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Table ! Patient characteristics and EGFR mutation

Variables No, EGFR mutation (%) P
A. In NSCLCs
Age (v}
=67 60 21 (35%)
>67 60 17 (28%)
Gender
Male 83 17 (20%) 0.0001
Female 37 21 {57%)
Smoking history
Never smoker 36 25 (69%) <(.0001
Ever smoker 84 13 (15%)
Histology
Adenocarcinoma 82 37 (45%) <0.0001*
Squamous cell carcinoma 35 0
Adenosquamous cell 1 1 (100%)
carcinoma
Large cell carcinoma 2 0
B. In adenocarcinomas
Age (y)
=67 42 21 (50%)
>67 40 16 (40%)
Gender
Male 52 17 (33%) 0.003
Female 30 20 {67%)
Smoking history
Never smoker 33 24 (73%) <0.0001
<30 pack-years 16 5 (31%)
>30 pack-year 33 8 (24%)
Smoking status
Former smoker 21 5 (24%)
Current smoker 28 8 (29%)

*Histological difference was examined between adenocarcinoma
and other types of NSCLCs. P values are stated when there were
significant differences between groups.

4-anilinoquinazoline compounds such as gefitinib compete with
ATP for binding (13). In addition, Paez et al, found that the
mutations were more frequent in cases of adenocarcinoma
histology, female gender, and Japanese origin (14).

In this study, we examined the EGFR mutational status in
120 NSCLC specimens including 21 cases treated with gefitinib
and analyzed the relationship between the EGFR status and
clinicopathologic features to investigate the clinical importance
of EGFR mutation in NSCLCs.

MATERIALS AND METHODS

Clinical Samples. Surgically resected specimens of 120
NSCLCs consisting of 82 adenocarcinomas, 35 squamous cell
carcinomas, 2 large cell carcinomas, 1 adenosquamous cell
carcinoma, and corresponding 10 nonmalignant peripheral lung
tissues were obtained from Okayama University Hospital,
Okayama, Japan, after acquiring informed consent from each
patient, between 1994 and 2003. Institutional review board
pennission and informed consent were obtained for all cases.
The NSCLC patients consisted of 83 males and 37 females and
their median age was 67, Seventy patients had stage [ disease, 20
stage 11, 24 stage 111, and 3 stage IV. Disease stages were not
known in 3 patients because systemic dissection for lymph node
was not done for these cases. Eighty-four cases were from ever
smokers with a median smoke exposure of 45.5 pack-years

(50 cases were current smokers and 34 were former smokers)
and 36 cases were never smokers. The patient characteristics are
shown in Table 1. Twenty-one cases were treated with gefitinib
for recurrent disease and clinical responsiveness was recorded.
These cases had been previously treated with some chemother-
apy that failed to respond to discase. For evaluation of response,
all patients underwent complete blood counts, blood chemistry,
urinalysis, plain chest radiograph at least weekly for a month
from the beginning of gefitinib treatment and at least monthly
thereafter, and serum carcinoembryonic antigen monthly;
computed tomography scan of the chest (and abdomen if tumor
had spread to intraabdominal organs) was taken at least every 3
months for 2 years. Response was assessed using Eastern
Cooperative Oncology Group criteria (15). Cases of complete or
partial response were considered as responsive cases and that of
no change or progressive disease as nonresponsive cases,
Clinicopathologic staging was determined according to Interna-
tional Union Against Cancer tumor-node-metastasis classifica-
tion of malignant tumors (16).

DNA Extraction and Sequencing Analysis. Genomic
DNA was isolated by digestion with proteinase K followed by
phenol-chloroform (1:1) extraction and ethanol precipitation
from frozen specimen (17) and by DEXPAT (TaKaRa, Shiga,
Japan) from paraffin embedded tissues following the manufac-
turer’s instructions. EGFR mutations were detected using PCR-
based direct sequencing of the seven exons of the TK domain
{exons 138-24). PCR amplification was done in 20-pL volume
containing genomic DNA using HotStarTag DNA polymerase
{Qiagen Inc., Valencia, CA). DNA was amplified for 40 cycles at
94°C for 20 seconds, 56°C to 65°C for 30 seconds, and 72°C for
20 seconds, followed by 7 minutes extension at 72°C. The
primers and condition of PCR amplification are shown in Table 2.
PCR products were incubated using ExoSAP-IT (Amersham
Biosciences Corp., Piscataway, NJ) and sequenced directly using
Applied Biosystems PRISM dye terminator cycle sequencing
method (Perkin-Elmer Corp., Foster City, CA) with ABI PRISM
3100 Genetic Analyzer (Applied Biosystems, Foster City, CA).
Several samples, whose mutation status were difficult to
determine by direct sequence, were amplified and cloned into
pBluescript after sequencing with M4 and RV6 primer (Fig. 1).

Statistical Analyses. The rates of EGFR mutation
between two groups were compared using the x* or Fisher’s
exact test. Fisher’s exact test was done if there were five or
fewer observations in a group. Logistic regression medels
were used to further explore observed differences and to
identify baseline factors that may independently predict for
EGFR mutation, The Cochran-Armitage test for trend was
used to examine the dose effect of smoke exposure on EGFR
mutation. Univariate analysis of overall survival was carried
out by the Kaplan-Meier method wsing the log rank test and
generalized Wilcoxon test for the two groups. Probability
values <0.05 were defined as being statistically significant.
All statistical tests were two-sided.

RESULTS

EGFR Mutation in Non—Small Cell Lung Cancers. Be-
cause results of sequencing for EGFR TK domain (exons 18-24)
in unselected 45 cases indicated that nucleotide change
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compared with original sequence (Genebank accession no.
AL365274) were limited to the first four exons (exons 18-21),
further analyses were limited to these four exons. We examined
the EGFR status in 120 cases of NSCLCs and found mutations
in 38 cases (32%). Mutation was detected in one case of point
mutation in exon 18, 19 cases of in-frame deletion in exon 19
involving 3 to 8 codons around the uniformly deleted codons
747 to 749 (Leu-Arg-Glu sequence), and 18 cases of point
mutation (L858R) in exon 21. Representative nucleotide
sequences of the £GFR gene mutation were shown in Fig, 1.
There were eight types of deletion variants in exon 19 (Fig. 2)
and new types of deletion were variants 4, 5, 7, and 8. In
addition, the third letter of codon 787 (CAG) in exon 20 was
changed in eight cases homozygously (CAA) and 14 cases
heterozygously (CAG and CAA) resulting in no amino acid
change. Thus, this change was considered to be a polymorphism
or silent mutation. We also examined 10 nonmalignant lung
tissues of cases in which the corresponding tumors harbored
mutation and found no mutations, indicating that these mutations
were somatic in origin.

EGFR Mutation and Clinicopathologic Correla-
tions. We analyzed the relationship between the EGFR status
and clinicopathologic factors (Table 1, A and B). EGFR
mutations were frequently present in adenocarcinoma (P <
0.0001), never smokers (P = 0.0001), and female gender (P =
0.003) in NSCLCs (Table 1A). Logistic regression models
showed that smoking status (# = 0.005) and histology (P <
0.0001) were independent variables. Because adenocarcinoma
is the dominant histology for mutation, further analyses were
limited to adenocarcinoma. EGFR mutations were significantly
associated with female gender (67%, P = 0.003) and never
smoker status (73%, P < 0.0001) compared with male gender
(33%) and ever smoker status (27%), respectively, by
univariate analysis (Table 1B). Logistic regression models
showed that smoking status was the only independent variable
in adenocarcinomas (P = 0.01). In addition, the cases were
divided into three groups based on smoke dose: (a) never
smokers (n = 33), (b) smokers with exposure of <30 pack-
years (n = 16), and (¢} smokers with exposure of >30 pack-
years (i = 33), The Cochran-Ammitage test for trend was done
to examine the dose effect of smoke exposure on EGFR
mutation. We found that there was an inverse trend between
smoking dose and mutation (P < 0.000]; Table 1B). We also
examined the relationship between EGFR imutations and
detailed smoking status (current and former smokers); however,
there was no significant difference between these two groups
(Table 1B). Exon 19 deletions were significantly more frequent
in males, and exon 21 mutations were more frequent in females
(P = 0.049). To exclude the possible effect of smoke exposure
on the difference of mutation location and gender, the same
analysis was done in the never-smoking adenocarcinoma group
showing significant difference as well (P = 0.008). EGFR
mutations were not related to other clinicopathologic factors
including disease stage and patient age.

EGFR Mutation and Gefitinib Responsiveness. Among
120 NSCLC patients, 21 cases were treated with gefitinib and
clinical responsiveness was recorded. These cases consisted of
8 (38%) cases of females, 8 (38%) of never smokers, and 15
{71%) of adenocarcinomas, Detailed characteristics of these cases

are shown in Table 3. In 21 treated cases, mutations were
present in 8 of 10 cases with gefitinib responsiveness and in 1
of 1l cases with nonresponsiveness, showing that EGFR
mutations were significantly more frequent in gefitinib response
cases (P = 0.002). However, gender, smoke exposure, and

Table 2 Summary of primer sequences and annealing temperatures for
direct sequence

Primer Twm  Product
Exon sequences (°C) size (bp)

For DNA templates from frozen samples
18 F, 5 -GAGGTGACCCTTGTCT 57 189
CTGTGT-¥
R, 5 -AGCCCAGAGGCCTG
TGCCA-Y
19 F, 5 -CCAGATCACTGGGCAGCAT 63 265
GTGGCACC-Y
R, 5'-AGCAGGGTCTAGAGCAGA
GCAGCTGCC-Y
20 F, 5 -ACTGACGTGCCTCTCC 57 235
CTCC.¥
R, §-CCGTATCTCCCTTCCCT
GATT-3
21 F, 5'-ATCTGTCCCTCACAGCA 57 210
GGGTC-3
R, ¥ -GGCTGACCTAAAGCC
ACCT-3
22 F, 5 -AATTAGGTCCAGAGTGAG 65 251
TTAAC-¥
R, §'-ACTTGCATGTCAGAGGAT
ATAATG-3
23 F, 5'-CATCAAGAAACAGTAACC 65 320
AGTAATG-Y
R, 5 -AAGGCCTCAGCTGTTTG
GCTAAG-Y
24 F, 5 -TTGACTGGAAGTGTCGCA 63 279
TCACC-3¥
R, 5" -CATGTGACAGAACACAGT
GACATG-3

For DNA templates from paraffin-embedded samples
18a*  F, ¥ -GAGGTGACCCTTGTCTCGTGT-3 56 110
R, 5'-ATTCAGTTTCCTTCAAGA
TCCTC-¥
18b** F, 5'-AGTGGAGAAGCTCCCAAC 65 131
CAAGC-3'
R, ¥ -AGCCCAGAGGCCTGTGCCA-3
19 F, 5'-AACGTCTTCCTTCTCTCTC 56 150
TGTCAT-¥
R, ¥ -CCACACAGCAAAGCAGA
AACTC-¥
20a* F, 5 -ACTGACGTGCCTCTCC 56 127
CTCC-¥
R, 5 -AAGGGCATGAGCTGCG
TGA-Y
20b** F, 5 -TGCCTCACCTCCACCGT-3 56 152
R, 5 -CCGTATCTCCCTTCCCT '
GATT-¥
2la* F, 5 -ATCTGTCCCTCACAGCAG 56 126
GGTC-¥
R, 5 -TGATCTTGACATGCTGCG
GTGTT-¥
21b**  F, 5-AGCCAGGAACGTACTGGTGA-Y 56 134
R, ¥ -GGCTGACCTAAAGCCACCT-Y

NOTE. a* and b**, exon 18, 20, and 21 were divided into two parts
for PCR amplification and sequenced separately,

Abbreviations; T,,, annealing temperature; £ forward primer; R,
reverse primer.
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A In-frame deletion of exon 19 (delE746-A750)

.
ATCAAG GAATNTNNAAAAGCNACNTCTC
100 110

B Point mutation of exon 21 {(L858R)

}

ITAT TTT GGG CNGGC CAAACTG TGt
8

C In-frame deletion of exon 19 (delE746-5752 insV)

L]
ATCAAGGTT CCGAAAGCCAACAAGG ARATCCTCH
170 180 190 2t

D In-frame deletion of exon 19 (delT751-1759 insN)

ATCAAGGAATTAAGAGARAGCAAACCTCGAT GT
180 130 200

Fig. I Representative nucleotide sequence of the EGFR gene in tumor
specimens A, the micleotide sequence of heterozygous in-frame deletions
in exon 19 by direct sequencing (double peaks). B, heterozypous point
mutation in exon 21 (L858R, CTG to CGG). € and D, the nucleotide
sequence of in-frame deletions in exon 19 of cloned sequencing.
Amplified sample DNAs were cloned into pBluescript and sequenced. *,
the break point of in-frame deletion in exon 19. The vertical arrow
indicates the site of point mutation in exon 21,

histology were not related to gefitinib responsiveness. There
was no relationship between mutational type and clinical
responsiveness to gefitinib therapy in our study. One case with
exon 2] mutations (L858R) but no responsiveness to gefitinib
was a case of adenosquamous cell carcinoma in a female. In
two gefitinib-responsive cases, mutations were not present, and
these consisted of an adenocarcinoma and a squamous cell
carcinoma in a male. A case of squamous cell carcinoma with
complete response was previously reported (18), and the status
of partial response has been continuing for 2 years. A case of
adenocarcinoma is a 70-year-old Japanese man with partial
response and the disease has been controlled for 22 months,

Both cases have a smoking history. We also analyzed the
relationship between patient survival and £GFR mutation in
gefitinib-treated cases. Overall, survival curves are shown in
Fig. 3 using the Kaplan-Meier method. Survival rate (% + SE)
at 1 and 2 years for patients with mutations were 87.5 + 11.7%
and 87.5 £ 11.7%, and those for patients without mutations
62.5 & 15.1% and 37.5 + 16.4%, respectively. Median survival
times of patients with and without EGFR mutations were 25.1
and 14.0 months, respectively. Although patients with EGFR
mutations had approximately 2-fold survival advantage, there
was no significant difference in the overall survival between
two groups (generalized Wilcoxon test, P = 0.132; log rank test,
P =10.153).

DISCUSSION

In this study, we searched EGFR mutations and explored
the relationship between EGFR mutational status and
clinicopathologic features in NSCLCs. The mutations were .
limited to the threc exons (exons 18, 19, and 21) of the TK
domain. These affected codons have already been reported to
be sites for EGFR mutations, although some of the mutations
reported herein are novel. All mutation farget structures
around the ATP binding cleft probably resulted in reposition-
ing of amino acid residues, stabilizing their interaction with
both ATP and its competitive inhibitor gefitinib {13), Previous
studies indicated that adenocarcinoma histology, never smoker
status, and female gender were factors associated with EGFR
mutations, Qur findings confirmed and extended these
observations. First, we show that the degree of smoke
exposure was inversely related to EGFR mutations in
adenocarcinoma. Smoke exposure is a well-established risk
factor for lung cancer and can cause specific mutational
spectrum in TP53 gene and epigenetic alterations, including
the DNA methylation pattern (4, 19). We previously showed
that smoking dose was closely related to the rate of
methylation in adenocarcinoma (20). Taken together, these
facts strongly suggest that the mechanisms for tumorigenesis
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Fig. 2 Summary of in-frame deletion mutations in exon 19, The
variation of amino acid residue sequences due to in-frame deletion. The
number of cases are described at the left side of each variant. Variants |
and 2 are the same amino acid sequences; however, nucleotide sequences
are different. Deleted nucleotide site of variant 1 is from 2,235 to 2,249;
on the other hand, that of variant 2 is from 2,236 to 2,250.
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Tauble 3 Clinicopathological characteristics of 21 NSCLC cases treated with gefitinib

A
Period from
surgery
ECOG No. of to EGFR Response
Smoking performance prior gefitinib  mutation to
No. Gender Ape(y) status Histology status  chemotherapy Radiotherapy therapy (mo) (exon) gefitinib
1 F 60 Never Adenocarcinoma 2 2 + 19.6 19 CR
2 M 64 Never Adenocarcinoma 1 2 + 54 19 PR
3 M 65 Smoker Adenocarcinoma 2 2 - 284 19 PR
4 M 57 Smoker Adenocarcinoma 1 2 - 43 19 PR
5 M 40 Never Adenocarcinoma 1 2 + 211 19 PR
[ F 59 Never Adenocarcinoma 1 ] + 215 21 PR
7 F 60 Never Adenocarcinoma 0 3 + 16,7 21 PR
8 F 68 Never Adenocarcinoma 2 1 - 352 21 PR
9 M 70 Smoker Adenocarcinoma 2 1 - 63.9 —_ PR
10 M 77 Smoker  Squamous cell carcinoma 2 2 + 18.8 — PR
11 F 77 Never Adenosquamous cell carcinoma 1 1 + 10 21 NC
12 F 75 Never Adenocarcinoma 0 3 + 514 — NC
13 F 73 Smoker Squamous cell carcinoma 2 1 - 17.6 — NC
14 M 77 Smoker Squamous ¢ell carcinoma 1 2 + 11.8 — PD
15 M 70 Smoker Large cell carcinoma 1 3 + 14.3 — PD
16 M 68 Smoker Adenocarcinoma 0 1 - 378 —_ NC
17 M 63 Smoker Adenocarcinoma 1 3 - 17 — NC
18 M 58 Smoker Adenocarcinoma 3 2 + 17.9 —_ NC
19 F 55 Smoker Squamous cell carcinoma 1 3 + 105 — PD
20 M 49 Smoker Adenocarcinoma 1 2 + 14.3 — NC
21 M 62 Smoker Adengcarcinoma 1 2 - g7.1 —_ NC
B
Responder {(n = 10) Nonresponder (n = 11)
EGFR mutation 8 1
Median age (range), y 62 (40-77) 63 (49-77)
Gender
Male 6 7
Female 4 4
Smoking history
Never 6 2
Smoker 4 9
Histology
Adenocarcinoma 9 6
Squamous cell carcinoma l 3
Adenosquamous cell carcinoma 0 1
Large cell carcinoma 0 1
ECOG performance status
0-1 5 9
2 5 |
3 4] i

NOTE. The case that achieved complete response or partial response based on ECQG criteria was considered as responder and no change or

progressive disease was considered as no-responder.

Abbreviations: CR, complete response; PR, partial response; NC, no change; PD, progressive disease; ECOG, Eastern Cooperative Oncology Group,

in adenocarcinoma vary according to smoking status, Secend,
our results show a gender difference based on mutational
location/type. The in-frame deletions of exon 19 were
significantly more frequent in male gender and point
mutations of exon 21 in females. The reasons for these
gender differences are not known, but there is a possibility
that some factors derived from gender difference would be
present for the causes of EGFR mutation. Of interest, gender
difference has been shown in the TP33 mutational spectrum in
adenocarcinoma arising in never smokers (19). Third, Paez
et al. indicated that female gender was one of the factors for
EGFR mutation in univariate analysis (14). Indeed, it was
reported to be one of the predictive factors for gefitinib-

responsive cases (11). In our analysis, female gender was also
the factor for EGFR mutation in univariate analysis; however,
it was not an independent factor in multivariate analysis. Our
findings are in agreement with those of Miller et al. {21) who
showed that fernale gender was not an independent predictive
factor for gefitinib responsive cases, in contrast to those of
Fukuoka et al, (11).

We also confirmed previous reports that EGFR mutations
were significantly associated with gefitinib-responsive cases
(13, 14) except some cases. According to Eastern Cooperalive
Oncology Group criteria (15), one adenosquamous cell
carcinoma case with exon 19 mutation was classified as no
change. This is the first reported patient with mutation in
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Fig. 3 Correlation of EGFR mutational status and patient survival in 21
gefitinib-treated cases by the Kaplan-Meier method, Survival rate (% +
SE)at 1 and 2 years for patients with mutations were 87.5 £ 11.7% and
87.5 £ 11.7%, and those for patients without mutations 62.5 £ 15.1%
and 37.5 + 16.4%, respectively. There was no significant difference in
the overall survival between two groups (generalized Wilcoxon test, P =
0.132; log rank test, P = 0.153). Tics indicate at risk. Bars at | and 2
years from the beginning of gefitinib treatment indicate standard errors
of cumulative survival rate. @, patients with no change having EGFR
mutations. O, patients with complete or partial response not having
EGFR mutations. MST, median survival ime.

whom gefitinib did not work. Two cases showed marked
clinical responses but lacked mutations, as Lynch et al.
reported one of nine responders without EGFR mutation.
These results suggested that there are other mechanisms to
determine gefitinib responsiveness in NSCLCs.,

Previous study reported that adenccarcinoma histology,
never-simoking status, and female gender were predictive
factors for gefitinib responsiveness (11). Our result showed
that only EGFR mutation was significantly associated with
gefitinib responsiveness. This discrepancy may be derived
from the small number of our treated cases for analysis.
Regarding the response rate, the IDEAL 1 tral reported
27.5% in 102 Japanese and 10.4% in 106 non-Japanese
patients {11). Our study showed 48% responsiveness in 21
cases treated with gefitinib. We compared the patient
characteristics of 21 treated cases with the total 120 cases.
Rates of female cases were 38% and 31%, never smoker cases
38% and 30%, and adenocarcinoma cases 71% and 68% in
treated and total cases, respectively, The rates of these factors
were slightly higher in the treated population than in the total
population with no statistical differences, indicating that the
2] cases represented the total population. Takano et al. (22)
reported that response rates in female gender, adenocarcinoma,
and never smoker were 53%, 38%, and 63%, respectively,
suggesting that our response rate was an acceptable value.
Further analysis with additional cases is important to discuss
the issue of responsiveness.

The overall survival data showed no significant difference
in the limited number of cases. However, we showed better
survival in patients having EGFR mutations than in those
without mutations at 1 and 2 years after the beginning of
gefitinib treatment, Data from the IDEAL 1 study, which
included Japanese paticnts, showed the median survival time
of gefitinib responders (complete or partial response) was 13.3

months, contrasting with the overall survival of 7.6 months
(11). Thus, a survival advantage at 1 and 2 years in patients
with EGFR mutations seems to be probable, Two gefitinib
responders without EGFR mutations also live Jonger. Our
present study of survival, which was limited to 2] cases,
showed an advantage (although not significant) of gefitinib
treatment for EGFR mutant cases. Further accumulation of
treated cases with gefitinib should be necessary to estimate the
effect of EGFR mutation gefitinib therapy for patient survival,

Qur work confirms and extends the previously reported
findings regarding EGFR mutations, clinicopathologic fea-
tures, and response to targeted therapy. In addition, our
findings strongly suggest that EGFR mutation can be one of
the main factors to determine the strategy of chemotherapy
and indicate the importance of molecular biological analysis of
tumor specimens to establish the appropriate molecular-
targeted treatment,
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Serum DNA Is Useful for Early Detection of Lung Cancer
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ABSTRACT

Purpose: The purpose of this study is to evaluate the
usefulness of serum DNA methylation of five tumor
suppressor genes for early detection of lung cancer,

Experimental Design; Methylation status in serum DNA
from 200 patients undergoing bronchofiberscopic examina-
tion for abnormal findings on chest radiograph detected by
lung cancer screening or surveillance was examined using
methylation-specific PCR.

Results: Ninety-one patients were given a pathologic
diagnosis of lung cancer, 9 other malignant diseases, and 100
nonmalignant pulmonary diseases. In patients with lung
cancer, methylation was detected in 18.7% for MGMT,
15.4% for p16"™V%4% 12.1% for RASSFIA, 11.0% for DAPK,
and 6.6% for RAR-f3, which was higher compared with that
in patients with nonmalignant diseases. Age and smoking
status seemed to associate with methylation status. Sensitiv-
ity, specificity, and predictive value of methylation in at least
one gene for diagnosis of lung cancer were 49.5%, 85.0%,
and 75.0%, respectively. Adjusted odds ratio (95% confi-
dence interval) for having Jung cancer was 5.28 (2.39-11.7)
for patients with methylation in one gene and 5,89 (1.53-22.7)
for those with methylation in two or more genes. It is of note
that methylation was identified in 50.9% of stage I Iung
cancer patients, whereas serum protein tumor markers were
positive in 11.3% of them.
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Conclusions: These results suggest that identification of
promoter methylation of tumor suppressor genes in serum
DNA could be useful for early detection of lung cancer.

INTRODUCTION

Despite intensive treatment, the prognosis of patients with
lung cancer is poor. The 5-year survival rate of patients with
clinical stage I disease is ~ 60%, but in those with clinical stage
I to IV diseases, the 5-year survival rate ranges from 40% to
<5% (1). Thus, the prognosis of lung cancer is strongly
comrelated to its clinical stage. Over two thirds of lung cancer
patients have an advanced discase at the time of initial
presentation (2), and lack of efficient diagnostic methods for
early detection is considered to be the major reasons for the poor
prognosis of lung cancer.

Although lung cancer screening with annual chest radio-
graph and sputum cytology is currently conducted in many
municipalities in Japan (3), the usefulness of mass screening is
yet to be fully confirmed. The previous screening trials
sponsored by the National Cancer Institute failed to show that
screening with sputum cytology and chest radiography reduced
mortality from lung cancer (4-7). However, because one of
these trials indicated more favorable survival rates associated
with the diagnosis of resectable tumors, the American Cancer
Society maintains that physicians and patients may decide to
have these screening tests on an individual basis (8). Therefore,
the development of more useful method in addition to the chest
radiograph and sputum cytology for lung cancer screening is
urgently required.

Aberrant methylation of CpG islands, which are in or near
the promoter region of various genes, is a common feature in
various neoplasms and is associated with the transeriptional
silencing of tumor suppressor genes (9—11). In addition, this
alteration has been described to occur in the very early stage of
carcinogenesis {12). Recent advances in techniques simplified
the methods for identification of promoter methylation, among
which methylation-specific PCR (MSP) is a simple, sensitive,
and specific method to determine the methylation status of any
CpG-rich region (13).

Several studies have shown that several genes, including
tumor suppressor genes, such as retinoic acid receptor p
(RARP; ref. 14) and pl6™5* (15, 16), apoptosis-associated
genes, such as death-associated protein kinase (DAPK; ref. 17}
and ras association domain family 1A (RASSFIA; refs. 18, 19),
and the DNA repair gene O%methylguanine DNA methyl-
transferase (MGMT, refs. 20, 21), were frequently methylated
in lung cancer cells. Zochbauer-Muller et al, showed that 82%
of the non—small cell lung cancer tissues had methylation of at
least one gene from eight genes and rarely identified
methylation of these genes in nonmalignant lung tissue (20).
These findings suggest the potential use of DNA methylation
as 2 marker for lung cancer.
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It has been shown that cancer patients have increased levels
of free DNA in their sera, which is thought to be released from
cancer cells (22-24), Many investigators have reported that
microsatellite alterations and p53 and/or res gene mutations
could be identified in the serum and/or plasma DNA of patients
with various cancers (25-28). Thus, circulating tumor-derived
DNA might be used as a source for tumor detection by PCR
analysis, including MSP.

In the present study, we attempted to identify methylated
DNA in sera of patients with abnormal findings on their chest
radiograph as detected by lung cancer screening or physician
surveillance. Although there are some recent reports of DNA
methylation analyses carried out with remote medium, including
serum, plasma, sputum, and bronchoalveolar lavage fluid or
brushing saimples, this is the first report that has examined the
methylation status of serum DNA on a population basis and
showed the usefulness of the approach as a diagnostic too! for
early detection of lung cancer.

MATERIALS AND METHODS

Sample Collection and DNA Extraction. In this study,
200 patients undergoing fiberoptic bronchoscopy for abnormal
findings on chest radiograph were investigated. The examina-
tions were carried out as part of the lung cancer mass screening
program in Okayama Prefecture (3) or through physician
surveillance. Diagnosis of these patients was completely blinded
to the laboratory researchers. Peripheral blood samples (6 mL)
were collected to investigate methylation status of serum DNA
with written informed consent. Serum (2 mL) was isolated after
centrifugation at 3,000 rpm for 10 minutes and stored at —20°C
until use. Serum DNA was extracted using QlAamp DNA
Blood Midi kit (Qiagen, Hilden, Gemmany) according to the
manufacturer’s instructions. We also examined methylation
status of the tumor tissues. OF 200 patients evaluated in this
study, 30 with lung cancer underwent surgical resection at
Department of Cancer and Thoracic Surpery of Okayama
University Hospital. Tumor tissues from these patients were
investigated with written informed consent. Tumor DNA was
extracted from formalin-fixed, paraffin-embedded lung cancer
tissues using QlAamp DNA Mini kit (Qiagen) according to
manufacturer’s instructions.

Methylation-Specific PCR. Sample DNA was treated
with sodium bisulfite using the CpGenome DNA Moedification
kit (Intergen, Purchase, NY) according to the manufacturer’s
instructions, All bisulfite-modified DNA was resuspended in TE
buffer [10 mmol/L Tris-0.] mmol/L EDTA (pH 7.5)] and used
immediately or stored at —20°C until subsequent MSP. Primer
sequences for the RARD, pl6™5% DAPK, RASSFIA, and
MGMT were as described elsewhere (18, 20). DNA from a small
cell lung cancer ¢ell line SBC-3 (29), which has promoler
methylation of all tested genes, was used as a positive control for
the methylated form and that from serum of normal volunteer for
the unmethylated form. The PCR mixture contained 10x PCR
buffer [100 mmol/L Tris-HC1 {pH 8.3), 500 mmol/L KCI, 15
mmol/L. MgCls], deoxynucleotide triphosphates (each at 2.5
mmol/L), 0.5 pmol/L of each primer, 0.9 units Tag DNA
polymerase (Takara Bio, Shiga, Japan), and 3 uL bisulfite-
modified DNA in a final volume of 30 uL. Initial denaturation at

95°C for 5 minutes was followed by 50 cycles of a denaturation
step at 95°C for 30 seconds, an annealing step at each specific
annealing temperature for 30 seconds, and an extension step at
72°C for 30 seconds and a final extension step at 72°C for 10
minutes was added. After amplification, each PCR product was
electrophoresed through a 2% agarose gel, stained with ethidium
bromide, and visualized under UV illumination. All tests were
duplicated to confirm the result by blinded two researchers.
Methylation-positive cases were defined as the cases whose
serum DNA showed a visual band amplified with methylated-
specific primers, even if it was faint, Representative results of
methylation analysis by MSP are shown in Fig. 1.

Measurement of Serum Protein Tumor Marker Levels.
A part of each blood sample was used for examination of
conventional seruin protein tumor markers, including carci-
noembryonic antigen, cytokeratin |9 fragment, and progastrin
releasing peptide. The serum levels of carcinoembryonic antigen,
cytokeratin 19 fragment, and progastrin releasing peptide were
determined by chemiluminescent immuncassay using commer-
cial kits froin Abbott Laboratories {(Abbott Park, IL), electro-
chemiluminescent immunoassay from Roche Diagnostics (Basel,
Switzerland), and ELISA from Fujirebio (Tokyo, Japan). The
cutoff values of these markers were set at 5.0 ng/mL for
carcinoembryonic antigen, 3.5 ng/mL for cytokeratin 19
fragment, and 46.0 pg/mL for progastrin releasing peptide
according to the manufacturer’s instructions.

UM UMUMUMU

. T vy vy

RARB
p G
M UM UMUM UM UM UM UM U
DAPK AT R :
A S - B B L g
Eo- & - Eo- - o =§’ & by
M UMUMUMUMUMTUMTUMU
rasseia B 4 Lyl ﬁﬁ“ ;
ia A ST

MuyumMUMUMUMUMUMUMU

Fig. I Representative results showing promoter methylation amplified
by MSP. Lanes M and U, amplified product with primers recognizing
methylated and unmethylated sequences, respectively; DNA from SBC-3
cell line and normal volunteer, positive control for methylated and
vnmethylated forms, respectively.
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Statistical Amalysis. The methylation status in five
genes was scored in each patient as the total number of
methylated genes. The methylation score of patients with lung
cancer was compared with those with nonmalignant diseases
using a ¢ test with unequal variance. An unconditional logistic
regression model was applied to estimate the odds ratios and its
95% confidence intervals for the occurrence of lung cancer. We
used the patients without methylation in every five genes as a
reference group and estimated the odds ratios for patients
having one methylated gene and thosc having two or more
methylated genes in five genes tested. Crude and multivariate
models were examined. The factors adjusted in the multivariate
model included age as a continuous variable divided by 10,
sex, smoking status divided into quartiles (pack-years calculat-
ed by number of packs smoked per day multiplied by the
number of years of smoking), and results of three tumor
markers (carcinoembryonic antigen, cytokeratin 19 fragment,
and progastrin releasing peptide) in a binary varable. x? or
Fisher’s exact test were applied to examine the distribution in
categorical variables. A ¢ test was applied to test the continuous
variables, The statistical significance was defined as P < 0.05.
All the statistical analyses were implemented by Stata version
8 (College Station, TX).

RESULTS

Patients Characteristics. Between January 2001 and
December 2002, a total of 200 peripherzl blood samples were
collected from consecutive patients undergoing fiberoptic
bronchoscopy. Of these patients, 91 were given a pathologic
diagnosis of lung cancer (median age, 71 years; range, 45-92
years; male/female 61:30), 100 nonmalignant diseases (median
age, 65.5 years; range, 26-89 years; male/female 64:36), and 9
other malignancies. The histologic subtypes of the lung
cancers, based on WHO classification (30), were adenocarci-
noma in 64 patients, squamous cell carcinoma in 21 patients,
small cell carcinoma in 4 patients, and carcinoid in 2 patients.
Clinical stage classifications, based on the International
Staging System (1), were as follows: 53 patients had stage I
discase, 7 patients stage II, 22 patients stage III, and 9
patients stage IV. Nonmalignant diseases mostly consisted of
benign pulmonary diseases, such as tuberculosis, atypical
mycobacteriosis, pneumoconiosis, interstitial pneumonia, bron-
chitis, organizing pneumonia, and bronchiectasis. Malignant
diseases other than lung cancer included pulmonary metastasis
of laryngeal cancer in 3 patients, invasive thymoma in 2
patients, and non-Hodgkin's lymphoma, thyroid cancer, breast
cancer, and rectal cancer in 1 patient each, Elderly patients
were more frequently represented among patients with lung
cancer than those with nonmalignant diseases (median age, 71
versus 65.5 years; P < 0.001). Current smokers were more
commonly represented among patients with lung cancer than
those with nonmalignant diseases (67% versus 54%; P =
0.046},

Methylation Status of Five Genes. As shown in
Table 1, serum methylated DNA was delected in 18.7% for
MGMT, 15.4% for p/6™** 12.1% for RASSFIA, 11.0% for
DAPK, and 6.6% for RAR[ in lung cancer patients, When
analyzed individually, the proportions of patients with

methylated serum DNA were higher in patients with lung
cancer than those wilh nonmalignant diseases in every five
genes, Difference is especially evident for p76™¥5% (P = 0.003)
and MGMT (P < 0.001). Of 91 lung cancer patients, 45 (49.5%)
had methylation of at least one gene. When methylation of at
least cne gene was assessed as positive, specificity and
predictive values of methylation were 85.0% and 75.0%,
respectively. The total number of methylations in five genes
per patient was 0.64 in patients with lung cancer, which was
higher than that in patients with nonmalignant diseases (0.19; P
< 0.0001; Table 2). Of 9 patients with malignant diseases other
than lung cancer, 6 (66.7%) had at least one methylation in five
genes (data not shown). These 9 cases were excluded from
subsequent analyses.

Twenty-three of 30 (77%) tumor tissues obtained from lung
cancer patients showed methylation of at least one gene (Fig. 2.
Sixteen of 18 (89%) tissues from patients with serum DNA
methylation also had methylated genes. Methylation of
RASSFIA gene was identified in one serum sample and MGMT
gene in two samples, but they were not identified in the
corresponding tumor.

Association with Clinicopathologic Features, We ana-
lyzed the correlations between methylation status in serum
DNA and clinicopathologic variables of the patients. There
was no correlation between methylation staus and sex or
histology in this study. In addition, frequency of serum DNA
methylation between smokers and nonsmokers was not
significantly different in both patients with lung cancer
(48.3% in nonsmokers, 45.8% in <40 pack-years smokers,
and 52.6% in 240 pack-years smokers; P = 0.863) and those
with nonmalignant diseases (Table 3). These findings were
also observed when analyzed in individual gene. Although
serum DNA methylation in 240 pack-years smokers with
nonmalignant diseases tended to be more frequent than that
in <40 pack-years smokers, this trend was panticularly
obvious in DAPK and RASSFIA genes. In control group,
we found significant correlation between methylation and age
(Table 3).

Methylation Status and Risk of Lung Cancer, Table 4
shows the results of a crude and adjusted logistic regression
analyses evaluating correlation between number of methylated
genes and risk of lung cancer. In the crude model, the patients
with one methylated gene showed 5.08 (95% confidence
interval, 2.28-11.3) times higher probability of having lung
cancer compared with patients without any methylated genes.
The odds ratio was higher in patients with two or more
methylated genes. To consider the imbalance in baseline
characteristics, we conducted similar analysis adjusting for age,

Table I Frequency of methylation in five genes

Patients, r (%)

Lung cancer Nonmalignancy Total
{n = 100) (n =100) (n =181)
MGMT 17 (18.7) 2(2.0 19 (9.9)
plgivkda 14 {(15.4) 3(3.00 17 (8.9
RASSF14 11 (12.1) 8(3.0) 19(9.9)
DAPK 16 (11.0) 5(5.00 15019
RARR 6 (6.6) 1(1.0) 7.7
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Table 2 Comparison of methylation status between lung cancer and nonmalignant cases

Mean* SE sD 95% Confidence interval
Nonmalignancy 0.19 0.0506 0.0506 0.09-0.29
Lung cancer 0.64 0.0774 0.738 0.48-0.79 P < 00001t

*Total number of methylations in five genes per patient.
1t test with unequal variance.

sex, smoking status, and protein twmor marker results, The
patients with methylation in at least one gene and two or more of
five genes showed 5.28 (2.39-11.7; P < 0.001) and 5.8% (1.53-
22.7; P = 0.010) times higher probability of having lung cancer,
respectively.

Frequencies of Methylation According to Clinical Stage
of Lung Cancer. We investigated the correlation between
clinical stage and methylation status in five genes or conven-
tional serum protein tumor markers (Table 5). Of 53 patients
with stage I disease, 27 (50.9%) patients had methylated serum
DNA in at least one gene, whereas only 6 (11.3%) patients
showed elevation of at least one serum protein tumor marker. In
patients with stage II, III, or IV diseases, the difference was not
evident.

DISCUSSION

This study shows that identification of serum DNA
methylation is a potentially useful approach to detect lung
cancer patients from subjects screened by chest radiograph.
Serum DNA methylation was more frequently observed in
patients with lung cancer than those with nonmalignant
diseases. Although the sensitivity for the diagnosis of lung
cancer was only 49.5% when analyzed by a combination of
five genes, the relatively high specificity (85.0%) indicates
the usefulness for subjects screened by with chest radiograph.
The odds ratio for diagnosis of lung cancer was >5.0 in
patients with at least one methylated gene even after
statistical adjustment by other clinicopathologic risk factors,
such as smoking, age, sex, and results of tumor marker tests.
Of note, serum DNA methylation could be identified even in
patients in the early stages of lung cancer, whereas
conventional serum protein tumor markers were rarely
elevated, indicating that this DNA-based method is more
sensitive than protein-based method for diagnosis of lung
cancer in early stage.

In former studies, methylation in temor tissues was
detected in 40% to 43% of non—small cell lung cancer patients
for RARP, 25% to 41% for pl 6™ 16% to 44% for DAPK,
30% to 40% for RASSFiA, and 16% to 27% for MGMT (31).
These results were consistent with our data in 30 tumor tissue
samples. In our experiment, the frequency of detecting
methylated genes in serumn was about half to two thirds
compared with that in tumor tissues. However, when we
consider that tumor-derived DNA in blood is generally
detectable in less than half of cancer patients (32), the frequency
of methylation in serum DNA in our study may be reasonable.
Laird reviewed the studies examining methylation status of
serum/plasma DNA in patients with various neoplasms and
indicated that clinical sensitivity of DNA methylation was
~50% (33). Esteller et al. did methylation analysis in serum

DNA from patients with non—small cell lung cancer for multiple
genes and showed 33% to 80% of clinical sensitivity by
combination analysis of these genes (34). Our results are
consistent with the results of these studies, indicating that similar
sensitivity is achievable even after mass screening.

Among various techniques used for methylation analysis,
we adopted a simple method of qualitative MSP analysis. The
specificity of the primers we used in this study had been
verified using genomic sequencing and/or restriction analysis
in previous reports (13, 35). Recently, several studies showed
improved detection rates of methylation status using a nested
PCR approach or a quantitative real-time PCR technique (36—
38). Particularly, sensitivity of the Tagman method was reperted
to be 10-fold higher than conventional qualitative MSP (39). To
apply DNA methylation as tumor marker for detection of lung
cancer, the use of these improved methods is an attractive
strategy.

Although promoter methylation was observed predomi-
nantly in lung cancer patients, 1% to 8% of patients with
nonmalignant disease were methylation positive for each gene
in this study. In addition, three lung cancer patients with serum
DNA methylation did not show same alteration in the
corresponding tumor tissues. We considered the following as
possible explanation of these positive results. Firstly, the
methylated serum DNA might be derived from undetected
precancerous lesions in these cases. According to the previous
reports, aberrant promoter methylation is detectable in
precancerous lesions, such as dysplasia and nonmalignant lung
tissues of patients with lung cancer (20, 37). Methylation-
positive nonmalignant patients may develop malignant diseases
in the near future. Secondly, aberrant methylation might be
caused by environmental factors, such as smoking (12, 40). In
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Table 3 Correlation between clinical features and methylation of the different genes in nonmalignant cases

% of Cases

RARB ploiNKa DAPK RASSFIA MGMT Total

Smoking status

Nonsmoker 0 4.4 22 6.5 2.2 13.0

Pack-years <40 0 0 4.8 4.8 0 9.5

Pack-years 240 3 3 9.1 12.1 3.0 212

P 0.359 0.626 0.379 0.550 0.736 0.442
Age

Quartile 1* 35 0 6.9 6 0 10.3

Quartile 2 0 0 0 5.6 0 5.6

Quartile 3 0 5.0 5.0 20.0 5.0 25.0

Quartile 4 0 13.3 13.3 13.3 6.7 333

P 0.480 0.051 0.230 0.063 0.271 0.036

* Age quartile was defined as follows; 1, <59; 2, =59 and <69; 3, 269 and <73; and 4, 273,

published series, controversial correlations between smoking
and methylation have been reported (20, 41-44). We did not
find any statistically significant correlation between smoking
history and methylation; however, heavy smokers had at least
one serum DNA methylation more frequently than mild to
moderate smokers in patients with nonmalignant disease. The
third explanation is possible occurrence of other occult
malignancies. Indeed, we observed methylated seum DNA in
66.7% of the patients who were diagnosed as having another
malignant disease. The final explanation is the possibility of
detecting age-related methylation in control group.

To use this serum DNA methylation as a marker in lung
cancer mass screening, several issues must be considered. The
fairy good specificity even in patients screened by chest
radiograph suggests the advantage of this approach. On the
other hand, poor sensitivity may compromise the advantage of
specificity. Improving sensitivity as a mass screening test might
be achieved by two approaches. One is to increase sensitivity of
DNA methylation itself by using large number of tested genes
or applying a quantitative methylation assay. The other is to
combine the methylation with highly sensitive screening method
such as low-dose spiral computed tomography (45-47).
Because one of the serious limitations of low-dose spiral
computed tomography is its poor specificity (48), combination
with the serum DNA methylation may overcome the limitation.
Indeed, physicians often experence difficulty in sampling tumor
specimen from small legions detected by computed tomography

scans for pathologic diagnosis by invasive procedures, such as
fiberoptic bronchoscopic examination or computed tomogra-
phy—guided fine needle aspiration, Accordingly, in consider-
ation of relatively higher frequency of serum DNA methylation
in early-stage disease (50.9% in stage I} and serious
complications after invasive procedures (49), serum DNA
methylation may be a test to be conducted before invasive
procedure. Although further evaluation is essential, the results
in this study indicate the substantial usefulness for detection of
lung cancer,

In conclusion, we examined the aberrant promoter
methylation status in serum DNA and showed the usefulness
of this approach as a tool for detection of lung cancer in patients
screened by chest radiograph. Further studies are warranted to
confirm the efficiency of the procedure and search for best
combination of genes for methylation analysis. Moreover, it is
important to investigate prospectively whether methylation-
positive noncancer cases will have malignancies in the near
future.
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Table 4 Methylation status and risk of lung cancer

Model 1t Model 21
Odds ratic  95% Confidence P Odds ratio  95% Confidence P
Cases*  Controls* interval interval
No. methylations
0 46 85 1.00 1.00
1 33 12 5.08 2.28-11.3 <0.0001 5.28 2.39-11.7 <0.001
22 12 3 139 1.87-29.2 0.0008 5.89 1.53-22.7 0.010
Age (10-y increase) — 1.03 1.00-1.07 0.023
Sex (male relative to female) — 1.49 0.61-3.64 0.386
Pack-years (one level increase quartile} — 1.00 0.99-1.00 0.207
Tumor marker positive — 3.08 1.32-7.17 0.009

*Cases, lung cancers; controls, nonmalignant diseases,

tModel 1 included number of methylation only. Model 2 included ape, sex, pack-years of smoking, and tumor marker result in addition to number

of methylation.



1224 Detection of Methylated Serum DNA for Lung Cancer Screening

Table 5 Frequency of DNA methylation and elevation of conventional
serum protein lumor markers according to clinical stage

Patients, # (%)

Clinical stage I If I 1Y

Methylation 27 (509 3429 10 (45.5) 5 (55.6)
MGMT 10 (18.9) 1{14.3) 4(18.2) 2(22.2)
plEINKda 7(13.2) 0@0.0) 5(22.7y  2(22.2)
RASSFIA 7(13.2) 1(14.3) 3(13.6) 0(0.0)
DAPK 5.7 1(14.3) 4(182y 0(0.0)
RARB 3(5.7 0 (0.0) 1 (4.5) 2(22.2)

Tumor marker 6 (1LY 3429 10 (45.5y 7 (77.8)

Carcinoembryonic 5(9.4) 1 (14.3) 2(40.9) 5(55.6)
antigen

Cytokeratin 19 0 (0.0) 0 (0.0) 2(9.1) 2(22.2)
fragment

Progastrin releasing I (1.9) 2 (28.6) 2(9.1) [ {11.1)
peptide

Total {n = 91} 53 7 22 9
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They Also Serve Who Only Stand
and Wait: Do Individual Clinical

Researchers, Too? Hoping for
Individual Patient Data As
Public Domain

To e Eprror: We have presented two meta-analyses
regarding chemotherapy for non-small-cell lung cancer
{NSCILC) based on the abstracted data (AD)"? and received
an editorial comment about themn from Dr Piedbois and Dr
Buyse.? We have no objection to their comments that state
individual patient data (IPD)-based meta-analysis is more
ideal than AD-based meta-analysis to draw inference, as
they have cautioned for a long time.* With all due respect to
them, we have to say that we are still dissatisfied with their
comments and would like to express our opinions.

“Which treatment is better at present, adjuvant che-
motherapy or surgery alone?” This is one of the simple
questions that all clinicians involved in NSCLC treat-
ment still encounter in their daily practices, and this
question was the reason that motivated us to attempt the
analysis.? Although we had realized the result of an ear-
lier meta-analysis published in 1995,° we did not think
that the issue had been concluded when we planned the
analysis. Approximately half of the studies included in
our analysis still had continued patient enrollment even
after 1995, indicating the evidence by IPD-based analysis
was not convincing enough to stop these trials. The clinical
researchers involved should not have intended to conduct the
demonstrational trials for proven efficacy of adjuvant chemo-
therapy for NSCLC; therefore, we are certain that our topic has
some degree of positive significance, and provides justification
for usto carry out an AD-based meta-analysis. We assume that
the Journal of Clinical Oncology published our article with the
same point of view, and the indication in the editorial, that our
analysis is a retread of a proven issue, is beside the point.
Editorialists also indicated that the analyses in each individual
trial reported might be biased and were far from reliable to
summarize by AD-based analysis. Frankly speaking, this indi-
cation is quite puzzling for us, considering it is from the edito-
rialists at a medical journal. The medical articles in the journals
are one of the most important sources for clinicians in their
daily practices, and it is essential for us to see clear evidence for
this indication so that we can fully take advantage of it.
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Another subject we have to be attentive to is how much
of the precise conclusion would be drawn by IPD-based
analysis compared with AD-based analysis to produce the
main outcome of interest. Several articles are available re-
lating to this issue that define AD-based analysis as less
reliable®’; however, the serious problem in the comparison
is that the studies examined in each method areall different.
Conclusions should be made based on the direct compari-
son between these two methods using exactly the same
studies. For example, Hamada et al® recently presented the
IPD-based meta-analysis for adjuvant chemotherapy using
tegafur plus uracil for NSCLC. They used six studies, and
five of them were included in our analysis.? When we ana-
lyzed with additional abstracted data of this nonoverlapped
study,” the summary hazard ratio for overall survival with
tegafur plus uracil adjuvant chemotherapy is 0.76 (95% CI,
0.64 to 0.89; P = .001), whereas that in their intent-to-treat
analysis is 0.76 (95% CI, 0.64 to 0.91; P = .0025). Although
we still cannot rule out the potential bias in AD-based
analysis, the main conclusions are the same in both analy-
ses. Therefore, one may hypothesize that both methods
would give similar estimates for the main outcome when
exactly the same studies are examined, and this hypothesis
must be evaluated in the future study from the scientific
point of view. We have lately heard that another 1PD-based
analysis on adjuvant chemotherapy in NSLCS is underway,
and we eagerly await the results to examine this issue. Con-
sidering the huge resource burden for IPD-based analysis
(as mentioned in the editorials), we must say it is extreme to
conclude that AD-based analysis is unreliable and to limit
its role to simple hypothesis generation at present.

Lastly, as the editorialists mentioned, how an outlier
study is dealt with is important in meta-analysis. Coldtiz et
al'" pointed out the potential danger of study exclusion by
source of heterogeneity. If study exclusion aims to make stud-
ies homogeneous under the pretext of removing random er-
rors, it may lead to a serious bias. We do not believe that
homogeneity of the results across the studies is a prerequisite
for meta-~analysis; however, if that kind of homogeneity exists,
there should be no reason to conduct meta-analysis except to
obtain a statistically significant result. This is a common issue
for both 1PD- and AD-based meta-analyses, and should be
considered seriously.

We believe, despite several limitations, that AD-based
meta-analysis still has a substantial role in the medical sci-
ence until an ideal situation for gold standard analysis is estab-
lished. Having faith in the strength of IPD-based meta-
analysis, we sincerely hope that all the primary investigators
in the clinical trial groups seriously consider establishing the
ideal situation for smooth research as public domain, which
enables independent clinical researchers to examine
IPD with their new hypothesis, instead of limiting its use
to the authorities.
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Toward a Clearer Understanding of
the Prognostic Value of Health-
Related Quality-of-Life Parameters
in Breast Cancer

To tHe EpiTor: We read with interest the recent article
by Goodwin et al.! This pivotal study has shed more light
onto the key question with regard to the role of health-
related quality-of-life (HRQOL) parameters in predicting
clinical outcomes in nonmetastatic cancer patients. Al-
though Goodwin et al failed to prove an association be-
tween HRQOL parameters and clinical outcomes, we fully
agree with the authors that “negative results, reflecting a
failure to identify a hypothesized association, are important
as positive results” {p 4191). Importantly, the research find-
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ings of Goodwin et al should be viewed alongside our recent
results published in the Journal of Clinical Oncology.? Our
study also investigated the prognostic value for survival of
baseline HRQOL parameters, as measured by the European
Organisation for Research and Treatment of Cancer Qual-
ity of Life Questionnaire-Core 30 in a population of non-
metastatic breast cancer patients. Although our study also
included inflammatory breast cancer patients, both studies
dealt with patients with no distant metastasis and represent
the only two studies addressing this issue using the Euro-
pean Organisation for Research and Treatment of Cancer
Quality of Life Questionnaire-Core 30 in a nonmetastatic
breast cancer population.

In contrast with the above results of patients with no
distant metastasis, all previous studies conducted with ad-
vanced metastatic breast cancer patients found that some
HRQOL parameters, such as physical well-being, pain, and
appetite loss,”® independently predicted survival. The con-
tradictory findings of the value of HRQOL parameters in
predicting survival in locoregional and advanced metastatic
cancer patients challenges researchers to wonder why
HRQOL seems to predict survival only in metastatic dis-
ease. Both Goodwin et al' and our recent results® seem to
support the view that a probable reason underlying the
association between HRQOL and survival lies in the pa-
tient’s accuracy in judging their own health more accurately
than some conventional prognostic indices. Patients with
worse underlying disease report worse HRQOL outcomes.®
At present, this explanation seems to be the one that would
best account for the remarkable differences in terms of
results between studies of patients with and without distant
metastasis. Within this scenario, it is possible to speculate
that for patients with early-stage disease whose symptoms
are not generally evident, clinical objective data, such as
tumor staging, are more likely to override patients’ self-
reported HRQOL scores in predicting survival. However,
once the disease becomes more advanced, patients’ judg-
ments seem to play a more important role. Goodwin et al,’
along with our study,” should not be seen as undermining
the substantial value of HRQOL in predicting survival or
other traditional clinical outcomes in advanced disease set-
tings. They simply go some way toward illustrating that the
clinical implications of this line of research may only be
fruitful in the later stages of the disease.
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