Gefitinib for the treatment of non-small-cell lung cancer
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Figure 2. Distribution of EGF receptor mutations and
response rates to EGF receptor tyrosine kinase inhibitors.
RR: Response rate.

from patients who had developed resistance to EGFR TKls. In
some specimens, MET amplification can occur concurrently

with T790M.

EGFR mutation & amplification

There is increasing evidence that EGFR murations and high EGFR
gene copy number are associated with higher response rates to
TKIs and longer survival. Both mutation and amplification of
EGFR in lung cancers have been reported in association with clini-
cal responses to TKls. The EGFR locus can undergo both muta-
tion and amplification. Yatabe e 4/. examined the topographical
distribution of amplification in three microdissected portions each
of 48 individual lung cancers with confirmed mutations [97]. Gene
amplification was found in 11 lung cancers. Strikingly, nine of the
cancers showed heterogeneous distribution, and amplification was
associated with higher histologic grade or invasive growth. They
also examined 17 precursor lesions and 21 in situ lung adenocar-
cinomas.and found that only one 7 situ carcinoma harbored gene
amplification. Taken rogether, their results show chat muration
occurs early in the development of lung adenocarcinoma, and
that amplification may be acquired in association with tumor
progression. In general, tumors with EGFR mutations tend to
have gene amplification. Mutation and amplification are prob-
ably both important-in determining EGFR 0TKI sensitivity. The
FISH scoring system, generated by the Colorado group, stratifies
results into six groups by number of copies of the EGFR gene
and frequency of tumor cells in the sample. These groups include
disomy, low trisomy, high trisomy, low polysomy, high polysomy
and gene amplification, with high polysomy or gene amplification
being considered FISH positive [98.99]. However, the role of high
polysomy is unclear.

KRAS mutation

Activating mutation of the KRAS gene was one of the earliest
discoveries of genetic alterations in lung cancer known as a poor
prognostic indicator. It was reported that the occurrence of EGFR
and KRAS mutations are strictly mutually exclusive fioo.101). This

finding can be explained by the fact that the KRAS-MAPK path-
way is one of the downstream signaling pathways of EGFR. KRAS
mutations predominantly occur in Caucasian patients wich a his-
tory of smoking. Pao ez al. reported that lung cancers with KRAS
mutations are resistant to EGFR TKls pioz].

Postmarketing surveillance

It was shown that erlotinib, another EGFR TKI, extended the
median survival time in the BR.21 wial (8). In the BR.21 study,
patients with NSCLC, after failure of first- or second-line che-
motherapy, were randomized to receive erlotinib 150 mg/day or
placebo {2:1, respectively). Statistically significant differences
were observed for OS (6.7 vs 4.7 months; HR: 0.70; p < 0.001)
and PES (2.2 vs 1.8 months; HR: 0.61; p < 0.001) in favor of
erlotinib. These results led to regulatory approval of erlotinib for
NSCLC refractory to chemotherapy. However, gefitinib failed
to prolong survival in comparison with placebo in the overall
population in the ISEL study, possibly due to the refractory,
difficult-to-treat nature of the population (12]. Based on the lack
of improvement in survival in response to gefitinib, the FDA has
restricted the labeling of gefitinib. Both gefitinib and erlotinib are
currently available and are used to treat patients wich advanced or
metastatic NSCLC in the second- or third-line setring or, some-
times, in the first-line setting for selected patients. Most patients
treated with these agents, however, had progressive disease even
after showing an initial dramaric response. Among the mecha-
nism of acquired resistance to EGFR TKIs, T790M secondary
mutation or amplification of the MET oncogene was reported
frequently (89.95.96]. However, other secondary mutations have
also been reported. Of note, unlike T790M secondary mura-
tion, some mutations, such as E884K or L747S mutations, may
result in different sensitivities to gefitinib and erlotinib, resule-
ing in different tumor responses to these two agents. Choong ez
al. reported a case of erlotinib-refractory adenocarcinoma with
leptomeningeal metastases that had a L858R* E884K somatic
mutation of the EGFR (103}. Gefitinib responded to erlotinib-
refractory lung cancer, showing a differential response between
erlotinib and gefitinib that was mediated by the EGFR mutarion
E884K. On the other hand, Costa e #l. reported a case of dif-
ferential response to erlotinib in EGFR-mutated lung cancers
with acquired resistance to gefitinib carrying the L747S second-
ary mutation [104]. Therefore, although half of patients could
overcome the resistant T790M secondary muration by empirical
use of irreversible new EGFR TKIs {90}, identification of the
mechanism of acquired resistance in each patient could guide

the proper use of these two different EGFR TKIs.

Safety & tolerability

Compared with conventional chemotherapeutic agents, gefitinib
produces relatively few severe side effects, such as hemarotoxic-
ity. Gefitinib is generally well rolerated, even in elderly parients
or patients with poor performance status. The principal side
effects of gefitinib are skin rash, acniform changes of the skin,
diarrhea, nausea, vomiting and anorexia. Diarrhea was actu-
ally the dose-limiting toxicity in Phase I studies. Most toxicities
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Figure 3. Mechanism of action of gefitinib signal-transduction blockage through EGFR TK and mechanisms of acquired
resistance to gefitinib. When gefitinib is administered, EGFR TK is specifically inhibited and the survival signal is blocked leading to
apoptosis of cancer cells. When a secondary threonine-to-methionine mutation at codon 790 of the £GFR gene (T790M) is acquired,
T790M prevents gefitinib from binding EGFR TK. Alternatively, when MET is activated by amplification, ERBB3 is phosphorylated by MET.
Even when EGFR TK is inhibited by gefitinib, activation of the PI3K/AKT pathway is maintained through ERBB3 phosphorylation {113].

EGFR: EGF receptor; TK: Tyrosine kinase.

are common toxicity criteria grade 1 or 2. Interstitial lung dis-
ease has been observed in patients receiving gefitinib [105.106].
Worldwide, the incidence of interstitial lung disease is approxi-
mately 1% (2% in the Japanese postmarketing experience and
~0.3% in a US expanded-access program), with approximately
a third of the cases being fatal. Retrospective studies on the
incidence of interstitial lung disease (ILD) and prospective
studies involving 3000 subjects were conducted in Japan. The
risk facrors of ILD have been identified as male gender, prior
history of smoking and pre-existing ILD. In addition, a case—
cohort study that involved the identification of cohorts among
patients receiving trearment for NSCLC to determine their rela-
tive risks was conducted [107). For this study, 4423 subjects were
included in the analysis as a cohort. Among them, 122 patients
were identified with ILD. The results suggest that, regardless
of patients’ background, administration of gefirinib carries a

3.23-fold risk of ILD compared with conventional chemothera-
peutic agents. The risk factors for ILD incidence do not apply
to women, adenocarcinoma patients or nonsmokers — patient
groups who are more likely to benefit from gefitinib treatment.
In clinical practice, it may be possible to use such risk factors as
a reference for selecting appropriate patients for gefitinib treat-
ment to reduce the incidence of ILD. Interestingly, the issue
of ILD in patients with NSCLC, after gefitinib or other treat-
ments, appears to be a problem largely limited to Japan. From
the AstraZeneca Global Drug Safety Database, the reporting
rate of ILD-type events in patients receiving treatment with
gefitinib was only 0.23% worldwide, excluding Japan, based
on more than 275,000 patients worldwide estimated to have
been exposed to gefitinib. Even for neighboring countries, the
pattern differs from Japan: the rate for East Asian countries,
including Korea and Taiwan, but excluding Japan, was 0.17%.
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The reasons for this difference in incidence of ILD between
Japan and other countries remain unclear, but may relate to
both constitutional and environmental factors specific to Japan
or Japanese patients.

Regulatory affairs

Gefitinib is approved in 36 countries worldwide for the treat-
ment of NSCLC (Box1). Gefitinib was approved for clinical use
in Japan on 5 July 2002, ahead of many countries in the world.
Tt was approved by the FDA on 5 May 2003 and, subsequently,
by several other countries. However, in the wake of the aforemen-
tioned ISEL trials, which indicated the failure to improve sur-
vival time with gefitinib in comparison with placebo, an appli-
cation for approval for gefitinib to the EMEA was wichdrawn
on 4 January 2005, and the FDA has restricted the labeling of
gefitinib. However, an application for approval for gefitinib was
subsequently submirted to the EMEA in May 2008 following
reporting of the INTEREST trial.

Conclusion

Gefitinib is generally well tolerated, has encouraging efficacy
and quality of life benefits and offers hope for patients with
advanced lung cancer. Gefitinib is effective as a first-, second-
or third-line treatment option for advanced NSCLC. Despite
the failure of combining TKIs with chemotherapy in several
large Phase 111 clinical trials, sequential dosing regimens of
gefitinib with chemotherapy is still a viable clinical research
paradigm (W]JTOG0203). In addition, recent results of a ran-
domized Phase 1] study (IPASS) have shown an improved PFS
in the gefitinib arm, indicating the possibility of gefitinib as a
first-line therapy in selected patients. As a second-line therapy,
gefitinib has been shown to be equivalent to docetaxel in terms
of OS, with less toxicity and improved quality of life. There is
some evidence that EGFR mutations and high EGFR gene copy
number are associated wich higher response rates and longer
survival, although this is not always the case, as highlighted
by the results of the INTEREST study. In the near future,
treatments may be selected based on the results of EGFR and
KRAS murarion status, EGFR copy number or, possibly, the
type of histology (adenocarcinoma). Ongoing prospective tri-
als in which patients with EGFR mutations are randomized
to chemotherapy or EGFR TKI should help to determine the
importance of mutation testing in selecting therapy for sub-
sets of patients with lung cancer. In summary, gefitinib has
provided an important alternative approach for palliation of
previously treated advanced disease NSCLC patients, and it
is likely that there will be increasing use of first-line gefitinib
in subgroups of NSCLC patients based on their clinical and
molecular characteristics.

Expert commentary

The use of the TKls gefitinib and erlotinib grew substantially
as agents for second- and third-line therapies, replacing a pro-
portion of injectable chemotherapy agents. Although gefitinib
has provided an important alternative approach for palliation

Box 1. Countries where gefitinib is approved

for use.

* Japan

o Australia

e USA

» Argentina

* Singapore

¢ South Korea
¢ Taiwan

* Malaysia

* Mexico

¢ Philippines

¢ Canada
Curacao
Dominican Republic
Nicaragua
Hong Kong
e lsrael

New Zealand
Honduras
Guatemala
¢ Thailand

» United Arab Emirates
» Switzerland
+ Indonesia
 India

o Pery

o £l Salvador
¢ Bahrain

e Panama

* Venezuela

¢ Chile

» Serbia/Montenegro
* Uruguay

¢ Qatar

Russia

¢ China

» Srilanka

of previously treated advanced NSCLC patients and is cur-
rently not approved for first-line use, it is likely that chere will
be increasing use of first-line gefitinib in subgroups of NSCLC
patients based on their clinical and molecular characreristics.
In prior studies, the predictive factors of gefitinib response were
female gender, never-smoking status and adenocarcinoma histol-
ogy. Indeed, before the emerging understanding of EGFR mura-
tions, these factors were important references for physicians in
choosing susceptible patients to gefitinib treatment. Grouping
patients into best, intermediate and worst categories with respect
to potential benefit from gefitinib has practical implications.
Based on currently available information, an example of one
of the best groups might include Asian women who have never
smoked and have adenocarcinoma. An intermediate group might
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comprise smokers with adenocarcinoma, and the worst group
might consist of male smokers with squamous cell carcinoma.
However, clinicians are also faced with the question of whether
gefitinib treatment is worthwhile in specific patient subgroups
based on their clinical characteristics. It has been reported that
gefitinib was more effective in never-smokers than smokers, but
it is important to note that the risk of death was reduced even
in smokers subsets yi7,108]. Thus, at this point, it does not seem
that patients should be excluded from gefitinib trearment based
solely on clinical considerations. Perhaps, more importantly, we
need to gather more information regarding the benefit of che-
motherapy versus gefitinib in specific patient populations. The
observation of higher response rates with gefitinib in selected
groups of patients, as well as the disappointing results with
simultaneous chemotherapy and gefitinib in unselected patients,
led lung cancer researchers to study the potential predictive value
of molecular profiles in patients treated wich gefitinib, There is
increasing evidence that £GFR murations and high EGFR gene
copy number are associated with higher response rates and lon-
ger survival. By contrast, KRAS mutations may predict the worst
outcomes on gefitinib. Determining the optimum way to select
patients for future therapy seems to be a key factor in improving
results for individual lung cancer patients.

Five-year view )

Gefitinib was the most commonly prescribed EGFR TKI, and
still is in Japan and Asia, but the use of gefitinib as a proportion
of all second-line therapies declined rapidly during the period
of observation after findings from clinical studies suggested
that it did not improve survival and after the subsequent FDA
labeling change. On the other hand, erlotinib prescriptions
increased substantially. However, sequential dosing regimens
of geficinib with chemotherapy is a viable clinical research para-
digm 17}, and recent results of a randomized Phase 111 study
(IPASS) have demonstrated improved PFS in the gefitinib arm,
indicating the possibility of gefitinib as the first-line therapy

in selected patients. In addition, gefitinib has been shown to
be equivalent to docetaxel in terms of overall survival wich less
toxicity and improved quality of life in the second-line therapy
(INTEREST). Future research of gefitinib will include poten-
tial synergistic effects with chemocherapy using an intermittent
combination in selected patients or EGFR-murated patients. In
addirion, it is possible that, in the next 5 years, gefitinib may
have a role in early-stage NSCLC as postoperative adjuvant
therapy or neoadjuvant therapy. Currently, allowing for test
availability and differing preferences, oncologists use muta-
tional analysis to help them choose among possible treatments
and to guide the most rational order that these therapies should
be administered for individual patients. The EGFR mutation
appears to be the most sensitive predictor of response to gefi-
tinib. With the advances in sensitive and specific examination
for the detection of EGFR mutation, such as high-resolution
melting analysis, scorpion arms or mutant-enriched PCR, it
is now possible to identify the status of EGFR mutation in
patients, as long as histological samples are available {s1.109-
11). Recently, Maheswaran er al. have reported the detection
of mutations in EGFR of circulating lung cancer cells {112].
Molecular analysis of circulating tumor cells from che blood
may offer the possibility of monitoring changes in epithelial
tumor genotypes during the course of treatment. In the near
future, treatments will be selected based on the results of EGFR
and KRAS muration status, EGFR copy number or possibly
histology (adenocarcinoma vs nonadenocarcinoma). As we now
know, however, resistance to gefitinib in patients with the EGFR
mutation develop eventually. In 50% of these cases, the resis-
tance was due to a second-site point mutation (T790M), 20%
was due to MET gene amplification and the remainder due to
unknown causes. Evaluation of the combination of gefitinib
with other targeting agents, such as those that inhibit molecules
in the same signalling pathway or angiogenesis inhibitors, may
potentially enhance clinical outcome and reduce the emergence
of resistance.

Key issues

« Gefitinib has encouraging efficacy, is generally well tolerated and has quality-of-life benefits.

* In prior studies, the predictive factors of gefitinib response were female gender, never-smoking status and adenocarcinoma histology.

» From a clinician’s perspective, it would be useful to categorize patients into the best, intermediate, and worst EGF receptor (EGFR)-
tyrosine kinase inhibitor treatment-outcome groups. Based on currently available information, an example of one of the best groups
might include Asian women who have never smoked and have adenocarcinoma. An intermediate group might comprise of smokers
with adenocarcinoma, and the worst group might consist of male smokers with squamous cell carcinoma.

« Sequential dosing regimens of gefitinib with chemotherapy is a viable clinical research paradigm, and recent results of a randomized
Phase Il study (IPASS) have showed improved progression-free survival in the gefitinib arm, indicating the possibility of gefitinib as the
first-line therapy in selected patients. In addition, gefitinib has been shown to be equivalent to docetaxel in terms of overall survival
with less toxicity and improved quality of life in second-line therapy (INTEREST).

« Currently, the treatments (cytotoxic chemotherapy vs gefitinib) are selected based on the results of EGFR and KRAS gene mutation
status, EGFR gene copy number or, possibly, the type of histology (adenocarcinoma).

» Among those, EGFR mutation appears to be most sensitive predictor of response to gefitinib. However, resistance to gefitinib develops
eventually. In 50% of these cases, the resistance was due 1o a second-site point mutation (T790M), 20% MET gene amplification and

the remainder unknown causes.

emergence of resistance.

Evaluation of the combination of gefitinib with other targeting agents may potentially enhance clinical outcome and reduce the

30

Expert Rev. Anticancer Ther. 9(1), (2009)



Gefitinib for the treatment of non-small-cell lung cancer

Financial & competing interests disclosure

This work is supported by Grants-in-Aid for Cancer Research from the
Ministry of Health, Labor and Welfare of Japan. The authors have no
other relevant affiliations or financial involvement with any organization
or entity with a financial interest in or financial conflict with the subject

matter or materials l{l..f(llﬂff{ in the ﬂIllﬂllSL‘I‘l;Df 11[::1)'1 from those

disclosed.

manuscripe.

References

DPapers of special note have been highlighted as:
« of interest

s of considerable interest

1

Schiller JH, Harrington D, Belani CP er al,
Comparison of four chemotherapy regimens
for advanced non-small-cell lung cancer.

N. Engl. |. Med. 346(2), 92-98 (2002).

Kelly K, Crowley ], Bunn PA Jr ef al.
Randomized Phase 11 trial of paclitaxel
plus carboplatin versus vinorelbine plus
cisplatin in the treatment of patients with
advanced non-small-cell lung cancer: a
Southwest Oncology Group trial. /. Clin.
Oncol. 19(13), 3210-3218 (2001).

Ohe Y, Ohashi Y, Kubota K er «/.
Randomized Phase HI study of cisplatin
plus irinotecan versus carboplatin plus
paclitaxel, cisplatin plus gemcitabine, and
cisplatin plus vinorelbine for advanced
non-small-cell lung cancer: four-arm
cooperative study in Japan. Ann.

Oncol 18(2), 317-323 (2007).

Baselga ], Arteaga CL. Critical updare and
emerging trends in epidermal growth factor
receptor targeting in cancer. /. Clin. Oncol.

23(11), 2445-2459 (2005).

Mendelsohn J, Baselga J. The EGF recepror
family as targets for cancer therapy.
Oncogene 19(56), 6550~6565 (2000).

Cunningham D, Humblet Y, Siena S er al.
Ceruximab monotherapy and cetuximab
plus irinotecan in irinotecan-refracrory
metastatic colorectal cancer. N. Engl.

J. Med. 351(4), 337-345 (2004).

Pirker R, Szczesna A, vonPawel | ¢r al.
FLEX: a randomized, multicenter,

Phase 111 study of cetuximab in
combination with cisplatin/vinorelbine
(CV) versus CV alone in the first-line
treatment of patients with advanced
non-small cell lung cancer (NSCLC). Proc.
Am. Soc. Clin. Oncol. 26(Suppl.), 51006
(2008) (Abstract 3).

Shepherd FA, Rodrigues Pereira ], Ciuleanu
T er al. Erlotinib in previously treated
non-small-cell lung cancer. N. Engl. J. Med.
353(2), 123-132 (2005).

No writing assistance was utilized in the production of this

16

Information resources
*» US Food and Drug Administration
www.fda.gov/default.hem

¢ Medicine Net

www.medicinenet.com/gefitinib/index.htm
* National Cancer Institute — Clinical trials

www.cancer.gov/clinicaltrials

www.iressa.com

Karaman MW, Herrgard S, Treiber DK

et al. A quantitative analysis of kinase
inhibitor selectivity. Nat. Bivtechnol. 26(1),
127-132 (2008).

Fukuoka M, Yano S, Giaccone G er ul.
Multi-institutional randomized Phase 11
trial of gefitinib for previously treated
patients with advanced non-small-cell lung
cancer (The IDEAL 1 Trial) [corrected].
/. Clin. Oncol. 21(12), 2237-2246 (2003).

Kris MG, Nartale RB, Herbst RS er al.
Efficacy of gefitinib, an inhibitor of the
epidermal growth factor recepror tyrosine
kinase, in symptomatic patients with
non-small cell lung cancer: a randomized
trial. JAMA 290(16), 2149-2158 (2003).

Tharcher N, Chang A, Parikh P er al.
Gefitinib plus best supportive care in
previously treated patients with refractory
advanced non-small-cell lung cancer:
results from a randomised, placebo-
controlled, multicentre study (Iressa
Survival Evaluation in Lung Cancer).
Lancer 366(9496), 1527-1537 (2005).

Giaccone G, Herbst RS, Manegold C ¢r al.
Gefitinib in combination with gemcitabine
and cisplatin in advanced non-small-cell
lung cancer: a Phase I11 trial - INTACT 1.
. Clin. Oncol. 22(5), 777-784 (2004).

Herbst RS, Giaccone G, Schiller JH ez al.
Gefitinib in combination with paclitaxel
and carboplatin in advanced non-small-
cell lung cancer: a Phase ITI erial -
INTACT 2. J. Clin. Oncol. 22(5),
785-794 (2004).

Herbst RS, Prager D, Hermann R ez al,
TRIBUTE: a Phase 1 trial of erlotinib
hydrochloride (OS1-774) combined with
carboplatin and paclitaxel chemotherapy
in advanced non-small-cell lung cancer.

J. Clin. Oncal. 23(25), 58925899 (2005).

Gatzemeier U, Pluzanska A, Szczesna A
et al. Phase I1] study of erlotinib in
combination with cisplatin and
gemcitabine in advanced non-small-cell
lung cancer: the Tarceva Lung Cancer
Investigation Trial. /. Clin. Oncol. 25(12),
1545-1552 (2007).

19

20

22

* AstraZeneca Pharmaceuticals information resource

Hida T, Okamoto I, Kashii T er al.
Randomized Phase 1 study of platinum-
doubler chemotherapy followed by
gefitinib versus continued platinum-
doublet chemotherapy in patients (pts)
with advanced non-small cell lung cancer
(NSCLC): results of West Japan Thoracic
Oncology Group trial (W]TO0G0203).
Proc. Am. Soc. Clin. Oncol. 26(Suppl.),
18510118 (2008) (Abstract LBA8012).

Douillard JY, Kim E, Hirsh V er al.
Gehrinib (iressa) versus docetaxel in
patients with locally advanced or
metastatic nonsmall-cell lung cancer
pretreated with platinum-based
chemotherapy: a randomized, open-label
Phase 111 study (INTEREST). J. Thorac.
Oncol. 2, $305-S306 (2007).

Maruyama R, Nishiwaki Y, Tamura T

et al. Phase 111 study, V-15-32, of gefitinib
versus docetaxel in previously treated
Japanese patients with non-small-cell lung
cancer. J. Clin. Oncol. 26(26), 42444252
(2008).

Mok T, Wu YL, Thongprasert S er al.
Phase 111, randomized, open-label,
first-line study of gefitinib (G) vs
carboplatin/paclitaxel (C/P) in clinically
selected patients (pts) with advanced
non-small-cell lung cancer (NSCLC)
(IPASS). Ann. Oncsl. 19 (Suppl. 8), LBA2
(2008).

Paez ]G, Janne PA, Lee JC er al. EGFR
mutations in lung cancer: correlation with
clinical response to gefitinib cherapy.
Science 304(5676), 1497-1500 (2004).

Identified mutations in the kinase
domain of the EGF receptor (EGFR) that
predict gefitinib response.

Lynch TJ, Bell DW, Sordella R ef al.
Activating mutations in the epidermal
growth factor receptor underlying
responsiveness of non-small-cell lung
cancer to gefitinib. N. Engl. J. Med.
350(21), 2129-2139 (2004).

Identified mutations in the ATP-binding
pocket of EGFR that confer
hypersensitivity to gefitinib.

www.expen‘revicws‘com

31



Hida, Ogawaq, Park ef al.

23 Pao W, Miller V, Zakowski M ¢t al. EGF
receptor gene mutations are common in
lung cancers from “never smokers” and are
associated with sensitivity of tumors to
gefitinib and erlotinib. Proc. Natl Acad. Sei.
[JSA 101{(36), 1330613311 (2004).

24 Cappuzzo F, Hirsch FR, Rossi E er al.
Epidermal growth factor receptor gene and
protein and gefitinib sensitivity in
non-small-cell lung cancer. J. Natl Cancer
Inst. 97(9), 643-655 (2005).

35 Cappuzzo F, Ligerio C, Janne PA er al.
Prospective study of gefitinib in epidermal
growth factor receptor Quorescence in situ
hybridization-positive/phospho-Akt-
positive or never smoker patients with
advanced non-small-cell lung cancer: the
ONCOBELL trial. J. Clin. Oncol. 25(16),
2248-2255 (2007).

26 Hirsch FR, Varella-Garcia M, McCoy |
e al. Increased epidermal growth factor
receptor gene copy number detected by
Huorescence in situ hybridization associates
with increased sensitivity to gefitinib in
patients with bronchioloalveolar carcinoma
subrypes: a Southwest Oncology Group
Study. J. Clin. Oncol. 23(28), 6838-6845
(2005).

27 Hirsch FR, Varella-Garcia M, Bunn PA Jr
er al. Molecular predictors of outcome with
gefitinib in a Phase 11l placebo-controlled
study in advanced non-small-cell lung
cancer. J. Clin. Oncol. 24(31), 5034-5042
(2006).

28 AstraZeneca, Macclesfield, UK. Data on
file.

29 Wakeling AE, Guy SP, Woodburn JR .
et al. ZD1839 (Iressa): an orally active
inhibitor of epidermal growth factor
signaling with potential for cancer
therapy. Cancer Res. 62(20), 57495754
(2002).

30 Ranson M, Hammond LA, Ferry D et al.
Z.D1839, a selective oral epidermal growth
factor receptor-tyrosine kinase inhibitor, is
well tolerated and active in patients with
solid, malignant twmors: results of a
Phase 1 trial. J. Clin. Oncol. 20(9),
2240-2250 (2002).

31 Herbst RS, Maddox AM, Rothenberg ML
et al. Selective oral epidermal growth factor
receptor tyrosine kinase inhibitor ZD1839
is generally well-tolerated and has activity
in non-small-cell lung cancer and other
solid tumors: results of a Phase I trial.

J. Clin. Oncol. 20(18), 3815-3825 (2002).

32 Nakagawa K, Tamura T, Negoro S ¢ al.
Phase I pharmacokinetic trial of che
selective oral epidermal growth facror
receptor tyrosine kinase inhibitor gefirinib

33

34

35

36

37

38

9

40

41

(‘Iressa’, ZD1839) in Japanese patients
with solid malignant tumors. Ann. Oncol.
14(6), 922-930 (2003).

Wolf M, Swaisland H, Averbuch S.
Development of the novel biologically
targeted anticancer agent gefitinib:
determining the optimum dose for clinical
efficacy. Clin. Cancer Res. 10(14), 4607
4613 (2004).

Albanell ], Rojo F, Averbuch S er al,
Pharmacodynamic studies of the epidermal
growth factor recepror inhibitor ZD1839 in
skin from cancer patients: histopathologic
and molecular consequences of recepror
inhibition. /. Clin. Oncel. 20(1), 110-124
(2002).

Di Gennaro E, Barbarino M, Bruzzese F
et al. Critical role of both p27KIP1 and
p21CIP1/WAF]1 in the antiproliferative
effect of ZD1839 (‘Iressa’), an epidermal
growth factor receptor ryrosine kinase
inhibitor, in head and neck squamous
carcinoma cells. /. Cell. Physiol. 195(1),
139-150 (2003).

Mendelsohn J, Fan Z. Epidermal growth
factor recepror family and
chemosensitization. J. Nar! Cancer Inst.
89(5), 341-343 (1997).

Ciardiello F, Caputo R, Bianco R eral.
Inhibition of growth factor production and
angiogenesis in human cancer cells by
ZD1839 (Iressa), a selective epidermal
growth factor receptor tyrosine kinase
inhibitor, Clin. Cancer Res. 7(5),
1459-1465 (2001).

Cragg MS, Kuroda ], Puchalakath H er a/.
Gefitinib-induced killing of NSCLC cell
lines expressing mutant EGFR requires BIM
and can be enhanced by BH3 mimetics.
PLoS Med. 4(10), 16811689 (2007).

McKillop D), Partridge EA, Kemp JV er al.
Tumor penetration of gefitinib (Iressa), an
epidermal growth factor recepror tyrosine
kinase inhibitor. Mol. Cancer Ther. 4(4),
641-649 (2005).

HauraEB, Sommers E, Becker A ez /. Pilot
Phase 11 study of preoperative gefitinib in
early stage non-small cell lung cancer with
assessment of intratumor gefitinib levels and
tumor target modulation. Proc. Am. Soc.
Clin. Oncol. 25(Suppl.), 185 (2007)
(Abstract 7603).

McKillop D, McCormick AD, Miles GS
et al. In vitro metabolism of gefitinib in
human liver microsomes. Xenobiotica
34(11-12), 9831000 (2004).

McKitlop D, McCormick AD, Millar A
et al. Cytochrome P450-dependent

metabolism of gefitinib. Xenobiotica 35(1),
39-50 (2005).

43

44

45

46

47

48

49

50

51

52

53

Swaisland HC, Smith RP, Laight A ef al.
Single-dose clinical pharmacokinetic
studies of gefitinib. Clin. Pharmacokiner.
44(11), 1165-1177 (2005).

Swaisland H, Laight A, Stafford L er al.
Pharmacokinetics and tolerability of the
orally active selective epidermal growth
factor receptor tyrosine kinase inhibitor
ZD1839 in healthy volunteers. Clin.

Pharmacokinet. 40(4), 297-306 (2001).

Baselga ], Rischin D, Ranson M ¢r al.
Phase I safety, pharmacokineric, and
pharmacodynamic trial of ZD1839, a
selective oral epidermal growth factor
receptor tyrosine kinase inhibitor, in
patients with five selecred solid tumor
types. J. Clin. Oncal. 20(21), 42924302
(2002).

Lin WC, Chiu CH, Liou JL et al. Gefitinib
as front-line treatment in Chinese patients
with advanced non-small-cell lung cancer.
Lung Cancer 54(2), 193199 (2006).

Niho §, Kubota K, Goto K et al. First-line
single agent treatment with gefitinib in
patients with advanced non-small-cell lung
cancer: a Phase I1 study. /. Clin. Oncol.
24(1), 64-69 (2006).

Suzuki R, Hasegawa Y, Baba K eral. A
Phase I study of single-agent gefitinib as
first-line therapy in patients with stage IV
non-small-cell lung cancer. Br. J. Cancer
94(11), 1599-1603 (2006).

Reck M, Buchholz E, Romer KS ¢ al.
Gefitinib monotherapy in chemotherapy-
naive patients with inoperable stage 111/1V
non-small-cell lung cancer. Clin. Lung
Cancer 7(6), 406411 (2006).

Spigel DR, Hainsworth JD, Burkett ER

et al. Single-agent gefitinib in patients with
untreated advanced non-small-cell lung
cancer and poor performance status: a
Minnie Pearl Cancer Research Network
Phase Il Trial. Clin. Lung Cancer 7(2),
127-132 {2005).

Swinson D, Williams S, Beddard L

Phase I1 trial of first-line gefitinib in
patients unsuitable for chemotherapy with
stage I11/1V non-small-cell lung cancer.
Proc. Am. Soc. Clin. Oncol. 23(Suppl.},
165 (2005) (Abstract 7256).

Crino L, Cappuzzo F, Zatloukal P ez al.
Gefitinib versus vinorelbine in
chematherapy-naive elderly patients with
advanced non-small-cell lung cancer
(INVITE): a randomized, Phase 1 study.
J. Clin. Oncol. 26(26), 4253—4260
(2008).

Crino L, Zatloukal P, Reck M. First-line
gefitinib (Iressa) versus vinorelbine
(INVITE): a randomized Phase 11 study in

32

Expers Rev. Anticancer Ther. 9(1), (2009)



Gefitinib for the treatment of hon-small-cell lung cancer 4"%@%@;{{ 4}

elderly patients with advanced non-small-
cell lung cancer. Ann. Oncol. 18(Suppl.4),

(2007).
54 Goss G, Ferry D, Laurie S eral.
Randomized, double-blind, multicenter,

parallel-group, Phase II study of gefitinib
(IRESSA) plus best supportive care (BSC)

versus placebo plus BSC in chemotherapy-
naive patients with advanced non-small-cell

Ill!\g cancer and poor pcrformancc status

(INSTEP). J. Thorac. Oncol. 2(8 Suppl. 4),

$340 (2007) (Abstract B3-02).

55 Inoue A, Suzuki T, Fukuhara T er al.
Prospective Phase I study of gefitinib for

chemotherapy-naive patients with advanced

non-small-cell lung cancer with epidermal
growth factor receptor gene mutations.

J- Clin. Oncol. 24(21), 3340-3346 (2006).

56 Sutani A, Nagai Y, Udagawa K eral.
Gefitinib for non-small-cell lung cancer
patients with epidermal growth factor

receptor gene mutations screened by pepride
nucleic acid-locked nucleic acid PCR clamp.

Br. J. Cancer 95(11), 1483-1489 (2006).

57 Asahina H, Yamazaki K, Kinoshica [ er a/.
A Phase 11 trial of gefitinib as first-line
therapy for advanced non-small cell lung
cancer with epidermal growth factor
receptor mutations. Br. J. Cancer 95(8),
998-1004 (2006).

58 Sunaga N, Tomizawa Y, Yanagitani N e al.
Phase 11 prospective study of the efficacy of

gefitinib for cthe treatment of stage 1I/IV
non-small cell lung cancer with EGFR
mutations, irrespective of previous
chemotherapy. Lung Cancer 56(3),
383-389 (2007).

59 Yoshida K, Yatabe Y, Park JY eral
Prospective validation for prediction of
gefitinib sensitivity by epidermal growth
factor recepror gene mutation in patients

with non-small cell lung cancer. /. Thorac.
Oncol. 2(1), 22-28 (2007).

60 Tamura K, Okamoto I, Kashii T er 4/,
Multicentre prospective Phase 11 trial of
gefitinib for advanced non-small cell lung
cancer with epidermal growth factor
receptor mutations: results of the West
Japan Thoracic Oncology Group trial
(W]JTOG0403). Br. J. Cancer 98(5),
907-914 (2008).

6t Sugio K, Uramoto H, Oyama T. A
prospective Phase Il study of geficinib in
non-small cell cancer patients with
epidermal growth factor receptor gene
(EGFR) mutations. Proc. Am. Soc. Clin.
Oncol. 25(Suppl.),18S (2007) (Abserace).

62 Sequist LV, Martins RG, Spigel D eral.
Firse-line gefitinib in patients with
advanced non-small-cell lung cancer

63

64

65

66

67

68

69

70

7t

harboring somaric EGFR murations. /. Clin.
Oncol. 26(15), 24422449 (2008).

Yang CH, Yu CJ, Shih JY er al. Specific
EGFR mutations predict treatment
outcome of stage IIIB/1V patients with
chemotherapy-naive non-small-cell lung
cancer receiving first-line gefitinib
monotherapy. /. Clin. Oncol. 26(16),
2745-2753 (2008).

Lee DH, Han JY, Yu SY eral. The role of
gefitinib treatment for Korean never-
smokers with advanced or metastaric
adenocarcinoma of the lung: a prospective
study. J. Thorac. Oncol. 1(9), 965-971
(2006).

West HL, Franklin WA, McCoy ] et al.
Gefitinib therapy in advanced
bronchioloalveolar carcinoma: Southwest
Oncology Group Study S0126. J. Clin.
Oncol, 24(12), 1807-1813 (2006).

Cadranel J, Quoix P, Debove D er al.
IFCTO40! trial: Phase 1T study of gefitinib
administered as first-line teaument in
non-resectable adenocarcinoma with
bronchioloalveolar carcinoma features
(ADC-BAC): final results on efficacy and
survival. Proc, Am. Soc. Clin. Oncol.
25(Suppl.), 185-3998, 7560 (2007)
(Abstrace 7186).

Morita S, Hirashima T, Hagiwara K er al.
Gefitinib combined survival analysis of the
mutation positives from the prospective
Phase I trials (I-CAMP). Proc. Am. Soc.
Clin. Oncol. 26(Suppl.}, 155-449S (2008)
(Abstract 8101).

Kelly K, Chansky K, Gaspar LE er al.
Phase [11 trial of maintenance gefitinib or
placebo after concurrent
chemoradiotherapy and docetaxel
consolidation in inoperable stage I1I
non-small-cell lung cancer: SWOG 50023.
J. Clin. Oncol. 26(15), 24502456 (2008).

Douillard JY, Hirsh V, Mok TS er al.
Molecular and clinical subgroup analyses
from a Phase [11 trial comparing gefitinib
with docetaxel in previously treated
non-small cell lung cancer (INTEREST).
Proc. Am. Soc. Clin, Oncol. 26 (2008)
(Abstract 8001).

Lee D, Kim S, Park K er ul. A randomized
open-label study of gefitinib versus
docetaxel in patients wich advanced/
metastatic non-small cell lung cancer
(NSCLC) who have previously received
platinum-based chemortherapy. Proc. Am.
Soc. Clin. Oncol. 26(Suppl.), 155-430S
(2008) {Abstract 8025).

Suzuki T, Nakagawa T, Endo H ez al. The
sensitivity of lung cancer cell lines to the
EGFR-selective tyrosine kinase inhibitor

72

73

74

75

76

77

78

79

80

71839 (‘Iressa’) is not related to the
expression of EGFR or HER-2 or to K-rus
gene stawus. Lung Cancer 42(1), 35-41
(2003).

Sirotnak FM, Zakowski MF, Miller VA

et al. Efficacy of cytotoxic agents against
human tumor xenografts is markedly
enhanced by coadministration of ZD1839
(Iressa), an inhibitor of EGFR tyrosine
kinase. Clin. Cancer Res, 6(12), 4885-4892
(2000).

Soulieres D, Senzer NN, Vokes EE er al.
Multicenter Phase 11 study of erlorinib, an
oral epidermal growth factor recepror
tyrosine kinase inhibitor, in patients with
recurrent or metastatic squamous cell
cancer of the head and neck. J. Clin. Oncol.
22(1), 77-85 (2004).

Bailey RL, Kris MG, Wolf M ¢t a/. Tumor
EGFR membrane staining is not clinically
relevant for predicring response in patients
non-small-cell lung cancer: IDEAL 1 and
2. Proc. Am. Assoc. Cancer. Res. 44, 1362
(2003).

Hirsch FR, Dziadziuszko R, Thatcher N
et al. Epidermal growth factor recepror
immunohistochemistry: comparison of
anribodies and cutoff points to predicr
benefit from geficinib in a Phase 3
placebo-controlled study in advanced
nonsmall-cell lung cancer. Cancer 112(5),
1114-1121 (2008).

Cortes-Funes H, Gomez C, Rosell R er al.
Epidermal growth factor receptor
activating mutations in Spanish gefitinib-
treated non-small-cell lung cancer patients.
Ann. Oncol. 16(7), 1081-1086 (2005).

Han SW, Kim TY, Hwang PG er al.
Predictive and prognostic impact of
epidermal growch factor receptor mutation
in non-small-cell lung cancer patients
treated with gefitinib. /. Clin. Oncol.
23(11), 24932501 (2005).

Takano T, Ohe Y, Sakamoto H er 4/,
Epidermal growth factor receptor gene
mutations and increased copy numbers
predict gefitinib sensitivity in patients with
recurrent non-small-cell lung cancer.

J. Clin. Oncol. 23(28), 6829-6837 (2005).

Mitsudomi T, Kosaka T, Endoh H er 4/,
Murations of the epidermal growth factor
recepror gene predict prolonged survival
after gefitinib treaument in patients with
non-small-cell lung cancer with
postoperative recurrence. J. Clin. Oncal.
23(11), 2513-2520 (2005).

Taron M, Ichinose Y, Rosell R ez al.
Activating mutations in the tyrosine kinase
domain of the epidermal growth factor
receptor are associated with improved

www.ex per(—rcvicws.com

33




Hida, Ogawa, Park et al.

survival in gefitinib-treated chemorefractory
lung adenocarcinomas. Clin. Cancer Res.
11(16), 58785885 (2005).

81 Kimura H, Kasahara K, Shibara K ez al.
EGFR mutation of tumor and serum in
gefitinib-treated patients with chemotherapy-
naive non-small cell lung cancer. /. Thorac.
Oncol. 1(3), 260267 (2006).

82 Mitsudomi T, Yatabe Y. Mutations of the
epidermal growth factor receptor gene and
related genes as determinants of epidermal
growch factor receptor tyrosine kinase
inhibitors sensitivity in lung cancer. Cancer
Sci. 98(12), 1817-1824 (2007).

83 Mitsudomi T, Kosaka T, Yatabe Y. Biological
and clinical implications of EGFR mutations
in lung cancer. Iut. J. Clin. Oncol. 11(3),
190-198 (2006).

#4 Jackman DM, Yeap BY, Sequist LV ez al.
Exon 19 deletion mutarions of epidermal
growth factor receptor are associated with
prolonged survival in non-small cell lung
cancer patients treated with gefitinib or
erlotinib, Clin. Cancer Res. 12(13),
3908-3914 (2006).

85  Han SW, Kim TY, Jeon YK eral.
Optimization of patient selection for
gefitinib in non-small cell lung cancer
by combined analysis of epidermal
growth factor receptor mutation, K-ras
mutation, and Akt phosphorylation.

Clin, Cancer Res. 12(8), 2538-2544 {2006).

86  Satouchi M, Negoro S, Funada Y er al.
Predictive factors associated with prolonged
survival in patients with advanced non-
small-cell lung cancer (NSCLC) treated with
gefitinib. Br. /. Cuncer 96(8), 11911196
(2007).

87 Bell DW, Lynch T}, Haserlat SM ez al.
Epidermal growth factor receptor mutations
and gene amplification in non-small-cell
lung cancer: molecular analysis of the
IDEAL/INTACT geficinib trials. J. Clin.
Oncol, 23(31), 80818092 (2005).

86 Eberhard DA, Johnson BE, Amler LC er al.
Mutations in the epidermal growth factor
receptor and in KRAS are predictive and
prognostic indicators in patients with
non-small-cell lung cancer treated with
chemotherapy alone and in combination
with erlotinib. /. Clin. Oncol. 23(25),
59005909 (2005).

89 Kobayashi S, Boggon TJ, Dayaram T er al,
EGFR mutation and resistance of non-small-
cell lung cancer to gefitinib. N. Engl. J. Med.
352(8), 786-792 (2005).

oo Identified a second site mutation in EGFR
(T790M) that confers acquired resistance
to gefitinib,

90

9

93

94

95

96

97

98

99

Kwak EL, Sordella R, Bell DW er al.
Irreversible inhibitors of the EGF
receptor may circumvent acquired
resistance to gefitinib. Proc. Natl Acad.
Sci. USA 102(21), 76657670 (2005).

Data that T790M-mediated acquired
resistance to gefitinib can be overcome by
irreversible EGFR tyrosine kinase
inhibitors (TKIs).

Greulich H, Chen TH, Feng W ¢z al.
Oncogenic transformarion by inhibitor-
sensitive and -resistant EGFR mutants.
PLoS Med. 2(11), €313 (2005).

Carter TA, Wodicka LM, Shah NP ¢r al.
Inhibition of drug-resistant mutants of
ABL, KIT, and EGF recepror kinases.
Proc. Natl Acad. Sci. USA 102(31),
1101111016 (2005).

Sequist LV. Second-generation epidermal
growth factor recepror tyrosine kinase
inhibitors in non-small cell lung cancer.

Oncologist 12(3), 325-330 (2007).

Yun CH, Mengwasser KE, Toms AV er al.
The T790M mutation in EGFR kinase
causes drug resistance by increasing the
affinity for ATP. Proc. Natl Acad. Sci. USA
105(6), 2070-2075 (2008).

Highlights how T790M substitution
confers resistance by increasing the

affinity for ATP.

Engelman JA, Zejnullahu K., Mitsudomi
T et al. MET amplification leads to
gefieinib resistance in lung cancer by
activating ERBB3 signaling, Science
316(5827), 1039-1043 (2007).

Highlights how suppressing MET may
restore EGFR TKI sensitivity.

Engelman JA, Janne PA. Mechanisms of
acquired resistance to epidermal growth
factor receptor tyrosine kinase inhibitors
in non-small cell lung cancer. Clin. Cancer
Res. 14(10), 2895-2899 (2008).

Yatabe Y, Takahashi T, Mitsudomi T.
Epidermal growth factor recepror gene
amplification is acquired in association
with tumor progression of EGFR-mutated
lung cancer. Cancer Res. 68(7), 2106-2111
(2008).

Eberhard DA, Giaccone G, Johnson BE.
Biomarkers of response to epidermal
growth factor receptor inhibitors in
Non-Small-Cell Lung Cancer Working
Group: standardization for use in the
clinical trial seuing. J. Clin. Oncol. 26(6),
983-994 (2008).

Varella-Garcia M. Stratification of
non-small cell lung cancer patients for
therapy with epidermal growth facror

100

10

102

103

104

105

106

107

108

recepror inhibitors: the EGFR fluorescence
in situ hybridization assay. Diagn. Pathol.
1, 19 (2006).

Shigemarsu H, Lin L, Takahashi T ez a/.
Clinical and biological features associated
with epidermal growth factor receptor gene
mutations in lung cancers. J. Natl Cancer
Inst. 97(5), 339-346 (2005).

Kosaka T, Yatabe Y, Endoh H ez al. Analysis
of epidermal growth factor recepror gene
mutation in patients with non-small cell
lung cancer and acquired resistance to
gefitinib, Clin. Cancer Res. 12(19),
5764-5769 (2006).

Pao W, Wang TY, Riely GJ er ¢/, KRAS
mutations and primary resistance of lung
adenocarcinomas to gefitinib or erlotinib.
PL0S Med. 2(1), 17 (2005).

Demonstrated the correlation between the
presence of activated KRAS with NSCLC
insensitivity to EGFR TKIs.

Choong NW, Dictrich S, Seiwert TY ez al,
Gefitinib response of erotinib-refractory
lung cancer involving meninges — role of
EGFR mutation. Nat. Clin. Pract. Oncol.
3(1), 50-57 (2006).

Costa DB, Schumer ST, Tenen DG ez al.
Differential responses to erlotinib in
epidermal growth factor receptor
(EGFR)-mutated lung cancers with
acquired resistance to gefirinib carrying
the L7478 or T790M secondary mutations,
J. Clin, Oncol. 26(7), 1182-1184: author
reply 11841186 (2008).

Inoue A, Saijo Y, Maemondo M er al.
Severe acute interstitial pneumonia and
gefitinib. Lancer 361(9352), 137-139
(2003).

Ando M, Okamoto 1, Yamamoto N ¢z al,
Predicrive factors for interstitial lung
disease, antitumor response, and survival
in non-small-cell lung cancer parients
treated with gefitinib. J. Clin. Oncol.
24(16), 2549-2556 (2006).

Kudoh S, Kato H, Nishiwaki Y er al.
Interstitial lung discase in fapanese
patients with lung cancer: a cohort and
nested case-control study. Am. J. Respir.
Crit. Care Med. 177(12), 1348-1357
(2008).

Clark GM, Zborowski DM, Santabarbara
P er «l. Smoking history and epidermal
growth factor receptor expression as
predictors of survival benefit from erlotinib
for patients with non-small-cell lung
cancer in the National Cancer Institute of
Canada Clinical Trials Group study
BR.21. Clin. Lung Cancer 7(6), 389-394
(2006).

34

Expert Rev. Auticancer Ther. 9(1), (2009)




Gefitinib for the treatment of non-smali-cell lung cancer

109

110

111

112

Kimura H, Fujiwara Y, Sone T ez al. High
sensitivity detection of epidermal growth
factor receptor mutations in the pleural
effusion of non-small celf lung cancer
patients. Cancer Sei. 97(7), 642648
(2006).

Takano T, Ohe Y, Tsuta K ez al.
Epidermal growth factor recepror
mutation detection using high-resolution
melting analysis predicts outcomes in
patients with advanced non small cell
lung cancer treated with gefitinib. Clin.
Cancer Res. 13(18 Pr 1), 5385-5390
(2007).

Yatabe Y, Hida T, Horio Y er al. A rapid,
sensitive assay to detect EGFR mutation in
small biopsy specimens from lung cancer.
J- Mol. Diagn. 8(3), 335-341 (2006).

Maheswaran S; Sequist LV, Nagrath § er al.
Detection of mutations in EGFR in
circulating lung-cancer cells. N. Engl.

J. Med. 359(4), 366377 (2008).

113 Arreaga CL. HER3 and mutant EGFR meet

114

MET. Nat. Med. 13(6), 675-677 (2007).

Cufer T Vrdoljak E. Gaafar R er al.

Phase II, open-label, randomized scudy
(SIGN) of single-agent gefitinib (IRESSA)
or docetaxe] as second-line therapy in
patients with advanced (stage 11Ib or 1V)
non-small-cell lung cancer. Anticancer

Drugs 7(4), 401-409 (2006).

Affiliations

Toyoaki Hida

Deparement of Thoracic Oncology, Aichi
Cancer Center Hospiral, 1-1 Kanokoden,
Chikusa-ku, Nagoya 464-8681, Japan
Tel.: +81 52 762 6111

Fax: +81 52 764 2963

107974 @aichi-cc jp

Shizu Ogawa

Deparement of Thoracic Oncology, Aichi
Cancer Center Hospital, 1-1 Kanokoden,
Chikusa-ku, Nagoya 464-8681, Japan

Jang Chul Park

Department of Thoracic Oncology, Aichi
Cancer Center Hospiral, 1-1 Kanokoden,
Chikusa-ku, Nagoya 464-8681, Japan

Ji Young Park

Department of Thoracic Oncology, Aichi
Cancer Center Hospital, 1-1 Kanokoden,
Chikusa-ku, Nagoya 464-8681, Japan

Junichi Shimizu

Department of Thoracic Oncology, Aichi
Cancer Center Hospital, 1-1 Kanokoden,
Chikusa-ku, Nagoya 464-8681, Japan
Yoshirsugu Horio

Dcparnﬁent of Thoracic Oncology, Aichi
Cancer Center Hospital, 1-1 Kanokoden,
Chikusa-ku, Nagoya 464-8681, Japan
Kimihide Yoshida

Department of Thoracic Oncology, Aichi

Cancer Center Hospital, 1-1 Kanokoden,
Chikusa-ku, Nagoya 464-8681, Japan

www.expert-rev jews.com

35




Cancer Chemother Pharmacol
DOI 10.1007/s00280-009-1151-1

ORIGINAL ARTICLE

Relationship of mRNA expressions of RanBP2 and topoisomerase
II isoforms to cytotoxicity of amrubicin in human lung cancer cell

lines

Yoshitsugu Horio - Hirotaka Osada - Junichi Shimizu
Shizu Ogawa - Toyoaki Hida - Yoshitaka Sekido

Received: 3 March 2009 / Accepted: 22 September 2009
© Springer-Verlag 2009

Abstract

Purpose RanBP2 is a small ubiquitin-like modifier ligase
for DNA topoisomerase 11 (Topoll) and plays a role in
maintaining chromosome stability by recruiting Topoll to
centromeres during mitosis. Engineered-mice with low
amounts of RanBP2 have been reported to form lung ade-
nocarcinomas. Furthermore, in the murine embryonic
fibroblasts, formation of chromatin bridges in anaphase,
a distinctive feature of cells with impaired DNA decatenation
by chemical inhibition of Topoll, has been reported. In this
study, we tested whether the association between mRNA
expression of the RanBP2 gene and chemosensitivity of a
Topoll inhibitor, amrubicin could be seen.

Methods Using a panel of 20 lung cancer cell lines, the
mRNA expression levels of the RanBP2, Topoll-alpha
and Topoll-beta genes were examined by quantitative real-
time reverse transcription PCR. The in vitro cytotoxicity of
amrubicin was assessed using a tetrazolium-based colori-
metric assay (MTT assay).

Results  Although RanBP2 mRNA expression was infre-
quently downregulated in human lung cancer cell lines, sig-
nificantly higher RanBP2 transcripts were observed in
small cell lung cancer than non-small cell lung cancer.
There were no correlations between chemosensitivity of
amrubicin and mRNA expression levels of the RanBP2,
Topoll-alpha and Topoll-beta genes.
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Conclusions QOur in vitro results suggest that mRNA
expressions of RanBP2 and Topoll isoforms are unlikely to
be a predictive biomarker for the sensitivity to amrubicin.

Keywords SUMO ligase - Topoisomerase II inhibitor -
Predictive biomarker - Chromosomal instability -
Lung cancer

Introduction

Lung cancer is a leading cause of cancer mortality in the
United States and in Japan {13, 29]. Lung cancer has two
main types: small cell lung cancer (SCLC) and non-SCLC
(NSCLC). The major histological subtypes of NSCLC
include adenocarcinoma, squamous carcinoma and large
cell carcinoma. About 15% of lung cancers are SCLC.
SCLC spreads rapidly and widely forming additional large
tumors in lymph nodes, bones, adrenal glands, liver and
brain. Because of its aggressive nature the overall survival
of SCLC is worse than that of NSCLC and only 5-10% at
5 years. Survival of patients with either SCLC or NSCLC is
strongly correlated with the stage of disease. For patients
with advanced tumors, the prognosis is dismal because the
available treatment regimens such as chemotherapy and
radiation therapy are essentially palliative and primarily
serve only to prolong survival. In fact, combination chemo-
therapy with etoposide plus cisplatin or irinotecan plus
cisplatin for extensive-stage (ES) SCLC as well as the
common first-line platinum-based combination regimens
for advanced NSCLC only produced a median survival
time of about 1 year [18, 19, 23]. Thus, new treatment
approaches are clearly required.

Amrubicin, developed and approved in Japan for the
treatment of SCLC and NSCLC, is a totally synthetic
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anthracycline anticancer agent and a potent Topoll inhibi-
tor [14]. Amrubicin monotherapy with 45 mg/(m? day) for
3 consecutive days by intravenous administration produced
response rates of 75.8 and 27.9% for previously untreated
patients with ES-SCLC and advanced NSCLC, respec-
tively. A phase II study of the combination of 60 mg/m?
cisplatin and 40 mg/(m? day) amrubicin for 3 days has been
reported to show response rate of 87.8%, the MST of
13.6 months and 1-year survival rate of 56.1% against
ES-SCLC. Based on this result, Japan Clinical Oncology
Group (JCOG) is conducting a randomized phase HI study
to compare the combinations of cisplatin plus amrubicin
and cisplatin plus irinotecan for previously untreated
ES-SCLC.

To improve clinical outcomes in advanced lung cancer,
clinical integration of molecular biomarkers that predict
responses to chemotherapeutic agents may be indispensable
[16]. Recently, RanBP2 has been reported to act as a small
ubiquitin-like modifier (SUMO) ligase for DNA Topoll
and play an important role in targeting Topoll to centro-
meres during mitosis and in maintaining chromosome
stability [5]. Embryonic fibroblasts derived from the
engineered mutant mice with low expression of RanBP2
have been reported to show formation of chromatin bridges
in anaphase, a distinctive feature of cells with impaired
DNA decatenation by chemical inhibition of Topoll [4],
suggesting that low expression of RanBP2 may have an
analogous effect of Topoll inhibitors. In addition, RanBP2
has a tumor suppressor function since these mutant mice
succumbed to a range of cancers, primarily lung carcino-
mas, and were also susceptible to chemically-induced
tumorigenesis. Based on these observations, we hypothe-
sized that RanBP2 expression might be involved in chemo-
sensitivity of a Topoll inhibitor, amrubicin.

The identification of molecular biomarkers with the
potential to predict treatment outcomes is essential for indi-
vidualizing the most beneficial chemotherapy. As one of
the multiple approaches to establishing predictive biomark-
ers, we evaluated whether there would be associations
between mRNA expression of the RanBP2 gene as well as
the Topoll-alpha and beta genes and chemosensitivity to
amrubicin using human lung cancer cell lines.

Materials and methods
Cell lines and drug

Fifteen NSCLC and five SCLC cell lines used were
described previously [24]. These cells were maintained in
RPMI-1640 medium supplemented with 10% heat-inacti-
vated fetal bovine serum. Amrubicin was kindly provided
by Sumitomo pharmaceuticals Company, Osaka, Japan.

@ Springer

Cytotoxicity assay

Cytotoxicity was evaluated using an MTT assay as
described previously [11]. Suspensions of exponentially
growing cells were dispensed into wells of 96-well tissue-
culture plates. After incubation at 37°C for 24 h, the solu-
tions of amrubicin at various concentrations were added,
and then incubated for 3 days. The effects of treatment were
expressed as percent growth inhibition using untreated cells
as the uninhibited control and assessed by IC50 (drug con-
centrations inducing a 50% reduction of cell survival)
which was calculated from dose-response curves.

RNA preparation and RT-PCR amplification

Total RNA was extracted and further purified as described
previously [24]. The RNAs were stored at —80°C until use.
Total RNA (50 ng) extracted from each cell line was sub-
jected to one-step real-time reverse transcriptase-PCR
(RT-PCR) for absolute quantitating mRNA levels of the
RanBP2, Topoll-alpha, Topoll-beta and beta-actin genes as
described previously. The PCR primers used were as follows.

RanBP2-S: 5'-CAATGGAAATGGGGAAGACTTT-3'

-AS: 5'-CATCACTTCAGTCCCACCTGTA-3'
Topoll-alpha-S: 5-GGTGTGGAACTAGAAGGCCTAA-3'
-AS: 5'-TGAATCAGACCAGGGATTTCTC-3'
Topoll-beta-S: 5'-TTTTTCACCATCATTTGGTCTG-3'
-AS: 5'-GGGCTTAGGGACTGTATCTGAA-3’
Betaactin-S: 5'-TTCTACAATGAGCTGCGTGTG-3'
-AS: 5'-CAGCCTGGATAGCAACGTACA-3/

Linear regression analysis of standard-curves demonstrated
a strong correlation for all the genes (R? > 0.99). The rela-
tive gene expression levels were normalized with a house
keeping gene, beta-actin.

Western blot analysis

Western blot analysis was done as described previously
[11], using the following primary antibodies: anti-RanBP2
(ab2938, Abcam), anti-Topoll-alpha (ab45175, Abcam),
anti-Topoll-beta (ab58442, Abcam) and anti-actin (A2268,
Sigma-Aldrich) antibodies.

Statistical analyses

The strength of the association between the expression lev-
els of RanBP2, Topoll-alpha and Topoll-beta and chemo-
sensitivity data was calculated by either Pearson’s
correlation coefficient or linear regression analysis. Corre-
lations were considered significant at P < 0.05. For compar-
ison of IC50 values of amrubicin and each gene expression
level among histological subtypes, we employed one-way
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analysis of varlance (ANOVA) followed by Bonferroni
post-test. All analysis was performed with the use of Stat
View software version 5.0.

Results

Chemosensitivity of amrubicin was examined using 20
human lung cancer cell lines including 15 NSCLC cells and
5 SCLC cells. Cytotoxicity following a 72 h continuous
exposure of amrubicin was measured by MTT assay. The
IC 50 value of amrubicin in SK-LC-3 was about 9 uM,
while the IC 50 values in the other cell lines were less than
1 uM as shown in Table 1. There was no significant differ-
ence between histological types (Fig. 1).

The mRNA quantifications of the RanBP2, Topoll-
alpha, Topoll-beta genes were carried out in real-time PCR
and the expression levels were normalized with beta-actin
as an internal control (Table 1). Among 20 cell lines tested,
the level of RanBP2 mRNA expression in an H460 cell line
was about 20-fold lower than those in non-tumorous lung
tissues obtained from two patients with lung cancer. There
were statistically significant differences in the RanBP2
expression between SCLC and the other histological sub-
types (p <0.05) (Fig.2a). We checked RanBP2 protein
expression in two lung cancer cell lines, SK-LC-2 and
H460, representing high and low expression of the RanBP2

{niv)
10006

1000

. =

104

sCLC Ad Sq la

Fig. 1 IC50 values of Amrubicin in lung cancer cell lines. Box plots
show relationships between IC50 values of Amrubicin and the four his-
tological subtypes of lung cancer. The horizontal line within each box
represents the median value and the closed box shows the mean value,
respeclively

gene, and found similar mRNA and protein expression
patterns (Fig. 2d). We also found statistically higher
expression levels of Topoll-alpha in SCLC and adenocarci-
noma cell lines compared with those in normal lung tissues,

Table 1 1C50 values for amru-

bicin and relative mRNA Cell line Histology Amrubicin (uM) RanBP2 Topolla Topollb

expression for RanBF2, Topoll  y0c g g4 Ad 0.0668 0.621 1324 1.174

alpha and Topoll beta in lung

cancer cell lines ACC-LC-319 Ad 0.579 1.108 1.682 1.437
SK-LC-3 Ad 8.99 2.634 2.009 1.899
AS549 Ad 0.131 1.191 1.553 1.665
SK-LU-1 Ad 0.492 1.307 2.930 1.479
VMRC-LCD Ad 0.0835 4.134 2.660 2942
RERF-LC-MT Ad 0.469 0.661 0.8719 0.753
Calul Sq 0.203 1.280 2173 1.750
SK-MES-1 Sq 0.0768 1.160 0.883 0.807
PC-1 Sq 0.009 1.937 1.739 2.888
RERF-LC-A Sq 0.0222 0.717 1.454 1.036
PC-10 Sq 0.77 0.713 1.049 1.170
NCI-H460 La 0.101 0.043 1.518 2.098
Calu6 la 0.0469 1.467 1.116 1.828
SK-LC-6 La 0.0632 2.362 2.508 4,383
ACC-LC-48 SCLC 0.0512 1.957 1.672 2.044

NL 1 and NL 2: non-tumorous ACC-LC-49 SCLC 0.0866 2.592 1975 3523

lung tissues obtained from two

patients with lung cancer. ACC-1.C-80 SCLC 0.0459 3.953 . 1.361 1.993

Ad adenocarcinoma, ] ACC-LC-172 SCLC 0.0439 2.387 4450 4.207

La large cell carcinoma, SK-LC-2 5CLC 0.337 3.662 3.510 4.264

SCLC smali cell lung cancer, NL 1 N " NA

Sq squamous cell carcinoma. ormaliung 1.006 0.158 2447
NL 2 Normal lung NA 0.913 0.179 1.937

NA not available
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Flg. 2 Relative mRNA expression for (a) RanBP2, (b) Topoll-alpha
and (c) Topoll-beta among histological subtypes and normal lung tis-
sues, and protein expression for (d) RanBP2 and (e) Topoll isoforms
in representative cell lines. a RanBP2 mRNA expression in SCLC was
higher than those in the other histological subtypes of lung cancer.
b Topoll-alpha mRNA expression levels in lung cancer cell lines were

although there were no significant differences in Topoll-
alpha mRNA expression levels among four histological
subtypes of lung cancer (Fig. 2b). On the other hand, the
expression levels of Topoll-beta in lung cancer cell lines
were similar to those of normal lung tissues, although rela-
tively higher expression levels were observed in SCLC and
large cell carcinoma (Fig. 2c). In addition, we checked
Topoll-alpha and Topoll-beta protein expressions in two
lung cancer cell lines, SK-LC-2 and SK-MES-1, represent-
ing high and low expression of the two Topoll isoforms,
and found that protein expression patterns of these genes
were not different with mRNA expression patterns
(Fig. 2e).

There were weak but significant positive correlations
between RanBP2 and Topoll-alpha mRNA expressions,
between RanBP2 and Topoll-beta mRNA expressions and
between Topoll-alpha and Topoll-beta mRNA expressions
among 20 lung cancer cell lines (r=0.532; P<0.05,
Fig.3a and r=0.623; P<0.05, Fig.3b, r=0.647;
P <0.01, Fig. 3c, respectively). Chemosensitivity data
were analyzed in relation to the mRNA expression levels of
the RanBP2, Topoll-alpha, Topoll-beta genes using linear
regression analysis. No significant associations were
observed between the IC50 values of amrubicin and the

@ Springer

relatively higher compared to those in normal lung tissues. ¢ The
expression levels of Topoll-beta in lung cancer cell lines were similar
to those in normal lung tissues. d, e Western blot analyses for RanBP2
and Topoll isoforms in two lung cancer cell lines representing high and
low expression, respectively. The expression patterns of protein and
mRNA were not different

mRNA expression levels of RanBP2 (Fig. 4a), Topoll-
alpha (Fig. 4b) and Topoll-beta (Fig. 4c) among 20 cell
lines.

Discussion

RanBP2 has been reported to be involved in both nucleocy-
toplasmic transport and mitosis and also act as a SUMO
ligase for DNA Topoll and play a role in maintaining
chromosome stability by recruiting Topoll to centromeres
during mitosis [5]. In addition, RanBP2 hypomorphic mice
are particularly sensitive to spontaneous and carcinogen-
induced lung tumors, indicating that RanBP2 might play a
potential tumor suppressor role in human lung cancer. Two
previous studies reported that RanBP2 mRNA expression
levels are substantially reduced in human non-SCLC [2, 8].
However, the present study showed that RanBP2 transcript
levels were infrequently downregulated in human lung can-
cer cell lines compared with normal lung tissues, although
there were statistically significant differences in the Ran-
BP2 expression between SCLC and NSCLC. Consistent
with our results, several lines of evidence from publicly
available human gene expression data of the Oncomine
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database (http://www.oncomine.com) and GEO profiles
(http://www.ncbi.nlm.nih.gov/geo/) reported that RanBP2
mRNA expression levels are not reduced in NSCLC com-
pared with normal lung tissues [3, 22, 26-28, 30]. In addi-
tion, there is a microarray study showing that RanBP2
expression levels are similar to those of our data in four
overlapping lung cancer cell lines [9]. The concordance and
discordance between our findings and previous works
might be caused by the difference between cell lines and
resected human lung tumors as well as the diflerent experi-
mental conditions used. Thus, further studies are warranted
to establish the role of RanBP2 as a tumor suppressor gene
in human lung carcinogenesis.

In RanBP2 hypomorphic murine embryonic fibroblasts
(MEFs), formation of chromatin bridges in anaphase, a dis-
tinctive feature of cells with impaired DNA decatenation by
mutation or chemical inhibition of Topoll-alpha [4], was
observed, while spindle structure, kinetochore-microtubule

interactions, and localization of kinetochore and spindle
assembly checkpoint proteins appeared normal [5]. There-
fore, the low expression of RanBP2 may have an analogous
effect of Topoll inhibitors, although the inhibitors are able
to cause an inevitable consequence of DNA damage at
high doses [4, 21]. Then, we speculated that there might be
an association between RanBP2 mRNA expression and
chemosensitivity of a Topoll inhibitor, amrubicin and
tested whether we could see it using human lung cancer cell
lines. However, we did not find any associations, suggest-
ing that cytotoxicity of amrubicin might come mainly from
DNA damage response induced at high doses and that for-
mation of chromatin bridges in anaphase caused by low
expression of the RanBP2 gene might not have additional
effects on amrubicin-induced DNA damage response.

The two isozymes, Topoll-alpha and Topoll-beta func-
tion to unknot and decatenate covalently closed circles of
DNA, although functional differences of these isozymes
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and their differential spliced variants as well as precise
role of their homodimerization and heterodimerization are
unknown [20, 21]. There are several lines of evidence
indicating a close relationship between Topoll-alpha levels
and drug sensitivity in cell lines made resistant to Topoll
inhibitors [7, 17, 25}, cell lines with reduced expression of
Topoll [1] and a VP-16-resistant breast cancer cell line
infected with adenovirus containing Topoll-alpha [32].
Another study has shown the relationship between Topoll
expression and multidrug sensitivity including Topoll
inhibitors using eight human lung cancer cell lines [10].
There is also some evidence that Topoll-beta may be
related with resistance to Topoll inhibitors {6, 15]. How-
ever, we did not find any association between expression
levels of Topoll isoforms and chemosensitivity of amrubi-
cin. Consistent with our results, a previous report of unse-
lected human lung cancer cell lines also showed no clear
association between Topoll-alpha protein expression and in
vitro sensitivity to Topoll inhibitors [31]. Another study
also failed to show importance of the enzyme using a panel
of cell lines [12]. Although the behavior of cell lines in
vitro may differ from the in vivo situation, and depend on
the experimental conditions, these contradictory findings
may require further investigation.

Amrubicin is highly active and one of the most potent
anticancer drugs against SCLC and NSCLC [14]. Among
the toxicities, hematologic adverse events such as leukope-
nia and thrombocytopenia are frequent and dose-limiting
factors. Although identification of molecular biomarkers
with the potential to predict treatment outcomes is essential
to eliminate the use of any ineffective agents and to avoid
toxic side effects [16], the cellular response to amrubicin is
still poorly understood. To predict drug response in lung
cancer patients, integrated analyses such as array-based
mRNA expression profile, epigenome profiles, proteome
analysis would be needed.
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Efficacy of Erlotinib for Brain and Leptomeningeal
Metastases in Patients with Lung Adenocarcinoma Who
Showed Initial Good Response to Gefitinib
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Takayuki Fukui, MD,* Simon Ito, MD,* Shunzo Hatooka, MD,* Taijiro Sueda, MD,}
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Introduction: The efficacy of high-dose (1250 mg/d) gefitinib for
the treatment of leptomeningeal metastasis in a patient with lung
cancer harboring a mutation in the epidermal growth factor receptor
(EGFR) gene was previously reported. We speculate that erlotinib,
instead of high dose of gefitinib, may be also effective for the
treatment of central nervous system (CNS) lesions, as trough serum
concentration of erlotinib is nine times higher than that of gefitinib.
Patients and Methods: Patients with lung cancer in whom CNS
lesions developed after an initial good response to gefitinib for extra
CNS lesions were enrolled in the study. Tumor response, perfor-
mance status, neurologic symptoms, and survival were retrospec-
tively evaluated.

Results: All seven patients had EGFR mutations in their primary
tumors except one patient. The median interval between gefitinib
withdrawal and erlotinib administration was 5 days. Three patients
showed partial response, three had stable disease, and one had
progressive disease. Performance status and symptoms improved in
five patients. The overall survival from the initiation of erlotinib
treatment ranged from 15 to 530 days (median, 88 days).
Conclusions: Erlotinib was a reasonable option for the treatment of
CNS diseases that appeared after a good initial response of extra
CNS disease to gefitinib.

Key Words: Lung cancer, Brain metastasis, EGFR-TKI, BBB, CNS.
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yrosine kinase inhibitors (TKIs) of the epidermal growth

factor receptor (EGFR) have been widely used for the
treatment of patients with non-small cell lung cancer
(NSCLC). Somatic activating mutations of the tyrosine ki-
nase domain of the EGFR gene are highly associated with
sensitivity of NSCLC to EGFR TKIs.!=# Nevertheless, the
disease in the majority of these patients eventually progresses,
despite an initial dramatic response to treatment, after a median
of about 10 months.>¢ The central nervous system (CNS), e.g.,
the brain or the leptomeninges, is a common site for metastasis
of NSCLC. Patients with CNS metastasis in general suffer from
deterioration of performance status (PS) and therefore do not
have a long-survival time. Although the recent advent of radio-
surgery techniques confers better local control of brain metas-
tases, currently there is no efficient method of treatment for
leptomeningeal metastases.

High-dose gefitinib (1250 mg/d) was reportedly effective
for the treatment of leptomeningeal metastasis in a patient with
lung cancer harboring an EGFR mutation.” In this study, the
gefitinib concentration in the cerebrospinal fluid (CSF) was 6.2
nM at a dose of 500 mg daily, whereas it was 39 nM at a dose
of 1250 mg daily, with a serum concentration of 3730 nM. On
the other hand, the median IC, value of cell lines that carry an
activating mutation of the EGFR gene is 90 nM.2 This difference
in concentration between the serum and the CSF is thought to be
associated with the blood—brain barrier (BBB).

Erlotinib is also an anilinoquinazoline compound
that specifically inhibits EGFR tyrosine kinase, similarly
to the action of gefitinib. Its dose was set at 150 mg daily,
which equals to the maximum tolerated dose (MTD) of this
drug. Trough serum concentration of erlotinib (adminis-
tered at 150 mg/d) is 3.5 M that is nine times higher than
that of gefitinib (0.4 M) administered at the usual dose of
250 mg/d,°-!3 approximately one third of the MTD of
gefitinib (700 mg/d).

Prompted by these observations, we speculated that
erlotinib, instead of a high dose of gefitinib, may also be
effective for the treatment of CNS lesions in patients with
NSCLC harboring EGFR mutations who showed an initial good
response to gefitinib. We report the response of brain and
leptomeningeal metastases to erlotinib in seven of these patients.
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PATIENTS AND METHODS

Patients

The records of 43 patients with NSCLC that was
pathologically diagnosed and treated with erlotinib at our
institution between April 2005 and September 2008 were
retrospectively reviewed in this study. We identified those
who had been treated with erlotinib for CNS lesions that
developed after an initial good response of their extra CNS
lesions to gefitinib. This study was approved by the institu-
tional review board of the Aichi Cancer Center Hospital, and
written informed consent for genetic analysis was obtained
for each patient at the time of diagnosis or operation.

Treatment and Response Evaluation

Medical records, serum carcinoembryonic antigen
(CEA) levels, chest radiograph, chest—abdominal computed
tomography scan, brain magnetic resonance imaging (MRI),
and '®F-fluorodeoxyglucose positron emission tomography
(PET) were retrospectively reviewed. Erlotinib of 150 mg
daily were administered to the patients until progressive
disease. They all had previously received 250 mg gefitinib
daily. Treatment response was evaluated according to the
RECIST. Because of retrospective nature of this study, strict
application of RECIST was impossible. Nevertheless, we
defined tumor response when the long axis of the target lesion
shrank by more than 30%.

Mutational Analysis

We extracted RNA or DNA from tumor samples and
analyzed EGFR mutations as previously reported.>!* Briefly,
we performed direct sequencing of the product of the reverse

transcription polymerase chain reaction of exons 18 to 21 of
the EGFR gene.

RESULTS

We identified seven patients who met our criteria. Patient
characteristics and clinical courses are summarized in Table 1.
There were five women and two men, and their ages ranged
from 58 to 81 years (median, 61 years). We confirmed the
presence of EGFR mutations in the primary tumors of all
patients, with the exception of one patient, for whom a tumor
specimen was not available. Four patients had a deletion
mutation in exon 19, and two had a point mutation in exon 21
(L858R). Six patients had been locally pretreated with whole
brain radiation therapy or radiosurgery, before disease pro-
gression in CNS.

Disease outside of the CNS was initially controlled by
gefitinib monotherapy in all seven patients. The median
duration of gefitinib administration was 310 days (range,
113-1211 days), and all patients showed progressive disease
in their CNS; four patients exhibited disease progression in
the CNS, and the other three patients developed new symp-
tomatic brain or leptomeningeal metastases associated with
deterioration of PS. Disease outside of CNS had been under

TABLE 1. Clinical Characteristics of Patients

Age/ EGFR Initial Initial Response of Extra TTF to CNS Disease Neurological
Case  Sex  Histology Mutation Metastatic Sites CNS Lesions to G G, d After G Symptoms
1 81/M Adeno X19del Brain, bone CR 275 PD (new LMM) Dysmnesia, gait disorder
2 63/F Adeno X19del Lung, skin, Med LN PR 516 PD (new brain) Consciousness disorder
3 58/F Adeno L85S8R Brain, lung SD 113 PD (new LMM)  Headache, postural disorder
4 60/F Adeno X19del  Brain, bone SD 1211 PD (new LMM)  Syncope, polyopia
5 64/M Adeno NA Brain, lung PR 192 PD Consciousness disorder,

gait disorder

6 60/F Adeno L858R Brain, bone NA 242 PD Dysmnesia, gait disorder
7 61/F Adeno X19del Bone, Med LN CR 382 PD (new LMM) Headache, vomiting

G, gefitinib; E, erlotinib; Med LN, mediastinal lymph nodes; TTF, time to treatment failure; CR, complete response; PR, partial response; SD, stable disease; PD, progression

disease; NA, not available; LMM, leptmeningeal metastasis.

TABLE 2. Erlotinib Treatment in Patients with CNS Involvement
Interval Between  Response of CNS  Change Metastasis-Related CEA Level, Interval Between E Adverse
Case GandE, d Lesions to E of PS Neurological Symptoms ng/ml Start and Death, d Effects
1 35 PR 4—4 Improved 43.6 — 11.5 178 Rash, FN
2 2 SD 3—>1 Improved 451.0 —» 7.1 247 Rash
3 47 SD 43 Improved 67.0 —47.6 60 —_
4 5 PR 1—1 Improved 3429.5 — 1294.5 530 Rash, diarrhea
5 2 PR 32 Improved NA 88 Rash
6 8 SD 4-—->4 Progress 174 —>9.5 15 —
7 1 NA 34 Progress 136.7 —> 110.8 23 —

G, gefitinib; E, erlotinib; CNS, central nervous system; PS, performance status; CEA, carcinoembryonic antigen; PR, partial response; SD, stable disease; NA, not available; FN,

febrile neutropenia.
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Nov. 2007 Jan, 2008
good control in all patients during gefitinib therapy. Gefitinib
was replaced with erlotinib without interposition of other
drugs. The duration of drug holiday ranged from 1 to 47 days
(median, 5 days). The PS in most patients at the initial
erlotinib administration was 3 or 4.

Using RECIST, we found that three patients showed
partial response, three patients remained stable disease, and
diagnostic imaging was not available for one patient (Table 2).
PS and metastasis-related neurologic symptoms improved in
five patients, whereas the remaining two patients had disease
progression, We confirmed that the CEA levels were reduced
in six patients after erlotinib administration, with the excep-
tion of one patient, for whom information on CEA level was
not available.

EGFR mutation analysis performed in a CSF sample
from the patient 7 before erlotinib treatment revealed a point
mutation in exon 20 (T790M), which is regarded as a resis-
tant mutation'$-16 in addition to an exon 19 deletion mutation.

Her disease progressed rapidly, even after replacement of ge-
fitinib with erlotinib, and she died 23 days after the drug switch.

Case Report of Patient 1

The patient was an 81-year-old man who underwent left
upper lobectomy in August 2006. The tissue sample of his
primary tumor carried a deletion mutation in exon 19 of the
EGFR gene. Nevertheless, his serum CEA level was 13.9

May. 2008

FIGURE 1. Contrast-enhanced T1-
weighted magnetic resonance imag-
ing (MRI) of the brain of patient 1.
A, MRI study performed 8 months
after initiation of gefitinib. A small
nodule was in the occipital lobe (ar-
row), but no lesions were recog-
nized in parietal lobe. B, The occipi-
tal lesion increased in size, and a
new lesion appeared in parietal lobe
in January 2008. C, The brain me-
tastases shrunk 4 months after the
initiation of erlotinib therapy.

ng/ml in March 2007. Although he was asymptomatic, his
brain MRI and PET scan revealed multiple metastases in the
brain and bone. We treated him with 250 mg of gefitinib daily
because he was elderly and had an EGFR mutation. The
serum CEA level had decreased to 6.3 ng/ml in May 2007.
We discontinued gefitinib treatment because of headache and
general fatigue at December 25, 2007. Although the PET and
computed tomography scans revealed remarkable improve-
ment of bone metastasis, the brain MRI revealed the presence
of new brain metastases (Figure 14, B) and new leptomen-
ingeal metastasis, and the serum CEA level increased to 43.6
ng/ml in January 2008. Dysmnesia and gait disorder became
apparent, which escalated him to PS 4. Because of a difficulty
in swallowing, enteral nutrient and a daily dose of 150 mg of
erlotinib dissolved in water were administered via a nasogas-
tric tube from January 30. His dysmnesia improved within 1
month after the initiation of erlotinib treatment. MRI revealed
a remarkable improvement of brain metastasis in May 2008
(Figure 1C). His serum CEA level decreased to 11.3 ng/ml in
June 2008. He continued to take erlotinib for 178 days until
he died of pulmonary lymphangiosis on July 28, 2008.

DISCUSSION

In this study, we showed that erlotinib elicited tumor
responses and improvement of PS in three of seven patients
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who developed CNS lesions after an initial good response of
extra CNS lesions to gefitinib. Neurologic symptoms and
serum CEA level improved in five of seven and six of six
patients, respectively. In addition, brain MRI revealed partial
response in three patients.

Gefitinib and erlotinib are similar anilinoquinazoline
compounds. Although it seems that erlotinib has a slightly
broader spectrum of kinase inhibition than gefitinib,!” they
are essentially EGFR-specific TKIs. The most prominent
difference between these two drugs is the dose setting. Al-
though the approved daily dose of erlotinib (i.e., 150 mg/d) is
equal to the MTD, the daily dose of gefitinib was set at 250
mg/d, because response and survival were not different be-
tween 250 and 500 mg of gefitinib in two phase II trials.!8.1°
This difference of dose setting is reflected in the differences
observed in their serum concentration. The C_,, and area
under the curve were 2120 ng/ml and 38,420 ng/h/mi for a
dose of erlotinib of 150 mg daily,!? and 307 and 5041 ng/h/ml
for a dose of gefitinib of 225 mg daily,!? respectively. The
administration of 700 mg of gefitinib resulted in Cmax and
area under the curve of 2146 ng/ml and 36.077 ng/h/ml,!3
respectively. Nevertheless, several reports revealed an unsat-
isfactory disease control by erlotinib after gefitinib failure,
with response rates ranging from 9.5 to 14%.20.2! This can be
explained by the fact that the 2 common mechanisms of
acquired resistance to EGFR-TK]J, i.e., T790M secondary
mutation and MET gene amplification, are both refractory to
gefitinib and to erlotinib.??

Animal studies revealed that the delivery of gefitinib to
the CNS of normal mice is hindered by the BBB.2 It is
possible that gefitinib may not have free access to the brain in
human,?* as another small, low-molecular weight TKI, ima-
tinib, is shown to have limited brain penetration.?’ Hence, the
CSF concentration of gefitinib is usually much lower than
that observed in the serum.2?® Although there are several
reports that gefitinib is effective for the treatment of brain
metastases of several tumors,2426-31 these observations are
thought to be dependent on a combination of the degree of
disruption of the BBB caused by tumor invasion? and a
sensitivity of cancer cells to the drug. Thus, dose escalation is
thought to be a reasonable strategy to circumvent the EGFR-
TKI-sensitive tumor cells that are present in the CNS.

In this study, we used 150 mg of erlotinib instead of
1250 mg of gefitinib. Even after a very short interval, erlo-
tinib conferred appreciable and meaningful clinical re-
sponses, which included the improvement of the level of
consciousness. While preparing this manuscript, Yi et al.3
reported that treatment of elrotinib or an increased dose of
gefitinib is an effective therapeutic option for selected patient
with NSCLC and leptomenigeal metastasis. This response
can be explained as follows; tumor cells in the CNS had not
previously been exposed to gefitinib and, therefore, did not
need to develop a resistance mechanism, thus remaining
sensitive to erlotinib which traversed the BBB because of its
relatively higher serum concentration compared with that of
gefitinib. In the case reported by Jackman et al., the tumors of
the lung, liver, and intestine had a T790M mutation, in
addition to the exon 19 deletion, while the T790M mutation
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was not detected in the postmortem CNS tumor specimens.
Relatively short survival of patient 1 despite that the CNS
lesions responded well to erlotinib can be interpreted as
follows; gefitinib had reached to the extra CNS lesions and
acquired resistance to TKI such as T790M had already
developed. Therefore, even erlotinib could not control the
extra CNS lesions despite improvement of brain metastasis.

In patient 7, tumor cells of the CSF had a T790M
mutation after gefitinib treatment and before erlotinib admin-
istration. Her disease progressed rapidly, even after the
switch to erlotinib treatment, and the patient died 23 days
after the initiation of erlotinib administration, as could be
expected. In this case, we speculate that gefitinib could reach
the CNS, where it was able to control tumor cells for a while
initially. Nevertheless, the resistant clone carrying the T790M
mutation eventually developed during the 382 days of ge-
fitinib administration.

In conclusion, we report the effectiveness of erlotinib
for the treatment of CNS lesions after gefitinib failure. This
situation is relatively common in Japan, because there was an
interval of over 5 years between the approval of gefitinib and
erlotinib in our country.
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