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Abstract

Purpose AGS-1C4D4 is a human monoclonal antibody

against prostate stem cell antigen (PSCA), a cell-surface

protein expressed by most prostate cancers. AGS-1C4D4 is

produced in Chinese hamster ovary (CHO) cells and has an

identical sequence to AGS-PSCA, an anti-PSCA antibody

produced in mouse hybridoma cells that has completed

Phase I testing. Preclinical studies demonstrated compara-

bility of AGS-1C4D4 to AGS-PSCA with respect to phar-

macokinetics (PK) and tumor inhibition. However, because

of differences in antibody-dependent cellular cytotoxicity

between AGS-PSCA and AGS-1C4D4, a limited Phase I

trial using AGS-1C4D4 was performed evaluating safety and

PK.

Patients and methods Thirteen patients with metastatic

castration-resistant prostate cancer were enrolled. AGS-

1C4D4 was administered intravenously every 3 weeks for

four planned doses at 6, 12, 24, or 48 mg/kg. Primary

endpoints were safety and PK. Secondary endpoints were

immunogenicity and clinical activity. Disease assessments

were conducted every 12 weeks and included radiographic

and PSA evaluations. Patients with stable disease could

receive extended treatment beyond four infusions.

Results Adverse events were primarily grade 1–2, with-

out any grade 3–4 drug-related toxicities or infusion reac-

tions. Anti-AGS-1C4D4 antibodies were not detected.

Similar to AGS-PSCA, serum AGS-1C4D4 concentrations

declined biphasically and elimination was characterized by

slow clearance (CL) and a long terminal half-life (t1/2).

Median CL for the four dose levels ranged from 0.10 to

0.14 ml/h kg, and t1/2 ranged from 2.2 to 2.9 weeks. No

PSA reductions C50% were observed. Six patients (46%)

had radiographically stable disease, lasting a median of

24 weeks.

Conclusion AGS-1C4D4 was well-tolerated and demon-

strated linear PK. Despite preclinical differences in anti-

body-dependent cellular cytotoxicity, AGS-1C4D4 and

AGS-PSCA have similar safety and PK profiles. The rec-

ommended Phase II dose is 48 mg/kg.

Keywords AGS-1C4D4 � Castration-resistant prostate

cancer � Monoclonal antibody � Phase I � PSCA

Introduction

The recent clinical success of therapeutic monoclonal anti-

bodies has made them one of the most rapidly expanding

classes of antineoplastic agents. Prostate cancer is particu-

larly well suited for antibody-based therapy because it pos-

sesses several tumor-associated antigens, and because of

the lack of necessity to avoid targeting the normal prostate

(a non-essential organ). These properties have helped fuel

the development of a number of therapeutic monoclonal
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antibodies directed against multiple prostate cancer-associ-

ated target antigens [1]. To this end, an ideal therapeutic

target would be one that demonstrated strong homogeneous

expression in advanced and metastatic disease, was mini-

mally expressed in normal tissues, and was implicated in

disease pathogenesis and progression. One such tumor target

is prostate stem cell antigen (PSCA).

PSCA is a glycosylphosphatidylinositol (GPI)-linked

cell-surface protein that was cloned in lymph node-derived

prostate cancer xenografts [2]. The literature suggests that

it is expressed in[80% of prostate cancers [3–5], as well as

in the normal genitourinary tract and stomach. Although

PSCA expression has been detected in all stages of prostate

cancer, increased levels have been associated with higher

Gleason score and advanced stage [3], biochemical recur-

rence [4], metastatic progression [5], and transition to the

castration-resistant state [3]. In preclinical experiments,

administration of murine anti-PSCA monoclonal antibodies

to mice bearing human prostate cancers led to inhibition of

tumor growth and metastasis formation as well as pro-

longed survival in these animals [6]. This was true both for

bone metastasis-derived and lymph node-derived xeno-

grafts, and for non-castrate as well as castration-resistant

tumors.

These in vivo data provided the stimulus for the gener-

ation of AGS-PSCA, a high-affinity fully human IgG-j
monoclonal antibody against PSCA produced in mouse

hybridoma cell culture [1]. In mouse models, AGS-PSCA

was shown to inhibit the growth of non-castrate as well as

castration-resistant prostate tumors grown subcutaneously

or orthotopically, while synergism was demonstrated when

this agent was combined with docetaxel in patient-derived

murine prostate tumor xenografts [7]. Mechanistically,

AGS-PSCA was found to induce antibody-dependent cell-

mediated cytotoxicity in PSCA-expressing tumor cells but

not in cancer cells lacking PSCA expression. In addition,

AGS-PSCA was able to mediate complement-dependent

cytotoxicity in PSCA-expressing cancer cells. These anti-

tumor effects of AGS-PSCA led to the initiation of a Phase I

clinical trial evaluating this agent as monotherapy in 47 men

with advanced castration-resistant prostate cancer [8]. In

that dose-escalation study, AGS-PSCA was administered

by intravenous infusion over 1–2 h every 3 weeks for four

doses in cohorts of 3–6 patients at 1, 3, 5, 10, 20, and 40 mg/kg

and a final expanded cohort (n = 18) of a loading dose of

40 mg/kg followed by repeated doses of 20 mg/kg. AGS-

PSCA was shown to be safe and was not associated with any

grade C3 drug-related adverse events or dose-limiting toxic-

ities. However, hybridoma-derived AGS-PSCA did not yield

sufficient drug quantities to enable large-scale clinical trials or

allow drug commercialization; therefore, an alternative pro-

duction method was sought.

AGS-1C4D4 is a fully human IgG-j anti-PSCA

monoclonal antibody produced in Chinese hamster ovary

(CHO) cells, containing the same amino acid sequence as

the hybridoma-derived AGS-PSCA. Comparability data

encompassing in vivo antitumor activity in orthotopic

mouse models, tissue cross-reactivity analyses, as well as

toxicological and pharmacokinetic studies in cynomolgus

monkeys have all demonstrated the equivalence of AGS-

1C4D4 and AGS-PSCA. However, because of differences

in glycosylation patterns and in vitro antibody-dependent

cellular cytotoxicity between the two agents, the US FDA

requested that a limited rapid dose-escalation Phase I

study of intravenous AGS-1C4D4 be conducted in men

with metastatic castration-resistant prostate cancer, to

confirm the safety and PK results observed in the larger

Phase I trial of AGS-PSCA. Thus, a small rapid dose-

escalation study was conducted. The overall objectives of

the current study were to characterize the safety, tolera-

bility, and pharmacokinetic profile of AGS-1C4D4 in this

patient population and to define the recommended Phase

II dose of this agent.

Patients and methods

Patients

Subjects were recruited from the outpatient medical

oncology clinics of the Johns Hopkins Sidney Kimmel

Comprehensive Cancer Center (Baltimore, MD) and the

Memorial Sloan-Kettering Cancer Center (New York, NY).

Participants were required to have histologically confirmed

prostate adenocarcinoma, with metastatic castration-resis-

tant disease, and demonstration of disease progression after

receipt of all available standard therapies (or after declining

or not being suitable for standard therapy). Other eligibility

criteria included age C18, Eastern Cooperative Oncology

Group performance status \2, and adequate bone marrow,

renal, hepatic, and coagulation parameters. Exclusion cri-

teria included receipt of any anticancer therapy within

4 weeks of study entry, administration of an investigational

drug or device within 30 days of study entry, use of an anti-

androgen within 6 weeks of study entry, known hyper-

sensitivity to components of the study drug or its analogs,

active central nervous system involvement, current evi-

dence of major medical illness including clinically signif-

icant cardiac disease, known psychiatric or substance abuse

disorder, and active infectious illness (including HIV and

hepatitis B/C). Eligible participants were required to pro-

vide written informed consent, and the protocol and con-

sent form were approved by the institutional review boards

at each center.
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Study design

This was a first-in-human, Phase I, open-label, rapid dose-

escalation study conducted at two member institutions of

the Department of Defense (DOD)/Prostate Cancer Foun-

dation (PCF)—Prostate Cancer Clinical Trials Consortium

(PCCTC). AGS-1C4D4 was administered as a single

intravenous infusion every 3 weeks for four planned doses

(over 12 weeks). Subjects were enrolled sequentially to

receive AGS-1C4D4 at doses of 6, 12, 24, and 48 mg/kg

(cohorts 1–4). Drug infusions lasted 60 min (dose cohorts

1–3) or 120 min (dose cohort 4, with the exception of one

patient who received a 60-min infusion). If a subject had a

dose-limiting toxicity (DLT) at any time during the study,

AGS-1C4D4 treatment would be discontinued in that

subject. A DLT was defined as any grade C3 adverse event

considered to be related to the study drug, any infusion

reaction necessitating drug discontinuation, any other drug-

related adverse event leading to study drug discontinuation,

or any toxicity lasting C3 weeks. Adverse events were

graded according to the NCI Common Toxicity Criteria

version 3.0. After the 12-week planned treatment period,

patients who demonstrated stable disease or objective

tumor responses could continue AGS-1C4D4 at the same

dose and schedule until disease progression, unmanageable

drug-related toxicity, or withdrawal of consent.

Dose-escalation parameters were as follows. At dose

levels 1 and 2 (6 and 12 mg/kg), a minimum of one and

two patients were required to enroll, respectively. At either

of these dose levels, if a grade C2 drug-related toxicity

occurred, that dose level would be expanded to a minimum

of three patients and all subsequent dose levels would

enroll a minimum of three patients each. At dose levels 3

and 4 (24 and 48 mg/kg), a minimum of three patients were

required to enroll in each. At a given dose level, rules for

dose advancement were as follows. If there were no DLTs

at that dose level, advancement to the next dose level

would be permitted. If one DLT was observed, at least

three more subjects would be enrolled to that dose level; if

none of these three new subjects experienced a DLT, then

the next dose cohort would be opened, but if C1 DLT was

observed then dose escalation would be stopped. In any

dose cohort, the occurrence of C2 DLTs would necessitate

halting further dose escalation. Intra-patient dose escalation

was not permitted.

In light of structural similarities between AGS-PSCA

and AGS-1C4D4 and based on preclinical data from both

agents, as well as safety and pharmacokinetic data from the

Phase I study with AGS-PSCA, it was felt that the dose-

escalation schema for AGS-1C4D4 should closely appro-

ximate that used in the AGS-PSCA Phase I study [8].

However, a notable difference between AGS-PSCA and

AGS-1C4D4 is an approximate 2- to 3-fold increase in

antibody-dependent cellular cytotoxicity. Considering this

observation, the starting dose of AGS-1C4D4 in the current

trial was chosen to be less than one-third of the well-tol-

erated AGS-PSCA dose of 48 mg/kg given every 3 weeks.

Therefore, in the present study, AGS-1C4D4 was admin-

istered every 3 weeks at doses ranging from 6 to 48 mg/kg.

The exact accelerated titration design and starting dose and

schedule were also pursued after recommendation and

agreement from the FDA.

The maximum tolerated dose (MTD) of AGS-1C4D4

would be defined as the dose level immediately below the

dose level at which C2 subjects experienced a DLT. In the

absence of a readily identifiable MTD, dose escalation

would be allowed to proceed until dose cohort 4 had

enrolled to completion. If cohort 4 was found to be safe and

well tolerated, dose escalation would stop and a dose at or

below this level would be selected for future use in Phase II

trials.

Patient evaluation

At baseline, participants underwent a history and physical

examination, an electrocardiogram (ECG), a complete

blood count, routine serum chemistries, coagulation stud-

ies, and serum prostate specific antigen (PSA) measure-

ment. Safety assessments were performed at weeks 1, 2, 3,

7, 14, and 21 and every 3 weeks thereafter. These safety

evaluations consisted of history and physical examination,

vital signs, serum chemistries and hematology, ECG

(weeks 1 and 14 only), and urinalysis (weeks 1, 7, and 14

only). In addition, 4 weeks after the last infusion of the

study drug, all subjects had a safety follow-up visit. PSA

measurements were obtained every 3 weeks while on

study. Disease assessments were conducted approximately

every 12 weeks and included review of clinical symptoms

as well as radiographic (CT and bone scan) evaluations.

To assess for anti-AGS-1C4D4 antibodies, serum sam-

ples were collected at baseline, every 3 weeks for the first

12 weeks on study, and at the safety follow-up visit.

Antibody titers were determined using a screening elec-

trochemiluminescence assay followed by a confirmatory

immunodepletion assay.

Pharmacokinetics

Pharmacokinetic (PK) analysis involved measurement of

serum levels of the therapeutic monoclonal antibody

(AGS-1C4D4) using a quantitative sandwich enzyme-

linked immunosorbent assay (Alta Analytical Laboratory,

San Diego, CA). PK sampling was performed at baseline

and at 2, 4, 6, 8, 24, 48, and 72 h after the first study drug

infusion, and at 7, 14, and 21 days after first drug infusion.

Thereafter, PK measurements were conducted every
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3 weeks (pre-dose, i.e., trough levels), and also at the

safety follow-up visit. The PK variables of interest inclu-

ded minimum and maximum observed serum concentra-

tions (Cmin, Cmax) of AGS-1C4D4, time to maximum

serum concentration (Tmax), area under the serum concen-

tration–time curve (AUC), systemic clearance (CL), vol-

ume of distribution at steady state (Vss), and serum half-life

within dosing interval (t1/2).

The PK time points were selected based on PK data

obtained from preclinical studies with AGS-PSCA and

AGS-1C4D4, and the Phase I dose-escalation study with

AGS-PSCA [8]. The primary purpose of obtaining PK in

the present study was to ensure there were no notable

differences in the PK of AGS-1C4D4 compared to AGS-

PSCA.

Statistical analysis

The primary endpoint of this study was to characterize the

safety and tolerability of AGS-1C4D4 in men with meta-

static castration-resistant prostate cancer, as assessed by

incidence and severity of adverse events (including serious

adverse events and DLTs). Secondary endpoints were to

determine the pharmacokinetic features of intravenously

administered AGS-1C4D4 and to assess for human anti-

human antibody responses against AGS-1C4D4.

Up to 18 subjects could have been enrolled in the study.

The exact number of subjects was dependent upon the

number of dose levels tested before the MTD was estab-

lished. With six subjects treated at the identified MTD level

or in the absence of a readily identifiable MTD at dose

level 4, the upper bound of the 80% confidence interval for

the DLT rate at that dose level would exclude a rate of 33%

if no patients developed DLTs. If there were no DLTs in

the six subjects that were treated at dose levels 1–3, the

upper bound of the 80% confidence interval for the DLT

rate at those dose levels would exclude a rate of 25%.

Patient demographics and other baseline characteristics

were summarized using conventional descriptive statistics

(mean, standard deviation, standard error, median, range).

Descriptive statistics were also used to summarize adverse

events; this was done separately by dose cohort and overall.

Adverse events were assigned a grade, as well as their

potential relationship to the study drug. Serious adverse

events, DLTs, those leading to treatment discontinuation,

and those resulting in death were considered separately.

Pharmacokinetic parameters were analyzed using non-com-

partmental models. Descriptive statistics were generated for

Cmin, Cmax, AUC, and t1/2. The number and percentage of

subjects developing anti-AGS-1C4D4 antibodies were

tabulated.

Tumor assessments based on CT scans were summa-

rized according to RECIST [9] using the following

categories: complete response, partial response, stable

disease, and progressive disease. Bone scan assessments

were categorized as disease regression, stable disease, and

progressive disease. For PSA measurements, descriptive

statistics were used to summarize baseline values and

changes from baseline at each study visit. The maximum

percent change in PSA was calculated for each patient. The

percentage of subjects with a 25 or 50% decline in PSA

from baseline was also tabulated. PSA doubling time

(PSADT) and PSA velocity were estimated for each patient

before and during treatment with the study drug. PSADT

was defined as the natural log of 2 divided by the slope of

the linear regression line of the natural log of PSA against

time (in months) [10]. PSA velocity was defined as the

slope of the linear regression line of PSA (in the natural

scale) against time (in months) [11]. Differences in within-

subject changes in PSADT and PSA velocity (before and

during treatment) were assessed using paired Student’s

t tests.

Statistical analyses were performed using SAS version

9.1 (SAS Institute Inc, Cary, North Carolina, USA). All

P values were two-sided, and statistical significance was

set at P \ 0.05.

Results

Patient characteristics

Between March 2008 and September 2009, thirteen

patients were enrolled in the study: five at the Johns

Hopkins Sidney Kimmel Comprehensive Cancer Center

and eight at the Memorial Sloan-Kettering Cancer Center.

All 13 subjects received at least one dose of AGS-1C4D4

and all were evaluable for safety and efficacy (Fig. 1). One

patient was treated at the first dose level (6 mg/kg), two

patients were treated at the second dose level (12 mg/kg),

three patients were treated at the third dose level (24 mg/kg),

and seven patients were treated at the fourth dose level

(48 mg/kg). Nine subjects (69%) completed all four planned

infusions of AGS-1C4D4 over 12 weeks, while four subjects

(31%) did not achieve the full duration of treatment. Of those

that came off study early, three discontinued therapy due to

disease progression and one discontinued due to physician

discretion. Five men extended treatment beyond four cycles,

as permitted per protocol. Of these, four subjects eventually

discontinued therapy due to disease progression and one

subject withdrew consent. Overall, the median number of

AGS-1C4D infusions was four (range, 3–12). No subject

discontinued treatment due to an adverse event.

Baseline demographic and clinical characteristics are

summarized in Table 1. All subjects were white, and more

than half were over the age of 75. Most patients had a
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Gleason sum of seven or less, and the type of primary

therapy was divided evenly between prostatectomy and

radiation. Two-thirds of participants had both bone metas-

tases and soft tissue involvement. All subjects had devel-

oped castration resistance at the time of study entry and had

received androgen suppression for a median of 4.3 years

(range, 0.4–11.0 years). Over half of subjects had previ-

ously been treated with chemotherapy for metastatic dis-

ease; all but one had received docetaxel. The median time

interval between the last chemotherapy dose and study entry

was 2.2 months (range, 0.9–35.9 months).

Safety

All subjects experienced at least one on-study adverse

event. These are listed in Table 2, stratified by dose cohort,

and summarized overall. The most common adverse events

(occurring in [15% of patients) were fatigue, arthralgia,

constipation, abdominal pain/discomfort, chest pain, diar-

rhea, musculoskeletal pain, and nausea. All except for one

of these events (an occurrence of chest pain) were grade-1/

2 toxicities. Only five adverse events were considered to be

related to AGS-1C4D4: four cases of fatigue and one case

of fever. Four grade-3 toxicities were reported: these

included chest pain, cellulitis of the scrotum/perineum,

acute gallstone pancreatitis, and generalized rash. None of

these grade-3 adverse events were considered to be related

to AGS-1C4D4. There were no grade-4 toxicities, no dose-

limiting toxicities, no infusion-related reactions, and no

fatal events.

AGS-1C4D4 antibodies

Serum samples from all 13 participants were analyzed for

the presence of anti-AGS-1C4D4 antibodies. Although

three patients tested positive by the electrochemilumines-

cence assay (the screening test), confirmation using the

immunodepletion assay was not achieved in any of these

patients. Therefore, none of the study subjects had mea-

surable antibody titers against AGS-1C4D4.

Pharmacokinetic results

Serum AGS-1C4D4 pharmacokinetic analyses were per-

formed on all 13 subjects (Table 3). The results of these

studies can be summarized as follows. Linear PK were

observed across all examined doses (6, 12, 24, and 48 mg/

kg). The peak serum AGS-1C4D4 concentration (Cmax)

was attained at the end of each intravenous infusion and

declined biphasically thereafter (Fig. 2). The final elimi-

nation phase was characterized by a slow clearance rate

(CL) and a long terminal half-life (t1/2). Median CL values

for the four dose levels ranged from 0.10 to 0.15 ml/h-kg,

and the t1/2 ranged from 1.9 to 2.9 weeks.

The volume of distribution of AGS-1C4D4 at steady

state (Vss) was approximately the same as the plasma

volume, suggesting that the therapeutic monoclonal anti-

body was not widely distributed outside the systemic cir-

culation. Median Vss ranged from 48 to 74 ml/kg. Systemic

exposure of AGS-1C4D4, as indicated by AUC(0-?) and

Cmax, increased proportionally with dose: a doubling in

Assessed for eligibility 

(N = 13 )

Failed screening  (n = 0)

Enrolled in study 

(n = 13)

Dose cohort 1

(n = 1)

Dose cohort 4

(n = 7) 

Dose cohort 2

(n = 2)
Dose cohort 3

(n = 3)

Analyzed for safety (n = 13)

Analyzed for efficacy (n = 13)

Fig. 1 CONSORT diagram
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dose resulted in a 2-fold increase in AUC and a 2-fold

increase in Cmax. An every-3-week dose schedule resulted

in systemic accumulation of AGS-1C4D4. Steady state

levels were attained by around week 10 to week 19, with an

approximate accumulation ratio at steady state ranging

from 2 to 3. The observed time-to-steady-state was about

five times the t1/2 of AGS-1C4D4.

Clinical responses

A waterfall plot showing best PSA response (maximum

decrease in PSA from baseline or minimum increase if no

decrease was observed) is depicted in Fig. 3. Five subjects

(38%) demonstrated PSA reductions on study, but only two

of these (15%) were substantial declines (one was a 47%

PSA reduction and the other was a 44% decline). Interest-

ingly, both of these patients were treated on the 12 mg/kg

cohort. No subject achieved a C50% PSA reduction at any

time during the study. Across all cohorts, the median time to

best PSA response was 6.1 weeks (range, 3.1–16.1 weeks),

and by 24 weeks after study entry all patients had experi-

enced PSA elevations.

The effect of the study drug on PSA kinetic parameters

measured before and after study entry was also assessed.

Median pre-treatment PSADT was 2.4 months, while

post-treatment PSADT was 6.8 months. This change was

not statistically significant (difference: ?4.4 months,

P = 0.15). Median pre-treatment log PSA velocity was

0.0010 ng/ml/month, while post-treatment log PSA velocity

was 0.0042 ng/ml/month. This change was also not statistically

significant (difference: ?0.0032 ng/ml/month, P = 0.79).

In terms of tumor evaluations, 11 subjects had bone

metastases at baseline (although 1 patient never had a

subsequent bone scan) and 10 subjects had soft tissue

metastases at baseline. Among those with bone lesions, 5

patients (50%) had progressive disease and 5 patients

(50%) had stable disease for C12 weeks. Among those

with soft tissue lesions, 4 patients (40%) had progressive

disease and 6 patients (60%) had stable disease for

C12 weeks. No objective tumor responses were observed.

Overall, 6/13 subjects (46%) had stable radiographic dis-

ease lasting C12 weeks and 7/13 subjects (54%) had tumor

progression in bone and/or soft tissue lesions.

Discussion

AGS-1C4D4 is an anti-PSCA monoclonal antibody pro-

duced in Chinese hamster ovary (CHO) cells that harbors

the same amino acid sequence as mouse hybridoma-

derived AGS-PSCA. Although comparability data encom-

passing amino acid sequence, in vivo preclinical antitumor

activity, tissue cross-reactivity, and a head-to-head com-

parison of pharmacokinetics in cynomolgus monkeys

demonstrated that the two agents were similar, there were

differences in glycosylation patterns and in vitro antibody-

dependent cellular cytotoxicity between the two com-

pounds. As such, there was a possibility that the behavior

of the two agents in humans may have differed. For this

reason, a separate rapid dose-escalation Phase I trial of

AGS-1C4D4 was conducted as requested by the FDA to

Table 1 Patient baseline characteristics

All patients (n = 13)

Age, years

Median (range) 75 (53–82)

Race, n (%)

White 13 (100%)

Other 0 (0%)

ECOG score, n (%)

0 6 (46%)

1 7 (54%)

Time from diagnosis, years

Median (range) 8.7 (3.7–17.1)

Type of local treatment, n (%)

Prostatectomy 6 (46%)

Radiation therapy 7 (54%)

Gleason score, n (%)

B7 9 (69%)

8 1 (8%)

9 3 (23%)

Baseline PSA, ng/ml

Median (range) 24.1 (0.27–935.2)

Sites of disease, n (%)

Bone metastases only 3 (23%)

Soft tissue disease only 2 (15%)

Bone metastases and soft tissue disease 8 (62%)

Duration of androgen deprivation therapy, years

Median (range) 4.3 (0.4–11.0)

Number of secondary hormonal manipulationsa

Median (range) 2 (1–4)

Prior chemotherapy, n (%)

Yes 7 (54%)

1st-line chemotherapy only 5 (71%)

1st-line and 2nd-line chemotherapy 2 (29%)

No 6 (46%)

Prior sipuleucel-T immunotherapy, n (%)

Yes 3 (23%)

No 10 (77%)

ECOG eastern cooperative oncology group, PSA prostate specific

antigen
a Secondary hormonal manipulations included: anti-androgens,

5a-reductase inhibitors, ketoconazole, corticosteroids, and estrogens.

No patient had received abiraterone acetate
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evaluate safety, tolerability, and pharmacokinetics. The

results of the present study using AGS-1C4D4 confirmed

that there are no notable differences in the safety, PK, or

antitumor effects between the two therapeutic antibodies.

Our study demonstrated that AGS-1C4D4 is a safe and

well-tolerated agent that was associated with only a few

grade 1–2 drug-related adverse events (namely fatigue and

fever), but no dose-limiting toxicities or infusion reactions.

It did not result in production of detectable anti-AGS-

1C4D4 antibodies. A maximum tolerated dose was not

reached. The recommended Phase II dose for AGS-1C4D4

is 48 mg/kg, based on the established safety of this regi-

men. An alternative Phase II dosing regimen, based on the

established safety in an expanded dose cohort in the Phase I

AGS-PSCA [8], is a loading dose of 48 mg/kg followed by

an every-3-weeks dose of 24 mg/kg.

Intravenous infusion of AGS-1C4D4 given every

3 weeks was associated with linear pharmacokinetics and a

long terminal half-life. Fifteen percent of patients (2/13)

achieved C25% reductions in PSA compared to baseline,

and on-study median PSA doubling time was non-signifi-

cantly increased compared to pre-study values. Forty-six

Table 2 Summary of adverse events, regardless of their relationship to the study drug

Adverse event Dose level 1 (n = 1)

6 mg/kg

Dose level 2 (n = 2)

12 mg/kg

Dose level 3 (n = 3)

24 mg/kg

Dose level 4 (n = 7)

48 mg/kg

Total (n = 13)

Any

grade

Grade

3/4

Any

grade

Grade

3/4

Any

grade

Grade

3/4

Any

grade

Grade

3/4

Any

grade

Grade

3/4

Fatigue 0 0 1 0 2 0 2 0 5 (38%) 0 (0%)

Abdominal

discomfort

0 0 1 0 0 0 2 0 3 (23%) 0 (0%)

Arthralgia 1 0 1 0 0 0 1 0 3 (23%) 0 (0%)

Constipation 1 0 0 0 1 0 1 0 3 (23%) 0 (0%)

Chest pain 0 0 0 0 0 0 2 1 2 (15%) 1 (8%)

Diarrhea 0 0 0 0 0 0 2 0 2 (15%) 0 (0%)

Musculoskeletal pain 0 0 0 0 0 0 2 0 2 (15%) 0 (0%)

Nausea 0 0 0 0 0 0 2 0 2 (15%) 0 (0%)

Acute pancreatitis 1 1 0 0 0 0 0 0 1 (8%) 1 (8%)

Atrial fibrillation 0 0 0 0 0 0 1 0 1 (8%) 0 (0%)

Cellulitis 0 0 0 0 0 0 1 1 1 (8%) 1 (8%)

Chills 0 0 0 0 0 0 1 0 1 (8%) 0 (0%)

Dizziness 0 0 0 0 0 0 1 0 1 (8%) 0 (0%)

Dyspnea 0 0 0 0 0 0 1 0 1 (8%) 0 (0%)

Fever 0 0 0 0 0 0 1 0 1 (8%) 0 (0%)

Headache 0 0 1 0 0 0 0 0 1 (8%) 0 (0%)

Muscle spasm 0 0 0 0 1 0 0 0 1 (8%) 0 (0%)

Peripheral edema 0 0 0 0 0 0 1 0 1 (8%) 0 (0%)

Rash 0 0 0 0 0 0 1 1 1 (8%) 1 (8%)

Thrombocytopenia 0 0 0 0 0 0 1 0 1 (8%) 0 (0%)

Weight loss 0 0 0 0 0 0 1 0 1 (8%) 0 (0%)

Table 3 Summary of pharmacokinetic parameters, stratified by dose level

Dose level Mean Cmax

(lg/ml)

Mean Cmin

(lg/ml)

Median

Tmax (h)

Median AUC(0-?)

(lg-d/ml)

Median CL

(ml/h-kg)

Median Vss

(ml/kg)

Median

t1/2 (wk)

6 mg/kg (n = 1) 154 42 1.0 2,420 0.10 70.6 2.9

12 mg/kg (n = 2) 394 90 2.0 4,580 0.11 48.1 1.9

24 mg/kg (n = 3) 595 130 1.7 7,900 0.13 69.0 2.3

48 mg/kg (n = 7) 1,060 275 2.3 13,300 0.15 73.8 2.1

Cmax maximum serum concentration, Cmin minimum serum concentration (trough), Tmax time to maximum serum concentration; AUC(0-?) area

under the serum concentration–time curve from time 0 to infinity, CL systemic clearance, Vss volume of distribution at steady state, t1/2

elimination half-life
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percent of men (6/13) had radiographic evidence of stable

disease lasting C12 weeks. These results are comparable to

those seen in the prior phase I study using AGS-PSCA in a

similar patient population [8]. Importantly, despite pre-

clinical differences in antibody-dependent cellular cyto-

toxicity, AGS-1C4D4 and AGS-PSCA have similar safety

and PK profiles.

The use of PSCA-directed antibody-based therapies is a

possible alternative for the treatment of advanced prostate

cancer. Such therapies can either rely on inhibiting the

function of the target antigen itself (in this case PSCA)

using a naked antibody or may take advantage of a cell-

surface antigen to deliver a payload by way of an antibody–

drug conjugate. Evidence of the former is suggested by

preclinical experiments showing that antitumor effects are

still observed in preclinical systems when using anti-PSCA

antibodies that are incapable of mediating complement-

dependent or antibody-dependent cytotoxicity [12]. The

payload approach (whereby an anti-PSCA monoclonal

antibody would be conjugated to a chemotherapeutic or

radiotherapeutic agent) would be most effective if the

target antigen was preferentially expressed in tumor tissue

over normal tissues and if the target was internalized after

antibody binding. This strategy has not yet been tested in

human clinical trials.

Because PCSA expression on tumor tissues may be

required for the therapeutic effect of AGS-1C4D4, con-

firming the presence of PSCA on patient tumor samples

through immunohistochemical staining or by other meth-

ods may optimize patient selection for future clinical trials.

Indeed, such analyses may even be possible using circu-

lating tumor cells, avoiding the need for tissue biopsies. In

addition, pharmacodynamic studies to assay antigen-

dependent cellular cytotoxicity may help to confirm whe-

ther the antitumor mechanism of this agent in humans

mirrors that seen in animal models.

Therefore, one way to reasonably move forward with

this agent could be to test AGS-1C4D4 as a monotherapy at

the 48 mg/kg dose in a conventional single-arm phase II

trial, but only in men with PSCA-expressing prostate

cancers. Alternatively, a new phase I/II study to establish

the optimal safe dosing of AGS-1C4D4 in combination

with docetaxel chemotherapy in men with chemotherapy-

naı̈ve castration-resistant prostate cancer would also be a

rational approach, borrowing from preclinical data showing

synergism with this combination in mouse xenograft

models [7]. However, it is sobering to note that, to date, no

experimental drug has been shown to improve the efficacy

of docetaxel in definitive randomized trials.

In addition to being found in prostate cancer, PSCA

expression has also been reported in a substantial propor-

tion of urothelial and pancreatic cancers [13, 14]. To this

end, further development of AGS-1C4D4 either as mono-

therapy or in combination with conventional chemotherapy

could also focus on these other tumor types. As proof of

this concept, a Phase II study of AGS-1C4D4 in combi-

nation with gemcitabine is currently underway in patients

with metastatic pancreatic cancer. However, a more

rational drug development approach would focus only on

patients whose tumors have been shown to express PSCA,

in an attempt to enrich for patients that may derive the

largest benefit from PSCA-directed therapies.

In conclusion, AGS-1C4D4 is a safe and well-tolerated

agent and has a predictable pharmacokinetic profile. A dose

of 48 mg/kg given by intravenous infusion every 3 weeks is

recommended for future trials. Such trials do not need to be

limited to prostate cancer patients, but confirmation of tumor

PSCA expression is likely to increase the therapeutic yield of

this agent. Using this platform to develop chemoimmuno-

conjugates or radioimmunoconjugates remains an exciting

possibility for the future.
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