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ABSTRACT

Purpose: The purpose of this research wasto determine
the safety, immunogenicity, pharmacokinetics, biodistribu-
tion, and tumor uptake of repeat infusions of a complemen-
tarity-determining region grafted humanized antibody (si-
brotuzumab) directed against human fibroblast activation
protein (FAP).

Experimental Design: A Phase | open-label dose escala-
tion study was conducted in patients with cancers epidemi-
ologically known to be FAP positive. Patients were entered
into one of four dosage tiers of 5, 10, 25, or 50 mg/m?
sibrotuzumab, administered weekly for 12 weeks, with trace
labeling with 8—10 mCi of **4 in weeks 1, 5, and 9.

Results: A total of 26 patientswereentered into thetrial
(15 males and 11 females, mean age, 59.9 years, age range,
41-81 years). Twenty patients had colorectal carcinoma,
and 6 patients had non-small cell lung cancer. A total of 218
infusions of sibrotuzumab were administered during the
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first 12 weeks of the study, with 24 patients being evaluable.
One patient received an additional 96 infusions on contin-
ued-use phase for a total of 108 infusions over a 2-year
period, and 1 patient received an additional 6 infusions on
continued use. There were no objective tumor responses.
Only one episode of dose-limiting toxicity was observed.
Therefore, a maximum tolerated dose was not reached.
Treatment-related adverse events were observed in 6 pa-
tientsduring the infusional monitoring period. Four of the 6
patients, 3 of whom had associated positive serum human
antihuman antibody, were removed from the study because
of clinical immune responses. Gamma camera images of
[**Y]sibrotuzumab demonstrated no normal organ uptake
of sibrotuzumab, with tumor uptake evident within 24—48 h
after infusion. Analysis of pharmacokinetics demonstrated a
similar mean terminal t,,, of 1.4-2.6 daysat the5, 10, and 25
mg/m? dose levels, and with alonger mean t,,, of 4.9 days at
the 50 mg/m? dose level.

Conclusion: Repeat infusions of the humanized anti-
FAP antibody sibrotuzumab can be administered safely to
patients with advanced FAP-positive cancer.

INTRODUCTION

The growth of solid neoplasms, including epithelial cancers
(carcinomas), beyond a diameter of about 1-2 mm requires the
formation of a supporting tumor stroma to ensure the supply of
nutrients for tumor cell survival and growth (1). In carcinomas,
such as breast, colorectal, or lung cancers, the supporting tumor
stroma comprises two major cell types: newly formed blood
vessels and activated tumor stromal fibroblasts. The tumor
stroma compartment represents a major component of the mass
in most carcinomas, with 20-50% commonly seen in breast,
lung, and colorectal cancers and reaching >90% in carcinomas
with desmoplastic reactions. Unlike the malignant epithelial
cells of carcinomas, the tumor capillary endothelial cells and
activated tumor stromal fibroblasts are not transformed geneti-
caly, do not permit overgrowth of clonal variants, and do not
show the genetic and phenotypic heterogeneity observed in the
malignant cells. However, they differ from resting capillary
endothelia cells and resting fibrocytes of normal adult tissuesin
morphology, molecular structure (as determined with antibody
probes), gene expression profile, and production of biologically
important mediators and proteases (2, 3).

The concept of targeting antigens expressed selectively on
the surface of tumor capillary endothelial cells or in tumor
stroma has emerged as a promising new area of cancer thera-
peutics. A critical element in this approach is to identify anti-
gens highly expressed in tumors but with suitably restricted
expression patterns in normal tissues (4). For targeting tumor
stroma, the most advanced studies are those involving the mouse
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mAb,® F19, which is directed against activated tumor stromal
fibroblasts (3, 5). Immunohistochemical studies with a range of
normal and neoplastic human tissues have shown no F19 im-
munoreactivity in any normal adult organs tested, except for a
subset of endocrine cells in the pancreatic idlets, presumably
glucagon-producing A cells (3, 5). Tests with human tumor
tissues have identified two distinct patterns of F19 immunore-
activity: a proportion of soft tissue and bone sarcomas, notably
malignant fibrous histiocytomas, express the F19 antigen as a
classical tumor antigen on transformed cells (5), and a large
proportion of carcinomas of the breast, colorectum, lung, pan-
creas, stomach, and esophagus, as well as squamous cell carci-
nomeas of the head and neck (i.e., >90% of cases studied) show
strong and consistent F19 immunoreactivity in their tumor stro-
mal fibroblast compartment (3). Identical patterns of F19 im-
munoreactivity have been detected in primary and metastatic
tumors. Among the non-neoplastic lesional tissues examined by
immunohistochemistry, F19 immunoreactivity has been ob-
served in the activated fibroblast compartment of healing
wounds (3), rheumatoid arthritis, and liver cirrhosis (6).

The cell surface molecule recognized by mAb F19 on
activated fibroblasts and certain sarcoma cell lines has been
identified (7, 8), and molecularly cloned (9) and designated
FAP« (9) or FAP (10). FAPisanovel type || membrane-bound
glycoprotein belonging to the serine protease gene family, and is
known to have dipeptidyl peptidase activity (11, 12). Whereas
expression of murine FAP in transfected cell lines has been
shown to enhance tumor growth in vivo, the physiological role
of FAP is yet to be determined, and the factors responsible for
tumor induction of FAP are unknown (13). Investigation of the
effects of targeting FAP in tumor with an animal model has not
been possible, because there is no suitable transgenic mouse
model. Neverthel ess, therapeutic strategies afforded by targeting
of FAP in human tumor by mAbs include mediation of immune
effector function effects on stroma, and the delivery of radio-
isotopes, drugs, or toxins to tumor, which could result in stromal
ablation and disruption of nutrient supply to tumor cells, or
direct effects on tumor cells causing cell death.

Two Phase | quantitative biodistribution studies with *3%-
labeled mAb F19 in presurgical patients with hepatic metastasis
from colorectal cancer, and in soft tissue sarcoma, have been
performed previously (14, 15). These studies demonstrated the
proof in principle of stromal targeting, with selective mAb F19
accumulation in tumor demonstrated by biodistribution imaging
studies and biopsy analysis, and minimal localization to any
normal tissue (14, 15).

3 The abbreviations used are: mAb, monoclonal antibody; FAP, fibro-
blast activating protein; DLT, dose-limiting toxicity; SPECT; single
photon emission computed tomography; HAHA, human antihuman an-
tibody; Ca. mMaximum serum concentration; AUC, area under the
serum concentration curve extrapolated to infinite time; CL, total serum
clearance; V,, volume of distribution, central compartment; Vg, volume
of distribution at steady state; t,,,,, half-life of the initial phase of
disposition; t,,5, half-life of the terminal phase of disposition; %AUCS
proportion of area under the serum concentration curve under the
termina phase of disposition; Cp,s), Peak plasma concentrations at
steady state C, (s, trough plasma concentrations at steady state; CTC,
National Cancer Institute Common Toxicity Criteria.

On the basis of the results with the murine mAb F19, and
to address problems of immune responses to murine antibodies,
a humanized version of the mAb F19 (sibrotuzumab) has been
developed. The humanization was performed using the comple-
mentarity determining region grafting strategy with preservation
of selected framework region residues (16). The humanized
antibody sibrotuzumab has been shown to bind to FAP in vitro
in the same manner as its murine counterpart, but has not been
shown to affect FAP enzymatic activity. This first-in-humans
clinical trial was designed to investigate the safety of increasing
doses of sibrotuzumab, and also to investigate the effect of
escalating protein doses on pharmacokinetics and biodistribu-
tion of the humanized antibody, which may have significant
implications in the optimal dose for targeting of tumors. We
report here the results of the first human clinical study of
sibrotuzumab.

MATERIALS AND METHODS

Sibrotuzumab Production. Sibrotuzumab was pro-
duced under GMP conditions by Boehringer Ingelheim Pharma
KG. Thetria was conducted under an Investigational New Drug
application from the United States Food and Drug Administra-
tion, and was approved by the Ingtitutional Research Ethics
Committee of al of the study sites.

Trial Design. This trial was a multicenter, open-label,
dose-escalation Phase | study. The objectives of this trial were
to assess the safety, immunogenicity, pharmacokinetics, and
biodistribution associated with increasing doses of sibrotu-
zumab administered weekly by i.v. infusion at doses of 5 mg/
m?, 10 mg/m?, 25 mg/m?, and 50 mg/m?. Twelve infusions of
sibrotuzumab were administered at weekly intervals, with infu-
sions 1, 5, and 9 trace labeled with 8—10 mCi of *3*. Blocking
of thyroid uptake of free !| was performed in all of the patients
with oral saturated solution potassium iodide or Lugol’s solu-
tion, beginning before each [**!1]sibrotuzumab infusion, and
continuing for 1-2 weeks. Six patients were entered at each dose
level for evaluation of toxicity. Dose escalation was performed
only after 3 patients had received 4 weeks of treatment, with no
evidence of DLT. DLT was defined as any CTC grade 3
drug-related nonhematologic toxicity, except nausea or vomit-
ing, and any CTC grade 4 drug related toxicity, including
vomiting. All of the doses of sibrotuzumab were prepared in 100
ml of normal saline containing 5% human serum abumin.
Sibrotuzumab was administered weekly by i.v. infusion over a
period of 60 min.

Patients. Eligibility criteria for entry into the trial were:
(a) patients with one of the following histologically confirmed
malignancies: colorectal, non-small cell lung, breast, or head
and neck cancer; (b) disease that was advanced, nonresectable,
and/or metastatic, and had failed or refused conventional treat-
ment; (c) Karnofsky performance status =70; (d) measurable or
evaluable disease; (€) expected survival of =4 months; (f) =18
years of age; (g) absolute granulocyte count =1.5 X 10%liter;
(n) platelet count >100 X 10%liter; (i) serum creatinine <2.0
mg/dl (0.20 mmol/liter); alanine aminotransferase/aspartate
aminotransferase =3 X upper limit of normal; (j) bilirubin <2
mg/dl (34 pmol/liter); and (K) ability to provide written in-
formed consent. Patients with active metastatic disease to the
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central nervous system; exposure to an investigational agent,
systemic chemotherapy, immunoctherapy, or radiation therapy
within 4 weeks before study entry; previous treatment with a
murine, chimeric, or humanized antibody and/or antibody frag-
ment; and any serious illness were excluded from this study.
Patients who had not fully recovered from surgery as evidenced
by incomplete granulation, infection, or localized edema at the
incision site; who had autoimmune disease or hypertrophic skin
conditions; women who were breast feeding or pregnant; and
men or women of child-bearing potential who were unwilling to
use a medically acceptable method of contraception were aso
excluded. Concurrent use of systemic corticosteroids or immu-
nosuppressant agents was not allowed.

Radiolabelling of Sibrotuzumab. The antibody sibrotu-
zumab was labeled with *31 by the chloramine-T method (17).
The labeled mixture was purified by chromatography on col-
umns of Sephadex G50 (Amersham Pharmacia, Uppsala, Swe-
den) equilibrated with 1% human serum abumin in saline.
Radiochemical purity of labeled antibody was analyzed by
instant-thin layer chromatography-silica gel using 10% wi/v tri-
chloroacetic acid as solvent, and >95% radiochemical purity
was required before patient infusion. The immunoreactivity of
antibody sibrotuzumab after radiolabeling was determined using
the Lindmo assay as described previously (17) and HT 1080
clone 33 FAP-positive target cells.

Gamma Camera Imaging. Whole body images of
[**!]sibrotuzumab biodistribution were obtained in patients on
day O after infusion of [**!]sibrotuzumab, and on at least 4
additional occasions up to day 7 after infusion. Using a dual-
headed gamma camera, anterior and posterior images were
obtained simultaneously. Images were collected using high-
energy, high-resolution collimation. SPECT images of a region
of the body with known tumor were also obtained on at least one
occasion during this period.

Biodistribution Analysis of [**!1]Sibrotuzumab. The
biodistribution of [***I]sibrotuzumab was evaluated from se-
quential whole body images obtained in each patient for 1 week
after [**!]sibrotuzumab infusions. The distribution pattern of
[**}]sibrotuzumab was determined both for patients within each
dose level and across dose levels, and in individual patients for
sequential [***]sibrotuzumab infusions. Comparison of biodis-
tribution data to results of HAHA analysis, as well as clinica
adverse events related to sibrotuzumab infusion, was also per-
formed.

Pharmacokinetics. Multiple serum samples were col-
lected after sibrotuzumab infusions for pharmacokinetics of 3
total radioactivity by gamma counting in weeks 1, 5, and 9.
Sibrotuzumab protein was measured by ELISA in these sam-
ples, and in additional peak and trough samples that were taken
before and immediately after each unlabelled sibrotuzumab in-
fusion. The ELISA was a noncompetitive assay using anti-
sibrotuzumab idiotype mAbs, with alower limit of quantitation
of 10 ng/ml and an intra-assay precision of 2.5-4.6% over the
measurement range. Compartmental model fitting (1 or 2 com-
partments) was performed on data sets of individual patients
using the program TOPFIT (18). Single dose fitting was per-
formed for the [**!]sibrotuzumab data, because the interval
between radioactive doses was more than five times longer than
the maximum half-life of sibrotuzumab. Multiple dose fitting

procedures were used for the ELISA data. The following pa-
rameters were calculated from the model: C,,.., AUC, CL, V,
Vs tize @0 ty/55, WAUCE, Cpaxisg AN Crryipss)-

HAHA. For HAHA measurements, serum samples were
taken before each infusion and up to 4 weeks after the last
infusion. HAHA analysis was performed by Biacore (19), and a
sandwich type “double antigen” ELISA based on a reported
format (20). Sibrotuzumab was used as capture antigen and
horseradish peroxidase-labeled sibrotuzumab as a detection re-
agent. For Biacore measurements, a cutoff value of 26 response
units was calculated from the individual response values of 25
predose samples (19). In the ELISA, a standard curve was
constructed using defined amounts of a murine monoclonal
anti-sibrotuzumab idiotype antibody. The lower limit of quan-
titation of the ELISA was 20 ng/ml anti-idiotype equivalents,
and this was defined to be the cutoff value. All of the samples
with a response above the cutoff value in either the Biacore
assay or ELISA were considered to indicate a positive anti-
sibrotuzumab immune response. A positive anti-sibrotuzumab
immune response was characterized additionally in Biacore
blocking experiments using mAb F19 (the parental murine mAb
from which sibrotuzumab has been engineered), and human
1gG1 control mAb as described (19).

RESULTS

Patient Characteristics. A total of 26 patients were en-
tered into the trial (15 males and 11 females; mean age, 59.9
years, age range, 41-81 years). Twenty patients had colorectal
carcinoma, and 6 patients had non-small cell lung carcinoma.
The patient demographics, including prior treatment and sites of
disease on study entry, and number of infusions of sibrotuzumab
received, are detailed in Table 1. Two of the 26 patients with-
drew from the study before completing 4 weeks of treatment
without experiencing DLT and were replaced. A total of 218
infusions of sibrotuzumab were administered during the first 12
weeks of the study, with 24 patients being evaluable. One
patient received an additional 96 infusions on continued-use
phase for a total of 108 infusions over a 2-year period, and 1
patient received an additional 6 infusions on continued use.

Adverse Events. Adverse eventsrelated to sibrotuzumab
are listed in Table 2. One episode of DLT was observed at the
50 mg/m? dose level, and, therefore, maximum tolerated dose
was not reached. This particular patient experienced back pain
(CTC grade 3), which resolved within 30 min, but this episode
was dose limiting according to protocol definitions. The patient
also experienced flushing, hypertension, fever, and rigors. Some
of these symptoms, as well as coughing, dyspnea, and hypoxia
(secondary to rigors) were considered related to sibrotuzumab in
another 5 patients. Three of these 6 patients were removed from
study because of symptoms of clinical immune response asso-
ciated with positive serum HAHA.

Biodistribution Analysis of [**!1]Sibrotuzumab. The
biodistribution pattern after infusion of [***1]sibrotuzumab was
consistent with blood pool activity, with no normal organ in-
creased uptake after the first infusion of [***1]sibrotuzumab in
all of the patients at all of the dose levels (Figs. 1-3). Clearance
from al of the normal organs was observed to occur over the 1
week of imaging consistent with blood pool clearance. In some
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Tablel Patient characteristics

Dose group Patient Age No. of infusions
(mg/m?) ID Gender KPS® (years) BSA (m?)  administered  Tumor type® Prior treatment® Sites of disease?
5 103 Female 90 81 15 7 NSCLC RT and CT Liver
5 104 Mae 80 54 211 9 NSCLC RT and CT Lung
5 137 Femae 90 48 1.82 12 Colorectal CTand IT Liver
5 138 Made 80 60 1.61 2 NSCLC CT Lt lung, Rt and Lt adrenal
5 139 Femae 80 56 1.52 5 Colorectal CT Liver
5 140 Made 90 76 1.86 108 Colorectal  CT and RT Liver
5 142 Mae 90 60 2.25 12 Colorecta CT and RT Azygo-oesophageal LN, liver,
lung, para-aortic LN
10 101 Made 100 70 2.08 9 NSCLC RT and CT Adrenal
10 102 Femade 70 64 221 8 Colorecta RT, IT and CT Rt and Lt lung
10 108 Femae 80 43 18 7 Colorecta CT Retroperitoneal and mesenteric LN
10 128 Femae 90 69 1.89 4 Colorectd  CT Liver
10 134 Mae 90 45 1.86 12 Colorectal None Liver
10 141  Mae 70 43 1.85 12 NSCLC CT Rt and Lt lung, mediastinal LN
25 105 Mae 100 55 231 8 Colorectal  CT Liver
25 106 Made 20 59 2.63 5 Colorectd  CT Rt and Lt lung
25 125 Mae 90 57 218 8 Colorecta CT Lt lung, abdominal LN
25 126 Femae 90 14 1.63 10 Colorectal RT and CT Liver, spleen
25 143  Mae 90 71 2.26 12 Colorecta CT and surgery Liver
25 146 Mae 90 60 1.84 8 Colorectal CT Rt and Lt lung, liver
50 107 Femae 80 65 192 12 Colorecta RT and CT Rt and Lt lung
50 127 Femde 70 7 18 1 Colorecta CT Rt and Lt lung, liver, chest and
abdominal LN
50 129 Mae 90 7 18 4 Colorectd  CT Rt lung
50 130 Femae 90 41 16 4 Colorecta RT and CT Hilum, Lt lung
50 144 Femae 90 56 1.76 18 NSCLC RT and CT Lt neck, Rt lung
50 145 Made 920 56 2.03 11 Colorectal  CT Liver
50 147 Mae 100 71 1.82 12 Colorectal RT and CT Rt and Lt lung, liver

2 Abbreviations: KPS, Karnofsky Performance Status; BSA, Body Surface Area.
P NSCLC, non-small cell lung carcinoma.
¢ RT, radiotherapy; CT, chemotherapy; IT, immunotherapy.
dLt, left; Rt, right; LN, lymph nodes.

Table2 Adverse events related to sibrotuzumab

Treatment at onset

5 mg/m? 10 mg/m? 25 mg/m? 50 mg/m? Total
n % n % n % n % n %
Summary data
Total number of patients 7 100 6 100 6 100 7 100 26 100
Total with any adverse event 1 14 2 33 1 17 2 29 6 23
related to sibrotuzumab
Adverse events
Anorexia — — — — — — 1(1) 14 1 4
Flushing 1(2)? 14 1(1) 17 1(1) 17 11 14 4 15
Back pain — — — — — — 1(3 14 1 4
Fever — — — — — — 1(2 14 1 4
Rigors 1(2 14 1(1 17 1(2 17 2(2) 29 5 19
Hypertension — — 1(1) 17 — — 1(2) 14 2 8
Coughing — — — — 1(2 17 — — 1 4
Dyspnea — — — — 1(2 17 — — 1 4
Hypoxia 1(2) 14 — — — — — — 1 4

2 Figure in parentheses indicates CTC grade for adverse event.

patients minor uptake of !l was evident in the thyroid, and less
frequently in the stomach, consistent with free ** uptake (Fig.
3). In 3 patients minor low-grade uptake in the knees and
shoulders was observed, with no clinical symptoms of arthritis
(Fig. 3). There was no difference in the observed pattern of
biodistribution of [**!I]sibrotuzumab between dose levels.

Repeat infusions of [***1]sibrotuzumab, when HAHA was
not present, showed a similar pattern of blood pool clearance
and normal organ uptake compared with the first [***1]sibrotu-
zumab infusion. This was observed for up to 10 infusions of
[*3!]sibrotuzumab over four cyclesin 1 patient (Fig. 3).

High, selective uptake of [**]sibrotuzumab in sites of
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Fig. 1 Biodistribution and targeting of [***I]sibrotuzumab to metastatic colorectal carcinomain patient 137, infusion 1, 5 mg/m? dose level. A, day
0 anterior whole body gamma camera image showing blood pool activity only. Metastatic lesions in the liver show reduced blood pool activity
(arrow). B, day 2; C, day 4; D, day 7 postinfusion, showing excellent uptake in metastatic lesionsin the liver, and in omentum (arrows). E, transverse
and (F) coronal SPECT images of the liver showing high specific uptake in metastatic lesions: central necrosisin liver metastases is also evident. G,
computed tomography through same transverse plane as SPECT image in E.

Fig. 2 Targeting of [***1]sibrotuzumab to metastatic
tumors (black arrows). Anterior whole body gamma
camera images day 3 after infusion of: (A) patient
139, 5 mg/m? dose level, showing targeting to liver
metastases of colorectal carcinoma; (B) patient 105,
25 mg/m? dose level, liver metastases of colorectal
carcinoma; (C) patient 144, 50 mg/m? dose level,
non-small cell lung carcinoma.

metastatic disease >1.5 cm was evident in al of the patients,
often as early as day 2 after infusion (Figs. 1-3). The targeting
of metastatic disease was observed after multiple infusions of
sibrotuzumab (Fig. 3), indicating the selective and consistent
targeting of sibrotuzumab to tumor.

HAHA was associated with altered biodistribution com-
pared with the first infusion datasets in all of the patients where
HAHA was present at the time of [***1]sibrotuzumab infusion
(Table 3). In 3 patients (patients 139, 142, and 106) altered
biodistribution was associated with relative increased liver up-
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Fig.3 Consistent  targeting
of [**4]sibrotuzumab to meta-
static  colorectal  carcinoma
(black arrow) in patient 140
liver with repeat infusions over
* 2 cycles. Anterior whole body
3 gamma camera images after
# infusion with 5 mg/m? [**4]si-
brotuzumab. A, day 5 1st infu-
sion, cycle 1; B, day 5, 9th
infusion, cycle 1; C, day 6,
1st infusion, cycle 2; D, day
6, 9th infusion, cycle 2.

Table3 The relationship of HAHA to the biodistribution of [**41]Sibrotuzumab, pharmacokinetics, and adverse events related to sibrotuzumab

Infusion number at
which HAHA first

No. of detectable Peak HAHA level
0.0
Dose group infusions ELISA Biacore Change Change in Related

Patient 1D (mg/m?) given ELISA Biacore (ng/ml) (RU)* in PK? biodistribution? AE?
137 5 12 6 5 17.9 490 Y Y N
138 5 2 FU FU 0.25 107 Y ND N
139 5 5 4 3 184 741 Y Y YP
142 5 12 9 9 1.68 109 Y Y N
102 10 8 6 5 0.122 139 Y Y '
106 25 5 6 3 0.032 157 Y Y N
146 25 8 8 8 0.372 150 Y ND YP
129 50 4 FU 4 0.53 113 Y ND Yd

cutoff: 0.02 26

a Abbreviations: RU, response units; ND, not determined—patients taken off study between positive HAHA result and next [*3!1]sibrotuzumab
infusion; Y, Yes; N, No; AE, adverse event; PK, pharmacokinetics;, FU, 30 day follow-up sample after final infusion.

b CTC Grade 2.
¢CTC Grade 1.
4 CTC Grade 3 (back pain).

take, as well as reduced tumor uptake, and faster blood and
whole body clearance of [***I]sibrotuzumab. However, the total
liver uptake and retention of [**Y]sibrotuzumab in these 3
patients was reduced compared with the first infusion. In the
remaining 2 patients (patients 137 and 102), altered biodistri-
bution was observed with faster whole body clearance and
reduced tumor uptake, but no evidence of relative increased
liver or spleen uptake. The presence of atered biodistribution
corresponded with the development of faster serum pharmaco-
kinetic measurements in patients compared with first infusion
results.

Pharmacokinetics. A typical set of sibrotuzumab serum
concentration-time curves measured by total *3* radioactivity
and ELISA is shown in Fig. 4. Overall, there was very good

agreement between sibrotuzumab serum concentrations and
pharmacokinetic parameters measured by the two methods. The
mean terminal half-life (t,,,,) of [**1]sibrotuzumab based on
serum radioactivity measurements increased with dose from 2.1
days (5 mg/m?) to 5.2 days (50 mg/m?), and the mean clearance
decreased from 65 to 31 ml/h. C,,, and AUC increased in a
dose-dependent fashion (Table 4). There was no clear dose
dependence of V. (3.2-4.6 liters) or V (4.2-5.9 liters). The
data fitting yielded two-compartment kinetics, with 88—94% of
AUC attributable to the elimination phase (Table 4). The mean
terminal half-life of sibrotuzumab based on ELISA measure-
ments increased with dose from 1.4 days (5 mg/m?) to 4.9 days
(50 mg/m?), and the mean clearance decreased from 86 to 42
mi/h (Table 5). Cpinss)r Crnax(ssy @d AUC, which are measures
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Fig. 4 Comparison of typical serum concentration-time profiles of
sibrotuzumab measured as **! radioactivity (-x-) and by ELISA (--)
for patient 145, 50 mg/m? dose level. The symbols indicate measured
data, the curves represent 2-compartment model fits. No HAHA was
evident in this patient.

of systemic exposure, increased dose-dependently. Vg in-
creased slightly from 3.9 to 5.5 liters over the dose range. The
data fitting yielded one-compartment kinetics in the 5 and 10
mg/m? dose groups, and two-compartment kineticsin the 25 and
50 mg/m? dose groups. In the latter, >90% of AUC was
attributable to the elimination phase.

HAHA. Of the 25 patients given =2 infusions of sibro-
tuzumab, HAHA responses occurred in 8 patients (32%) after
2-8 infusions. Only 4 of these patients experienced adverse
eventsthat were considered to be related to study drug (Table 3),
and an additional 2 patients who experienced adverse events did
not develop HAHA. The incidence of HAHA decreased with
increasing dose, from 4 of 7 patients in the 5 mg/m? dose group
to 1 of 6 patients at 50 mg/m?.

The times of onset and the concentrations of HAHA at-
tained were highly variable. The HAHA response increased with
repeated dosing and persisted beyond the administration of the
last infusion. The Biacore method appeared to be more sensitive
than the ELISA regarding the detection of the first positive
HAHA response (Table 3). Maximum HAHA levels (ELISA)
ranged from 0.032 to 17.9 pg/ml (Table 3). The changes ob-
served in the serum radioactivity profiles and the occurrence of
interferences in sibrotuzumab serum concentration measure-
ments by ELISA coincided with the time course of HAHA
development. There was no correlation between the magnitude
of HAHA levels and adverse events.

In Biacore blocking experiments sibrotuzumab blocked
HAHA-positive sera completely, and mouse mAb F19 partialy
(data not shown). Human 1gG1 control antibodies and mouse
isotype control antibodies did not block HAHA-positive sera,
indicating that the immune response was directed against
epitopes located within the variable regions of sibrotuzumab.

Tumor Responses. At the end of the 12 weeks, 2 pa-
tients had stable disease and continued to receive unlabelled
antibody. Patient 144 continued to receive sibrotuzumab at a
dose of 50 mg/m? for 6 additional weekly infusions and then
experienced disease progression. Patient 140 received a total of

108 weekly infusions of 5 mg/m? sibrotuzumab and then also
experienced disease progression. Twenty-one patients had dis-
ease progression at the time of restaging. One patient was not
assessed for tumor response.

DISCUSSION

This study is the first report of the successful targeting of
a tumor stromal antigen in epithelial cancers in patients by a
humanized mAb. Sibrotuzumab was well tolerated and could be
safely administered by weekly infusion to patients with ad-
vanced FAP-positive malignancies. One episode of DLT was
observed, and maximum tolerated dose was therefore not
reached. Additional dose escalation was not performed in view
of the lack of toxicity observed, the consistent biodistribution
and tumor targeting demonstrated across dose levels, and the
serum concentrations achieved. Of the 26 patients entered into
the study, adverse events considered to be related to sibrotu-
zumab were observed in only 6 patients, and 3 of 6 patients were
removed from study because of clinica immune responses
associated with positive serum HAHA. Sibrotuzumab was ad-
ministered for up to 108 infusions in 1 patient over a 2-year
period, indicating the tolerance by patients of the treatment
regime.

The biodistribution images of [***1]sibrotuzumab showed
minimal normal tissue uptake, with essentially blood pool dis-
tribution of [**4]sibrotuzumab observed over a 1-week period.
There was no difference in the biodistribution pattern of [*31]si-
brotuzumab between dose levels. Importantly, [***1]sibrotu-
zumab showed rapid and selective uptake in sites of tumor, often
by 1-2 days after infusion, and successfully targeted sites of
diseasein liver, lung, and soft tissue (Figs. 1-3). Thisfinding of
excellent tumor uptake at low protein doses in conjunction with
the biodistribution data indicates that a large normal tissue
antigen pool does not exist for FAP. This is distinct from other
antibodies that target antigens that have high normal tissue
expression (e.g., rituximab, trastuzumab), where much higher
protein doses are required to achieve comparable tumor uptake
and serum concentrations. In the absence of HAHA, this bio-
distribution pattern and specific tumor uptake was observed in
all of the patients for repeat [***1]sibrotuzumab infusions during
a 12-infusion treatment cycle. The biodistribution results are
similar to that seen with prior studies with the murine form of
sibrotuzumab (mAb F19), and provide additional evidence of
the lack of normal tissue expression of the FAP antigen as a
target for sibrotuzumab.

Sibrotuzumab exhibited moderately nonlinear one- or two-
compartment pharmacokinetics in this study population; the
terminal phase t,,, (based on ELISA) ranged from 1.4 to 4.9
days over the dose range 5-50 mg/m?. The good agreement
between serum concentrations and pharmacokinetic parameters
determined by radioactivity and the ELISA method indicates
that the ***| radioisotope label is metabolically stable in vivo.

The half-life of sibrotuzumab found in this study is rather
short compared with available literature data on the pharmaco-
kinetics of humanized antibodies, in which half-lives in the
range of 6—20 days have been reported (21-23) at various
antibody doses. It is possible that the murine complementarity
determining region and residual framework segments of sibro-
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Table4 Mean pharmacokinetic parameters of [**'1]Sibrotuzumab based on total radioactivity

Dose group Crnax CL V. Ve 120 tyop AUC AUC,
(mg/m?) n° (ng/mi) (mi/h) (liter) (liter) Q) (day) (ng=h/ml) (%)
5 16 Mean 2,67 64.5 343 4.17 6.88 212 154 94.0

SD 0.336 17.2 0.633 0.744 7.51 0.81 355 9.40
10 11 Mean 5.47 62.9 3.63 4.18 8.70 2.25 345 93.3

sD 0.865 273 0.940 0.887 8.74 0.85 109 9.39
25 6 Mean 12.12 64.5 4.60 5.85 13.74 294 883 87.7

sD 1.50 6.64 0.66 0.88 10.51 0.70 136 12.78
50 12 Mean 29.5 30.9 3.15 4.64 13.0 521 3300 92.6

sD 3.03 9.97 0.318 0.803 10.2 2.40 881 6.90

2 n indicates the number of single dose data sets used that were not affected by HAHA development. Includes data after infusions 1, 5, and 9
for each subject when available, and data from the additional treatment cycles of patient 140 in the 5 mg/m? dose group.

Table5 Mean pharmacokinetic parameters of sibrotuzumab measured by ELISA

Dose group Crring Crnaxey CL \_/Ca = tyoes g AUC
(mg/m?) n (pug/mI)) (pLg/mIB (ml/h) (liter) (liter) (h) (day) (pgxh/ml) AUC; (%)
5 7  Mean 0.0779 253 86.3 — 3.90 — 1.36 105 —
sD 0.061 0.38 217 — 0.78 — 0.29 34.9 —
10 6  Mean 0.343 5.07 87.8 — 4.83 — 1.76 275 —
sD 0.272 141 53.9 — 1.97 — 0.41 119 —
25 6  Mean 161 12.8 65.4 452 5.46 10.1 2.62 929 94.4
sD 0.60 12 15 113 1.40 121 0.82 85.3 114
50 7  Mean 7.73 31.0 41.9 3.85 5.47 16.6 4.86 2610 90.4
sD 514 5.6 16 0.419 1.36 10.1 252 971 112

2 Not available for subjects who exhibited one-compartment kinetics.

tuzumab contribute significantly to the pharmacokinetics of this
humanized 1gG1. Other pharmacokinetic parameters are similar
to known data for physiological 1gG. The initial volume of
distribution (V) of 3.9—4.5 liters corresponds approximately to
the serum volume, and V  was only dlightly higher (up to 5.5
liters) indicating limited distribution of sibrotuzumab outside
the blood compartment. The trend toward a decrease of clear-
ance and increase of terminal half-life of sibrotuzumab with
increasing dose may be attributable to saturation of a clearance
mechanism of the antibody. The biological rationale for this
kinetic nonlinearity is not known. The lack of normal tissue
uptake of sibrotuzumab on biodistribution images would indi-
cate that FAP expression in normal tissues would be highly
unlikely to explain the pharmacokinetic results observed. The
relatively short half-life of sibrotuzumab could be advantageous
for radioimmunotherapy because it would limit bone marrow
exposure, which is the expected DLT for radioisotope-labeled
sibrotuzumab.

The incidence of HAHA was 8 of 25 patients (32%), and
occurred after 2—8 weekly infusions of sibrotuzumab. Whereas
HAHA incidence appeared to decrease at higher doses, this may
merely reflect the small numbers of patients included in each
dose cohort. The occurrence of HAHA as measured by double-
antigen ELISA and Biacore coincided with an increase in clear-
ance and volume of distribution measured by [***1]sibrotu-
zumab serum radioactivity, but did not correlate with the
magnitude of related adverse events, with only 4 of 8 patients
with positive HAHA demonstrating symptoms attributable to
HAHA. The development of HAHA was also associated with
atered biodistribution, compared with first infusion image data-
sets, in all 5 of the patients with HAHA present at the time of an

[**4]sibrotuzumab infusion. This change in biodistribution did
not result in an increase in uptake and retention of [***]sibro-
tuzumab in the whole body or normal organs dosimetry analysis,
compared with the first infusion, in any of these patients (data
not shown). Importantly, when HAHA was negative at the time
of [**4]sibrotuzumab infusion, all of the patients had unaltered
biodistribution. This direct correlation between HAHA meas-
urements and biodistribution patterns indicates that HAHA
measurements are predictive of altered biodistribution, and
could be used to indicate suitability for repeat doses of radio-
labelled sibrotuzumab in future trials.

The ability to target FAP in the stroma of tumors with
repeat infusions of sibrotuzumab demonstrated in this trial pro-
vides evidence that sibrotuzumab has promise in the targeting
and therapy of epithelial malignancies. Although 1 patient had
stable disease for 2 years while receiving sibrotuzumab infu-
sions, this study did not address the efficacy of sibrotuzumab,
and additional Phase I/11 trials of sibrotuzumab in patients with
FAP-positive malignancies, assessing the safety and efficacy of
unlabelled and radiolabelled sibrotuzumab, have been initiated.
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