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YM155 for up to 72 hours revealed that the abundance
of survivin in Calué cells had decreased by 2 hours and
that survivin was virtually undetectable in H460 cells after
24 hours (Fig. 1B). In both cell lines, treatment with 50 nmol/L
YMI155 resulted in time-dependent inhibition of survivin
expression,

YM155-induced sensitization of NSCLC cells to radiation. To
examine the effect of YM155 on cell survival, we first did a
clonogenic survival assay. Exposure to the drug at concen-
trations of 1 to 500 nmol/L for 48 hours revealed that YM155
inhibited the survival of H460 cells with a median inhibitory
concentration (1Cs) of 64 nmol/L and that of Calu6 cells with
an ICsp of 43 nmol/L (Fig. 2A), On the basis of these data, we
adopted treatment with 50 nmol/L YM155 for 48 hours as the
standard protocol for radiation experiments, We next examined
whether YM155 might affect the sensitivity of NSCLC cell lines
to radiation. Treatment with 50 nmol/L YM155 for 48 hours
shifted the survival curves for both H460 and Calu6 cells to the
left (Fig. 2B), with a dose enhancement factor of 1.57 and 1.61,
respectively, suggesting that YM155 increased the radiosensi-
tivity of both cell lines.

Enhancement of radiation-induced apoptosis in NSCLC cells by
YM155. We next examined the effect of YM155 on radiation-
induced apoptosis in H460 or Calu6 cells with the use of the
TUNEL assay. Combined treatment of either cell line with

www.aacrjournals.org
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YM155 and y-radiation resulted in an increase in the number of
apoptotic cells at 24 and 48 hours that was greater than the sum
of the increases induced by YM155 or radiation alone (Fig. 3A).
To confirm the results of the TUNEL assay, we measured the
activity of caspase-3 in cell lysates. Again, the combined
treatment of H460 or Calu6 cells with YM155 and y-radiation
induced a synergistic increase in caspase-3 activity (Fig. 3B).
These data thus suggested that YM155 promotes radiation-
induced apoptosis in NSCLC cell lines.

Inhibition of DNA repair in irradiated NSCLC cells by
YM155. Defects in DNA repair have been associated with
enhanced sensitivity of cells to radiation (30, 31), and survivin
is thought 1o play a direct or indirect role in DNA repair (21).
We therefore next investigated the effect of YM155 on DNA
repair by immunostaining of cells with antibodies 1o the
phosphorylated form (y-H2AX) of histone H2AX, foci of which
form at DNA double-strand breaks (DSBs). The formation of
y-H2AX foci in H460 cells was apparent between 30 minutes
and 6 hours after y-irradiation (Fig. 4A). In the presence of
YM155, however, these foci persisted for at least 24 hours after
irradiation. Evaluation of the percentage of H460 or Calu6 cells
with y-H2AX foci at 24 hours after iradiation revealed that
YM155 significantly inhibited the repair of DSBs (Fig. 4B).
These results thus suggested that down-regulation of survivin
expression by YM155 results in the inhibition of the repair of
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radiation-induced DSBs in NSCLC cells, possibly accounting
for the observed radiosensitization by this drug,

Enhancement of radiation-induced tumor regression by
¥YM155. To determine whether the YM155-induced radio-
sensitization of NSCLC cells observed in vitro might also be
apparent in vivo, we injected H460 or Calu6 cells into nude
mice to elicit the formation of solid tumors. After tumor
formation, the mice were treated with YM155, y-radiation, or
both modalities. YM155 was infused continuously for 7 days
with the use of an implanted osmotic pump system, and
mice were subjected to local irradiation with a single dose of
10 Gy on day 3 of YM155 administration. Combined
treatment with radiation and YM155 inhibited H460 or Calué
tumor growth to a markedly greater extent than did either
modality alone (Fig. 5). The tumor growth delays induced
by treatment with radiation alone, YM155 alone, or both
YM155 and radiation were 2.9, 5.6, and 14.8 days, respec-
tively, for H460 cells, and 8.9, 41.0, and 76.0 days,
respectively, for Calu6 cells. The enhancement factor for the
effect of YM155 on the efficacy of radiation was 3.3 for H460
cells and 3.5 for Calu6 cells, revealing the effect 1o be greater
than additive. No pronounced tissue damage or toxicity such
as weight loss was observed in mice in any of the four
treatment groups.

Finally, we evaluated whether the combination of YMI155
and fractionated radiation treatment would result in the
inhibition of tumor growth similar 1o that observed with
YM155 plus single-fraction radiation. Mice bearing H460
tumors were thus again subjected to continuous YM155
infusion for 7 days, but local irradiation was done in 2-Gy
fractions on days 3 to 7 of drug administration (for a total dose
of 10 Gy). The tumor growth delays induced by treatment with
radiation alone, YM155 alone, or both YM155 and radiation
were 3.8, 53, and 16.6 days, respectively (Fig. 6). The
enhancement factor for the effect of YM155 on the efficacy of
radiation was 3.0. Again, there was no evidence of toxicity on
the basis of body weight loss, and there were no animal deaths
in any of the four groups. These data suggested that YMI155
enhances the tumor response to both single-dose and
fractionated radiotherapy in vivo.

Discussion

Survivin is a potentially important molecular target for cancer
therapy. Reflecting the many mechanisms that seem to regulate
survivin expression, diverse approaches have been evaluated
for targeting survivin in experimental models. Although
certain drugs, such as inhibitors of histone deacetylases,
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mitogen-activated protein kinases, and cyclin-dependent
kinases, have been shown to suppress survivin expression by
targeting various signaling pathways, these drugs inhibit
survivin expression nonspecifically (15-17, 19, 32). Gene
therapy strategies based on small interfering RNA or other
antisense oligonucleotides are specific for survivin, but the
effective delivery of these molecules remains a challenge for
the transition to the clinic (33). YM155 is a small-molecule
agent that specifically inhibits survivin expression in various
types of cancer cell lines in vitro (14). In addition, YM155 has
been shown both to distribute preferentially to tumor tissues
rather than to plasma as well as to exert pronounced antitumor
activity in tumor xenograft models in vivoe (14). The use of
YMI155 as a single agent in phase | clinical trials did not reveal
significant toxicity (34). Although phase Il studies of YM155
use as a single agent for cenain types of cancer are currently
under way, the effects of YM155 in combination with radiation
have not been reported. We now show that YM155 increased
the sensitivity of tumor cells to radiation in vitre and in vivo.
Clonogenic survival analysis, the most reliable approach for
assessing the ability of genotoxic agents to induce cell death
(35), revealed that YM155 markedly potentiated the decrease in
NSCLC cell survival induced by y-radiation. Given that
induction of apoptosis is a key mechanism of cytotoxicity for
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most antitumor agents, including y-radiation, defects in
apoptotic signaling may underlie resistance to such agents
(36). Radiation-sensitive tumors undergo radiation-induced
apoplosis in vitro more readily than do radiation-resistant
tumors (37-40). Treatment with caspase inhibitors has been
shown to protect tumor cells against radiation-induced
apoptosis and to increase their radioresistance (21, 41, 42),
suggesting that radiation-induced apoptosis is caspase-depen-
dent and that caspases contribute to radiosensitivity, The
antiapoptotic activity of survivin is mostly attributable to
inhibition of the activation of downstream effectors of
apopiosis such as caspase-3 and caspase-7 (25). We have now
shown that radiosensitization of NSCLC cells by YM155 was
associated with increases both in the activity of caspase-3 and in
the proportion of apoptatic cells. Our findings thus suggest that
YM155 sensitized tumor cells to radiation at least in part by
enhancing radiation-induced apoptosis.

We examined further the mechanism by which YMI155
induces radiosensitization. Survivin is essential for the proper
execution of mitosis and cell division, with disruption of
survivin expression resulting in cell division defects that can
lead to polyploidy and the formation of multinucleated
cells (43, 44). Although treatment with 50 nmol/L YM155
for 48 hours inhibited survivin expression in NSCLC cells, it
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did not induce polyploidy (data not shown), suggesting that
YM155-induced radiosensitization in the present study was
not attributable to cell division defects caused by survivin
depletion. Survivin was previously suggested to enhance tumor
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 repair of radiation-induced DSBs in NSCLC cells.

Fig. 6. Effect of YMIE5 an the growth of H460 wmors in mice subjected 10
fractionated radiotherapy. H460 cells were injected into the right hind limb of nude
mice and allowed to grow, The mice were divided into four treatment groups:
omud.mﬂmmmﬁnbm.u&ww«huﬂmd%ﬁmdu&m
YM155 (5 mg/kg) or vehicle was adm fusion over 7 d, and
mice in the rad groups were subj 1 with a dally dose of 2 Gy
on days 3 to 7 of drug treatment. Tumor volume was measured at the indicaled
times after the onset of treatmant. Points reprasent means from eight mice per
group; bars represent SE.

y krackai
toy

Clin Cancer Res 2008;14(20) October 15, 2008

6502

cell survival after radiation exposure through regulation of DSB
repair (21). We therefore investigated the effect of YM155 on
the repair of radiation-induced D5Bs by immunofluorescence
imaging of y-H2AX foci. H2AX is a histone that is phosphor-
ylated by ataxia telangiectasia mutated and DNA-dependent
protein kinase in response to the generation of DSBs (45, 46).
This reaction occurs rapidly, with half-maximal amounts of
y-H2AX generated within 1 minute and maximal amounts
within 10 minutes (47), and a linear relation has been shown
between the number of y-H2AX foci and that of DSBs (48). The
number of y-H2AX foci is thus a sensitive and specific indicator
of the existence of DSBs, with a decrease in this number
reflecting DSB repair. We found that YM155 inhibited the
If left
unrepaired, DSBs can result in chromosome loss or cell death;
agents that inhibit such repair thus increase the sensitivity of
cells to ionizing radiation (49, 50). Our results therefore
suggest that inhibition of DSB repair by YM155 contributes to
the radiosensitization induced by this drug. Given that
suppression of survivin expression impairs the repair of
radiation-induced DNA damage (9. 21), our results further
suggest that inhibition of DNA repair by YM155 is auributable
to down-regulation of survivin expression.

The antitumor activity of YM155 has previously been shown
to be time-dependent, with continuous infusion of the drug
resulting in greater antitumor activity and less systemic toxicity
compared with bolus injection in tumor xenograft models
in vivo (14). Ongoing clinical trials of YM155 are thus being
done with the drug administered on a continuous schedule. We
also administered YM155 by continuous infusion in our in vivo
experiments. The combination of YM155 with single-dose
radiotherapy resulted in a marked increase in tumor growth
delay compared with that apparent with either radiation or
YM155 alone, indicating that YM155 enhanced the antitumor
effect of ionizing radiation in vivo. Given that standard
radiation therapy in the clinic is delivered according 1o a
fractionated schedule, we also examined whether YM155
enhanced the tumor response to clinically relevant fractionated
doses (2 Gy) of radiation. Indeed, YM155 was also effective in
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CASE REPORT

Pharmacokinetic Analysis of Carboplatin and Etoposide in a
Small Cell Lung Cancer Patient Undergoing Hemodialysis

Ken Takezawa, MD, Isamu Okamoto, MD, PhD, Masahiro Fukuoka, MD, PhD,
and Kazuhiko Nakagawa, MD, PhD

Cancer chemotherapy is not well established for patients on hemo-
dialysis (HD). A 77-year-old man on HD presented with small cell
lung cancer. He was treated with the combination of carboplatin and
cloposide while the pharmacokinetics of the drugs were monitored.
The patient showed a response with manageable toxicity and re-
mained progression free for at lcast 8 months. The area under the
concentration-time curve for each antitumor agent in the patient was
within the therapeutic range achieved in individuals with normal
renal function. Carboplatin and etoposide chemotherapy combined
with HD thus allowed the drugs to achieve an appropriate area under
the concentration-time curve and sufficient efficacy in a small cell
lung cancer patient with chronic renal failure.

Key Words: Small cell lung cancer, Hemodialysis, Pharmacokinet-
ics, Chemotherapy.

(J Thorac Oncol. 2008;3: 1073-1075)

'I"he prognosis of patients with chronic renal failure has
improved as a result of progress in hemodialysis (HD),
and opportunities to treat malignant tumors that develop in
such HD patients are increasing. However, little is known of
the safety or efficacy of chemotherapy for malignant tumors
in HD patients. We analyzed the pharmacokinetics of com-
bination chemotherapy with carboplatin (CBDCA) and eto-
poside in a patient with small cell lung cancer (SCLC)
undergoing HD.

CASE REPORT
A T7-year-old man with chronic renal failure due to
diabetic nephropathy presented with a mass in the lefi hilar
area in March 2007, The general condition of the patient, who
had undergone HD, three times a week, was fair, with
symptoms such as cough, weight loss, and fever being absent.
His Eastern Cooperative Oncology Group performance status
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was 1. Computed tomography of the chest revealed a 45/33
mim mass in the lower lefl lobe as well as interstitial pneu-
monia in the lower left and lower right lobes. Histopathologic
analysis of a transbronchial biopsy specimen revealed SCLC.
No distant metastasis was detected on systemic examinations,
and the patient was diagnosed with limited-stage SCLC.
Laboratory testing revealed blood urea nitrogen and creati-
nine levels of 101 and 8.6 mg/dl, respectively. Other exam-
ined laboratory parameters were within normal limits, but
subsequent evaluation of serum tumor markers revealed an
increased level (18.2 ng/ml) of neuron-specific enolase,
which is not affected by renal function.'

Radiotherapy was not appropriate for the patient be-
cause of his bilateral interstitial pneumonia. Given his good
performance status and afier obtaining informed consent, we
treated the patient with the combination of CBDCA and
etoposide (Figure 1). On day 1 of the treatment cycle, the
patient received an intravenous mjwhon of etoposide (50

mg/m?) over 60 minutes follgwed by an intravenous injection
of CBDCA (250—275 mg/m?) also over 60 minutes. HD was
initiated 60 minutes after completion of CBDCA administra-
tion and was performed for 4 hours. On day 3, etoposide (50
mg/m?) was administered over 60 minutes and HD was
performed for 4 hours beginning 2 hours after completion of
etoposide injection. The doses of CBDCA and etoposide as
well as the timing of HD were based on previous studies.”~*
The treatment was well tolerated. Nonhematologic toxicities
such as nausea, vomiting, and fatigue were not observed. The
patient also did not experience neutoropenia or thrombocy-
topenia (Nadir neutrophil and platelet counts during 3 cycles
of chemotherapy were 2200/ul and 15.5 X 10*/pl, respec-
tively). Prophylactic administration of granulocyte colony-
stimulating was not carried out. After three cycles of chemo-
therapy, each separated by an interval of 3 weeks, the tumor
decmscdmmandthcmwmn-spemﬁcmlm
level had decreased to within normal limits (6.3 ny:m!). The
pm-trmmdpmwmamlhsﬂﬂerﬂlemmuim

Phan'naooknwuc analysis of CBDCA and etoposide
wupcrfmmedfmd:eﬂmandthﬂﬂcwof&?hﬂmgh;
apy. Serial blood samples were collected 0, 1, 2,3,4,5 ok
37, 41, 42, 49, 53, and 54 hours afier ion of CB
administration as well as 0, 2, 3, 4, 5,6, 7, 25&50.57-54
55, and 73 hours after compleuon of ﬁse etoposide
administration, Each blood sample was analyzed for free
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platinum and etoposide (Figure 1) as described previously.®
In the first cycle, the area under the concentration-1ime curve
(AUC) was 4.10 minutes mg/ml for free platinum and 4401
and 3612 minutes pug/ml for etoposide on days | and 3,
respectively. In the third course of chemotherapy, for which
the CBDCA dose was increased from 250 to 275 mg/m”, the
AUC of free platinum was 4.16 minutes mg/ml. The maximal
concentration and half-life of free platinum were 7.7 pg/ml
and 2.51 hours in the first cycle and 9.4 pg/ml and 1.93 hours
in the third cycle.

DISCUSSION

Many lung cancer patients undergoing HD as a result of
impaired renal function may be “undertreated” because che-
motherapy regimens are not well established for such indi-
viduals. The lack of pharmacokinetic data for most cytotoxic
agents in HD patients makes it difficult to administer chemo-
therapy effectively. Given his old age, bilateral interstitial
pneumonia, and renal dysfunction, the present patient might
have been considered too high a risk for chemotherapy and
recommended to receive best supportive care. However, tak-
ing into account the sensitivity of SCLC to platinum combi-
nation chemotherapy, we treated him with CBDCA and

ctoposide while monitoring the pharmacokinetics of these
antitumor agents.

CBDCA is a less emetic and less nephrotoxic analog of
cisplatin and is preferred over cisplatin for use in patients
with renal insufficiency. The desired AUC for CBDCA can
be individualized with the use of Calvert’s formula on the
basis of individual renal function.® In previous studies of
CBDCA-based chemotherapy in patients undergoing HD, a
CBDCA dosc of 100 to 150 mg/body was chosen according
to this formula, with the glomerular filtration rate set to zero
because of the absence of renal function (Table 1).7-1° In
these studies, HD was performed 16 to 24 hours after com-
pletion of CBDCA administration, resulting in an AUC of
4.43 to 6.9 minutes mg/ml. More recently, administration of
a relatively high dose (300 mg/m?) of CBDCA with initiation
of HD 0.5 10 1.5 hours after completion of drug injection has
been shown to be feasible and effective in lung cancer
patients undergoing HD.2-4 However, the AUC of CBDCA in
these latter studies was not determined. In the present study,
we found that a CBDCA dose of 250 to 275 mg/m® admin-
istered completely 1 hour before HD gave rise to an AUC for
free platinum of 4.10 to 4.16 minutes mg/ml, a therapeutic
blood level, consistent with the antitumor efficacy observed

TABLE 1. Previous Studies of Carboplatin-Based Chemotherapy in Cancer Patients on Hemodialysis

Inierval Between Carboplatin

Disense No. of Patients Carboplatin Dose Infusion and Hemodialysis (h) AUC (min mg/ml)

Watanabe ci al.7 Ovarian cancer 1 125 mg 16 443
Jeyabalan et al.* Ovarian cancer 1 125 mg 24 ND
Chatelut ¢ al.” Ovarian cancer | 150 mg 24 6.06-6.70
Motzer et al.'e Germ cell tumor 2 100 mg/m? 24 6.7-6.9
Inoue et al2 sCLC 3 300 mg/m? ! s
Yanagawa et al.? NSCLC/epipharynx ca 2 300 mg/m? 0.5 ND
Haraguchi et al4 SCLC 1 300 mg/m? 15 N.D

N.D, not determined; NSCLC, non-small cell lung cancer.
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Analysis of Carboplatin and Etoposide

in the previous studies*-%. Our presented study supports that
relatively high dose administration of CBDCA with initiation
of HD 1 hour after drug injection would be an altemative
strategy for patients with HD -dependent renal insufficiency.

Etupoddnisaeﬁveagaimtw-imlyp:ofmslipml
tumors, but its membrane permeability in HD remains un-
clear. The AUC range for etoposide in 13 patients with
normal renal function treated with this drug at a dose of 100
mg/m? was previously shown to be 2291 to 6832 minutes
pg/ml (Ref. 11). The 1 patient was treated with etopo-
side at 50 mg/m? on days 1 and 3, with HD being initiated 2
hours after completion of the drug injection. The AUC of
etoposide was 3612 to 4401 minutes pg/ mi, values that are
within the range achieved in patients with normal renal
function. Indeed, the combination chemotherapy in the pro-
band induced a tumor response that persisted for at least 8
months. Administration of etoposide at 100 mg/m* on days 1,
3, and 5 in combination Wwith cisplatin at 80 mg/m’ was
shown to be acceptable in 4 lung cancer patients with renal
dysfunction.!? In the previous study, HD was performed soon
after drug administration, resulting in an AUC for etoposide
of 4800 to 6204 minutes pg/ml. Data from the previous
studies and our present patient thus indicate that etoposide
can be administered safely in HD patients.

The present case shows that CBDCA and etoposide
chemotherapy combined with HD resulted in AUCs for these
drugs within the therapeutic range in a SCLC patient with
chronic renal failure. Although further studies are needed, our
findings suggest that this regimen of combination chemother-
apy can be administered to lung cancer patients with renal
insufficiency.

Copyright © 2008 by the International Association for the Study of Lung Cancer
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Abstract Cisplatin is a key agent in combination chemotherapy
for various types of solid tumor. We now show that cisplatin acti-
vates signaling by the epidermal growth factor receptor (EGFR)
by inducing cleavage of heparin-binding epidermal growth fac-
tor-like growth factor (HB-EGF). Matuzumab, a monoclonal
antibody to EGFR, inhibited cisplatin-induced EGFR signaling,
likely through competition with the soluble form of HB-EGF for
binding to EGFR. Matuzumab enhanced the antitumor effect of
cisplatin in nude mice harboring human non-small cell lung can-
cer xenografts. Our findings shed light on the mechanism by
which monoclonal antibodics to EGFR might angment the effi-
cacy of cisplatin,

Crown Copyright © 2008 Published by Elsevier B.V. on behalf of
the Federation of European Biochemical Societies. All rights
reserved,

Keywords: EGF receptor; Heparin-binding EGF-like growth
factor; Matuzumab; Cisplatin; Non-small cell lung cancer

1. Introduction

Cisplatin is 4 key component of combination chemotherapy
for various types of solid tumor, but its effectiveness is limited
by the development of chemoresistance [1]. Several nonphysio-
logical stimuli that induce cellular stress, such as hyperosmo-
larity, wounding, UV or y-radiation, reactive oxygen specics,
and chemotherapeutic agents, trigger activation of the epider-
mal growth factor receptor (EGFR) [2-11]. Ligand binding to
EGFR induces receptor dimerization and activation of the
receplor kinase, triggering intraccllular signaling pathways
such as those mediated by the protein kinases Akt or extracel-
lular signal-regulated kinase (Erk), which play fundamental
roles in the control of numerous cellular processes such as
growth, proliferation, und survival [12-18]. EGFR signaling
pathways aclivated by cellular stressors are thus of clinical
interest because of their potential role in tumor resistance to
chemotherapy [2-11]. The effects of cisplatin on EGFR signal-
ing pathways have remained unclear, but the potential role of

*Corresponding author. Fax: +81 72 360 S000.
E-muil address: chi-okamolof@dotd.med kindaLue.jp (1. Okamoto).

Abbreviations: EGF. epidermal growth factor; EGFR, EGF recoptor;
mAb, monoclonul antibody; NSCLC, non-small cell lung cancer; HB-
EGF, heparin-binding EGF-like growth factor: HRP. horseradish
peroxidase: TUNEL. erminal deoxynucleatidyl transfe fialed
dUTP nick-end labeling
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these pathways in cisplatin resistance makes it important to
examine whether EGFR inhibitors might enhance the antitu-
mor effects ol this drug [8.9].

We have now examined the molecular mechanism of cis-
platin-induced aclivation of EGFR and the effects of this drug
on downstream signaling pathways, We also cxamined the ef-
fects of matuzumab (EMD72000, humanized mouse immuno-
globulin G1), a monoclonal antibody (mAb) to EGFR [19], on
cisplatin-dependent EGFR signaling. Finally, the antitumor
cffect of matuzumab combincd wilh cisplatin was evalualed
in order to provide insight into the mechanism by which
ant-EGFR mAbs might augment the efficacy of cisplatin.

2. Materials and methods

2.1, Cell enlture and reapents

The human non-small cell lung cancer (NSCLC) cell lines NCI-H292
(H292), NCI-H460 (H460), nnd A549 were oblained and cultured s
previously deseribed [20). Matuzumab and gefitinib were also obtained
s previously described [19: GM6001 was from Calbiochern (La Jolla,
CA); cisplatin, CRM197, and cpidermal growth factor (EGF) were
from Sigma (St. Louis, MO): and heparin-binding EGF-like growth
fnctor (HB-EGF) was from R&D Systems (Minnenpolis, MN),

2.2, Tnmnoblot emalysis

Immunoblot analysis wus performed s described previously [20].
Primary antibodies to the Tyr™ -phosphorylated form of EGFR. 1o
EGFR, to phosphorylated Erk, w0 Erk, o phosphorylated Aki, and
Lo Akt as well as horseradish peroxidase (HRP)-conjugaled goal snti-
bodics to mouse or rabbit immunoglobulin G were obtained as de-
scribed  previously (20). Primary nntibodies 1o the intracellular
COOH-terminal domain of HB-EGF and HRP-conjugated donkey
antibodies to goat immunoglobulin G were from Santa Cruz Biotech-
nology (Santa Cruz, CA),

2.3 Assessment of tumar grawth inhibition in vivo

Tumor cells {2 x 10*) were injected subcutaneously into the flank of
T-week-ol femule athymic nude mice. The mice were divided into four
treatment groups of seven or eight animals: those treated over 2 wecks
by intraperitoneal injection of vehicle, matuzumab (0.05 mg, twice per
week), cisplatin (6 mg/kg of body weight, twice per week), or hoth mut-
wzumab and cisplatin. Treatment was initiated when tumors in cach
group ichieved un uverage volume of 200 mm’. with tumor volume
being determined twice weekly for 41 days after the onset of tresiment
from caliper measurement of tumor length (L) and width () accord-
ing to the formula W72

2.4. Ki67 index

Tumors were removed from some animals 14 days after treatment
initintion und were stuined with a mouse mAb to human Ki67 (clone
MIB-1; Dako, Carpinteria. CA), as previonsly described [21] The
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Allcights reserved



4126

Ki67 index was determined as the percentage of KiG7-positive cells by
scoring al least 300 tumor cells in each of 10 well-prescrved ficlds of
eich tumor at n magnification of x200 (CX41 light microscope; Olym-
pus, Tokyo, Japan).

2.5. TUNEL stuining
Terminal deoxynucleotidyl transferase-medinted dUTP nick-end
labeling (TUNEL) analysis of tumor seclions was performed us de-

T. Yoshica et al. | FEBS Letters 582 (2008) 41254130

scribed previously [22]. The number of apaptatic cells in cach of 10
fields (x200) per tumor was determined with a light microscope
{CX41, Olympus).

2.0, Shtisticerl anedysis

Quantitative dats are presented as means + 5.0, and were compared
among groups by one-way analysis of variance followed by Tukey's
multiple comparison test. A P value of <0.05 was considered
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Fig. I. Cisplatin-induced activation of EGFR and of downstream signaling pathways mediated by Akt or Erk. Serum-deprived H292 (A), A549 (B),
or H460 (C) cells were incubated for the indi d times in the absence or presence of cisplatin (CDDP, 100 pM). Cell lysates were then subjected to
immunoblot analysis with antibodies 1o the Ty'™*%-phosphorylated form of EGFR (pEGFR), to phosphorylated Akt or to phosphorylated Erk as
well as with antibodies 10 total forms of these proteins,
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Fig. 2. Cisplatin-induced HB-EGF cleavage and its role in activation of EGFR signuling pathways by cisplatin. (A) Serum-deprived H292 cells were
incubated for the indi | times in the presence of cisplatin (100 uM), Cell lysates were then subjected to immunoblot analysis with antibodics 1o the
intracellular COOH-terminal domain of HB-EGF. The positions of molecular size standards (left) as well as of bands carresponding to pro-HB-EGF
and to the cleaved tail fragment (right) are indicated. (B) Serum-deprived H292 cells were incubaied alone {control) or with cisplatin (100 pM) in the
absence or presence of GMG001 (10 pM) for 12 h. Cell lysates were then subjected 1o immunoblot analysis as in (A). (C) Serum-deprived H292 cells
were incubated with EGF (100 ng/ml) for 15 min as a positive control or with cisplatin (100 pM) in the absence or presence of GMG001 (10 uM) or
CRMI197 (10 pg/ml) For 12 h, Cell lysates were then subjected to immunoblot analysis with antibodies to phosphorylated or total forms of Akt or
Erk.
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statistically significont. Statistical analysis was performed with Graph-
Pad Prism version 3.00 for Windows {GraphPad Software. San Dicgo,
CA).

3. Results and discussion

3.1. Cisplatin activates EGFR ax well as downstream Akt and
Erk signuling pathways

Cellular stress induced by several chemotherapeutic agents
or y-radintion triggers the uctivation of EGFR signaling path-
ways, wnh this effect being thought to play an important role
in to ch herapy or radiotherapy [6-11]. We
examined the effects of cisplatin on EGFR and downstream
signuling pathways mediated by Akt or Erk in human NSCLC
cell lines (H292, A349. H460). Cisplatin induced the phosphor-
ylation of EGFR, Akt, und Erk in a time~dependent manner,
without affecting the total amounts of these proteins, in all
three cell lines (Fig. 1). These results thus showed that cisplatin
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aclivates EGFR and downstream signaling pathways mediated
by Akt or Erk.

3.2. Cisplatin activates EGFR signaling pathwayx by inducing
the cleavage of HB-EGF

HB-EGF is a membrane-bound EGFR ligand that activates
EGFR alter its release [rom the membrane in response to cel-
lular stress [3,5,23-25). To determine whether HB-EGF con-
tributes to cisplatin-induced EGFR signaling, we examined
the possible cffect of cisplatin on cleavage of the membrane-
bound pro-form of HB-EGF in H292 cells. Cisplatin induced
n time-dependent decrease in the amount of pro-FIB-EGF
and a consequent increase in the amount of a COOH-terminul
fragment of this protein referred 1o as the “iil fragment”
(Fig. 2A). These effects of cisplatin were inhibited by
GM6001 (Fig. 2B), a potent inhibitor of matrix metallopro-
teinases responsible for HB-EGF cleavage [23,24), suggesting
that cisplatin induces metulloproleinase-mediuted cleavage of
the ectodomain of HB-EGF and its release from the cell sur-
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Fig. 3. Inhibition by mutuzumab of EGFR signaling induced by HB-EGFT or by cisplatin. (A) Serum-deprived H292 cells were incubated first for 2h
in the absence or presence of matuzumab (200 nM) and then for 15 min in the additional absence or presence of HB-EGF (10 ng/ml). Cell lysates
were then subjected to immunoblot unalysis with antibodies to phosphorylated or total forms of Akt or Erk. (B-D) Serum-deprivesd H292 (B), A549
{C). or H460 (D) cells were incubated with EGF (100 ng/ml) for | 5 min as a positive control or with cisplatin (100 pM) in the abscnce or presence of
matuzumab (200 nM} or gefitinib (10 uM) for 12 h. Cell lysates were then subjected (0 immunoblo! analysis as in (A).
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face. GM600] also blocked the activation of Akt and Erk by
cisplatin (Fig. 2C), implicating HB-EGF cleavage in cis-
platin-induced EGFR signaling. To explore further whether
cisplatin-induced EGFR signaling is dependent on HB-EGF
activity, we examined the effect of CRM197, a nontoxic mu-
tant form of diphtheria toxin that binds specifically 1o and neu-
tralizes HB-EGF, which has also been identified as a
diphtheria toxin receptor [26]. CRM197 completely inhibited
the activation of Akt and Erk by cisplatin (Fig. 2C), suggesting
that cisplatin promotes EGFR signaling by inducing the cleav-
age of HB-EGF. Consistent with this notion, the time course
of cisplatin-induced activation ol EGFR signaling (Fig. 1A)
was similar to that of cisplatin-induced release of HB-EGF
from the cell surface (Fig. 2A).

Cisplatin has previously been shown to increase the amount
of HB-EGF mRNA in various lypes of cancer cells (7], and
expression of the HB-EGF gene was found to be increased
in cisplatin-resistant cancer [27]. The chemotherapeutic drugs
SN38, doxorubicin, and imatinib also induce EGFR signaling
and subsequent chemoresistance through metalloproteinase-
dependent cleavage of HB-EGF [7,10]. Tt is possible that
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EGFR signaling resulting from metalloproteinase-mediated
cleavage of HB-EGF represents a common mechanism of cel-
lular resistance to various chemotherapeutic agents,

3.3. Effects of matuzumub on cisplatin-induced EGFR signaling

The clinical cfficacy of treatment with anti-EGFR mAbs has
been thought to be due to their prevention of ligand binding to
EGFR [28.29]. We hypothesized that anti-EGFR mAbs might
inhibit cisplatin-induced EGFR signaling by blocking the
binding of the releused ectodomain of HB-EGF to EGFR.
To test whether anti-EGFR mAbs inhibit EGFR signaling in-
duced by HB-EGF, we examined the effects of the humanized
unti-EGFR mAb matuzumab. Matuzumab indeed prevented
the activation of Akt and Erk by HB-EGF (Fig. 3A), indicat-
ing that this mAb inhibits HB-EGF-dependent EGFR signal-
ing. We next examined the effect of matuzumab on cisplatin-
induced EGFR signal transduction. The activation of EGFR
downstream signaling by cisplatin was abolished by gefitinib
in H292, A549, and H460 cells (Fig. 3B-D), suggesting that
cisplatin-induced EGFR signaling requires the tyrosine kinase
aclivity of EGFR. Matzumab also markedly inhibited
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Fig. 4. Enhancement by matuzamab of the antitumor effect of cisplatin in vivo. (A) Nude mice harboring H292 tumor xenografls (200 mm®) were
treated with a single intraperitoneal dose of matuzumab (0.05 mg) or cisplatin (6 mg/kg), with both agents, or with vehicle (control) twice a week for
14 days. Tumor volume was determined at the indicated times after the onset of treatment. (B) The Ki67 index was deiermined from sections of H292
tumor xenografts 14 days after the initiation of treatment as in (A). (C) Quantitation by TUNEL staining of the number of apoptotic cells per ficld
(>200) in H292 tumor xenografts 14 days after the initiation of treatment as in (A), Data in (A-C) are means £5.D, *P < 0.05 versus control:

**P < 0.05 versus control or each agent alone.
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cisplatin-induced EGFR signaling in all three cell lines
(Fig. 3B-D). These results thus suggested that matuzumab
blocks cisplatin-induced EGFR signaling through inhibition
of HB-EGF-dependent activation of EGFR.

Matuzumab excrts ils antitumor cfiect both by competition
with EGF for binding to EGFR and by blockade of the EGFR
tumover that is important for activation of downstream sig-
naling pathways mediated by Akt or Erk [19,28.29]. The solu-
ble form of HB-EGF includes the EGF-like domain, n
commaon structure in members of the EGF family of proteins
that consists of 40-45 amino acids and contains six cysteine
residues, but it binds not only to EGFR but also to ErbB4,
whereas EGF binds specifically to EGFR [23-25]. The corre-
sponding binding site of EGFR or the ligand function of
HB-EGF may therefore differ from those for EGF. Neverthe-
less, we have now shown thal matuzumab also inhibits the
activation of EGFR signaling by both HB-EGF and cisplatin.

1.4. Matuzumah enhances the antinmmor action of cisplatin in
H292 xenagrafts

If cisplatin-induced EGFR signaling plays an important role
in the development of cisplatin resistance, matuzumab might
be expecled to enhunce the untitumor effect of cisplatin by
inhibiting such signaling. We therefore determined the efficacy
of combined treatment with matuzumab and cisplatin in nude
mice with solid tumors formed by H292 cells injected into the
flank. Combination therapy with matuzumab and cisplatin
inhibited mor growth to a significantly greater cxtent than
did treatment with matuzumab or cisplatin alone (Fig. 4A).

Tumors treated with the combination of matuzumab and
cisplatin also manifested both a significantly smaller Ki67 in-
dex (Fig. 4B). a marker of cell proliferation, and a significantly
greater proportion of apoptotic cells (Fig. 4C), compared with
tumors treated with cither agent alonc. Matuzumab alone or in
combination with cytotoxic agents was previously shown to in-
hibit Akt or Erk phosphorylation in human tissue samples or
human xcnografts in nude mice [30-34]. The combination of
matuzumab and cisplatin likely reduced the Ki67 index in
the present study because matuzumab blocked the cisplatin-in-
duced activation of Erk. which is important for cancer cell pro-
liferation as a component of the Ras-MEK-Erk signaling
pathway [17,18]. The increase in the number of apoptotic cells
in tumors treated with both matuzumab and cisplatin likely re-
sulted from inhibition by matuzumab of the cisplatin-induced
activation of Akt, which contributes to antimpoptotic signaling
through several pathways [15.16). Our data thus indicate that
matuzumub cnhanced the antitumor effect of cisplatin, with
the combination treatment inhibiting tumor cell proliferation
and inducing apoptosis to a greater extent than treatment with
cither agent alone. Our data showing that gefitinib also
blocked cisplatin-induced activation of Akt and Erk may ex-
plain the previous observation that the growth-inhibitory ac-
tion of cisplatin in A549 tumors was increased fourfold in
combination with gefitinib [35]. Our findings suggest the
importance of EGFR signaling in the development of chemo-
resistance Lo cisplatin, und they provide insight into the mech-
anism by which anti-EGFR mAbs might augment the efficacy
of cisplatin, Clinical studies of the therapeutic efficacy of mat-
uzumab combined with cisplatin are thus warranted.
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Efficacy and Safety of Erlotinib Monotherapy for Japanese
Patients with Advanced Non-small Cell Lung Cancer
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Introduction: The aim of this study was 10 evaluaic the efficacy and
safety of Erlotinib in Japanese patients with previously treated non-small
cell ng cancer (NSCLC). Available tumor biopsy samples were analyzed
to examine relationships between biomarkers and clinical outcome.
Methods: This open-label phase Il ftrial enrolled stage 1TV
INSCLC patients who had progressive discase after at lcast one prior
platinum-based chemotherapy regimen. Erlotinib was administered
at a dose of 150 mg/d orally until disease progression or intolerable
toxicity, Analysis of epidermal growth factor receptor gene muta-
tions in exon 18-21 by direct sequencing was performed in tumor
tissue specimens obtained at the first diagnosis.

Resulis: Sixty-two paticnts were enrolled and 60 patiems were
evaluable for efficacy. Objective response rate and disease control
rate were 28,3% and 50.0%; median time to progression and overall
survival were 77 days and 14,7 months, respectively, In logistic
regression analysis, only smoking history was proved to be a statisti-
cally significant predictive factor for response (odds ratio: 0.06, p <
0.001). Only 7 patients had samples available for mutation analysis.
Thres patients who had deletion mutations on exon 19 (del E746-A750
or del §752-1759) exhibited objective response. Common toxicities
were rash (98%), dry skin (81%), and diarrhea (74%). Discontinuation
due 10 adverse events occurred in | | patients (18%). Four patients (6%)
experienced interstitial lung disease-like events, one of whom died.
Conclusion: Erlotinib is efficacious in Japanese patients with pre-
viously treated NSCLC. The toxicity profile was similar to that in
Western patients, except for a somewhat higher incidence of skin
disorders and interstitial lung discase. Further studies are needed to
determine the relationship between epidermal growth factor receptor
mautations and outcomes with Erlotinib in Japanese patients.
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ung cancer affects approximately 1.2 million people an-
lly, and is the leading cause of cancer death in the
world.! More than 80% of affected patients are diagnosed
with non-small cell lung cancer (NSCLC). The standard
first-line treatment for metestatic NSCLC is a combination of
platinum chemotherapy with a third-generation agent such as
docetaxel, paclitaxel, gemcitabine, vinorelbine, and irinote-
can.2? Although patients with stage 11, TTIA, or IIIB NSCLC
receive platinum-based chemotherapy as part of combined
modality treatment with thoracic radiotherapy or surgery,
many will be candidates for second or third-line chemother-
apy. Docetaxel is the only cytotoxic agent with a proven
survival advantage over supportive -care in patients with
disease ion after cisplatin-based chemotherapy for
NSCLC.* The other agent for which a survival benefit has
been demonstrated in this setting is erlotimib,® which was
approved in Japan for the treatment of relapsed NSCLC in
October 2007. Erlotinib is a selective, orally active epidermal
growth factor receptor tyrosine kinase inhibitor (EGFR-TKI).
In contrast to the experience with the ic chemothera-
peutic agents, response to treatment with EGFR-TKIs has
been reported to be influenced by gender, histological type,
race or ethnic origin, and smoking status.5-*

Tumor molecular markers, including EGFR genc mu-
mﬁmandpmﬁnmmwnwﬁl-idymwm
paﬁmwidiNSCLC,audMismgm-ﬂmoemmc
presence of EGFR gene mutations is @ predictor of tumor
response and resistance.9-'2 However, few prospective stud-
ies have evaluated molecular markers as predictors of out-
come, and their clinical usefulness is unproven.

This report presents the results of the first phase II study
of erlotinib conducted in Japanese patients with NSCLC. The
purpose was to evaluate the efficacy and safety of erlotinib in
this population. Where available, tumor biopsy samples were
analyzed for EFGR-related markers.
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PATIENTS AND METHODS

This phase II, multicenter, open-label study recruited

patients at 11 hospitals in Japan, The primary end point was

the objective response rate (ORR) to erlotinib treatment (150

mg/d). Secondary endpoints were disease control rate (DCR),

duration, time to progression, overall survival (OS),

quality of life (QoL), and safety. The protocol was approved

by the ethics review boards of all participating institutions,

and conducted in accordance with Japanese Good Clinical
Practice guidelines.

Patient Selection

Patients with histologically or cytologically docu-
mented stage IIIB or IV NSCLC at study entry (not curable
with surgery or radiotherapy) that was recurrent or refractory
to treatment with one or more chemotherapy regimens (in-
cluding at least one platinum-containing regimen), were en-
rolled into this study. Additional eligibility criteria included:
the presence of measurable lesions by Response Evaluation
Criteria in Solid Tumors (RECIST); age =20, <75 years;
Eastern Cooperative Oncology Group performance status
(ECOG PS) of 0-2, and adequate bone marrow, hepatic, and
renal function, i.e., aspartate aminotransferase and alanine
aminotransferase (ALT) levels =2.5 times the upper limit of
normal and total bilirubin of <1.5 times the upper limit of
normal. Patients with existing or previous interstitial lung
disease (ILD) were excluded, although a history of radiation
pneumnonitis (limited to the field of radiation treatment) was
permitted. Concomitant anticancer treatment and prophylac-
tic medication for adverse events (AEs) were not permitted,
nor was prior use of anti-EGFR or anti human epidermal
growth factor receptor (HER2) agents (small molecules and
monoclonal antibodies). Written informed consent was ob-
tained from all patients.

Treatment Procedure

After completion of the baseline assessments (see be-
low), all patients received erlotinib (150 mg orally) each
morning, | hour before breakfast, until the occurrence of
progressive disease (PD) or unacceptable toxicity (all AEs
were graded using the National Cancer Institute Common
Toxicity Criteria Version 2.0). In the event of treatment-
related toxicity, 2 dose reductions of 50 mg were permitted
per patient, and dosing could also be interrupted for up to 14
days. For grade 3 or intolerable grade 2 rash, treatment was
withheld until the rash improved to grade 2 or less, when a
lower dose of erlotinib was initiated. For grade 3 diarrhea,
treatment was withheld until the diarrhea was grade 1 or less,
when a lower dose was started. For ILD of any grade, or any
grade 4 toxicity, treatment was immediately and permanently
discontinued.

Evaluation of Efficacy

Objective tumor response was assessed in accordance
with RECIST." Tumor assessments were performed at base-
line, then every 4 weeks until week 16, and then every 8
weeks thereafter. Confirmation of complete or partial re-
sponses (PR) was required, by means of a second assessment
conducted 28 days or more after the initial assessment, Stable
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discase (SD) was defined as disease control (absence of
progression) maintained for at least 6 weeks. An independent
response cvaluation committee consisting of 2 oncologists
and a radiologist reviewed images of patients with complete
response, PR, and SD. Individual survival times were deter-
mined from the survival status of each patient during the
study period and at the post study follow-up survey con-
ducted in June-July 2005 and May-July 2006. OS was defined
as the time from first administrated to death.

Quality of Life Evaluation

The Functional Assessment of Cancer Therapy-Lung
(FACT-L) questionnaire (Version 4-A)'* was used to assess
QoL. The full FACT-L questionnaire was administered at
baseline and then every 28 days. In addition, the Lung Cancer
Subscale (LCS), an independently validated component of
FACT-L, was administered weekly during the treatment pe-
riod. Best responses on the LCS were analyzed for all patients
with a baseline LCS score of 24 or less (out of a possible 28
points) and symptomatic improvement was defined as an
increase from the baseline score of 2 or more points, sus-
tained for at least 4 weeks.

Evaluation of Safety

Baseline assessment included a full patient history,
physical examination, standard laboratory tests, electrocardi-
ography, chest radiography, pregnancy test, and ophthalmo-
logic tests (vision test and slit-lamp examination). Every
week until week 8 and every 2 weeks thereafier, vital signs
and ECOG PS were monitored and blood samples were taken
for hematology and blood chemistry tests. A radiograph
examination to assess pulmonary toxicity was conducted
weekly until week 4 and every 2 weeks thereafter. Ophthal-
mologic examinations were repeated at week 8 and at the end
of the study. Observation and evaluation of AEs was con-
ducted as appropriate throughout the study period. All AEs
were graded using National Cancer Institute Common Tox-
icity Criteria Version 2.0. For all ILD-like events, the data
safety monitoring board (which consisted of oncologists and
pneumonologists) reviewed the clinical data and images; the
images were also examined by a review committee of radi-
ologists with expertise in drug-induced pulmonary disorders.

Biomarker Analysis

EGFR mutations and EGFR and HER2 protein expres-
sion were assessed in patients with suitable tumor tissue
specimens at first diagnosis or surgery; these assessments
were done only with separate written consent. Tumor samples
were obtained from each center as formalin-fixed and paraf-
fin-embedded blocks, or as thinly sliced tissue sections
mounted on glass microscope slides. For the mutation anal-
ysis, the tissue was microdissected by Targos Molecular
Pathology (Kassel, Germany) and direct sequencing was
conducted at the Roche Centre of Medical Genomics (Basel,
Switzerland), using a nested polymerase chain reaction of
exon 18-21. EGFR protein expression was analyzed by Lab
Corp (Mechelen, Belgium). EGFR expression analysis was
conducted by immunohistochemistry using Dako EGFR
PharmDx™ kits (Dako, Carpinteria, CA). A positive test was
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defined as membranous staining in =10% of the tumor cells.
HER2 protein expression was measured using HercepTest™
{Dako, Carpinteria, CA), and a score of 1+ or above (possi-
ble scores were: 0, 1+, 2+, 3+) was regarded as positive.

Statistical Analysis

Given an expected ORR of 20%, a Fisher’s exact test
was performed (one-sided a = 2.5%). Based on 50 patients,
the power to test the null hypothesis (ORR = 5%) was
89.66%. The target sample size of 60 patients was chosen on
the expectation that a proportion of patients would prove to
be ineligible for the study. The main analysis of efficacy was
conducted on the full analysis set (FAS), which was produced
by omitting ineligible patients. The 95% confidence interval
(CI) for ORR, DCR, and symptom improvement rate was
calculated by the Clopper-Pearson method. The time-to-event
variables were estimated by the Kaplan-Meier method. Lo-
gistic regression and Cox proportional hazards regression
analysis was conducted on best response and survival time,
respectively. In both cases, univariate and multivariate anal-
yses were used to evaluate the effects of 11 factors relating to
patient and disease characteristics, and previous treatment.

RESULTS

Patient Characteristics

A total of 62 patients were enrolled between December
2003 and January 2005. All were evaluable for safety and 60
were evaluable for efficacy (FAS). Two patients did not have
a measurable lesion according to RECIST. The baseline
characteristics of the patients, including their treatment his-
tory, are shown in Table 1. The median age was 60.5 years
(range: 2874 years), and 71% of patients were male. Fifty-
seven patients (92%) had adenocarcinoma, and 20 (32%)
were never-smokers. Twenty-seven patients (44%) had re-
ceived only one previous chemotherapy regimen.

Efficacy

Tumor response rates in the FAS (as assessed by
extrainstitutional review) are shown in Table 2. Seventeen
patients were assessed as having a PR and 13 as having SD.
The ORR was 28.3% (95% CI: 17.5-41.4%) and the DCR
was 50% (95% CI: 36.8—63.2%). In three patients, objective
response could not be adequately confirmed, because each
discontinued treatment early in the study due to AEs. The
median duration of response was 278 days (95% CI: 203-422
days), and time to progression was 77 days (95% CI: 55-166
days). OS was determined based on information collected
until the follow-up survey conducted in May-July 2006. The
median survival time was 14.72 months (95% CI: 11.07-
20.57 months; 19 censored cases) and the 1-year survival rate
was 56.5% (95% CI: 43.9-69.1%) (Figure 1). The median
OS of patients with PD was 9.95 months. The symptom
improvement rate measured using the LCS was 42.1% (24/
57; 95% CI: 29.1-55.9%).

The overall response rate was higher in women (58.8%;
10/17) than in men (16.3%; 7/43, x* test: p = 0.0029), and in
never-smokers (63.2%; 12/19) than in current or former
smokers (12.2%; 5/41, p = 0.0002). There was no statisti-

TABLE 1. Summary of Baseline Patient Characteristics and
Demographics

No. of Patients
Patient and Disease charscteristics (n = 62) %
Age (yr)
Median 60.5
Range 28-74
Sex
Female 18 29
Male 44 71
Performanece status
0 20 32
1 41 66
2 1 2
Histology
Adenocarcinoma 57 92
Squamous cell 4 6
Unclassified 1 2
Stage
ms 8 13
1\Y 54 87
Smoking history
Never smoked 20 12
Current- or former smoker 42 68
Time since initial diagnosis (d)
Median 3040
Range 2-2353
Prior chemotherapy regimens
1 27 44
2 23 37
=} 12 19
Prior taxanes
No 10 16
Yes 52 84
Time since last regimen (d)
Median 80.0
Range 29-528
TABLE 2. Response Assessment
Parameter n (%)
Partial responsc 17 283
Stable disease 13 217
Progressive discase 27 45.0
Not assessable 3 5.0
Response rate (%) (95% CI) 283 (175-41.4)
Disease control rate (%) (95% CI) 50.0 (36.8-63.2)
Duration of resp (median: days)” 278 (203.0-422.0)
(95% CI)
Time to progression (median: days)® 77 (55-166)
(95% CI)
* Kaplan-Meier method.

Cl, confidence intervals.

cally significant difference between the response rate in
patients with adenocarcinoma (28.6%; 16/56) and nonadeno-
carcinoma histology (25.0%; 1/4, p = 1.0000). The response
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FIGURE 1. Kaplan-Meier plot showing overall survival.

rate was not affected by the number of previous chemother-
apy regimens, however, being 27% for patients with one
previous regimen (7/26) and 29% for those with 2 or more

regimens (10/34). No statistically significant differences were
found between other patient subgroups. In a multivariate
logistic regression analysis, only smoking history was found
to be a statistically significant predictor of response. A mul-
tivariate Cox regression analysis showed that both smoking
history and ECOG PS were significant predictors for OS
(Table 3).

Safety

All 62 patients who received erlotinib were assessed for
safety. Treatment-related AEs were observed in all patients,
and there were 24 serious AEs in 18 patients (29%). AEs led
to discontinuation of erlotinib in 11 patients (18%), including
3 due to ILD-like events, 2 due to ALT elevation, and one
each due to rash, paronychia, punctate keratitis, dyspnea/
hypoxia, pneumonia and fever/inflammatory neck swelling,
and to dose interruptions in 30 patients (48.4%). While the
main reasons for the dose interruptions were rash (n = 15;
24.2%) and diarrhea (n = 4; 6.5%), only one patient with rash

TABLE 3. Logistic and Cox Regression Analysis

Odds Ratio® (95% CI) P
Logistic regression analysis of response
Univariate analysis
Sex (female vz male) 0.14 0.04-048 0.002
Age (<65 vs =65) 1.26 0.38-4.13 0.704
Histology (non-AD vs AD) 1.20 0.12-12.41 0.878
Smoking history (never vs current or former) 0.08 0.02-0.30 <0001
Performance status (0 vs =1) 0.62 0.19-1.98 0.420
Prior regimens (1 vs 22) 1.13 0.36-3.53 0.832
Stage (11IB vs 1V) 0.99 0.17-5.65 0988
KL-6 (bascline) {<median [496.5 U/ml“] vs =median) .64 0.53-5.12 0392
Best response to previous chemotherapy (non-PR vs PR) 0.90 0.24-333 0.869
Prior taxanes (no vs yes) 0.43 0.10-1.84 0253
Time since initial diagnosis (=12 mo vs >12 mo) .02 031-330 0.976
Multivariate analysis
Smoking history (never vs current or former) 0.06 0.02-0.28 <0.001
Time since initial diagnosis (<12 mo vs 212 mo) 222 0.49-10.20 0.304
Cox regression analysis of survival
Univariate analysis
Sex (female vs maic) 1.76 0.85-3.61 0.126
Age (<65 vs =65) 0.86 0.44-1.71 0.675
Histology (non-AD vs AD) 0.55 0.19-1.55 0.255
Smoking history (never vs current or former) 1.90 0.93-3.90 0.079
Performance status (0 vs =1) 2.3 1.12-4.73 0.023
Prior regimens (1 vs =2) 0.93 0.50-1.75 0.833
Stage (IIIB vs IV) 1.38 0.49-3.89 0.542
*KL-6 (baseline) (<median [496.5 U/m]® ] vs =median) 1.64 0.87-3.06 0.125
Best response 1o previous chemotherapy (non-PR vs PR) 0.66 0.31~1.44 0.300
Prior 1axancs (no vs yes) 2.09 0.74-5.90 0.163
Time since initial diagnosis (=12 mo vs >12 ma) 0.76 ) 0.40-1.47 0.418
Multivariate analysis
Smoking history (never vs cument or former) 2.20 1.06-4.56 0.035
Performance status (0 vs =1) 2.59 1.25-537 0.011
*Or 629 ngiml.
® Left site of *vs' indicates reference group.
PR, partial AD, ad i €1, confidence Interval,
1442
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TABLE 4. Major Treatment-Related Adverse Events and Interstitial Lung Disease-Like Events
NCICTC Grade (n)
Event® n % | 3 3 >4
Rash 6l 984 18 4] 2 0
Dry skin 50 806 44 6 = -
Diarrhea 46 742 33 10 3 0
Pruritus 45 726 38 7 0 e
Stomatitis 24 38.7 19 4 1 0
Fatigue Fil 13y 15 6 0 0
Anorexia 19 30.6 I [ 2 0
Paronychia 18 290 12 5 1 0
C-reactive protein increased 15 242 8 e 0 0
Alaninc aminotransferase increased 15 242 11 2 2 0
Total bilirubin increased 15 242 8 7 0 0
Weight loss 13 210 13 0 0 —
ILD-like events 4 6.5 1 0 2 "
Brinkman  Performance

Case Sex Age  Smoking History Index Status Histology Onset (day)  Ouicome  Relation 1o Erlotinib®
1 Male 75 Former 640 i Adenocarcinoma 52 Recovery Probable
2 Male 67 Never - 1 Adenocarcinoma 103 Death (145) Possible
3 Female 39 Never — 0 Adenocarcinoma BS Recovery Probable
A Male 69 Former 1000 | Adenocarcinoma 13 Recovery Unlikely

® Categorized by MedDra Ver.7.1 (except for event).

L]

© Judged by ILD review committes.

NCI-CTC, National Cancer Institute Common Toaicity Criteria; ILD, interstitial Jung disease.
had to discontinue treatment, and no patients had to discon-  Biomarker Analysis

tinue because of diarrhea or any other digestive toxicity.
Fourteen patients (23%) had dose reductions due to AEs,
mostly due to rash (n = 9; 15%). Treatment-related AEs with
an incidence of 20% or more are shown in Table 4; the main
events were rash (98%), dry skin (81%), and diarrhea (74%).
Elevated laboratory test values related to liver function were
found in some patients (total bilirubin: 24%, ALT: 24%), and
grade 3 ALT elevation led to treatment discontinuation in 2
patients. Four patients had ILD-like events, including wors-
cning of radiation pneumonitis in one patient, and one died
(Table 4). All four (three men; one woman) had an ECOG PS
of 0—1 and 2 were former smokers. The patient who died was
a 67-year-old man with adenocarcinoma and no history of
smoking who discontinued treatment on day 84 due to PD.
He developed interstitial pneumonia on day 103 and received
3 days of palliative thoracic irradiation from day 99, after
completing the study (3 Gy X 3 days). A computed tomog-
raphy scan showed characteristic features of ILD (crypto-
genic organizing pneumonia-like pattemn), and the ILD re-
view committee decided that use of erlotinib could not be
excluded as the cause. For the patient with worsening of
radiation pneumonitis (case 4), the committee concluded that
there was a possible influence of previous radiation therapy,
and that this could be seen in the computed tornography scan
on day 1. There was, therefore, little reason to suspect that the
use of erlotinib had been the cause. Rather, it appeared that
the radiation pneumonitis had worsened according to the
normal course of illness.

Copyright © 2008 by the International Association for the Study of Lung Cancer

Tissue samples for measurement of EGFR mutations
were available for 16 of the 60 patients evaluated for efficacy.
For 7 patients, all base sequences were successfully identified
in the 4 segments of exons 18-21. All seven (three men, four
women) had adenocarcinoma; three were never-smokers,
three former smokers and one a current smoker. Three had
PR, two SD and two PD. Five of the seven patients had EGFR
gene mutations and, in all, seven different mutations were
detected. The 3 patients with PR all had deletion mutations in
exon 19 (del E746-A750 or del $752-1759). One of the 2
patients with PD had no mutations and the other had 2
substitution mutations: L858R in exon 21 and the resistance
mutation T790M in exon 20 (Table 5).

Paraffin-embedded tissue samples for immunohisto-
chemistry were available from 12 patients, among whom, 11
had successful determinations of immunohistochemical stain-
ing (including 3 paticnts with PR). Six of the 11 were found
to be EGFR-positive and 4 were HER2-positive. However,
there were no notable relationships between the EGFR and
HER2 expression status and either tumor response or patient
characteristics such as sex, histological type or smoking
history (data not shown).

DISCUSSION
The present study was conducted on the basis of results
from a phase 1 study of erlotinib in Japanese patients with
solid tumors,'® which showed erlotinib to be well tolerated at
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TABLE 5. EGFR Mutation Analysis

Response  TTP (d)

Survival (d) Sex Histology Smoking history  Mutation status  Exon Type of Mutation
PR 222 546 Female  Adenocarcinoma MNever + 19 del ET46-A750
PR 230 Bll+ Male Adenocarcinoma Current + 19 del 8752 ~1759 and TISIN
PR 278+ 911 Female  Adenocarcinoma Never - 19 V786M, del E746-A750
5D 224 649+ Male Adenocarcinoma Former + 21 del VB34.
SD ki 737 Female  Adenocarcinoma Former - = L
PD 60 604+ Female  Adenocarcinoma Never + 20,21 L8S8R, T790M
PD 19 347 Male Adenocarcinoma Former - _

TTF, time to progr

ion; PR, partial

i SD, stable discase; PD, progressive discasc,

a dose of 150 mg/d, as well as a phase 11 study of erlotinib in
NSCLC conducted in the United States.'® In this study,
erlotinib achieved an ORR of 28.3%, which was higher than
expected, and a DCR of 50%. The response rate was higher
than that determined in the above-mentioned phase II study!s
and in keeping with the rate seen in the Japanese subgroup in
the phase I study of gefitinib (IDEAL1, 27.5%).5 Assessment
of QoL using the LCS demonstrated a clinically meaningful
rate of symptom improvement of 42.1%.

The characteristics of the patients in this study were
generally similar to those of NSCLC patients as a whole, in
terms of their demographics and disease and treatment his-
tory, with the exception of a particularly high proportion of
patients with adenocarcinoma (92%). The possibility of en-
rollment bias on the basis of histological type cannot be ruled
out, in part because enrollment coincided with the emergence
of reports that the efficacy of EGFR-TKI therapy was greater
in patients with adenocarcinoma.!” However, we also ob-
served one PR and two SDs among three patients with
squamous cell carcinoma (FAS population), and our results
do not rule out the efficacy of erlotinib in any patient subtype.
A multivariate logistic regression analysis showed that smok-
ing status was significantly associated with tumor response,
in agreement with previous studies of predictive factors for
response to EGFR-TKls. 51819

The median survival time with erlotinib was an encour-
aging 14,7 months. One of the reasons for this long survival
may be the high proportion of never-smokers and patients
with adenocarcinoma compared with those of other studies,
particularly the multinational phase III erlotinib study
(BR.21).5 On the other hand, the presence of EGFR gene
mutations is currently regarded as an important determinant
of treatment response to EGFR-TKIs?%2! and may be the
most important factor in relation to the favorable results seen
in the present study. However, it is important to recognize
that the potential prognostic effect of mutation status cannot
be excluded. The sample size of this and previous trials limits
the interpretation of this effect, which will be adequately
assessed only by means of appropriately powered trials spe-
cifically designed to examine these factors.

Assessment of the presence or absence of EGFR gene
mutation was possible in only seven patients in the present
study. Despite this, the results were consistent with the results
of some previous studies. All three of the patients who had a
PR (including a male current smoker) had an in-frame dele-
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tion in exon 19, which is considered to be the most frequent
mutation site in the EGFR-TK domain.® One of the 2
patients with PD had a point substitution mutation (L858R) in
exon 21, the second most frequent mutation site,?? and a point
mutation (T790M) in exon 20, which is suggested to be
involved in tolerance to EGFR-TKI.12:2%:24 |t would be valu-
able to conduct further prospective randomized studies on the
association between these markers and survival during treat-
ment with erlotinib in Japanese patients.

Rash and diarrhea were the main AEs reported by
patients on erlotinib treatment, as reported in previous stud-
ies.515.16 Rash was observed in almost all patients, and was
the main reason for treatment interruptions or dose reduc-
tions. Although the protocol allowed treatment to be inter-
rupted for grade 3 rash (or intolerable grade 2 rash), grade 3
rash only occurred in 2 patients, leading to discontinuation of
treatment in one. Most cases of rash responded to symptom-
atic treatment and either interruption or dose reduction of
erlotinib. Despite suggestions in some reports that the presence
of erlotinib-related rash is associated with treatment efficacy and
can be used to predict response,?s no supportive evidence was
found in the present study.

The incidence of ILD, which is the most clinically
problematic AE associated with erlotinib, tended to be higher
than that reported in other clinical studies of erlotinib.526 This
is in keeping with this class of agent, and is not unexpected
in the Japanese population.

We would recommend that careful screening of patients
for ILD risk factors, particularly signs of interstitial pneumo-
nia and pulmonary fibrosis, is done before erlotinib therapy is
initiated. Individuals with any previous history of ILD were
excluded from this study.

In conclusion, erlotinib (150 mg/d) was shown to have
promising antitumor efficacy in Japanese patients with pre-
viously treated NSCLC, leading to clinically meaningful
improvements in symptoms and an encouraging median sur-
vival time. Despite, as expected, a high rate of rash and
diarrhea, erlotinib was well tolerated at 2 dose of 150 mg/d by
the majority of patients.
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