
and effectiveness of Innacell y0™ were evaluated after
administration of the cell-therapy product either by itself, or
in combination with repeated injections of a low dose of Il-
2, sufficient to induce activation of Y962 cells. The co-injec-
tion of IL-2 is required for the survival and efficacy of the
cells injected in vivo as shown by previous cell therapy
studies using T cell clones [23]. An additional objective
was to examine the persistence of 962 cells in the blood
and the evolution of other cell populations (immunomoni-
toring) as well as the potential effect of IL-2 administrations
on these outcome measures.

Patients and methods
Patient selection

Patients with a histological-documented mRCC and at
least one measurable or evaluable metastasis not localized
in the irradiated area were candidates for the study. Fail-
ure of a preceding treatment had to be demonstrated
through radiology. Other inclusion criteria included
patients aged 18 years or older who have signed an
informed consent, with a performance status of O to 2 with
Eastern Cooperative Oncology Group (ECOG) as well as
negative tests for HIV and B or C hepatitis. Patients who
were excluded were those with the following cases: pres-
ence of brain metastases, other primary cancers, diag-
nosed and not cured, treatment with chemotherapy or
immunotherapy in the last 6 weeks or ongoing anticancer
treatment, previous organ allografts, contraindication to
leukapheresis, hypersensitivity to IL-2, systemic infec-
tion, autoimmune disease, weak heart, liver, bone mar-
row, or kidney functions, also in the case of pregnancy or
lactation. Immunosuppressive agents (cyclosporine, corti-
costeroids) were not authorized.

In addition, to be included in the study, patients had to
demonstrate lymphocyte expansion in response to a single
in vitro stimulation with BrHPP (“sensitivity test” defined
as positive if amplification was >10, enrichment of the pop-
ulation of Y962 cells was at least 70% with cell viability of
at least 70%) in a preliminary test.

The study protocol was approved by the Independent
Ethics Committee of Nantes, France and by the French
National Committee of Cell Therapy. The study was con-
ducted in compliance with the principles laid down by
Good Clinical Practice (GCP) and the Declaration of
Helsinki with subsequent amendments. Written informed
consent was obtained from each patient before enrolment
and completion of any study procedure.



Cancer Immunol Immunother (2008) 57:1599-1609

1601

Innacell yo™

The cell therapy product Innacell y0™, was manufactured
in vitro, from a cryopreserved autologous peripheral blood
mononuclear cells (PBMC) obtained by leukapheresis, as
described [16], see Fig. 1. PBMC were stimulated with
3uM BrHPP (IPH1101-Phosphostim 200TM, Innate
Pharma, Marseille, France) at 1.2 x 106 cells/ml in
RPMI1640 (Cambrex Biosciences, Verviers, Belgium) sup-
plemented with 9% fetal calf serum (FCS; HyClone, Erem-
bodegem, Belgium) and 20 ng/ml IL-2 (Proleukin®, Chiron
Therapeutics, Emeryville CA, USA) (day of stimulation) or
60 ng/ml IL-2 (days 4—14 of culture). The use of FCS in
ex vivo clinical preparations is permitted by the French

Fig. 1 Cell therapy product
manufacturing and patient
treatment schedule

National Committee for Cell Therapy. On culture day 15,
the Innacell yd(( cell therapy product were harvested from
culture, washed with buffered saline (0.9% NaCL, pH 7,
Braun Medical, Boulogne, France), resuspended at a con-
centration of 10-100 x 106 cells/ml in 4% human serum
albumin solution (4% Vialebex, LFB Laboratory, Court-
aboef, France), and stored at +5 & 3°C. Innacell yo(( infu-
sions were administered within 24 h of release.

Innacell p0™ characteristics
The cell therapy product contains 95% (range 86-99%) of

CD3+ cells, of which the majority, namely, 76 (range 21—
96%) is of the 7962 phenotype; only 18 (range 2-56%) is
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TCR af(positive, and a small minority, 4% (range 0-12%)
are NK cells. More than 90% of 7962 T cells is of the Effec-
tor/memory (CD27-CD45RA-) phenotype.

Treatment plan, Innacell y0™ dose and mode
of administration

This was a two-center (Centre René Gauducheau, Nantes,
France; Centre Léon Bérard, Lyon, France), open-label,
phase-I study conducted in patients with mRCC. Innacell
0™ (9992 cell therapy product) was administered via a
central venous line for approximately 1 hour at a maximum
flow rate of 3 ml/min. Each patient was to receive three
infusions at 21-day intervals of the same dose of
Innacell y0™. During the first cycle, the patients received
Innacell y0™ without IL-2 co-administration. During
cycles 2 and 3, the patients received morning and evening
subcutaneous injections of IL-2 (2 x 10° [U/m?/day) for
7 days, the first injection being made 0.5 h prior to Innacell
0™ infusion (cf. Fig. 1: Patient treatment schedule).

Four dose levels of Innacell yo™ (1, 4, 8, and
12.10° cells) were planned to be tested in ascending order,
depending on treatment tolerability. The maximum dose to
be administered in the absence of dose-limiting toxicity
(DLT; 12 x 10° cells) corresponds to the maximum amount
of cells that can be industrially manufactured. In the
absence of dose-limiting toxic effects, only one patient was
to be treated at the first dose level. At least three patients
were to be treated at the second and subsequent dose levels.
Toxicity was assessed using the National Cancer Institute
of Canada Common Toxicity Criteria version 2.0 [3]. DLT
was defined as any one of the following: nadir neutrophils
<0.5 x 10%1 lasting 7 days or <0.1 x 10°/1 lasting 3 days;
thrombocytopenia <25 x 10°/1 or thrombocytopenia with
bleeding or requiring platelet transfusion; febrile neutrope-
nia was defined as absolute neutrophil count < 0.5 x 10°/L
and fever (three measured temperatures <38°C in 24 h or
one >38.5°C); and/or any grade 3/4 major organ toxicity
except alopecia or nonpremedicated nausea/vomiting. The
maximum-tolerated dose (MTD) of Innacell 6™ was defi-
ned as the highest-validated dose, i.e., with DLT in no more
than one out of three, or two out of six patients. There was
no intra-patient dose escalation.

Pretreatment and follow-up examinations

Prior to the inclusion, patients were evaluated after study of
their complete medical history and a thorough physical
examination (measurement of body weight, height, ECOG
performance status, vital signs, examination of body sys-
tems). An electrocardiogram (ECG) and comprehensive
laboratory tests (hematology, serum electrolytes, hepatic
and renal function) were also performed. During the treat-
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ment period, laboratory tests were performed at each
weekly visit.

Efficacy assessments

Tumor response to study treatment (complete (CR) or par-
tial (PR) response, stable (SD) or progressive (PD) disease)
was assessed on the basis of radiological examinations per-
formed at inclusion and at 4 weeks, 8 weeks and 4 months
after the last Innacell 0™ infusion. Tumor response was to
be analyzed according to the RECIST criteria [19]. In the
case of SD, the relevant criteria had to be confirmed no less
than 6 weeks after treatment beginning. Individual time to
progression was appraised in connection with the estimated
prognostic risk level according to Motzer’s score [10].

Immunomonitoring

The immunomonitoring measurements carried out aimed
(1) to assess the persistence of Y962 T cells in peripheral
blood after each Innacell 0™ infusion and the possible
influence of IL-2 co-administration, and (2) to monitor the
other subpopulations in peripheral blood to assess the phar-
macodynamic outcomes of the therapy. Blood samples for
immunomonitoring were taken within 6 h before and at
different times up to 10 days after each Innacell y6™ infu-
sion. Patient peripheral blood cells were collected on
EDTA. Whole blood cells, measuring 100 pL was incu-
bated with mAbs for 10 min, washed in PBS buffer, lysed
with 500 pl of immunolyse (Beckman Coulter), washed
and fixed with 1% paraformaldehyde in PBS. Monoclonal
antibodies and analysis method used were described in our
previous publications [16].

Descriptive statistics

Quantitative variables were summarized by the number
of observations, mean and standard deviation or median
and range. Categorical variables were summarized by the
number of observations and relative frequencies in the
corresponding categories. Median time to progression was
estimated by the Kaplan—Meier method.

Results
Patient sample

Between October 2002 and September 2005, 36 patients
were screened for entry to the trial: 32 patients at the Nan-
tes center and 4 at the Lyon center. Of these patients, 26
were not entered into the trial. The reason for non-inclusion
was mainly the absence of lymphocyte response in vitro in
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the BrHPP expansion test (17 patients). Other reasons were
non-conformity of Innacell y0™ before treatment (three
patients), deterioration of performance status (three
patients), report of one exclusion criteria, decision of the
investigator, and decision of the patient for one patient
each. The treated patient population thus involved ten
patients.

Baseline characteristics at inclusion and main disease
characteristics of the patients included are presented in
Table 1. Among them, seven patients had been treated with
immunotherapy (IFN-o and/or IL-2) alone or in combina-
tion with chemotherapy and prognostic risk as evaluated by
the Motzer’s score was poor or intermediate for six patients
(Table 2).

Zl?;;itlerift?cs:hne patient Dose of Innacell 0™ administered 1 x 10°cells 4 % 10° cells 8 x 10° cells All patients
Number of patients 1 6 3 10
Age (years)
Median 57.0
Range 39-73
Sex
Female/male 4/6
Performance status
ECOG score 0 7
ECOG score 1 3
Number of organs involved
1 - - 2 2
2 - - 3
3 or more 1 1 5
Organs involved
Bone - 3 - 3
Lymph nodes - 4 - 4
Liver 1 3 1 5
Lung 1 4 3 8
Soft tissue in primary area - 2 - 2
Other site 1 1 1 3
Visceral involvement 1 5 3 9
r’I‘;ili:l:tLedzto E;n;att?eﬂ iocghr;:;;?;ﬁs- Patient Prior therapies Motzer . Total number Time to .
tics and the dose of 70 T cells number prognostlc .of.yé T cells . progression
received risk injected (x 107 cells) (weeks)
1 IEN + IL — 2 + chemotherapy Intermediate 1.45 9
Radiotherapy
IFN +IL —2 Poor 3.1 5
3 IFN + chemotherapy Favorable 10.1 111
IFN+1IL —2 Intermediate 8.3 27
54 Radiotherapy Intermediate 10.9 50
6 IL -2 Intermediate 39 24
Radiotherapy
- Intermediate 9.2 11
IFN +IL —2 Favorable 7.2 12
Tumor assessment performed at 9b - Favorable 18.3 28
14 weeks showed tumor shrink- 10 IFN +IL — 2 Favorable 16.7 >30
S§e4 g(;z 2 patients: *—22%; Radiotherapy
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Study progress

The ten patients included received a total of 27 different
batches of Innacell yém in three dose levels (Table 3). One
patient treated at the lowest dose level (1 x 10? cells) did not
exhibit DLT. Dose-escalation, thus proceeded to the next
higher main dose level (4 x 10° cells). At this dose level, one
patient received only one dose of Innacell 6" due to disease
progression, one patient received an overdose (6 x 10 cells)
at the third administration with an unacceptable toxicity
(grade 3 hypotension), and one patient received an underdose
2.8 x 107 cells, third administration) without toxicity. As
these patients were not assessable for MTD determination,
three additional patients were treated at the 4 x 10°dose
level; none of these patients experienced DLT. The following
group of three patients was treated at the next dose level
(8 x 10 cells): one patient experienced DLT after the sec-
ond administration as described below.

The dose-escalation strategy would have then required
testing the same dose level in a new cohort of three patients.
However, recruitment of patients for the study was stopped at
this point for ethical reasons and on the grounds of recent
availability of targeted therapies for mRCC with acknowl-
edged effectiveness (e.g., tyrosine kinase inhibitors) [11, 15].

Four patients were withdrawn prematurely from the
study, three due to progression of the disease, and one for
DLT at the dose of 8 x 10° cells (disseminated intravascu-
lar coagulation). Overall, among 27 cycles delivered, 22
were evaluable for MTD (Table 3).

For 8 of the 10 patients, duration on study treatment was
at least 60 days. Duration of follow-up after study end was
at least 10 weeks for 8 patients.

Dose limiting toxicity

A 73-year-old male patient had polymetastatic disease
(lung, liver and adrenal gland metastases). The first infu-

Table 3 Number of patients treated, cycles administered and cycles
evaluable for the determination of the maximum-tolerated dose

Dose level Innacell y6™ All
atients
Ix 100 4x100 8x100
cells cells cells
Number of patients 1 6 3 10
Number of cycles 3 16 8 27
administered
Number of cycles 3 12 7 22
evaluable

Three infusions at 21-day intervals of the same dose of Innacell 5™
were administered. During the first cycle, Innacell y0™ was delivered
without IL-2 co-administration. During cycles 2 and 3, the patients
received morning and evening subcutaneous injections of IL-2
(2 x 10°TU/m?%day) for 7 days
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sion of Innacell o™ (8 x 10° cells) was well tolerated
(grade 1 fever and chills). The second infusion (Innacell
y0™ + IL-2) was followed by hypotension (88/66 mmHg),
thrombopenia (grade 2) and coagulation abnormalities
(prothrombin index: 46%; activated partial thromboplastin
time—aPTT—ratio: 1.57; decreased coagulation factors II,
VII and X; presence of fibrin degradation products in
plasma). The absence of any clinical sign led to the diagno-
sis of biologically disseminated intravascular coagulation.
The biological test returned to normal within 24 h after
platelet and plasma transfusion. The other case of unaccept-
able toxicity—grade 3 hypotension—noted during the
study occurred during a non-assessable cycle because of
overdosage (see above). This patient also developed a deep-
vein thrombosis with pulmonary embolism and the rela-
tionship with the treatment could not be excluded.

As no additional patients were treated at the dose level
of 8 x 10 cells, the study having been closed at this point
for external reasons (see above), the MTD of Innacell y§™
could not be determined precisely from the data of the pres-
ent study, but was at least of 4 x 10° cells.

Other clinical adverse events

At all doses, treatment with Innacell 0™ alone (cycle 1)
was well tolerated (Table4). The most frequent AEs
occurred during concomitant treatment with IL-2 (cycles 2
and 3). Main AEs were grade 1 or grade 2 flu-like symp-
toms: chills, fever, fatigue and gastrointestinal symptoms.
These transient toxicity signs of flu-like symptoms suggest
a cytokine-release syndrome.

Immunomonitoring

In the nine patients with assessable data, Y962 T cells were
initially cleared from the circulating blood during the first 2
days following infusion of Innacell 6™ (Fig.2). After
infusions 2 and 3 (with co-administered IL-2), the initial
decrease was more pronounced and prolonged, and the val-
ues noted at Day 7 and Day 10 were considerably (two to
fourfold) higher than the corresponding baseline values.
However, the percentage of Y962 T cells relative to the total
number of lymphocytes generally showed only small and
inconsistent variations. As shown in Fig. 3, without co-
administered IL-2 (infusion 1), fold increase (relative to
baseline at start of cycle 1) was only slightly affected except
after infusion of the dose of 8 x 10° cells (initial reduction
followed by an increase). With co-administered IL-2 (infu-
sions 2 and 3), there was a dramatic initial reduction fol-
lowed by a marked increase in fold increase and the
variations observed were related to the dose of Innacell yo™
administered. Concerning specific characteristics observed
during the study, only one patient showed a significant
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Table 4 Treatment-related adverse events (NCI/CTC criteria) by patient and cycle

Dose level Innacell y6™
1 x 10°cells 4 x 10° cells 8 x 107 cells
Number of patients/cycles Patients: 1 Cycles: 3 Patients: 6 Cycles: 16 Patients: 3 Cycles: 8

Constitutional flu-like symptoms

Fatigue
Grade 1 - - - - 2 2
Grade 2 - - 4 6 - -
Fever
Grade 1 - - 2 6 1
Grade 2 - - 3 4 2 3
Chills
Grade 1 1 1 3 5 2 5
Grade 2 - - - -
Gastrointestinal symptoms
Nausea
Grade 1 - - 1 2 2 3
Grade 2 - - 2 3 - -
Vomiting
Grade 1 - - 1 3 1 1
Grade 2 - - 2 2 - -
Abdominal pain
Grade 1 - - 2 3 - -

Allergy-Immunology
Allergic reaction
Grade 2 - - 2 3 - -
Dermatology
Erythema
Grade 1 - - 1 1 - -
Prurit
Grade 1 - - 2 3 1 1
Neurology
Headache
Grade 1 - - 1 1 - 1
Grade 3 - - - 1 1
Anxiety
Grade 1 - - - 1 1 1
Grade 2 - - 2 2 - -
Depressive syndrome
Grade 2 - - 1 1 - -
Cardiovascular
Hypotension®
Grade 3 - - 1 1 - -
Deep-vein thrombosis?
Grade 3 - - 1 1 - -
Coagulation
Pulmonary embolism*
Grade 4 - - 1 1 - -
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Table 4 continued

Dose level Innacell yo™

1 x 10° cells

4 x 10° cells 8 x 10° cells

Number of patients/cycles Patients: 1 Cycles: 3

Patients: 6 Cycles: 16 Patients: 3 Cycles: 8

Biological DICP
Grade 3 - -
Pulmonary
Cough
Grade 1 - -
Grade 2 - -
Other
Aphonia
Grade 2 - -

1 1 - -

4 The adverse events hypotension, deep-vein thrombosis and pulmonary embolism occurred in the same patient at the cycle 3

® Disseminated intravascular coagulation

1000 —— Infusion 1 “ 10° cells without IL-2)

—Jll— Infusion 2 (4 10°cells with IL-2)

A Infusion 3 (4 10° cells with IL-2)

.
o
QmeO
L8
83
Z 5
T = 10
8 .5
E 2
Z 8

2 4 6 8 10
Time (days after infusion)

0

Fig. 2 Kinetics of absolute counts (per mm?>) of V92 CD3+T cells in
peripheral blood following multiple Y962 T cell infusion (representa-
tive example of patient #5 treated with 4 x 10° cells)

B 110° (n=3)
O 4 10° (n=16)
@ 8 10° (n=5)
57 Basal Level

[=)}
L

Fold increase

x 1,1

Day 10

o |
SN . sl BN

24 hours Day 7

Predose 2 hours

Time (post infusion)

Fig. 3 Dose effect of Innacell 0™ on the circulating level of Y942
cells. All infusions are presented. Each histogram represents the fol-
lowing ratio by dose: mean + SD of fold increase of all cycles/baseline
level at start of cycle 1
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expansion (fold increase x 30) of the NK population during
the third infusion of Innacell with IL-2 treatment.

Efficacy

The best overall response rate according to RECIST criteria
that was recorded after treatment with Innacell p0™ was
SD for six patients (60%) and PD for four patients (40%).
Individual Time to progression according to the dose level
of Innacell y0™ is displayed in Table 2. The maximal indi-
vidual percent change in the sum of the longest diameter of
target lesions was observed in two patients treated with 4 or
8 x 10° cells showing substantial tumor shrinkage at the
14-week evaluation (—22 and —48%, respectively). These
shrinkages were not confirmed as recommended by RECIST
criteria. According to the Kaplan—-Meier method, illustrated
in Fig. 4, median time to progression was 25.7 weeks.

Discussion

RCC is an immunosensitive cancer; however, conventional
immunotherapy has not provided major advances in mRCC
therapy. Therefore, some elements of the immune system
with strong anti-tumor properties such as the cytotoxic
1962 human T lymphocytes, deserve particular attention.
Innacell 6™ was used in the present phase I trial to
evaluate its safety and tolerability profile and secondarily
its therapeutic potential in patients with mRCC. At the two
first-dose levels (1 and 4 x 10°cells) Innacell and IL-2
coadministration was well tolerated without DLT. Of note,
one patient treated in the medium-dose group who received
an overdose of Innacell 6™ (6 x 10°cells) exhibited a
toxic effect (grade 3 hypotension). At the dose level 8 x 10°
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Fig. 4 Proportion of patients without disease progression in the
10 mRCC patients treated with Innacell y0™, illustrated according to
the Kaplan-Meier’s method. Median time to progression is 25.7 weeks.
N =10 patients

total cells, one patient experienced grade 3 biological
disseminated intravascular coagulation. This study was
stopped for ethical reasons (availability of tyrosine-kinase
inhibitors on the therapeutic arena) so that the MTD Inna-
cell y0™ cannot be precisely determined. Nevertheless, the
dose of 4 x 10° cells was correctly evaluated in the present
study and showed good safety and tolerability.

Let alone the DLT experienced by one patient treated
with Innacell y0™ at the dose of 8 x 10° total cells, and the
adverse effect that occurred in a patient who received an
overdose of Y902 T cells, the AEs recorded were relatively
mild and were noted mainly during treatment cycles 2 and 3
when Innacell 6™ was administered with co-administra-
tion of IL-2. The signs and symptoms most frequently
reported (fatigue, fever, hypotension, gastrointestinal dis-
orders) are suggestive of the cytokine-release syndrome
commonly encountered after administration of interleukins.
Activated 7962 T lymphocytes themselves can produce
high amounts of cytokines, which, in synergy with co-
administered IL-2, may cause flu-like symptoms. In this
connection, a parallel can be drawn between the present
study and the pilot study recently carried out by Kobayashi
et al. [8], with adoptive therapy using yé T cells in seven
patients with advanced RCC. These authors administered
autologous 5 T cells (~3 x 10°cells) activated in vitro
with a phosphoantigen in association with concomitant
infusions of recombinant human IL-2 every week or every
other week for 12 weeks in co-treated patient with pamidro-
nate [8]. Similar to Kobayashi et al. [8], a decrease in lym-
phocyte count was observed in a proportion of our patients,
which may indicate lymphocyte trapping in tissues as a
result of some treatment-immune effects. Among the 36
patients screened in the study, only 10 have been treated.
The screening was based on a BrHPP expansion test per-
formed in order to determine the feasibility and the cell

culture parameters of the targeted specific T-cell expansion.
According to previously published observations [20], based
on the percentage of 62* T cells observed on Day 14 of cul-
ture, RCC patients can be grouped into three subsets: the
high-sensitivity subset represents about 50% of RCC
patients, whereas the intermediate- and low-sensitivity sub-
sets represent about 25% each. Healthy volunteers were
analyzed in parallel, of whom 91% display a high-sensitiv-
ity status, do not present any low-sensitivity subset, sug-
gesting that the low-sensitivity status is specific to (m)RCC
patients. This phenomenon is congruent with the selection
of the best sensitive patients for inclusion into the present
study.

As regards the assessment of Innacell 0™ efficacy for
the treatment of mRCC, the limited number of patients
treated in this phase I study as well as the absence of a con-
trol group do not allow drawing any firm conclusion. For
ethical reasons, this was the first time that Innacell o™
was administered to patients. The patients recruited for the
study had generally advanced disease and failed to standard
therapy. They are not necessarily representative of the true
target population of Innacell Y™ which may be more indi-
cated for the treatment of residual lesions after standard
therapy. Innacell 6™ indeed intends to restimulate the
immune system in a different fashion from the formerly
used vaccines and to act as an adjuvant in conjunction with
standard chemotherapies or administration of antiangio-
genic agents [21]. This is the first time that targeted innate
lymphocytes could be selectively activated, which can play
arole on the tumor either directly with the expansion of the
cytotoxic effector or by an indirect effect through restimula-
tion of adaptive immunity. Finally, the objectives of this
Phase I study to primarily determine the maximum-toler-
ated dose of Innacell 0™ were not met as the conditions
were not quite adapted to the demonstration of Innacell
70™ anticancer effectiveness in real-world settings.

Nevertheless, tumor shrinkage (—22 and —48%) was
observed in two patients. Even though one tumor shrinkage
cannot be qualified as a PR, this can be correlated with the
disease stabilization observed in 6 patients (60%) treated
with Innacell p0™. The median time to progression of
patients treated with Innacell 6™ was 25.7 weeks, com-
pared with 12—13 weeks in mRCC patients receiving pla-
cebo in other studies [4, 22]. Moreover, of the seven
patients who had an end-of-study visit after 2 months (1
patient) or 4 months after the last Innacell 0™ infusion,
four patients showed no change in ECOG-PS score from
baseline and three patients a decrease of one score unit.
Comparable efficacy results were obtained in the study of
Kobayashi et al. [8], with three of five patients exhibiting
prolongation of tumor-doubling time and better survival in
patients responding well to the stimulating antigen compared
with poor responders.
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Immunomonitoring results show that 962 cells are
initially cleared from blood during the first 2 days after
Innacell 0™ infusion and that their number progressively
increases afterwards. This bi-phasic course is classically
observed with IL-2 co-administration and assumed to be
due to transient lymphocyte margination in tissues. Finally,
1 week after Innacell y0™ infusion (i.e., at the end of IL-2
administrations) at the dose of 4 or 8 x 10° cells, the num-
ber of circulating 962 T cells is up to two to fourfold
higher than at baseline, which indicates amplification of
1962 T cells by IL-2.

In conclusion, the data collected in this study of patients
with advanced RCC indicate that repeated infusions of
Innacell 0™ either alone or with co-administration of IL-2
is well tolerated up to the dose of 4 x 10° 7952 cells. The
maximum-tolerated dose could not be determined though,
due to discontinuation of the study following the recent
availability of new therapies (tyrosine kinase inhibitors) in
mRCC. Regarding Innacell y0™ efficacy, time to progres-
sion appeared more prolonged in this group of patients
treated with Innacell 0™ than in placebo-receiving groups
of patients with renal cell carcinoma reported in the litera-
ture. Innacell 0™ thus retains valuable potential for fur-
ther evaluation in mRCC and the treatment of other types of
cancer refractory to conventional treatments. It will there-
fore be assessed, starting at the dose of 6 x 10° 7962 cells,
in other clinical situations, where no effective treatment is
yet available. Despite the relative complexity of cell ther-
apy, such treatment may have a role, in conjunction with
other therapies, in the treatment of cancers refractory to
conventional treatments alone. In the near future, immuno-
therapy should be considered in association with tyrosine
kinase inhibitors for appropriately selected patients. Indeed,
recent prospective studies suggest that the potential exists
for identifying predictors of immunotherapy response in
patients with good or intermediate prognosis [1].
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