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Bioinformatics sequence analysis

Moultiple sequence alignments of kinase domains in the human
kinome were performed for 321 human kinase domains. The
positions of the conserved glutamate (E) and arginine (R)
residues are colored purple and those of EGFR are indicated in
red. FASTA files for human kinase domains were obtained from
the kinase database at Sugen/Salk (Kinbase, La Jolla, CA,
USA) and aligned with the AliBee multiple sequence alignment
program (GeneBee) (Brodsky er al., 1992) using Clustal format.
Resulting alignments were colored using JalView 2.2 (Clamp
et al., 2004) according to sequence conservation (BLOSUMS62).
In addition, the amino-acid sequences from a selected list of 32
diverse human protein kinases were obtained from the
ENSEMBL database (www.ensembl.org). The amino-acid
sequences of these kinase domains were analysed and aligned
using the EMBL-EBI online CLUSTALW software (www.e-
bi.ac.uk/clustalw).

Structural analysis

EGFR crystal structures (PDB accession codes IM17, 1XKK
and 2GS6) (Stamos et al., 2002; Wood et al, 2004; Zhang
et al., 2006) were analysed using the program O (Jones et al.,
1991). Superposition of the EGFR kinase domain with the
catalytic domains of diverse kinases was performed to study
the structural conservation of a buried Glu(E)}-Arg(R) ion
pair. The crystal structure of EGFR tyrosine kinase (PDB
accession code: IM17) (Stamos er al., 2002) was superimposed
with the catalytic kinase domains of human CDK2 (PDB
accession code: 1VYW) (Pevarello et al., 2004), human JNK3
(PDB accession code: 1PMQ) (Scapin er al, 2003), human
insulin receptor kinase (PDB accession code: 1IR3) (Hubbard,
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Large Cell Neuroendocrine Carcinoma of the Mediastinum
with a-Fetoprotein Production

Ken Takezawa, MD,* Isamu Okamoto, MD, PhD,* Junya Fukuoka, MD, PhD,} Kaoru Tanaka, MD,*
Hiroyasu Kaneda, MD,* Hisao Uejima, MD,} Hyung-Eun Yoon, MD, PhD,}
Masami Imakita, MD, PhD,§ Masahiro Fukuoka, MD, PhD,* and Kazuhiko Nakagawa, MD, PhD*

Large cell neuroendocrine carcinoma (LCNEC) is a relatively new
category of pulmonary ncuroendocrine tumor. Although it was first
detected in the lung, LCNEC has since been found in a variety of
extrapulmonary sites. We now describe a patient who was diagnosed
with LCNEC originating from the mediastinum, an extremely rare
disorder. An increased serum concentration of a-fetoprotein (AFP)
in the patient was reduced by chemotherapy in association with
tumor shrinkage. Furthermore, the tumor was confirmed immuno-
histochemically to produce AFP. To our knowledge, this is the first
report of a LCNEC that produces AFP.

Key Words: Large cell neuroendocrine carcinoma, a-Fetoprotein,
Mediastinal tumeor.
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Large cell neuroendocrine carcinoma (LCNEC) is a high-
grade neuroendocrine tumor that was first detected in the
lung by Travis et al.' The prognosis of individuals with
LCNEC has been reported to be poor, with a 5-year survival
rate similar to that for small cell carcinoma.?-* Although
originally found in the lung, LCNEC has since been described in
a variety of extrapulmonary locations.*7 Among these locations,
mediastinal LCNEC is extremely rare, with only a few cases
having been reported.®? We now report the first case of medi-
astinal LCNEC with a-fetoprotein (AFP) production.

CASE REPORT
A previously healthy 35-year-old Japanese man was
found to have an abnormal mass in his right mediastinum on
a chest radiograph during a health checkup. The patient’s
general condition was fair, and symptoms such as chest pain,
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weight loss, or fever were not noted. He was a current
smoker, having smoked 20 cigarettecs a day for 15 years.
Computed tomography imaging of the chest revealed a 65 X
50 mm mass in the middle mediastinum (Figure 14). Serum
laboratory data were within normal limits. A bronchoscopic
examination revealed a compression against the outside of the
trachea. No other organs appeared to be affected on extensive
examination. Subsequent evaluation for serum tumor markers
revealed an increased level of AFP. Other examined markers,
including B-human chorionic gonadotropin, carcinoembry-
onic antigen, and CA19-9, were within normal limits. Tho-
racoscopic examination revealed that the tumor was not
invading into the adjacent lung. On the basis of these find-
ings, we considered the tumor to have originated from the
middle mediastinum. A biopsy revealed poorly differentiated
carcinoma with neurocndocrine features. Thymic neuroendo-
crine carcinoma is exclusively located in the anterior-superior
mediastinum.! Given the tumor’s location, the increase in the
serum concentration of AFP, and the patient’s young age, the
diagnosis of embryonal carcinoma was initially favored over
purely neuroendocrine neoplasm. The patient received neo-
adjuvant chemotherapy with bleomycin (30 mg/body) on
days 2, 9, and 16, etoposide (100 mg/m?) on days 1 to 5, and
cisplatin (20 mg/m?) on days 1 to 5, Treatment cycles were
repeated every 21 days for 4 cycles. The serum AFP level had
decreased to within normal limits in association with shrink-
age of the tumor by the end of the third cycle of chemother-
apy (Figure 1B, E). However, the AFP concentration started
to increase thereafter, and progression of the tumor was
confirmed after the fourth cycle of chemotherapy (Figure 1C,
E). The patient then received second-line chemotherapy with
cisplatin (80 mg/m?) on day 1 and paclitaxel (200 mg/m?) on
day 1 every 21 days for three cycles before surgery. The
serum AFP level again decreased in association with tumor
shrinkage (Figure 1D, E). Eight months after initial detection
of the tumor, the patient underwent a tumorectomy combined
with right upper lobectomy and tracheoplasty, given that the
tumor was found to invade the adjacent right upper lobe and
trachea at the time of surgery. Histopathologic examination
of the surgical specimen revealed a solid tumor nest with
massive necrosis. The tumor was relatively homogeneous
throughout the resection, showing sheets of celis with 2 high
nucleus-to-cytoplasm ratio. High-power magnification of the
tumor revealed that the tumor cells manifested marked neu-
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FIGURE 1. Chest computed
tomography (CT) findings and
serum AFP levels in the patient.
A-D, Chest CT findings. A mass
in the middle mediastinum was
initially detected (A). The tumor
had shrunk after three cycles of
neoadjuvant chemotherapy (8),
but its progression had resumed
after the fourth cycle (C). The
tumor shrank again in response
to second-line chemotherapy
(D). £, Time course of the serum
concentration of AFP. The AFP
level was initially increased, it
decreased to within normal lim-
Its (dotted line) in association
with tumor shrinkage during
first-line chemotherapy, but it
started to increase again after

AFP (ng/ml)
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C July 2005

B May 2005

D October 2005

Y

the third cycle. The serum AFP

level again decreased in associa- 0 40
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tion with tumor shrinkage dur-
ing second-line chemotherapy.

1*-line chemotherapy

[ 2*-line chemotherapy|

roendocrine features, such as frequent rosette structures and
trabecular arrangements, nuclear moldings, and prominent
mitoses (Figure 24, B). The tumor cells also had abundant
nucleoli. Immunohistochemical analysis showed the tumor
cells to be diffusely positive for CK7 and neuroendocrine
markers including CD56, chromogranin A (Figure 2C), and
synaptophysin as well as negative for CD5, CD30, human
chorionic gonadotropin, placental alkaline phosphatase, he-
patocyte antigen, and thyroid transcription factor-1. No re-

FIGURE 2. Histology and immunohistochem-
ical analysis of the tumor specimen obtained at
surgery. A, Hematoxylin-eosin staining revealed
solid tumor nests with areas of necrosis (arrow
heads). Note the homogeneous appearance of
the tumor. B, High-power magnification of the
tumor stained as in (4), showing numerous
rosettes (asterisk), abundant cytoplasm, chro-
matin clearing with occasionally prominent nu-
cleoli, nuclear molding (arrows), and frequent
mitosis (arrow heads). C, Immunchistochemical
staining for chromogranin A revealed diffuse
and intense cytoplasmic staining. D, Immuno-
histochemical staining for AFP, showing a focus
of tumor cells positive for AFP (arrows). Scale
bars: 1 mm, 50 p.

gions of the specimen showed features of a germ cell tumor
or hepatoid carcinoma. On the basis of the morphology and
staining characteristics of the tumor, a pathologic diagnosis
of LCNEC was made. A small number of tumor cells showed
subtle but unequivocal positive staining for AFP (Figure 2D).
Thoracic radiotherapy was not able to be given because the
patient suffered from thoracic empyema after surgery. De-
spite intensive chemotherapy, he died of extensive recurrence
of carcinoma 4 months after the surgery.
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DISCUSSION

LCNEC is a relatively new category of pulmonary
neuroendocrine tumor, with affected individuals reported to
have a prognosis intermediate between those with atypical
carcinoid lung cancer and those with small cell lung cancer.'?
Recent clinical studies indicate a 3-year survival rate of 27 to
67% even if patients are at pathologic stage 1.>-* Since its
original detection in the lung, LCNEC has been found in a
variety of extrapulmonary locations including gastrointestinal
sites and the uterine cervix.*-7 The present case was identified
as LCNEC originating in the mediastinum. Given the age of
the patient and the tumor location, a diagnosis of embryonal
carcinoma was initially considered, but no morphologic or
immunohistochemical features indicative of embryonal car-
cinoma were found on extensive pathologic analysis of the
surgical specimen. Primary mediastinal LCNEC is an ex-
tremely rare disorder and has been described in only a few
case reports to date.®?

In the present case, the increased serum AFP level
decreased in association with tumor shrinkage im response to
chemotherapy, and the tumor was confirmed immunohisto-
chemically to produce AFP. AFP is the main component of
fetal serum in mammals. It is synthesized by visceral
endoderm of the yolk sac and fetal liver, but expression of the
AFP gene is greatly reduced at the time of birth. AFP-
producing carcinoma has been recognized for decades and
reported in various locations including the lung and medias-
tinum.'! [n contrast to the present case, however, most can-
cers that produce AFP show morphologic features similar to
hepatocellular carcinoma. With regard to neuroendocrine
tumors, some case reports indicate that small cell carcinoma
can also produce AFP.!%13 As far as we are aware, however,
the present case is the first reported example of LCNEC
producing AFP. Given that the concept of LCNEC is rela-
tively new, this may not be that surprising, and previous
reports of small cell carcinoma may actually have been
diagnosed as LCNEC today. Our case raises the possibility
that the origin of mediastinal neuroendocrine tumors includ-

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

ing LCNEC may be mediastinal primordial germ cells. Ex-
amination of germ cell tumor markers in neuroendocrine
tumors may shed light on this matter.
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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
etoposide while the pharmacokinetics of the drugs were monitored.
The patient showed a response with manageable toxicity and re-
mained progression free for at least 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 cel]
lung cancer patient with chronic renal failure.

Key Words: Smali cell lung cancer, Hemodialysis, Pharmacokinet-
ics, Chemotherapy.
(J Thorae Oncol. 2008,3: 1073-1075)

he prognosis of patients with chronic renal failure has

improved as a result of progress in hemodialysis (HD),
and opportunities 1o 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 Jung cancer (SCLC)
undergoing HD.,

CASE REPORT
A 77-year-old man with chronic renal failure due to
diabetic nephropathy presented with a mass in the left 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
mm mass in the lower left 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 after 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 injection of etoposide (50
mg/m?) over 60 minutes followed 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 ia 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. Afier three cycles of chemo-
therapy, each separated by an interval of 3 weeks, the tumor
had decreased in size and the serum neuron-specific enolase
level had decreased to within normal limits (6.3 ng/ml). The
patient remained progression free 8 months after the initiation
of treatment.

Pharmacokinetic analysis of CBDCA and etoposide
was performed for the first and third courses of chemother-
apy. Serial blood samples were collected 0, 1,2, 3,4, 5, 6,24,
37,41, 42, 49, 53, and 54 hours after completion of CBDCA
administration as well as 0, 2, 3, 4, 5, 6, 7, 25, 48, 50, 52, 54,
55, and 73 hours after completion of the first
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-time curve
(AUC) was 4.10 minutes mg/ml for free platinum and 4401
and 3612 minutes pg/ml for etoposide on days 1 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 difficull to administer chemo-
therapy effectively, Given his old ape, 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

etoposide 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 patienis
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 dose 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-'? 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
arelatively high dose (300 mg/m?) of CBDCA with initiation
of HD 0.5 to 1.5 hours after completion of drug injection has
been shown to be feasible and effective in lung cancer
patients undergoing HD.2-* However, the AUC of CBDCA in
these latter studies was not determined. In the present study,
we found that a CBDCA dose of 250 1o 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 mp/ml, a therapeutic
blood level, consistent with the antitumor efficacy observed

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

Interval Between Carboplatin

Disease No. of Patients Carboplatin Dese Infusion and Hemodialysis (h) AUC (min mg/ml)
Watanabe of al.7 Ovarian cancer 1 125 mg 16 443
Jeysbalan et al* Orvarian cancer 1 125 mg 24 ND
Chatelut ¢ al.* Ovarian cancer 1 150 mg 24 6.06-6.70
Motzer et 3,10 Germ cell tumor 2 100 mg/m? 24 6.7-69
Inoue et 1.2 SCLC 3 300 mg/m? 1 ND
Yanagawa e12l?  NSCLClepipharynx ca 2 300 mg/m’ 0.5 ND
Haraguchi et al* SCLC 1 300 mg/m’ 1.5 N.D

MN.D, not determined; NSCLC, non-smail ceil jung cancer,
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Analysis of Corboplatin and Etoposide

in the previous studies>-4. Our presented study supponts 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.

Etoposide is active against various types of malignant
tumors, but its membrane permeability im 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. '%). The present patient was treated with etopo-
side at 50 mg/m? on days 1 and 3, with HD being initiated 2
hours afier completion of the drug injection. The AUC of
ctoposide was 3612 to 4401 minutes pg/ ml, 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 with cisplatin at 80 mg/m?® was
shown to be acceptable in 4 lung cancer patients with renal
dysfunction. 2 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 2 SCLC patient with
chronic renal failure. Although farther studies are needed, our
findings suggest that this regimen of combination chemother-
apy can be administered to lung cancer patients with renal
nsufficiency.

REFERENCES

- Xiaofang Y, Yue Z, Xialian X, et al. Serum tumour markers in patients

with chronic kidney discase. Scand J Clin Lab Invest 2007;67:661-667,

. Inoue A, Saijo Y, Kikuchi T, et al. Pharmacokinetic amalysis of combi-

nation chemotherapy wi_th carboplatin and etoposide in small-cell lung
palients undergoing hemodialysis. Ann Oncol 2004;15:51-54.

cancer
- Yanagawa H, Takishita ¥, Bando H, ¢ al. Carboplatin-based chemo-

mﬁh paticnts undergoing hemodialysis. Anticoncer Res 1996:16:

.nmin.amn.ma.ual.amwmmnmm

mﬁl lung cancer undergoing hemodialysis. Clin Oncol 2005;17:

- LeRoy AF, Wehling ML, Sponseller HL, et al. Analysis of platinum in

biological materials by flameless atomic absorption spectrophotometry.
Biochem Med 1977;18:184-191,

. Calvert AH, Newell DR, Gumbrell LA, e al. Carboplatin dosage:

prospective evaluation of a simple formula based on renal function.
J Clin Oncol 1989;7:1748-1756.

2 Wllﬂ_nlr. M, Acki ¥, Tomita M, ct al. Paclitaxel and carboplatin

chemotherapy in 2 hemodialysis patient with advanced
ovarian cancer. Gynecol Oncol 2002;84:335-338,

.Ieyn!n]mN.Hh‘uRW.MmF.Truhwﬂof‘dmmdwuian

with carboplatin and paclitaxel in » patient with renal failure,
Int J Gynecol Cancer 2000;10:463-468.

. Chatelul E, Rostaing L, Gualeno V, ¢1 al. Pharmacokinetics of carbo-

platin in a patient suffering from adv d ov in with
hemodialysis-dependent renal insufficiency. Nephron 1994;66:157-16).

. Motzer RJ, Niedzwiecki D, Isaacs M, cf al. Carboplatin-based chemo-

therspy with pharmacokinetic analysis for patients with hemodialysis-
dependent renal insufficiency. Cancer Chemother Pharmacol 1990;27;
234-238.

. D'Incalei M, Farina P, Sessa C, et al. Pharmacokinetics of VP16-213

given by different administration methods. Cancer Chemother Pharma-
col 1982;7:141-145.

. Watanabe R, Takiguchi Y, Moriya T, et al. Feasibility of combination
ide for I P 0

chemotherapy with cisplatin and etop for
with lung cancer. Br J Cancer 2003;88:25-30.

3 p

Copyright © 2008 by the International Association for the Study of Lung Cancer 1075




Original Research

NEOPLASTIC DISEASE

Prognostic Significance of Thin-Section
CT Scan Findings in Small-Sized Lung
Adenocarcinoma*

Toshihiko Hashizume, MD; Kouzo Yamada, MD; Naoyuki Okamoto, PhD;
Haruhiro Saito, MD; Fumnihiro Oshita, MD; Yasufumi Kato, MD;
Hiroyuki Ito, MD; Haruhtko Nakayama, MD; Youichi Kameda, MD;

and Kazumasa Noda, MD

Objectives: The purpose of this study is to evaluate the prognostic importance of thin-section (TS)
CT scan findings in small-sized lung adenocarcinomas.

Patients and methods: We reviewed TS-CT scan findings and pathologic specimens from 358
consecutive patients who underwent surgical resection for peripheral lung adenocarcinomas = 20
mm in diameter during the period from July 1897 to May 2006. By using TS-CT scan images, tumors
were defined as nir-containing types if the maximum diameter of tumor opacity on mediastinal
window images was less than or equal to half of that seen on lung window images, and as a
solid-density type if the maximum diameter on the mediastinul window images was more than half of
that on lung window images. We compared TS-CT scan findings to pathologic findings (ie, lymph node
metastasis, pleural invasion, vessel invasion, and lymphatic invasion) and prognosis. The following
prognostic factors were analyzed by x* test aund Cox proportional hazard model: age; gender; tumor
size; pathologie stage; TS-CT sean findings; histologic su defined by Noguchi et al (ie, Noguchi
type); pleural involvement; lymphatic invasion; and vascular invasion.

Renults: No

tumors, Pat

patients with lung adenocarcinoma.

section

thologic invasive findings or recurrence were found in patients with air-containing-type
¢ invasive findings and recurrence were found in 10 to 30% of patients with

solid-density-type tumors, The air-containing type tumors seen on TS-CT scans and Noguchi type A

or B tumors were demonstrated as prognostic factors for good outcome by x* test (p < 0.001).

Mullivariate analyses revealed lymphatic permeation us u significant prognostic factor,

Conclusion: The TS-CT scan findings were important predictive factors for postsurgical outcome in

Key words: bronchiolodveolir cell carcinoma; ground-gliss opucity: limited surgery: noninvasive cancer
Abbreviations: BAC = hronchiolosvenlur cell carcinoma; GGO = ground-glass opacity; HU = Hounsfield units; TS = thin

(CHEST 2008; 133:441-447)

The number of patients with small-sized lung
carcinoma has been increasing due to the routine

clinical use of CT scanning and the increasing use of

helical CT scan screening for lung cancer, Adeno-

carcinoma is the most common histologic type of

lung cancer in those cases. The population of lung
adenocarcinoma is heterogeneous, and many sub-
types of adenocarcinoma have been advocated.'*
For example, Noguchi et al' classified small-sized
lung adenocarcinoma into six subtypes based on
tumor growth patterns. In this study, a type A or B
tumor was localized bronchioloalveolar cell carci-

www.chestjournal.org

noma (BAC), which showed no lymph node metas-
tasis, rare vascular and pleural invasion, and excellent
prognosis (3-year survival rate, 100%). A type C
tumor was BAC with foci of active fibroblast prolif-
eration, and showed pathologic invasive findings, and
poor prognosis (5-year survival rate, 74.8%). A type
D, E, or F tumor was adenocarcinoma without BAC
and showed worst prognosis (5-year survival rate,
52.4%). Although these pathologic characteristics are
useful as prognostic indicators, the results are de-
fined only after surgery. If we have techniques by
which we know the biological behavior of the tumor
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and prognosis before treatment, they may be useful
for planning therapy.

Many investigators reported that preoperative CT
scan findings were related to the pathologic features
and prognosis after resection of the tumor, The ratio
of ground-glass opacity (GGO), defined as a hazy
increase in lung attennation without obscuring the
underlying vascular marking on the CT scan, was
associated with the histologic type of the tumor and
survival. One of the purposes of these studies was to
determine noninvasive carcinoma, defined as a tu-
mor without lymph node metastasis, pleural inva-
sion, vascular invasion, and lymphatic invasion by
using thin-section (TS) CT scan images. However,
there are few articles accurately determining nonin-
vasive carcinoma by TS-CT scan images. If we
determine a diagnosis of noninvasive carcinoma us-
ing CT sean images, they are useful for deciding on
the surgical procedure to be used, especially lesser
resection. This study was carried out to determine
whether TS-CT scan findings were good indicators
of noninvasive carcinoma of the lung, and also to
clarify whether TS-CT scan findings were related to
the prognosis.

MATERIALS AND METHODS

We reviewed TS-CT scan findings and pathologic specimens
from 359 consecutive patients who underwent surgical resection
for peripheral adenocarcinomas = 20 mm in diameter during the
period from July 1997 to May 2006. All patients underwent
physical examination, chest roentgenography, CT scan of the
chest and abdomen, bone scintigraphy, and MRI of the brain for
the staging and evaluation of resectability before the operation.
The patients with disease of clinical stage ITB or less underwent
surgery. We also surgically treated the patients with clinical N2
disease without evidence of mediastinal lymph node metastasis
proven by mediastinoscopy. This study was approved by our
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institutional review board after confirmation of informed consent
by the patients for us to review their records and images. Chest
CT scan images were obtained by a commercially available
scanner (X-Vigor/Real or Aquilion M/16 CT scanner; Toshiba
Medical Systems; Tokyo, Japan). Conventional CT scan images
were obtained seriully from the thoracic inlet to the lung bases at
120 kv pl‘nk spacing, 512 x 512 [Iin:| resolution, and 1-s scan-
ning time. TS images targeted to the tumor were obtained serally
at 120 kVp and 200 mA, with 2-mm section thickness, pitch 1,
section spacing of 1 to 2 mm. 512 X 512 pixel resolution, and 1-s
scanning time, using a high-spatial-reconstruction algorithm with
4 20-cm field of view. These images were printed as photographs
on each sheet of films using a mediastinal window level setting
(level, 40 Hounsfield units [HU]: width, 400 HU) and a pulmo-
nary window level setting (level, =600 HU; width, 1,600 HU).

While contrast medium (60 mL) was infused TV during
imaging, lesion sites were translocated in a helical scan mode with
a CT scan table speed of 2 mm/s; TS-CT scan images were
obtained at one breath hold (120 l\'\-'[:l: 200 mA). The time interval
between CT scin ion and subsequent surgery was = 2
weeks in all patients. All CT scan images were reviewed by four
thoracic oncologists who were not informed of the pathologic
findings. They obtained the maximum dimension of the tumor using
a pulmonary window level setting and the mudmum dimension of
the tumor using a mediastinal window level setting from the TS-CT
scan images.

Tumors were defined as air-containing types if the ratio of the
maximum dimension of the tumor using a mediastinal window
level setting to the maxdmum dimension of the tumor using a
pulmonary window level setting was = 50%, and were defined as
solid-density types if it was > 50%. Examples of CT scan images
of the two groups are shown in Figures 1 and 2.

Each pattem based on TS-CT scan images was evaluated in terms
of pathologic findings and survival outcome. We evaluated patho-
logic stage (TNM 5 ). pleural involvement, vascular invasion,
and lymphatic invasion, In addition, pathologic subtypes defined by
Nogl;dli et al' (called hereafter Nogucht type) were evaluated ’

The statistical significance of the difference between the
incidence of relapse and TS-CT scan findings or Noguchi type
was assessed by x* tests. Relapse-free survival was caleulated by
the Kaplan-Meter method. Log-rank tests were used to compare
the Kaplan-Meier curves. The Cox proportional hazards model
wis applied for multivariate analysis. Significance was defined as
p< 0.05,

REsuLTS

Patient and tumor characteristics are listed in
Table 1. There were 60 cases in which the largest
diameter of the lesion was = 10 mm, 130 cases in
which it was 11 to 15 mm, and 169 cases in which it
was 16 to 20 mm. There were 152 patients with
air-containing-type tumors, and 207 patients with
solid-density-type tumors. Table 2 shows the rela-
tionship between TS-CT scan findings and patho-
logic findings. No patients with air-containing-type
tumors had lymph node metastasis, pleural involve-
ment, vascular invasion, or lymphatic permeation,
Among patients with solid-density-type tumors, 23
(11%) had lymph node metastasis, 45 (22%) had
pleural involvement, 69 (33%) had vascular invasion,
and 41 (20%) had lymphatic permeation. Table 3 shows
the relationship between TS-CT scan findings and
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(a)

(c)

Ficunre 1. TS-CT scan findings of an air-contuining-type tumor (diameter, 13 mm) on lung window
!

setting images (left. a) and on ‘mediastinal window se tting i

ages (center, b). The histologic specimen

(right, ¢) shows BAC ='|u-m.a|m_\Ein-t-min. original X 6

pathologic stage. All patients with air-containing-type
tumors had pathologic stage IA disease. In contrast, 39
patients (19%) with solid -density-type tumors had
lmlhuhul‘lt stage 1B or greater r disease. Table 5 shows
the re |.1tn:||slnp between TS-CT scan findings and
Noguchi type tumors. Among 152 patients with air-
containing-type tumors, 79 patients received lobec-
tomy, while 73 underwent limited resections (ie, seg-
mentectomy or wedge resection) because of their
small size (median tumor diameter, 11 mm).
Among 207 patients with solid-density-type tu-
mors, 3 patients underwent pneumonectomy and
155 underwent |n|n-l_<1nm_\', while 49 underwent
limited resections because of their being elderly or
having pulmonary hypofunction.

Table 2 shows the relationship between TS-CT scan
findings and cancer relapse after surgery. No postop-
erative cancer relapse was seen in patients with air-
containing-type tumors; in contrast, relapse was found
in 31 patients (15%) with solid-density-type tumors,
The relapse-free survival of 207 patients for whom = 3

(a)

FiGURE
setting imuges (left, a) and on mediasting

years have passed since surgery is shown in Figure 3
Patients with air-containing-type tumors had a 100%
3-year relapse-free survival rate, which was significantly
better than that for patients with solid-density-type
tumors (p < 0.001).

We assessed prognostic factors in 207 patients for
whom = 3 years had passed since undergoing surgery
Table 5 shows the relationship between cancer relapse
and TS-CT scan findings or Noguchi type. No cancer
rt'}aps(.- was seen patients with air-containing-type tu-
mors or patients with Noguchi type A or B tumors. The
presence of both air-contaiming-type and Noguchi type
A or B tumors were demonstrated as significant prog-
nostic factors for good outcome by x* tests (p < 0.001).
The reason for using x" tests but not Cox proportional
hazards models to analyze the prognostic factors for
TS-CT scan findings and Noguchi type tumors was due
to the difficulty in conducting a statistical analysis at the
time of no relapse event in the patient group with
air-containing-type tumors or Noguchi type A or B
tumors, Then, a multivariate analysis with a Cox pro-

(c)

TS-CT scan findings for a solid-density-type tumor (diameter, 14 mm) on lung window
window setting images (eenter, b), The histologic specimen

right, ¢) shows poori lv differentiated adenocarcinoma hematoxylin-eosin, nn-"]:ll.i[ x 6
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Table |—Patient and Tumor Characteristics*

Vanables Values
Patients, No 359
Age, yr 29-56 (65)
Gender. No.

Male 159
Female 200
Tumaor stze, mm 5-20 (15)

Noguchi type tumor, No.
Type A 52
Twpe B k)
Type C 162
Type D 39
Type E 5
Type F 25
TS-CT scan findings, No
Alr-containing-type tumaor 152
Solid-density-type tumor 207

*Values are given as range (median) or No.

portional hazard model was performed in 116 patients
without air-containing type tumors or Noguchi type A
or B tumors. The results showed that lymphatic per-
meation was a significant prognostic factor (Table 6).

DISCUSSION

In patients with small-sized lung adenocarcino-
mas, several authors'? have shown that pathologic
characteristics are correlated with prognosis. Nogu-
chi et al' have used tumor growth patterns to classify
small-sized adenocarcinomas into six subtypes (ie,
types A to F). Small, localized BACs (ie, types A and
B) have not yet metastasized to lymph nodes or
invaded vessels or pleura, and are associated with an
excellent prognosis (5-year survival rate, 100%). Lo-
calized BAC with central fibrosis formation (ie, type
C) is thought to be advanced carcinoma, which
progresses from type A or B and is associated with a
poorer prognosis than before (5-year survival rate,
74.8%). The prognosis for patients with nonreplace-
ment-type adenocarcinomas (ie, types D, E, or F) is

Table 2—Relationship Between TS-CT Findings and
Both Pathologic Findings and Recurrence

TS-CT Scan Findings

Ai r-Containing-Type  Solid- f'!(‘flsity—Type‘

Tumors Tumors

Pathologic Findings (n = 152) (n = 207)
Lymph node metastusis 0 23
Pleural involvement 0 45
Lymphatic permeation 0 41
Vascular invasion 0 69
Recurrence 0 31

Table 3—Relationship Between TS-CT Findings and

Pathologic Stage
Pathologic Stage
TS.CT Scan Findings 1A 1B 1A 1IB 1lIA 1B
Air-containing-type tumor 152 0 0 0 0 0

Solid-density-type tumor 167 16§ 3 15 1

worse than that for patients with replacement-type
adenocarcinomas (ie, types A, B, and C) [5-year
survival rate, 52.4%]. Suzuki et al® showed that the
size of the central fibrosis was a prognostic factor
among peripheral lung adenocarcinomas that
were = 3.0 ¢m in size. In this study, the patients with
adenocarcinoma having central fibrosis = 5 mm in
the maximum dimension had a 5-year survival rate of
100%, whereas the other patients had a 5-year
survival rate of 70%. Higashiyama et al* showed that
the component area of BAC was correlated with
postoperative survival in patients with small periph-
eral adenocarcinomas < 2.0 cm in diameter. Patients
with adenocarcinoma having a BAC component
comprising < 50% of the tumor tissue showed a
significantly poorer prognosis than those with = 50%.

In TS-CT scan images, consolidation areas repre-
sent mostly the foci of fibrosis or tumors of a solid
growth pattern, whereas GGO areas reflect areas of
a growth pattern of tumor cells replacing alveolar
lining cells such as BAC. Becanse the fibrotic foci
increase with the progression of the tumor, and
because these areas and advanced adenocarcinomas
with a solid growth pattern demonstrate consolida-
tion areas on CT scans, it is suggested that the
percentage of the consolidation or GGO areas rela-
tive to the tumor is a prognostic indicator. Many
investigators>22 have reported on the correlation
among TS-CT scan findings, pathologic findings, and
prognosis. These studies have shown that CGO
ratios were very much associated with BAC ratios
and had favorable prognostic factors. However, the
methods used to caleulate the percentage of GGO
areas (ie, GGO ratio) differ in different articles.
Besides, we have few articles that have accurately
determined the presence of noninvasive carcinoma,
which was defined as a tumor without lymph node

Table 4—Relationship Between TS-CT Findings and

Noguchi Type
Noguchi Type o
TSCTSnFindingg A B C D E F
Air-containing-type tumor 4 53 44 0 o 1
Solid-density-type tumor 3 22 13 3 5 A

A4

Downloaded from www.chestjournal.org on February 3, 2009
Copyright ® 2008 American College of Chest Physicians




Alr-containing type (n=84)

Solid-density type (n=123)

bn b~ @ o B

Survival Rate

o= N W =

0 20 40 &0 B0 100 120
Time {months)

FiGuRe 3. Relapse-free survival curves in patients with air-
containing-type tumors and solid-density-type tumors.

metastasis, pleural invasion, vascular invasion, and
lymphatic invasion, by TS-CT scan images. The
parameters used to calculate the GGO ratio that
have previously been reported are as follows: a
GGO/tumor area ratio™!Y; a consolidation/tumor
dimension ratio’-". a GGO/tumor volume ratio'5;
an area ratio of tumor on mediastinal window to that
on the lung window!617; a product of the dimension
ratio of the tumor on the mediastinal window to that
on lung window's-2%; and a maximum dimension of
tumor on the mediastinal window.2! Matsuguma et
al® reported on the relation between the proportion
of the GGO and both clinicopathologic characteris-
tics and tumor recurrence in patients with clinical
TINOMO adenocarcinoma. In this study, the patients
with a GGO ratio of = 50% seen on high-resolution
CT scans had neither lymph node metastasis nor
lymphatic invasion and were alive without cancer
recurrence, Ohde et al'? reported the relation be-
tween the proportion of consolidation to GGO and
pathologic invasive findings in patients with lung
adenocarcinomas = 3.0 em. They showed that all

Table 5—Relationship Between Recurrence and Both
TS-CT Findings and Noguchi Type Tumor in 207
Patients for Whom 3 Years or More Have Passed Since

Surgery
Recurrence

TS-CT Scan Findings No Yes p Valve
Tumors 0000

Air-containing type 54 0

Salid-density type 93 30
Noguchi type tumor 0.000

Type Aor B 66 0

Type C, D, E, or F 111 30

www. chestjournal.org

tumors in which the ratio of the greatest diameter of
consolidation to that of the tumor was = 50% had
neither lymph node metastasis nor vessel invasion
and 5-year survival rate of 95.7%. Although only
one cancer relapse was seen in tumors with a ratio
of the greatest diameter of consolidation to that of
the tumor of =< 50% in the study by Ohde et al'?;
the methods used to calculate the GGO ratio in
these two studies®? may be useful in defining
noninvasive cancer. On the other hand, several
investigators!®-20 used not only lung window im-
ages but also mediastinal window images to clas-
sify the tumors on TS-CT scan images. Kondo et
al'® used a ratio of the tumor area on the medias-
tinal window images to that on lung window
images in patients with pulmonary adenocarci-
noma of = 2.0 em, and showed that the tumors
with a ratio of = 50% had no lymph node metas-
tasis, rare vascular invasion, and no cancer relapse.
Okada et al'® and Shimizu et al®® used the tumor
shadow disappearance rate, which was determined
from the product of the maximum dimension of
the tumor and the largest dimension perpendicu-
lar to the maximum axis on both pulmonary and
mediastinal window images on TS-CT scan, as
previously described by Takamochi et al.** They
showed that the tumors with a tumor shadow
disappearance rate of = 50% had no lymph node
metastasis, rare vascular invasion, and no cancer
relapse in patients with lung adenocarcinomas
< 2.0 em in diameter. However, the methods used to
classify the tumors in these studies with both pulmo-
nary and mediastinal window images could not com-
pletely discriminate the tumor without invasive findings
(ie, vascular, lymphatic, and pleural involvement) from
the other. In contrast, the present study showed that
the air-containing-type tumor did not have lymph node
metastasis, pleural involvement, vessel invasion, or lym-
phatic permeation, and did not recur after resection.
These results suggest that the air-containing-type tu-
mor should be defined as a noninvasive cancer.

The GGO area is sometimes neither clear nor ob-
jective. We sometimes experienced cases in which the
border of consolidation and the GGO shadow on the
TS-CT scan was unclear, and it was difficult or impos-
sible to measure this size accurately. To select nonin-
vasive cancer more simply and more objectively, we
measured the maximum dimensions of tumors on both
the lung and mediastinal windows. Our classification
has the advantage of simplicity and objectiveness. We
have only to compare the greatest dimension of the
tumor on lung window images with that on mediastinal
images of the TS-CT scan.

Although a number of prognostic indicators have
been proposed such as TNM staging, tumor differ-
entiation, molecular expression, and vascular inva-

CHEST/133/2/ FEBRUARY, 2008 445

Downloaded from www.chestjournal.org on February 3, 2009
Copyright ® 2008 American College of Chest Physicians




Table 6 —Multivariate Analysis of Relapse-Free

Survival
5% Confidence
Variubles Hazard Ratio Interval p Value
Age 0.968 0.923-1.014 0.170
Gender (male vs female) 2.372 0.986-5.707 0.054
Tumor size 1.062 0.947-1.182 0.305
Pathologic stage (= 11 vs 1.795 1.5898-5.359 0297
}]
Noguchi type tumor 2.169 (.542-5.556 0108
(type D, E, or F vs
type C)
Plewral involvement 2181 0.951-5.001 0.066
(positive vs negative)
Lymphatic permeation 2519 1.084-7.265 0.032
(positive vs negative)
Vascular invasion 0.564 0.259-2 5588 0.795
(positive vs negative)
Operation mode 0.453 0.185-1,094 0079
(lobectomy vs wedge
resechion)

sion, the final results are defined only after surgery.
As yet, no definite preoperative indicators have been
discovered for the postoperative outcome of patients
with adenocarcinomas. This study showed that pre-
operative TS-CT scan findings had prognostic impor-
tance, The air-containing-type tumor defined in this
study showed no cancer relapse and was revealed as
an independent prognostic factor for relapse-free
survival. The identification of prognostic variables,
especially before the operation is important to de-
cide on the operative procedure and adjuvant ther-
apy. Although lobectomy and pneumonectomy with
systemic mediastinal lymphadenectomy is the standard
surgical treatment for non-small cell lung cancer, if
noninvasive lung cancers are distinguishable on CT
scans, limited surgery can be indicated before the
operation. Since patients with the air-containing-type
tumor showed neither pathologic invasion nor relapse
after surgery, we think it is reasonable that we can treat
patients with lesser resection for tumors of this type.
Treating patients with limited resection leads to a
reduction in operative complications and the mainte-
nance of pulmonary function. The number of both
elderly patients with lung cancer and patients with a
second lung cancer has been increasing. Lesser invasive
techniques such as limited resection and stereotactic
radiotherapy will play an important role in the future.
Studies??*2t have shown the results of the attempt to
apply limited surgery for small lung tumors = 2.0 cm in
diameter, in which a small number of local relapses was
seen in patients who underwent limited resections. Our
study also showed that 11% of solid-density-type tu-
mors had lymph node metastasis. We think that it is not
the size of the tumor but the findings of the CT scan of
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the tumor that is a good indicator for determining
whether to use limited resection. Nakata et al® re-
ported the results of limited resection of pure GGO
selected by the CT scan, in which no cancer relapse was
seen in 33 patients who underwent limited resection.
In the selection of a candidate for limited surgery, it is
important to select patients with noninvasive cancers
that not only have high specificity but also high sensi-
tivity. In our study, among 162 patients with Noguchi
type C tumor, which is thought to be advanced carci-
noma, 49 patients had air-containing-type tumors (Ta-
ble 4). This result means that our classification using
TS-CT scans can preoperatively determine the pres-
ence of type C tumors without invasive findings. A
prospective study is needed to clarify whether patients
with air-containing-type tumors defined preoperatively
on TS-CT scan images are candidates for limited
surgery. In conclusion, the presence of air-containing-
type tumors in patients with peripheral adenocarcino-
mas < 2.0 em in diameter means noninvasive cancer
and that such patients are candidates for limited

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

Expert Rev. Anticancer Ther. 9(1), 17-35 (2003)

Gefitinib is an orally bioavailable, EGF receptor tyrosine kinase inhibitor and was the first targeted
drug 10 be approved for nan-small-cell lung cancer (NSCLC). Identification of objective tumor
regressions with gefitinib in NSCLC patients has resulted in intense, worldwide dlinical and basic
research directed toward finding the optimal use of gefitinib in NSCLC. A recent large international
Phase lll study (IRESSA NSCLC Trial Evaluating Response and Survival Against Taxotere [INTEREST])
comparing gefitinib and docetaxel in unselected pretreated patients showed equivalent survival
with better tolerability and quality of life. In addition, a Phase Il study (WITOG0203) evaluating
gefitinib as sequential therapy after platinum-doublet chemotherapy showed the improved
progression-free survival time. Furthermore, a large-scale randomized study (IRESSA Pan-Asia
study [IPASS]) comparing gefitinib monotherapy with carboplatin/paclitaxel for previously
untreated patients with adenocarcinoma who were never- or light-smokers showed an improved
progression-free survival time in the gefitinib arm. A smaller Phase lll study of pretreated Japanese
patients (V-15-32) also demonstrated no difference in overall survival compared with docetaxel,
with a statistically greater overall response rate. Somatic mutations in the EGFR gene, the target
of gefitinib, were associated with dramatic and durable regressions in patients with NSCLC.
Currently, investigators are trying to determine the optimal approach to select patients for
treatment with gefitinib, This article aims to briefly summarize the profile of gefitinib, EGFR
mutations, landmark trials with gefitinib and, also, ongoing trials that may herald an era of
individualized therapy in at least some NSCLC patients

Kevwonps: EGF receptor = EGFR gene mutation = gefitinib » non-small-cell lung cancer » tyrosine kinase inhibitor

Lung cancer is the most common cause of can-
cer deaths worldwide. Lung cancer is divided
into rwo morphological types: small-cell lung
cancer (SCLC) and non-small-cell lung cancer
(NSCLC). SCLC is a distinct clinicopathologi-
cal entity with a highly aggressive clinical course
and neuroendocrine properties. Patients with
SCLC are generally more sensitive to a variety
of cytotoxic drugs and radiation therapy com-
pared with NSCLC patients. NSCLC, which
is less sensitive to chemotherapeutic agents,
accounts for over 80% of all lung cancers and
NSCLC can be further subdivided by histolog-
ical type into adenocarcinoma, squamous-cell
carcinoma, large-cell carcinoma and others.
Adenocarcinoma is the predominant histologi-
cal subtype and is increasing among patients
with lung cancer. Among adenocarcinoma
bronchioloalveolar carcinoma is a well-differ-
entiated subtype originating in the peripheral
lung that spreads through the airways.
Currently, platinum-based combination che-
motherapy regimens, including several active
new chemotherapeuric agents, comprise the

standard option for patients with advanced
NSCLC and good performance status.
However, various combinations of drugs have
similar efficacy, producing objective response
rates of 30-40%, a median survival time
of 8-10 months and 1-year survival rates of
30-40% [1-3). These results remain unsatis-
factory and new modalities of treatmenrt are
urgently awaited. Recently, novel molecular-
targeted strategies that block cancer progression
pathways have been suggested as a more cancer
cell-specific treatment to control cancer and are
considered an exciting therapeutic approach for
treating NSCLC [4]. The development of agents
thar rarget the EGF receptor (EGFR) signal
transduction pathways have provided a class of
novel targeted therapeutic agents with improved
side-effect profiles compared with conventional
chemotherapeutic agents. EGFR is a promis-
ing rarget for anticancer therapy because it
is expressed in a variety of tumors, including
NSCLC ts]. Furthermore, high levels of EGFR
expression have been associated with a poor prog-
nosis in lung cancer patients in several studies.
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EGFR-targeted cancer therapies are being developed currently,
and gefitinib (IRESSA%; AstraZeneca, Wilmington, DE, USA) is
an orally active, selective EGFR tyrosine kinase inhibitor (TKI) that
blocks signal transduction pathways implicared in the proliferation
and survival of cancer cells.

Overview of the market

Lung cancer frequently presents at an advanced and biologically
aggressive stage, resulting in poor prognosis. Surgery, chemo-
therapy and radiation have been generally unsatisfactory, espe-
cially in the treatment of advanced disease, and new strategies
based on better understanding of the biology are clearly needed
to improve the treatment efficacy of this faral disease. The
development of agents thar target EGFR signal transduction
pathways have provided a class of novel targeted therapeuric
agents. Different approaches to inhibiting EGFR have resulted
in a number of EGFR-targeted agents in clinical development,
including small-molecule EGFR TKIs and monoclonal anti-
bodies. The role of cetuximab (Erbitux®), a monoclonal anti-
body directed at the extracellular domain of the EGFR, and of
gefitinib and erlotinib (Tarceva®; OS] Pharmaceuticals, NY,
USA), oral, low-molecular-weight ATP-competitive inhibitors
of the EGFR’s tyrosine kinase domain is under investigation.
Anti-EGFR monoclonal antibodies have demonstrated activ-
ity in the therapy of advanced colorectal carcinoma (6] and in
a variety of epithelial tumor types, including head and neck
cancer and NSCLC. A large Phase I11 study has found that tar-
geted therapy with cetuximab, combined with platinum-based
chemotherapy, improves survival outcome as a first-line treat-
ment for parients with advanced NSCLC (overall survival [OS]:
11.3 months vs 10.1 months; p = 0.044) [7]. Erlotinib is another
TKI with slightly different pharmacologic characteristics from
gefitinib. Similar to gefitinib, erlotinib is a potent inhibitor of
EGFR autophosphorylation, with a concentration thar inhib-
its 50% in the nanomolar range in vitro. Erlotinib is che only
EGFR TKI approved based on demonstrating improved survival
versus placebo, which was observed in patients with advanced
NSCLC who had been treated previously with chemotherapy.
The randomized study (BR.21 study) brought erlotinib to reg-
istration by the US FDA on November 19, 2004, for the treat-
ment of second- and third-line advanced NSCLC (s]. Other
EGFR TKIs are currently under investigation in Phase 1/11
trials, many of which have differing selectivities for the vari-
ous members of the human EGFR family. In the near future,
gefitinib and erlotinib may face competition from EGFR-
specific TKls, such as EKB-569 (Wyeth, Maidenhead, UK)
and CL-387785 (Calbiochem, CA, USA), and EGFR-family
TKIs, such as BIBW-2992 (Bochringer Ingelheim, Berkshire,
UK), HKI-272 (Wyeth), PKI-166 (Novartis), GW-572016
(GlaxoSmithKline, NC, USA), CI-1033 (Pfizer, M1, USA) and
PF-00299804 (Phzer). The VEGF pathway forms another tar-
get for cancer treatment, because the growth of solid tumor is
angiogenesis dependent. VEGF and EGF exert their biological
effects directly or indirectly on tumor growth and merasca-
sisfinvasion, as well as on tumor angiogenesis. The biological

effects by VEGF and EGF are mediated through activation of
their specific downstream signaling, but both factors also share
common downstream signaling pathways. There is, thus, the
potential for improved therapeutic efficacy by the combina-
tion of both EGF/EGFR-targeting and VEGF/VEGF recep-
tor-targeting drugs, although they have a different side-effect
profile. It may also face competition later on from multitargered
TKIs, such as ZD6474 (AstraZeneca), AEE-788 (Novarris) and
XL647 (Exelixis Inc., San Francisco, CA, USA). Karaman eral.
have reporred small-molecule kinase interaction maps, which
provide a useful graphic overview of how compounds interact
with the kinome (9).

Gefitinib: an EGFR TKI

Gefitinib is the first molecularly targeted agent ro be registered
for advanced NSCLC. In Phase Il clinical trials, the selec-
tive and orally active EGFR TKI gehtinib produced objec-
tive tumor responses and symprom improvement in patients
with NSCLC who had previously received chemotherapy
(response rates of 12-18% and symptom improvement rates
of 40-44% in IRESSA Dose Evaluation in Advanced Lung
Cancer [IDEAL]-1 and -2) (10,11]. Partial clinical responses to
gefitinib have been observed most frequently in women, never-
smokers and patients with adenocarcinomas. The IRESSA
Survival Evaluation in Lung Cancer (ISEL) study also showed
a survival benefit for gefitinib over placebo in Asian patients
and never-smokers [12]. Thus, gefitinib clinical trials have shown
that higher response rates and longer survival are associated
with specific patient characteristics. Using conventional dou-
blet chemotherapy simultaneously with gefitinib or erlotinib in
unselected first-line patients does not increase survival (13-16],
bur the results of a recent Phase [11 study showed that gehrinib
improves progression-free survival (PFS) as sequential ther-
apy after platinum-doublet chemotherapy 17]. The Phase 111
IRESSA NSCLC Trial Evaluating Response and Survival
Against Taxotere (INTEREST) and V-15-32 studies comparing
gefitinib and docetaxel in unselected pretreated patients showed
no difference in OS, suggesting that gefitinib and docetaxel
were equally effective as the second-line therapy [18.19]. In addi-
tion, the Phase 111 IRESSA Pan-Asia study (IPASS) comparing
gefitinib monotherapy with carboplatin/paclitaxel showed an
improved PFS time in the gefitinib arm [20]. On the other hand,
molecular studies have revealed that EGFR-acrivating muta-
tions and high EGFR gene copy number are frequently found
in patients who have the best outcomes with EGFR TKIs (21-27].
Currently, investigators are trying to determine the optimal
approach to selecting patients for treatment with EGFR TKls.
Gefitinib is the first class of oral targeted therapies to produce
such responses in advanced NSCLC and the most studied agent
in clinical trials.

Chemistry

Gefitinib, 4-(3-chloro-4-flucroanilino)-7-methoxy-6-(3-morpho-
linopropoxy) quinazoline (ZD1839, IRESSA; Ficunx 1), is an orally
acrive, low-molecular-weight (447 kDa) quinazolin derivarive
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Figure 1. Gefitinib.

with a molecular formula C,,H, CIFN,O, that specifically inhib-
its the activation of EGFR ryrosine kinase through comperitive
binding of the ATP-binding domain of the receptor.

It is readily soluble at pH1 and highly insoluble above pH7.
Gehtinib is very stable at room temperature with a proven shelFlife
Df}ﬁ months [28].

Pharmacodynamics

Gefitinib selecrively inhibits the activation of EGFR tyrosine
kinase through competitive binding of the AT P-binding domain
of the recepror. Selectivity was demonstrated versus HER2 and
the VEGF tyrosine kinases, kinase insert domain recepror and
Fli-1, with at least a 100-fold difference in IC” for EGFR com-
pared with other tyrosine kinases. Similarly, gefitinib did not
inhibit the activity of the serine threonine kinases raf, MEK-1 and
ERK-2 (MAPK) [29). In the Phase | trials, the maximum tolerated
dosage was 700 mg/day, although dosages as low as 150 mg/day
provided plasma concentrations sufficient for pharmacological
activity, evidence of targeted biological effect and anrti-tumor
activity [30-33]. An analysis of pharmacodynamics marker levels
in the skin also provided evidence thar sufficient gefitinib was
reaching the skin and inhibiting EGFR signaling ac 150 mg/
day 134]. Addirionally, objective tumor responses observed across
a dosage range of 150-1000 mg/day indicated that these dosages
resulted in target inhibition in tumors. Two large Phase [ rials
(IDEAL-1 and -2) evaluated 250- and 500-mg/day dosages of
gefitinib in patients with advanced NSCLC. As predicted from
the Phase | trials, dosages of more than 250 mg/day provided no
additional efficacy benefit, whereas adverse effects increased in a
dose-dependent manner. Consequently, the recommended dose
of gefitinib in NSCLC is 250 mg/day (10.11). Pharmacodynamic
studies indicate that gefitinib blocks cell cycle progression in the
G, phase by upregulating p27*#', a cell cycle inhibitor, and down-
regulating c-fos, a transcriptional activator that is prominent in
EGFR-mediated signaling [35]. Elevated levels of p27%%' block
cell cycle progression in the G, phase of growth. This sustains
the hypophosphorylated state of the Ré gene product, which is
necessary to keep cells from progressing in the cell cycle [36]. The
inhibition of tumor growth seen with gefitinib is also accompa-
nied by decreases in VEGF, basic FGF and TGF-a, all potent
inducers of tumor angiogenesis [37]. Thus, gefitinib may also
inhibir tumor growth by interfering with angiogenesis. These

observations suggest that by inhibiting the EGFR tyrosine kinase,
gefitinib treatment alters expression levels of key molecules in
tumor cells that are important for stimulating proliferation, cell
cycle progression, tumor angiogenesis, metastasis and inhibition
of apoptosis. Gefitinib treatment can also cause apoptosis 1o occur
in vitro, the frequency of which correlates with the cell line sen-
sitivity to the drug and provides a link with the cumor shrinkage
reported clinically (38].

Pharmacokinetics & metabolism

The pharmacokinetic profile revealed that gefitinib is orally bio-
available and suitable for once-daily dosing in cancer patients.
In healthy volunteer studics, gefitinib was absorbed moderately
slowly, reaching C__ 37 h after administration. The elimination
half-life of 28 h suggests that once-daily oral administration is
appropriate (34]. In the initial Phase | studies of gefitinib, sequen-
tial skin biopsies were performed prior to and after 4 weeks of
therapy (34). The skin was selected as the target tissue due 1o its easy
access and the established role of the EGFR in renewal of the der-
mis. Inhibition of EGFR phosphorylation and EGFR-dependent
downstream processes was detected ar dosages of 150 mg/day, well
below the maximal tolerable dosage (MTD) of 700 mg/day. Ina
clinical study (BCIRG 103), gefitinib (250 mg) was administered
orally to breast cancer patients for at least 14 days [39). Gefitinib
concentrations in each tumor sample (mean: 7.5 pg/g) were sub-
stantially higher (mean: 42-fold) than the corresponding plasma
sample (mean: 0.18 pg/ml). Haura ez al. conducted a pilot Phase 11
study of a 28-day preoperative course of gefitinib 250 mg orally,
followed by surgical resection for patients wich stage 1A to selected
HIA NSCLC [40). Tumor penetration of gefitinib was assessed in
surgically resected rumor samples along with plasma assessment
on day 28. Day 28 plasma concentrations of gefitinib averaged 531
+ 344 nM (range: 65-1211 nM) while tumor concentrations of
gefitinib averaged 33,108 £ 44,312 nM (range: 74-134,669 nM).
These results also demonstrate that NSCLC tumor penetracion
of gefitinib is high, as its tumor concentrations were much higher
than concentrations found in plasma.

Gefitinib is metabolized extensively by expressed cytochrome
P450 (CYP)3A4, producing a similar range of metabolites to
liver microsomes, while CYP3A5 produced a range of metabo-
lites, similar to CYP3A4 but to a much lower degree (41.42]. By
contrast, CYP2D6 catalyzed rapid and extensive metabolism of
gefitinib to desmethyl-gefitinib (M523595). While formation
of M523595 was CYP2D6 mediated, the overall merabolism of
gehtinib was dependent primarily on CYP3A4. Quantitatively,
the meost important routes of gefitinib metabolism were medi-
ated primarily by CYP3A4, while CYP3AS5 and CYP2D6 were
minor contributors. The wide variability in CYP3A4 activity in
human liver is probably a significant factor in the interindividual
variability observed in gefitinib pharmacokinetics. Gefitinib has
interacrions with CYP3A4 inducers, or CYP3A4 enzyme inhibi-
tors or substrate of CYP2D6 (geficinib inhibits CYP2D6 activ-
ity) or H2 blockers. Pharmacokinetic studies have shown thar
the bicavailability of gefirinib is unaffected by food intake to any
clinically significant extent [43].
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Clinical efficacy

Several challenges were encountered in designing the clini-
cal trials of gefitinib, because this agent was expected to be
cytostatic rather than cytotoxic. These challenges included a
scarcity of precedents, the way in which ‘biological activity’
was defined, the integration of outcomes across multiple rumor
types in Phase | trials, the relationship berween biological activ-
ity and clinical outcome, and unknown pharamakokinetic
and pharmacodynamic relationships. Initially, clinical trials
of gefitinib were performed principally in unselected patient
populations with NSCLC. However, recent results indicate
that different paticnts derive different degrees of clinical benefit
from treatment with gefitinib. The identification of the patients
who are most likely to derive clinical benefit from gefitinib is
of paramount importance.

Phase |

As biologically targeted agents are expected to provide clinical
benefits that are not predicted by surrogate end points of roxic-
ity to normal replicating tissue, new Phase I trials have been
designed to determine the optimum biological dose for use in
further studies. Initial Phase | trials performed in healthy volun-
teers showed that oral adminiscration of geficinib given once on
day 1 (50, 100, 250 or 500 mg) or daily for 14 days (100 mg/day)
was feasible (44). Four multicenter Phase | trials then evaluated
the safety profile of gefitinib (50-1000 mg/day) in more than
250 patients with a wide range of solid rumors that were known
to express EGFR, although baseline EGFR expression levels
were not determined [30-32.45). Adverse events (AEs) occurred
at dosages of 50 mg/day, with the most commonly reported
AEs being mild-to-moderate acne-like rash, diarrhea, nausea,
anorexia, vomiting and asthenia. The frequency of AEs, such as
skin rash and diarrhea, increased with dose, and the MTD was
identified as 700 mg/day. Clinical benefit was not dose-related,
whereas the most common AEs (skin rash and acne) increased
with gefitinib dose. In addition, pharmacokinetic studies indi-
cated that plasma levels of gefitinib over this dose range were
sufficient for effective EGFR inhibition. Although the lowest
dose ar which objective tumor responses were observed was
150 mg/day, there was potential for individuals receiving this
dose to have subtherapeutic exposure as a result of interpatient
variability in pharmacokinetics. Accordingly, the slightly higher
dosage of 250 mg/day was chosen. The second dosage chosen
was 500 mg/day, which was the highest dosage that was well
tolerated by most patients on a daily dosing schedule. Both dos-
ages were significantly lower than the MTD, unlike conven-
tional dosage selection for chemotherapy agents, which would
use the MTD.

Phase |1

Large-scale dose-evaluation study

Two large, dose-randomized, double-blind, parallel-group, mul-
ticenter Phase 11 trials (IDEAL-1 and -2) independently evalu-
ated the activiry of gefitinib 250 and 500 mg/day in 425 patients
with advanced NSCLC 10.111. These trials allowed a more

derailed evaluation of the doses selected [rom the Phase 1 trials
and included symptom improvement as an additional end point.
In IDEAL-1, conducred mainly in Europe and Japan, patients
with one or two prior ch herapy regi including a plari-
num compound, were randomly assigned to receive gefitinib at
250 or 500 mg/day. Response rate approached 20% and was
similar in both arms, and symptom improvement was 40%,
which was higher in patients who had an objective response.
Adverse effects were, in general, well tolerated, but were more
severe with the 500-mg dose. In IDEAL-2, the study was per-
formed in 30 centers in the USA. In total, 221 patients were ran-
domly assigned to reccive cither gefitinib 250 or 500 mg daily.
A rotal of 126 patients (589%) had three or more regimens in the
past and 65% had histology of adenocarcinoma. Symptoms of
NSCLC improved in 43% of patients receiving gefitinib 250 mg
and in 35% of those receiving 500 mg. There was no significant
difference in response rate or survival between the rwo doses.
There was a good correlation berween clinical response and
symptomatic improvement. However, the gefitinib 500-mg dose
was more toxic as it induced more acne-like rash and diarrhea.
In conclusion, gefitinib was well tolerated at 250 mg/day and it
induced anti-tumor activity in approximately 10% of patients.
These results are impressive compared with chemotherapy,
which induces far more adverse effects and, probably, even a
lower level of activity.

Gefitinib as first-line treatment

In East Asia, Phase I trials of gefitinib as first-line therapy have
demonstrated good response rates of 30% compared with those
in patients of non-East Asian origin (<10%) (46-51]. In a prospec-
tive Phase 11 trial of chemotherapy-naive parients with advanced
NSCLC conducted in Japan, 40 patients treated with first-line
gefitinib were evaluated for response. Partial response was seen
in 12 (30%) patients (47). Response to gefitinib in studies of non-
Asian patients have been shown to be much lower than in studies
of Asian patients. In a study in the USA, response rate among
70 patients with advanced NSCLC and poor performance status
(2 or 3) was 4% (0. In Germany, response rate among 58 parients
with inoperable advanced NSCLC and good performance sta-
tus (0-2) was 5% (49]. Results from IRESSA in NSCLC versus
Vinarelbine Investigation in the Elderly (INVITE) reported no
statistical difference between gefitinib and chemotherapy hrst-
line for median PFS rates (2.7 vs 2.9 months, respectively) or
overall response rates (3.1 vs 5.1%, respectively) (52.53). Iressa
NSCLC Trial Evaluating Poor Performance Patients (INSTEP)
reported a response rate of 6% and a trend roward improved cfh-
cacy end points with gefitinib firs-line compared with placebo,
with similar improvements in quality of life and symptoms in
Western patients with poor performance status [54). See Tanu 1
for a derailed list.

Gefitinib therapy in selected patients

Tam 2 lists several reports on gefitinib sensitivity in selected
patients [55-66]. In 2004, several investigators reported that
somatic mutations in the gene for the EGFR (21-23], the targets
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Table 1. Phase |l studies of gefitinib.

Aulhorfstudy Treatment arms Number ORR (%)

Fukuoka et al. Gefitinib 250 mg daily 103 18.4
(IDEAL-1)

Gefitinib 500 mg daily 105 19.0
Kris et al. Gefitinib 250 mg daily 102 12.0
(IDEAL-2)

Gefitinib 500 mg daily 114 9.0

?FS : MST Comments

(months) (months)

Gefitinib in the second- and third-line treatment of advanced NSCLC

2.7 76" Randomized Phase |l trial conducted [10]
mainly in Europe and Japan
2.8 80
NA 7.0 Randomized Phase Il trial conducted in {11
the USA
6.0

Gefitinib in the first-line treatment of patients with NSCLC
Gass et al. Gefitinib 100 6.0
(INSTEP)

Placebo 101 1.0
Crino et al. Gefitinib 97 31
{RETIEY Vinorelbine 99 51
Niho et al. Gefitinib 250 mg 40 30.0
Lin et al. Gefitinib 250 mg 53 321
Suzuki et al, Gefitinib 250 mg 34 26.5
Reck et al. Gefitinib 250 mg 58 5.0
Spigel et al. Gefitinib 250 mg 70 4.0
Swinson et al. Gefitinib 250 mg a1 10.0

Gefitinib compared with docetaxel in the second-line treatment of advanced NSCLC

Cufer et al. (SIGN) Gefitinib 250 mg 68 13.2
Docetaxel 75 mg/m? 73 13.7

‘p=NS

“p =0.40.

“p=088.

Randomized Phase Il trial in patients 154
with poor performance status; modest
benefit seen with gefitinib
2.7 Randomized Phase |l trial in elderly 1s2)
59 patients; similar efficacy observed
NA 138 [47]
3.2 9.4 [48]
141 [48]
16 6.7 [49)
3.7 6.3 Patients with poor performance status  [50]
1 2.7 Patients unsuitable for chemotherapy [s1)
30 7.5 Open label,randomized Phase Il study;  [114]
3 71 fewer drug-related side effects

with gefitinib

HR: Hazard ratio; IDEAL: IRESSA Dose Evaluation in Advanced Lung Cancer, INVITE: Iressa in NSCLC versus Vinorelbine Investigation in the Elderly; MST: Median
survival time; MA: Not available; N5: Not significant; NSCLC: Non-small-cell lung eancer; ORR: Overall response rate; PFS: Progression-free survival.

of gefitinib, were associated with dramatic and durable regres-
sions with gefitinib in patients with NSCLC. To confirm the
encouraging but retrospective results of early studies, multiple
groups undertook prospective Phase I trials of gehunib in
patients found to have an EGFR mutation on screening, To
dare, at least nine studies have been l‘tpor(td [55-63]. Col lccl‘ivrly.
these showed that nearly B0% of patients whose tumors had
either exon 19 deletions or L858R mutations had r;]dingraphic
responses to gefitinib, although responses varied berween dif-
ferent trials. The combined analysis of seven prospective trials
conducted in Japan, which examined the efficacy and safery of
gefitinib monotherapy for NSCLC with EGFR mutations, has
been reported. In this study, Morirta e¢ a/. updated OS and PFS
data for the combined survival analysis and examined prognos-
tic factors for OS and PFS (I-CAMP study) (67). A total of 148
patients were combined from the seven trials and median OS
and PFS of 24.3 months and 9.7 months weer reported, respec-
tively. The combined response rare was 76.4%, and only 6% of

the patients had progressive discase. They concluded that gefi-
tinib produces significant anti-rumor activity and prolonged sur-
vival in this selecred NSCLC population. A prospective Phase I1
study has also demonstrated that gene copy number assessed by
fluorescent in sitw hybridization (FISH) 125) may predict clinical
outcome in TKI-treated NSCLC patients. In advanced bronchi-
oloalveolar carcinoma, a distinct subtype of adenocarcinoma,
gefitinib was clinically active in both chemotherapy-naive and
pretreated patients [65.66].

Phase llI

Gefitinib in combination with chemotherapy

The IRESSA NSCLC Trial Assessing Combination Treatment
(INTACT)-1 and -2 studies were large randomized studies of
two dosages of gefitinib (250 or 500 mg/day), or placebo, in
combination with rwo different chemotherapy regimens [13.14].
INTACT-1 used cisplarin and gemcitabine (cisplatin 80 mg/m*
on day 1 and gemcitabine 1250 mg/m? on days 1 and 8 every
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