Lo L

P

1\

=y

A phase | clinical trial with monoclonal antibody
ch806 targeting transitional state and mutant
epidermal growth factor receptors

Andrew M. Scott***, Fook-Thean Lee*, Niall Tebbutt*$, Rebecca Herbertson*, Sanjeev S. Gill*, Zhanqi Liu*,
Effie Skrinos7, Carmel Murone*|, Timothy H. Saunder?, Bridget Chappell®, Anthony T. Papenfuss**,

Aurora M. T. Poon**, Wendie Hopkins*, Fiona E. Smyth*, Duncan MacGregor*l, Lawrence M. Chers,

Achim A. Jungbluth'*, Gerd Ritter'*, Martin W. Brechbiel**, Roger Murphy*, Antony W. Burgess*,

Eric W. Hoffman',Terrance G. Johns*, and Lloyd J. Old**

*Ludwig Institute for Cancer Research, Melbourne 3084, Australia; TDepartment of Nuclear Medicine and Centre for PET, SLudwig Institute Oncology Unit,
fiCancer Clinical Trials Centre, and IDepartment of Anatomical Pathology, Austin Hospital, Melbourne 3084, Australia; **Division of Genetics and
Bioinformatics, The Walter and Eliza Hall Institute of Medical Research, Melbourne 3050, Australia; TfLudwig Institute for Cancer Research, New York, NY
10021; and **Radioimmune and Inorganic Chemistry Section, National Cancer Institute, National Institutes of Health, Bethesda, MD 20892

Contributed by Lloyd J. Old, January 7, 2007 (sent for review October 7, 2006)

An array of cell-surface antigens expressed by human cancers have
been identified as targets for antibody-based therapies. The great
majority of these antibodies do not have specificity for cancer but
recognize antigens expressed on a range of normal cell types
(differentiation antigens). Over the past two decades, our group
has analyzed thousands of mouse monoclonal antibodies for
cancer specificity and identified a battery of antibodies with
limited representation on normal human cells. The most tumor-
specific of these antibodies is 806, an antibody that detects a
unique epitope on the epidermal growth factor receptor (EGFR)
that is exposed only on overexpressed, mutant, or ligand-activated
forms of the receptor in cancer. In vitro immunohistochemical
specificity analysis shows little or no detectable 806 reactivity with
normal tissues, even those with high levels of wild-type (wt)EGFR
expression. Preclinical studies have demonstrated that 806 specif-
ically targets a subset of EGFR expressed on tumor cells, and has
significant anti-tumor effects on human tumor xenografts, primar-
ily through abrogation of signaling pathways. The present clinical
study was designed to examine the in vivo specificity of a chimeric
form of mAb 806 (ch806) in a tumor targeting/biodistribution/
pharmacokinetic analysis in patients with diverse tumor types.
ch806 showed excellent targeting of tumor sites in all patients, no
evidence of normal tissue uptake, and no significant toxicity. These
in vitro and in vivo characteristics of ch806 distinguish it from all
other antibodies targeting EGFR.

tumor | immunotherapy | anti-erbB1 | biodistribution

O ne of the most persistent searches in cancer research has been
to find cancer-specific antigens on the surface of human
cancer cells to serve as targets for antibody-based therapy. As a
consequence of the intense pursuit of this goal, first with hetero-
immune sera, then allo- and autoantibodies, and finally monoclonal
antibodies, the human cell surface has been mapped in considerable
detail. However, virtually all such antigens when analyzed in
necessary detail by immunohistochemistry turn out to be normal
differentiation antigens, with broad to restricted representation on
normal tissues (1, 2). This expression has not limited the clinical
application of monoclonal antibodies for cancer therapy, as dem-
onstrated by U.S. Food and Drug Administration approved anti-
bodies against CD20 in lymphoma, epidermal growth factor recep-
tor (EGFR) in solid tumors, and erbB2 in breast cancer, even
though the antigens detected by these antibodies are clearly found
on a range of normal cell types (2-6). The key issue that cannot be
assessed by in vitro analysis of antigen-expression by immunohis-
tochemistry is the in vivo accessibility of antigen in normal tissues
and tumors to injected antibody. It may well be that antigens lacking
tumor-specific characteristics in vitro could show tumor specificity
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when analyzed in vivo. For this reason, our first-in-human clinical
trials has emphasized the following endpoints: tumor targeting,
biodistribution, and pharmacokinetics of trace-radiolabeled anti-
body. Determining these parameters has been our approach in the
clinical evaluation in five antigenic systems: A33 (7, 8), G250 (9),
LeY (10), GD3 (11), and FAP« (12, 13). In our opinion, information
gained in this way from in vivo specificity analysis is essential for
rational development of monoclonal antibodies for therapy, par-
ticularly therapies based on monoclonal antibodies as delivery
systems for radioisotopes, toxins, or other cytotoxic strategies.

It is known that overexpression of the EGFR has been
observed in many epithelial tumors, with increased EGFR
expression levels usually correlating with poor clinical outcome
(4, 5). Overexpression of the receptor is often caused by ampli-
fication of the EGFR gene, an event also linked with EGFR
mutation (2, 14-17). The most common EGFR mutation is an
extracellular truncation of the EGFR known as the de2-7 EGFR
(or EGFRVIII), which is frequently expressed in glioblastoma
and possibly some other tumor types including prostate and
breast cancer (2, 16). Inhibition of the EGFR by monoclonal
antibodies and tyrosine kinase inhibitors is a rational strategy for
the development of new cancer therapeutics, because of the high
expression on epithelial tumors, and the role of EGFR signaling
in maintaining the neoplastic phenotype of cancer cells (2, 4, 5,
18-20). A number of antibodies directed to the extracellular
domain of the EGFR have now been tested in the clinic including
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Table 1. Patient characteristics

Patient Dose level, Site of IHC of positive Prior Disease sites at  Tumor response
no. mg/m? Age, yr Sex KPS, % primary tumor cells, % therapies study entry to ch806

1 5 71 M 10 NSCLC 50-75 RT Lung, adrenal PD

8 5 44 M 90 Anaplastic astrocytoma >75% Surgery, RT, CT  Brain SD

2 10 49 F 80 SCC anus <10 Chemo, RT LN, lung, bone SD

3 10 75 M 920 NSCLC 50-75 Surgery, RT Lung SD

4 20 52 M 100 Colon <10* Surgery, CT Lung, LN PD

5 20 65 M 80 Mesothelioma >75 RT, CT Lung SD

6 40 59 M 80 SCC vocal cord >75 Surgery, RT, CT  Soft tissue SD

7 40 71 M 90 SCCskin 50-75 Surgery, CT Lung, LN PD

F, female; M, male; NSCLC, non-small cell lung carcinoma; SCC, squamous cell carcinoma; RT, radiotherapy; CT, chemotherapy; LN, lymph nodes; PD, progressive
disease; SD, stable disease; KPS, Karnofsky performance scale; IHC, immunohistochemistry.

*Positive for de2-7 EGFR expression.
tPositive for EGFR gene amplification.

EMD 72000 (Matuzumab), h-R3 (Nomotuzumab), ABX-EGF
(Panitumumab), and C225 (Cetuximab), all of which have
displayed anti-tumor activity in patients (4, 5, 18, 21-23). Cetux-
imab has been approved for use in Europe and the U.S., and
Panitumumab has recently been approved for use in the U.S. It
has been presumed that the antitumor activity of these antibod-
ies is primarily related to their ability to block ligand binding but
other antitumor mechanisms such as immune effector function,
receptor down-regulation, induction of inappropriate signaling
and interference with receptor dimerization and/or oligomer-
ization could also play a role (4, 5). One limitation of antibodies
targeting the wild-type (wt)EGFR is their significant uptake in
normal tissues such as the liver and skin, therefore requiring
large loading doses to achieve adequate serum concentrations.
Targeting of normal tissue (skin) may cause considerable side-
effects such as skin rash and gastrointestinal toxicity which may
be dose limiting, and side-effects are greater when treatment is
combined with chemotherapy and other biologics (1, 8). These
side-effects may impact negatively on the ideal therapeutic index
of non-tumor-specific EGFR directed therapies. In addition,
coupling of drugs or toxins to wtEGFR targeting antibodies is
limited by the high uptake of conjugates in normal tissues.

The monoclonal antibody (mAb) 806 was raised after immu-
nization of BALB/c mice with mouse fibroblast cells expressing
the de2-7 EGFR (24, 25). Unlike other de2-7 EGFR specific
antibodies, which all bind the unique de2-7 EGFR junctional
peptide, fine epitope mapping of the EGFR-specific mAb 806
revealed that it preferentially recognizes an epitope only exposed
on overexpressed, mutant or ligand activated forms of the EGFR
(26). Whereas mADb 806 does recognize the de2-7 EGFR, it can
also bind a small proportion (5-10%) of the wtEGFR overex-
pressed on A431 cells when compared with the wtEGFR specific
mADb 528 (24). mAb 806 binds specifically and at high levels to
xenografts overexpressing the EGFR (24-28). mAb 806 is also
rapidly internalized into tumor cells expressing both amplified
wtEGFR and de2-7 EGFR both in vitro and in vivo (24). When
used as a single agent, mAb 806 has shown significant anti-tumor
activity against human xenografts expressing either the de2-7 or
amplified wtEGFR (28-30). Intracranial xenografts expressing
the de2-7 EGFR have also been shown to be inhibited by mAb
806, and this observation represents the only reported mAb that
has such effects on gliomas in vivo (30). In conjunction with other
EGFR inhibitors such as the mAb 528, or the tyrosine kinase
inhibitor AG1478, mAb 806 shows synergistic effects on xeno-
graft growth, with >60% of established tumours showing com-
plete regressions (29, 31).

Immunohistochemical analyses of frozen sections of normal
tissue have shown that mAb 806 does not show significant
binding to normal tissue expressing the wtEGFR (25). Tumors
demonstrating mAb 806 reactivity include gliomblastoma
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(=70%), and between 30% and 70% of squamous cell carcino-
mas of the head and neck, lung, cervix, esophagus, and bladder
(25). A direct correlation has also been demonstrated for mAb
806 reactivity and EGFR gene amplification (25).

To develop a humanized form of mAb 806 suitable for clinical
development, a chimeric form of mAb 806 (ch806) has been
produced under cGMP conditions (32). Extensive preclinical
studies have shown that ch806 has identical specificity to mAb
806 and high affinity for the 806 epitope on EGFR (32).
Preclinical in vivo studies have also demonstrated similar tumor
growth inhibition of xenografts by ch806 compared with mAb
806 (32). These findings collectively indicate that ch806 has one
of the most selective patterns of tumor antigen binding yet
reported, and with preclinical data showing potent tumor activ-
ity ch806 represents an important potential therapeutic in cancer
patients. We report herein the results of a first-in-human trial of
ch806 administered in a single dose to patients with advanced
tumors expressing the 806 antigen.

Results

Patients. Eight patients [one female and seven male; mean age of
61 years of age (range 44-75 years of age)] completed the trial
(Table 1). Primary tumor sites, prior therapy history, and sites of
disease at study entry are also shown in Table 1. All eight patients
had 806 antigen positivity in archived tumors (Table 1).

All patients fulfilled inclusion criteria and, except for patient
8 (who had a primary brain tumor), all had metastatic disease at
study entry. Sites of disease classified as target lesions included:
lung (five patients), brain (one patient), lymph nodes (one
patient), supraglottis (one patient). Other sites of metastatic
disease (nontarget lesions) included a suprarenal mass, bone and

Table 2. Occurrence of adverse events related to ch806

Dose level, mg/m2* Total no. of

episodes of

Adverse event 5 10 20 40 each event
Dizziness 0 0 0 1 1
Fatigue 0 0 1 0 1
Lethargy 0 0 0 1 1
Appetite suppressed 0 0 0 1 1
Nausea 0 1 0 1 2
Pruritis 1 0 0 0 1
ALP-elevated 0 0 1 0 1
GGT-elevated 0 0 1 0 1
Total 1 1 3 4 9

*Numbers represent no. of episodes of any event at each dose level.
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Table 3. No. of patients with indicated maximum CTC grade
toxicity (distribution of study agent-related adverse events)

CTC grade toxicity

Dose level,

mg/m2 Grade 1 Grade 2 Grade 3 Grade 4
5 1 0 0 0

10 1 0 0 0

20 2 1 0 0

40 4 0 0 0

Overall 8 1 0 0

Grade 1, mild; grade 2, moderate; grade 3, severe; grade 4, life-threatening;
CTC, common toxicity criteria.

lymph nodes (Table 1). The median Karnofsky performance
status was 90 (range 80-100).

Adverse Events and Human Antichimeric Antibodies (HACA). Adverse
events related to ch806 are listed in Tables 2 and 3. No infusion
related adverse events were observed. There was no dose-limiting
toxicity (DLT), and therefore maximum tolerated dose (MTD) was
not reached. The principal toxicities that in the investigator’s
opinion were possibly attributable to ch806 were as follows: tran-
sient pruritis, mild nausea, fatigue/lethargy, and possible effects on
serum alkaline phosphatase (ALP) and +y-glutamyl-transferase
(GGT) levels. A common toxicity criteria grade 2 elevation in GGT
level in patient 5 was observed; however this rise was on a
background of a baseline grade 1 elevation, and was transient in
nature. Three serious adverse events were reported but none were
attributed to ch806. Overall, ch806 was safe and well tolerated at all
dose levels with generally predictable and manageable minor
toxicities being observed. Further dose escalation was not per-
formed because of the limited amount of cGMP ch806 available for
the trial.

A positive immune response to ch806 (with concordance of
both ELISA and BIAcore methodologies) was observed in only
one of the eight patients (patient 1).

Radiolabeling of ch806. There were a total of eight infusions of
HTn-ch806 [Indium-111, 'In (200-280 MBq; 5-7 mCi; 1 Ci =
37 GBq)] administered during the trial. The mean (£SD)
radiochemical purity and immunoreactivity of ''In-ch806 was
measured to be 99.3 * 0.1% and 77.4 * 7.0%, respectively.

Fig.2. ch806 targeting of glioma. (A-C) Planar images of the head and neck
of patient 8 obtained on day 0 (4), day 3 (B), and day 7 (C) after infusion of
"1In-ch806. Initial blood pool activity is seen on day 0, and uptake of "'In-
ch806 in an anaplastic astrocytoma in the right frontal lobe is evident by day
3 (arrow) and increases by day 7. (D-F) Specific uptake of ''In-ch806 is
confirmed in SPECT image of the brain (D) (arrow), at the site of tumor (arrow)
evident in '8F-FDG (FDG, Fluorodeoxyglucose) positron emission tomography
(E), and MRI (F).

Biodistribution of ch806. The initial pattern of '''In-ch806 biodis-
tribution in patients at all dose levels was consistent with blood
pool activity, which cleared gradually with time. Over the 1-week
period after injection, the uptake of ''In-ch806 in liver and
spleen was consistent with the normal clearance of ''In-chelate
metabolites through the reticuloendothelial system. Specific
localization of '!In-ch806 was observed in target lesions (=2
cm) of all patients at all dose levels (Fig. 1), including target
lesions located in the lungs (patients 1, 3, 4, 5, and 7), the
abdomen (patients 1 and 2), and the supraglottic region in the
right side of the neck (patient 6). High uptake of 1'!In-ch806 in
a brain tumor (patient 8) was also demonstrated (Fig. 2).
Importantly, uptake of !'In-ch806 in tumor was not dependent
on a the level of 806 antigen expression. For example, patient 4
demonstrated high uptake by both lung target lesions, despite
<10% positivity by immunohistochemistry for 806 reactivity in
archived tumor [supporting information (SI) Fig. 4]. This degree
of uptake of '!In-ch806 in target lesions in patient 4 was
comparable with that seen in patient 3, where 50-75% of tumor
cells were positive for 806 antigen staining on archived sample
immunohistochemistry (SI Fig. 4).

Fig. 1. Biodistribution and tumor localization of '''In-ch806. (A and B) Whole body gamma camera images of patient 7, anterior (A) and posterior (B), on day
5 after infusion of '"'In-ch806. High uptake of '''In-ch806 in metastatic lesions in the lungs (arrows) is evident. (C and D) Metastatic lesions (arrows) on scan. (E)
3D SPECT images of the chest. (F) Coregistered transaxial images of SPECT and CT showing specific uptake of '''In-ch806 in metastatic lesions.
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Table 4. Mean + SD pharmacokinetic parameter estimates for 111In-ch806 in each dose level and across all dose levels

t1,a, hr t1,B, hr V1, ml CL, ml/hr AUC, hr X mg/ml
Dose level, mg/m? Mean SD Mean SD Mean SD Mean SD Mean SD
5 10.91 3.4 183.87 110.22 2,963.06 493.23 21.97 16.59 541.17 371.75
10 11.75 4.4 124.54 9.25 3,060.29 721.70 28.58 8.60 566.79 26.39
20 9.34 8.3 125.26 73.66 2,902.06 1,064.77 30.98 21.65 1,438.12 957.18
40 8.95 3.2 133.94 10.79 4,742.42 169.10 37.99 6.47 2,269.04 381.68
All 10.24 1.32 141.90 28.30 3,416.96 886.04 29.88 6.61

Pharmacokinetics. Individual patient pharmacokinetic parame-
ters 1o« and ¢23 (half lives of the initial and terminal phases of
disposition); volume of central compartment (V1); maximum
serum concentration (Cmax); area under the serum concentration
curve extrapolated to infinite time (AUC); and total serum
clearance (CL) for the single infusion of !''In-ch806 are shown
in Table 4. The Kruskal-Wallis rank sum test was applied to the
« and B half lives, V1, and clearance. No significant difference
between dose levels was observed (P > 0.05).

The pharmacokinetic curve fit to the pooled population ELISA
data are shown in SI Fig. 5. The mean = SD pharmacokinetic
parameters were t1pa 29.16 £ 21.12 h, 128 172.40 = 90.85 h, V1
2984.59 * 91.91 ml, and CL 19.44 = 4.05 ml/hr. Measured peak and
trough ch806 serum concentrations (Cmax and Cpin) data are
presented in Table 5 for each patient. As expected, linear relation-
ships were observed for Cyax and Cpin with each dose level. The
mean = SD values determined for the ch806 ELISA pharmacoki-
netic data were in good agreement with the values obtained for the
H1Tn-ch806 pharmacokinetic data (Table 4).

Dosimetry of 1'1In-ch806. Whole body clearance was similar in all
patients across all dose levels, with a ¢y, biologic (mean = SD)
of 948.6 = 378.6 hr. Because of the relatively short physical
half-life, calculation of biological halftime was extremely sensi-
tive to small changes in effective halftime. There was no statis-
tical significant difference in whole body clearance between dose
levels (Kruskal-Wallis rank sum test: P = 0.54) (Fig. 3).

The clearance of "'In-ch806 from normal organs (liver, lungs,
kidney and spleen) showed no difference between dose levels, and
the mean ¢, effective was calculated to be 78.3, 48.6, 69.7, and
66.2 h, respectively. There was no statistically significant difference
in clearance between these normal organs. In particular, liver
clearance showed no difference between dose levels (Fig. 3),
indicating no saturable antigen compartment in the liver for ch806.

Tumor dosimetry analysis was completed for six patients.
Patients 1 and 2 had target lesions close to the cardiac blood
pool, or motion during some image acquisitions, which pre-
vented accurate analysis. The measured peak uptake of '''In-
ch806 occurred 5-7 days after infusion, and ranged from 5.2 to
13.7 X 1073 % injected dose per gram of tumor tissue.

Table 5. Cmax and Cpin serum ch806 levels determined by ELISA

Patient no. Dose level, mg/m? Crmax,* mg/ml Crmin,* mg/ml
1 5 1.38 = 0.02 0.10 = 0.057
8 5 1.52 = 0.17 0.96 = 0.08
2 10 5.92 = 0.11 1.50 = 0.01
3 10 6.27 = 0.45 1.83 £ 0.20
4 20 12.25 = 0.66 4.05 = 0.05
5 20 11.22 £ 0.77 1.58 + 0.04
6 40 27.76 = 2.10 6.90 = 0.38
7 40 32.32 £ 0.84 6.80 = 0.13

*Cmax, 60 min after injection; Cmin, day 7.
TDay 8 serum level.
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Assessment of Clinical Activity. At the completion of this one
month study period five patients were found to have stable
disease, and three patients progressive disease (Table 1). Inter-
estingly, one patient (patient 7, 40 mg/m? dose level) had clinical
evidence of transient shrinkage of a palpable auricular lymph
node (proven to be metastatic squamous-cell carcinoma on fine
needle aspiration) during the study period, which suggests
possible biologic activity of ch806. However, this patient had
confirmed progressive disease by RECIST at study completion.

Discussion

This study represents the first reported demonstration of the
biodistribution and tumor targeting of a chimeric antibody against
an epitope only exposed on overexpressed, mutant or ligand
activated forms of the EGFR. At doses up to 40 mg/m?, ch806 was
well tolerated, no DLT was observed, and MTD was not reached.
The principle toxicities that were possibly attributable to ch806 were
transient pruritis, mild nausea, fatigue/lethargy, and possible effects
on serum ALP and GGT levels. The advanced nature of these
patient’s malignancies meant their disease could also have been
contributing factors to these adverse events. Of the adverse events
that were possibly related to study drug, all were mild, many were
self-limiting, and none required any active treatment. Importantly,
no skin rash or gastrointestinal tract disturbances were observed in
any patient, even at the highest dose level. The excellent tolerability
of ch806 in this single-dose study justifies the next step of testing in
repetitive dose trials.

The biodistribution of ch806 in all patients showed gradual
clearance of blood pool activity, and no definite normal tissue
uptake of ''In-ch806. Excellent tumor uptake of ch806 was also
evident in all patients, including lung, lymph node, and adrenal
metastases, and in mesothelioma and glioma. This tumor uptake
was observed at all dose levels including 5 mg/m? (the lowest dose
studied), which is 1/10th to 1/20th of the dose required to
visualize uptake in tumor by other antibodies to wtEGFR (33).
This difference in uptake of ch806 compared with antibodies to
wtEGFR can be attributed to their substantial normal tissue
(liver and skin) uptake because of WtEGFR acting as an antigen
sink (33). In addition, the localization of ''In-ch806 was high
even in patients with low expression of 806 assessed by immu-
nohistochemistry of archived tumor samples (SI Fig. 4). The
uptake of 1''Tn-ch806 in glioma was particularly impressive (Fig.
2), and comparable with any published data on antibody target-
ing of brain tumor after systemic or even locoregional infusion.
These data support the unique selectivity of ch806 to EGFR
expressed by a broad range of tumors, and confirms the lack of
normal tissue uptake of this antibody in human.

Pharmacokinetic analyses showed that ch806 has a terminal
half-life of more than a week, and no dose dependence of
"n-ch806 serum clearance. Linear relationships also were
observed for AUC, Cyay, and Cin, with dose levels >10 mg/m?
achieving trough serum concentrations >1 pg/ml. The V1, CL,
tipa, and 11,3 values were consistent between dose levels and in
keeping with typical IgG1l human antibodies (8, 9, 11). The
clearance of ch806 was also determined to be slower when
ELISA ch806 calculations were compared with !'In-ch806

Scott et al.
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Fig.3. Individual patient results for normalized whole body clearance (A) and hepatic clearance (B) of '"'In-ch806 at the 5 mg/m? (m), 10 mg/m?2 (A), 20 mg/m?
(V), and 40 mg/m? (#) dose levels. Linear regression for data sets is indicated in each image [r2 = 0.9595 (A); r2 = 0.9415 (B)].

measurements. Whereas this difference may be explained by the
small number of patients studied, the longer sampling time
points for the ch806 ELISA would support this value as being
more representative of true ch806 clearance. The pharmacoki-
netic values for ch806 are comparable with other chimeric
antibodies reported to date (9, 11), and supports a weekly dosing
schedule of ch806.

The quantitative dosimetry and pharmacokinetic results in-
dicate that there is no saturable normal tissue compartment for
ch806 for the dose levels assessed in this trial. Importantly, the
lack of dose dependence on pharmacokinetic and whole body
and liver organ clearance is in marked contrast to all reported
studies of antibodies to wtEGFR (4, 33-37), supporting the
tumor specificity and lack of normal tissue binding of ch806 in
humans. These observations provide compelling evidence of the
potential for ch806 (or humanized forms) to selectively target
EGFR in tumor, avoid the normal toxicity of other EGFR
antibodies and kinase inhibitors (particularly skin) (38, 39), and
potentially achieve greater therapeutic effect. Moreover, the
possibility of payload delivery (because of the rapid internaliza-
tion of mAb 806 in tumor cells), and combination treatment with
other biologics such as EGFR antibodies and tyrosine kinase
inhibitors where combined toxicity is likely be minimized, is
strongly supported by the data from this trial. This study provides
clear evidence of the ability to target an epitope on EGFR that
is specific for tumor, and further clinical development of this
unique approach to cancer therapy is ongoing.

Materials and Methods

Trial Design. This first-in-human trial was an open label, dose
escalation phase I study. The primary objective was to evaluate the
safety of a single infusion of ch806 in patients with advanced tumors
expressing the 806 antigen. The secondary study objectives were to
determine the biodistribution, pharmacokinetics, and tumor up-
take of '"'In-ch806; determine the patient’s immune response to
ch806; and to assess early evidence of clinical activity of ch806. A
single dose was chosen for this study to optimally assess the in vivo
specificity of ch806 for EGFR expressed on tumor. The protocol
was approved by the Human Research and Ethics Committee of the
Austin Hospital before study commencement. The trial was per-
formed under the Australian Therapeutic Goods Administration
Clinical Trials Exemption scheme. All patients gave written in-
formed consent.

Eligibility criteria included the following: advanced or meta-
static tumors positive for 806 antigen expression based on
chromogenic in situ hybridization or immunohistochemistry of
archived tumor samples (tumors were defined as 806 positive if
immunohistochemical assessment of archived tumor samples
showed any cells positive for 806 expression; see SI Materials and
Methods); histological or cytologically proven malignancy; mea-
surable disease on CT scan with at least one lesion =2 cm;
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expected survival of at least 3 months; Karnofsky performance
scale =70; adequate hematologic, hepatic, and renal function;
age >18yr; and able to give informed consent. Exclusion criteria
included the following: active central nervous system metastases
(unless adequately treated and stable); chemotherapy, immuno-
therapy, biologic therapy, or radiation therapy within 4 weeks
before study entry; prior antibody exposure (unless no evidence
of HACA); failure to fully recover from effects of prior cancer
therapy; concurrent use of systemic corticosteroids or immuno-
suppressive agents; uncontrolled infection or other serious dis-
ease; pregnancy or lactation; women of childbearing potential
not using medically acceptable means of contraception.

Patients received a single infusion of ch806 trace labeled with
H1Tn by i.v. infusion in normal saline/5% human serum albumin
over 60 min. The planned dose escalation meant patients were
enrolled into one of four dose levels: 5, 10, 20, and 40 mg/m>.
These doses were chosen to allow assessment of the specificity of
ch806 to EGFR expressed on tumor and to determine whether
any normal tissue compartment binds ch806 (and affects phar-
macokinetics or biodistribution) in vivo. Biodistribution, phar-
macokinetics, and immune response were evaluated in all
patients.

Whole body gamma camera imaging for assessment of biodis-
tribution and tumor uptake was performed on day 0, day 1, day 2
or 3, day 4 or 5, and day 6 or 7 after "In-ch806 infusion. Blood
samples for pharmacokinetics were obtained at these time points,
and additionally on day 14 (%2 days) and day 21 (*2 days). Blood
samples for assessment of HACA levels were obtained at baseline
and weekly until day 30. Toxicity assessment was performed at each
study visit. Physical examination and routine hematology and
biochemistry were performed weekly until end of study (day 30).
Restaging was performed on day 30.

Dose Escalation Criteria. The first patient at each dose level was
observed for 4 weeks before enrollment of any additional
patients. If no DLT was observed in any of the first two patients
within 4 weeks of the infusion of ch806, four patients were then
to be entered on the next highest dosage tier. If one patient in
any cohort of two patients experienced a DLT within 4 weeks
from the first dose, an additional four patients (maximum of six)
were entered at that dosage level. If no more than one patient
of six in any dose level experienced grade 3 toxicity or higher,
subsequent patients were entered at the next dose level.

DLT was defined as grade 3 nonhematological toxicity or
grade 4 hematological toxicity as defined by the National Cancer
Institute Common Terminology Criteria for Adverse Events
(CTCAE v3.0). MTD was defined as the ch806 dose below that
where two or more patients of six experienced DLT.

Radiolabeling of ch806. Clinical grade ch806 was produced in the
Biological Production Facility of the Ludwig Institute for Cancer
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Research. The antibody ch806 was labeled with ''In (MDS
Nordion, Ottawa, ON, Canada) via the bifunctional metal ion
chelate CHX-A"-DTPA according to methods described previ-
ously (10, 11).

Gamma Camera Imaging. Whole body images of '''In-ch806 bio-
distribution were obtained in all patients on day 0 after infusion
of '"In-ch806, and on at least three further occasions up to day
7 after infusion. Single-photon emission computed tomography
(SPECT) images of a region of the body with known tumor were
also obtained on at least one occasion during this period. All
gamma camera images were acquired on a dual-headed gamma
camera (Picker International, Cleveland, OH).

Pharmacokinetics. Blood for pharmacokinetic analysis was col-
lected on day 0 before ''In-ch806 infusion; then at 5 min, 60 min,
2 h and 4 h after ''In-ch806 infusion, day 1, day 2 or 3, day 4 or
5, and day 6 or 7. Further blood for pharmacokinetics of ch806
protein was also obtained on day 14 (+2 days), day 21 (%2 days),
and day 30 (*2 days).

Serum samples were aliquotted in duplicate and counted in a
gamma scintillation counter (Packard Instruments, Melbourne,
Australia), along with appropriate ''In standards. The results of
the serum were expressed as % injected dose per liter. Mea-
surement of patient serum ch806 protein levels after each
infusion was performed by using a validated protocol for the
immunochemical measurement of ch806 protein in human se-
rum (40). The limit of quantitation for ch806 in serum samples
was 70 ng/ml. All samples were assayed in triplicate and diluted
by a factor of at least 1:2. Measured serum levels of ch806 were
expressed as ug/ml.
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ch806 measurements after the infusion, and ELISA determined
patient sera ch806 protein levels, by using a curve fitting program
(WinNonlin Pro Node 5.0.1; Pharsight Co., Mountain View, CA).
Estimates were determined for the following parameters: ¢;,« and
t128 (half lives of the initial and terminal phases of disposition); V1,
Ciax, AUC, and CL.

Whole Body Clearance and Tumor and Organ Dosimetry of 11'In-ch806.
Whole body and normal organ (liver, lungs, kidney, and spleen)
dosimetry calculations were performed based on regions of
interest in each individual patient ''In-ch806 infusion image
data set, allowing calculation of cumulated activity and analysis
for final dosimetry results (41). Regions of interest were also
defined for suitable tumors at each time point on !''In-ch806
image data sets, corrected for background and attenuation, and
dosimetry calculation was performed to derive the concentration
of "!n-ch806 in tumor/gram (8). This value was converted to
micrograms of ch806 per gram of tumor tissue based on the
injected milligram of ch806 protein dose.

HACA Analysis. Blood samples for HACA assessment were taken
before ch806 infusion, then weekly until 30 days after ch806
infusion. Samples were analyzed by ELISA and by surface
plasmon resonance technology by using a BIAcore2000 instru-
ment, as described (8, 40, 42).
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