Qriginal Article

All cases Intravesically applied ALA Orally applied ALA
1372 samples (210 cases) 534 samples (75 cases) 838 samples (135 cases)
100 = 100 100
80 o 80 80
oy eyl Z 2
Seor Lo £ o0 200
;a '/,.“ 15 ~a
5 40 540 5 40
@ ,»-"/ @ @ e
20 //’ 20 20
i1 1 i T | 1 i1 11 H 11 L1 1 1

0
0 20 40 80 80 100
100-Specificity

e BLM (fluorescence)

0
0 20 40 60 80 100
100-Specificity

e BLM (fluorescence)

0
0 20 40 60 80 100
100-Specificity

e BLM (fluorescence)

ALG: 0.818 AUC: 0.812 AUC: 0.824
- = — WLM (conventional). = -~ WLM (conventional) -~ - ~ WLM (conventional)
AUC: 0.703 AUC: 0.734 AUC: 0.682

p<0.010 p<0.010 p<0.010

(Wilcoxon rank-sum test)

Figure 1. Diagnostic capability of photodynamic diagnosis (PDD) mediated by 5-aminolevulinic acid (ALA) (ALA-PDD) is defined
by the area under the receiver operating characteristic curve (AUC). The AUC in blue light (fluorescence) mode (BLM) was more
than that in white light (conventional) mode (WLM) in not only all PDD cases (P < .01) but also in PDD with intravesically applied

ALA (P < .01) and PDD with orally applied ALA (P < .0D.
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Figure 2. Recurrence-free survival in all cases is shown.
Median follow-up period was 22.0 (range, 0.2-68.7) months
in 99 patients who underwent transurethral resection of blad-
der tumor (TURBT) guided by photodynamic diagnosis medi-
ated by 5-aminolevulinic acid. Thirty-three of 99 patients
recurred, and recurrence-free survival rate was 86.89% (at
12 months), 74.7% (24 months), 69.7% (36 months), 67.7%
(48 months), and 66.7% (60 months). Median follow-up pe-
riod was 21.5 (range, 0.2-204.1) months in 99 patients who
underwent conventional TURBT. Sixty of 99 patients recurred,
and the recurrence-free survival rate was 58.6% (at
12 months), 49.5% (24 months), 41.4% (36 months), 41.4%
(48 months), and 40.4% (60 months). There was a statisti-
cally significant difference in the recurrence-free survival rate
between these 2 therapeutic groups (P < .001).
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Moreover, multivariate analysis revealed that PDD-
TURBT was the only independent factor that contributed
to improving the intravesical recurrence rate (hazard ratio,
0.578; 95% confidence interval, 0.371-0.888; P = .012)
(Table 7). .

Adverse Events

Although no special precaution, such as liver support and
light shielding, was implemented throughout PDD, there
were mild and transient adverse events in conformity with
the Common Terminology Criteria for Adverse Events
version 3.0.”” Urinary frequency and/or urgency occurred
in 13 (17.3%) of 75 cases of PDD with intravesically
applied ALA, photosensitivity reaction in 6 cases (4.4%),
elevated level of AST and/or ALT in 4 cases (3.0%), and
nausea and/or vomiting in 4 of 135 cases (3.0%) of PDD
with orally applied ALA.

DISCUSSION

ALA-PDD is a cancer diagnostic method by fluorescence
navigation, which has been clinically recognized as an
effective procedure to detect various cancers, such as brain
1917 1n particular, PDD with
hexaminolevulinate, the hexyl ester derivative of 5-ALA

tumor’® and bladder cancer.

for bladder cancer, has already been approved and
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Figure 3. Recurrence-free survival stratified by 5-aminolevu-
linic acid (ALA) administration route is shown. Median follow-
up period was 32.4 (range, 0.2-68.7) months in 32 patients
who underwent transurethral resection of bladder tumor
guided by photodynamic diagnosis mediated by ALA (PDD-
TURBT) with intravesically applied ALA. Sixteen of 32
patients recurred, and recurrence-free survival rate was
84.4% (at 12 months), 68.8% (24 months), 59.4% (36
months), 53.1% (48 months), and 50.0% (60 months). Median
follow-up period was 16.8 (range, 12-41.8) months in 70
patients who underwent PDD-TURBT with orally applied ALA.
Nineteen of 67 patients recurred, and the recurrence-free sur-
vival rate was 86.6% (at 12 months), 76.1% (24 months), and
71.6% (36 months). There was no statistically significant dif-
ference in the recurrence-free survival rate between these 2
therapeutic groups (P = .980).

implemented as a legitimate medical practice in Europe
and the United States, whereas in Japan, PDD with intra-
vesically and orally applied ALA was performed for the first
time in 2004, and has just been approved and imple-
mented as advanced medical technology in registered insti-
tutions by the Ministry of Health, Labor, and Welfare in
2010. In this study, we demonstrated the clinical effective-
ness and safety of ALA-PDD and also of TURBT guided
by ALA-PDD with a large population in Japan.

At transurethral biopsy, intravesical observation
using ALA-PDD was useful in detecting CIS, avoiding an

incorrect decision on adjuvant therapy. The diagnostic ac- -

curacy of ALA-PDD was first reported with a sensitivity
of 100.0% and specificity of 68.5% in 68 cases of bladder
cancer by Kriegmair et al'® in 1994. Subsequently, many
clinical trials of ALA-PDD have been performed, mainly
in Europe. Hungerhuber et al'? reported 1713 procedures
of ALA-PDD with a sensitivity of 92.0% and specificity
of 55.6% in 875 cases of bladder cancer, the largest num-
ber of ALA-PDD cases. Including these reports, a sum-
mary of previous reports revealed that the sensitivity of
PDD (94.6%; range, 77.8%-100%) was significantly
higher than the 76.0% (range, 67.5%-84.0%) sensitivity
of conventional white light examination, whereas the
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Figure 4. Recurrence-free survival ‘is stratified by fluores-
cence transurethral resection of bladder tumor (TURBT) and
conventional TURBT in T1G3. Median follow-up period was
18.1 (range, 3.7-38.8) months in 18 T1G3 patients who under-
went TURBT guided by photodynamic diagnosis mediated by
5-aminolevulinic acid (PDD-TURBT). Nine of 18 patients
recurred, and the recurrence-free survival rate was 72.2% (at
12 months), 55.6% (24 months), and 50.0% (36 months). Me-
dian follow-up period was 27.6 (range, 0.2-185.1) months in 18
TI1G3 patients who underwent conventional TURBT. Thirteen
of 18 patients recurred, and the recurrence-free survival rate
was 47.3% (at 12 months), 33.3% (24 months), and 27.8% (36
months). There was no statistically significant difference in
the recurrence-free survival rate between PDD-TURBT for
T1G3 and conventional TURBT for T1G3 (P = .062). A deferred
cystectomy because of recurrence and progression was per-
formed in 1 case in the PDD-TURBT group and 2 cases in the
conventional TURBT group. Median time to cystectomy was
7.9 months in the PDD-TURBT group, and 3.9 months and
10.4 months in the conventional TURBT group.

Table 7. Multivariate Analysis of All Cases

Factors Hazard 95% P
Ratio Confidence
Interval
EORTC recurrence score™? 1.240 0.482-3.234 657
(©, 1-4, 5-9, 10-17)
BCG intravesical instillation 0.832 0.516-1.400 A75
PDD-TURBT 0578 0.371-0.888 012

Abbreviations: BCG, Bacillus Calmette-Guerin; EORTC, European Organiza-
tion for Research and Treatment of Cancer; PDD-TURBT, transurethral
resection of bladder tumor guided by photodynamic diagnosis.

Multivariate analysis revealed that the only independent factor contributing
to improving prognosis was PDD-TURBT (hazard ratio, 0.578; 95% confi-
dence interval, 0.371-0.888; P =.012).

specificity of PDD (59.0%; range, 33.0%-87.1%) was
significantly lower than the 68.5% (range, 66.4%-78.0%)
specificity of conventional white light examination.'®"”
In particular, the reports of flat lesions revealed that
34.2% (range, 14.9%-42.1%) of all lesions, 43.4%-
57.0% of CIS, and 30.3%-44.0% of dysplasia could be

detected by ALA-PDD, but not conventional white light
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examination.” 73 The results of this study support
the results of these clinical studies of ALA-PDD. The AUC
in PDD with a sensitivity of 93.4% and specificity of
58.9% was significantly greater than that in conventional
white light examination. Only PDD could detect 72.1% of
flat lesions including dysplasia and CIS. Moreover, it was
demonstrated that regardless of the ALA administration
route, there was no significant difference in the diagnostic
accuracy and ability of PDD in this study.

Causal lesions of intravesical recurrence are endo-
scopic invisible lesions. In TURBT, additional resection
under ALA-PDD could avoid insufficient resection of
tumors, reducing the rate of intravesical recurrence. The
rate of residual tumor in PDD-TURBT with a median
rate of 8.0% (0%-32.7%) was significantly reduced com-
pared with conventional TURBT under white light, with
a median rate of 37.0% (19.2%-53.1%) in the summary

14.18,21,36.37 ; 22
N 3 Denzinger et al* made a

of previous reports.
comparative review of intravesical recurrence-free survival
between 88 cases of PDD-TURBT and 103 cases of con-
ventional TURBT, with 96 months as the follow-up dura-
tion. They reported that the intravesical recurrence-free
survival of 90.9% (at 12 months after PDD-TURBT),
90.9% (24 months), 85.0% (48 months), 79.0% (72
months), and 71.0% (96 months) in PDD-TURBT was
significantly greater than that in conventional TURBT of
78.6% (at 12 months after conventional TURBT),
69.9% (24 months), 60.7% (48 months), 54.0% (72
months), and 45.0% (96 months) (P = .0003). More-
over, it was demonstrated that PDD-TURBT was an in-
dependent  prognostic
intravesical recurrence rate, with a hazard ratio of 0.29
(95% confidence interval, 0.15-0.56; P = .0002) by mul-
tivariate analysis using the Cox proportional hazards
model. The results of this study support the results of pre-
vious clinical studies of PDD-TURBT."®?? In this study,

it was revealed thar the intravesical recurrence-free survival

factor for improving the

was significantly greater than that in conventional
TURBT at up to 60 months follow-up (P < .001). It was
also revealed that PDD-TURBT was the only independ-
ent factor that contributed to improving the intravesical
recurrence rate (hazard ratio, 0.578; 95% confidence
interval, 0.371-0.888; P = .012) by multivariate analysis.
Moreover, it was demonstrated that regardless of the ALA
administration route, there was no significant difference
in intravesical recurrence-free survival in this study.

In this study, only 18 cases of T1G3 were known to
show " highly aggressive behavior. PDD-TURBT for
T1G3 had a greater tendency to reduce the intravesical
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recurrence rate, but with no statistically significant differ-
ence (P = .062) compared with conventional TURBT for
T1G3 in this study population. However, more recently,
the effectiveness of tumor control has been demonstrated
in 77 cases of PDD-TURBT for T1G3%%; therefore, more
data compilation may show the usefulness of PDD-
TURBT for T1G3 in improving recurrence-free survival
and also avoiding deferred cystectomy because of tumor
recurrence and progression.

Currently ALA and hexaminolevulinate have been
approved as photosensitizers of PDD by authorities
around the world. In Europe, ALA was approved under
the trade name Gliolan as an optical imaging agent to
enhance intraoperative detection of malignant glioma
(World Health Organization grade III and IV) by the
European Medicines Evaluation Agency.” Conversely,
hexaminolevulinate was approved under the trade names
Hexvix and Cysview as an optical imaging agent to
enhance intraoperative detection of papillary bladder can-
cer by the European Medicines Evaluation Agency and
the Food and Drug Administration in Europe and the
United States, respectively.” More accumulation of bio-
synthesized protoporphyrin IX was revealed by adminis-
tration of hexaminolevulinate compared with ALA by in
vivo spectrophotometric measurement> 9; therefore, it was
reported that hexaminolevulinate yielded higher fluores-
cence intensity and contrast between normal and malig-
nant urothelium, with less photobleaching. In 2002,
Dalton et al investigated the pharmacokinetics of ALA
administered intravenously, orally, and intravesically, in
which <1% of ALA was absorbed through the urinary
bladder, and the cumulative ALA amount.in urine was
about 20,000 higher than that in plasma.®’ This finding
indicates the low possibility of the occurrence of systemic
adverse events induced by the intravesical administration
of ALA, burt does not demonstrate the usefulness for diag-
nosis compared with oral ALA administration, that is, dif-
ferences in the fluorescence intensity berween lesions and
nonlesions (ie, contrast) and the fluorescence attenuation
level with excitatory light irradiation (photobleaching) are
parameters of diagnostic usefulness, and the diagnostic ac-
curacy is based on these. We performed a clinical compar-
ison of ALA administered intravesically and orally, and
showed that the diagnostic accuracy of PDD was superior
to that of white light examination excluding the predictive
accuracy using intravesical ALA administration. In addi-
tion, there were no significant differences because of the
variation in the route of administration (intravesical and
oral ALA administrations) in diagnostic accuracy,
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diagnostic performance, or recurrence-free survival. To
pharmacologically demonstrate this subjective evaluation
of clinical data and fluorescence intensity, we are planning
to compare intravesical and oral ALA administrations
with regard to tissue ALA and protoporphyrin IX levels in
lesions and nonlesions, and the time course changes of
these. Moreover, it was demonstrated in the retrospective
series that currently, although PDD with ALA and hex-
aminolevulinate applied intravesicaily were demonstrated
to be significantly superior to white light cystoscopy, there
were no significant differences between ALA and hexami-
nolevulinate in clinical outcome such as residual tumor
and recurrence-free survival.?® Thus, in this study, we
used ALA orally and intravesically to evaluate the clinical
value in PDD and TURBT guided by ALA-PDD for
bladder cancer. As described above, in this study, it was
demonstrated that regardless of the ALA administration
route, there was no significant difference in diagnostic ac-
curacy, effectiveness of PDD, and recurrence-free survival,
and all procedures were well tolerated by all patients with-
out any severe adverse events. Although it is subjective,
the intensity of ALA-induced fluorescence in PDD with
orally applied ALA was higher than that in PDD with
intravesically applied ALA. Moreover, PDD with orally
applied ALA had less photobleaching. Hence, in the uro-
logical field, oral administration of ALA may be useful in
PDD for malignancies other than bladder cancer. Further
technical development of ALA-PDD is required to avoid
photobleaching, improve diagnostic accuracy, and estab-
lish a standard intraoperative diagnostic system in the
near future in Japan.

Conclusions

PDD with intravesically and also orally applied ALA is
equally effective in detecting endoscopic invisible lesions
such as dysplasia and carcinoma in situ, avoiding an incor-
rect decision on adjuvant therapy. In TURBT also, addi-
tional resection under ALA-PDD could avoid insufficient
resection of tumors, reducing the rate of intravesical recur-
rence. It was suggested that regardless of the ALA adminis-
tration route, ALA-PDD might be remarkably helpful in

detection and intraoperative navigation programs.
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Erlotinib prevents experimental metastases of human small cell
lung cancer cells with no epidermal growth factor receptor
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Abstract Epidermal growth factor receptor-tyrosine
kinase inhibitors (EGFR-TKIs) show dramatic antitumor
activity in a subset of patients with non-small cell lung
cancer who have an active mutation in the epidermal
growth factor receptor (EGFR) gene. On the other hand,
some lung cancer patients with wild type EGFR also
respond to EGFR-TXKIs, suggesting that EGFR—TKIs have
an effect on host cells as well as tumor cells. However, the
effect of EGFR~TKIs on host microenvironments is largely
unknown. A multiple organ metastasis model was previ-
ously established in natural killer cell-depleted severe
combined immunodeficient mice using human lung cancer
cells. This model was used to investigate the therapeutic
efficacy of erlotinib, an EGFR-TKI, on multiple organ
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metastases induced by human small cell lung cancer cells
(SBC-5 cells) that did not express EGFR. Although erl-
otinib did not have any effect on the proliferation of SBC-
5 cells in vitro, it significantly suppressed bone and lung
metastases in vivo, but not liver metastases. An immuno-
histochemical analysis revealed that, erlotinib significantly
suppressed the number of osteoclasts in bone metastases,
whereas no difference was seen in microvessel density.
Moreover, erlotinib inhibited EGF-induced receptor acti-
vator of nuclear factor kappa-B expression in an osteo-
blastic cell line (MC3T3-E1 cells). These results strongly
suggested that erlotinib prevented bone metastases by
affecting host microenvironments irrespective of its direct
effect on tumor cells.

Keywords Erlotinib - Bone metastasis - Lung cancer -
Host microenvironment
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EGFR-TKI Epidermal growth factor receptor—tyrosine
kinase inhibitor

NSCLC Non-small cell lung cancer
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Introduction

Lung cancer is the major cause of malignancy-related death
worldwide. The mortality rate is 80-90%, which makes
this disease the leading cause of cancer-related death [1].
The high mortality of this disease is primarily due to the
difficulty of early diagnosis and the highly metastatic
potential. Approximately 70% of lung cancer patients have
already developed metastases to multiple organs by the
time of the diagnosis [2]. There is no curative therapy for
the metastases, and clinical management is palliative in
many cases. Therefore, it is crucial to prevent and treat
lung cancer metastases.

Although the outcome of conventional chemotherapy
for patients with advanced lung cancer is still unsatisfac-
tory, recent studies have enabled the development of
molecular targeting agents such as epidermal growth factor
receptor—tyrosine kinase inhibitors (EGFR-TKIs). Treat-
ment with the reversible EGFR-TKIs (gefitinib and erl-
otinib) results in dramatic antitumor activity in a subset of
patients with non-small cell lung cancer (NSCLC).
Approximately 75% of patients with epidermal growth
factor receptor (EGFR) mutations respond to EGFR-TKIs
[3, 4]. The inhibition of EGFR tyrosine kinase results in the
induction of substantial apoptosis in these tumor cells
because lung cancer cells that have an active mutation in
the EGFR gene become addicted to the EGFR signaling
pathway for their growth. This mechanism allows EGFR~
TKIs to exert anti-tumor activity in NSCLC patients with
an active mutation in the EGFR gene.

However, it is noteworthy that an objective response of
about 10% is also achieved with erlotinib treatment in
NSCLC patients with wild type EGFR [5]. These clinical
observations indicate that EGFR-TKIs might have other
mechanisms of action in addition to their direct effect on
tumor cells. Normanno et al. [6] demonstrated that gefitinib
inhibits the recruitment of osteoclasts in bone lesions, by
affecting the ability of bone marrow stromal cells to induce
osteoclast differentiation and activation. Moreover, Cerniglia
et al. [7] reported that erlotinib treatment of tumor-bearing
mice alters vessel morphology and decreases vessel perme-
ability in tumor xenografts. These observations suggest that
EGFR-TKIs have the potential to modulate and affect host
cells, but their effect on the host microenvironment in dif-
ferent organs with cancer metastases is largely unknown.

The establishment of clinically relevant experimental
metastasis models is crucial to understand the pathogenesis
of lung cancer and its relationship to host microenviron-
ment. A reproducible model of multiple organ metastases
by human lung cancer cells was previously established in
natural killer (NK) cell-depleted severe combined immu-
nodeficient (SCID) mice [8, 9]. This model was used to
elucidate the mechanisms of interactions of metastatic lung
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cancer cells with host organ microenvironment and the
heterogeneity in organ microenvironments on the metas-
tases of human lung cancer [10-14].

The present study sought to elucidate the action of
EGFR-TKIs on host microenvironments in organs with
lung cancer metastases. The study investigated the thera-
peutic efficacy of erlotinib, an EGFR-TKI, on multiple
organ metastases induced by SBC-5 human small cell lung
cancer (SCLC) cells that did not express EGFR in NK cell-
depleted SCID mice.

Materials and methods
Cell cultures

The human SCLC cell line, SBC-5 [15] was kindly provided
by Drs. M. Tanimoto and K. Kiura (Okayama University,
Okayama, Japan). The PC-9 human adenocarcinoma cell
line was purchased from the American Type Culture Col-
lection (Manassas, VA). SBC-5 cells were maintained in
Eagle’s MEM (Nissui Pharmaceutical Co., Tokyo, Japan)
supplemented with 10% heat-inactivated fetal bovine serum
(FBS, GIBCO, Grand Island, NY), penicillin (100 U/ml),
and streptomycin (50 pg/ml). PC-9 cells were maintained in
RPMI1640 (Nissui Pharmaceutical Co., Tokyo, Japan)
supplemented with 10% heat-inactivated FBS, penicillin
and streptomycin. The MC3T3-E1 murine osteoblastic cell
line subclone 4 was kindly provided by Chugai Pharma-
ceutical Co., Ltd. (Tokyo, Japan). MC3T3-E1 cells were
maintained as preosteoblasts in «-MEM growth medium
supplemented with 10% FBS, penicillin and streptomycin.
The growth medium was supplemented with L-ascorbic acid
(50 pg/ml) to induce differentiation, and the cells were
cultured for 7 days [16]. All cell lines were incubated at
37°C in a humidified atmosphere of 5% CO, in air.

Reagents

An anti-mouse interleukin (IL)-2 receptor § chain mono-
clonal antibody (Ab), TM-f1 (1gG2b), was kindly provided
by Drs. M. Miyasaka and T. Tanaka (Osaka University,
Osaka, Japan) [17]. Recombinant murine EGF was pur-
chased from Invitrogen (Carlsbad, CA). None of these .
materials contained endotoxins, as determined by the lim-
ulus amebocyte assay (Seikagaku Kogyo, Tokyo, Japan:
minimum detection level, 0.1 ng/ml).

In vitro cell proliferation and migration assay
Cell proliferation was determined using the 3-(4,5-

dimethylthiazol-2-y1)-2,5-diphenyl tetrazolium (MTT) dye
reduction method [18]. The human lung cancer cells
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(2 x 10? cells/100 pl) were plated into each well of a
96-well plate, and incubated overnight. Various concen-
trations of erlotinib were added and the cells incubated for
72 h. Fifty microliters of stock MTT solution (2 mg/ml;
Sigma-Aldrich, St. Louis, MO) was added to all wells, and
the cells were then further incubated for 2 h at 37°C. The
media containing MTT solution were removed, and 100 pl
of DMSO (Sigma-Aldrich, St. Louis, MO) was added. The
absorbance was measured with an MTP-32 Microplate
Reader (Corona Electric, Ibaragi, Japan) at test and refer-
ence wavelengths of 550 and 630 nm, respectively. Cell
migration was determined using double chamber method.
RPMI-1640 medium (0.75 ml) containing 10% FBS was
applied to the lower chamber as chemoattractant, and SBC-
5 cells (5 x 10% in 0.5 ml of serum-free RPMI-1640
medium were seeded in inner chamber (8 pm-pore, BD
Labware, Franklin Lakes, NJ) with the presence of 0, 0.01,
0.1 or 1 pM erlotinib, and incubated for 19 h at 37°C. After
incubation, cells remaining on the upper side of the insert
were removed, and the cells that migrated to the lower
surface of the insert were counted in four different random
fields at 100x magnification. Each treatment was per-
formed in triplicate.

Animals

Male, 6 to 8-week-old S EB-17/Icr-scid mice were
obtained from Clea Japan (Osaka, Japan) and maintained
under specific pathogen-free conditions throughout the
experiment. The experimental protocol was reviewed and
approved by the animal care and use committee of The
University of Tokushima, and were performed according to
their guidelines.

Experimental metastasis with SBC-5 cells
and the effect of erlotinib

NK cells were depleted in SCID mice to facilitate the
metastasis of human lung cancer cell lines. TM-f1 Ab
(0.3 mg/mouse) was injected i.p. into SCID mice 2 days
before tumor inoculation {8]. Tumor cells were harvested
and washed with Ca®*- and Mg®*-free phosphate buffered
saline (Nissui Pharmaceutical Co., Tokyo, Japan). Cell
viability was determined by a trypan blue exclusion test and
only single cell suspensions of >90% viability were used.
SBC-5 cells (1 x 10° cells/0.3 ml/mouse) were inoculated
into the lateral tail vein of unanesthetized SCID mice pre-
treated with TM-$1 Ab on day 0. Oral administration of
erlotinib (10 or 30 mg/kg) was performed once daily from
day 7 to 28. Vehicle was administered to the control group.
Mice were anesthetized and humanely sacrificed on day 29
by cutting the subclavian artery, and all major organs were

removed. Whole body X-ray photographs (Fuji Film,
Tokyo, Japan) of tumor-bearing mice were taken just before
sacrifice and bone metastases were independently evaluated
on X-ray photographs by two authors [9]. The lungs were
fixed in Bouin’s solution (Sigma-Aldrich, St. Louis, MO)
for 24 h. The number of metastatic foci on the lungs, liver
were counted macroscopically.

Immunohistochemistry

The hind limbs of the mice were taken and fixed in 10%
formalin. The bone specimens were decalcified in 10%
EDTA solution for 1 week and then embedded in paraffin.
The paraffin-embedded tissue samples were cut into 3-pum
sections and picked up on slides. Tartrate-resistant acid
phosphatase (TRAP) staining was performed using a Sigma
Diagnostics Acid Phosphatase Kit (Sigma Diagnostics, St.
Louis, MO) for the detection of osteoclasts. The number of
TRAP-positive osteoclasts at the tumor-bone interface in
each slide was counted under a microscope in five random
fields at 200x magnification. Formalin fixed, paraffin
embedded sections were stained with anti-mouse CD31 Ab
(Santa Cruz Biotechnology, Santa Cruz, CA). CD31 posi-
tive microvessels were counted from five independent fields
at 200x magnification of each section. The sections were
also stained with H&E for routine histologic examination.

Western blot analysis

The cells were seeded at 1 x 10° cells/dish in corre-
sponding differentiation conditions to assess the effects of
exogenous stimuli on the activation of the EGFR in
MC3T3-E1 cells. Differentiated cells were cultured for
24 h in medium containing 1% FBS, and subsequently
treated with recombinant EGF for 10 min in the absence or
presence of various concentrations of erlotinib. Cells were
lysed in M-PER (Pierce, Rockford, IL) containing phos-
phatase inhibitor cocktail and proteinase inhibitor cocktail
(Roche Diagnostics, Indianapolis, IN), and the protein
concentration was determined using a protein assay kit
(Bio-Rad, Hercules, CA). Aliquots of 400 pg of total
protein were immunoprecipitated with the anti-mouse
EGFR Ab (Cell signaling, Danvers, MA), and the immune
complexes were recovered with Protein G-Sepharose beads
(GE Healthcare, Buckinghamshire, UK). Proteins were
separated by SDS-PAGE (Invitrogen, Carlsbad CA) and
then transferred to PVDF membranes (Atto, Tokyo, Japan).
Washed membranes were incubated with Blocking One
(Nacalai Tesque, Kyoto, Japan) for 1 h at room temperature,
then incubated 1 h at room temperature with anti-phospho-
tyrosine Ab (1:1,000 dilution, cell signaling) or anti-EGFR
Ab (1:2,00 dilution, cell signaling). The membranes were
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incubated for 30 min at room temperature with species-
specific horseradish peroxidase conjugated secondary
antibodies, and the immunoreactive bands were visualized
using an enhanced chemiluminescent substrate (Pierce,
Rockford, IL).

Reverse transcription polymerase chain reaction

MC3T3-E1 cells were seeded at 1 x 10° cells/well in
6-well plates in the corresponding differentiation conditions.
The differentiated cells were treated with recombinant EGF
in the absence or presence of indicated dose of erlotinib for
48 h. Total cellular RNA was isolated by using RNeasy Mini
kit (Qiagen, Valencia, CA) according to the manufacturer’s
protocols. RNA (0.5-2.0 pg) was reverse transcribed using a
TagMan® RNA-to-CT 2-Step kit (Applied biosystems,
Foster City, CA). Messenger The expression of receptor
activator of nuclear factor kappa-B ligand (RANKL),
osteoprotegerin (OPG) and EGFR mRNA were measured by
real-time polymerase chain reaction (PCR) using Assay on
Demand Tagman Gene expression primers and probes
(Applied biosystems). PCR reaction conditions were those
recommended by the manufacturer. Fluorescence signals
were monitored after each PCR cycle with an ABI Prism
7700 sequence detection system (Applied Biosystems). Cr
values (cycle number where fluorescence exceeded a fixed
threshold) were obtained for each target probe and normal-
ized with the corresponding Ct values for the internal con-
trol (mouse [2 microglobulin). The RNA levels were
expressed as relative units.

Statistical analysis

The Mann—-Whitney U test was used to evaluate the dif-
ferences in the numbers of metastases into multiple organs
(bone, liver, and lung) between the erlotinib-treated groups
and the control (vehicle treated group), and to evaluate the
differences in immunohistochemistry. The differences in in
vitro experiments were analyzed by Student’s ¢ test (two-
tailed). A P value of <0.05 was considered to be significant
in all experiments.

Results -

Erlotinib did not affect the proliferation and migration
of human SCLC, SBC-5 cells in vitro

We have previously reported that SBC-5 cells do not
express EGFR [12]. In this study, we first examined the
effect of erlotinib on in vitro proliferation and migration of
SBC-5 cells. As shown in Fig. 1a, clinically relevant doses
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Fig. 1 Effect of erlotinib on the proliferation and migration of human
SCLC, SBC-5 cells in vitro. a SBC-5 cells (1 x 10° cellsfwell; open
circles) or PC-9 cells (1 x 10? cells/well; closed circles) were plated
into each well of a 96-well plate and incubated overnight. Various
concentrations of erlotinib were added and the cells were incubated
for 72 h. Cell growth was determined by MTT assay as described in
“Materials and methods” section. Bars show SDs of the means of
triplicate cultures. Data are representative of five independent
experiments. b Cell migration of SBC-5 cells was assessed as
described in “Materials and methods” section. Bars show SDs of the
means of triplicate cultures. Data are representative of two indepen-
dent experiments

(3 uM or less) of erlotinib [19] had no effect on the pro-
liferation of SBC-5 cells. On the contrary, erlotinib sig-
nificantly inhibited the proliferation of PC-9 cells, which
harbor a deletion mutation on exon 19 of the EGFR gene,
in a dose-dependent fashion (Fig. 1a), consistent with a
previous report [20]. Cell migration of SBC-5 cells was
also not affected by erlotinib treatment (Fig. 1b).

Treatment with erlotinib inhibited bone and lung
metastases by SBC-5 cells in NK cell-depleted SCID
mice

A multiple organ metastasis model with SBC-5 cells
was established in SCID mice depleted of NK cells [9].
Intravenously inoculated SBC-5 cells (1 x 10%mouse)
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developed metastatic colonies in the lungs, liver, and bones
(osteolytic metastasis) of NK cell-depleted SCID mice.
This model was used to assess the therapeutic efficacy of
erlotinib. Oral administration of erlotinib (30 mg/kg) from
day 7 to 28 significantly inhibited the formation of osteo-
Iytic bone metastases (Fig. 2). Interestingly, treatment with
erlotinib also inhibited distant metastases in the lungs,
although it had no effect on liver metastases (Table 1).
Erlotinib treatment was well tolerated and no obvious
adverse events, such as body weight loss, were observed
even in the 30 mg/kg group (data not shown). These in
vivo results suggested that erlotinib prevented distant
metastases by affecting the host microenvironments
because erlotinib had no direct effect on the proliferation of
SBC-5 cells in vitro.

Vehicle

Fig. 2 Therapeutic efficacy of erlotinib against osteolytic bone
metastases produced by human SCLC, SBC-5 cells. SBC-5 cells
(1 x 10° cells/mouse) were inoculated into the tail vein of NK cell-
depleted SCID mice. Oral administration of erlotinib was performed

Effect of erlotinib on tumor angiogenesis

Guillamo et al. [21] reported that EGFR-TKI (gefitinib)
inhibits angiogenesis in a mouse experimental glioma
model. Moreover, Riedel et al. [22] reported that addition
of conditioned medium from EGFR antisense-treated
tumor cells decreases endothelial cell migration and pro-
liferation. These findings suggested that the prevention of
SBC-5-induced metastasis formation by erlotinib could be
due to the inhibition of angiogenesis. However, immuno-
histochemical staining with CD31 revealed no significant
difference in the microvessel density in the lung, bone, and
liver (Fig. 3). The effect of erlotinib on the proliferation of
human umbilical vein endothelial cells (HUVECs) was
also evaluated in vitro. Up to 3 uM of erlotinib did not

Erlotinib (30 mg/kg)

“Materials and methods” section. Mice were

as described in
sacrificed and bone metastases were determined radiographically on
day 29. The representative pictures of vehicle- and erlotinib-treated
mice are shown. The arrows indicate osteolytic bone metastases

Table 1 Effect of erlotinib on multiple organ metastasis produced by SBC-5 cells

Treatment Bone Liver Lung
Number of metastasis Weight (g) Number of metastasis Weight (g) Number of metastasis
Inc. Med. Range Med. Range Inc.  Med. Range Med. Range Inc. Med. Range
Experiment 1
Vehicle 6/6 6 5-7 1.6 1.3-19  6/6 39 25-80 0.3 0.3-04 6/6 38 30-55
10 mgkg  5/5 5 3-6 14 1.0-1.7  5/5 23 12-35 03 0.2-0.5 5/5 20 8-30
30 mg/kg  5/5 3% 2-5 2.0 1.8-34 5/5 26 2-38 03 0.3-04 5/5 15% 6-35
Experiment 2
Vehicle 6/6 9 7-11 1.8 1.6-24  6/6 60 20-150  0.22 0.24-041 6/6 14 5-20
10 mgkg  6/6 8 5-11 1.6 13-1.8  6/6 31 10-50 0.24 0.29-04 6/6 10 9-11
30 mglkg  6/6 4% 2-6 1.5 1.8-33  6/6 24 1240 0.21 0.3-04 6/6 7 2-11

SBC-5 cells (1 x 10° cells/mouse) were inoculated i.v. into NK cell-depleted SCID mice on day 0. Erlotinib (or vehicle) was given orally from
day 7 to 28 after umor cell inoculation. The metastatic profile was evaluated on day 29. Mann—Whitney U test was used to determine the

significance of differences
Inc. incidence, Med. median

* Statistically significant difference compared with vehicle-treated group (P < 0.05)
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Fig. 3 Effect of erlotinib on tumor angiogenesis. SBC-5 cells
(1 x 10° cells/mouse) were inoculated into the tail vein of NK cell-
depleted SCID mice. Oral administration of erlotinib was performed
as described in “Materials and methods” section. Each organ was
collected on day 29, paraffin embedded, and sections were subjected

affect the proliferation of HUVECs irrespective of the
stimulation with recombinant human vascular endothelial
growth factor (VEGF) (data not shown).

Erlotinib reduced the number of osteoclast in bone
metastasis lesion

A previous study demonstrated the importance of osteo-
clasts in bone metastasis development by SBC-5 cells [9,
10]. Immunohistochemical staining (TRAP staining) was
performed to evaluate the number of osteoclasts in meta-
static bone lesions. Figure 4 demonstrates that erlotinib
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Erlotinib

Control Erlotinib

to immunohistochemical staining of CD31. a Representative pictures
of immunohistochemical staining are shown (magnification, x200).
b CD31 positive microvessels were counted from five independent
fields of each section. Bars show SEM of the means for five mice per
group

treatment significantly reduced the number of osteoclasts
(TRAP positive cells) in metastatic bone lesions.

Erlotinib inhibited EGF-induced RANKL expression
in osteoblastic cell line MC3T3-E1 cells

RANKL is one of the key molecules responsible for the
formation of osteolytic bone metastasis in various types of
cancer [23]. RANKL expressed by osteoblasts activates
osteoclasts by binding to its receptor (RANK). The fact that
the number of osteoclasts in bone metastasis lesions
decreased after erlotinib treatment suggested that erlotinib
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Fig. 4 The effect of erlotinib on osteoclast recruitment in metastatic
bone lesion. SBC-5 cells (1 x 10° cells/mouse) were inoculated into
the tail vein of NK cell-depleted SCID mice. Oral administration of
erlotinib was performed as described in “Materials and methods”
section. Metastatic bone lesions were collected on day 29, and
sections were subjected to TRAP staining to evaluate osteoclast
recruitment. a Representative pictures of TRAP staining of bone are
shown (magnification, x200). TRAP positive cells were stained in
purple. b The number of osteoclasts (TRAP positive cells) was
counted from five independent fields of each section. Bars show the
SEM of the means for five mice per group. *P < 0.01

suppresses osteoclast differentiation and activation by
inhibiting the RANK-RANKL axis. The expression of
EGFR in the osteoblastic cell line MC3T3-E1 cells was
evaluated, since EGFR is reported to be expressed in
osteoblasts but not in osteoclasts [16]. Figure 5a shows that
MC3T3-E1 cells did express EGFR, and its phosphoryla-
tion was induced by EGF treatment. The inhibition of
EGFR phosphorylation by erlotinib was also confirmed.
EGF induced RANKL expression in MC3T3-E1 cells, and
the expression was significantly suppressed by erlotinib in
a dose dependent manner (Fig. 5b). Interestingly, the
expression of OPG, the decoy receptor for RANKL, was
not affected by either EGF or erlotinib treatment (Fig. Sc).

Discussion

The present study demonstrated that erlotinib significantly
suppressed bone and lung metastases, but not liver metastases,
by SBC-5 cells that did not express EGFR. These findings
suggest the importance of the host microenvironment in the
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Fig. 5 The effect of erlotinib on osteoblastic cell line MC3T3-E1
cells. Murine osteoblastic cell line MC3T3-E1 cells were differen-
tiated into the mature state as described in “Materials and methods”
section. a Differentiated cells were treated with EGF (10 ng/ml) for
10 min in the presence or absence of erlotinib. Expression of EGFR
and phosphorylated EGFR (p-EGFR) was detected by western
blotting. b, ¢ Differentiated MC3T3-E1l cells were treated with EGF
(10 ng/ml) in the presence or absence of various concentrations of
erlotinib for 48 h. The cells were harvested, and the expression of
b RANKL and ¢ OPG was detected by RT-PCR. Bars show the SEM
of the means of triplicate cultures. *P < 0.01

treatment of lung cancer with erlotinib. The formation of
distant metastasis involves several sequential steps, including
tumor growth in the primary site, invasion into blood vessels,
arrest in the capillaries, extravasation, invasion and growth in
target organs [24, 25]. Molecular interactions between cancer
cells and their microenvironments play important roles that
allow the cancer cells to survive at metastatic sites, [24-27].
Therefore, the efficacy of therapeutic agents against cancer
metastases depends on their mechanisms of action on tumor
cells as well as the host microenvironments.

There is accumulating evidence that the EGFR ligand-
EGFR axis plays a role in in bone biology and pathology.
The expression and functionality of EGFR has been clearly
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demonstrated in bone marrow mesenchymal stem cells
(BMMSCs) [6, 281, and osteoblasts themselves differenti-
ate from mesenchymal stem cells [29]. In addition, EGFR
ligands, such as EGF and amphiregulin, stimulate the
proliferation of BMMSCs and osteoblasts [30-32], sug-
gesting that EGFR ligands are mitogens for BMMSCs and
osteoblasts. EGFR signaling also indirectly affects osteo-
clast formation, although osteoclasts do not express func-
tional EGFR [16]. The role of EGFR in osteoclast
formation suggests that the balance of RANKL and OPG
(the decoy receptor for RANKL), which are expressed by
osteoblasts, is associated with differentiation. The current
study showed that the expression of RANKL, not OPG, in
osteoblasts was stimulated by EGF, and this might enhance
osteoclast activation via the RANK/RANKL axis. This
result is supported by previous study reported by Furugaki
et al. [33]. Using mouse osteolytic bone invasion model,
they showed that the lung cancer cells induced RANKL
expression of osteoblasts, and erlotinib inhibited the tumor-
induced osteolytic invasion by suppressing osteoclast
activation through inhibiting osteolytic factor production
including RANKL. The importance of the balance of
RANKL and OPG is also supported by Zhu et al. [16].
They demonstrated that EGFR ligands stimulate osteoclast
formation by inhibiting the expression of OPG by osteo-
blasts, although RANKL expression was not affected. This
difference might be due to differences in the experimental
conditions and EGFR ligands. The importance of osteo-
clasts and osteoblasts on the development of bone metas-
tases [16, 34] suggests that EGFR-TKIs prevent bone
metastasis formation by inhibiting the activation of osteo-
clasts and osteoblasts in addition to their direct effect on
tumor cells.

Current evidence also suggests the association of EGFR
signaling with primary bone tumor and bone metastasis
formation. EGFR upregulation is observed in osteosarco-
mas and osteosarcoma cell lines [35], bone and soft tissue
tumors [36]. Furthermore, EGFR is overexpressed in a
variety of tumors metastasizing to bone. Prostate cancer is
the best studied example. EGFR expression correlates with
prostate cancer relapse and progression to androgen inde-
pendence [37] and the blockade of EGFR signaling by
PK1166, an EGFR-TKI, inhibits prostate cancer growth in
the bones of nude mice [38]. Gefitinib, an EGFR-TKI,
inhibits the recruitment of osteoclasts in metastatic bone
lesions from breast cancer by affecting the ability of bone
marrow stromal cells to induce osteoclast differentiation
and activation [6]. Moreover, gefitinib administered to
breast cancer patients (phase I trial) with bone metastasis

significantly attenuates and relieves bone pain [6]. Col-

lectively, EGFR-TKIs might thus have the potential to
regulate the progression of bone metastases by acting on
not only tumor cells but also host microenvironments, thus
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suggesting the importance of targeting the EGFR signaling
blockade in the prevention of bone metastases. .

The current study found that erlotinib prevented distant
metastases in the bone and the lungs but not in the liver,
thus suggesting that organ heterogeneity is important in the
pathogenesis of lung cancer metastasis. Organ heteroge-
neity in the therapeutic response is frequently observed
in experimental xenograft models as well as in the clini-
cal setting. Macrophage colony-stimulating factor gene
transduction into human squamous cell lung carcinoma,
RERF-LC-AI cells significantly suppresses experimental
metastases in the liver but not the kidneys [13]. Treatment
with, bevacizumab, an anti-human VEGF Ab, inhibits
distant metastases of human ACC-LC-319/bone2 adeno-
carcinoma cells in the bone and the liver but not the lungs
[14]. These observations imply that the heterogeneity of
organ microenvironments affects the progression of lung
cancer metastases.

The current experiments did not reveal why erlotinib
failed to inhibit liver metastases, but one plausible expla-
nation is that hepatocyte growth factor (HGF), which is
produced by stromal cells in the liver as well as other
organs, might be responsible for organ heterogeneity in the
therapeutic response observed in this study. HGF acts as a
potent mitogen for endothelial cells and binds to receptors
expressed on endothelial cells, thus stimulating angiogen-
esis [39]. Yano et al. [40] demonstrated that HGF induces
gefitinib resistance of lung adenocarcinoma cells with
EGFR-activating mutations. by restoring the phospha-
tidylinositol 3-kinase/Akt signaling pathway via phos-
phorylation of MET. These reports suggest that the
microenvironment in the liver may not be favorable for
EGFR-TKIs to exert antitumor activity. The current in
vivo results also showed that erlotinib had therapeutic
efficacy against lung metastases. Pulmonary vascular
destabilization in the premetastatic phase promotes the
extravasation of breast cancer cells and facilitates lung
metastasis, indicating that vascular normalization might
lead to the suppression of lung metastasis [41]. In addition,
Cemniglia et al. [7] reported that erlotinib treatment with
tumor-bearing mice alters vessel morphology and decrea-
ses vessel permeability in tumor xenografts, resulting in
vascular normalization. Although erlotinib failed to show
an inhibitory effect on tumor angiogenesis in this study,
these findings indicate that EGFR-TKIs might prevent lung
metastases by decreasing vessel permeability and pre-
venting extravasation of tumor cells. Baker et al. [42] have
previously reported that the EGFR expression of host cells
such as endothelial cells is conditioned by tumor micro-
environment. Thus, there is a possibility that EGFR
expression status of SBC-5 cells might also be regulated by
host organ microenvironment, although it is still unclear
that EGFR expression of cancer cells is conditioned by
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tumor microenvironment. Further studies are warranted to
elucidate the mechanism of organ heterogeneity in the
therapeutic response by erlotinib.

In summary, the current study demonstrated that erloti-
nib significantly suppressed bone and lung metastases by
SBC-5 cells which did not express EGFR, while it had no
inhibitory effect on the proliferation of SBC-5 cells in vitro.
Even though the precise mechanisms remain uncertain,
these results strongly suggested that erlotinib prevented
distant metastasis formation by affecting host microenvi-
ronments irrespective of its direct effect on tumor cells.
Erlotinib might therefore be a promising therapeutic can-
didate for the inhibition of distant metastases.
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Abstract

Recent insights into the molecular mechanism of cancer progression have given rise to
specific target—directed therapies, including monoclonal antibodies and small molecular
compounds, and the advent of target—specific therapeutics has remarkably improved the
outcomes of patients with various malignancies. Recent advance also lead to the identifica-
tion of prognostic biomarkers as predictive factors in determining response to molecular
targeted drugs. Future studies also need to develop biomarkers to further increase the
power of patient selection for molecular targeted therapy. Here we review the recent pro-
gress in developing new molecular targeted drugs and the resistance to treatments as well
as the importance of measuring the QOL by patient-reported outcome, for personalized

therapy.

Key words: cancer, molecular target, biomarker, QOL. personalized therapy
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R1 STFENREEOENIT
Bs¥

& B

TP R -T- (VEGF), VEGF 24 (VEGFR), MK 58
T (PDGF), MMM R-F (FGF), 1L-8

FEIRERTF(EGF)., 4 ¥ AY YHEMME-F 10GF- 1), HHIRMETHEN -
(HGF). TGF, PTHrP

MEHE

VA FOEmMAT R &)

Eid T VSR eg D3I EGF %%:{&(EGFR), IGF-1%%1(IGF-~1R), PDGF 3% (PDGFR),
HGF % & {k(c-MET). ® MK ¥(SCF)% & (c-Kit), FGFE& &
(FGFR). endothelin A 2% (ETIR)

MRS =R Ber-Abl, JAK. SRC, RAS, MEK, RAF, PI3K, Akt, JAK2, LYN,
mTOR, SYK, EMIA-ALK, BRAF, MAPK, FAK, CDK. MDM2

ik e - CD20, CD22, CD25, CD52, CD56, CD40, CXCR4, MUC18

TUTTI—A TaF 7 —24, HSPSO

s avF > - DNABS

b X b BT A F LB (HDAC)

ERIFTE LRI RBRIN TV .
AT PATTEIGHRZID & CRE
DBIFZ D TEFL L 7o,

1. PAEGBAHD-_XLEENDF

HAERIL ORBECTOFAMIBIEMS X
DML, QBEBIUREN~OBA, @
MFHTOETE, @ENERZ~OBEK, @l
BEN~0#E ©ENBETOMNME mERN
£, LOIISEBREREILRD, ThH5 3T
DAFy ThHIIVTTEENZL 0T —8
DHAIIC L YRS ND 22— 27 BRRHET
H5H BE- -EBORRFy FIZEFAMEE
HBERNOKL ZIEEMBPET L OMEER
CHBINTBY, ZLDGFIRELTY
52 FRLOGFEPAEROEBE > SBIT
DENLEL-TWAS, FRHERE{HETS
E, QFEREFAMBEEFICRRINIEES
FREBEBETRPZOLES Y —, V7T
MzEsF, MREMEES )L, DBFEM
OEFEMRIZBEIN, BAEBRCIPP bS5
FE(METERES T, BEEESTF)CHHE
sh, TROBHEIERTAEL). #hb
% 5 FHRER & L 7215983 (molecular targeted
drugs) PR % Il 8 CBIRBRE S hhTn
Z)?A*UJ.

2. BRMEHEESTFED

BAERBIZ LI EFMOEEMRE L
T, BEMICHAE SN REBNTEIEL P HE
Ha3NT&7: #FE BEAOOEFEIER
ZFHREETFTHY, BEEHS1-2mm PLE L
KU T ITIIRRFE R N &l S OB D
WIETHH, MBI PPLLIRFELT,
vascular endothelial growth factor(VEGF),
basic fibroblast growth factor (bFGF), inter-
leukin—8(IL-8), angiopoietin(Ang), matrix
metalloproteinase (MMP), thymidine phospho-
rylase (TP) & LA ATV 5, TR GIIVA
MBEEEF TR 7077 — YR EHEEM
OEFERRP S EESNS. BRIE, Avastin®
IIVEGF 2R & LHEEESE LTEL
fEbhTwa2s 4 olEHERT (VEGF,
PDGF, FGF % &) #E7 5 S HFEDOMEN
FAL Y ZHbrFudr3-—Ex, Bldbs
WITHEBHET L OLEERBRINY, 1B
RO AEITH T S BRI RIFRD LN TV B,
LA L, MmEF4BER O BRAER T
FEIBESNTEY, 20X A=A ADOHH
WRELZHLIFEON TS
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x2-a RENEDASTFEROZERRE G ITHRR)

projectname - target ‘ %%&%" project name target P SEBRY
GSK-690693 Aktl, 2, 3 Pl XL-019 JAK2 Pl
R-547 CDK1, 2, 4 Pl CH 4987655 MAPK PI
AMG-208 c¢-MET PI RG-7112 MDM2 PI
E-7050 ¢~-MET, VEGFR2 PI AZD-2014 mTOR PI
NVP-AEE-788 EGFR, HER2, VEGFR Pl GDC-0980 PI3K Pl
PF-04554878 FAK PI RG-4733 y—-secretase Pl
JNJ-26481585 HDAC Pl CP-870893 CDA40 agonist Pl
KW-2478 HSP90 PI MDX-1338 CXCR4 PI
KW-2450 IGF-1R PI RG-7414 EGF-like domain 7 PI
BAY-36-1677 IL—4 agonist PI ABX-MA1 MUC18 PI
F2-b KROEMEEZRETR (B TP S EKHEER)
L ™ I A R
woE s BRE e pRER S /RS AN
o v .. project name L :
HiAkBESES,  bevacizumab Avastin® VEGF REBFA RBYERIGRE, IR, FLE
cetuximab Erbitax® EGFR REA BRI, S, Wi
panitumumab Vectibix EGFR KRBT A EREXIBRE
rituximab Rituxan ® CD20 HRIDFE A DIV ]

(CD20 R34 B {ifatd)
trastuzumab Herceptin * HER2 TREL T A L% (HER2 B51%)
denosumab AMG162 RANKL Pl EITABBEOTES
pertuzumab R1273 “RMLHER2 P AL b
figitumumab CP-751. 871 IGF-1R PIIl NSCLC & &
mapatumumab HGS1012 TRAIL-R1 PII NSCLC, WHifass &
nimotuzumab DE--766 EGFR PII HH#, KBRE, NSCLC. HNSCCZz &

PAERDIZDOFFEERZER, HrAH L

3. FPARTFENEMRBEDT
BEAF OHAS A AN BHIRE IS L Y R 7 Y —

BEdare s MoRZHMEERR L DNTF
FEM & KE MERER L 220 EEN, £

ZyyEh, HEHRELLUTERIH, B4 TR ZDoTWA.
WIEAZ VA, PAGFENEDR, PAERIZ a. MFEERES

b ABNGTOMESFEHICILI YR 7 ) —=
Y7L, BLRAERERE LTORRIH, &
Ao - BV EFREENTH S, BT
KEFDA THRBINDZHBARBRED 7, 8EH»
SFEARRELRE I TS, B, BE
& LTRRBEIN T HREN G FENEL
SRR OBRMEEZR2 IR LA
BAE, BIBRRFBRTOLOEANS & 100 L
HHEBRDNS.

PAEEREPFAMBKECRBLTwaSy
F(ZEHERE)RZHBBD) T v Fhr R
MICEET A% BETBREICTe PEYLL
2b0N% L, EHELLTEDRSE. LEY
HEPIAREREROENS T £ LT, VEGF, EGF
ZEK, CD20, HER2 2 EXbhITHN B (K2~
b). &, IGF-1ZHFKITH T L HAEER
IhTwa, ZhoLofEHERIE, V7Y Fo
Ve 7y —~ofEHEL, ADCCHMEKTF
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) {=3
A R T target SRS /6 RSN AN
project name
/I3 bortezomib VELCADE¥ REHEH proteasome WL TS
BIEH  dasatinib Sprycel®  AKRHH Ber-Abl TR BOPE £ 1A
(£ =+ = 7P - ALL
erlotinib Tarceva®  RilFEH EGFR 9% (P38 IR Nl i)
gefitinib Iressa® KR A EGFR TAe (s hanats)
imatinib Gleevec®  RREA PDGFR 1P B Y i R
(Ph1 Bit%)
lapatinib Tykerb®  HRFR¥EA  EGFR, HER2 TR
nilotinib Tasigna®  AilEA Ber-Abl P45 B AR
(4 = F = 7THHME)
sorafenib Nexavar® AR#@EA~ VEGFRL, 2, 3 MR, IR
FGFR1, PDGFRS
BRAF
sunitinib Sutent® REEFEA  VEGFRL, 2, 3, BRI, GIST
FGFR1, PDGFRB
temsirolimus Torisel®  AFH mTOR iy AU Ee
olaparib AZD2281 PlI PARP HH &
motesanib AMG-706 Plll  VEGFR. PDGFR, NSCLC 7% &
diphosphate c—Kit
enzastaurin LY-317615 Pl PKCB, Akt FuF—=ik
zibotentan ZD-4054 PIlI ETAR BV IRAR 7 &
cediranib AZD-2171 PII VEGFR NSCLC 7 &
linifanib ABT-869 Pl VEGFR, PDGFR KB, 85, NFHIKEE, NSCLC,
EBEERR Y
E-7080 P VEGFR FGFR. WrANH, TRIREE 7 &
c—Kit, RET
TSU-68 Pli VEGFR, FGFR, L, FHilas s
PDGFRB
YM-155 PI survivin *% 7=, DLBCL, Wi,
5% (HER2 B¥E), NSCLC % &
saracatinib. AZD~0530 Pl Src. Abl PREHE, L, BE. B ORBE.
HEREL L
BMS-754807 PII IGF-1R AL L
RO-5185426 PII BRAF AS ) -l
selumetinib AZD-6244 Pl MEK NSCIC. #9/—=, HEikE
ARQ-197 Pll c~MET NSCLC, RCC, Bfii Y
foretinib XL-880 PII ¢c—~MET. VEGFR, FSERE R &
PDGFR
vismodegib GDC-0449 P hedgehog PR, KLY
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