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Genotype-Based Methods for
Anticipating Gemcitabine-Related
Severe Toxicities May Lead to False-
Negative Results

To e Eprror: In thejr recently published dlinical study, Sug-
iyama et al' investigated the effects of cytidine deaminase (CDA)
genetic polymorphisms on gemncitabine toxicities and aftered pharma-
cokinetics. They conclude, from the observation of a single Japanese
patient with the nonsynonimous mutation 208G > A (Ala70Thr) and
displaying an abnormal gemcitabine pharmacokinetic profile result-
ing in subsequent neutropenia, that haplotype *3 harboring the 208 G
more than A single nucleotide polymorphism (SNP) could be associ-
ated with the occurrence of severe toxicities after gemcitabine admin-
istration, and possibly, in combination with other chemotherapy
regimens. Such a patient with severe toxicities was actually, repeatedly
selected out of a group of five,? and then 256' carcinoma patients for
whom linkage disequilibrium and haplotype analyses were performed
in relation to CDA activities, gemcitabine pharmacokinetics analyses,
and toxicity monitoring. Little correlation was evidenced among the
various diplotype groups, the pharmacokinetic parameters of gemcit-
abine, and the occurrence of severe toxicities, other than the *3/*3
diplotype recorded in the single patient. Surprisingly, little impact was
also reported between CDA activities and gemcitabine exposure levels,
an observation contradictory to the pharmacokinetics of this drug,®
and no data on a possible relationship between CDA phenotypic status
and gemcitabine-related toxicities was repotted. Finally, although
Sugiyama et al claimed that plasma CDA activities correlated well
with the CDA genotypes, it was not clear by their data whether
the difference was statistically significant, apart from the homozy-
gous *3 carrier.

At our institute, we have phenotyped CDA activity and per-
formed genetic screening, including of the 208G > A mutation re-
ported by Sugiyama et al, in 80 cancer patients (70 white, nine African,
and one Asian patient) treated with gemcitabine alone or as part of
combinational therapies with platinum derivatives or capecitabine.
Four (5%) of 80 patients displayed severe, hematologic toxicities (eg,
higher than grade 3 by the National Cancer Institute Common Tox-
icity Criteria), including a lethal one.” We found that all four of these
patients with severe toxicities had markedly lower CDA activities
{mean deficiency, —75%) than those recorded in the 76 patients
showing good gemcitabine tolerance. This observation strongly sug-
gests that CDA downregulation was a culprit for increased toxicities
with gemcitabine, including, for the first time, in the toxic-death case
we reported. Conversely to what was reported by Sugiyamna et al,

genotypic screening at our institute failed to identify genetic polymor-
phisms associated with the occurrence of toxicities, since for instance,
none of our four toxic patients exhibited the 208G > A (Ala70Thr)
mutation. This obscrvation is fully consistent with other studies de-
scribing controversies regarding genotype-to-phenotype associations
with CDA,>¢ much likely duc to the genetic and epigenctic regulations
of the CDA gene that remain to be elucidated, and to the possible
influence of ethnical origin in the relevance of particular single nucke-
otide polymorphisms.” Taken together, in total contradiction with the
Sugiyama study, our own experience strongly suggests that genotypic
approaches are probably insufficient to identify patients at risk of
gemcitabine toxicity, with an elevated risk of precluding the right
diagnostic. Conversely, phenotype-based methods seem to be a safer
strategy for ensuring a better outcome in the handling of gemcitabine,
a major drug used extensively in dinical oncology.
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InRepry: Weappreciate the comments raised by Mercier et al
and the opportunity to respond to them. We agree that the reduced
intracellular CDA level is one of the major factors increasing
gemcitabine-mediated toxicities. We also recognize that the geno-
typing based on CDA 208G>A (Ala70Thr) itself gives false-
negative results with respect to the prediction of hematological
toxicities (Table 7 in our article'), as is often the case with geno-

wivi feo.org

typing. Thus, phenotype-based methods are useful for identifica-
tion of patients at a higher risk toward gemcitabine-mediated
toxicities. However, as far as Japanese patients are concerned, the
genetic method is fairly useful for predicting severe toxicities of
gemcitabine because CDA 208G>A, a tagging SNP of haplotype
CDA*3, is one of the factors that reduce CDA activity as clearly
demonstrated by us.!
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According to the letter by Mercier et al, four patients displayed
severe hematologic toxicities (> grade 3) without any associations
with CDA genotypes in their study. Their observations are quite rea-
sonable from the following points: CDA 208G>A has not been de-
tected in white people, and its alle]e frequency is relatively low in other
poputations (probably variable within African populations™; only
nine Africans and one Asian were included in their study); all other
genetic polymorphisms that we detected, including CDA 79A>C (2,
Lys27Gln),** failed to show any significant associations with altered
pharmacokinetics and toxicitics of gemcitabine and plasma CIDA ac-
tivity,! Therefore, we consider that, in white people, no validated
genotype is currently available for predicting gemcitabine toxicities.

Mercier et al pointed out that little correlation was evident
among the various diplotype groups, the pharmacokinetic parameters
of gemcitabine, and the occurrence of severe toxicities, other than the
*3/*3 diplotype recorded in the single patient. However, as presented
in our article,' significant differcnces were observed between *3/%7
and *1/*1 for pharmacokinctic parameters (our Fig 2}, and the inci-
dences of grade = 3 or grade 4 neutropenia in the combined chemo-
therapies with fluorouracil or platinum-containing drugs were mostly
higher in the non-*3/*3 patients than in the non-*3/non-*3 patients
{Table 7). Qur Figurces 3A (gemcitabine as a substrate) and 3B (cyti-
dine as a substrate) show that when plasma CDA activitics of the *3/*1
and *3/2 patients were compared with those of the *1/*1 patients by
Dunn’s multiple comparison test, statistically significant differences
were obtained (P < 001 and <0.05 for *3/%1 and *3/*2 groups,
respectively, in Fig 3A; P < .001 for *3/*1 group in Fig 3B; P values
were not provided in our report).’

In order to reply to the comments by Mercier et al, we re-
evaluated the association between grade 4 neutropenia and gemcitab-
ine area under the curve (AUC) or CDA activity (one patient with an
extremely high leve] was excluded) either for the monotherapy or the
combined therapy (fluorouracil, carboplatin, or cisplatin) group by
the Mann-Whitney test. The median values of AUC were higher in the
grade 4 group than in the grade = 3 group (A, +9% for the mono-
therapy; A, --30% for the combined therapy), and the median values
of plasma CDA levels were lower in the grade 4 group than in the grade
= 3 group (A, —29% for the monotherapy; A, —40% for the com-
bined therapy). Both the increase in AUC and decrease in plasma CDA

activity obscrved in the grade 4 group who received the combined

therapics were mainly attributable to the *3-bearing patients. Appro-
priate cutoff values could not be set for both AUC and plasma CDA
activity to effectively screen grade 4 neutropenia since the median
values of the two paticnt groups were not sufficiently different in our
hands. Notably, these biomarkers successfully identified the patient
who encountered life-threatening toxicities, because he had *3/*3and
showed extremely high AUC and low plasma CDA activity. As for the
relationship between plasina CDA activities and AUC values (gemncit-
abine exposure levels), a moderate but statistically significant corrcla-
tion was obtained (r = —0.30; P = .0009). It was reported that CDA
released from damaged neutrophils diffuses into blood, and thus
CDA activity in the blood is considered to be one of the markers of
inflammatory diseases.” It must be noted that pretrcatiment neutro-

phil counts also showed a moderate correlation with CDA activity
(r = 0.37; P < .0001; gemcitabine used as a substrate). Morcover,
aging and sex influence on the pharmacokinetic parameters of gem-
citabine.! Therefore, it is not surprising that very strong correlations
were not obtained between plasma CDA activity and the pharmaco-
kinetic parameters of gemcitabine.

Taken together, both predictive genotype (*3) and phenotype
markers, gemcitabine AUC and plasma CDA activity, could predict
grade 4 neutropenia, but with some false-negative cases and with
increased false-positive cases for AUC and plasma CDA. Atleast, CDA
208G>A is a useful marker to predict gemcitabine toxicities in Japa-
nese and probably East Asians.
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STEREOTACTIC RADIATION THERAPY WORKSHOP

Hypofractionated Stereotactic Radiotherapy (HypoFXSRT)
for Stage | Non-small Cell Lung Cancer: Updated Results of
257 Patients in a Japanese Multi-institutional Study

Hiroshi Onishi, MD.* Hiroki Shirato. MD.7 Yasushi Nagata, MD. 1 Masahiro Hiraoka, MD,}
Masaharu Fujino, MD, Kotaro Gomi, MD,§ Yuzuru Niibe, MD.|| Katsuyuki Karasawa, MD |
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Atsushi Quchi, MD,j} Muasato Hareyama, MD,}§ Masaki Kokubo, MD,§§ Ryusuke Hara, MD.||||
Jun lami, MD.|||| Kuzunari Yamada, MD.§9 and Tsutomu Araki, MID*

Introduction: tHypofractionated steveotactic radiotherapy (1 ypol? XSRT)
has reeently been used for the treatment of small lung tumors, We retro-
spectively analyzed the treatment outcome ol Hypol XSRT for stage [
non-smatl cell lung cancer (NSCLC) treated & Japancse multi-instiw-

tional stucy.

Methods: This is a retrospective study 1o veview 257 patients with
stage I NSCLC (median age, 74 years: 164 TINOMO, 93 T2NOMO)
were treated with HypoF XSRT alone at 14 institutions. Stercotactic
three-dimensional treatment was performed using noncoplanar dy-
namic arcs or multiple static ports. A total dose of 18 to 75 Gy at (he
isocenter was administered i onc to 22 fractions. The median
calculated biological effective dose (BED) was 111 Gy (range.
57180 Gy) bascd on o/f3 = 10.

Results: During follow-up (median. 38 months), pufmonary com-
plications of above grade 2 arosc in 14 patients (5.4%). local

/

progression occurred in 36 patients (14.0%). and the local vecur~
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rence rate was 8.4% for a BED of 100 Gy or more compared with
42.9% for less than 100 Gy (p < 0.001). The S~year overall survival
rate of medically operable patients was 70.8% among thosc treated
with a BED of 100 Gy or more compared with 30.2% among those
treated with fess than 100 Gy (p < 0.05).

Conclusions: Although this is a rewospective study, HypoFXSRT
with a BED of less than 180 Gy was alimost safc for stage { NSCLC,
and the tocal contral and overall survival rates in 5 years with a BED
of 100 Gy or more were supcrior to the reported results for
conventional radiotherapy. For all treatnment methods and schedules,
the local control and survival rates were better with a BED of 100
Gy or more compared with less than 100 Gy. HypoFXSRT is
feasible for curative treatment of patients with stage 1 NSCLC.

Key Words: Stercotactic radiotherapy, Non-small cell fung cancer,
Stage 1. Hypofractionated.

f Thorae Oneol. 2007:2: Suppl 3, $94--S100)

n Japun, due to the routine usc of computed tomography

(CT). detection of carly-stage lung cancer is increasing. For
paticnts with stage T(T1 or 2, NO, M0) non-small ccll lung
caticer (NSCLQ), full lobar or greater surgical rescetion and
regional ymphadenectomy is the standard trecatment choice:
the local coutrol rates exceed 80% and the overall S-ycar
survival rates surpass 30%.' However, surgical rescction is
often not feasible or involves a high risk for lung cancer
patients with tobacco-related pulmonary ilinesses, severe car-
diovascular discase, or other medical conditions. Morcover, a
small proportion of the patients who are fit for surgery may
refuse it for personal reasons.

Radiotherapy (RT) can offer a therapeutic alternative in
these cascs, but the outcome with conventional RT is unsat-
isfactory.? The reason for the poor survival with conventional
RT is thought to be that the dose of conventional RT is too
low to control the local tumor. To give a higher dosce 1o the
tumor without increasing the adverse cffects, hypofraction-
ated high-dosc stereotactic RT (HypoFXSRT) has recently
been uscd to treat smalt cell lung tumors, pacticularly in
Japan.-¢ Although the optimal treatment technique and

Journal of Thoracic Oncology = Vol. 2, No. 7, Supplement 3, july 2007



Journal of Thoracic Oncology * Vol. 2, No. 7, Supplement 3, july 2007

HypoFX Stereotactic Radiotherapy for Stage 1 NSCLC

schedule of HypoFXSRT for stage | NSCLC are unknown,
the nationwide numbcer of Japancse paticnts with stage |
NSCLC who are trcated with small-volume stereotactic RT
(SRT) has increascd rapidly.

Therefore, it is meaningful to investigate the results of
SRT for stage § NSCLC from many institutions, cven in a
retrospective manner, despite the large differences in treat-
ment protocols. Previously, we reported the result of a Jap-
ancse multi-institutional revicw of 300 paticnts with stage |
NSCLC treated with SRT.” We concluded that SRT with a
biological cffective dose (BED) of less than 150 Gy is effective
for the curative treatment of paticnts with stage I NSCLC and
that the local control and survival rates are better with a BED of
100 Gy or more compared with less than 100 Gy.

The survival rates in sclected medically operable pa-
ticnts with a BED of 100 Gy or more were promising and
potentially comparable with those of surgery. Thesc resulls
for SRT werc encouraging for stage 1 NSCLC patents:
however. the 300 subjects in that report included 17 paticats
irradiated with comparatively small fractions (<4 Gy} und 26
patients irradiated in combination with conventional RT. This
article presents the results for paticats irradiated with Hy-
poFXSRT alone in a multi-institutional study. In this study,
we compared the reported results for surgety and conven-
tional RT with those for HypoFXSRT. ’

PATIENTS AND METHODS
Eligibility Criteria

This was a retrospective study to review patients who
were treated by HypoFPXSRT for their stage | NSCLC in 14
different hospitals in Japan.

All the patients cnrolled in this study satisfied the
following ecligibility criteria: identification of TINOMO or
T2NOMO primary lung cancer on chest and abdominal CT.
branchoscopy, bone scintigraphy, or brain magnetic reso-
nance imaging; histological confirmation of NSCLC; perfors
mance status of 2 or less according to the World Health
Organization (WHO) guidcelines: and an inoperable tumor
duce to a poor medical condition or refusal to undergo surgery.

No restrictions were imposed concerning the locations
of eligible tumors, irrespective of whether they were located
adjacent to a major bronchus, bicod vessel, chest wall, or the
csophagus. Paticnts were informed of the concept, method-
ology, and rationale of this treaumeant, which was performed
in accordance with the 1983 revision of the Declaration of
Helsinki.

Patient Characteristics

The patient pretreatment characteristics are summa-
tized in Tablc 1. From Aprit 1995 to March 2004, a total of
257 paticats with primary NSCI.C was treated using high-
dosc HypoFXSRT in the following 14 institutions: Holckaido
University, Kyoto University, Cancer Institute Hospital, To-
kyo Mctropolitan Komagome Hospital, Kilasato University,
Tohoku University, Hiroshima University, Tokyo Mctropol-
itan Hiroo Hospital, Sapporo Mcedical University. [nstitutc of
Biomcdical Rescarch and Innovation, International Medical
Center of Japan, Tenri Hospital, Kitami Red Cross Hospital,
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TABLE 1. Patient Pretreatment Characteristics

Total cases: 257

Age: 30-02 vr (medinn, 74)

Performutee status: PS 0, 100, PS 10, PS 2. 3; PS 3.6
Pulmenary chrome discase: 168 positive, 89 negative
Histology: 11 squamous cel 120 adenocarcinoma, 26 other
Stage: 164 1A, 93 1B

Tumor diamater: 7--58 mm (median, 28)

Medical operability: 138 inoperable. 99 operable

and University of Yamanashi. Of the 257 patients, [58 were
considered medically inoperable mainly because of chronic
pulmonary discasc, advanced age, or other chronic illucss.
The remaining 99 patients were considercd medically oper-
abte, but had refused surgery or had been advised to sclect
HypoFXSRT by medical oncologists.

Treatment Methods

All the patieats were irradiated using stercotactic tech-
niques. For the purposes of this study, all the hypofraction-
ated stercotactic techniques met five requirements: reproduc-
ibility of the isocenter of 5 mm or less, as confirmed for cvery
fraction; sticc thickness on CT of 3 mm or less for three-
dimensional (3-D) treatment planning: ivradiation with mul-
tiple noncoplanar static ports or dynamic arcs; dose per
fraclion size more than 4 Gy; and a rotal treatment period of
fower than 25 days. Details of the techniques and instruments
uscd to achicve SR in the 14 institutions were summarized
in a previous report.? The clinical target volume (CTV)
marginally exceeded the gross target volume (GTV) by 0 to
5 mm. The planning target volume (PTV) comprised the
CTV, a 2- to S-mm internal margin and a 0=5-mm safcty
margin. A high dose was concentrated on the tumor-bearing
area, while sparing the surrounding normal tung tissucs using
SRT. The irradiation schedules also differed among the
institutions. The number of fractions ranged between 1 and
14, with single doses of 4.4 to 35 Gy. A total dosc of 30 to 84
Gy at the isocenter was administered with 6- or 4-MV x-rays
within 20% hetcrogeneity in the PTV dose. No chemotherapy
was administered before or during RT.

To compare the effects of various trcatiment protocols
with different fraction sizes and total doscs, the BED was
uscd in a lincar-quadratic model.® Here, the BED was defined
as nd(| + dio/f), with gray units. where n is the fractionation
number, d is the daily dosc, and /8 is assumed to be 10 for
tumots. The BED was not corrected with values for the tumor
doubling time or trcatment term. fn this study, the BED was
calculated at the isocenter. The median BED was L0 Gy
(range, 57.6-180.0). The BED was 100 Gy or more in 215
paticats and less than 100 Gy in 42 patients. The median BED
for the less than 100 Gy and 100 Gy or more subgroups was
79.6 Gy (range, 57.6-98.6) and 117.0 Gy (range, 100.0~
180.0), respectively.

Dose constraints were sct for the spinal cord only. The
BED limit for the spinal cord was 80 Gy (a3 was assumed
to be 2 Gy for chronic spinal cord (oxicity).
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Evaluation

The objectives of this study were to retrospectively
evaluate the toxicity, local control rate, and survival rate
according to the BED. All patients underwent follow-up
examinations by radiation oncologists. The first examination
took place 4 weeks after treatment. and patients were subse-
guently scen cvery 1 to 3 months. Tumor response was
cvaluated using the Response Lvaluation Criteria in Solid
Tumors by CT.? Chest CT (slice thickness, 2-3 mm) was
usually obtained cvery 3 months for the first year and re-
peated every 4 to 6 months thereafter. A complete responsc
(CRY) indicated that the tumor had disappeared completely or
was replaced by fibrotic tissuc. A partial response (PR) was
defined as a 30% or mote reduction in the maximum cross-
sectional diameter. [t was difficult to distinguish between
residual tumor tissue and radiation fibrosis. Any suspicious
confusing residuat density after RT was considered evidence
of a PR. so the actual CR rate might have been higher than
that given here. Local recurrence was considered 1o have
taken place only when cenlargement of the local tumor con-
tinued for more than 6 months on follow-up CT. Two radi-
ation oncologists interpreted the CT findings. The absence of
local recurrence was defined as locally controlled discase.
[ung, esophagus, bone marrow, and skin were cvaluated
using version 2 of the National Cancer Institite--Common
Toxicity Criteria (NCI-CTO).

Statistical Analysis
The focal recurrence rates in the two groups were
. e 3~ -~ .
comparcd with the y* test. The BELD among patient groups at

FIGURE 1. A typical example in-
volving SRT for a 76-year-old man
with TINO adenocarcinoma. He
was treated with HypoFXSRT. (A4)
Before hypofractionated stereotactic
radiotherapy (HypoFXSRT). (B) The
calculated dose distribution. The
isocenter dose was 75 Gy/10 frac-
tions/5 days, and the tumor was
fully enclosed with the 90% dose
line. (C) Twelve months after Hy-
poFXSRT, a scarred tumor is rated
as a partial response.
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cach pubmonary toxicity grade was compared using (he
Kruskal-Wallis test. The cumulative local control and sur-
vival curves were calculated and drawn applying the Kaplan-
Meicr algorithms with day of trcatment as the starting point.
Subgroups were compared using log-rank statistics. Values of
p» < 0.05 were considercd statistically significant. Statistical
calcutations were conducted using version 5.0 StatView soft-
ware (SAS Institute, Cary, NC).

RESULTS

All the paticnts completed the treatment with no par-
ticular complaints. The median duration of follow-up for all
paticnts was 38 months (range, 2—128).

Local Tumor Response

Of the 257 paticnts cvalnated using CT, CR was
achieved in 66 (25.7%) and PR in 1537 (61.1%). The overali
response rate (CR -+ PR) was 86.8%. The overall response
rates for tumors with a BED of 100 Gy or more (12 = 213) or
less than 100 Gy (n = 42) were 87.5% and 86.7% in 3 ycars
(7, respectively. A typical case of a Tl wmor afier Hypo-
FXSRT is shown in Tigure .

Toxicity

Symptomatic radiation-induced pulmonary complica-
tons (NCI-CTC criteria grade > 1) were noted in 28 patients
(10.9%). Pulmaonary fibrosis or emphysema before treatment
was observed i 25 (89%) of the 28 patients with putmonary
complications above grade 1. Pulmonary complications of
NCI-CTC criteria above grade 2 were noted in only 14

Copyright & 2007 by the International Associadion for the Study of Lung Cancer
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TABLE 2. Recurrence Rate According to the BED and Stage

‘Total cases BED <140 Gy BED =104 Gy p Stage 1A Stage IB /]
[ocal tmor 367257 (14.0%) 18742 (42,94, FRI2ES (R.4%5) <001 20:164 ¢12.2%%) 16/93 (17.2%0) 1A
Regiona! nodal metastasis 257 (1E3%) 942 (21.4%) 217215 (9.3%) <003 17164 (10.4%) 12793 (12.9%) .54
Distant metastasis SUA237 (19.8%) 11142 (26.2% 407215 (18.6%) 0.3 32:164 (19.3%%) 1993 (20.4%) .87

BED, biotogical clfective dose.

paticats (5.4%). The pulmonary symptoms resotved in most
patients without steroid therapy, but six patients who had
very poor respiratory funclion or scvere pulmonary fibrosis
before irradiation needed continuous oxygen. Chronic seg-
mental bronchitis and wall thickening causing atelectasis in
the peripheral lung was observed (n onc paticnt (0.4%).
Transient grade 3 csophagitis was observed in two palicnts
(0.8%) with tumors adjacent ta the esophagus. Grade 3 or 4
dermatitis was observed in three patients (1.2%) with tumors

adjacent to the chest wall. Rib fracture adjacent to the tumor
was found in four patients (1.6%). No vascular. cardiac. or

bone marrow complications had been encountered as of the
last follow-up.

Recurrence

The recurrence rates of local, regional nodal, and dis-
tant lesions according to the BED and stage are listed in Table
2. The local recurrence rate was significantly lower for a BED
of 100 Gy or more compared with a BED of {ess than 100 Gy
(8.4 versus 42.9%, p < 0L01). For greater BED subgroups, the
local recurrence rate was 1 1.8% for a BED of 120 Gy or more
(n = 93) and 8.1% for « BED of 140 Gy or more {(n = 37).
The local recurrence rates for adenocarcinoma and squamous
cell carcinoma weee 13.3% (16/120) and 17.1% (19/111).
respectively in 3 years. The cumulative local control rate
curves according to BED subgroup are shown in Figure 2.
The 5 (37 according to Table 2)-year local control rates of the
BED of 100 Gy or morc and less than (00 Gy subgroups were
84.2% (95% confidence interval {C1]: 77.7%--90.8%) and
36.5% (93% C1: 10.4%—62.6%). respectively. According to
subgroup analysis, stage I3 patients had a significantly hlg'l(.l'
rate of local recurrence than stage A patients. The nodal and

Eocal control rate

149
-
0.8 1
1 BED 3 160 Gy (2=215)
d $-v LC (9504C1 ) :E4.21 {17.7:-00.8%)
0.6
0.4 9 £ 0001
0.2 9
BED < 100 Gy (0=42 )
0 §ov LC (95%CT): 36.5% 10.4.6-62.6%)
0 2 4 6 8 10 12
Time (vears)

FIGURE 2. Cumulative local control rate according to the
biological effective dose (BED). LC, local control rate; Cl,
confidence interval.
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distant recarrence rates were almost identical in the stage 1A
and [B subgroups.

In the patients with regional nodal recurrence, nodat
fatlures overlapped local failure in 3.1%, distant metaslascs in
3.9%, or both in .8% of the patients. [sotated local, nodat,
and distant recurrences were observed in 8.6%. 5.[%, and
13.6% of the patients, respectively.

Survival

The overall 3- and 3-ycar survival rates for all patients
were 36.8% (95% CH: 50.2%—63.5%) and 47.2% (95% Cl:
38.7%-53.5%), respectively. The causc-specific 3- and
S-year survival rates were 76.9% (95% CH: 70.6%—-83.2%)
and 73.2% (95% CIL: 66.1%—80.2%), respectively, The over-
all survival rates differed significantly accordinﬂ to medical
operability, with intercurrent death in 36.8% of inoperable
patients and [0.3% of operable patients. The overall S-year
survival rates of medically operable and inoperable paticots
(Figure 3y were 64.8% (95% L 33.6%-75.9%) and 35.0%
(95% Cl: 25.9%--44.1"%), respeetively. The overall survival
rates according (o the BED in all patients differed signifi-
cantly between the BED of less than 100 Gy and 100 Gy or
more subgroups. The overall 3-year survival rates of the BED
100 Gy or more zmd less than 100 Gy subgroups were 53.9%
(93% CI: 46.0%~61.8%) and 19.7% (93% CI: 3.9%-33 .4%),
respectively. For the subgroup of medically operable patients
with a BED of 100 (y or more. the 3- and S-year overall
survival rates were 80.4% (95% CL 71.0%~89.7%) and
70.8% (95% Cl: 59.3%—82.2%). respectively (Figure 2). The
overall S-ycar survival rate according to stage in the operable
paticnts iradiated with a BED of 100 Gy or more was 72.3%

Survival

0.8 9

Medicaily opeiatle {(n=09)
S QS {05%:C(1) 6452 (32 6.559%)

0.6 9
0.4 1 P-0W}
0.2
madicaliy =158
0 Sy 05059603 35075 (25.0-34.1%)
F I B I B B L L N L
0 2 4 6 8 10 12
Time (vears)

FIGURE 3. Overall survival rate according to medical oper-
ability. OS, overall survival rate; Cl, confidence interval.

597



Onishi et al.

Journal of Thoracic Oncology * Vol. 2, No. 7, Supplement 3, july 2007

Sarvival
14
1 BZD = 100 Gy (5=82)
i 5o 05 (PS7ICTy: 72.0%¢{60.2:35.3%0)
0.8
0.6
0.4 P0.08
- BED - 106 Gy (a=29)
5-¥ 05 (956D 49.6% (26.2-73.0%)
0.2 7
0
T ¢ 0 2 3 08 & 53 F 0 O § 0 4 S )P P U Y BB
0 2 4 6 8 10 12
Time (vears)

FIGURE 4. Overall survival rate in operable patients accord-
ing to the biological effective dose (BED). OS, overall survival
rate; Cl, confidence interval.

(93% CI: 539.1%—85.6%) for stage A and 65.9% (95% CI:
43.0%—88.9%) for stage 1B patients (Figure 4).

Reproducibility of the Data Among Institutions

Table 3 compares the wradiation method and results for
three major institutions enrelied in this study. These institu-
tions used a BED of 100 Gy or more. The local control and
3-year survival rates were almost identical.

DISCUSSION

At present, surgery is the standard teeatment for stage |
NSCLC. RT is offered to patients who ave unsuitable for
surgery because of medical problems and to patients who
refuse surgery. Most information on the results of RT for
stage 1 NSCLC 1s based on retrospective studies of RT-
treated inoperable NSCIL.C cases. Therefore, the vole of RT
for stage | NSCIL.C, as a curative modality, has not yct been
established,

Qiao ct al. summarized 18 papers on stage T NSCLC
treated with conventional RT alone published between 1988
and 2000.'° Local rccurrence was the most common rea-
son for treatment faifure of stage 1 NSCLC with conventional
R, but the frequency of recurrence varied considerably
according the report (between 6.4% and 70%). The 3-vear
recurrence rate was approximately 60%.4-1 with a median
time to rclapse that ranged from 21 to 30 months. 3142
Generally, smaller tumor size, fow T stage, and increased
dosc had a favorable impact on local control. and increased
local control was followed by increased survival.'+19 How-
cver, the overall treatment results were disappointing, The

median survival in these studies ranged (rom I8 (o 33
months. The 3- and S-ycar overall survival rates were 34 =
9% and 21 * 8% (mean * 1 SE). respectively. The cause-
specific survival rates at 3 and 5 years were 39 = 10% and
25 * 9% (mcan = | SE), respectively. Regarding treatment
toxicily. severe (grade 3 or above) radiation esophagitist* and
pneumonitis'! occwred in 4.1% and 6.1% of the cascs,
respectively. Better focal control may be achieved when the
total dosc is increased,'>'e and a trend has been growing
toward sccking  better local control by increasing  the
BED! %3 for a rclatively limited span of doses (BED 59-76
Gy). Dose escalation has been the focus of developmental
therapeutic strategies for inoperable stage | NSCL.C 1o im-
prove local control and survival.

Melia et al.'? provided a detailed theorctical analysis
regarding the responses of NSCL.C to RT and a rationale for
dose escalation. They concluded that a greater BED irradiated
during a short period must be given to gain local control of
lung cancers. Giving a higher dosc to the tumor without
increasing the adverse effects was shown to be possible using
the SRT technique; this is now feasible duc to the technolog-
ical progress that allows increasing the accuracy of localiza-
lion to the tumor-bearing arca using various imaging tools.
SRT can also reduce the overall treatment time substantally,
from scveral weeks for conventional RT to 4 few days,
offering an important advantage (o the patient.

After Uematsu ct al.' reported a landmark study on
SRT for stage I NSCL.C using a CT-finac system, SRT has
been actively investigated for stage | NSCLC in Japan and the
United States. In the reports histed in Table 4,3-619-20 (he
local control rates of primary lung cancer with SRT ranged
from 87% to 97% when the BED exceeded 100 Gy. Uematsu
et al.® showed excellent survival rales for medically operable
paticnts, approximating those for full lobar surgical rescction;
however, they studied only a few patients, and it is not known
whether the result is reproducible. Table 5 compares the
results of Ucmatsu et al? with the HypoFXSRT results
presented here. These results suggest that the local control
and survival rates of HypoFXSRT for stage | NSCLC arc
promising and reproducible when the BED exceeds 100 Gy.

In Japan, we consider 2 BED greater than 100 Gy to be
a satisfactory dose for HypoFXSRT of stage | NSCL.C, with
a local control rate better than 85%, and a further dose
cscalation study is not necessary for tumors smaller than 4 em
in diameter. Conversely, in the United States. Timmerman ct
al.?2 concluded that 60 Gy in theee fractions (BED = 180 Gy)
is the proper dose, and they adopted this dose and fraction
protocol for their prospective study. We need to observe the

TABLE 3. Comparison of the Irradiation Methods and Results for Three Major Institutions

No. of Total lsocenter Single Isncenter Median Follow-up S-yrr Overall
Institution Paticnts Dose (Gy) Dose (Gy) BED (Gy) (mao) Local Failure, % Survival, %
Kyota 42 48 i2 106 40 3 64
Cancer ostitute 30 30-62.5 10--12.3 100141 35 4 77
Kitami 17 S0-60 7.5-10 10O--105 71 4 [}

BED. brologically cfiective dose (a2 = 10y recalentated at the isocenser.

598

Copyright £ 2007 by the International Association for the Study: of Ling Cancer



Journol of Thoracic Oncology ¢ Val. 2, No. 7, Supplement 3, july 2007

HypoFX Stereotactic Rodliotherapy for Stage | NSCLC

TABLE 4. Reports of Stereotactic Radiotherapy for Stage | Non-small Cell Lung Cancer

No. of

Taotal Single Median Local 3-¥r Overall
Author (ref.) Paticats Dose® (GY) Dase* (GY) BEDT (GY) Follow-up (ma) Progression, % Survival, %
Uiematsu ot al.’? S0 72 7.2 124 G0 6 06
Nagata ct at.” 42 48 12 106 52 3 §2
Fukumoio et al’ 17 4860 6-1.3 99--137 24 6 NA
Onishi et al.® 28 72 7.2 124 24 3 75
tof et al.t” 0 19--26 19-20 5594 13 20 NA
McGarry et @.”>" 47 75 23 263 15 13 NA
Wall et al 12 26.-37 1926 N4-163 Al by NA

BLED. bologeally effectve dose: NAL not ansessed,
EStereotactie radiotherpy dose is caleubited at ihe isoeemer,
IBED (off = 10) recatenlaied at the isoventer

results of ongoing phase Il studics on SRT for stage | NSCL.C
conducted in Japan (12 Gy X 4 = 48 Gy prescribed to the
isocenter) and the United States (20 Gy X 3 = 060 Gy
prescribed o cover 95% of the PTV),

The S-ycar overall survival rate for medically operable
patients with HypoFXSRT is encouraging (Table 6). Repre-

TABLE 5. Comparison of the Resuits between the
Multi-institutional Study and the Uematsu et al. Study

Uematsu et al. ¥ Multi-institutional

Total no. of cuses 30 25
CTINOMO 24 Leb
TINOMO 26 is
Follow-up duration. mo (wedian) 2266 (36} 2428 (38)
Local control, % 94 90
Regional bynph nodes 4 7
motastases,
Phstant metastases, % 1 19
Cirade =3 toxicity, % i} 3
R-vr ovenall swrvival rate, % 006 64
3-vr cause-spectfic survival 88 83
e, %
S-yr overall survival rate, % 33 33
S-vr cause-spectfic survival 81 77
rate, %
v overall survival rate in 6 82
operable paticnis, %
S-yv overall surevival rate in 77 72

operable patients. %

TABLE 6. Comparison of 5-Year Qverall Survival Rate
between Stereolactic Radiotherapy and Surgery

Stage Anthor

Mountain®™* Naruke ¢t al.™* Sturakusa and Koybayashi*** Onishit

A 61% 1% 2% 2%
I3 40% 44% 0% 66"
*Surgery,

THypoFXSRT presented here
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sentative S-year overall survival rates for clinical stage TA
and 1B with surgery range {rom 61% 10 72% and 40% (o
50%. respectively. 2™ According to our data, the survival
rate for SRT was not worse than that for large surgical serics.
Furthcrmore, concerning toxicity, approximately 3% of pa-
tients died as a result of surgery. and chronic morbidity
oceurs in 10% to 15% of patients after surgery 0 FHypo-
FXSRT ts much less invasive than surgery, and it is postu-
lated that SRT will become a major treatment choice for stage
I NSCL.C, at least for medically inoperable patients.

Multi-institutional phase If studies of SRT for stage |
NSCLC have been started in Japan (JCOG0O403)27 and (he
United Stales (RTOGO236).7% Howcever. it will take scveral
years to obtain conclusive results, and an incvitable selection
bias exists in comparing SRT with surgical series for patients
in retrospective or phase I1 studies.

Although the differences in techniques and schedudes ol
the institutions carolled in this study may be large, it is
meaningful that a safe, clicetive BED was suggested because
the optimal dose-(raction schedule of SRT for stage 1 NSCLC
is not known, Furthermore, this is the only report that gives
the results of SRT for a large number of medically operabie
stage 1 NSCILC patients, Based on our exeellent SRT results,
it 15 arguable that a phasc [ study comparing surgery and
SRT for medically operable patients s warranted. However,
it is very difficult o perform a phase {1 study because most
patients will opt for less invasive therapy such as SRT, We
neced much more expericnce and must study more patients
with a longer follow-up duration to establish a safe, effective
ircadiation method that will instifl both medical and social
confidence in SRT for treatiment of stage T NSCIL.C.

When we compare the results of conventional RT and
surgery with those of HypoFXSRT, we conclude that
HypoFXSRT has the following benefits for stage 1 NSCLC.
First, HypoF XSRT is a safc and promising treatment modal-
ity. Second, the local control and survival rates are superior to
those of conventional RT. Third, HypoF XSRT should be a
standard of care for medically inoperable paticnts, Fourth,
HypoF XSRT should be randomly compared with surgery for
medically operable patients. Finally, we need additional ex-
perience with a longer follow-up duration to conclusively
validate these points,
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There is substantial evidence that the decreased risk of lung can-
cer with high intake of vegetables and fruits is linked to folate as
a specific nutrient. Functional polymorphisms in genes encoding
one-carbon metabolism enzymes, methylenetetrahydrofolate re-
ductase (MTHFR C677T and A1298C), methionine synthase
(MTR A2756G), methionine synthase reductase (MTRR A66G)
and thymidylate synthase, influence folate metabolism and thus
might be suspected of impacting on lung cancer risk. We therefore
conducted a case-control study with 515 lung cancer cases newly
and histologically diagnosed and 1030 age- and sex-matched
non-cancer controls to clarify associations with these five poly-
morphisms according to lung cancer subtype. Gene—environment
interactions with smoking and drinking habit and folate con-
sumption were also evaluated by logistic regression analysis. None
of the polymorphisms showed any significant impact on lung can-
cer overall risk by genotype alone, but on histology-based analysis
increase in MTHFR 677T and 1298C alleles was associated with
reduced risk of squamous/small cell carcinoma (P = 0.029), espe-
cially among heavy smokers (P = 0.035), whereas the MTHFR
677TT genotype was linked to decreased risk for these subtypes
among heavy drinkers (odds ratio = 0.17, 95% confidence inter-
val: 0.03-0.98). In addition, we found interactions betwcen the
MTRR A66G polymorphism and smoking ( = 0.015) and the
MTHFR A1298C polymorphism and alcohol consumption (P =
0.025) for risk of lung cancer ¢verall. In conclusion, the results
suggest that MTHFR polymorphisms contribute to risk of squa-
mous/small cell carcinomas of the Jung, along with possible inter-
actions among folate metabolism-related polymerphisms and
smoking/drinking habits. Further evaluation is warranted.

Introduction

Lung cancer, with its four major histological types (adenocarcinoma,
squamous cell carcinoma, large ccll carcinoma and small cell carci-
noma), currently claims >55 000 lives annually in Japan and has
become the leading cause of cancer death (1). Despitc rapid advances
in treatment over recent decades, the prognosis has not greatly im-
proved. Thercfore, efforts toward primary prevention in addition to
early detection have come under the spotlight.

Abbreviations: ClI, confidence interval; FFQ, food frequency-questionnaire:
5,10-methylene THF, 5,10-methylenctetrahydrofolate; MTHER, methylencte-
trahydrofolate reductase; MTR, methionine synthase; MTRR, methionine syn-
thase reductase; OR, odds ratio; PCR, polymerase chain reaction; 2R, two
repeat; TS, thymidylate synthase; VNTR, variable number of tandem repeat.

Many epidemiological studies have provided cvidence that high
consumption of vegetables and fruits is associated with a reduced risk
of lung cancer (2-4). Folate is one of the constituents found in veg-
etables and fruits, and dietary folatc may be one of the micronutrients
that provide protection against lung carcinogenesis (5-7).

Biological functions of folate within so-called ‘one-carbon metab-
olism’ are to facilitate de novo deoxynucleoside triphosphate synthe-
sis and to provide methyl groups required for intracellular methylation
reactions. Folate deficiency is thought to increase the risk of cancer
through impaired DNA repair synthesis and disruption of DNA
methylation that may lead to proto-oncogene activation (8-10).

Methylenetetrahydrofolate reductase (MTHER), methionine syn-
thase (MTR), methionine synthase reductase (MTRR) and thymidy-
late synthase (TS) play important and interrelated roles in folate
metabolism (Figure 1). The MTHFR reduces 5,10-methylenctetrahy-
drofolate (5,10-methylene THF) to 5-methyl THE the primary circulat-
ing form of folate (11). The TS catalyzes the conversion of deoxyuridine
monophosphate to deoxythymidine monophosphate using 5,10-meth-
ylene THF (12). The MTHFR product, S-methyl THE, is the methyl
group donor for the remethylation of homocysteine to methionine cat-
atyzed by MTR (13). MTR activity is maintained by MTRR (14).
Polymorphisms in the genes for MTHFR C677T and A1298C, MTR
A2756G, MTRR A66G and TS 28 bp variable number of tandem re-
peat (VNTR) in the promoler region are known to have functional
relevance (15). Thus, they might play roles in the ctiology of lung
cancer in combination with environmental factors such as folate con-
sumption. Since information for this arca of lung cancer is limited
(16~22), we conducted the present casc—control study, taking tobacco
smoking, alcohol drinking and intake of folate into consideration.

Materials and methods

Subjects

The cases were $15 patients who were newly and histologically diagnosed as
having lung cancer and not having any earlier history of cancer. Controls
(1 = 1030) were randomly sclected and matched by age (+3 ycars) and sex
to cases with a }:2 case-control ratio from among the 2395 cancer-free
individuals. All the subjects were recruited in the framework of the Hospital-
based Epidemiologic Rescarch Program at Aichi Cancer Center, as described
clsewhere (23,24). In brief, information on lifestyle factors was collected using
a self-administered questionnaire, checked by a trained interviewer, from all
first-visit out-patients at Aichi Cancer Center Hospital aged 18-79 who were
enrolied in Hospital-based Epidemiologic Research Program at Aichi Cancer
Center between January 2001 and November 2005. Out-patients were also
asked to provide blood samples. Each patient was asked about his or her
lifestyle when healthy or before the current symptoms developed. Approxi-
mately 95% of eligible subjects complete the questionnaire and 60% provide
blood samples. The data were loaded into a Hospital-based Epidemiologic
Research Program at Aichi Cancer Center database and routinely linked with
the hospital-based cancer registry system to update the data on cancer inci-
dence. All participants gave written informed consent and the study was
approved by Institutional Ethical Committee of Aichi Cancer Center.

Genotyping of MTHFR, MTR, MTRR and TS

DNA from cach subject was cxtracted from the buffy coat fraction using
BioRobot EZ! and an EZ1 DNA Blood 350 m! Kit (Qiagen; Tokyo, Japan).
The genotyping method was described in our previous reports with the poly-
merase chain reaction (PCR) TagMan method using the GeneAmp PCR
System 9700 or the 7500 Fast Real-Time PCR system (Applicd Biosystems,
Foster City, CA). Briefly, for the MTHFR C677T (dbSNP ID: 15677) and
A1298C (ss1801131), as well as MTR A2756G (rs1805087) and MTRR
A66G (rs1801394) polymorphisms, extracted DNA was amplified with vali-
dated probes (assay IDs: C___11975651_10, C__850486_20, C__12005959_10
and C___3068176_10, respectively; Applicd Biosystems). The 75 VNTR poly-
morphism was defined by PCR using 5'-CGTGGCTCCTGCGTTTCC-3" and
5'-GAGCCGGCCACAGGCAT-3' primers. In our laboratory, quality of gen-
otyping is routincly assessed statistically using the Hardy-Weinberg test.
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Fig. 1. Overview of folate metabolism. Enzymes with polymorphisms investigated in this study are boxed. THF, tctrahydrofolate; DHF, dihydrofolate; dUMP,
deoxyuridine monophosphate; dTMP, deoxythymidine monophosphate; SAM, S-adenosylmethionine and SAH, S-adcnosythomocysteine.

When allelic distributions for controls depart from the Hardy-Weinberg
frequency, genotyping is assessed using another method.

Intake assessment for folate and other nutvients

The consumption of folatc and other nutrients was determined using a food
frequency questionnaire (FFQ), described in detail elsewhere (25,26). Briefly,
the FFQ consisted of 47 single food items with frequencies in the eight cate-
gorics, We cstimated the average daity intake of nutrients by muliiplying the
food intake (in grams) or serving size by the nutrient content per 100 g of food
as listed in standard tables of food composition. Consumption of folate and
other vitamins from supplerents was not considered in total consumption
because the questionnaire for multivitamins was not guantitative. Energy-
adjusted intake of nutricits was calculated by the residual method (27). The
FFQ was vatidatcd by referring to a 3-day weighed dietary record as a standard,
which showed reproducibility and validity to be acceptable (28). The deatte-
nuated correlation coefficients for encrgy-adjusted intakes of folate were 0.36
in men and 0.38 in women.

Consumption of tobacco and alcohol

Cumulative smoking dose was evaluated as pack-years, the product of the
number of packs consumed per day and years of smoking. Smoking habit
was cntered for four categorics of never, former and current smokers of <40
and >40 pack-years. Former smokers werce defined as those who quit smoking
at lcast 1 ycar before the survey. Consumptlion of cach type of beverage
(Japanese sake, beer, shochu, whiskey and winc) was determined by the aver-
age number of drinks per day, which was then converted into a Japanese sake
(rice wine) equivalent. Onc drink equatcs to one ‘g0’ (180 ml) of Japanese sake,
which contains 23 g of ethanol, equivalent to one large bottle (633 mi) of beer,
two shots (60 ml) of whiskey and two and a half glasses of wine (200 ml). One
drink of ‘shochu’ (distilled spirit), which contains 25% ethanol, was rated as
108 m). “Total amount of alcohol consumption was estimated as the summa-
rized amount of pure alcohoi consumption (gram per drink) of Japanese sake,
beer, shochu, whiskey and wine among current reguiar drinkers. Drinking habit
was entered for four categories of never, former, current moderate and heavy
drinkers. Heavy drinkers were defined as those currently drinking alcoholic
beverages 5 days or more per week in a daily amount of 46 g (two Japanesc
drinks) or more, whereas moderate drinkers were defined as those currently
consuming less frequently than 5 days/week, in lower amounts, or both. For-
mer drinkers were defined as those who quit drinking at least 1 ycar before the
survey. Former or current smokers and drinkers werc categorized as ‘smokers’
and 'drinkess’, respectively.

Swatistical analysis

To assess the strength of the associations between polymorphic genes involved
in folate metabolism and risk of lung cancer, odds ratlio (ORs) with 95%
confidence intervals (CIs) were estimated using age- and sex-matched con-
ditional logistic models adjusted for potential confounders. For stratified and
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interaction analysis by smoking and drinking habit and folate intake, an un-
conditionai logistic regression model was used because the matching was not
retained after stratification by smoking and drinking habit and folate intake.
Folate and other nutrient intakes were categorized into three groups as: first,
second and third tertiles of dictary intake among controls. Potential confound-
ers considered in the multivariate analyses were age, sex, smoking habit (never
smokers, former smokers, current smokers of <40 or >40 pack-years), drink-
ing habit (never drinkers, former drinkers, moderate drinkers or heavy
drinkers), body mass index (<18.5, 18.5-24.9 or >25.0), total cnergy intake
(as a continuous variable), dietary carotenc intake (pg/day, tentiles), dietary
vitamin C intake (mg/day, tertiles), dictary vitamin E intake (mg/day, teriiles),
dietary folate intake (ng/day, tertiles), mujtivitamin use (at least once per week
for | year or longer: yes or no) and referral pattern (patient’s discretion, family
recommendation, referral from other clinics, sccondary screening after primary
screcning or others). Missing values for each covariate were treated as an
additional category in the variable and were included in the logistic model.
For the histelogy-based analysis, we combined squamous cel) carcinoma
and small ccll carcinoma, because tumors of these subtypes were small in
number and both are consistently more related with smoking as compared with
adenocarcinomas.  Considering  potential effects of two polymorphisms
(MTHFR C677T and MTHFR A1298C) on lung risk, we evaluated associations
with their combined genotypes. Trend of genotype was assessed by score test
applying score for each genotype (0, homozygous for reference allele or com-
bined reference genotypes; 1, heterozygote or one reference genotype and 2,
homozygous non-reference alicle or non-reference genotype).
Gene-cnvironment interactions between smoking and drinking habit and
folate intake and genotypes in each polymorphism were evaluated under the
muktiplicative assumption. Products of scores for genotype (0, homozygous; 1,
heterozygote and 2, homozygous or 0, referent alleles and 1, non-referent
alleles) and smoking habit (0, non-smoker and 1, smoker), drinking habit (0,
non-drinker angd 1, drinker}, folate intake (O, tertile | and 1, tertile 2 + 3) or
combined smoking~drinking habit (0, non-smoker and non-drinker; {, smoker
and non-drinker or drinker and non-smoker and 2, smoker/drinker) were in-
cluded as intcraction terms. Differences in categorized demographic variables
between the cases and controls were tested by the Chi-squared test. Mean
vatues for age and total energy intake were compared for cases and costrols
by the Student’s r-test. Accordance with the Hardy-Weinberg equilibrium was
checked for controls using the Chi-squared test and the exact P-value was used
to asscss any discrepancics between genotypes and allele frequencies.
A P-value <0.05 was considered statistically significant. All analyses were
performed using STATA version 9 (Stata Corp., College Station, TX).

Results

Data from 515 lang cancer cases, comprising 316 (61.4%) adenocar-
cinomas, 91 (17.7%) squamous cell carcinomas, 55 (10.7%) small
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cell carcinomas, 40 (7.8%) large cell carcinomas and 13 (2.5%)
others, and 1030 controls were available for analysis. Table I shows
the distribution of cases and controls by background characteristics.
Agc and sex were appropriately matched. Smoking habits differed to
a large extent between cases and controls. The proportion of 40 pack-
years or more current smokers in cascs was significantly higher than
controls. Heavy drinkers in the cascs were significantly higher than
for the controls. Among cases, the proportion of lower body mass
index was higher, consistent with previous study (29). Total cnergy
intake did not differ between cases and controls. Significant lower
intake of dietary carotenc was found among the cases. For other
nutrients lower proportions of the highest intake group among the
cases also were found, including for folate, but these were not statis-
tically significant. With regard to referral patiem, referral from other
clinics was frequent, whereas patient discretion and secondary screen-
ing after primary screening were less common among the case group
than the control group.

Table 11 shows genotype distributions for MTHFR, MTR, MTRR
and 7§ and their ORs and 95% Cls for lung cancer risk according to
histological subtypes. The genotype frequencies for all the polymor-
phisms were in accordance with the Hardy—-Weinberg law in controls:
MTHFR C67TIT (P = 0.17), MTHFR A1298C (P = 0.51), MTR
A2756G (P = 0.17), MTRR A66G (P = 0.85) and 75 VNTR (P =
0.51). On analysis of lung cancer overall, a slightly reduced risk was
observed with the MTHFR 677TT genotype, but without statistical
significance. The genotype frequencies for TS VNTR were quite var-
ied; however, two repeat (2R) and three repeat alleles were dominant.
The 2R/2R genotype showed decreased risk of lung cancer as com-
pared with the non-2R homozygous, although again this was not
significant. On subanalysis according to histological subtypes, the
combination of MTHFR C677T and A1298C polymorphisms showed
a significant decreased risk of squamous/small cell carcinoma among
individuals with two or more MTHFR 677T and/or 1298C alleles
(OR = 0.34, 95% CI: 0.13-0.92, trend P = 0.029), compared
with those with MTHFR 677CC and 1298AA genotypes. In con-
trast, none of the polymorphisms showed any significant impact on
adenocarcinoma risk.

To further cvaluate the impact of MTHFR polymorphisms with
regard to squamous/small cell carcinoma, we conducted stratified
analysis by smoking and drinking habit (Table HlI). Among hecavy
drinkers, the MTHFR 671TT pgenotype conferred a significant
decreased risk (OR = 0.17, 95% CI: 0.03-0.98, trend P = 0.041).
A significant decreased risk among 40 pack-years or more current
smokers was observed as number of MTHFR 677T or 1298C alleles
increased (trend P = 0.035). No clear association was found for lung
cancers overall or for adenocarcinomas in the stratified analysis {data
not shown).

Table IV shows data for the combinations of gene and environmen-
tal factors with reference to lung cancer overall risk. The interaction
with smoking was significant for the MTRR A66G genotype (P =
0.015). Among non-smokers, risk was reduced with increase in the
number of MTRR G alleles, whereas a trend for increased risk was
observed among smokers. A significant interaction between drinking
habits and the MTHFR A1298C genotype was found (P = 0.025).
These two interactions were especially noteworthy for adenocarcino-
mas when histology-based analyses were conducted (data not shown).
We were not able to analyze the smoking interaction for squamous/
small ccll due to insufficient number of non-smokers in this category.
No obvious interaction was found between folate intake and the
polymorphisms,

Cousidering the possible effects of both tobacco smoking and
alcohol drinking on folate, we further examined the impact of
four-way combinations of these two factors, folate intake and the
polymorphisms on lung cancer risk (Table V). The MTRR
A66G genotype showed a significant interaction among the subjects
with tertiles 2 or 3 of folate intake (P = 0.023). The risk with the
MTRR 66GG was consistently decreased among non-smoker/non-
drinker subjects with adequate folate intake (OR = 0.20, 95% CI:
0.04-0.91).

1720

908

Table I. Characteristics of cases and controls

Cases Controls P-vaiue
(n = 515), {n = 1030),
n(%) n{%)

Age

<50 53 (10.3) 108 (10.5)

50-59 142 (27.6) 283 (27.5)

60-69 193 (37.5) 389 (37.8)

70-79 127 (24.7) 250 (24.3) 1.00
Mean age + SD 61.9+99 61.8 =938 0.87
Sex

Malc 381 (74.0) 762 (74.0)

Female 134 (26.0) 268 (26.0) 1.00
Smoking status

Never 129 (25.0) 401 (38.9)

Former® 111 (21.6) 310 (30.1)

Current {pack-years)

0-39 71 (13.8) 149 (14.5)
>40 197 (38.3) 161 (15.6) <0.0t
Unknown 7(1.4) 9(0.9)
Drinking staws

Never 196 (38.1) 378 (36.7)

Former® 15(2.9) 56 (5.4)

Current

Moderate” 192 (37.3) 454 (44.1)
Heavy® 98 (19.0) 119 (11.6) <0.0]

Unknown 14 (2.7) 2322
BMI

<185 38(7.4) 55 (5.3)

18.5-24.9 381 (74.0) 720 (69.9)

>25.0 94 (18.3) 249 (24.2) 0.03

Unknown 2(0.4) 6 (0.6)

Mean total encrgy * SD, 1670 £ 372 1677 = 352 0.73
keal/day
Carotene (pg/day)

Tertile 1 (1331.2-2305.9} 200 (38.8) 341 (33.1)

Tertile 2 (2306.0-3312.6) 149 (28.9) 341 (33.1)

Tentile 3 (3312.7-12801.4) 158 (30.7) 341 (33.1) 0.04

Unknown 8 (1.6) 70.7)

Vitamin C (mg/day)

‘Fertile 1 (26.8-74.5) 188 (36.5) 342 (33.2)

Tertile 2 (74.6-102.0) 161 (31.3) 342 (33.2)

Tertile 3 (102.1-364.5) 159 (30.7) 341 (33.1) 0.15

Unknown 7(1.4) 5 ¢0.5)

Vitamin E (total a-mg/day)

Tertile 1 (1.5-4.8) 193 (37.5) 342 (33.2)

Tertile 2 (4.9-6.3) 168 (32.6) 342 (33.2)

Tertile 3 (6.4-17.1) 151 (29.3) 342 (33.2) 0.29

Unknown 3 (0.6} 4¢0.4)

Folate intake (pg/day)

Tertile 1 (139.5-274.5) 191 (37.1) 342 (33.2)

Tertile 2 (274.6-354.9) 156 (30.3) 342 (33.2)

Tertile 3 (355.0-1481.0) 162 (31.5) 341 (33.1) 0.i8

Unknown 6(1.2) 5(0.5)

Multivitamin use (at feast once per week for 1 year or longer)

Yes 111 (21.6) 253 (24.6)

No 380 (73.8) 721 (70.0) 0.30

Unknown 24 (4.7) 56 (5.4)

Referral pattern to our hospital

Patient’s discretion 52 (10.1) 306 (29.7)

Family recommendation 86 (16.7) 195 (18.9)

Referral from other clinics 287 (55.7) 300 (29.1)

Secondary screening after 83 (16.1) 214 (20.8)

primary screening
Others 2(04) 10 (1.0 <001
Unknown 5¢1.0) 5(0.5)

SD: standard deviation, BMI: body mass index.

*Former smokers and drinkers were defined as subjects who bad quit smoking
and drinking at feast | year previously.

Moderate drinker means <46 g ethanol/drink and/or <5 days/week.
“Heavy drinker means >46 g ethanol/drink and 25 daysfwecek.
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Table IV. Interaction between MTHFR, MTR, MTRR and TS polymorphisms and smoking and drinking habit and folate intake for tung cancer risk

Smoking habit

Drinking habit

Folate inlake

Non-smoker Smoker

P interaction® Non-drinker Drinker

P interaction® Tertile Tertile P interaction®
1(139.5-2714.5 2+ 3
pg/day) (274.6-1481.0

ng/day)

ORs” (95% Cls) ORs* (95% Cls)

ORs” (95% Cls) ORs® (95% Cls)

ORs® (95% Cls) ORs® (95% Cls)

MTHFR (C677T)

cC 1.00 (ref.) 2.59(1.61-4.17) 1.00 (ref)) 1.02 {0.67-1.55) 1.00 (ref.) 0.82 (1.34-0.82)

cT 1.09 (0.69-1.73) 2.84 (1.79-4.52) 1.17 (0.77-1.78) 1.07 (0.72-1.60) 1.03 (1.58~1.03) 0.93 (1.50-0.93}

TT 0.68 (0.36-1.29) 2.55 (1.48-4.40) 0.430 1.21 (0.68-2.14) 0.74 (0.45-1.23) 0207 0.98 (1.82-0.98) 0.69 (1.22-0.69) 0.851
MTHFR (A1298C) .

AA 1.00 (ref.) 2.80(1.88-4.18) 1.00 (ref.) 0.76 (0.56~1.04) 1.00 (ref.) 0.81 (1.24-0.81)

AC 0.88 (0.55-1.39) 2.61 (1.67-4.07) 0.73 (0.48-1.12) 0.77 (0.53-1.11) 0.73 (1.14-0.73) 0.80 (1.27-0.80)

cC 1.60 (0.61—4.19) 1.84 (0.85-3.96) 0.464 0.36 (0.12-1.04) 1.20 (0.58-2.47) 0.025 1.72 (4.44-1.72) 0.52 (1.18-0.52) 0.824
MTR (A2756G)

AA 1.00 (ref.) 3.08 (2.07-4.57) 1.00 (ref.) 0.93 (0.68-1.28) 1.00 (ref.) 0.93 (1.40-0.93)

AG 1.65 (1.05-2.59) 3.49 (2.26-5.40) 1.55 (1.03-2.33) 1.12 (0.77-1.61) 1.56 (2.40-1.56) 1.08 (1.70-1.08)

GG 0.90 (0.27-2.94) 3.08 (1.45-6.53) 0.348 0.76 (0.27-2.14) 1.18 (0.54-2.56) 0.798 1.24 (3.45-1.24) 0.85 (1.92-0.85) 0.285
MTRR (A66G)

AA 1.00 (ref.) 2.04 (1.31-3.16) 1.00 (ref.) 1.21 (0.83-1.76) 1.00 (ref.) 0.73 (1.15-0.73)

AG 0.70 (0.45-1.09) 2.31 (1.49-3.58) 1.53 (1.02-2.27) 0.90 (0.61-1.32) 0.75 (1.14-0.75) 0.83 (1.31-0.83)

GG 0.46 (0.20-1.09) 2.60 (1.49-4.56) 0.015 0.88 (0.45-1.73) 1.18 (0.67-2.06) 0.212 1.41 (2.82-1.41) 0.58 (1.09-0.58) 0.907
78 VNTR .

Non-2R/ .00 (ref.) 2.62 (1.78-3.85) 1.00 (ref.) 0.93 (0.69-1.26) 1.00 (ref.) 0.88 (1.32-0.88)

non-2R

2R/mon-2R 0.84 (0.51-1.37) 2.52 (1.64-3.88) 1.0] (0.65-1.55) 0.85 (0.58-1.24) 1.02 (1.60-1.02) 0.80 (1.28-0.80)

2R/2R 0.60 (0.15~2.36) 1.70 (0.64-4.53) 0.668 0.82 (0.19-3.53) 0.44 (0.17-1.12)  0.550 0.66 (2.62-0.66) 0.48 (1.29-0.48) 0.673

*ORs were adjusted for age, sex, smoking habit, drinking habit, body mass index, total energy intake, carotene intake, vitamin C intake, vitamin E intake, folate

intake, multivitamin use and referral paticrn to our hospital.

"Interaction was modeled as a product of smoking habit {0, non-smoker and 1, smoker), drinking habit (0, non-drinker and 1, drinker), folate intake in score 0,

tertile | and 1, textile 2 + 3) and genotype in score.

Discussion

The present study showed a significant impact of MTHFR C677T and
MTHFR A1298C in combination for risk of the most smoking related
subtypes of lung cancer, squamous and small cell carcinomas. More-
over, this effect was prominent among heavy smokers. The MTHFR
677TT genotype was inversely associated with squamous/small cell
carcinoma risk among heavy drinkers. In combination analysis of
smoking, drinking and folate consumption, several potential gene—
cnvironment interactions were suggested, between (i) the MTRR
A66G polymorphism and smoking and (ii) the MTHFR A1298C
" polymorphism and alcohol consumption.

High dietary intake of folatc has been found to decrease the risk of
lung cancer in several epidemiological studies (5-7). Although our
result for folate did not reach statistically significance, the observed
trend was accordant with other studies. Two small-sized clinical trials
found folate and vitamin B, supplementation to reverse atypia
among patients with bronchial squamous metaplasia, a precursor of
squamous cell carcinoma of the lung (30,31). One might therefore
hypothesize a protective cffect of folate on lung cancer, but there are
also epidemiological studics providing no support for this concept
(32-35). Considering the fact that functional polymorphisms in
folate-related genes may contribute to alteration of folate metabolism
(15), it is biologically plausible to hypothesize that the polymor-
phisms or the gene-environment interactions rather than the folate
intake alone have the impact on lung cancer risk.

Hitherto, only a few studies have investigated associations between
one-carbon metabolism-related gene polymorphisms and lung cancer
risk. The MTHFR 677TT genotype has been reported to decrease risk
of lung cancer in female Caucasians (20), but the results were
inconsistent in other case-control studies (17,19). The MTHFR
1298CC and MTRR 66AG or GG genotypes were associated with
significantly increased risk (20,21), whereas MTR and TS enhancer
region polymorphisms in the Caucasians studics demonstrated no link
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(21,22). Our results of overall analysis added evidence for a aull
association in this controversial issue. However, of note in this study
was the fact that MTHFR 677T and/or MTHFR 1298C alleles were
associated with reduced risk of squamous/small cell carcinomas, es-
pecially among heavy smokers and drinkers. It has been shown that
subjects with the MTHFR 677TT and MTHFR 1298CC genotypes
have a reduction in enzyme activity compared with the wild-type
homozygous, 677CC and 1298AA genotypes (36-38). This would
lead to high 5,10-methylenc THF concentrations, which may provide
more one-carbon groups for thymidylate syathesis, thereby enhancing
DNA synthesis and repair ability. Thus, it is biologically reasonable
thatindividuals harboring the MTHFR 677T and MTHFR 1298C alleles
among heavy smokers and drinkers have lower risk of squamous/small
cell carcinoma development, given that carcinogenesis is strongly re-
lated with the accumulation of DNA damage. To our knowledge, this is
the first indication of protective cffects of combinations of MTHFR
polymorphisms for this histologic subtype. These data provide support
for the hypothesis of links between one-carbon metabolism and to-
bacco and alcohol influence on squamous/smail cell carcinoma carci-
nogenesis. Regarding other body sites, our previous study on
esophagus cancers, which are almost all squamous ccli carcinomas
in Japan, demonstrated that the MTHFR 677TT had the protective
effects among heavy drinkers, consistent with the present study (39).

One difficulty exists in distinguishing effects of smoking and drink-
ing on lung cancer risk. In the present study, of 33 heavy drinkers in
squamous/small cell carcinoma cascs, 24 (72.7%) cases were heavy
smokers, so we may not conclude an independent protective effect of
MTHFR 677TT genotypes among heavy drinkers, although adjust-
ment for smoking habits was performed. On the other hand, all cases
with squamous/small cell carcinomas were smokers except one and
60% (85/142) in this subtype were heavy smokers (40 pack-years or
morc). Alcohol drinking as well as tobacco smoking is considered to
induce DNA damage and resultant modification of nucleotides
(40,41). In addition, high intake of alcohol can lead to folate depletion
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Table V. Impact of combination of smoking and drinking habit by folatc intake and the polymorphisms on lung cancer risk

Folate intake

Tentile 1 (139.5-274.5 pg/day)

Tentile 2 + 3 (274.6-1481.0 pg/day)

Non-smoker/ Smoker/non- Smoker/drinker® P interaction® Non-smoker/non- Smoker/non- Smoker/drinke” P interaction®
non-drinker drinker or non- drinker drinker or non-
smoker/drinker smoker/drinker
ORs? (95% Cls) ORs® (95% Cls) ORs® (95% Cls) ORs" (95% Cls) ORs® (95% Cls) ORs® (95% Cls}
MTHFR (C677T)
cC 1.00 (ref) 1.33 (0.44-3.99) 1.60 (0.58-4.41) 1.00 (ref)) 1.82 (0.90-3.67) 2.89 (1.43-5.84)
CT+TT 0.61 (0.19-1.98) 1.66 (0.624.48) 1.55(0.58-4.18) 0.763 1.54 (0.83-2.89) 1.48 (0.79-2.80) 2.93 (1.50-5.73) 0.389
MTHFR (A1298C)
AA 1.00 (ref.) 3.18 (1.20-8.42) 2.78 (1.06-7.27) 1.00 (ref.) 0.97 (0.57-1.65} 1.70 (0.97-3.00)
AC + CC 1.68 (0.52-5.48) 1.63 (0.55-4.81) 2.33 (0.84-6.47) 0.701 0.56 {0.29-1.08) 1.04 (0.56-1.91) 2.04 (1.10-3.76) 0.078
MTR (A2756G)
AA 1.00 (ref) 2.13 (0.90-5.04) 1.95 (0.83-4.62) 1.00 (ref.) .11 (0.64-1.92) 2.74 (1.53-4.89)
AG + GG 1.63 (0.46-5.72) 3.00 (1.12-8.00) 3.28 (1.34-8.02) 0.826 1.38 {(0.74-2.55) 2.03 (1.09-3.77) 2.16 (1.15-4.05) 0.069
MTRR (A66G)
AA + AG 1.00 (ref.) 2.17 (1.00-4.73) 2.27 (1.054.91) 1.00 (ref.) 1.14 (0.71-1.82) 1.98 (1.18-3.32)
GG 3.96 (0.49-32.23) 3.19 (1.02-10.03) 2.77 (0.88-8.78) 0.384 0.20 (0.04-0.91) 0.67 (0.24-1.88) 2.34 (1.12-4.90) 0.023
75 VNTR
Non-2R/non-2R  1.00 (ref.) 1.75 (0.74—4.16)  2.14 (0.92-4.96) 1.00 (ref.) 0.95 (0.56-1.60) 2.04 (1.17-3.55)
2R/non-2R 0.87 (0.24-3.07) 2.38 (0.92-6.18) 1.48 (0.57-3.82) 0.367 0.58 (0.28-1.20) 1.30(0.71-2.39) 1.65(0.90-3.05) 0.769
-+ 2RZR

*Subjects who are both smoker and drinker.

bORs were adjusted for age, sex, body mass index, total energy intake, carotenc intake, vitamin C intake, vitamin E intake, multivitamin use and referral patter to

our hospital,

“Interaction was modeled as a product of smoking/drinking habit (0, non-smoker/non-drinker; 1, smoker/non-drinker or drinker/non-smoker and 2, smoker/drinker)

and genotype in scorc.

{42). Therefore, it is within expectation that the MTHFR 677T allele,

associated with high 5,10-methylene THF concentrations, may have

the potential to protect against squamous/smatl cell carcinomas in
tobacco consumers drinking large amounts of alcohol.

It was previously reported that lung cancer risk is higher with the
MTRR 66AG/GG genotypes than the MTRR 66AA genotype among
former smokers, but this did not extend to never and current smokers
(21). Here, interaction between this gene and smoking habit was
observed. Furthermore, the MTRR GG genotype exhibited a protective
cffect in low:risk subjects (non-smokers/non-drinkers with adequate
folate intake). Several cytogenetic biomarker studics suggested that
some polymorphisms involved in metabolic activation/deactivation or
in DNA repair have been expected 1o be of special importance in
modulating tobacco and alcohol carcinogen effects (43). A recent
study reported a positive association with the modulating cffect of
the MTRR polymorphism on micronucleus frequency in peripheral
blood lymphocytes, one of the cytogenetic markers (44), which is
probably to increase by smoking (45) and drinking (46). The higher
micronucleus frequency recorded in MTRR 66GG genotype with
respect to AG or AA genotype is suggestive of a role of this poly-
morphism in modulation of chromosome stability, so that the find-
ings may be consistent with our results. Further studies on the
underlying mechanisms of the MTRR polymorphism thus appear
warranted.

We found an interaction between the drinking habit and MTHFR
A1298C polymorphisms for lung cancer risk, with decreased risk
among non-drinkers. A Caucasian study showed that the MTHFR
1298CC genotype clevated risk among both drinkers and non-drinkers
but only in women (20). The MTHFR A1298C is associated with
decreased enzymatic activity (37,38) and would be expected to exert
a similar effect to MTHFR C677T, with mutant allcles morc protective
among drinkers (27,39). There is no clear biological explanation for
our results, and we cannot rule out the possibility that our observations
for MTHFR A1298C were due to chance. Replication in a future study
is necded.

Several potential limitations of the present study warrant consider-
ation. First, internal validity of this hospital-based study is a potential
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threat to causal inference. We used non-cancer paticnts at our hospital
as controls, given the likelihood that our cases arose within this
population base, but individuals sclected randomly from our coatrol
population were earlier shown to be similar to the general population
in terms of the exposure of interest (47). Equivalence in the genotype
distribution for the MTHFR C677T polymorphism between our
controls and the general population has also been reported (48). To
account for variation between cascs and controls, we adjusted for
referral pattern to our hospital. Second, as with other case~control
sindies, this study may suffer from recall bias. Although the question-
naires were completed before the diagnosis in our hospital, in some
cases, patients referred from other institutions might have known the
diagnosis. Third, we used a self-administered guestionnaire to evalu-
ate the nutrients intake, including folate. Data obtained from FFQ may
not reflect intake as accurately as those from other methods, such as
biological markers. We could not find any association with intake of
vitamin C and E or folate for lung cauncer risk, contrasting with our
previous demonstration using the same population of protective ef-
fects of vegetables and fruits (4). The estimation of consumption by
FFQ may be one possible explanation for this apparent anomaly.
However, the reproducibility and validity of the FFQ were acceptable
(28). We could not consider consumption of folate from supplements
in total consumption, but the proportion of user with folate supple-
ment is very low in Japan (0.1%) (49). Lastly, the limited number of
cases, especially in subanalysis, is another factor and replication of
our findings in a larger study is warrantcd.

In conclusion, we obscrved significant associations between
MTHFR C677T and combincd MTHFR C677T/A1298C polymor-
phisms and squamous/small cell carcinoma risk among heavy
sinokers and drinkers. Moreover, interactions between M7RR poly-
morphisms and smoking as well as the MTHFR A1298C polymor-
phism and alcohol consumption werc also suggested. Our results thus
support the hypothesis that folate metabolism-related gene polymor-
phisms may play a role in the genesis of lung cancer in combination
with environmental factors. Replication in large epidemiological
studies as well as studies of the mechanisms of the metabolisms is
10 be recommended.
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The usual primary endpoint in clinical trials for first-line chemo-
therapy in advanced non-small cell lung cancer is overall survival.
Second-line chemotherapy can also prolong overall survival. Non-
smoking history has been associated with a treatment effect for
epidermal growth factor receptor-tyrosine kinase inhibitor (EGFR-
TKI1) versus placebo for overall survival. We performed a retrospective
analysis to identify prognostic factors for progression-free survival
and overali survival in patients with advanced non-small cell lung
cancer treated with first-line carboplatin/paclitaxel, and to examine
the effect of second-line therapy on progression-free survival and
overall survival. Ninety-eight patients (median age 61 years, 35 female,
74 adenocarcinoma, 68 smokers, 56 performance status 0) fulfilled
our criteria, of which 75 patients (78%) received more than second-
fine therapy (docetaxel [54%] gefitinib [48%] erlotinib [4%]). For
overall survival, smoking history and histology were significant
prognostic factors. The 2-year overall survival rates were as follows:
smokers, 17%; non-smokers, 52%, P < 0.0001; adenocarcinoma,
40%; other 15%, P =0.0017. Multivariate analysis in patients who
received second-line therapy showed treatment with EGFR-TKI was
an independent predictor of overall survival, Smoking history and
adenocarcinoma histology were prognostic factors for animproved
outcome with carboplatin/paclitaxel in patients with non-small
cell lung cancer. Our study results suggest that the use of EGFR-TKI
after first-line treatment may be associated with an improvementin
overall survival. (Cancer Sci 2007; 98; 226-230)

Lung cancer is the malignant tumor with the highest mortality
rates in the world.!? Approximately 80% of all lung cancer
cases are non-small cell lung cancer (NSCLC) and patients with
postoperative recurrence or advanced NSCLC may be treated
with systemic chemotherapy. Platinum-based chemotherapy is
widely used as first-line treatment. Various combination regimens
are available ~ the Four-Arm Cooperative Study (FACS) con-

ducted-inJapan between October 2000-and-June 2002 did not

demonstrate any superiority of three experimental platinum-
based regimens (cisplatin/gemcitabine, cisplatin/vinorelbine
and carboplatin/paclitaxel) compared with the reference arm of
cisplatinfirinotecan.® However, due (o its good tolerability, ease
of use and experience in Western countries, carboplatin/paclitaxel
is currently the standard first-line chemotherapy for NSCLC
in Japan.

Docetaxel has been widely used as second-line therapy for
NSCLC in Japan. However, since its approval in Juty 2002, the
use of gefitinib JRESSA), an epidermal growth factor receptor
tyrosine kinase inhibitor (EGFR-TXKI), has been increasing
each year. Erlotinib, another EGFR-TKI, which is approved
in a number of Western markets has also been used in clinical
registration trials in some Japanese medical institutions.
Gefitinib was the first molecular targeted agent to be approved for
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the treatment of NSCLC in Japan. Two intemnational cooperative
Phase I studies (IRESSA Dose Evaluation in Advanced Lung
Cancer Trial: IDEAL1 and 2) demonstrated efficacy (response
rates, 12.0-18.9%) and favorable tolerability of gefitinib in the
treatment of NSCLC after failure of platinum-based chemo-
therapy.®® Furthermore, the results of subset analyses of IDEAL1
indicated that the patient characteristics of Japanese nationality,
female gender and adenocarcinoma histology were associated
with longer overall survivai (OS).“

In a placebo-controlled Phase III study (BR21) erlotinib
significantly prolonged OS compared with placebo in patients
with previously treated NSCLC.®® A similar Phase III study
(IRESSA Survival Evaluation in Lung Cancer [ISEL)) of gefitinib
in refractory, advanced NSCLC showed an improvement in
survival compared with placebo in the overall study population,
which did not reach statistical significance.” However, in a
subset analysis, statistically significantly longer survival was
demonstrated in patients of Asian origin and in patients who had
never smoked.”” With the availability of new second-line anti-
cancer agents such as gefitinib and erlotinib, it is necessary to
consider more fully the influence of second-line treatment on
evaluation of OS following standard first-line treatment. Since
the opening of our department in October 2002, carboplatin/
paclitaxel has been used as the standard first-line therapy for
NSCLC, while the use of gefitinib as second-line therapy is
increasing each year. In this study we performed retrospective
analyses of data from patients who had received carboplatin/
paclitaxel, in order to identify prognostic variables affecting
OS and progession-free survival (PFS), and also to determine
the contribution of second-line and subsequent treatment to
prolongation of OS.

Patients and Methods

- -Patients: This retrospective study recruited-patients-with NSGLG -~ -

who had received chemotherapy at the Thoracic Oncology
Division, Shizuoka Cancer Center, Japan, between October 2002
and September 2005. Patients met all of the following criteria:¥
clinical stage TIIB or IV;® patients were administered carboplatin
area under the curve (AUC) 6 + paclitaxel 200 mg/m? as first-line
chemotherapy; and® performance status (PS) 0 or 1.

Target patients were identified in our electronically controlled
clinical database and the following information extracted from
their data:™" patient demographics at the start of first-line chem-
otherapy (age, gender, smoking history, histology, stage),®
objective tumor response;®™ time to disease progression;® OS;
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and second-line and subsequent chemotherapy regimens.® The
tumor response was evaluated according to Response Evaluation
Criteria in Solid Tumors (RECIST) using existing images and
graded as complete response, partial response, stable disease,
progressive disease or not evaluable.

Treatment. Patients received carboplatin and paclitaxel as
first-line chemotherapy. Patients received paclitaxel 200 mg/m?
as a 3-h intravenous infusion, followed by carboplatin AUC 6
(Calvert’s setting) as a 1-h infusion on Day 1. Courses of treat-
ment were repeated every 3 or 4 weeks for 4-6 cycles, until
disease progression or severe toxicity. When a patient developed
National Cancer Institute Common Toxicity Criteria (NCI-CTC)
grade 3 non-hematological toxicity (except nausea and anorexia)
after the start of treatment, the dose was reduced to carboplatin
AUC 5 + paclitaxel 150 mg/m?.

Statistical analysis. Kaplan-Meier plots were prepared for OS
and PFS and median values were calculated. OS was measured
from the first day of first-line treatment to the day of death
or the day last seen alive (cut-off). PES was measured from
the first day of first-line treatment to the earliest observation of
documented progressive disease, or the day of death if the patient
dicd before observation of progressive disease. Univariate and
multivariate analyses were performed for OS and PFS stratified
by baseline factors. To identify factors influencing PES and OS,
multivariate analysis was performed with covariates including
disease stage (IIB versus IV), histology (adenocarcinoma versus
other), smoking history (non-smoker versus smoker), gender
{female versus male) and PS (0 versus 1). Multivariate analysis
was performed by the stepwise regression method using a Cox
proportional hazards model. To evaluate potential interaction
between clinical variables such as smoking history or histology
and EGFR-TKI treatment, patients who received second-line
therapy were included in subsequent exploratory Cox analysis
in which non-smokers and adnocarcinoma patients were
divided by EGFR-TKI treatment, with smokers and nonadno-
carcinoma patients set as references, respectively. Statistical
analyses for this study were conducted using the Stat View software
statistical tool.

Results

Patient characteristics. In total, 98 patients met the eligibility
criteria and their demographic data are presented in Table 1. The
majority of patients were male (64%), had a smoking history
(69%), adenocarcinoma histology (76%), stage IV disease (70%)
and PS 0 (57%). The median duration of first-line carboplatin/
paclitaxel therapy was 3 cycles (range, 1-6 cycles). The median
follow-up time was 24.8 months (range: 4.2-43.9). 57 patients
died. 41 patients were still alive.

Table 3. Efficacy among patient subgroups: Cox regression analysis

Table 1. Patient demographics (n =98)

Gender n (%)

Male 63 (64)

Female . 35 (36)

Median (range) age, years 61 (34-78)
ECOG PS, n (%)

0 56 (57)

1 42 (43)
Smoking history, n (%)

Smoker 68 (69)

Non-smoker 30 (31)
Histology, n (%)

Adenocarcinoma 74 (76)

Other 24 (28)
Stage, n (%)

118 29 (30)

v 69 (70)

ECOG, European Cooperative Oncology Group; PS, performance status.

Table 2. Best overall objective response, n (%)

By histology

Total population

Adenocarcinoma Other

(n=198)
{n=174) (n=24)
Partial response 20 (20) 15 (20) 5 (21)
Stable disease 53 (54) 42 (57) 11 (46)
Progressive disease 25 (26) 17 (23) 8 (33)

Efficacy. The overall response rate to first-line carboplatin/
paclitaxel therapy was 20% (20/98), with outcomes similar in
patients with adenocarcinoma and other histological subtypes
(20% versus 21%, respectively) (Table 2). In the overall popul-
ation, median PFS was 4.8 months and median OS 16.5 months,
with a 1-year survival rate of 64%.

For PFS, only disease stage was a significant prognostic
factor (Table 3). For OS, histology, smoking history and PS were
significant prognostic factors (Table 3).

Multivariate analyses assessing the effects of histology and
smoking history on PFS and OS were performed. No significant
difference was observed for PFS between adenocarcinoma
versus other histology (P =0.40; Fig. 1) or non-smokers versus
smokers (P = 0.22; Fig. 2). In contrast, OS differed significantly
between adenocarcinoma versus other histology (P = 0.0017)

PFS 0s
Factor Variable P-vatue P-value
HR (95% CI) HR (35% CI)

Histology Adenocarcinoma versus other 0.2045 0.0020

~- 0.410 {0.233-0.723)
Smoking Non-smoker versus smoker 0.1351 <0.0001

- 0.222 (0.108-0.450)
Gender Female versus male 0.2206 0.2691
PS 0 versus 1 0.9575 - 0.0109

- : 0.499 (0.292-0.852)
Stage B versus IV 0.0074 0.2024

0.536 (0.339-0.847) -

PFS, progression-free survival; 0S, overall survival; HR, hazard ratio; Cl, confidence interval; NS, not significant; PS, performance status.
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