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Background: Single-dose infusion of the agonistic anti-CD40 monoclonal antibody (mAb) CP-870,893 accomplishes
immune activation and clinical responses in patients with advanced cancers, but repeat dosing of this agent has not
been reported.

Results: Twenty-seven patients were enrolled. The most common adverse event was transient, infusion-related cyto-
kine release syndrome (CRS). Dose-limiting toxicities included grade 3 CRS and grade 3 urticaria; the maximum tolerated
dose (MTD) was estimated to be 0.2 mg/kg. Seven patients (26%) had stable disease as the best clinical response; no
partial or complete responses were observed. At the MTD, patient B lymphocytes exhibited persistently increased ex-
pression of costimulatory and adhesion molecules without resetting to baseline between doses. In four of eight patients
(50%) evaluated at the MTD, there were marked declines in total CD3* T lymphocytes, as well as CD4* and CD8* subsets.

CLINICAL STUDY

Patients and Methods: Patients with advanced solid tumor malignancies received weekly intravenous infusions of
CP-870,893 in four dose level cohorts. Safety and immune pharmacodynamics were assessed.

Conclusions: Weekly infusions of the agonist CD40 antibody CP-870,893 were well-tolerated, but there was little clini-
cal activity in advanced cancer patients. Correlative studies demonstrate chronic B-cell activation and in some patients,
T-cell depletion. Longer dosing intervals may be desirable for optimal immune pharmacodynamics.

Introduction

The cell-surface molecule CD40 is a member of the tumor necro-
sis factor (TNF) receptor superfamily and regulates immune
activation by virtue of its expression on antigen-presenting
cells (APC) including B cells, monocytes and dendritic cells.!
Considerable in vivo and in vitro data demonstrate that signaling
via CD40 activates APCs by binding CD154, the natural ligand
for CD40 on activated T cells.! Data from mouse models sug-
gest that agonistic CD40 antibodies substitute for the function
of CD4" T cells in models of T-cell-mediated immunity** and
trigger effective immune responses against tumor antigens.’®
Additionally, CD40 is often expressed by solid tumor cells and
upon ligation, mediates tumor cell apoptosis and growth impair-
ment.! Consequently, CD40 agonists are being explored as
potential novel therapy for cancer.

CP-870,893 is a fully human agonistic CD40 monoclo-
nal antibody (mAb) that has been shown to activate human
APC in vitro, including dendritic cells and B cells.”!* In addi-
tion, CP-870,893-activated APC induce T-cell proliferation
and secretion of effector cytokines including IFNvy and IL-2."°
CP-870,893 has been shown to inhibit growth of human tumors
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in bothimmune-deficientand immune-reconstituted SCID-beige
mice."""? In the first-in-human clinical study of CP-870,893,"
a single infusion was given to patients with advanced cancer
at doses ranging from 0.01 mg/kg to 0.3 mg/kg with the most
common adverse event being transient grade 1 to 2 cytokine
release syndrome (CRS). Four patients with advanced melanoma
experienced a partial response to a single infusion. All patients
eventually relapsed except for one patient whose remission was
maintained while receiving repeat doses of CP-870,893 every
6-8 weeks."” Pharmacodynamic studies demonstrated a marked,
rapid and dose-dependent decrease in the percentage of CD19*
B cells among peripheral blood lymphocytes and concomitant
upregulation of CD86 on the remaining B cells. This effect was
evident within 1 hour of infusion and peaked between 2-3 days
after infusion."

Given the promising clinical results of this single dose phase
I study, we performed a second phase I study investigating the
effects of administering CP-870,893 on a weekly basis. The
rationale for this schedule was based on the observation that the
majority of both the pharmacodynamic effect of CP-870,893
and changes in laboratory parameters (such as liver function
tests) peaked then resolved within one week of a single infusion.
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Table 1. Patient characteristics

Characteristic Number %
Sex
Male 18 67
Female 9 33
Age, years
Mean 61.6
Range (45-80)
Race/ethnicity
White 24 89
Asian 2 7
Black 1 4
ECOG PS
0 19 70
1 8 30
Tumor types
Anal cancer 1
Bladder cancer 1
Breast cancer 3 1
Colon cancer 1
Hepatocellular carcinoma 1 4
Melanoma M 41
Mesothelioma 2 7
Nasopharyngeal cancer 1 4
Neuroendocrine tumor 1 4
Non-small cell lung cancer 1 4
Ovarian cancer 1 4
Renal cell carcinoma 2 7
Uterine cancer 1 4
Prior treatment
Chemotherapy 26 96
Radiation 13 48
Surgery 27 100
Immunotherapy” 4 15
Treatment Group
0.05 mg/kg 5 19
0.1 mg/kg 3 11
0.2 mg/kg 13 48
0.25 mg/kg 6 22

‘includes interferon-alpha, IL-2, peptide vaccines, interferon-beta
adenovirus gene therapy.

It was appreciated from previously published mouse tumor mod-
els of anti-CD40 mAb therapy that certain schedules of mAb
administration, particularly daily dosing, could result in del-
eterious effects on T cells secondary to hyperstimulation.'*"
The goal of this study was to determine the safety and maxi-
mum tolerated dose (MTD) of weekly CP-870,893 infusion,
and to compare safety data with clinical response and immune

pharmacodynamics.
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Results

Patient characteristics, toxicity and determination of MTD.
Twenty-seven patients with advanced solid tumors were treated
in this study (Table 1). Patients had a wide range of 13 distinct
tumor histologies, but 11 patients (41%) had melanoma. Four
weekly dose levels were explored, with the majority of patients
being treated with 0.2 mg/kg (n = 13) or 0.25 mg/kg (n = 6) of
CP-870,893. Infusion of the drug was well-tolerated, and adverse
events are summarized in Table 2. Two dose limiting toxicities
(DLT) were observed in the initial cohorts, both occurring in the
0.25 mg/kg dose level (grade 3 CRS in one patient and grade 3
urticaria in another). No DLTs were observed among the first six
patients treated with 0.2 mg/kg of CP-870,893 and the MTD of
weekly infusion of CP-870,893 was estimated as 0.2 mg/kg in
accordance with the clinical protocol. This is the same MTD as
was estimated for single-dose CP-870,893 administration in the
first-in-human study.”® In an MTD expansion cohort of seven
additional patients treated with 0.2 mg/kg weekly CP-870,893,
two additional events of grade 3 infusion-related CRS were
observed, with the overall rate of grade 3 CRS at this dose level
being 15%.

CRS of any grade was the most common adverse event
observed in this study diagnosed in 15 patients, including 11 out
of 13 patients treated with 0.2 mg/kg of CP-870,893 and four out
of six patients treated with 0.25 mg/kg. CRS typically manifest
with transient rigors, chills, fever and other symptoms within one
hour after the end of the infusion, responsive to meperidine and
resolving within 2—12 hrs after infusion. In those patients devel-
oping CRS, it typically but not always occurred with the first
infusion and typically but not always featured the same or less
intensity with each subsequent dose. CRS was judged to be grade
3 when symptoms were prolonged or not rapidly responsive to
medical management or recurred following initial improvement.
No patients were hospitalized for CRS. No patients in the two
lower dose cohorts had CRS.

Treatment delay and dose alterations due to toxicities. A total
of 224 doses of CP-870,893 were given in this study (Table 3).
Of these, only six doses (2.7%) had to be delayed by a week or
more due to toxicities. Two of these dose delays were related to
DLTs (grade 3 CRS and grade 3 urticaria). Other toxicities lead-
ing to dose delays included recurrent grade 2 gastroparesis associ-
ated with grade 2 elevation of alkaline phosphatase during cycle
2 of therapy in one patient and grade 2 elevation of D-dimer dur-
ing week 6 of cycle 1, neither considered to be treatment related.

Hematologic toxicity. Infusion of CP-870,893 was associated
with transient decreases in lymphocytes, monocytes and plate-
lets (shown for patients treated at the MTD or higher in Fig. 1).
Nadir counts were observed 24 hrs after infusion. Lymphocyte
and monocyte counts recovered within 48 hrs and returned to
baseline at the time of the following infusion on day 8. The
decrease in platelet count after infusion was more sustained than
the decrease in lymphocyte counts. For most patients, platelet
counts remained at around 60% of the baseline value for 2 days
following the infusion, but returned to baseline on the day of the
next weekly infusion of CP-870,893 and no thrombocytopenia
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Table 2. Treatment emergent adverse events (all causalities)

Grade Grade 4,
3, n (%) n (%)

of any grade was observed. D-dimer levels increased significantly

after infusion of CP-870,893, but again, these increases were Any grade,

. .. . . Adverse event
transient, clinically insignificant and returned to baseline values n (%)

within one week. PT/INR and hemoglobin levels did not change ~ CP-870,893 0.05 mg/kg (n = 5)

significantly with treatment, and no case of disseminated intra- Abdominal pain 4(80) 1(20) 0
vasct.llar coag.u.lation was.diag'nosed on s'tudy. . Eol i 2 (40) 0 0
Liver toxicity. Transient increases in asparate aminotrans- .
, i ra Chills 4(80) 0 0
ferase (AST), alanine aminotransferase (ALT) and total biliru- Constioati | 20 | 0 0
bin were observed after CP-870,893 infusion (again shown for onstipa ‘|on 20) (20)
patients at the MTD or higher in Fig. 1). Increased AST and Dehydration 10 1(20) 0
ALT was most prominent with the first dose of CP-870,893 with ~ CP-870,893 0.1 mg/kg (n = 3)
the effect extinguished with subsequent dosing. In contrast, mild Arthralgias 2 (67) 0 0
transient elevations in total bilirubin were observed with each Autoimmune disorder 1(33) 1(33) 0
dose. The ol?servefi increases in AST and ALT were registered as Dyspnea 2(67) 0 0
grade 1 or higher in 6 and 3 occurrences, respec.tlvely (T::lble 2). Eye lid ptosis 163) 163) p
One patient (0.2 mg/kg cohort) had a grade 3 increase in AST )
. .. X . Musculoskeletal pain 2 (67) 0 0
which was not dose limiting as it was not considered to be treat-
ment-related. In all but one patient (in the 0.25 mg/kg cohort), AT 2(67) 0 0
liver enzyme elevations returned to baseline at the time of the Non-cardiac chest pain 133 133 0
next infusion. CP-870,893 0.2 mg/kg (n = 13)
Other toxicities. Several other grade 3 toxicities were observed Abdominal distention 2(15) 0 0
on study (Table 2) but were not considered DLTs because they Abdominal pain 2(15) 10 0
were not deemffd treatment-related (nearly always 're.lated to Arthralgias 3(23) . .
tumor progression). In the one case of grade 4 toxicity (pul- )
. . AST increase 2 (15) 1(8) 0
monary embolism), the event occurred on day 44 of study in a —
patient with highly advanced melanoma who had originally been CLCIUSILE 205 0 0
treated at 0.2 mg/kg cohort but dose reduced for grade 3 CRS Chills 3(23) 0 0
after the second infusion. Confusion 10 10 0
In one case of grade 3 autoimmune disorder, a melanoma Constipation 3(23) 0 0
patient in the 0.1 mg/kg cohort was diagnosed with autoimmune Cough 431 0 0
dle}betes on day 153 of the study aft.er 16'doses of.CP—870,8.93. Cytokine release syndrome 1 @5) 26) 0
Prior to enrollment on the study, this patient, a thin Caucasian Dehvdration By o o
. . . |
female, had not been diagnosed with diabetes and she had no ‘y
family history of type 1 or type 2 diabetes. On screening labo- Biaihse 3(23) 0 0
ratory analysis prior to treatment, glucose was 158 mg/dl and Dizziness 3(23) 0 0
the islet cell antibody (ICA) titer was elevated at 1:32. While on Dyspnea 2(15) 1(8) 0
study, she had fluctuating glucose levels between 105 and 207 Fatigue 7 (54) 18 0
mg/dl with ICA titers varying between 1:4 to 1:256. When her Flushing 2(15) 0 0
glucose level was >200 mg/dl on two successive treatment days, Headache 5(39) B B
she was formally diagnosed with diabetes mellitus and taken off .
. .. . Hemoptysis 2 (15) 0 0
of the study with the suspicion for the development of autoim- .
mune diabetes. At that time, fasting and stimulated c-peptide Hypophosphatemia 18 1@ 0
concentrations were <0.5 and 1.0 ng/mL, respectively. Epitope Lethargy 1(8) 1(8) 0
specific antibodies for insulin and GADG65 were undetectable. Lymphedema 1(8) 1) 0
Initial treatment with a sulfonylurea was sub-optimal and the Musculoskeletal chest pain 2(15) 1(8) 0
patient was subsequently treated with glargine insulin and repa- NevER 5(38) 0 0
glinide and remained on treatment for type 1 diabetes mellitus Pleuritic pain 2(15) 0 0
for a year until her death from progressive melanoma. .
. .. . . Pneumonia 1(8) 1(8) 0
Antitumor activity. Seven patients (26%), each with progres- oul boli
sive disease prior to enrollment, had stable disease (SD) as the uimonary emboofism 16) 0 1)
best clinical response (Table 3). The median time to progres- il 3(23) v Y
sion in these patients with SD was 18 weeks (range 16-20 weeks) ~ CP-870,893 0.25 mg/kg (n = 6)
and the median number of CP-870,893 infusions was 16 (range Alk Phos increase 3 (50) 1(17) 0
13-21 infusions). Of the patients with SD, two patients had mel- AT AEEesa 3 (50) 0 0

anoma, two had renal cell carcinoma, two had mesothelioma and

Events listed if present in n > 2 for toxicities grade 1 and 2, orinn > 1 if

one had a uterine cancer. Stable disease was observed at each dose  grades 3 or 4 toxicity, ‘dose-limiting toxicity (DLT).
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Table 2. Treatment emergent adverse events (all causalities)

AST increase 4 (67) 0 0
Anemia 2(33) 0 0
Arthralgias 2(33) 0 0

Back pain 3 (50) 1(017) 0
Constipation 3 (50) 0 0
Cytokine release syndrome 4 (67) 107) 0
Dizziness 2(33) 0 0
Dyspnea 2(33) 0 0

Fatigue 2(33) 0 0
Headache 2(33) 0 0

LDH increase 1(17) 1(17) 0
Muscle weakness 2(33) 1(017) 0
Pyrexia 2 (33) 0 0

Upper respiratory tract infection 2 (33) 0 0
Urticaria 1(017) 107) 0

Events listed if presentin n > 2 for toxicities grade 1 and 2, orinn > 1 if
grades 3 or 4 toxicity, "dose-limiting toxicity (DLT).

level. Twenty patients with progressive disease as best response
had a median TTP of 4.5 weeks (range 2—7 weeks), receiving
a median of five infusions of CP-87,893 (range 3-8 infusions).
There were no partial or complete responses. We did not observe
any correlation between the observation of stable disease and
clinical parameters such as autoimmunity or severity of CRS;
however, the small number of patients limits firm conclusions
on this issue.

Pharmcokinetics and human anti-human antibody. At the
0.2 mg/kg dose level, the serum half life of CP-870,893 was
graphically estimated to be less than 6 hrs on both the first and
fourth doses (with AUC of 7.45 + 3.93 and 5.12 + 3.35 hrmg/
mL, respectively; and Cmax of 1.49 + 0.63 and 0.87 = 0.31 ug/
ml, respectively), similar to the kinetics observed in the first-in-
human study. No patient developed human anti-human anti-
body after treatment with CP-870,893.

Pharmacodynamics. The firstin-human study  with
CP-870,893 identified depletion and activation of peripheral
blood B cells as a major pharmacodynamic effect.”® Here, we used
flow cytometry to measure B cell parameters around the first, sec-
ond and fourth infusion of CP-870,893 in patients treated in the
MTD expansion cohort (Fig. 2). We observed a marked decrease
in the fraction of CD19* B cells among lymphocytes as well as the
absolute numbers of CD19* B cells (Fig. 2). However, this effect
was relatively short-lived and CD19* cell counts returned or
nearly returned to day 1 baseline by the time of the next infusion
(i.e., day 8 or day 22). We then evaluated the expression of CD86
and CD54 on patients’ B cells around the first, second and fourth
infusion of CP-870,893, in light of observations that in vitro,
CP-870,893 upregulates these markers on human B cells.'” With
each infusion, both the percentage of CD86* and CD54* B cells
among total B cells markedly increased, up to a four-fold increase
for CD54 and 10-fold increase for CD86. Importantly, on aver-
age, the percentage of CD54* or CD86* B cells did not reset to
baseline by the time of subsequent infusions. For example, at the
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time of the fourth infusion of CP-870,893 (day 22), the percent-
age of B cells expressing CD86 was 3 fold higher than on day 1,
despite that the absolute number of CD19* B cells was the same
between day 1 and day 22.

Peripheral blood mononuclear cells (PBMC) from five patients
treated at the MTD or higher were available for flow cytometric
analysis of myeloid dendritic cells (mDC) and plasmacytoid den-
dritic cells (pDC) on days 1, 2 and 8. For mDC (defined phe-
notypically as CD11c* CD123-dim CD14-negative cells), there
was depletion of cells from the blood of most patients, and there
was modest (25-40%) upregulation of HLA-DR MFI in some
patients but no change in CD86 expression (data not shown).
For pDC (CD123* CD1lc-dim CD14-negative), changes in the
circulating percentage and absolute count were highly variably in
response to treatment and only modest increases in HLA-DR was
observed in two patients after therapy (data not shown).

Modulation in T-cell subsets. To assess the impact of weekly
CP-870,893 infusion on T-cell physiology, subsets of peripheral
blood T cells were measured at baseline and at the end of study
(Fig. 3) in eight patients treated at the MTD. At baseline, there
was great patient-to-patient variability in the absolute numbers of
peripheral blood CD4 T cells, CD8 T cells (Fig. 3) and FoxP3*
CD4* regulatory T cells (Fig. 4). Interestingly, the three patients
who had SD in response to weekly CP-870,893 were the three
patients with both the highest absolute CD4 count (>375/mcl,
median 559/mcl) and the lowest absolute CD8 count (<60/mcl,
median 38/mcl); however, in the single dose study, there was no
suggestion that patients with tumor response after therapy had at
baseline the highest CD4 counts or the lowest CD8 counts.

Post-treatment samples were obtained after a median of eight
CP-870,893 infusions (range 4—16) and median of 1.5 weeks fol-
lowing the last infusion (range, 1-3 weeks). For four of eight
patients (50%) studied in this analysis, there were marked reduc-
tions of total CD3* T cells, involving depletion in both the
CD4* and CD8" T-cell compartments (median CD4 decrease,
55%, range -2 to -83%; median CD8 decrease, -49%, range -8
to -78%). In three of four patients, CD4 counts dropped below
<200 cells/pl. For the four other patients, there was minimal
change in absolute CD3, CD4 or CD8 counts, except in one
patient for which a 2.5-fold increase in CD8 T cells was observed.
Within the CD4 and CD8 compartments, many patients exhib-
ited relative shifts in the percentages of naive, effector, effector
memory (EM) and central memory (CM) T cells before and after
treatment to a more differentiated phenotype (effector) (Fig. 3).

To analyze the functional capacity, we assessed the capacity of
patient T cells to produce IFNYy in response to stimulation with
PMA and ionomycin. Additionally, we assessed perforin expres-
sion of CD8* T cells as a marker of potential cytolytic T-cell
function. At baseline, IFN7y production and perforin expres-
sion varied widely (Fig. 4). Change in these parameters after
CP-870,893 treatment was inconsistent; for example, changes
from baseline in IFNy production ranged from an increase of
86% to a decrease of 84%. Only mild increases (2-31%) in per-
forin-expressing cells were observed in a fraction of patients.

With regard to regulatory FoxP3* T cells, the percentage of
FoxP3* CD4* T cells among CD4* T cells increased in several
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Table 3. Dose, diagnoses, time to progression and number of doses for patients with stable and progressive disease as best clinical response

Response Patient Dose (mg/kg) Diagnosis TTP (weeks) # of doses
SD
4001 0.05 Uterine cancer 20 21
3004 0.1 Melanoma 19 16
4004 0.1 Melanoma 15 16
3005 0.2 Mesothelioma 18 16
3009 0.2 Mesothelioma 17 15
3006 0.25 RCC 18 13
3008 0.25 RCC 16 13
Median 18 16
PD
3001 0.05 Melanoma 3 4
3002 0.05 Melanoma 7 8
3003 0.05 Breast cancer 2 3
4002 0.05 HCC 6 7
4003 0.1 Melanoma 4 5
3010 0.2 Bladder cancer 7 8
3011 0.2 Melanoma 5 4
3012 0.2 Nasopharyngeal cancer 4 5
3013 0.2 Breast cancer 4 5
3015 0.2 Neuroendocrine tumor 7 8
4005 0.2 Melanoma 2 3
4006 0.2 Breast cancer 3 4
4009 0.2 Sarcoma 3 4
4010 0.2 Melanoma 7 6
5001 0.2 Ovarian cancer 7 8
5004 0.2 Melanoma 3 4
3007 0.25 Melanoma 4 5
4008 0.25 Anal cancer 7 8
5002 0.25 Colon cancer 7 7
5003 0.25 Melanoma 7 8
Median 4.5 5

RCC, renal cell carcinoma; HCC, hepatocellular carcinoma.

but not all patients, but these increases did not parallel changes
in the absolute count of FoxP3* CD4* T cells. Four patients
exhibited decreases in the absolute count of FoxP3* CD4* T cells
but three of these patients had marked decreases in total CD4*
T cells to explain this effect (Fig. 4).

Discussion

The goal of this clinical investigation was to evaluate the safety
and the biologic activity of treating cancer patients with multiple,
intravenous doses of CP-870,893, a fully human agonist mAb
specific for the cell-surface molecule CD40. We show here that
weekly dosing schedule of CP-870,893 is feasible, associated with
cytokine release syndrome which defines the MTD, but was not
associated with objective clinical responses. Correlative immune
assessment studies suggest that administration of CP-870,893

www.landesbioscience.com

on a weekly schedule led to persistently increased expression of
costimulatory and adhesion molecules of B cells without reset-
ting to baseline. Additionally, in up to 50% of patients, there
were potentially deleterious consequences on T-cell populations
as evidenced by marked declines in the absolute count of total
CD3* T cells and both the CD4 and CD8 T-cell subsets. In the
previous trial of single-dose CP-870,893 infusion conducted in
a similar group of patients, chronic B-cell stimulation and T
cell depletion were not observed. These findings have important
implications for future trials exploring CP-870,893 as an immu-
nomodulatory agent in cancer patients and suggest that an inter-
val of longer than one week may be desirable for optimal immune
pharmacodynamics.

There was a high degree of similarity in the toxicology and
pharmacology of weekly dose CP-870,893 evaluated in this study
and that of single-infusion dosing previously reported.”® As in the
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Figure 1. Change relative to baseline in hematologic and serum chemistry parameters after first, second and fourth infusion of CP-870,893 in patients
at MTD or higher. ALC, absolute lymphocyte count; AMC, absolute monocyte count; Plts, platelets; Ddi, D-dimer; INR, international ratio; Hgb, he-
moglobin; AST, asparate aminotransferase; ALT, alanine aminotransferase; Bili, total bilirubin. Arrows indicate treatment days (day 1, 8, 15, 22). Values

single-dose trial, the MTD for weekly infusion of CP-870,893
was estimated at 0.2 mg/kg, suggesting that the administration
of multiple doses at weekly intervals did not significantly increase
toxicity of this drug. Good tolerability of the weekly dosing
schedule was further validated by the small fraction of scheduled
infusions (2.7%) that were delayed due to toxicities. CRS was
again observed to be the most common adverse event. Grade 3
CRS constituted two out of three observed DLTs. Transient and
mild-to-moderate elevations of liver function tests (AST, ALT,
bilirubin) and D-dimer with each CP-870,893 infusion were
observed as were transient declines in lymphocytes, monocytes
and platelets. The changes in laboratory abnormalities most
likely reflect CP-870,893 interaction with CD40-expressing lym-
phocytes, monocytes, platelets and endothelial cells. As with the
clinical adverse events, these changes in laboratory test results
were very similar in nature and grade to those observed following
a single infusion of CP-870,893."> Only one immune-mediated
toxicity was observed and diagnosed as autoimmune diabetes,
which was most likely an exacerbation of an underlying condition
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as the patient had measurable anti-islet cell antibodies at baseline
that increased during 16 weeks of therapy, associated with a new
insulin requirement. Importantly, immune mediated events such
as those classically observed for blocking anti-CTLA-4 mAb,'
such as colitis, dermatitis and hypophysitis, were not observed
in this or previous studies of CP-870,893. Serum half-life of
CP-870,893 and other pharmacokinetic parameters were also
very similar between weekly dose and single dose. No human
anti-human antibodies have been identified for weekly dosing or
single dosing of CP-870,893.

The best clinical response in this trial was stable disease (SD)
in 26% of patients. There were no objective clinical responses
(PR or CR), unlike the single-dose study in which 4 of 27 patients
(26%) had a PR (all responders had melanoma).”® Although it
is impossible to compare objective response rates between these
two small studies of single-dose vs. weekly CP-870,893, it was
disappointing not to be able to confirm some level of objective
antitumor activity in this study, especially considering that the
eligibility criteria and two investigational sites were otherwise the
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same and that melanoma patients were also repre- CD19 (%+) CD19 (abs)
sented in the weekly dose clinical trial. 1501 1501
A prominent pharmacodynamic effect of | @
CP-870,893 treatment in vivo is depletion and | g 100 100+ --———p-—---—-f----
activation of peripheral blood B cells,"”” which 8
we have also recently modeled in vitro."” Here, '§ 50 50
we found that B cells rapidly but transiendy | =
decreased in the circulation with each weekly O S — 0 T
dose, similar to our observations in patients 0123 8 910 222324 0 8 910 222324
treated with a single infusion, but returned to
baseline both with respect to percent of lym- Cg)sof(%"') ?5%80_6(%"')
phocytes and absolute counts on the day of
subsequent infusions. As expected, B cells iso- E
lated one or two days after infusion in this study § d L
exhibited increased expression of CD86 and =
CD54, consistent with activation, and impor- ;200' f! 500-
tantly this effect was observed with each dose. P VR S e
However, expression of CD54 or CD86 B cells

did not reset to baseline by the time of subse-
quent infusions. In the single dose trial, B cell

HE

T 0+——r T
9 10 23 24 0 23 9 10 23 24
Day ? Day ?

activation parameters always eventually reset

to baseline,”® and presumably would have also
reset in this study except that CP-870,893 was
re-administered once per week. At the time of

the fourth infusion of CP-870,893, for example,

Figure 2. Pharmacodynamics of CP-870,893 after first, second and fourth infusion of CP-
870,893. Parameters are shown relative to baseline. CD19 (%+) =
among lymphocytes, CD19 (abs) =
cellsamong CD19* cells, CD86 (%+) CD86" cells among CD19* cells. Arrows indicate treat-
ment days (day 1, 8, 15, 22). Values expressed as mean + SEM, n = 8-18.

percentage of CD19* cells

absolute number of CD19* cells, CD54 (%+) = CD54*

the percentage of B cells expressing CD86 was
3-fold higher compared to baseline, despite the
fact that the absolute number of B cells was the same. The phar-
macodynamic effect of B cell activation may or may not rep-
resent a mechanism of action of CP-870,893. In vitro, B cells
that are activated via CD40 in general,"” and via CP-870,893 in

2 act as potent antigen presenting cells and in certain

18-20

particular,
model systems, drive the induction of the antitumor T cells.
Whether or not such a mechanism occurs in vivo in response
to CP-870,893 remains to be determined. More classically, the
immunological power of CD40 activation has been linked to
activation of dendritic cells,?! with potent T-cell responses being
observed even in the absence of B cells;* however, recent data
underscore the role of B cells and their potential function as
APC in regulating T cell function.?? Regardless of the role of B
cells in the mechanism of action of CP-870,893, our findings
that peripheral B cells appear persistently activated with weekly
CP-870,893 infusion raise the possibility of chronic, even
global, immune stimulation induced with the antibody used on
this schedule. Such chronic B-cell activation was not observed
with a single dose of CP-870,893."%

Our observations that weekly CP-870,893 may have induced
chronic immune stimulation are concerning in light of pub-
lished results from mouse models suggesting that overstimula-
tion with CD40 agonists may be deleterious to adaptive immune
responses.'*>?* Similar to many of the patients treated with
weekly CP-870,893 reported here, mice given frequent or high
doses of anti-CD40 mAb exhibit T-cell depletion. For example,
in an implantable model of melanoma, weekly injection of an
agonistic anti-CD40 antibody into tumor-bearing mice acceler-
ated the deletion of tumor-antigen specific T cells, even though an
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initial expansion of antigen-specific T cells was seen after the first
dose of antibody." In another study, mice injected with repeated
daily doses of an agonist anti-CD40 mAb (with IL-2 or IL-15)
exhibited marked CD4* T-cell apoptosis.”” Tumor-bearing mice
treated with anti-CD40 mAb and IL-2 were initially protected
but were unable to mount effective memory responses and suc-
cumbed to secondary tumor challenge.” Similarly, anti-CD40
mAb resulted in severe depression of the CD8* T-cell response
to challenge with lymphocytic choriomeningitis virus.?® Indeed,
high daily dosing of anti-CD40 mAb has been used to control
the autoimmune inflammatory process associated with chronic
collagen-induced arthritis,* emphasizing the potential immuno-
suppressive quality of certain dose and schedule regimens of anti-
CD40 mAb. Thus, although many important issues distinguish
these mouse models from our clinical trial, our findings raise the
hypothesis that too frequent dosing of CP-870,893 may result in
counterproductive immune modulation manifesting as persistent
B-cell stimulation and in some patients, peripheral blood T-cell
depletion. In patients receiving a single dose of CP-870,893 at
similar doses, marked T-cell depletion in the peripheral blood
was not observed at the end of study, and no patients in this pre-
vious study at the MTD or higher had CD4* T-cell counts <200
cells/pl at the end of study. Still, we cannot exclude the possibil-
ity that T-cell depletion observed at the end of study in some
patients was associated with tumor progression. We speculate
that the lack of objective tumor responses observed with weekly
infusion of CP-870,893—in contrast to the responses seen in the
single dose study—may be related to counterproductive immune
hyperstimulation with short-interval dosing. On the other hand,
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Figure 3. Modulation in T-cell subsets following treatment with CP-870,893. (A and B) Baseline parameters of eight patients treated at the MTD or
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counts and (E) absolute CD8 counts, comparing end of study to baseline. Change relative to baseline in the percentages of four T-cell subsets, defined
above, for (F) CD4 and (G) CD8 subsets in response to treatment, shown as mean + SEM.

it is important to keep in mind that CD40 agonists may also
mediate antitumor effects directly (non-immunologically).
Certain tumors express high levels of CD40 and direct activation
of CD40 results in growth inhibition and sensitization to cyto-
toxic agents. CP-870,893, for example, has been reported to have

antitumor effects in murine systems for which lymphocytes are
absent.'” Our observations here of stable disease in patients with
renal cell carcinoma and mesothelioma may be important in this
regard, but we did not have the opportunity to measure CD40
expression of tumors from patients in this study.
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The observed half life of CP-870,893 of less than 6 hrs is
unusually short for a fully human IgG2 molecule. This finding
was similar to the CP-870,893 half life observed in the single
dose study and was one of the reasons that a relatively short
dosing interval of one week was chosen for a repeat dose study.
The reasons for this short half life remain unknown, but it has
been speculated that it reflects a large sink of CD40 (recep-
tor) molecules in vivo. When given to mice, the half life of
CP-870,893 is about 3 weeks. For another agonist CD40 mAb
SGN-40 (which is IgGl not IgG2), initial pharmacokinetic
data in humans demonstrated that the half-life was also unusu-
ally short and dependent on the dose given, ranging from 0.9—
2.9 days after the first dose.”” The doses of SGN-40 used were
higher than we have explored for CP-870,893. It was suggested
that for SGN-40 there may be a rapid elimination pathway or
redistribution volume that had not been saturated,” but in a
subsequent publication regarding SGN-40, pharmacokinetic
parameters could not be estimated because of limited sample
collections.*

Current trials of CP-870,893 are utilizing dosing intervals of
3 or 4 weeks to address the potential concern of CD40-mediated
overstimulation. Other approaches to improve efficacy include
strategies for combination therapy.! Active approaches are com-
bining CP-870,893 with chemotherapy (e.g., with carboplatin
and paclitaxel for patients with advanced solid tumors or with
gemcitabine for chemotherapy naive patients with pancreatic can-
cer) or with a cancer vaccine (e.g., poly IC:LC and NY-ESO-1/
gpl00/MART-1 peptides emulsified with Montanide ISA 51 for
patients with melanoma). Recently a trial has opened combining
CP-870,893 every three weeks with the anti-CTLA-4 blocking
mAb tremelimumab every 12 weeks for patients with metastatic
melanoma. Careful immunological assessments are important
endpoints of these clinical trials.

In summary, this phase I study of weekly infusions of the
agonistic, fully human CD40 mAb CP-870,893 showed that a
weekly dosing schedule was well tolerated and feasible, but there
was little antitumor clinical activity of this infusion schedule.
Although the reasons for this remain speculative, correlative
studies presented here suggest that less frequent administration of
CP-870,893 may be advantageous to avoid undesirable immune
modulation. It will be important to consider these findings in
the design of future trials of this and other agonistic CD40
antibodies.

Patients and Methods

Patients. Twenty-seven patients with advanced solid malignan-
cies were enrolled between September 2005 and June 2007 at
the Abramson Cancer Center, the Moffitt Cancer Center and
Research Institute and the Sarah Cannon Research Institute.
The protocol and consent form were approved by the local insti-
tution review boards. Patients had to be at least 18 years old with
an eastern Cooperative Oncology Group performance status of 0
to 1 and adequate end organ function. Signed informed consent
was required. Patients with autoimmune disorders, coagulopa-
thies or major illness and those who were pregnant or lactating
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were excluded. Concurrent treatment with anticancer drugs was
not allowed.

Study design. Weekly intravenous infusions of CP-870,893
were administered to eligible patients in cohorts receiving 0.05,
0.1, 0.2 or 0.25 mg/kg per infusion. CP-870,893 was supplied by
Pfizer Inc. (New London, CT) as a solution in vials containing
10 mg/mL of IgG2 protein. One cycle consisted of eight weekly
injections, and the study drug was administered on days 1, 8,
15, 22, 29, 36, 43 and 50 of each cycle. The primary objective
was to characterize the safety and tolerability and to define the
MTD of CP-870,893 when administered on a continuous weekly
schedule. Secondary objectives were to characterize pharmacoki-
netics, pharmacodynamics, immune modulation and antitumor
activity.

At least three patients per dose level were enrolled, with addi-
tional patients enrolled in case of toxicity, which was graded
according to National Cancer Institute Common Terminology
Criteria for Adverse Events version 3.0. DLT was defined as
treatment-related nonhematologic grade 3 to 4 adverse events
despite optimal supportive care; grade 3 hematologic adverse
events, other than lymphopenia, that do not recover to grade 0-1
or baseline; grade 4 lymphopenia if complicated by infection or
other grade 4 hematologic adverse event; or grade 2 or worse infu-
sion reaction that affects vital organs. The MTD was estimated
as the highest dose at which fewer than two of six patients expe-
rienced DLT. An additional seven patients were treated at the
MTD in an expansion cohort. Patients developing study drug-
related DLT were re-treated at a reduced dose, following a 1-week
dose delay.

Study procedures. Patients were assessed for adverse events
continuously while on study and at least one more time 4 weeks
after the last infusion of the study drug. Disease-appropriate
imaging was performed at baseline and at the end of each
treatment cycle and tumor response was assessed according to
Response Evaluation Criteria in Solid Tumors version 1.0. A
panel of nine autoantibodies was measured at baseline and day
29 of each cycle. Serum for pharmacokinetics and human anti-
human antibody analyses was obtained at baseline and various
times after infusion. Blood specimens for flow cytometric analy-
sis were collected on day 1-3, 8-10, 22-24 in cycle 1 and at the
end of study.

Pharmacokinetic, anti-human antibodies and pharma-
codynamics. Serum samples were used to quantify levels of
CP-870,893 and half life, AUC and Cmax were determined,
as previously described.”” Pharmacodynamics of CP-870,893
was assessed by flow cytometry of peripheral blood performed
according to good laboratory practices, as previously described.'

Human peripheral blood and lymphocyte isolation.
PBMC was obtained from patients treated at the University of
Pennsylvania Abramson Cancer Center after signed, informed
consent for an additional protocol allowing phlebotomy of
patients enrolled on the weekly CD40 treatment study. The
protocol was approved by the Institutional Review Board at
the University of Pennsylvania. Absolute lymphocyte count
was obtained from a complete blood count and differential as
measured by an accredited clinical lab. PBMC were obtained by
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Ficoll centrifugation (Amersham Pharmacia Biotech) and viably
frozen at -150°C until use.

Flow cytometry. Flow cytometry was performed on PBMC in
PBS with 5% heat-inactivated fetal calf serum using a FACSCanto
cytometer and FACSDiva (BD Biosciences) and FlowJo (TreeStar,
Inc.) software. Intracellular staining was performed using a fixa-
tion/permeabilization kit (eBioscience), according to the manufac-
turer’s instructions. PBMC were washed twice in staining buffer
and analyzed immediately by flow cytometry. Fluorochrome-
conjugated mAb used were: PE-Cy7- or APC-H7-CD3 clone
SK7, PerCP-CD4 clone SK3, APC-CD4 clone RPA-T4,
PerCP-CDS8 clone SK1, APC-CDlIc clone B-ly6, PerCP-CD14
clone M¢P9, APC-H7-CD27 clone M-T271, PE-CD28 clone
1293, APC-CD45RA clone HI100, FITC-CD86 clone FUN-
1, PE-CD123 clone 9F5 (all BD Biosciences); PE-CCR7 clone
150503 (R&D Systems, Minneapolis, MN); APC-Alexa Fluor
750-anti-HLA-DR clone LN3 (eBioscience, San Diego, CA);
Alexa fluor 488-anti-FoxP3 clone 259D and APC-perforin clone
dG9 (Biolegend, San Diego, CA).

Intracellular cytokine staining. Peripheral blood mononu-
clear cells in complete media comprising RPMI 1640 (Invitrogen)
supplemented with 10% heat-inactivated human AB serum,

20 mM HEPES (Sigma-Aldrich) and 2 mM l-glutamine
(Invitrogen) were stimulated with or without phorbol 12-myristate
13-acetate (PMA) (5 ng/ml) and ionomycin (I wM) (Sigma, St.
Louis, MO) for 4 hrs in the presence of 1 wM monensin (BD
Biosciences). PBMC were then washed twice, re-suspended in
staining buffer and stained for the surface markers CD3, CD4 and
CDB8 followed by intracellular staining for IFNvy using a fixation/
permeabilization kit (eBioscience), according to the manufac-
turer’s instructions. PBMC were washed twice in staining buffer
and analyzed immediately by flow cytometry.
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