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Background. New nontoxic targeted approaches are needed for patients with castrate resistant prostate cancer (CRPC). Our
preclinical studies show that activated T cells (ATC) armed with anti-CD3 x anti-Her2 bispecific antibody (Her2Bi) kill prostate
cancer cells lines, induce a Th, cytokine pattern upon engagement of tumor cells, prevent the development of prostate tumors, and
retard tumor growth in immunodeficient mice. These studies provided strong rationale for our phase I dose-escalation pilot study
to test ATC armed with Her2Bi (aATC) for safety in men with CRPC. Methods. Seven of 8 men with CRPC were evaluable after
receiving two infusions per week for 4 weeks. The men received 2.5, 5 or 10 x 10° aATC per infusion with low dose interleukin-
2 and granulocyte-macrophage colony stimulating factor. Results. There were no dose limiting toxicities, and there was 1 partial
responder and 3 of 7 patients had significant decreases in their PSA levels and pain scores. Immune evaluations of peripheral
blood mononuclear cells in 2 patients before and after immunotherapy showed increases in IFN-y EliSpot responses and Th,
serum cytokines. Conclusions. These results provide a strong rationale for developing phase II trials to determine whether aATC

are effective for treating CRPC.

1. Background

In 2010, the estimated mortality related to prostate cancer was
noted to be increasing. With increasing numbers of prostate
cancer patients with prostate specific antigen (PSA) relapse,
the population with metastatic disease is expected to increase.
Although androgen deprivation therapy (ADT) is initially
very effective in patients, the disease eventually progresses
into castrate resistant prostate cancer (CRPC). Failure of ADT
is inevitable with disease progression associated with rising
PSA levels, clinical symptoms, or abnormal scans. Despite
treatment with docetaxel-based chemotherapy, patients with
metastatic CRPC have an expected median survival of 18-
20 months. Although targeted therapies such as abiraterone
and MDV-3100 may improve overall survival, complete

remissions are unlikely and patients eventually progress with
pain, neuropathic compression, and fractures. Immunother-
apy is an attractive nontoxic clinical strategy for patients
with CRPC with the possibility of inducing prolonged remis-
sions. Dendritic cell vaccine, Sipuleucel-T, has been shown
to improve overall survival in patients with CRPC [1]. In
2010, Sipuleucel-T' was approved by the US Food and Drug
Administration (FDA) for patients with metastatic CRPC as
an approved therapeutic option. The approval of Sipuleucel-
T sets the stage for other cell-based immunotherapies for
prostate cancer.

Her2/neu (Her2) overexpression as tested by immunohis-
tochemistry (IHC) is reported in 42-70% of prostate cancers
[2, 3]. Overexpression of Her2 appears to be an unfavorable
prognostic factor and is associated with lower survival and
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higher relapse rates than those of Her2 negative prostate can-
cers [2]. Furthermore, serum Her2 levels were significantly
higher in prostate cancer patients than in control subjects
without cancer and serum Her2 levels were significantly
higher in patients with metastatic disease than those without
metastatic disease [4]. Likewise, in patients with metastatic
disease, patients with higher serum Her2 levels had a shorter
time to recurrence when compared to those with lower
Her2 levels [4]. Her2 overexpression in prostate cancer
cells also increased with progression to androgen inde-
pendence [5, 6]. Forced Her2 overexpression in a LAPC-4
prostate cancer model confers androgen-independent growth
to androgen-dependent prostate cancer cells [7]. These stud-
ies provide insights into the clinical role of Her2 expres-
sion in clinical progression and survival of patients with
CRPC.

Several phase II clinical trials involved targeting Her2
prostate cancers by infusing trastuzumab (Herceptin) into
prostate cancer patients; however, one study closed due to
inability to accrue sufficient numbers of HER2+ patients [8]
and another study failed to demonstrate benefit in CRPC
patients [9]. The advantage of using anti-CD3 activated T cells
(ATC) redirected by bispecific antibodies (BiAbs) over using
monoclonal antibodies or BiAbs alone is that the arming
of ATC with BiAbs combines independent mechanisms of
cytotoxicity into a single biologic drug. Arming ATC with
anti-CD3 x anti-Her2 BiAb (Her2Bi) targets T cells to Her2
on the tumor cells. Arming with Her2Bi transforms every
ATC into a specific cytotoxic T cell directed at both high
and low Her2 expressing targets. Our preclinical studies show
that ATC armed with Her2Bi exhibited high levels of non-
MHC restricted cytotoxicity directed at PC-3, DU-145, and
LNCaP prostate cancer cell lines and produced tumoricidal
cytokines such as interferon y (IFNy), tumor necrosis factor
a (TNF«), and GM-CSF as well as MIPlalpha and RANTES
[10-22]. Furthermore, Her2Bi-armed ATC coinjected with
PC-3 localized to PC-3 xenografts and prevented growth of
tumors or induced remissions when injected intratumorally
in severe combined immunodeficient beige mice [23]. To
evaluate this strategy, we performed a phase I trial evaluation
of Her2Bi armed ATC infusions with specific focus on
a CRPC cohort to review safety and preliminary efficacy.
Evaluation of immune responses in our phase I clinical trial
in CRPC patients suggests that infusions of Her2Bi-armed
ATC (aATC) were safe and induced antitumor responses.
Our findings suggest that Her2Bi-armed ATC therapy may
be an effective, nontoxic, tumor-specific treatment for Her2-
positive CRPC.

2. Patients and Methods

The study was a phase I trial conducted at Roger Williams
Hospital, Providence, Rhode Island. The study and consent
were approved by the local institutional review board. The
primary objective of the study was to perform a phase I
dose-escalation using Her2Bi armed ATC in prostate cancer
patients with 0-3+ Her2 positivity. The cohort of patients with
metastatic CRPC were treated under an FDA approved IND
sponsored by LGL.

Prostate Cancer

2.1. Eligibility for Prostate Cancer Cohort. Castration resistant
patients with pathologically documented adenocarcinoma of
the prostate that progressed despite androgen suppression
therapy irrespective of their HER-2/neu expression status
were eligible. Progression was determined by at least one of
the following: rising PSA, increase in measurable disease,
or new areas of bone metastases. Patients were required to
have measurable or evaluable disease and at least 4 weeks
of rest after chemotherapy or radiation before enrollment
into the protocol. Her2 staining was not performed since it
was not standard of care. Concurrent radiation treatment
was not permitted; however, local irradiation of metastatic
disease was allowed for local pain control and/or functional
impairment due to localized lesions.

Cell infusions could begin as early as 1 week after comple-
tion of local irradiation if the toxicity had resolved based on
the assessment of the treating physician. Karnofsky perfor-
mance score > 60% or ECOG score 0-2 was required, with
minimum life expectancy of 3 months. Hormone therapy
(except LHRH analogue) had to be discontinued at least four
weeks prior to the initiation of armed-ATC infusions. Each
patient had to sign a written informed consent to treatment
after being informed of alternatives, potential benefits, side
effects, and risks. No history of other malignancies was
permitted unless it was in situ squamous cell carcinoma or
basal cell carcinoma of the skin, or other cancers in remission
for 5 years or more.

Exclusion criteria included history of myocardial infarc-
tion in last 12 months, impaired left ventricular function
(LVEF < 45% by MUGA), congestive heart failure, un-
controlled hypertension, or significant pulmonary disease
(DLCO >60%) on pulmonary function tests. Normal bone
marrow and renal and liver function were required. Patients
with conditions or medications leading to immunosuppres-
sion were excluded.

2.2. Production of Heteroconjugated Bispecific Antibody
(Her2Bi). Anti-CD3 monoclonal antibody (OKT3, Centocor
Ortho-Biotech, Raritan, NJ) was heteroconjugated to anti-
Her2 monoclonal antibody (Herceptin, Genentech, South
San Francisco, CA) to produce the anti-OKT3 x anti-Her2
bispecific antibody (Her2Bi) as previously described [24].

2.3. Leukopheresis, T Cell Expansion, and Arming with Her2Bi.
peripheral blood mononuclear cells (PBMC) were collected
to obtain lymphocytes for ATC expansion from 1 or 2
leukopheresis. PBMC were activated with 20 ng/mL of OKT3
and expanded in 100 IU/mL of IL-2 to generate 40-320 billion
ATC during a maximum of 14 days of culture under cGMP
conditions as described [15, 16]. The cells were grown in
breathable flasks (FEP Bag Type 750-Cl, American Fluoroseal
Corporation, Gaithersburg, MD) in RPMI 1640 medium
(Lonza) supplemented with 2% pooled heat inactivated
human serum (Valley Biomedical, Winchester, VA). ATC
were split approximately every 2-3 days based on cell counts.
After 14 days of culture, ATC were harvested and armed
with a pretitrated dose of 50 ng of Her2Bi/10® ATC, washed,
and cryopreserved in multiple aliquots. Aliquots of each bag
were sent for bacterial and fungal cultures (Roger Williams
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FIGURE 1: The treatment schema. Her2Bi armed ATC (aATC) were
administered twice weekly for four consecutive weeks. All patients
received subcutaneous IL-2 (300,000 IU/mz/day) and GM-CSF
(250 pg/m?/twice weekly), beginning 3 days before the first aATC
infusion and ending 1 week after the last aATC infusion. Immune
testing was performed at indicated time points.

Medical Center Pathology Laboratories), endotoxin testing
(Lonza, Inc., Walkersville MD), and mycoplasma testing
(Bionique Testing Laboratories, Inc., Saranac Lake, NY).
No exogenous IL-2, OKT3, or other culture reagents (e.g.,
medium components) are present in the final cryopreserved
product. The phenotype viability, proliferation, and responses
of ATC to IL-2 did not change after cryopreservation. The
cytotoxicity mediated by ATC armed prior to cryopreser-
vation was equivalent to those armed after thawing of
cryopreserved ATC.

2.4. Infusions of Her2Bi Armed ATC. T cells were infused
only after standard operating procedures for identifying the
cryopreserved product and the patient at the bedside. The
infusion rate was calculated based on an infusing rate of
no more than 5 EU of endotoxin/kg/hour. Armed ATC were
given over 5-15mins with monitoring of vital signs before
and every 15 mins up to 1hr after infusion. All vital signs and
side effects were recorded on the patient’s chart using the NCI
immunotherapy toxicity table. Patients were observed up to 6
hours after their infusions. The dose levels for each infusion
were 2.5, 5, 10, and 20 billion. Each patient would receive a
total of 8 doses of armed ATC given twice weekly for 4 weeks.
If the patients encountered toxicities related to armed ATC,
modifications of the dose or holding the administration was
required. The patients also received subcutaneous injections
of interleukin-2 [IL-2] (3.0 x 10° IU/mZ/day) starting 3 days
before the 1st armed ATC infusion and ending 7 days after
the last armed ATC infusion. GM-CSF (250 ug/m? twice per
week) was administered starting 3 days before the first armed
ATC infusion and ending 7 days after the last dose of armed
ATC (Figure 1).

2.5. Study Design and Statistical Plan. Three patients were
entered at each dose level (Figurel). Escalation of the

dose was based on “cell-based” toxicity defined as toxicities
attributed directly to the infusion of armed ATC. Dose
escalation was done if more than 80% of planned-armed
ATC dose was delivered without any grade 3 or greater
toxicity attributed to therapy. The cohort was expanded to
six patients at any particular dose level if one of the first
three patients had their infusions stopped due to grade 3 or
greater nonhematological toxicity or received less than 80%
of planned dose of armed ATC. If, in the expanded cohort,
one additional patient at this dose level had the infusions
discontinued due to toxicities or had less than 80% of the
planned dose delivered, then this particular dose level was to
be defined as the one at which dose limiting toxicity (DLT)
had occurred and further dose escalation was terminated.
The maximum tolerated dose (MTD) would be defined as
the dose level below the one at which dose limiting toxicity
occurred and this would be the recommended phase II dose.
The phase I trial consisted of metastatic breast cancer and
prostate cancer patients. This is a report only on the prostate
cancer patients enrolled on this study. Response was assessed
by monitoring PSA every 4 weeks until progression. Due to
small sample size, only descriptive clinical parameters of PSA
decline, time to progression, and overall survival are used.
Immunologic markers were assessed on the patients when
cell numbers were permitted.

2.6. Immunologic Monitoring. The number of IFNy produc-
ing cells from fresh PBMC from men before and at the various
time points after infusions of armed ATC was detected
by IFNy specific EliSpot assay (BD Biosciences, San Jose,
CA). Spots were captured and counted on CTL Immunospot
counter using Immunospot software version 4 (Cellular
Technology Ltd, Shaker Heights, OH). We compared whether
in vivo lysis of tumors by the armed ATC will induce
memory T cells capable of inducing apoptosis when exposed
in vitro to tumor cells (a recall response) and to look for
differences in the precursor frequency [25-29]. Mean changes
in the induction of IFNy EliSpots responses before and after
immunotherapy were plotted over time to explore how long
they can remain elevated. Paired ¢-test or Wilcoxon signed
rank test was used in these comparisons. The means, medians,
and standard deviations were calculated for the number of
IFNy EliSpots.

2.7. Endogenous Cytokine Production. In order to deter-
mine whether multiple infusions of armed ATC induced an
immune response, Th, and Th, cytokines were evaluated in
the serum of the patients using a 25-plex human cytokine
Luminex Array (Invitrogen, Carlsbad, CA) on a Bio-Plex
system (Bio-Rad Lab., Hercules, CA). Data was analyzed as
function of number of infusions [25-29] and the in vivo
response was calculated as the mean Th, [IL-2+IFNy]/Th,
[IL-4+IL-5] ratio of cytokines.

3. Results

3.1. Patient Characteristics. Here we report pilot data on 8
CRPC patients from our phase I clinical trial; the remaining
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TABLE 1: Patient characteristics, prior therapy, disease status, and toxicity.

FG#  AgelPS Gleason  aATC dose MetastaFlc disease Prior therapy Disease status OSin Gra'd§ 3
score level sites days toxicity
Hormones .
1 00469 66/PS-2 7 20billion  one lymphnodes, -y e Progressedduring None
lung, and liver . aATC infusions
+ estramustine
2 00488  82/PS-2 9 20 billion Bone Hormones — Progressed during None
mitoxantrone aATC infusions
3 00566  75/PS-1 8 20 billion Bone Hormones Progres§ed d}lrmg 699 Chills
aATC infusions
4 00594  85/PS-1 8 20 billion  Lymph nodes, bone Hormones Progressed d.urlng 136 Chills
aATC infusions
5 60163  76/PS-1 6 40 billion Bone, lung Hormones PR 598 Chills
6 60202 80/PS-1 8 40 billion Bone Hormones MR 294 Chills
7 91760  69/PS-1 6 80 billion Bone, lung Hormones MR 550 Chills, Malaise
PS: performance status; PR: partial remission; MR: minor response; OS: overall survival. There were no grades for toxicities on the NCI-immunotherapy toxicity
protocol.
TABLE 2: Phenotype of harvest product.
FG # Total harvest x10° % viability %CD3 harvest %CD4 harvest %CD8 harvest
1 35 95 89 58 34
2 38 95 93 75 22
3 48.6 91 99 50 50
4 65.4 87 79 19 60
5 139 94 89 61 35
6 171 87 90 78 16

22 metastatic breast cancer patients will be reported else-
where. One of the enrolled CRPC patients did not receive
therapy due to rapid progression of his disease. The median
age of the 7 patients with metastatic CRPC treated on study
was 76 years (range 66-85 years). Prior therapy included
LHRH analogue therapy or antiandrogen therapy for all
patients. One patient had received prior docetaxel-based
chemotherapy, one patient had received prior mitoxantrone
chemotherapy, and one patient had multiple hormonal
maneuvers consisting of ketoconazole, steroids, and estrogen
sequentially (Table 1).

3.2. ATC Characteristics. Patients received a total of 8 doses
of 2.5, 5,10, and 20 billion armed ATC given twice weekly for
4 weeks. Characteristics of ATC are shown in Table 2.

3.3. Clinical Responses, PSA Levels, and Toxicities. There was
a decrease in narcotic use in 2 of the 7 men possibly due
to decreased bone pain. In addition to reduction of medi-
cation for bone pain associated with metastases, two CRPC
patients with bulky disease infused with 40 (60202) and 80
(91760) billion Her2Bi-armed ATC, respectively, had minor
responses observed as transient decreases in PSA levels (892
to 767 ng/mL and 1140 to 1046 ng/mL, resp.) that had short-
term persistence after the last cell infusion (Figure 2(a)). A
third CRPC patient (60163), who received 40 billion cells, had
a partial response within 6 months of completing therapy with
the patient’s PSA levels decreasing by >50% (Figure 2(b)).

Two patients showed an increase in their PSA levels after
completion of 8 infusions of Her2Bi armed ATC compared
to their prelT baseline levels (Figure 2(c)). Therapy was well
tolerated and all patients received at least 80% of the planned
dose. The doses administered, OS outcomes, and toxicities are
included in Table 1. Our data show encouraging OS for a small
cohort of men with HRPC.

3.4. Induction of Interferon Gamma (IFNy) EliSpots. Fresh
PBMC were stimulated with PC-3 cells to induce IFNy
EliSpots. Figures 3(a), 3(b), and 3(c) show the increases in
IFNy expressing cells after armed ATC infusions. There was
a noticeable increase in the number of IFNy EliSpots at
postinfusion #5 compared to baseline (prior to armed ATC
infusions [prelT]) in two patients (FG60163 and FG60202)
and postinfusion #1 in third patient (FG91760). These data
show that either memory helper T cells or cytotoxic T cells
were induced by Her2Bi armed ATC infusions, preexist in
the circulating peripheral blood lymphocytes, and respond
immediately to direct stimulation with prostate tumor anti-
gens on PC-3 targets.

3.5. Infusions of Armed ATC Induce Endogenous Cytokine
Production. The in vivo response calculated as the mean
Th, [IL-2+IFNy]/Th, [IL-4+IL-5] ratio of cytokines remained
predominantly Th; polarized throughout treatment. Figures
4(a)-4(c) show Th, and Th, cytokines patterns for patients
FG60163, FG60202, and FG91760, respectively. All three
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FIGURE 2: (a) The transient decrease in PSA levels in two CRPC patients (60202 and 91760) who had minor responses. (b) A partial responder
(60163) with the PSA levels declining by >50% within 6 months of completing therapy. (c) PostIT PSA levels in two nonresponding patients

(FG00594 and FG00566) compared to their prelT baseline levels.

patients (2-MR and 1-PR) showed increases in IL-2, GM-
CSE, and IFN-y (Th, cytokines) compared to baseline levels
(preIT) in sequential testing of the serum. Th, cytokine IL-
10 also showed comparable pattern as Th, cytokines. Other
Th, cytokines IL-4 and IL-5 could not be detected. These
findings are consistent with increased specific cytotoxic T
lymphocyte responses observed in EliSpots of patient postin-
fusion PBMC exposed to tumor cells. These observations
show that the endogenous immune systems of cancer patients
can be shifted to favor an antitumor immune environment by
infusion of armed ATC.

4. Discussion

Our phase I study treating metastatic CRPC patients with
Her2Bi-aATC shows that armed ATC infusions are safe and
well tolerated leading to 2 minor and 1 partial responses in
CRPC patients who received doses of 40 and 80 x 10° aATC,

respectively. The PSA levels decreased in 3 of 7 patients and
one of the 7 patients had a >50% decline in PSA below the
baseline (PR). In two patients who were studied for IFN-y
EliSpots and cytokine response, there was a marked increase
in IFN-y EliSpots and serum Th, cytokines (IL-2, GM-CSE,
and IFN-y) after the 5th infusion (Inf #5) over baseline when
no increases in Th, cytokines were observed.

Armed ATC not only may function as Her2 specific
cytotoxic T lymphocytes in prostate cancer patients, but also
may divide and secrete Th, cytokines and RANTES and
MIPI-« after binding to Her2+ tumors leading to recruitment
of endogenous T cells and monocytes leading to in situ
vaccination at the tumor site [30]. Tumor lysis mediated by
targeting T cells together with release of IL-2, IFN-y, and
GM-CSF may provide the milieu to induce immunization
of endogenous immune cells to tumor associated antigens
(TAA). Therefore, multiple rounds of armed ATC infusions
could then eventually induce systemic immune responses
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FIGURE 3: Number of IFN-y producing cells when incubated overnight with prostate cancer cell line PC-3 in PBMC collected at baseline
(preimmunotherapy [prelT]), during infusions (post inf#), and postimmunotherapy (1 week postimmunotherapy [IW postIT], 1 month
postimmunotherapy [1 M postIT], and one year postimmunotherapy [1Y postIT]). (a) Increased number of IFN-y producing cells during
infusions and postIT time points in a partial responder (FG60163) when PBMC were incubated with prostate cancer specific PC-3 targets.
(b) and (c) Enhanced IFN-y responses in minor responders (FG60202 and FG91760).

that could be detected as IFN-y EliSpots in the peripheral
blood mononuclear cells (PBMC) from patients.

Recently, Sipuleucel-T/APC8015/Provenge showed a re-
lapse free survival benefit in a phase III placebo controlled
trial [1]. For this study, PBMC were collected and pulsed with
prostatic acid phosphatase antigen and GM-CSE. The antigen
loaded dendritic cell enriched preparation was then adminis-
tered to patients. Final results of the placebo controlled trial
involving 127 patients revealed an improvement in OS at 3
years. OS was 11% in the placebo group and OS was 33%
in the Sipuleucel treated metastatic prostate cancer cohort
(P = 0.02). The results of a larger phase III placebo controlled
trial [IMPACT1] in asymptomatic metastatic CRPC patients
showed an OS benefit with the therapy, but no PFS benefit.
The agent was well tolerated and, due to the overall survival
benefit, the FDA approved Sipuleucel-T as the first cell-based
immunotherapy approved by the FDA for any cancer.

Other immunotherapy approaches have been tested in
patients with metastatic CRPC. Initial studies with GVAX,

an allogeneic cellular therapy consisting of a combination
of two prostate carcinoma cell lines (PC-3 and LnCAP)
with a modified GM-CSF gene, appeared to be promising.
In phase II trials, GVAX was well tolerated and showed
clinical promise with a median survival of 26 months and
median time to progression of 5 months in patients with bone
metastases [31]. However, a phase III trial of single agent
GVAX versus docetaxel in asymptomatic CRPC was closed
early due to a disappointing interim analysis, and a phase III
trial of docetaxel +/— GVAX in symptomatic CRPC showed
an increased number of deaths [24]. Recently, a PSA directed
therapeutic vaccine (ProstVacVF) revealed a 44% reduction
in death rate favoring the vaccine arm over placebo control
after 13 years of follow-up [32]. There was no change in PFS
when the primary endpoint of PFS was reported in 2004, but
after prolonged follow-up, a statistically significant OS benefit
was noted.

There is encouraging preliminary evidence to sup-
port investigations targeting CRPC with aATC. Multiple



Prostate Cancer

FG60163

Lnsod INT
L1nsod M1
L# Ju1150d

9# JU11S0g

GM-CSF

G4 Jur180g
T#Jurisod

LIPId

400 ~

Losod T
Lnsod M1
L# Jur3sod

9# JU1350d

IFN-y

G# Jurisod
1#Ju1180g

LI2Id

150 ~

Lnsod T
Lnsod M1
L# Jur3sog

9# Jur 1504

IL-2

G#Jurisod
T# Ju1 1504

LIPId

IL-10

- Lpsod INT
- Lpsod M1
- L#JUT1S0d
- 9# Jut3sod
- G# Jur1s0d

t [#JUurisoq

- LIoId

T T T
(=3 N (=] wn (=}
N

— —

oneI ZYL/TYL

Lnsod N1
1psod M1
L#Jurisod
94 Jur1soq
G# Jur1s0q
T#Jurisod

LIPId

(a)

FG60202

GM-CSF

IFN-y

IL-2

250 +

200 -

150
100 -

(Tw/3d)

200 ~

150

(Tw/3d)

150 ~

100
5

(Tu/3d)

Lnsod N1
Lnsod M1
L#JU11804
9# Jurisoqd
G# JU13S0q
T#jur3sod

LIPId

Lnsod N1
Lnsod M1
L# Jur1sod
9# Jur3sod
G# Jur3s0q
T# JuT 3504

LIPId

Lnsod T
Lpsod M1
L# Ju13804
9# JU13S0
G# Jur)sod
1# Jurisoq

LIPId

IL-10

- Lpsod N1
- Lisod M1
- L#JUr3s0q
- 9# JuI1s0q
- G# JuT1s0d
¢ [#JUl1s0d

- LIoId

15 4
0

oner ZUL/TYL

Lnsod N1
Lpsod M1
L# Jutrsod
94# Jur1s0d
G# Jur1sod
1#Ju11s0g

LI2Id

(b)

F1GURE 4: Continued.



IL2
5000 15000 -
4000 -
3 3000 -
g
222000 -
1000
0 -
E % 9 £ & K e
2 5 % % % 3 s 2
S A . & E
7] 7] 7] 7] -
3 3 3 3 = 3
Ay =9 Ay =% — o
Ay
1500 - 1L-10
1000 -
—
£
2
£ 500 -
04

PrelT

—
R
ey
(=1
-~
-
w
e}
=¥}

Post inf #5
Post inf #6
Post inf #7

-

Prostate Cancer

FG91760

IFN-y GM-CSF

I - T
R ¥ % E E x % £ % E
L g v v v w9 3
g £ &8 ¢ A 5 &8 &5 &5 ¢
2 7 7 = 2 2 72 7 52
g 3 3 = 3 & & & =
[ V-V < - -
10 -
o 81
2
8
o
E
e
0

1W postIT
PrelT A
Post inf #1
Post inf #5
Post inf #6
Post inf #7
1W postIT -

FIGURE 4: Profile of serum cytokines. Analysis of sequential serum samples at baseline (preimmunotherapy [preIT]), during infusions
(post inf#), and postimmunotherapy (1 week postimmunotherapy [IW postIT], 1 month postimmunotherapy [1M postIT], and one year
postimmunotherapy [1Y postIT]) shows increased levels of IL-2, IFN-y, GM-CSE, and IL-10 and meanratio of Th,/Th, = [IL-2+IFNy]/[IL-
4+IL-10] shows a dominant Th, type response during aATC infusions in partial responder CRPC patient (FG60163). (b) and (c) Similar
cytokine profiles and Th, cytokine responses were seen in two minor responder CRPC patients (FG60202 and FG91760) during and after

aATC infusions.

investigators have used infusions of BiAb to activate T cells
in vivo and enhance targeting and killing of Her2" tumors
[33-38]. In a phase II advanced prostate and renal cancer
trial using the BiAb MDX-H210 (15 ug/m*) IV and GM-CSF
5 ug/kg/day subcutaneously for 4 days repeated weekly for
6 weeks, 7 of 20 (35%) patients with prostate cancer had
objective responses (>50% decline in PSA) [38].

There are a number of innovative and novel components
of this approach. As described earlier, aATC can even target
breast cancer cells lines [24] and prostate cancer cell lines
(PC-3, LNCap) [23] with low HER2 receptor expression. The
ability to target tumors that express low numbers of Her2
receptors is rationale for including all patients regardless
of their Her2 expression. This study shows that multiple
infusions of aATC induced immune responses that could
be detected by reexposure to prostate cancer antigens in
IEN-y EliSpot assays. These data suggested that the armed
ATC infusions “vaccinated” the patients against a whole
array (unknown) of their own prostate cancer antigens and
generated anti-tumor CTL or T cell helper activity. In an
earlier study, we showed that in women with metastatic
breast cancer low dose IL-2, low dose GM-CSE, and eight
Her2Biarmed ATC infusions induced cytotoxic T cell activity
directed at SK-BR-3 breast cancer cell targets that could
be detected up to 4 months or more after immunotherapy

[30]. The results from these studies suggest that this novel
combination of antibody targeting and non-MHC restricted
T cell-mediated cytotoxicity may have high clinical impact
and therapeutic benefit in metastatic CRPC patients.

5. Conclusions

This phase I dose escalation study showed that the treatment
of metastatic CRPC patients with Her2Bi-aATC was safe and
well tolerated. CRPC patients who received 40 and 80 x 10°
aATC doses showed 1 partial and 2 minor responses, as well
as induced antitumor immune responses. These data provide
a strong rationale for developing phase II clinical trials to
determine whether aATC are effective for treating CRPC.

Conflict of Interests
Lawrence G. Lum is cofounder of Transtarget Inc. Ulka

Vaishampayan, Archana Thakur, Ritesh Rathore, and Nicola
Kouttab declare that they have no competing interests.

Authors’ Contribution

Ulka Vaishampayan and Archana Thakur wrote the paper.
Lawrence G. Lum, Ritesh Rathore, Nicholas Koutab were



Prostate Cancer

involved in the design, regulatory submissions, writing of
the protocol, clinical management of the protocol, and cell
infusions. Lawrence G. Lum, Ritesh Rathore, and Nicholas
Koutab were involved in producing the ¢cGMP product,
immune evaluation assays, and data management and collec-
tion. Archana Thakur and Lawrence G. Lum were involved
in data analysis. Ulka Vaishampayan, Archana Thakur, and
Lawrence G. Lum contributed equally to this paper.

Acknowledgments

The authors acknowledge the efforts of technical (Janelle
Smith, Pam Davol, and Estie Palushock) and clinical coor-
dinating staff (Wendy Young, Annette Olson, and Lori Hall)
who took a special interest in coordinating patient care and
Eileen Silveira who provided nursing support for the clinical
infusions. Lawrence G. Lum was supported in part by grants
from the Leukemia and Lymphoma Society (TRP 6066-06),
the National Cancer Institute (R01 CA 092344), and startup
funds from Cancer Center of Roger Williams Hospital.

References

(1] E.J. Small, P. E Schellhammer, C. S. Higano et al., “Placebo-
controlled phase III trial of immunologic therapy with
Sipuleucel-T (APC8015) in patients with metastatic, asymp-
tomatic hormone refractory prostate cancer;,” Journal of Clinical
Oncology, vol. 24, no. 19, pp. 3089-3094, 2006.

[2] Y. Nishio, Y. Yamada, H. Kokubo et al., “Prognostic significance
of immunohistochemical expression of the HER-2/neu onco-
protein in bone metastatic prostate cancer;,” Urology, vol. 68, no.
1, pp. 110-115, 2006.

[3] C.Ricciardelli, M. W. Jackson, C. S. Choong et al., “Elevated lev-
els of HER-2/neu and androgen receptor in clinically localized
prostate cancer identifies metastatic potential,” Prostate, vol. 68,
no. 8, pp. 830-838, 2008.

[4] T. Okegawa, M. Kinjo, K. Nutahara, and E. Higashihara, “Pre-
treatment serum level of HER2/nue as a prognostic factor in
metastatic prostate cancer patients about to undergo endocrine
therapy;” International Journal of Urology, vol. 13, no. 9, pp. 1197-
1201, 2006.

[5] S. Signoretti, R. Montironi, ]. Manola et al., “Her-2-neu expres-
sion and progression toward androgen independence in human
prostate cancer,” Journal of the National Cancer Institute, vol. 92,
no. 23, pp. 1918-1925, 2000.

[6] 1. A. Osman, H. Scher, M. Drobnjak, M. Fazzari, and C. Cordon-
Cardo, “HER-2/neu membrane overexpression in prostate
cancer, Proceedings of the American Association for Cancer
Research, vol. 41, Article ID 4572a, 2000.

[7] N. Craft, Y. Shostak, M. Carey, and C. L. Sawyers, “A mechanism
for hormone-independent prostate cancer through modulation
of androgen receptor signaling by the HER-2/neu tyrosine
kinase,” Nature Medicine, vol. 5, no. 3, pp. 280-285, 1999.

[8] P. N. Lara Jr., K. G. Chee, J. Longmate et al., “Trastuzumab
plus docetaxel in HER-2/neu-positive prostate carcinoma: final
results from the California Cancer Consortium Screening and

Phase II Trial,” Cancer, vol. 100, no. 10, pp. 2125-2131, 2004.
[9] M. J. Morris, V. E. Reuter, W. K. Kelly et al., “HER-2 profiling

and targeting in prostate carcinoma,” Cancer, vol. 94, no. 4, pp.
980-986, 2002.

[10] A.C. Ochoa, G. Gromo, B. ]. Alter, P. M. Sondel, and F. H. Bach,
“Long-term growth of lymphokine-activated killer (LAK) cells:
role of anti-CD3, beta-IL 1, interferon-gamma and -beta,” The
Journal of Immunology, vol. 138, no. 8, pp. 2728-2733,1987.

[11] P. M. Anderson, E. H. Bach, and A. C. Ochoa, “Augmentation of
cell number and LAK activity in peripheral blood mononuclear
cells activated with anti-CD3 and interleukin-2-preliminary
results in children with acute lymphocytic leukemia and neu-
roblastoma,” Cancer Immunology Immunotherapy, vol. 27, no. 1,
pp. 82-88, 1988.

[12] B.P. Chen, M. Malkovsky, J. A. Hank, and P. M. Sondel, “Nonre-
stricted cytotoxicity mediated by interleukin 2-expanded leuko-
cytes is inhibited by anti-LFA-1 monoclonal antibodies (MoAb)
but potentiated by anti-CD3 MoAb,” Cellular Immunology, vol.
110, no. 2, pp. 282-293, 1987,

E. Lotzova, C. A. Savary, R. B. Herberman, K. B. McCredie, M.
J. Keating, and E. J. Freireich, “Augmentation of antileukemia
Iytic activity by OKT3 monoclonal antibody: synergism of
OKT3 and interleukin-2,” Natural Immunity and Cell Growth
Regulation, vol. 6, no. 5, pp. 219-223, 1987.

S. C. Yang, K. D. Fry, E. A. Grimm, and J. A. Roth, “Successful
combination immunotherapy for the generation in vivo of
antitumor activity with anti-CD3, interleukin 2, and tumor
necrosis factor o, Archives of Surgery, vol. 125, no. 2, pp. 220-
225,1990.

[15] M. Ueda, I. D. Joshi, M. dan et al., “Preclinical studies for
adoptive immunotherapy in bone marrow transplantation:
generation of anti-CD3 activated cytotoxic T cells from normal
donors and autologous bone marrow transplant candidates,”
Tmnsplunmtion, vol. 56, no. 2, pp. 351-356, 1993.

[16] J. P. Uberti, 1. Joshi, M. Ueda, F. Martilotti, L. L. Sensenbren-
ner, and L. G. Lum, “Preclinical studies using immobilized
OKT3 to activate human T cells for adoptive immunother-
apy: optimal conditions for the proliferation and induction
of non-MHC-restricted cytotoxicity, Clinical Immunology and
Immunopathology, vol. 70, no. 3, pp. 234-240, 1994.

[17] P.M. Anderson, B. R. Blazar, F. H. Bach, and A. C. Ochoa, “Anti-
CD3 + IL-2-stimulated murine killer cells. In vitro generation
and in vivo antitumor activity;” The Journal of Immunology, vol.
142, no. 4, pp. 1383-1394, 1989.

[18] P. M. Anderson, A. C. Ochoa, N. K. C. Ramsay, D. Hasz, and D.
Weisdorf, “Anti-CD3" interleukin-2 stimulation of marrow and
blood: comparison of proliferation and cytotoxicity,” Blood, vol.
80, no. 7, pp. 1846-1853, 1992.

[19] C.-C. Ting, M. E. Hargrove, and Y. S. Yun, “Augmentation
by anti-T3 antibody of the lymphokine-activated killer cell-
mediated cytotoxicity;” Journal of Immunology, vol. 141, no. 3,
pp. 741-748, 1988.

[20] A. C. Ochoa, D. E. Hasz, R. Rezonzew, P. M. Anderson, and
E H. Bach, “Lymphokine-activated killer activity in long-term
cultures with anti-CD3 plus interleukin 2: identification and
isolation of effector subsets,” Cancer Research, vol. 49, no. 4, pp.
963-968, 1989.

[21] H. E. Lum, M. Miller, D. Van Epps, and L. G. Lum, Targeting
Prostate Cancer Cells with T Cells Armed with Two Novel
Bispecific Antibodies (OKT3 x 9187 and OKT3 x 9189), 29th
edition, 2001.

[22] L.G. Lum, R. Rathore, and H. E. Lum, Targeting of Prostate Can-
cer with T Cells Armed with OKT3 x Anti-HER2/New Bispecific
Monoclonal Antibodies(Biabs), 29 edition, 2001.

[13

(14



10

(23]

[25]

(26]

(27]

(30]

(31]

(33]

(34]

P. A. Davol and L. G. Lum, “How important is HER2/neu ampli-
fication and expression when selecting patients for HER2/neu-
targeted therapies?” Clinical Breast Cancer, vol. 5, no. 1, pp. 70—
71, 2004.

M. Sen, D. M. Wankowski, N. K. Garlie et al., “Use of anti-CD3 x
anti-HER2/neu bispecific antibody for redirecting cytotoxicity
of activated T cells toward HER2/neu® tumors,” Journal of
Hematotherapy & Stem Cell Research, vol. 10, no. 2, pp. 247-260,
2001.

A. Thakur, D. Schalk, S. H. Sarkar, Z. Al-Khadimi, E H. Sarkar,
and L. G. Lum, “A Thl cytokine-enriched microenvironment
enhances tumor Kkilling by activated T cells armed with bis-
pecific antibodies and inhibits the development of myeloid-
derived suppressor cells,” Cancer Immunology, Immunotherapy,
vol. 61, no. 4, pp- 497-509, 2012.

A. Thakur, O. Norkina, and L. G. Lum, “In vitro synthesis
of primary specific anti-breast cancer antibodies by normal
human peripheral blood mononuclear cells;” Cancer Immunol-
ogy, Immunotherapy, vol. 60, no. 12, pp. 1707-1720, 2011.

A. Thakur, P. Littrup, E. N. Paul, B. Adam, L. K. Heilbrun, and L.
G. Lum, “Induction of specific cellular and humoral responses
against renal cell carcinoma after combination therapy with
cryoablation and granulocyte-macrophage colony stimulating
factor: a pilot study;” Journal of Immunotherapy, vol. 34, no. 5,
pp. 457-467, 2011.

A. Thakur, D. Schalk, S. H. Sarkar, Z. Al-Khadimi, FE. H. Sarkar,
and L. G. Lum, “A Thl cytokine-enriched microenvironment
enhances tumor killing by activated T cells armed with bis-
pecific antibodies and inhibits the development of myeloid-
derived suppressor cells,” Cancer Immunology, Immunotherapy,
vol. 61, no. 4, pp. 497-509, 2012.

A.Thakur, D. Schalk, E. Tomaszewski et al., “Microenvironment
generated during EGFR targeted killing of pancreatic tumor
cells by ATC inhibits myeloid-derived suppressor cells through
COX2 and PGE, dependent pathway,” Journal of Translational
Medicine, vol. 11, no. 1, article 35, 2013.

R. C. Grabert, L. P. Cousens, J. A. Smith et al., “Human T
cells armed with Her2/neu bispecific antibodies divide, are
cytotoxic, and secrete cytokines with repeated stimulation,’
Clinical Cancer Research, vol. 12, no. 2, pp. 569-576, 2006.

E. J. Small, N. Sacks, J. Nemunaitis et al., “Granulocyte
macrophage colony-stimulating factor-secreting allogeneic cel-
lular immunotherapy for hormone-refractory prostate cancer;’
Clinical Cancer Research, vol. 13, no. 13, pp. 3883-3891, 2007.

P. W. Kantoff, T. J. Schuetz, B. A. Blumenstein et al., “Overall
survival analysis of a phase II randomized controlled trial of
a poxviral-based PSA-targeted immunotherapy in metastatic
castration-resistant prostate cancer;” Journal of Clinical Oncol-
ogy, vol. 28, no. 7, pp. 1099-1105, 2010.

M. S. Hayden, P. S. Linsley, M. A. Gayle et al., “Single-chain
mono- and bispecific antibody derivatives with novel biological
properties and antitumour activity from a COS cell transient
expression system,” Therapeutic Immunology, vol. 1, no. 1, pp. 3—
15,1994.

M. R. Shalaby, H. M. Shepard, L. Presta et al., “Development
of humanized bispecific antibodies reactive with cytotoxic
lymphocytes and tumor cells overexpressing the HER2 pro-
tooncogene,” Journal of Experimental Medicine, vol. 175, no. 1,
pp. 217-225,1992.

Z. Zhu, G. D. Lewis, and P. Carter, “Engineering high affinity
humanized anti-p185™***/anti-CD3 F(ab’)2 for efficient lysis of

(37]

(38]

Prostate Cancer

p1857FR% overexpressing tumor cells;” International Journal of
Cancer, vol. 62, no. 3, pp. 319-324, 1995.

M. Kuwahara, M. Kuroki, E. Arakawa et al., “A mouse/human-
chimeric bispecific antibody reactive with human carcinoem-
bryonic antigen-expressing cells and human T-lymphocytes,”
Anticancer Research, vol. 16, no. 5, pp. 2661-2667, 1996.

Y. Nakamura, Y. Tokuda, M. Iwasawa et al., “Large-scale culture
system of human CD4" helper/killer T cells for the application
to adoptive tumour immunotherapy;” British Journal of Cancer,
vol. 66, no. 1, pp. 20-26, 1992.

N. D. James, P. J. Atherton, J. Jones, A. J. Howie, S. Tchekm-
edyian, and R. T. Curnow, “A phase II study of the bispecific
antibody MDX-H210 (anti-HER2 x CD64) with GM-CSF in
HER2+ advanced prostate cancer,” British Journal of Cancer, vol.
85, no. 2, pp. 152-156, 2001.



