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Abstract

Purpose Vy9Vo2 (yo) T lymphocytes, a critical periph-
eral blood lymphocyte subset, are directly cytotoxic against
many solid and hematologic tumor types. Vy9Vo2 T
lymphocytes can be selectively expanded in vivo with
BrHPP (IPH1101) and IL-2. The present phase I trial was
conducted with the aim of determining the maximum-
tolerated dose (MTD) and safety of IPH1101 combined
with a low dose of IL-2 in patients with solid tumors.
Experimental design A 1-h intravenous infusion of
IPH11 was administered alone at cycle 1, combined with
a low dose of SC IL-2 (1 MIU/M? dl to d7) in the
subsequent cycles (day 1 every 3 weeks). The dose of
IPH1101 was escalated from 200 to 1,800 mg/mz.

Results As much as 28 patients with solid tumors
underwent a total of 109 treatment cycles. Pharmacody-
namics data demonstrate that y6 T lymphocyte amplifica-
tion in humans requires the co-administration of IL-2 and is
dependent on IPH 1101 dose. Dose-limiting toxicity
occurred in two patients at a dose of 1,800 mg/m?*: one
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grade 3 fever (1 patient) and one grade 3 hypotension
(1 patient) suggesting cytokine release syndrome immedi-
ately following the first infusion. At lower doses the
treatment was well tolerated; the most frequent adverse
events were mild fever, chills and abdominal pain, without
exacerbation in the IL-2 combined cycles.

Conclusion TPH1101 in combination with SC low-dose
IL-2 is safe, well tolerated and induces a potent pd T
lymphocyte expansion in patients. Its clinical activity will
be evaluated in phase II clinical trials.

Keywords Bromohydrin pyrophosphate -
Vy9V42 T lymphocyte - Phase I trial - Solid tumors

Introduction

An expansive body of literature in the field has documented
that y0 T cells, which represent 1-10% of human peripheral
T cells, kill solid and hematologic tumors originating from
virtually any organ type. Over more than 15 years of
research, in vitro 6 T cell cytotoxic activity has been
reported against tumors of virtually all cellular origins.
Among all these, the most remarkable data are based on
two observations of particular relevance: (1) yd T cells are
able to kill autologous tumors; this has been formally
established for mRCC [1, 2], melanoma [3], hepatocarci-
noma [4], ovarian carcinoma [5], colorectal cancer [6],
gastrointestinal carcinomas [7], primary glioblastoma [8]
and, more importantly, for colon cancer stem cells [9]; and
(2) some tumors present “spontaneous” infiltration by y6 T
cells illustrating that, in vivo, there might exist a specific
signal recognized by yd T cells [2, 3, 6, 10-12]. Altogether,
these observations emphasize the potential importance of
y0 T cells, as innate immunity effectors, in the specific
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recognition, growth control and elimination of human
tumors.

In contrast with their off couterparts, y0 T cells recog-
nize and respond to non-peptidic natural and synthetic
small molecular weight phosphorylated compounds
(phosphoantigens), through a non-MHC-restricted mecha-
nism. One such synthetic compound, easily synthesized
and active at nanomolar concentrations similarly to natural
phosphoantigens, is bromohydrin pyrophosphate (BrHPP,
IPH1101, previously Phosphostim®) [13]. This pyrophos-
phate monoester was selected for clinical development on
the basis of preclinical data in which this compound
stimulates the 962 T cell subset, which has known anti-
tumor activity. For example, in an autologous setting, in a
study of ten metastatic renal cell carcinoma (mRCC)
patients, Y92 T cells expanded by BrHPP exhibited spe-
cific lytic activity against primary tumor cell lines but not
against primary normal cell lines [12]. BrHPP induces both
an expansion of the Y952 compartment with the generation
of large numbers of cytotoxic effectors, as well as an
indirect pro-inflammatory and regulatory effect that orients
the immune response toward a THI1 cellular response
(tumor necrosis factor (TNF)-oo and interferon (IFN)-y).
These cytokines can in turn either directly inhibit tumor
cell growth or potentiate the anti-tumor activity of other
lymphoid effectors. The expansion of the 942 cell popu-
lation is dependent on the presence of IL-2.

There is a significant potential for the beneficial use of
highly potent compounds stimulating the Y962 T cell sub-
set, such as pamidronate or BrHPP, in cancer immuno-
therapy. In a pilot clinical study set up to test the effects of
a co-treatment of pamidronate, a bisphophonate, and IL-2
on 11 patients with non-Hodgkin’s lymphoma (NHL) and 8
patients with multiple myeloma (MM), it was established
that pamidronate and IL-2 co-treatment induces specific yo
cell amplification. The clinical response observed in the
patients (stabilization or partial response) was linked to yJ
T cell proliferation in vivo [14]. A second study conducted
in hormone refractory prostate cancer patients compared
zoledronic acid alone or in combination with low-dose IL-2
as inducers of yd T cells. In the combination arm, five out
of nine patients showed appreciable increases in blood 0 T
cells that correlated with favorable clinical outcome. At
9 months after therapy, an inverse correlation between
serum PSA levels and blood effectors yo T cells was
observed [15].

BrHPP is active at nanomolar concentrations similarly
to natural phosphoantigens [13] and is more potent than
aminobisphophonates, such as pamidronate. In monkeys,
BrHPP, particularly when combined with a low dose of
IL-2, was shown to induce a strong activation and ampli-
fication of 962 T cells accompanied by the production of
considerable amounts of cytokines, with no associated
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toxicity [16]. The present phase I clinical study was aimed
to determine the maximum-tolerated dose of IPH1101
combined with a low dose of IL-2 in patients with solid
tumors. The safety profile of IPH1101 was evaluated alone
or in combination with repeated injection of a low dose of
IL-2, sufficient to induce activation of 962 T cells. An
additional objective was to examine the pharmacodynamic
profile of IPH1101 alone and in combination with a low
dose of IL-2.

Patients and methods
Patient selection

Patients were candidates for the study if they had solid
tumors for which effective standard therapy was not
available or if they had progressive disease after conven-
tional therapeutic modalities for advanced or metastatic
disease. The interval between completion of the last che-
motherapy and/or radiotherapy and enrollment in the trial
had to be at least 4 weeks. Recruited patients were between
18 and 70 years old, with World Health Organization
(WHO) performance status (PS) score of 0-1 and an
estimated life expectancy of at least 12 weeks. The bio-
logical criteria for eligibility were defined by laboratory
tests of adequate hematological function: white blood cell
(WBC) count > 4.0 x 10° cells, neutrophils > 2.0 x 109,
platelets > 100 x 109, hemoglobin > 9 g/dl; and bio-
chemistry: aspartate aminotransferase (AST) and alanine
aminotransferase (ALT) < 2.5 x the upper normal limits
(UNL), serum bilirubin < UNL and serum creatinine <
1.5 x UNL. For AST and ALT, <5 x UNL was accept-
able in case of liver metastases. At least one measurable or
evaluable lesion outside of a previous radiation field was
required. Measurable lesions were identified as those with a
diameter >20 mm on computed tomography (CT) scan. In
addition, patients were selected according to the ability of
their peripheral blood mononuclear cells (PBMC) to
respond to BrHPP ex vivo: this standardized “BrHPP
sensitivity test” quantified patients’ pd T cells proliferative
response to the drug in a short-term culture (8 days).
Results of in vitro amplification of cells by BrHPP is
expressed as (A)% of y0 T cells at the end of the culture
and (B) total amplification rate of y0 T cells (i.e., ratio of
the absolute count of yd cells at day 8 on the absolute count
at day 0). Only patients whose y0 T cells (A) reached at
least 20% in the culture or (B) showed at least eightfold
expansion were included in the trial.

Patients were excluded if they had clinical evidence of
brain or leptomeningeal metastasis, uncontrolled hyper-
calcemia, known active infections including known HIV
positivity or unstable cardiovascular conditions (heart
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failure, uncontrolled angina, uncontrolled hypertension,
myocardial infarction within 6 months). The QTc interval
duration was required to be inferior to 430 ms for men and
450 ms for women. Concurrent treatment with other
experimental drugs or participation in another clinical trial
within the 30-day period prior to study entry was not
permitted.

Additional exclusion criteria were prior treatment with
lymphocyte therapy, prior treatment with immunotherapy
during the last 6 weeks, prior treatment with biphospho-
nates during the last 4 weeks, concomitant treatment with
anticancer drugs or corticotherapy, active immune disease,
previous high-dose chemotherapy bone marrow rescue and
prior irradiation of >25% of the bone marrow reserve.

The study was approved by the Independent Ethics
Committee of Nantes, France, and was conducted in two
centers; all patients gave written informed consent before
participating in the study.

Treatment plan

This was a two-center (Centre René Gauducheau, Nantes,
France; Hopital Saint-Louis, Paris, France), open-label,
phase I study conducted in patients with advanced solid
tumors.

Bromohydrin pyrophosphate (IPH1101) was supplied by
INNATE Pharma (Marseille, France) as a white lyophi-
lized powder (200 mg/vial) and was to be reconstituted
immediately prior to use with 2 ml of water for injections
to make a 100 mg/ml solution. For administration, the
appropriate dose of BrHPP (IPH1101) was diluted in a
volume of 100 ml of Ringer’s lactate and infused over 1 h
via a central venous line.

Each patient was to receive infusions of IPH1101 at 21-
day intervals until disease progression. During the first
cycle, the patients received IPH1101 without IL-2 co-
administration. During the subsequent cycles, the patients
received subcutaneous injections of IL-2 (1 x 10° IU/m?%/
day) 10 min after starting IPH1101 perfusion on days 1-7.

The dose-escalation strategy involved five main dose
levels (200, 600, 1,200, 1,800 and 2,400 mg/mz) to be
tested successively in ascending order, subject to tolera-
bility. At least three patients were to be treated at each dose
level. Toxicity was assessed using the National Cancer
Institute of Canada Common Toxicity Criteria version 3.0.
DLT was defined as any one of the following: nadir neu-
trophils <0.5 x 10%/1lasting 7 days or <0.1 x 10°/1 lasting
3 days; thrombocytopenia <25 x 10%/1 or thrombocytope-
nia with bleeding or requiring platelet transfusion; febrile
neutropenia, defined as absolute neutrophil count
<0.5 x 10°/1 and fever (three measured <38°C in 24 h or
one >38.5°C); and/or any grade 3/4 major organ toxicity
except alopecia or non-premedicated nausea/vomiting. The

maximum-tolerated dose (MTD) of IPH1101 was defined 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

On entering into the study, patients were evaluated with a
complete medical history and physical examination
including measurement of vital signs (temperature, pulse
rate and blood pressure), electrocardiogram (ECG), com-
plete blood count (CBC), serum electrolytes, and hepatic
and renal function. During the treatment period, laboratory
tests were performed at each weekly visit.

Efficacy assessments

Tumor response (according to the RECIST criteria) to
study treatment was assessed on the basis of CT scans
examinations. These radiological examinations were per-
formed at inclusion and for every three cycles.

BrHPP sensitivity test in vitro

Whole blood (20 mL) was taken pre-dose and PBMC were
prepared after Ficoll-PaqueTM PLUS (Amersham Pharmacia
Biotech) density centrifugation. PBMC were cultured in
RPMI1640 supplemented with 2 mM L-glutamine, 1 mM
sodium pyruvate (all from Invitrogen Life Sciences, Cergy-
Pontoise, France), 10% irradiated fetal bovine serum (Fetal
Clone I, HyClone/Thermo Fisher Scientific, Brebieres,
France), 3 uM BrHPP and 300 IU/mL rhIL-2 (Proleukin®,
Chiron, 22 x 10° IU per vial) starting at 1 x 10° cells/
mL. rhIL-2 was renewed on day 5 of the culture. On day 8,
cells were counted for final density determination on a
Guava® PCA apparatus (Guava Technologies Inc, Hay-
ward, CA, USA) and then harvested by centrifugation and
washed in RPMI before multi-color flow cytometry anal-
ysis of their percentage of yd T cells (see below).

Pharmacodynamics

The biological effect of IPHI1101 in solid tumor patients
was monitored throughout the trial and studied on periph-
eral blood cells. Whole blood for pharmacodynamic anal-
yses was taken on day 1 and at several time points between
days 1 and 21 for cycles 1 and 2. As much as 6 ml of blood
was removed pre-dose and at days 6, 8 and 12. The volume
of blood withdrawn for pharmacodynamic determinations
from each patient did not exceed 24 ml for cycles 1 and 2,
and 12 ml for each subsequent cycle. During the cycles 3,
4, 5 and 6, additional PD analyses were performed. At each
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mentioned cycles, 6 ml of blood was removed pre-dose and
at day 6.

The biological effect study included taking whole blood
sample for follow-up of yd T cell amplification and for
identification of other blood lymphocyte populations by
multi-color flow cytometry (FacsCalibur, Becton—Dickinson
Biosciences (BD), Le Pont de Claix, France) with the
various combinations of commercially available anti-
human receptors antibodies, used according to the manu-
facturers’ instructions. y0 T cells were defined as
Vdelta2+/CD3+ cells (anti-Vdelta2, IMMU389 clone
from Immunotech-Beckman-Coulter (IBC), Marseilles,
France and anti-CD3, UCHTI clone from BD); NK cells
were CD3-/CD56+4/CD16+ cells (anti-CD56, B159 clone
and anti-CD16, 3G8 clone from BD); B cells were CD19+
cells (anti-CD19, 4G7 clone from BD) and conventional T
cells were, respectively, CD3+/CD4+ (anti-CD4, SK3
clone from BD) and CD3+/CD8+ (anti-CD8, SK1 clone
from BD) cells.

Results
Patient sample

Between October 2003 and August 2005, 48 patients were
screened to participate in the study: 35 patients at the
Nantes center and 13 at the Paris center. Of these patients,
20 were not included in the trial. The reason for non-
inclusion was mainly deterioration of performance status
(7 patients). Other reasons were the absence of lymphocytes
response in vitro in the BrHPP expansion test (5 patients),
abnormal liver functions (3 patients), abnormal ECG
(3 patients), lymphopenia (1 patient) and age >70 years old
(1 patient). The treated population ultimately included 28
patients receiving at least one treatment dose. Their
demographic data are shown in Table 1. Because IPH1101
stimulates the immune system by activating the 7992
subset, enrollment of patients with tumors regarded as
relatively sensitive to immune intervention was favored: 18
of the 28 total patients suffered from a metastatic renal cell
carcinoma.

Study progress

A total of 109 cycles were administered at five different
dose levels (Fig. 1). At the first dose level (IPH1101,
200 mg/m?), four patients were treated but one was not
evaluable for DLT because he did not receive the total dose
of IL2 (5 days of IL2 instead of 7). Then, six patients were
enrolled at the two subsequent dose levels, 600 mg/m” and
1,200 mg/mz. At the 1,800 mg/m2 level, of the five patients
enrolled, two experienced a DLT. This was therefore
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Table 1 Demographic data

Demographic data

Sex

Male 19

Female 9
WHO

0 22

1 6
Age (years)

Median 56

Range 44-71
Primary cancer

Renal cell carcinoma 18

Colon cancer 3

Esophagus carcinoma 3

Gastric cancer 1

Ovarian cancer 1

Breast cancer 2
Previous cancer therapy

Surgery 25

Radiotherapy 8
Chemotherapy 17

1 line 12

2 lines 2

>3 lines 3
Hormonotherapy 6
Immunotherapy 13

IL2 and interferon 8

Interferon 3

L2 1

Monoclonal antibody 1
Organ involved

Lung 18

Liver

Lymph nodes

Bone

Other 10

designated as MTD. Three additional patients were then
included at the 1,200 mg/m2 dose level and, on confirma-
tion of the absence of DLT, the intermediate dose level of
1,500 mg/m?* was tested. Of the four patients treated at
1,500 mg/mz, three were evaluable for MTD (one patient
received 4 h of IPH1101 infusion instead of 1 h) and no
DLT was recorded. Finally, an additional cohort of six
patients was treated at the 1,500 mg/m” dose level and
received IL2 from cycle 1 as per protocol amendment. The
assessment of DLT was then based on the first two cycles
of treatment for 20 patients.
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Fig. 1 Study population and
escalating dose. A total of 28
patients were treated in this 1800 mg/m?
study, 22 in the dose-escalation Pationt 18 1500 mg/m?
phase up to a dose level of 1500 mg/m? ————»
1,800 mg/mz. An amendment Patient 19 P +IL2atCl
was introduced at the end of the Patient 40
first part of the escalating dose Patient 35 .
to have TL2 administered from Patient 23 om0 Patient 42
cycle 1 at a dose level of 1200 mg/m? 1200 mg/m? : Patient 43
1,500 mg/m? Patent 41 Patient 44
Patient 14 Patient 27
Pationt 15 Patient 28 Patient 48
600 mg/m? Patient 17 Patient 32

Patient 08

Patient 09

200 mg/m? Patient 13

Patient 01

Patient 05

Patient 06

Patient 07

Toxicity and dose-limiting toxicity

All 28 patients were evaluable for toxicity, which is sum-
marized in Tables 2 and 3. No grade 4 toxicity was
observed at any dose levels. Flu-like symptoms were the
main toxicities in evaluations after cycles 1 and 2. For most
of these symptoms, their incidence increased as a function
of the IPH1101 dose. Grade 1 and 2 adverse events
included: fever (26 patients), chills (15 patients), fatigue
(11 patients), headache (11 patients), abdominal pain (10
patients), diarrhea (9 patients), nausea (15 patients), vom-
iting (14 patients), hypotension (8 patients) and hyperten-
sion (1 patient). As discussed, the assessment of DLT was
based on the first two cycles of treatment for 20 patients.
The remaining patients, treated at 1,500 mg/mz, received
IL-2 from cycle 1 as per protocol amendment and did not
form part of this assessment. Of the five patients included
in the highest dose level of IPH1101, 1,800 mg/m?, two
experienced a DLT: one had a grade 3 fever associated
with grade 3 hypertension and the other had a grade 3
hypotension, both at the first cycle (without IL-2 co-
administration). The first patient was withdrawn from the
study, and the second was subsequently treated at the
1,200 mg/m? dose level for another two cycles. The first
patient, 71 years old, had an mRCC. At cycle 1, 10 min
after the end of IPH1101 infusion, he presented with grade
3 fever, grade 3 arterial hypertension, grade 2 chills, grade
2 confusional syndrome and grade 2 junctional tachycardia.
All symptoms returned to a grade O or 1 within 2 days.
Nevertheless, the patient was withdrawn from the study.
The second patient, 65 years old, had a metastatic breast

Patient non evaluable for MTD

Patient presenting a DLT

1]
]

cancer. At cycle 1, 4 h after the infusion, she reported
grade 1 chills, grade 1 vomiting, grade 2 headache, grade 1
dorsal pain and grade 1 asthenia. The blood pressure was
low (71/41 mmHg) and required fluid completion and
dopamine support (grade 3). All symptoms resolved within
24 h. The patient was then treated at dose 1,200 mg/m? for
two more cycles without any serious problems. However,
the MTD was considered to have been met. When
IPH1101, 1,500 mg/mz, was given in combination with
IL-2 for cycle 1-6 patients, no grade 3 and 4 drug-related
adverse events were reported (Table 3).

Clinical activity

A total of 28 patients were treated in the study and avail-
able for the assessment of tumor response. Tumor assess-
ments were performed at baseline and responses were
evaluated every three cycles using the RECIST criteria. In
this phase I trial, no patients achieved an objective
response; 12 patients had stable disease and 16 had pro-
gressive disease after three cycles.

Pharmacodynamics

To establish the pharmacodynamics of IPH1101 in solid
tumor patients, targeted 0 T lymphocytes were followed in
blood samples taken pre-dose and on three occasions fol-
lowing the first two infusions of IPH1101 (day 5 or 6, day 7
or 8 and day 11, 12 or 13), and pre-dose and day 6 after the
subsequent infusions of IPH1101. A total of 24 patients
were evaluable for pharmacodynamic analysis, with the
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Table 2 Clinical adverse events: worst drug-related toxicity (NCI/CTC) adverse events by patient and by cycle

Dose level of Phosphotim®

Number of patients/cycles

1,200 (mg/m?)

1,500 (mg/m?)

1,800 (mg/m?)

Total

39

28

109

Constitutional
Fatigue
Grade
1
2
3
Fever
Grade
1
2
3
Chills
Grade
1
2
3
Gastrointestinal
Abdominal pain
Grade
1
2
3
Diarrhea
Grade
1
2
3
Nausea
Grade
1
2
3
Vomiting
Grade
1
2
3
Cardiovascular
Hypotension
Grade
1
2
3
Hypertension
Grade
1
2

10

5 16

3 4

1

3 5

1 1

3 5
1

1 1

1 1

1 1

11

2

4 8
1

2 2

1

1 3

10

10

26

11

23

23

16
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Table 2 continued
Dose level of Phosphotim® 200 (mg/m?) 600 (mg/m>) 1,200 (mg/m?) 1,500 (mg/m?) 1,800 (mg/m?) Total
Number of patients/cycles 4 18 3 10 6 26 10 39 5 16 28 109
3 - - - - - - - - 1 1 11
Other
Headache
Grade
1 1 1 1 1 1 3 4 7 2 9 14
2 - - - - - - 3 3 2 6
3 _ - _ _ _ _ _ _ _ _ _ _
No grade 4 toxicity occurred
Table 3 Clinical adverse events in the extended cohort (6 patients) 3 O Cycle 1 (without IL-2)
treated with Phosphotim®, 1,500 mg/m? and IL2 at cycle 1 = 7071 m Cycle 2 (with 1 M IU/n? IL-2)
=]
Grade 1 Grade 2 All grades g
_ o = 607 .
Asthenia 1 - 1 E 5
Abdominal pain 1 - 1 - =
. © = 50+
Diarrhea 1 - 1 =0 15 —
£ o0
Headache 3 - 3 o O [
n P
Hypotension 1 - 1 g0
Fever 3 1 4 2o 107 .
Vomiting 1 1 2 % g - [
- ®©
8 .
following numbers per dose group: 200 mg/m?* N = 4; < 8
2 . 2 . 2
600 mg/m’, N = 3; 1200 mg/n’, N =6; 1,500 mg/m’, R S
N = 8; 1,800 mg/m~, N = 3. In the 1,500 mg/m~ dose 2 N°"%‘ """"""" Orrvnerrnnnenes Qeeoeeneneee o
group, three patients received IPH1101 alone at the first E 200 600 1,200 1,500 1,800
©

cycle, then IPH1101 and IL-2 at subsequent cycles,
whereas five supplementary patients received IPH1101
combined with IL-2 from the first cycle of treatment
onward.

No significant amplification of yd T cells was observed
at the first cycle of IPH1101 infusion, which was in the
absence of IL-2. The overall kinetics of yd T cell ampli-
fication in vivo is similar in all patients, with a peak around
days 6-8 and a progressive decrease onward. Amplification
was calculated as the ratio of maximal absolute counts of
V24 cells (in number of cells/uL. blood) at cycle n/
absolute counts of Vd2+ cells at cycle n, day 1 (pre-dose)
(in number of cells/pL blood). Mean amplifications by dose
level for the five cohorts receiving IL-2 from cycle 2 are
presented in Fig. 2 and are IPH1101 dose dependent.
Interestingly, even at the lowest level of IPH1101 tested
(200 mg/m* dose group), significant yJ T cell amplification
could already be observed in all three patients (mean 7.6-
fold) and this effect peaked in the 1,800 mg/m? dose group,
with a mean amplification of 58.7-fold (Fig. 2). In four
patients at the highest dose levels (1,200, 1,500 or
1,800 mg/m?), at the peak of the expansion, 6 T cells
accounted for more than 20% of all circulating T cells

Dose (mg/m?)

Fig. 2 Mean amplifications of yo-T cells at cycle 1 (without IL-2)
and 2 (first cycle with IL-2) of treatment with increasing doses of
IPH1101

100
3 *
238
g 8
- S
A
e 10
£
QO =
a3 .
g g 2601d v el
g0 “"° $
T8 None - oooeoremmmme B PO
L » O 600 mg/m?
c ©
g a 1,200 mg/m?
= 9_ A 1,500 mg/m?
© @ 1,800 mg/m?
0.1 T T T T 1
0 #2  #3 #4  #5 6
Cycle Rank

Fig. 3 Mean amplifications of yo-T cells at cycles 2-5 of IPH1101
administrations (with low-dose IL-2) for dose groups 600—1,800 mg/m>
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Table 4 NK, T, CD4, CDS8, B and y0 T cells mean maximal amplification

Dose level of IPH1101 (mg/m?) 200 600 1,200 1,500 1,500 + IL-2 from first cycle 1,800
N 4 3 6 3 5 3
NK cells (CD3-CD16+ CD56+) 1.6 2.2 1.8 1.8 2.5 2.4
T lymphocytes (CD3+) 1.7 1.7 1.6 1.5 1.5 22
CD4+ T lymphocytes 1.9 1.7 1.6 1.6 1.4 2.2
CD8+ T lymphocytes 1.5 1.6 1.6 1.2 1.4 3.2
B lymphocytes (CD19+) 1.9 1.0 L5 1.1 1.1 1.3
yo T lymphocytes 7.6 7.9 9.6 13.5 15.5 58.7
2 . 1004 ®7W A CD4 B Discussion
E § ONK v CD8 °
5 0 This study is the first clinical trial conducted in humans
X g' o with IPH1101, the lead drug candidate (phosphorylated
p% 101 o ° ° compound) from a family of molecules obtained by
E— § chemical synthesis as analogs of a naturally occurring
E E S o E, ..... substance derived from mycobacterium that specifically
S o ¥ * A" activates Vy9V92 T cell subset. In this phase I study, the
e schedule of IPH1101 evaluated consisted of 1-h i.v. infu-
o g sions every 3 weeks in combination with s.c. low doses of
"E § IL-2 from days 1 to 7. In the first cycle, IPH1101 was
é © 01 ' ' ' ' ' administered alone, without IL-2, with the aim of evalu-
200 600 1,200 1,500 1,800 ating the tolerability profile of this new compound. We

Dose (mg/mz)

Fig. 4 Comparative mean maximal amplifications of y6-T cells
and NK, CD4+, CD8+ and B cells in each IPH1101 dose group
(at cycle 2)

(which represented more than 2,000 y6 T cells per pL
blood for the best pharmacodynamic responses).

Specific yo T cell amplifications were found in response
to IPH1101/IL-2 decrease with successive administrations
(every 3 weeks). This tachyphylaxy is observed whatever
IPH1101 dose, at each administration rank (Fig. 3). It
ultimately results in an absence of significant amplification
at the fourth infusion of IPH1101 (namely, the third in
combination with IL-2), whatever dose is administered.

The effect of the combination of IPH1101 and IL-2 on
the other blood populations of lymphocytes has also been
monitored (namely B, NK, CD4 and CDS cells). Their
amplification is calculated as the maximal ratio of absolute
counts at cycle n/absolute counts at cycle n day 1 (pre-
dose) (Table 4). NK cells, CD3+ CD4+, CD8+ and B
cells increased only in very low proportions (if any), irre-
spective of the IPH1101 dose (and most probably due to
unspecific stimulation by IL-2). While increasing IPH1101
dose (combined with low-dose IL-2), only y6 T cell
amplification improved, demonstrating the specificity of
IPH1101 on these target cells (Fig. 4).
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have previously reported a phase I study using a 7952 cell
therapy product named Innacell yéTM. Innacell yém was
manufactured in vitro from an autologous peripheral blood
mononuclear cell (PBMC) preparation, by a single stimu-
lation with BrHPP (IPH 11001) followed by a 2-week
period of culture and expansion with IL-2 [17]. The data
collected from this study indicated that repeated infusions
of Innacell yém, either alone or with co-administration of
IL-2, was well tolerated up to the dose of 4 x 107 cells.
However, the maximum-tolerated dose could not be
determined though, due to discontinuation of the study
because of the relative complexity of cell therapy. With
IPH1101, the three-first-dose levels (200, 600 and
1,200 mg/mz) were well tolerated without DLT. At the
dose level of 1,800 mg/m?, two patients experienced grade
3 toxicities: fever and arterial hypertension in the first case;
arterial hypotension in the second case requiring fluid
completion and dopamine support. Severe adverse events
were observed only after the administration of IPH1101
alone (first cycle) and were not enhanced by co-treatment
with IL-2. The intermediate dose, 1,500 mg/mz, was the
highest well-tolerated dose and has been considered as the
recommended dose for further clinical development. At
this level, four patients were treated and three were
evaluable for DLT. Six additional patients were treated
with IPH1101 at 1,500 mg/m? in an extended cohort where
IL-2 was administered from cycle 1. Safety assessment of
IPH1101 showed classical tolerance signs of activation
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cytokine release syndrome (fever, nausea, vomiting, chills,
abdominal pain, asthenia, headache, diarrhea and hypo-
tension) for most of the patients in the hour following the
infusion. With respect to efficacy, disease stabilization
according to RECIST criteria was observed in 12 patients,
although it must be kept in mind that this population of
patients presented advanced disease.

This dose-ranging clinical trial provided the first
opportunity to establish the pharmacodynamic profile of a
specific Y0 T cell agonist in vivo in humans. As demon-
strated in non-clinical animal models [16, 18], amplifica-
tion of pd T cells on IPH1101 treatment in vivo requires the
co-administration of low doses of IL-2. These non-human
primate studies had also predicted the kinetics of yé T cell
proliferation in human blood (with a peak around days 6—
8), the relationship between IPH1101 dose and yd T cell
amplification, as well as the progressively decreased ability
to respond to subsequent administrations of the drug [16]
that were in this phase I study. The progressive decrease in
y0 amplification in blood following successive adminis-
trations was also observed in clinical trials using amin-
obisphosphonates and low-dose IL-2 [14]. The major
limitation of these studies is the monitoring of yd T cells
only in blood and not of tissue/tumor resident ones that
might behave differently. The observation of this decreased
activation of 90 in vivo questions the interest of using ex
vivo 70 T cell therapy rather than attempting to stimulate in
vivo 9 T cells with systemic drugs: in a cell therapy set-
ting [17], virtually as many 0 T cells as desired could be
injected several times. However, it is still not known
whether these ex vivo expanded cells would be maintained
long enough in the body and would retain efficient effector
properties, owing to their terminal differentiation in in vitro
cultures. We lack convenient animal models of cancer to
address this highly relevant question and, ultimately, only a
comparative trial in human can tell which is the more
efficient of the two approaches.

Today, we are leading a set of phase 2 clinical trials with
IPH1101, combined with other drugs (e.g., the therapeutic
antibody rituximab) and various doses of IL-2, and have
already obtained encouraging data in terms of improved
pharmacological response in vivo. In particular, we have
been able to demonstrate that IPH1101-dependent y6 T cell
amplification in vivo is also proportional to IL-2 dose in the
non-human primate (H. Sicard, unpublished observation):
this prompted us to test higher doses of IL-2 in phase II
clinical trials to further improve IPH1101 pharmacody-
namics in patients [19]. In the present phase I trial, at the
highest doses of IPH101 tested, a few patients’ 0 T cells
reached transiently more than 20% of all their blood T
cells, without any significant changes in the numbers of the
other potential effector lymphocytes such as CD8+ or NK
cells. This is a more radical change in blood lymphocytes

repertoire than that observed after adoptive transfer of yo T
cells [17] or even as compared to that achieved using
pamidronate and low-dose IL-2 to activate yd T cells in
hemato-oncology patients [14]. The relationship between
pharmacodynamic response to IPH1101 and clinical effi-
cacy is currently being assessed in several phase II clinical
trials in oncology (metastatic renal carcinoma, chronic
myeloid leukemia and follicular lymphoma) and infectious
disease (chronic hepatitis C viral infection).
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