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(p < 0.05). When given therapeutically, both doses of OPG-Fc caused ~80%
reduction of tumor burden by day 25 (p < 0.03). OPG-Fc dose-dependently
reduced osteolysis in both settings, with the 3.0mg/kg groups showing
a complete absence of tumor-induced lesions. TRAP staining confirmed
the reduction (with 0.3mg/kg OPG-Fc) or absence (with 3.0mg/kg OPG-
Fc) of osteoclasts. Finally, therapeutic treatment of OPG-Fc (3.0mg/kg)
significantly (p = 0.004) increased the median survival time by 17% vs.
vehicle.
Conclusions: RANKL inhibition reduces MDA-231 breast cancer-induced
bone lesions and skeletal tumor burden. These data for the first time show
that RANKL blockade in a bone metastasis model leads to an overall
improvement in survival.
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Dual inhibition of the MAPK pathway by combination targeted
therapy: a phase I trial of sorafenib (SOR) and erlotinib (ERL) in
advanced solid tumors

I. Duran1, S. Hotte1, E. Chen1, H. Hirte1, M. MacLean1, S. Turner1,
G. Pond1, J. Wright2, J. Dancey2, L. Siu1. 1Princess Margaret Hospital
Phase II Consortium, Toronto, Canada; 2National Cancer Institute,
Bethesda, USA

Background: SOR and ERL are potent, orally available receptor tyrosine
kinase (RTK) inhibitors; SOR targets multiple RTKs (VEGFR-2 and
PDGFR-b) and serine-threonine kinase including Raf isoforms, while ERL
reversibly blocks EGFR. Dual targeting of the MAPK pathway enhanced
inhibition of signal transduction and downstream effector processes in
preclinical models (Huang, et al. Cancer Res, 2004; Matar et al. Clin
Cancer Res, 2004). Given their inhibitory targets profile and efficacy as
single agents, the combination of SOR and ERL is of considerable interest
in solid malignancies. This study aimed to determine the recommended
phase II dose (RPTD) of this targeted combination, their toxicity profile,
pharmacokinetic interaction, pharmacodynamic and preliminary clinical
activities.
Methods: SOR was administered for a one week run-in period, and then
SOR and ERL were given together continuously, with every 4 weeks
considered as a cycle. Three dose levels were assessed.
Results: Seventeen patients (pts) were enrolled with median age = 56
(range 30−77), M:F = 9:8 and ECOG 0:1:2 = 6:10:1. To date, 30 cycles
(median = 2) have been administered to 16 pts; 1 pt was inevaluable for
dose-limiting toxicity (DLT) due to removal from study for an adverse event
(AE) during the run-in period. The most common AEs of all grades (as
% of cycles) were: fatigue (93%), diarrhea (77%), lymphopenia (73%),
hypophosphatemia (70%) and acneiform rash (60%). The most common
grade 3 AEs of all causalities (as % of cycles) were: hypophosphatemia
(30%), lymphopenia (17%), dyspnea (13%), GGT (13%), fatigue (10%) and
hypokalemia (10%). There were no grade 4 or 5 AEs. DLTs at each dose
level are listed in table below. The RPTD of this combination was SOR
400mg bid and ERL 150mg qd. Among 13 pts evaluable for response
thus far, there were 3 PR (1 cholangiocarcinoma, 1 neuroendocrine tumor
and 1 small bowel adenocarcinoma), 8 SD and 2 PD.
Conclusions: Vertical signaling inhibition by this combination of SOR
and ERL is feasible at the full recommended doses of both agents with
acceptable toxicity. Electrolyte abnormalities such as hypophosphatemia
may occur and require replacement. Promising clinical activity was
observed in several tumor types. Pharmacokinetic evaluations are ongoing
and will be presented.

Dose
level

SOR dose
(mg bid)

ERL dose
(mg qd)

Pts with DLT/
Evaluable pts
at dose level
(n/n)

DLT

1 200 100 0/3 −
2 200 150 1/7 Gr 3 hypophosphatemia
2 400 150 1/6 Gr 2 intolerable diarrhea

and anorexia
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Hemangioma is induced by sustained Akt signaling and inhibited by
rapamycin

T. Phung1, M. Hochman2, C. Perruzzi1, G. Eyiah-Mensah1, K. Walsh3,
M. Mihm4, L. Benjamin1. 1Beth Israel Deaconess Medical Center,
Pathology, Boston, USA; 2The Facial Surgery Center, Charleston, USA;
3Boston University School of Medicine, Whitaker Cardiovascular Institute,
Boston, USA; 4Massachusetts General Hospital, Pathology, Boston, USA

Background: Infantile hemangiomas are the most common soft-tissue
tumor of infancy. However, little is known about their pathogenesis. Our
goal is to understand the signaling mechanisms that regulate infantile
hemangioma development. We hypothesize that sustained Akt activation
in endothelial cells is necessary for the development of hemangiomas, and
inhibition of mammalian target of rapamycin (mTOR) activity, which is a
major downstream effector of Akt, blocks the growth of hemangiomas.
Material and Methods: We generated double transgenic mice with
tetracycline-inducible and endothelial cell-specific expression of constitu-
tively active myristylated Akt (myrAkt) and grafted the skin from these mice
onto immunocompromised nu/nu mice. Nu/nu mice were then taken off
tetracycline to induce myrAkt expression. Some were treated +/− rapamycin
(4mg/kg/day) for 4 weeks. To set up explant cultures, infantile hemangioma
tissue was cut into 2mm3 pieces, then placed between two layers of fibrin
matrix, covered with media, and incubated for 7–10 days.
Results: There was increased Akt and mTOR activation in infantile
hemangioma tissue and purified endothelial cells. Induction of endothelial
myrAkt expression led to the development of hemangiomas in the skin
grafts in nu/nu mice, whereas repression of myrAkt expression resulted
in gradual regression/involution of these tumors. Treatment of skin graft
recipients with rapamycin, an inhibitor of mTOR, resulted in a significant
reduction in hemangioma growth. Furthermore, rapamycin also inhibited
the outgrowth of cells in explant cultures of infantile hemangiomas.
Investigation into the mechanism of rapamycin action in hemangiomas
revealed that in addition to inhibiting S6 kinase, rapamycin also blocked
Akt phosphorylation in both cultured human and mouse hemangioma
endothelial cells, suggesting that rapamycin inhibition of Akt may in part
account for its anti-angiogenic properties.
Conclusions: These findings indicate that Akt is necessary for heman-
gioma formation. Furthermore, they show the possible clinical utility of
rapamycin as an angiogenesis inhibitor in the treatment of hemangiomas
and other vascular tumors with hyperactivated Akt/mTOR, and support a
novel pathway for rapamycin action via Akt inhibition.

552 POSTER
Integrated population pharmacokinetic analysis of temsirolimus in
cancer patients following weekly IV treatments

J.P. Boni1, S. Zhou1, J. Burns1, K. Smith1, S. Liao2. 1Wyeth Research,
Collegeville, PA, USA; 2Pharmax Research, Somerset, NJ, USA

Background: Temsirolimus (TEMSR), a novel anticancer agent, blocks
activity of mammalian target of rapamycin (mTOR), a key mediator of
cell signaling in the PI3K pathway. This inhibition blocks G1 to S phase
transition of the cell cycle. Since pharmacokinetic (PK) variability may
influence target signaling and patient (pt) response to treatment, an
integrated population pharmacokinetic (PPK) analysis was performed to
characterize the variability and to assess covariate effects of weekly IV
TEMSR treatment for pts with advanced renal cell carcinoma (RCC).
Materials and Methods: PPK models for TEMSR and its major
active metabolite sirolimus (SIR) were individually developed using
NONMEM. Mechanistic description for TEMSR in blood and plasma used
a 4-compartment model with saturable distribution to blood cells and
peripheral tissue. For SIR, a separate, linear 2-compartment model with
first-order input was used with factors for TEMSR dose (in mcg) based on
structural parameters. PK data in healthy volunteers (following IV TEMSR
1–25mg/wk), in pts with RCC receiving TEMSR alone or with interferon-
alfa, and in pts with breast cancer (BrCA) (IV� 250mg/wk) yielded final
data for TEMSR of 1153 observations from 90 subjects and for SIR of 1312
from 211 SIR subjects. Covariate factors included age, race, sex, weight,
hematocrit, albumin, AST, ALT, bilirubin, creatinine clearance, concomitant
interferon-alfa, and study protocol. Typical pt was a 49-year-old white man
weighing 81.1 kg.
Results: TEMSR typical value expressions were TVCL (L/hr) =
116·(1 − 0.377RAFL)·(1 − 0.619BrCA) and volume of distribution plasma
TVPL (L) = 9.92·(1 − 0.377RAFL)·(1 − 0.619BrCA) in which RAFL = 1 for
nonwhites, 0 for whites; BrCA = 1 for BrCA and 0 for other studies. SIR
apparent TVCL = 6.23·(dose/25000)0.527(1 + 0.248RCC) and TVV2(L) =
228·(dose/25000)−0.0265(1 + 0.191BrCA) in which RCC = 1 for RCC pts
receiving TEMSR alone, 0 for other. Monte Carlo simulation was used



168 Friday 10 November Poster Session – Signal transduction modulators

to generate blood concentration plots. TEMSR Cmax in BrCA was 53%
higher but transient while SIR Cmax decreased 11.9% compared with other
subjects. SIR Ctrough at 168 hr was unchanged. Effect of nonwhite race on
Cmax in RCC was less than effect for BrCA. No other covariates affected
TEMSR or SIR disposition.
Conclusions: Saturable distribution model for TEMSR adequately pre-
dicted concentrations through wide (1–250mg) dosing range. Collectively,
data suggest no PK basis for modifying TEMSR dose in pts with RCC
receiving 25mg IV.
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B-RAF mutation is associated with altered patterns of negative
feedback of MAPK signaling that correlate with increased output of
the pathway and increased sensitivity to MEK inhibition

C. Pratilas1,2, O. Grbovic1, H. Zhao4, A. Viale4, D. Solit1,3, N. Rosen1,3.
1Memorial Sloan-Kettering Cancer Center, Molecular Pharmacology and
Chemistry, New York, USA; 2Memorial Sloan-Kettering Cancer Center,
Pediatrics, New York, USA; 3Memorial Sloan-Kettering Cancer Center,
Medicine, New York, USA; 4Memorial Sloan-Kettering Cancer Center,
Sloan-Kettering Institute, New York, USA; 5Pfizer, Global R&D, Ann
Arbor, USA

Activating mutations of B-RAF occur in melanomas and other human
tumors and correlate with sensitivity to MEK inhibitors. Pharmacologic
MEK/MAPK inhibition results in reduction of D cyclins, hypophosphorylation
of the RB protein and G1 cell cycle arrest in V600EB-RAF tumor cells,
but not in tumor cells in which MAPK activation is driven by mutant or
amplified receptor tyrosine kinases (RTKs). Activation of MAPK signaling
causes negative feedback regulation of the pathway. We find that tumor
cells driven by RTKs have high levels of P-ERK but almost undetectable
P-MEK, suggesting feedback inhibition of the pathway upstream of MEK.
MEK inhibitors relieve this feedback and cause rapid induction of MEK
phosphorylation. In contrast, this feedback is absent in B-RAF mutant
cells, in which P-MEK is high and declines after MEK inhibition. These
data suggest the possibility of a compensatory increase in feedback
downstream of MEK in B-RAF mutant cells. Our data demonstrate that,
compared to cells with active RTKs, B-RAF mutant cells have significantly
higher expression levels of at least ten critical MEK/MAPK-dependent
mRNAs, including DUSP and SPRY family members, which encode
proteins involved in feedback regulation of MAPK signaling, as well as
transcription factors previously shown to be downstream effectors of RAS–
MAPK signaling (ETS, FOS). In mutant B-RAF compared to activated RTK
tumor cells, we find ten-fold greater expression of mRNA for DUSP6, which
encodes a MAPK phosphatase (MKP) which dephosphorylates ERK1/
ERK2. Taken together, the increased P-MEK and increased expression of
ERK transcriptional targets suggest elevated output of the MAPK signaling
pathway in B-RAF mutant compared to RTK-driven tumor cells. The
increased output leads to increased MKP levels and increased feedback
at the level of MAPK in B-RAF mutant tumors, resulting in levels of P-ERK
that are comparable to those found in RTK driven tumors. The implications
of this model are that: 1) P-ERK level is a poor measure of pathway output
and a poor indicator of tumor cell sensitivity to MEK inhibitors; levels of
DUSP6 and other transcriptional targets of MAPK may be better predictors
of sensitivity to these compounds. 2) Increased output of the pathway may
be due to the insusceptibility of B-RAF mutants to upstream feedback,
resulting in the transcription of both downstream feedback and effector
proteins, which together are responsible for the transformed phenotype.
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The mTOR effector p70 S6 kinase 1 (S6K1): a specific biomarker
for the biological effects of the dual HER1/HER2 kinase inhibitor
Lapatinib (GW572016) in HER2-overexpressing breast cancer cells

A. Vazquez-Martin, R. Colomer, J.A. Menendez. Fundació d’ Investigació
Biomèdica de Girona, Medical Oncology, Institut Catalá d’Oncologia
de Girona, Girona, Spain

Background: Regardless of the effects of the mono-HER1 inhibitor
gefitinib, the mono-HER2 inhibitor trastuzumab or the dual-HER1/HER2
inhibitor lapatinib on the activation status of HER1 and/or HER2, it is the
repercussions of HER inhibitors on downstream signaling pathways that
correlate with tumor growth inhibition. Identification of these pathways and
whether they are operative or not in the presence of HER inhibitors may
enable individual therapeutic decisions to be based on tumor biology rather
than histology alone.
Materials and Methods: The purpose of this study was to molecularly
profile the effects of trastuzumab and lapatinib on the intracellular
oncogenic kinase signaling using paired control- and HER2-transfected
breast cancer cells (MCF-7 and MCF-7/Her2−18 clone, respectively). To

simultaneously analyze the activation status of all three major families
of Mitogen-Activated Protein Kinases (MAPKs), the Extracellular Signal-
Regulated Kinases (ERK1/2), c-Jun N-terminal Kinases (JNK 1–3), and
different p38 isoforms (/), and other intracellular kinases, such as AKT,
GSK-3, RSK1/2, MSK1/2, HSP27 and p70 S6 kinase 1 (p70S6K1), we
took advantage of the recently developed Human Phospho-MAPK Array
(Proteome ProfilerTM), a semi-quantitative protein array technology allowing
the parallel screening of the relative levels of phosphorylation of multiple
intracellular kinases.
Results: Treatment with either trastuzumab or lapatinib identically affected
the HER2-regulated activation status of the MAPKs ERK1/2, JNK 1–3, and
p38 and of the serine/threonine kinases AKT, GSK-3, RSK1/2, MSK1/2 and
HSP27. Interestingly, trastuzumab failed to deactivate p70S6K1 in MCF-
7/Her2−18 cells, whereas lapatinib drastically inhibited HER2-enhanced
p70S6K1 activation to levels even lower than those observed in MCF-7
control cells, which constitutively exhibit high levels of phospho-p70S6K1
as they naturally bear a genomic amplification of the p70S6K1 gene on
chromosome 17q23.
Conclusions: Considering that elevated levels of p70S6K1 have been
associated with clinical response to lapatinib while linked to resistance
to trastuzumab in patients with metastatic cancers overexpressing HER2
and/or expressing HER1, our current findings strongly suggest that
the serine-threonine kinase p70S6K1, a marker for mTOR activity that
regulates protein translation, should be considered a specific biomarker for
the biological effects of lapatinib in HER2-overexpressing breast cancer.

555 POSTER
Small-molecule inhibitors of HSP90 in IM-resistant gastrointestinal
stromal tumors

S. Schietzel1, F. Burrows2, J. Fletcher3, S. Seeber4, S. Bauer1. 1West
German Cancer Center, Sarcoma Center, Essen, Germany; 2Biogen
Idec, San Diego, CA, USA; 3Brigham & Women’s Hospital, Dept of
Pathology, Boston, MA, USA; 4West German Cancer Center, Medical
Oncology, Essen, Germany

Background: Inhibition of the KIT-oncoprotein by imatinib-mesylate (IM)
induces clinical responses in the majority of patients with gastrointestinal
stromal tumors (GIST). However, most patients develop resistance to
IM due to seconday mutations of KIT and the lack of potent salvage
therapies represents a major clinical challenge. Oncogenic KIT has recently
been shown to be protected from proteasomal degradation by HSP90.
Inhibitors of HSP90 may therefore be a promising class of inhibitors in
the treatment of IM-resistant GIST. However, geldanamycin-based HSP90
inhibitors show unfavourable pharmacological properties (e.g. solubility,
substrates for multi-drug-resistance proteins).
Material and Methods: We therefore characterized the effects of novel,
orally-available small molecule inhibitors of HSP90 in GIST in vitro.
Antiproliferative effects were screened in IM-resistant GIST cell lines
using luminescence-based proliferation assays. Effects on KIT signaling
pathways were analysed by western blotting.
Results: HSP90 inhibitors (EC89, EC82, EC137, EC138, EC141, EC144
and EC151) showed strong antiproliferative effects in IM-resistant GIST48
(IC50’s 22 nM to 220 nM) comparing well with the effects seen with 17-
AAG (IC50: 65 nM). Upon treatment with EC82 and EC141 (6h) complete
inhibition of KIT-phosphorylation was observed at doses of 250 nM (EC82,
IC50: 82 nM) and 50 nM (EC141, EC50: 20 nM). IC50‘s for KIT degradation
were 170 nM for EC82 and 31 nM for EC141. Complete inhibition (>95%)
of AKT and partial inhibition of MAPK (75 and 85%) phosphorylation was
observed at equal doses as seen for pKIT. Little antiproliferative effects
and no inhibitory effects on pAKT (1.5-fold increase) and pMAPK (6-fold
increase) were seen in KIT-negative IM-resistant cell line GIST62.
Conclusions: Novel, orally-available small molecule inhibitors of HSP90
exhibit potent antiproliferative effects in IM-resistant, KIT-positive GIST.
These effects are mainly caused by inhibition and degradation of KIT and
subsequent inhibition of oncogenic KIT-signaling pathways. Thus, these
compounds may represent a promising alternative to ansamycin-based
drugs in the development of therapeutic strategies targeting HSP90 in
GIST.




