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tissue and cell lines showed high cytoplasmic
expression of caspase-3 and very low expression of
cleaved caspase-3. We only found a positive corre-
lation between AI and cleaved caspase-3 expres-
sion in mesothelioma tissue. Soini et al reported
high expression of caspase-3 but no association was
found between apoptotic index and caspase-3 immu-
noreactivity in mesothelioma!®. They used an anti-
caspase-3 antibody that detects both inactive 32 kD
pro-enzyme and the active 17 kD fragment!®. Our
result using cleaved caspase-3 is more specific and,
therefore, we found a positive correlation of Al to
cleaved caspase-3 expression.

Mesothelioma tissue and cell lines showed high
cytoplasmic expression of bax and low cytoplasmic
expression of bcl-2. This result is similar to a pre-
viously published study of mesothelioma!®, The
previous report found no significant difference in
becl-2 mRNA expression between mesothelioma and
normal pleural tissue?, and suggested that apopto-
sis in mesothelioma has no direct relation to bax or
bel-2 expression. Survivin is the smallest protein
among the IAPs®, and it directly inhibits activation
of caspase-3% 11, In the present study, mesothelio-
ma tissue and cell lines showed high cytoplasmic
expression of survivin. The immunohistochemi-
cal expression of survivin is reinforced by mRNA
expression by real time RT-PCR and protein expres-
sion by western blot. Falleni et al. have reported
high expression of survivin mRNA in mesothelioma
tissue compared to corresponding normal tissue®.

In conclusion, apoptosis is an uncommon event
in mesotheliomas. Although apoptosis-inducing
proteins such as bax and caspase-3 were highly
expressed in mesothelioma tissue and cell line, the
expression of cleaved caspase-3 indicated that low
activation of caspase-3 was responsible for the inhi-
bition of apoptosis. Furthermore, high expression
of survivin, a known inhibitor of caspases, may also
play a role in the inhibition of apoptosis in mesothe-
lioma.
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Estrogen has been indicated to play an etiological role in the de-
velopment of lung adenocarcinoma (ADC), particularly bronchio-
loalveolar carcinoma (BAC), a type of ADC that develops from
a benign adenomatous lesion, atypical adenomatous hyperplasia
(AAH). Polymorphisms in the CYPI9AT gene cause interindivid-
uval differences in estrogen levels. Here, 13 CYPI9AI single-
nucleotide polymorphisms (SNPs) were examined for associations
with lung AAH risk. AAH is detected as ground-glass opacity
(GGO) by computed tomography (CT) examination, and this
study consisted of 100 individuals diagnesed with GGO in their
lungs among 3088 CT-based cancer screening examinees and 424
without. Minor allele carriers for the rs3764221 SNP showed an
elevated risk for GGO [odds ratio (OR) = 1.72, P = 0.017]. As-
sociations of this SNP with risks for lJung AAH and BAC in the
lungs were next examined using 359 ADC cases whose resected
lung lobes were subjected to a histological examination for AAH
accompaniment and the presence of BAC components and 330
controls without cancer. The ORs were also increased for lung
ADC accompanied by AAH (OR = L74, P = 0.029) as well as
lung ADC with BAC components (OR = 141, P = 0.091). The
minor allele was associated with an increased circulating estradiol
level (P = 0.079) in a population of 363 postmenopausal women

without cancer. These results indicate that CYPI9AI polymor-

phisms are involved in the risk for lung AAH and BAC in the
lungs by causing differences in estrogen levels.

Abbreviations: AAH, atypical adenomatous hyperplasia; ADC, adenocarci-
noma: BAC, bronchioloalveolar carcinoma; CI, confidence interval; CT, com-
puted tomography; ER, estrogen receptor; GGO, ground-glass opacity: HWE,
Hardy-Weinberg equilibrium; LD, linkage disequilibrium; OR, odds ratio;
SNP, single-nucleotide polymorphism; SQC, squamous cell carcinoma.

Introduction

Adenocarcinoma (ADC) is the commonest histological type of lung
cancer, comprising ~40% of lung cancer cases, among European,
North American and Asian countries and is increasing in incidence
(1). Development of ADC is more weakly associated with smoking
than those of two other major histological types of lung cancer, squa-
mous cell carcinoma (SQC) and small-cell lung carcinoma. Thus,
effective ways of preventing ADC are being searched for. Recent
studies indicate that estrogen plays a role in the growth of lung
ADC cells (2,3). Estrogen receptor (ER) B is expressed in bronchiolar
epithelial cells (4). ERP expression was detected in >75% of lung
ADC being more frequent than SQC and small-cell lung carcinoma,
and the expression was preferentially observed in bronchioloalveolar
carcinoma (BAC) (4), a differentiated type of lung ADC developed in
the peripheral lung (5). ERp expression was also detected in atypical
adenomatous hyperplasia (AAH) (4), a possible precancerous lesion
for BAC (6). Growth of lung ADC cells with ERf expression was
enhanced by estrogen, whereas it was suppressed by antagonizing
estrogen (2,4). Therefore, estrogen is probably to play an essential
role in the growth of lung ADC cells. In fact, an ER antagonist,
fulvestrant, is being examined for its utility in the treatment of lung
ADC (7).

Estrogen treatment significantly increased the developmeat of ad-
enoma and ADC in the Iungs of ovariectomized female and male
mice, therefore, estrogen is a risk factor for the development of lung
ADC in mice (8). In a cohort study of 44 667 lifelong never-smoking
women in Japan, women of either early age menarche or late age
menopause showed significant increase in the risk for lung cancer,
and involvement of the use of hormone replacement therapy in the
risk for lung cancer of postmenopausal women was also suggested
(9). Since ADC comprised >85% of lung cancer cases in this study,
estrogen is a candidate risk factor for lung ADC also in the human.
However, the involvement of endogenous and exogenous estrogen in
the etiology of lung cancer of women has been inconsistent in other
populations (10-18). In addition, the significance of estrogen on lung
cancer risk of men has not been reported to our knowledge, although
men have similar levels of circulating estrogen to postmenopausal
women (19) and ERP expression was detected in lung ADC both of
men and women (4,20). Therefore, estrogen is a possible target for
prevention of lung ADC, and the significance of estrogen on its eti-
ology should be further investigated.

Polymorphisms in_genes involved in estrogen metabolism have
been suggested to be associated with circulating estrogen levels
(19). Particularly, polymorphisms in the CYPJ9AI gene, encoding
an aromatase responsible for the final step in the biosynthesis of
estrogens, estradiol (E2) and estrone (E1) (21), have been most inten-
sively investigated (22). A tandem repeat polymorphism, (TTTA)n, in
intron 4 and a single-nucleotide polymorphism (SNP), rs10046, in the
3’-untranslated region of exon 10 were reported to be associated with
circulating estrogen levels in postmenopausal women (23,24). The
tandem repeat polymorphism was also associated with circulating
estrogen levels in men (25). Recently, by a large-scale association
study, in which >3000 postmenopausal women of European descent
were analyzed for 103 SNPs dispersed in the CYPI9AI gene, SNPs
located in the 3’ region (i.e. exons 2~10) of the CYPI9A1 gene, such
as rs10046 and four other SNPs (marked by blue lines in Figure 1),
were defined as most strongly associated with serum E2 and E1 levels
(26). Therefore, it was indicated that polymorphisms in the 3’ region
of the CYP19A1 gene are responsible for interindividual differences in
circulating estrogen levels. On the other hand, in a recent association
study involving 1068 men from Sweden and 2568 men from the USA.
SNPs in the 3’ region of the CYPI9A! gene, including rs10046, also
showed associations with serum E2 and El levels in men (19).
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Fig. 1. Association of 13 SNPs in the CYPI9A1 gene with GGO risk. The top
panel shows association results by trend test for SNPs and the location of
SNPs. Black lozenges depict the results for risks for GGO. The bottom panel
shows the LD structure in 424 control subj Boxes arc shaded according
to the pair-wise D' values.

However, the rs2470152 SNP located in intron 1 of the CYPI9AT gene
(marked by a green line in Figure 1) showed a stronger association
than the SNPs in the 3’ region (19). Therefore, it was indicated that
polymorphisms in intron 1 of the CYP19AI gene also affect the es-
trogen levels. Since the rs2470152 SNP was not examined in the
association study above in postmenopausal women (26), polymor-
phisms responsible for estrogen levels remain unclear. However, these
studies strongly indicate that CYPI9AI polymorphisms are a critical
determinant of interindividual differences in the serum estrogen levels
both in men and women.

We investigated here the significance of CYPI9AI SNPs on risks
for AAH and ADC by conducting four independent association stud-
ies to further obtain information on estrogen in the etiology of lung
ADC. (i) AAH in the lungs is detected as a ground-glass opacity
(GGO) by helical computed tomography (CT) examination (6,27—
30). Therefore, the first study was to examine association of CYPI19A1
SNPs with GGO risk in the lungs among examinees admitted to
a single cancer screening center. This study consisted of 100 cancer
screening examinees diagnosed with GGOs by a thin-section (high
resolution) CT examination among 3088 examinees and 424 exam-
inees without GGO who were matched to the GGO cases in sex and
age categories. (ii) AAH is an incidental histologic finding detected in
16-35% of lungs bearing primary lung ADC (6,31). Therefore, the
second study was to examine association of CYPI9AI SNPs with the
risk for ADC accompanied with AAH(s) in the lungs among patients
admitted to hospital. This study consisted of 81 cases diagnosed with
lung ADC accompanied with AAH(s) among 359 lung ADC cases

who received lobectomy followed by a histological examination of -

resected lobes serially sliced at intervals of 5 mm and 330 controls
without cancer. (iii) AAH has been considered as a precancerous
lesion that particularly develops to BAC, a type of ADC. Therefore,
the third study was to examine association with risk for BAC. This
study consisted of 151 cases diagnosed with lung ADC containing
BAC components among 172 cases diagnosed with small-sized ADC,
which include BAC as the majority, and 330 controls without cancer.

CYPI9A1 polymorphism and lung ADC risk

Table L. Study subjects

Set Subject Category All Male (%) Age Smoker (%)
(mean = SD)
GGO Case 100 45(@45) 579 37(37)
Control 424 194 (46) 57+9 197 (46)
Lung ADC Case  All 359 193(54) 599 187 (52)
AAH accompaniment
Present 81 39(48) 607 42 (52)
Absent 278 154 (55) 58+9 145 (52)
BAC components
Present 151 70(46) 59x8 66 (44)
Absent 21 11(52) 61=x11 8(38)
Control 330 186(56) 62x=11 154 (47)

(iv) Finally, CYPI9A1 SNPs that were associated with GGO, AAH
and BAC risks were examined for association with circulating estro-
gen levels of 363 postmenopausal women without cancer.

Subjects and methods

Subjects for association study on GGO risk

Study subjects were Japanese and consisted of examinees who underwent
helical CT examination of the lungs from 2005-07 as a cancer screening pro-
gram provided by the Research Center for Cancer Prevention and Screening of
the National Cancer Center, Japan. Details of the screening program have been
described elsewhere (32). All examinees gave written informed consent to
allow their data and materials collected through the screening program to be
used for the purpose of medical rescarch. The study protocol was approved by
the institutional review board of the National Cancer Center, Tokyo, Japan.
Eligible examinees were individuals who underwent helical CT examination of
the lungs. Details of the CT screening method were described previously (33).
Examinees diagnosed with lung cancer or with a history of malignancies were
considered incligible. In a consecutive series of 3088 examinees aged from
40 to 79, 2822 fulfilled the necessary conditions above. One bundred and
five examinees were defined as GGO cases because they had at least one
GGO >5 mm in diameter by a screening CT examination followed by valida-
tion by a thin-section (high resolution) CT examination. Four hundred and
forty cxaminees were chosen as control subjects from examinees without
GGO by frequency matching to these GGO cases in sex and four age categories
(ages 40-49, 50-59, 60-69 and 70-79 years). Genomic DNAs were available
for 100 cases and 424 Is of these subjects for this study (the GGO set,
Table I). One hondred and two examinees were chosen by a simple random
sampling method from 512 examinees diagnosed as having at least one GGO
<5 mm in diameter by screening and/or high-resolution CT examinations and
were examined as a population containing GGO cases as a subsct.

Before undergoing the screening program, examinees completed a self-
administered questionnaire concerning medical history and lifestyle character-
istics, including smoking habit. The composition of the questionnaire has been
detailed clsewhere (32,34). The questionnaire inquired about smoking habits
by first determining smoking staws (current, former and never) and then
expressing lifetime exposure to cigarette smoking among current- and former-
smokers by pack-years, with one pack-year defined as the smoking of 20
cigarettes cvery day for 1 year Both current- and former-smokers were
expressed as smokers in this study.

Subjects for association study on lung ADC risk
All 359 cases and 330 controls were Japanese and were admissions to the
National Cancer Center Hospital from 1999 1o 2004. Cases were admissions
who were diagnosed with lung ADC by histological examinations according to
World Health Organization classification (5) and reccived lobectomies at
National Cancer Center Hospital. Controls were admissions who were not
diagnosed with lung cancers and had no history of cancers (the lung ADC
set, Table I). They were individuals who had been suspected to carry lung or
gastric cancer in other hospitals and were not diagnosed with these cancers in
National Cancer Center Hospital by CT, endoscope examinations, etc. All
cases and controls, from whom informed consent as well as blood samples
were obtained, were consecutively included in this study without any exclusion
criteria. The participation rate was nearly 80%. From each individual, 2 20 ml
whole-blood sample was obtained.

All 359 ADC cases were subjected to pathological search for AAH in the
resected lobes as described (35). Briefly, resected lungs were inflated with 10%
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formalin through bronchial cut ends, and after fixation for a few days were
serially sliced at intervals of 5 mm, and each cut surface was macroscopically
examined. Sliced lungs containing a lesion(s) suspected for AAH were further
examined microscopically. Even in cases without macroscopic lesions, at least
one tissue block was prepared from all sliced lungs and subjected to micro-
scopic examination. The criteria for AAH were as follows and as described.
previously (36,37): (i) a localized lesion with well-defined boundaries; (ii) an
alveolar wall slightly thickened with mild infiltration of inflammatory cells but
without scar formation; (iii) proliferating atypical epithelial cells abutting each
other but not as compact as in ADC; (iv) atypical epithelial cells that were
cuboidal to low columnar or peg-shaped in appearance, resembling either type
Il pneumocytes or non-ciliated bronchiolar epithelial cells (Clara cells) and (v)
the presence of some atypical cells with two or more muclei, most of which had
relatively smaller and smoother contours than those of ADC. These criteria are
compatible with those described in the reference of World Health Organization
classification of lung tumors as a proposal (6). In the lobes, AAH lesions were
detected in 81 cases (23%), whereas no AAH lesion was detected in the
remaining 278 cases (77%) (Table I). The 359 ADC cases included 172 cases
of small-sized ADC (i.e. <2 cm in maximum diameter), and the information
on the presence of BAC components in the tumor was available (Table I). One
hundred and fifty-one cases (87%) contained BAC components in the tumor,
whereas the remaining 21 cases (13%) did not.

The study protocol was approved by the institutional review board of the
National Cancer Center, Tokyo, Japan. Smoking histories of the case and
control subjects were obtained via interview using a questionnaire. The
definitions of never-smokers and smokers are described above.

Subjects for iation with estrogen levels

Postmenopansal women who participated as controls in multicenter hospital-
based case~control studies of breast cancer (38-40) were analyzed in the
present study. This study was designed to determine lifestyle factors and
genetic susceptibility to the risk for breast cancer and to compare potential
risk factors among Japanese living in Nagano, Japan and Japanese Brazilians
and non-Japanese Brazilians living in S3o Paulo, Brazil. Written informed
consent was obtained from all these subjects. This study was approved by
Comissio Nacional de Etica em Pesquisa (CONEP, National Committee of
Ethics in Research), Brasilia, Brazil and by the institutional review board of the
National Cancer Center, Tokyo, Japan.

Estrogen (E2 and El) levels in serum for Nagano and in plasma for Sio
Paulo were determined by radioimmunoassay by Mitsubishi Kagaku Bio-
Clinical Laboratories (Tokyo, Japan). Both the hormone levels and genomic
DNA from peripheral blood cells of 185 Japanese, 44 Japanese Brazilians and
134 non-Japanese Brazilians were available for the present study.

SNP analysis

Genomic DNA was extracted from whole-blood cells using a Blood Maxi
Kit (QIAGEN, Tokyo, Japan) according to the supplier’s instructions. Thirteen
SNPs located in the CYPI9A1 gene were selected. Five SNPs, rs4646, rs10046,
152414096, 15727479 and rs1008805, were chosen since sigrificant associa-
tions with serum estrogen levels of postmenopausal women were reported (26).
12470152 was chosen since a significant association with serum estrogen
levels of men was reported (19). The other seven SNPs were chosen based
on the fact that their minor allele frequencies in the Japanese population
were >0.1 in the GEMDBJ SNP database (https://gemdbj.nibio.go.jp/dgdb/).
Genotyping of GGO set subjects for six SNPs, rs4646, rs10046, rs2414096,
rs727479, 11008805 and rs3764221 was performed by the Goldengate assay
(Ilumina, San Diego, CA) and that for the remaining seven SNPs was per-
formed by the Tagman assay (Applied Biosystems, Foster City, CA) according
to the supplier’s instructions. Genotyping of lung ADC set subjects for the
153764221 SNP and genolyping of the subjects for association of the
rs3764221 and rs10046 SNPs with serum estrogen levels was performed by
the Taqman assay.

Statistical analyses .
A Hardy~Weinberg equilibium (HWE) test was performed using the
SNPAlyze version 3 software (DYNACOM, Chiba, Japan), and SNPs with
a P value for deviation >0.05 were considered to be in HWE. Calculation
of the D’ and R® values between SNPs was performed by the expectation—
maximization algorithm using the SNPAlyze version 3 software.
Associations of 13 SNPs in the CYPI9A! gene with GGO risk were exam-
ined by a trend test adjusted for gender, age (<49, 50-59, 60-69 and >70) and
smoking (never-smoker versus smoker). Associations of the rs3764221 SNP
with GGO and ADC risks were digitized as odds ratios (ORs) adjusted for
gender, age (49, 50-59, 60-69 and 70-) and smoking (never-smoker versos
smoker) with 95% confidence intervals (Cls) by uncouditional logistic regres-
sion analysis (41). ORs for ADC risk according to the accompaniment of AAH
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were assessed by the multinomial logistic regression model. These analyses
were performed using the JMP version 6.0 software (SAS Institute, Cary, NC).
Linear trends for estrogen levels according to increases in the number of minor
alleles for the 13764221 and rs10046 SNPs were tested in 2 multivariate re-
gression model using SAS software version 9.1 (SAS Institute). Variables nsed
for adjustment in each test are described in the footnotes to Tables IT and III.
Alevel of P < 0.05 in a test was judged as significant and that of 0.05 < P < 0.1
was judged as marginal.

Results "

Association of a CYP19 SNP with lung GGO risk

Thirteen SNPs dispersed in the CYPI9A1 gene region were examined
for association with GGO risk in a case~control study that consisted of
100 examinees with GGO and 424 without (GGO set in Table I). All
13 SNPs were in HWE both in cases and controls. Significant asso-
ciation with GGO risk was observed for an SNP, rs3764221, located in
intron 1 of the CYPI9AI gene (P by trend test = 0.0085) (Figure 1;
supplementary Table I is available at Carcinogenesis Online).

Five SNPs associated with estrogen levels in postmenopausal
women of Enropean descent (indicated by blue lines in Figure 1) were
in strong linkage disequilibrium (LD) with each other (D' = 0.85-
1.0) as reported (26). These five SNPs also showed LD with
153764221 (D' = 0.75-0.92), however, none of them showed signif-
icant associations with GGO risk (supplementary Table I is available
at Carcinogenesis Online). The rs2470152 SNP associated with es-
trogen levels in men from Sweden and the USA (indicated by a green
line in Figure 1) were in a complete LD (D' = 1.0) with rs3764221,
and this SNP showed a marginal association (P = 0.076) with GGO
risk (supplementary Table I is available at Carcinogenesis Online).

Heterozygotes and homozygotes for the minor allele of the
rs3764221 SNP showed increased ORs for the GGO risk (Table II),
and the increase in the homozygotes was statistically significant.
The OR in the dominant mode (C/T 4 T/T versus C/C) also

Table II. Association of CYP19A1 (rs3764221) genotypes with lung
ADC risk

Category Genotype Control, N (%) Case, N (%) OR*(95% Cl) P

GGO c/IC 262 (62) 47 (47 Reference
aT 138 (33) 42 (42) 1.59 (0.99-2.56) 0.057
T 24 (6) 1an 247 (1.09-528) 0.030
Dominant 1.72 (1.10-2.70) 0.017
Recessive 2.03 (0.92-4.23) 0.077
ADC c/iC 187 (57) 184 (51) Reference
cT 123 (37) 145 (40) 1.21 (0.88-1.67) 0.24
T/T 20 (6) 30(8) 1.47 (0.80-2.77) 0.22
Dominant 1.25 (0.92-1.70) 0.16
Recessive 1.37 (0.76-2.53) 0.30
AAH accompaniment’
Present C/C 35 (43) Reference
crT 38 (47 1.69 (1.01-2.85) 0.047
T/T 8(10) 2.05 (0.794.93) 0.12
Dominant 1.74 (1.06-2.86) 0.029
Recessive 1.66 (0.66-3.82) 0.26
Absent C/C 149 (54) Reference
CIT 107 (38)  1.10(0.78-1.55) 0.60
TT 22(8) 1.33 (0.68-2.60) 0.40
Dominant 1.13 (0.81-1.57) 046
Recessive 1.29 (0.68-2.47) 0.44
BAC components
Present C/C 72 (48) Reference
T 64 (42) 1.34 (0.88-2.03) 0.17
/T 15 (10) 1.87 (0.88-3.90) 0.10
Dominant 141 (0.95-2.09) 0.091
Recessive 1.65 (0.80-3.35) 0.17

*Adjusted for age, sex and smoking.
*ORs according to the accompaniment of AAH were assessed by the

™ ial logistic

o

model.
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showed a statistically significant increase [OR = 1.72 (1.10-2.70)
P = 0.017] (Table II; supplementary Figure 1 is available at Carci-
nogenesis Online). The OR in the dominant mode was also calculated
against 102 examinees with GGO < 5 mm in diameter by screening
and/or high-resolution CT examinations. An increase in OR in the
dominant mode was also observed [OR = 1.42 (0.90-2.23)]; how-
ever, the increase did not reach a statistical significance (P = 0.13).

Association of a CYP19 SNP with lung ADC risk

Association of the rs3764221 SNP with lung ADC risk was examined
in a case—control study consisting of 359 lung ADC cases and 330
controls (Lung ADC set in Table I). This SNP was in HWE both in
cases and controls. ORs of heterozygotes and homozygotes for the
minor allele and those in both the dominant and recessive modes for
the lung ADC risk were increased; however, the increases were not
statistically significant (Table II; supplementary Figure 1 is available
at Carcinogenesis Online).

All 359 lung ADC cases were informative for the presence of AAH
in the lung lobe with primary ADC (Table I). Eighty-one (23%) cases
had AAHs with primary ADC, consistent with previous reports that
AAHs were detected in 16-35% of lungs with primary ADC (6,31).
The ORs of heterozygotes and homozygotes for the minor allele and
those in the dominant and recessive modes were higher for the risk for
ADC with AAH than for ADC without AAH, although their 95% CIs
overlapped (Table II; supplementary Figure 1 is available at Carcino-
genesis Online). ORs of hetrozygotes and in the dominant mode for
the risk for ADC with AAH were statistically significant.

Among the 359 cases, 172 cases had small-sized ADC (i.e. <2cm
in maximum diameter) and were informative whether their tumors
contained BAC components or not (Table I). Tumors of 151 cases
were diagnosed as containing BAC components. The ORs of
heterozygotes and homozygotes for the minor allele and those in
the dominant and recessive modes were higher for ADC with BAC
components than for overall ADC, although their 95% CIs overlapped
(Table II; supplementary Figure 1 is available at Carcinogenesis
Online). ORs in the dominant mode for the risk for ADC with BAC
components were marginally significant. The number of ADC cases
without BAC components was small; therefore, ORs for ADC without
BAC components were not calculated.

Association of the rs3764221 SNP with estrogen level

Association of the rs3764221 SNP with GGO and ADC risks promp-
ted us to examine whether this SNP is associated with estrogen levels
or not. For this purpose, we examined the allele distribution of this
SNP in 363 postmenopausal women, consisting of 185 Japanese, 44

CYP19A1 polymorphism and lung ADC risk

Japanese Brazilians and 134 non-Japanese Brazilians, whose infor-
mation on circulating E2 and E1 levels was available (38-40). We also
examined the allele distribution of the rs10046 SNP because the E2
and El levels in heterozygotes and homozygotes for the minor allele

" had been shown previously to be significantly higher than those in

major allele homozygotes (Caucasian in Table IIT) (26). Heterozy-
gotes and homozygotes for the minor allele for the 153764221 SNP
in all subjects showed higher E2 and E1 levels as for rs10046 in the
previous report (Table ITI) (26). The increase in the E2 level according
to increases in the number of minor alleles in all subjects was mar-
ginally significant (P = 0.078), whereas that in the E1 level was not
significant. Heterozygotes and homozygotes for Japanese subjects
also showed higher E2 and E1 levels, although the differences were
not statistically significant. On the other hand, heterozygotes and
homozygotes for the minor allele for the rs10046 SNP showed only
slightly increased levels of E1 and E2 in this study population.

Discussion

In this study, the rs3764221 SNP in the CYPJ9A1 gene was shown to
be associated with risk for GGO (Table IT). AAHs are usually detected
as GGOs by CT examinations and a subset of these AAHs progress to
ADC, including BAC (28,30,42). Therefore, this SNP was suggested
to be involved in the risk for the development of AAH and also of lung
ADC, particularly of BAC in the lungs. This suggestion was supported
by the following two findings. First, the rs3764221 SNP showed a sig-
nificant association with the risk for ADC accompanied by AAH but
not for ADC not accompanied by AAH (Table II). Second, this SNP
showed a marginal association with the risk for ADC containing BAC
components, and the association in this subset of ADC was more
evident than that in overall lung ADC (Table II). This result is con-
sistent with the concept that AAH is a precancerous lesion of ADC,
preferentially of BAC (5,6,43). The frequency of having AAH in the
lungs has been shown to be considerably higher in ADC patients than
in individuals without cancer (6.31,36,37,44). Therefore, the suscep-
tibility to the development of AAH is probably to be associated with
that of ADC in the Iungs. Thus, the rs3764221 SNP might confer lung
ADC risk by affecting the susceptibility to the development of AAH
that progress to ADC, preferentially BAC.

In the present study, the minor allele for the rs3764221 SNP was
marginally associated with a higher estrogen level in postmenopausal
women. Notably, rs3764221 was in complete LD (D’ = 1) with
rs2470152, whose association with serum estrogen levels in men
had been reported (19). Accordingly, the rs2470152 SNP also showed
a marginally significant association with risk for GGO (Figure 1).

Table III. Association of CYP19A1 SNPs with circulating estrogen levels SNP

Population Genotype No. of subjects Increase in estradiol (E2) P for trend Increase in estrone (E1) P for trend
1s3764221 All cC 220 Ref 0.078% Ref 0.26"
CT 120 +4.8% +1.0%
T 17 +16.0% +13.4%
Japanese CcC 86 Ref 0.11° Ref 0.30°*
CT 86 +6.6% +12%
. T 12 +17.1% +17.0%
rs 10046 All GG 116 Ref 092* Ref 0.36"
i GA 193 +0.04% +11%
AA 54 +0.69% +53%
Japanese -GG 61 Ref 0.83° Ref 043"
GA 93 +0.8% +2.5%
AA 31 —2.3% " 46.1%
Caucasian® GG 835 Ref 29x 10"  Ref 1.1x 1078
GA 1691 +5.7% +5.4%
AA 799 +12.8% +11.7%

“"Adjusted for age, ethnic group, age at menarche, age at menopause. number of births. age at first birth, height. body mass index, smoking, alcohol drinking and

ell;ysical activity in the past 5 years,
ata from Haimann ef al. (26).
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Interestingly, intron 1 of the CYP19AI gene contains 10 tissue specific
promoters, which have been indicated to play regulatory roles in
CYPI9A1 gene expression differentially among diverse tissues
(21,22). 152470152 and rs3764221 SNPs are located, respectively,
in and 3’ to the 1.4 promoter, which enables CYPI9AI expression
in skin, testis and adipose tissues (21,45,46). Therefore, genetic var-
iations in the region spanning these two SNPs might be responsible
for differential CYPI9AI expression among individuals, and this
might cause interindividual differences in estrogen levels. In contrast
to previous reports (26), the rs10046 SNP did not show association
with estrogen levels in the present study. Such an inconsistency might
have come from ethnic differences of subjects examined. Since the
minor allele frequency for the3764221 SNP is considerably lower in
Europeans (<0.05) than in Asians (>0.2) (http://www.ncbi.nlm.nih.
gov/projects/SNP/), this SNP was pot examined in previous
association studies of Europeans (19,26). The rs3764221 SNP is in
LD with SNPs located in the 3" region of the CYPI9AI gene, in-
cluding rs10046, therefore, it is also possible that SNP(s) critical
for estrogen levels is located in this 3’ region.

Interaction of CYPI9A! genotypes with smoking and gender was
also investigated. The ORs for the risks for GGO and lung ADC were
consistently higher in never-smokers than in smokers, although their
95% ClIs overlapped (supplementary Table IT is available at Carcino-
genesis Online). This result went along with the result of meta-analysis
showing that hormone replacement therapy particularly increases
lung ADC risk of never-smokers (10). This stronger association of
CYPI9AI genotypes with GGO and lung ADC risks in never-smokers
than smokers might be due to the anti-estrogenic effect of smoking
(47,48). Smoking has been indicated to be associated with low levels
of estrogen and with decreased risks for estrogen-dependent cancers,
such as endometrial cancers (49-51). On the other hand, risks for
GGO and lung ADC were not consistently associated with gender
(supplementary Table I is available at Carcinogenesis Online);
therefore, the interaction of CYPI9AI genotypes with gender remains
unclear.

The present study proposes that CYPI9AI polymorphisms are in-
volved in the risk for AAH and BAC in the lungs by causing differ-
ences in estrogen levels. Association studies of a single population
among CYPI9AI genotypes, estrogen levels and the risk for AAH and
BAC, by taking gender and smoking into account, will further authen-
ticate the present results. The contribution of CYPI9AI polymor-
phisms to cancer risks has been investigated in estrogen-dependent
cancers, such as ADCs of breast and endometrium. The contribution
has been indicated to be possible but remains inconclusive due to
inconsistent results among studies (22,26,52). Studies of CYPI9A!
polymorphisms on risks for ADCs of a variety of organs, including the
lungs, breast and endometrium, will further elucidate the significance
of these polymorphisms and estrogen levels on cancer risks.

Supplementary material

Supplementary Figure | and Tables [-III can be found at hutp:/
carcin.oxfordjournals.org/
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1. Introduction

ABSTRACT

Background: We investigated whether a stage shift occurs during long-term repeated screening for lung
cancer with low-dose helical computed tomography (LDCT) in a high-risk cohort.
Methods: A total of 2120 subjects (mean age, 63 years; 87% male and 83% smokers) were continuously
recruited and underwent repeated screening with LDCT from 1993 through 2004.
Results: Nineteen lung cancers were detected at baseline examinations (prevalence cancers), and 57 lung
cancers were detected at subsequent examinations (incidence cancers). For both prevalence cancers and
incidence cancers, adenocarcinoma (74% and 63%, respectively), especially invasive adenocarcinoma (42%
and 23%, respectively), was the most common histological diagnosis, and stage IA was the most common
pathological stage (58% and 79%, respectively). The detection rate of incidence cancers other than bronchi-
oloalveolar carcinoma became significantly higher after 5 years of LDCT examinations (r=0.50, P=0.020).
Moreover, both the percentage of cancers of stage II-IV and tumor size became significantly lower for
invasive adenocarcinoma after 5 years of LDCT examinations (r =—0.77, P=0.007 and r=-0.60, P=0.029,
respectively).
Conclusions: Repeated screening for more than 5 years might demonstrate the efficacy of LDCT screening
for lung cancer through an adenocarcinoma-specific stage shift.

© 2009 Elsevier Ireland Ltd. All rights reserved.

X-ray films or sputum cytological examination has failed to reduce
lung-cancer mortality rates in randomized, controlled trials [2-6].

Lung cancer is considered as an appropriate disease for screen-
ing because it is the leading cause of cancer death worldwide,
symptomatic disease is generally lethal, localized disease can be
managed curatively, and high-risk cohorts can be defined on the
basis of tobacco consumption [1]. However, screening with chest

Abbreviations: CT, computed tomography; LDCT, low-dose helical computed
tomography; BAC, bronchioloalveolar cell carcinoma; ALCA, Anti-lung Cancer Asso-
ciation,
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E-mail address: nseki@med.teikyo-w.ac.jp (N. Seki).

0169-5002/5 - see front matter © 2009 Elsevier Ireland Ltd. All rights reserved.
d0ir10.1016/jlungcan.2009.04.016

Low-dose helical computed tomography (LDCT) is a promising
screening method because a higher percentage of asymptomatic,
X-ray-invisible, or stage IA lung cancers (mostly adenocarcinoma)
are found with baseline or repeated computed tomography (CT)
examinations than with conventional screening methods [7-11], In
fact, according to the results of the International Early Lung Cancer
Action Program, the 10-year survival rate for all patients with lung
cancer was 80% regardless of stage or treatment [12]. If the can-
cer was in clinical stage [ and was promptly resected, the 10-year
survival rate was 92%. However, because large, randomized, con-
trolled trials of LDCT screening are still in progress [13,14], whether
LDCT screening reduces lung-cancer mortality rates remains uncer-
tain. Although mortality data are needed to determine whether
LDCT screening is effective, indirect evidence for a possible mor-
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tality reduction can be obtained from a “stage shift,” an increase in
the detection rate of putatively curable early-stage lung cancers and
a concomitant decrease in incurable late-stage cancers, leading to
a decrease in the lung-cancer-specific mortality rate [15], which
can be used as a surrogate endpoint even in a nonrandomized,
uncontrolled trial.

Results of many single-armed, uncontrolled trials of annual
screening with LDCT have been published [12,16-22), However,
none of these trials has documented a stage shift, perhaps because
the number of lung cancers detected with repeated screening was
too small (range, 4-35 cancers) or because the duration of repeated
screening (range, 1-4 years) was too short. Thus, to determine
whether a true stage shift occurs, a longer-term LDCT study with a
larger number of detected lung cancers is required.

Furthermore, studies performed to date have not considered the
effect of histological classification on the stage shift. Recent LDCT
trials suggest that an increase in early-stage lung cancer might
not be accompanied by a decrease in late-stage lung cancer (i.e.,
overdiagnosis) [15] and that the presence of localized bronchi-
oloalveolar cell carcinoma (BAC) and mixed adenocarcinoma with
BAC component might reflect overdiagnosis bias, although adeno-
carcinoma without BAC component behaves as aggressively as do
other non-small cell carcinomas [23).

In the present study, on the basis of an update of the Anti-lung
Cancer Association (ALCA) project [16], we investigated whether a
stage shift occurs when lung cancers are stratified by histological
subtype during long-term repeated LDCT screening for lung cancer
in a high-risk cohort comprising mostly male smokers in their 60s.

2, Patients and methods
2.1. Study population

From September 1993 through August 2004, LDCT screening
was performed semiannually by the ALCA in Tokyo. The ALCA is
a for-profit organization established in 1975 to thoroughly screen
for lung cancer in dues-paying participants. Because the partic-
ipants are continuously recruited from members of the general
population 40 years or older with a history of smoking (>20
pack-years) or a single episode of hemoptysis within the past 6
months, most participants are male smokers in their 60s. Written
informed consent was obtained from each participant at baseline
CT screening.

2.2. Screening procedures

Screening was performed as described previously [16]. Briefly,
at baseline screening a simple questionnaire about smoking his-
tory and symptoms was completed, and- LDCT, chest radiography
(posterior-anterior position), and sputum cytological examina-
tion pooled for 3 days were performed. Participants were invited
twice a year by mail after the baseline screening to repeat the
same screening procedures. The CT scanner (TCT-800S Superhe-
lix, Toshiba Medical, Tokyo, Japan) was used under the following
conditions: 120 kVp, 50 mA, 10-mm collimation, 1 rotation of the
X-ray tube per second, and a table speed of 20mm/s (pitch, 2:1).
Image construction was performed with 180° linear interpolation
at 1-cm intervals. All CT images were examined by 2 of 7 readers
(radiologists or thoracic physicians).

2.3. Evaluation of detected lung cancers

The staging and the histological classification of detected lung
cancers were performed according to the International System for
Staging Lung Cancer [24] and the World Health Organization lung

tumor classification system [25], respectively. Cancers were classi-
fied as adenocarcinoma, squamous cell carcinoma, other non-small
cell carcinoma, or small cell carcinoma. Moreover, adenocarcinoma
was subclassified on the basis of the histological growth pattern
as localized BAC, mixed adenocarcinoma with BAC component,
and adenocarcinoma without BAC component (invasive adenocar-
cinoma).

Lung cancers detected at baseline screening were considered
“prevalence cancers,” whereas those newly detected at subsequent
repeated LDCT screening examinations were considered “incidence
cancers.” Furthermore, lung cancers diagnosed outside our semi-
annual LDCT screening procedure within a screening interval were
defined as “interval cancers,” whereas those diagnosed outside our
screening procedure after a period longer than the screening inter-
val (due to refusal by ALCA participants) were not classified as
“interval cancers.” The presence or absence of interval cancers was
confirmed through questionnaire when participants were invited
twice a year by mail after the baseline screening to repeat the same
screening procedures.

Excluded from analysis were 6 cases of hilarlung cancer detected
onsputum cytological examinations or on evaluation of hemoptysis
but not with LDCT,

2.4, Statistical analysis

Statistical Pvalues for the differences in percentages and means
were evaluated with the x2 test and the t-test, respectively. Sur-
vival curves were estimated with the Kaplan-Meier method, with
survival time defined as starting from when microscopic evidence
for malignancy was first obtained to the date of death or Novem-
ber 25, 2005, whichever came first. Differences in survival rates
between groups were evaluated with the log-rank test. Multivariate
Cox proportional hazards model analysis was performed to iden-
tify significantly independent prognostic factors for overall survival.
Linear regression analysis with the least-squares method was per-
formed for the relationships between groups. All calculations were
performed with Stat View 5.0] software (SAS Institute Inc, Cary,
NC). P values less than 0.05 were considered to indicate statistical
significance.

3. Results
3.1. Characteristics of participants

During the study period, 20,113 LDCT scans were performed for
2120 ALCA participants (mean age, 63 years; 87% male and 83%
smokers), and 76 peripheral lung cancers were detected. Partic-
ipants underwent LDCT screening a median number of 7 times
(range, 1-22 times; Fig. 1A); a median number of 3 lung cancers
were detected in each ordinal screening (range 0-9; Fig. 1B); a
median of 3.5 years had passed since a participant's baseline screen-
ing (range, 0-10.5; Fig. 1C); and a median of 0.5 years had passed
since a participant’s previous screening (range, 0-10.0; Fig. 1D).
Of the 2120 ALCA participants, 243 (11%) underwent only base-
line LDCT screening, 753 (36%) underwent repeated LDCT screening
for more than 5 years, and 322 (15%) underwent repeated LDCT
screening for more than 10 years,

3.2. Comparison of results between baseline and subsequent
LDCT screenings

The characteristics of all participants and of participants who
underwent at least 1 subsequent LDCT screening eXamination are
shown in Table 1. No significant difference was observed between
these groups in terms of age, sex, or smoking status at baseline.
However, the detection rate of lung cancer was significantly higher
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Fig. 1. Characteristics of repeated LDCT screening. (A) Distribution of the number of times participants underwent repeated LDCT screening (X axis indicates the number
of LDCT examinations, and Y axis indicates the number of participants in each ordinal screening). (B) Distribution of the number of lung cancers detected in screening
examinations grouped by ordinal number (X axis indicates the number of LDCT examinations, and Y axis indicates the number of lung cancers detected in each ordinal
screening.). (C) Distribution of years since participants had undergone baseline screening (X axis indicates years since baseline screening, and Y axis indicates the number of
participants in each ordinal screening period). (D) Distribution of years since participants had undergone previous screening (X axis indicates years since previous screening,
and Y axis indicates the number of participants in each ordinal year since previous screening).

at baseline screening (0.90%: 19 prevalence cancers in 2120 partic-
ipants) than at repeated screenings (0.32%: 57 incidence cancers in
1877 participants; P<0.001),

The characteristics of 76 patients with lung cancers detected at
screening examinations are summarized in Table 2, The 19 patients
with prevalence cancers and the 57 patients with incidence can-
cers did not differ in age, sex, or smoking status. However, both the
percentage of positive chest X-ray films (53% vs. 16%, P=0.004) and
tumor size (24 mm vs. 17 mm, P=0.018) were significantly less in
patients with incidence cancers than in patients with prevalence
cancers. Although neither histological diagnosis nor pathological
stage differed significantly between patients with prevalence can-
cers and those with incidence cancers, in both groups of patients
adenocarcinoma (74% and 63%, respectively), especially invasive
adenocarcinoma (42% and 23%, respectively), was the most com-
mon histological diagnosis and stage IA was the most common
pathological stage (58% and 79%, respectively).

Table 1
Characteristics of participants.

Baseline LDCT Repeated LDCT P
No. of participants 2120 1877
Age (years, mean +SD) 63£11 64+11 NS
Sex (% male) . 87 88 NS
Smoking (% smokers)? 83 84 NS
No. of detected lung cancers 19 57
No, of screenings 2120 17993
Detection rate (%) 0.90 032 <0001

* Fixed at baseline screening.

Survival rates were compared between patients with prevalence
cancers and those with incidence cancers. The 5- and 10-year sur-
vival rates were 84.5% and 84.5%, respectively, in patients with
incidence cancers (n=57) and were 68.7% and 38.1%, respectively, in

Table2
Clinicopathological characteristics of patients with screening-detected lung cancer.
Prevalence Incidence 4
cancers cancers
No. of patients 19 57
Age (years, mean £ 5D)* 6648 69+9 NS
Sex (% male) 84 86 NS
Smoking (% smokers)® 89 93 NS
Positive X-ray (%) 53 16 0.004
Tumor size (mm, meanSD) 2415 17+£10 0018
Histological type NS
Adenocarcinoma 14 (74%) 36(63%)
BAC 2 1
Adenocarcinoma with BAC 4 12
Invasive adenocarcinoma 8 13
Squamous cell carcinoma 4 12
Other non-small cell carcinoma 1 5
Small cell carcinoma 0 4
Pathological stage NS:
1A 11(58%) 45(79%)
1B 2 3
I 0 3
m 5 4
v 1 2

BAC: bronchioloalveolar cell carcinoma,
* Fixed at baseline screening.
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patients with prevalence cancers (n=19). No significant difference
was observed between the groups (log-rank test, P=0.208). Mul-
tivariate analysis with the Cox proportional hazards model found
that only pathological stage (P=0.006) was an independent prog-
nostic factor for overall survival. The risk of death in patients with
stage I[-1V disease was increased 8.26-fold (95% confidence inter-
val, 1.85-37.03). In contrast, age, sex, smoking status, tumor size,
histological subtype (presence of BAC component), and screen-
ing type (baseline vs, repeated) were not independent prognostic
factors.

No interval lung cancers were detected outside our semiannual
LDCT screening procedure within a screening interval. However, 3
lung cancers were detected outside our screening procedure after
a period longer than the screening interval, For these 3 lung can-
cers, the histological classification and stage, screening period from
baseline to previous screening, and time since previous screen-

—

>

<~
-
S

- Allincidence cancers (n = 57)

o

Detection rate (%)

0123465678 910N

Duration of rep d g (years)
147  ADwilh BAC (n=12)
—~ 12}
g
]
E 8
5 6 [+]
T 4] o r=0.36
§ ~2_°‘g“&_:_m;_q__°——'°——"9-n:nz
2 o 00—0~00~—00——

0123456780910

D of repeated ing {years)
®)
& 100y All incidence cancers (n =57)
2 oo
= 80
3
- 80
2 s0fo
S a0 5
£ o] °
H wj\ r=.012
f..,f o] 00—0—0-—0000——00—00- F=0630
o

01234567891011
Duration of

9 (years)

100
90
-
701
601
501
40
30
20
10

0—00—00—0-———0—~0~—00—0~

AD with BAC (n = 12)

Percentage of stage lI-IV (%)

012345678 010N

0 of

g (years)

321

ing, respectively, were: invasive adenocarcinoma, stage IV, 5 years,
and 4 years; squamous cell carcinoma, stage IA, 3.5 years, and 5
years; and other non-small cell carcinoma, stage I, 5 years, and
1.5 years.

3.3. The presence of an increased detection rate, a stage shift, and
a size shift

The detection rate of all 57 incidence cancers was positively cor-
related with the duration of repeated screening (r=0.50, P=0.020)
but remained uncorrelated if the duration of repeated screening
was 5 years or less (Fig. 2A). In contrast, the detection rate of local-
ized BAC showed a weak negative correlation with the duration
of repeated screening (r=—-0.38, P=0.086). Other histological sub-
types, including invasive adenocarcinoma, showed no significant
correlations,
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.. Fig. 2, Relationship between the duration of repeated.screening and charagteristics of incidence lung cancers, Correlations between the duration of repeated screening and
the detection rate (A), the proportion of stage I-IV disease (B), and tumor size (C) were evaluated according to histological subtypes. L-BAC, localized bronchioloalveolar

carcinoma; AD, adenocarcinoma.
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Although the percentage of stage [I-[V disease among all 57 inci-
dence cancers was not correlated with the duration of repeated
screening (r=-0.12, P=0.630), the percentage of stage II-IV dis-
ease among invasive adenocarcinoma was negatively correlated
with the duration of repeated screening (r=-0.77, P=0.007) but
remained uncorrelated if the duration of repeated screening was
5 years or less (Fig. 2B). In contrast, the percentage of stage II-IV
disease among both localized BAC and mixed adenocarcinoma with
BAC component remained 0% regardless of the duration of repeated
screening. Neither squamous cell carcinoma (r=-0.12, P=0.767)
nor small cell carcinoma (r=-0.67, P=0.999) showed a significant
correlation between the percentage of stage [I-1V disease and the
duration of repeated screening.

Similarly, although tumor size among all 57 incidence can-
cers was not correlated with the duration of repeated screening
(r=-0.12, P=0.630), the tumor size of invasive adenocarcinoma
was negatively correlated with the duration of repeated screening
(r=-0.60, P=0.029) but remained uncorrelated if the duration of
repeated screening was 5 years or less (Fig. 2C). In contrast, other
histological subtypes showed no significant correlations.

4. Discussion

In the present study involving 10 years of semiannual LDCT
screening in a continuously recruited cohort comprising mostly
male smokers in their 60s, increased detection rates were observed
for lung cancers other than localized BAC. Moreover, both a stage
shift and a size shift were observed for invasive adenocarcinoma of
the lung. This report is, to our knowledge, the first to document the
significance of long-term repeated screening for lung cancer with
LDCT in a high-risk cohort.

Recently, Bach et al. have demonstrated that screening for lung
cancer with LDCT may not meaningfully reduce the risk of advanced
lung cancer or death from lung cancer [26]. Their conclusion was
based on a model predicting deaths from lung cancer applied to
3 studies of LDCT screening in asymptomatic population at risk
for lung cancer [20-22]. However, most importantly, the screening
period of each of the 3 studies was less than 5 years. If each screen-
ing period had been 5 years or longer, Bach et al. might have instead

confirmed adecrease in the lung-cancer-specific mortality rate. The
screening period is important for other cancers for which the effi-
cacy of screening has already been demonstrated; for example, the
period of screening with fecal occult blood for colorectal cancer
has been shown to be the important factor in a large randomized,
controlled trial [27]. The initial protocol of the study specified 5
years of screening; however, the Policy and Data Monitoring Group
recommended that screening be reinstituted because of the lack
of statistical power regarding the mortality rate through 5 years of
screening in the population. Screening then continued for 10 years,
resulting in the finding of a lower mortality rate in screened sub-
jects, Furthermore, meta-analysis of 8 randomized, controlled trials
of screening mammography has demonstrated a statistically signif-
icant reduction in mortality rate among women aged 40-49 years
at entry through screening for 10 years [28]. In particular, in 1 of
these studies, the mortality rate from breast cancer was similar in
screened group and the control group during the first 8 years but
then became lower in screened group after 8 years [29]. There-
fore, the efficacy of repeated screening for lung cancer might be
demonstrated only with a long screening period.

To determine whether LDCT screening can reduce the mortal-
ity rate from lung cancer, a large, randomized, controlled trial has
been started in the United States (National Lung Screening Trial)
[13]. In this trial, 50,000 subjects at high risk for lung cancer were
randomly assigned to undergo screening with chest radiography
or LDCT at baseline and then annually for 2 additional years with
annual telephone follow-up thereafter. Accrual was completed in
February 2004, and final analyses are scheduled to be completed in
2009. In addition, a Dutch-Belgian randomized trial (NELSON trial)
comparing CT screening with no screening at baseline and then
2 repeated screenings within 3 additional years in almost 20,000
subjects at high risk for lung cancer should be completed by 2010 -
[14]. However, if only long-term, repeated LDCT screening produces
a stage shift, these 2 trials of short-term, repeated LDCT screen-
ing might fail to show any benefit. In fact, we should note that
the detection rate of incidence lung cancers of all types remained
unchanged if the duration of repeated screening was 5 years or less.
Furthermore, neither a stage shift nor a size shift in invasive ade-
nocarcinoma occurred if the duration of repeated screening was 5
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years or less. Therefore, considering our present findings that the
detection rate of incidence lung cancers in a cohort of mostly male
smokersincreased after 5 years of repeated LDCT screening and that
the stage shift was observed for at least invasive adenocarcinoma
after long-term, repeated LDCT screening for 5 years, we believe
that proving the efficacy of LDCT screening would be difficult if the
screening period is less than 5 years.

In the present study both a stage shift and a size shift were
observed for invasive adenocarcinoma of the most common histo-
logical diagnosis. Considering direct evidence exists for a stage-size
relationship in LDCT screen-diagnosed lung cancers [30], the fact
that the stage shift was followed by a simultaneous size shift sup-
ports the occurrence of a stage shift in invasive adenocarcinoma.
However, we wonder why this phenomenon was observed for only
invasive adenocarcinoma. This question is difficult to answer, con-
sidering that invasive adenocarcinoma behaves as aggressively as
do other non-small cell carcinomas. A possible explanation might
simply be that the number of incidence lung cancers detected in
our study lacks sufficient statistical power. However, some ade-
nocarcinomas have higher volume-doubling times, grow more
slowly, and are, therefore, diagnosed more easily at an early stage;
another explanation could be length-time-biased sampling inher-
ent to single-armed, uncontrolled trials. Thus, large, randomized,
controlled trials on the basis of long-term repeated screening will
be necessary to answer this question,

In the present study, we have performed semiannual LDCT
screening to detect aggressive, fast-growing lung cancers at an
early stage. However, no interval lung cancers were detected
in our screening population. On the other hand, an interesting
phenomenon is shown by the characteristics of 3 patients with
lung cancers detected outside our screening procedure after a
period longer than the screening interval. These lung cancers were
detected after the patients had stopped undergoing semiannual
LDCT screening because no abnormality was observed during the
screening periods, which were 3.5 years in 1 patient and 5 years in
2 patients. Therefore, these facts suggest the efficacy of long-term
repeated LDCT screening for more than 5 years.

We have several concerns about our study. The first concern is
that, in addition to the stage shift caused by long-term repeated
screening, we estimated the efficacy of long-term repeated screen-
ing could also be shown indirectly if the overall survival of patients
with incidence cancers would be significantly longer than that
of patients with prevalence cancers. So, we compared baseline
screening with subsequent screening. However, multivariate Cox
proportional hazard model analysis showed that the screening type
(baseline vs. repeated screening) was not an independent prognos-
tic factor for overall survival. A possible reason for this finding is
the small number of participants and, therefore, the small num-
ber of deaths from lung cancer in both groups. Thus, larger studies
involving larger numbers of participants are needed to investigate
whether the overall survival of patients with incidence cancers is,
in fact, significantly longer than that of patients with prevalence
cancers because of the efficacy of long-term repeated screening.
A second concern is that the partial-volume effect might affect
the ability of screening CT images to demonstrate small nodules
because only thick-section screening CT with image construction
at 1-cm intervals was available during the screening period. There-
fore, in a second ALCA study still in progress we have performed
both chest radiography and LDCT to evaluate the detection power
of LDCTin terms of the partial-volume effect. A third concern associ-
ated with long-term semiannually repeated LDCT screening is thata
large number of healthy persons would be exposed to radiation and
have an increased risk of radiation-induced lung cancer, although
the risk of radiation-induced cancers other than lung cancer would
be far lower [31,32]. According to one estimate, LDCT screening at
a rate of 1.5 examinations per year would induce 4.5 lung cancers

per year in 100,000 persons aged 60-70 years [33]. According to
another estimate, annual LDCT screening would induce approxi-
mately 6.7 lung cancers per year in 100,000 persons if male current
smokers aged 60 years undergo annual screening until age 75 years
with a compliance rate of 50% [34]. In contrast, because our pop-
ulation with a median age of 64 years undergoes LDCT screening
twice a year, the risk of radiation-induced malignancy would be
slightly higher. However, assuming that our semiannual screen-
ing yielded 57 lung cancers in 1877 participants during a median
follow-up period of 3.5 years, the yearly incidence of lung cancer
in 100,000 participants would be 868. Furthermore, because the 13
incidence invasive adenocarcinomas detected with the benefits of
astage shift and a size shift in our study suggest an incidence of 198
cancers per year per 100,000 persons, which is far larger than that
of radiation-induced lung cancers, we maintain that semiannually
repeated LDCT screening is beneficial despite the potential harm of
the radiation exposure.

In conclusion, we have demonstrated that both astageshiftand a
size shift occur for invasive lung adenocarcinoma during long-term
repeated LDCT screening in a high-risk cohort. Long-term repeated
screening for more than 5 years mightdisclose the potential efficacy
of LDCT screening for lung cancer as the truth has been disclosed
for other types of cancers, including colorectal cancer and breast
cancer.
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patient, the decisions to initiate and terminate SUP should be
considered carefully and individually. We wholly agree with
Dr Porath that both initiation of SUP and its continuation beyond
the ICU and the hospital require meticulous attention in order to
minimize individual and public burden from such costly nosoco-
mial complications as CDL
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Previously Reported Lung Cancer
Growth Curves

To the Editor:

The article by Lindell et al' documenting the growth curves
of 18 lung cancers that was recently published in CHEST

1002

(December 2009) is a well-designed and well-written study of
the natural history of lung cancer. The results indicated that
the growth of some of the lung cancers was not exponential and
that their growth during certain intervals was not predictive of
their future growth. Although the conclusion of the abstract
states that this study was the first to document the growth curves
of individual lung cancers, we would like to draw the authors’
attention to the fact that the individual growth curves of 13
lung cancers had been documented in the January 2008 issue of
Clinical Radiology *

It would have been most beneficial, therefore, if the authors
had included a discussion of the curve results reported
in the earier article. The authors of the Clinical Radiology
article did not interpret the growth curves of the 13 lung cancers
in detail, but the growth curve for each lung cancer was graphi-
cally depicted in their Figure 5. A case report published in the
Annals of Thoracic and Cerdiovescular Surgery in 2007 also
described the growth curve of a minute small cell lung cancer that
exhibited a latent phase in its early growth period®

In regard to the nonexponential growth of lung cancers, at least
two previous articles*” have reported no growth or 2 decrease in
volume during the progression of certain lung cancers. Although
neither article specifically stated that such Jung cancers were not
limited to exponential based on the changes observed, the
authors inferred that the growth of some of the lung cancers was
not exponential. .

In the introduction of their article, Lindell et al' make a point
of stating that “No studies have documented growth dynamics
of screening-detected, untreated, subclinical lung cancers on
computed tomography (CT).” With all due respect to the authors,
we cannot a; with this statement, because at least two earlier
artides*® have reported progression of CT scan screening-detected,
untreated, subclinical lung cancers.
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Lung Cancer Growth Curves Based
on CT Imaging

To the Editor:

‘We read with interest the recent artide in CHEST (December 2009)
by Lindell et al' in which the authors state that this “study is the only
one to have evaluated growth curves of hung cancers using multiple
CT scans.” We would like to point out our previously published article
that examined growth rates in 54 lung lesions, induding 33 primary
non-small cell lung cancers, based on volumetric measurements from
thin-section CT imaging® Individual growth curves were plotted for
the 20 lesions with =3 CT scans, induding 13 non-small cell lung can-
cers. As in the study by Lindell et al, we found considerable variabil-
ity in growth rates among the individual cancers that were analyzed.
On the other hand, however, most of our lesions showed exponential

differing somewhat from the results of Lindell et al.

Lindell et al noted that their study was limited by the accuracy
of two-dimensional measurements for volume calculation. Indeed,
in our study, we found that calculated growth rates differed
substantially, depending on the volume measurement technique
used (ie, based on lesion diameter, lesion area, or direct volume
measurement using automatic segmentation and direct volume
measurement); presumably, direct volume measurements are
superior to the other methods because primary lung cancers are
not spherical and often grow asymmetrically. Despite the potential
limitations of our studies, CT imaging-based growth rates are
undoubtedly more accurate than the oft-quoted rates based on
data derived from older chest radiography studies.>*

Leslic E. Quint, MD

Ann Arbor, MI

Joan Cheng, MD

New York, NY

Andrew C. Chang, MD, FCCP
Greg P. Kalemkerian, MD

. Ann Arbor, MI

Affiliations: From the Department of Badiolo% (Dr Quint), the
Department of Thoracic Sug(ixy (Dr , and the Department
of Internal Medicine (Dr Kalemkerian), University of Michigan
Health System; and the Department of Radiology (Dr Cheng),
Columbia University.

Financial/nonfinancial disclosures: The authors have reported
to CHEST that no potential conflicts of interest exist with any
companies/organizations whose products or services may be dis-
cussed in this article.

Quint, MD, De

Correspondence to: Leslie E. ent of
Radiology, University of Michigan Health System, 1500 E Medical
Center Dr, Ann Arbor, MI 48109; e-mail: | t@umich.edu

© 2010 American Collc:ée of Chest Physicians. Reproduction
of this article is prohibited without written permission from the
American College of Chest Physicians (www.chestpubs.org/
site/misc/reprints.xhtml).

DOI: 10.1?578/chest.09o2529

REFERENCES

1. Lindell RM, Hartman TE, Swensen SJ, Jett JR, Midthun
DE, Mandrekar JN. 5.year lung cancer screening experi-

www.chestpubs.org

acement growth pattern. AJR Am | Roentgenol. 2003;

ence, Growth curves of 18 lung cancers compared to histo-
logic type, CT attenuation, stage, survival, and size. Chest.
2009:136(6):1586-1595.

2. Quint LE, Cheng J, Schipper M, Chang AC, Kalemkerian G.
Lung lesion doubling times: values and variability based on
method of volume d%terminaﬁon. Clin Radiol. 2008;63(1):
41-48,

3. Garland LH, Coulson W, Wollin E. The rate of growth and
apparent duration of untreated primary bronchial carcinoma.
Czr;lcer. 1963;16:694-707. - od

4. Steele D, Buell P. tomatic soli ulmo nodules.
Soie D, Bonl B Apopnsato sty ooy noddes.
Surg. 1973;65(1):140-151.

5. Weiss W, Boucot KR, Cooper DA. Growth rate in the

detection and prognosis of bronchogenic carcinoma. JAMA.
1966;198(12):1246-1252.

Response

To the Editor:

Iwould like to thank Quint el al and Kakinuma etal for their let-
ters and making us aware of the article by Quint et al titled “Lun
Lesion Doubling Times: Values and Variability Based on Meth
of Volume Determination.™ Their article’s focus was on volume
determination methods, whereas our article in a recent issue of
CHEST (December 2009) was on the lack of exponential growth
of a subset of lung cancers as shown by growth curves and the
implications that this could have on prior studies that advocated
using two volume measurements to determine volume doubling
time. While their study did include growth curves for 20 lesions,
only 13 of those were lung cancers, and although it is difficult to
be sure from their growth curves, it appears that most, if not all,
of their lung cancers were followed with only three CT scan
exams. An early criticism of our manuscript during peer review was
that it would be difficult to prove or exclude exponential growth
based on only three data points, and it was recommended that we
include only cases with at least four CT scan exams. Therefore,
although Quint and colleagues did generate growth curves, it is
our position that based on peer review feedback they did not plot
growth curves that were analogous to the curves we plotted. We
did perhaps err in not referencing the paper and explaining our
reasoning, We do agree with their conclusion that “given the very
slow growth of some lung cancers, short term follow-up CT may
not always be capable of detecting volume changes indicative of
malignancy. Therefore, stability on short term follow-up exams
should be interpreted with caution.” However, based on our study
we would expand on that to caution that even using a volume dou-
bling equation based on two exams could potentially be mislead-
ing since the assumption of exponential growth has been called
into question.

The differing results regarding exponential growth are inter-
esting but perhaps somewhat explainable by our prospective
screening method and different inclusion criteria. Compared
with their study, our study’s criteria resulted in 2 population of
lung cancers with a smaller initial size (none>8 mm vs a mean
of 11-17 mm) and slower growth (volume doubling time mean
of 771 days vs a mean range of 58-128 days) that were followed
on more CT scan exams for a longer period of time (mean 1,025
days, median 1,051 days, range 404-1,666 days, or 55.5 months
if assuming 30 d/mo, vs a mean of 227 days, median 154 days,
range 6 days-34.5 months). Since their study was retrospec-
tive and only included lesions with a histologic diagnosis, they
selected for a different set of cancers. Cancers with a slower
growth rate may not have changed sufficiently during the course
of their study to have undergone resection and were therefore

" notincluded.
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