EGFR Mutations and Gefitinib for NSCLC

criterion to avoid underestimating gefitinib effectiveness. CEA has
been reported as a useful clinical therapeutic marker.'® When the
elevated CEA level decreased to a level less than half of the baseline
level, gefitinib treatment was judged as effective. On the other hand,
gefitinib treatment was judged as ineffective when the tumors
showed any growth ora newlesion appeared in the imaging studies,
or when the serum CEA level increased. Any patient who did not fit
either of these criteria was classified as not assessable. All these eval-
uations were done before the EGFR gene analysis, without knowl-
edge of mutational status of the EGFR gene.

Statistical Analysis

For comparisons of proportions, the y* test or Fisher’s exact
test was used. The Kaplan-Meier method was used to estimate the
probability of survival as a function of time, and survival differ-
ences were analyzed by the log-rank test. The two-sided signifi-
cance level was set at P < .05. To identify which independent
factors had a joint significant influence on gefitinib effectiveness,
the logistic regression modeling technique was used, and for mul-

tivariate analysis of the overall survival, the Cox proportional
hazards modeling technique was applied. Al analyses were per-
formed using StatView version 5 (SAS institute Inc, Cary, NC)
software on a Macintosh computer.

EGFR Mutations

Mutations of the EGFR gene were detected in 33
(56%) of 59 patients. Seventeen were deletions, 15 were
point mutations, and one was an insertion. Details of
these mutations are shown in Figure 1. As previously
reported,’”'” EGFR mutations were significantly associ-
ated with adenocarcinoma histology, female sex, and
never-smoking status (Table 1). However, the mutations
were not associated with the age or stage of the patients.
Furthermore, median time from the original surgery to
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Table 1. Incidence of EGFR Mutations and Clinical and
Pathologic Features

EGFR
Mutation
Variable No. of Patients % Wild-Type P
Al cases (SRS EA N - e T R
Sex
Male 14 .0402

Female _

“Histologic type

Adenocarcinoma 32
Nonadenocarcinoma 1
Squamous cell carcinoma 0
Large-cell carcinoma 0

1

Abbreviation: EGFR, epidermal growth factor receptor.

recurrence was almost identical in patients with EGFR
mutations (362 days) and in those without EGFR muta-
tions (363 days; P = .8265).

Clinical Improvement After Gefitinib Treatment

Forty-one of 59 patients had measurable disease at re-
currence with imaging studies. Of these, 20 showed appre-
ciable tumor shrinkage after gefitinib treatment, whereas 17
tumors increased in size, and there was no change in tumor
size in four patients. Al of these 20 tumors (pulmonary me-
tastases in 11, pleural disseminated nodules in two, hepatic
metastases in two, mediastinal lymph node swelling in two,
brain metastases in two, and chest wall tumor in one)
showed at least a 30% decrease in diameter. Figure 2 shows
representative imaging studies. A computed tomography
scan of the chest in patient L703 (73-year-old woman, ade-
nocarcinoma) showed masses in the right-lower lobe and
marked improvement 8 weeks after gefitinib initiation. A
computed tomography scan of the liver in patient 11492
(52-year-old woman, adenocarcinoma) showed masses in
the right lobe of the liver and dramatic improvement 10 days
after gefitinib initiation. A large chest-wall mass in the left
back of patient L1362 (62-year-old man, adenosquamous
carcinoma) before gefitinib treatment almost disappeared
13 weeks after gefitinib initiation. A left-lung tumor in pa-
tient L1171 (70-year-old woman, adenocarcinoma) was
smaller 6 weeks after gefitinib initiation.

CEA was above the upper normal limit (5 ng/mL) at
baseline in 32 patients. Serum CEA level decreased to
< 10%, < 50%, and to > 50% of the baseline level in
three, 12, and five patients, respectively, whereas CEA level
increased in 12 patients. When we combined the results of
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imaging studies with CEA and judged according to our
criteria, gefitinib treatment was effective in 26 (52%),
not effective in 24 (48%), and not assessable in nine pa-
tients (Table 2). There was a good correlation between
these two examinations. The imaging studies and change
in CEA levels did not conflict in any patients. In 17 pa-
tients with measurable diseases and whose baseline CEA
level was elevated, the CEA level decreased in all 11 pa-
tients showing tumor shrinkage and increased in all five
patients showing tumor growth, except for one patient
whose tumors showed no change in size (P < .001, Fisher’s
exact test), supporting the validity of our criteria.

We searched for a relation between gefitinib effective-
ness and various clinical and pathologic features (Table 2).
Never-smokers and patients with adenocarcinoma had
a significantly higher incidence of gefitinib effect. How-
ever, we could not detect significant difference in gefitinib
sensitivity by sex or presence of prior chemotherapy, prob-
ably because of the small sample size, although there was
a trend that female and chemotherapy-naive patients were
more responsive.

Relationship Between Clinical Response to
Gefitinib Treatment and EGFR Mutations

The incidence of EGFR mutations in terms of response
to gefitinib treatment as judged by imaging studies and CEA
levelsis shown in Table 3. Of 20 patients who showed tumor
shrinkage, 19 (95%) had mutations of the EGFR gene. On
the other hand, two (12%) of 17 patients whose tumors
grew after gefitinib treatment harbored EGFR mutations
(P < .001, Fisher’s exact test). In Figure 2, patient L703,
L1492, and L1362 had EGFR mutations (delE746-A750,
L858R, and E746-S752insA, respectively). Of three, 12,
and five patients whose CEA level decreased to less than
109, less than 50%, and to more than 50% of the baseline
level after gefitinib treatment, three (100%), 10 (83%), and
four (80%) had EGFR mutations, respectively. On the other
hand, of 12 patients whose CEA level increased, three (25%)
had EGFR mutations (P = .004, Fisher’s exact test).

‘When we used our criteria combining the results of im-
aging studies with CEA, gefitinib was effective in 24 (83%) of
29 patients with EGFR mutations, whereas it was effective
only in two (10%) of 21 patients without EGFR mutations
(P < .0001; Table 2). There were three patients with EGER
mutations (two with L858R and one with G719A) whose
CEA level increased after gefitinib treatment but did not
have measurable diseases. There were also two patients
with EGFR mutations, one with L858R+E709H and one
with 1744-K745 ins KIPVAI whose tumor progressed.

Logistic regression analysis (Table 4) showed that
EGFR mutation was the only significant factor contribut-
ing to gefitinib sensitivity.

On the other hand, patient L1171, who showed a de-
crease in size of multiple pulmonary metastatic nodules
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Fig 2. Examples of the response to gefitinib in representative four patients with recurrent non-small-cell lung cancer. Computed tomography (CT) scans before
gefitinib treatment {A, C, E, G) and after the gefitinib was initiated {B, D, F, H} are shown. CT scans of patient L703 (A, B), patient L1492 (C, D}, patient L1362 (E, F),
and patient L1171 (G, H).
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Table 2. Relation Between Gefitinib Effectiveness and Various
Clinical and Pathologic Features

Effective
No. of Not Not
Variable Patients %?* Effective Assessable Pt
Allpatients - 0T R TREBY Y T4y LI G LT
Sex *
Male
- Female

Sroking statls: -
...-Never- smoker
ormer or. ,current o

Histologic type
Adenocarcinoma 25 58 18
__Nonadenocarcinoma
Prior- chemotherapy :
“ Presént

S AbsBNt LT

EGFR mutation
Mutation 24 83 5 4 < .0001
Deletion 16 100 0 1 .0108%
Insertion 0 0 1 0
Point mutation 8 67 4 3
Wild-type 2 10 19 5

Abbreaviation: EGFR, epidermal growth factor receptor.

*Percentages were calculated excluding patients who were not
assessable.

TP values were caiculated excluding patients who were not assessable.
$P value for Fisher's exact test comparing deletion mutants with the
other mutants.

(Figs 2G and H) and a decrease in CEA level from 16.8 to
4.3 ng/mlL, did not have EGFR mutations. In this patient,
we extended our search for mutations to exons 22 and 23
of the EGFR gene, and still found none. Another patient
without EGFR muttation in whom gefitinib was effective
was a 59-year-old man who showed a decrease in serum
CEA level from 10.6 to 1.5 ng/mL after 2 weeks of gefitinib
treatment; this low level of CEA was maintained at least for
7 months.

When we further analyzed gefitinib response by clas-
ses of EGFR mutation, we found that there was a difference
of response between patients with deletion mutations and
those with the other types of mutations. Gefitinib was ef-
fective in all 16 patients with deletions, and effective in
eight of 13 with other types of mutation (P = .0108).

Effect of EGFR Mutation on Patient Survival
After Gefitinib Treatment

Patients with EGFR mutations survived for a signifi-
cantly longer time calculated from the day of gefitinib initi-
ation than those without EGFR mutations (P = .0053, log-
rank test; Fig 3). Likewise, 26 gefitinib responders survived
for a longer time than 24 nonresponders (P = .0320, log-
rank test; not shown). Multivariate analysis revealed that
EGFR mutation was the only factor that significantly and in-
dependently affected overall survival (Table 5). EGFR mu-
tation class did not affect overall survival (not shown).

Recurrence after complete resection of NSCLC often
presents as a form of distant metastases.”® In clinical prac-
tice, chemotherapy is given to these patients except for
* a small number in whom re-resection of the tumor is indi-
cated. Many studies have shown that chemotherapy pro-
longs survival and improves quality of life in unresectable

stage IV tumors.”' However, patients with unresectable tu-
mors and patients with recurrent diseases may not be the
same. There have been no large-scale randomized clinical
trials addressing whether chemotherapy improves survival
of patients with recurrence. Yoshino et al” found that
chemotherapy for recurrence only tended to prolong sur-
vival in 118 of 468 consecutive patients who had recurrence
after pulmonary resections. After introduction of gefitinib
to clinical practice in 2002 in Japan, some patients with re-
current disease showed dramatic responses to gefitinib
treatment, but many others did not respond. It has been
unclear which patients respond to gefitinib and also whether
gefitinib treatment prolongs survival in these patients.
Recent studies have showed striking correlation
between gefitinib sensitivity and EGFR mutations both
in vitro and in clinical studies.'>"” Because this study was
a retrospective analysis of response to gefitinib prescribed
as routine care, judgment of gefitinib effectiveness tended
to be less strict than that in a prospective clinical trial. Yet,
changes in serum CEA level never conflicted with imaging
studies. We were able to confirm a relation between EGFR

Tahle 3. Response to Gefitinib Treatment in 59 Patients With Recurrent Disease

Imaging Results
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indicate that gefitinib treatment could not be assessed.

NOTE. Numbers in bold indicate that gefitinib treatment resulted in clinical improvement in these patients; numbers with underlines indicate the treatment
resulted in progression of the disease; numbers in parentheses show number of patients with EGFR mutations in each category; and italicized numbers

Abbreviations: EGFR, epidermal growth factor receptor; CEA, carcinoembryonic antigen.
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Table 4. Logistic Regression Analysis of Various Factors
That Predict EGFR Effectiveness

Variable Odds Ratio 95% ClI P
o Malgffernale’ T et 10138 7 0:130 10 9.953
Smoking status
Neverfformer/current 1.496 0.16510 13.636  .7202
Histologic type ™ "= L e e
- “Adenocarcinoma/ 17 7169

ST

"= nonadenocarcinoma.. -
Prior chemotherapy
_Yesfno 0.427
EGFR mutation = - S
- Mutant/wild-type .

0.060 to 3.027

02410 2750, < 00

- 40000
Abbreviation: EGFR, epidermal growth factor receptor.

mutations and gefitinib sensitivity in a slightly different
clinical setting. We correlated EGFR mutations found in
specimens taken at the time of surgery with response to
gefitinib, often after several courses of cytotoxic chemo-
therapy for recurrent disease. Multivariate analysis revealed
that EGFR mutation was the only independent predictor for
gefitinib response among several allegedly contributing fac-
tors. As in previous studies, EGFR mutation was not a per-
fect predictor of gefitinib effectiveness.”>!” Two patients
without EGFR mutations showed response to gefitinib. It
is not clear at this time whether EGFR mutations are present
in other parts of the gene or whether mechanisms other
than EGFR mutations govern sensitivity in these patients.

We found a significant difference in gefitinib sensitiv-
ity according to classes of EGFR mutations. All 16 patients
with deletion mutants responded to gefitinib, compared
with eight of 12 patients with other mutations (P =
.0108). It is not clear whether this difference is based on
differences in biologic activity of these mutant proteins.

100 e ;.
. Ly LL’L' Mutation
80 ‘
= &0
©
2 7
E 40- Wild-type | .
& ]
20
0 I I I 1 2
Years After Gefitinib Treatment
No. of patients at risk
Mutation 33 28 19 12
Wild-type 26 18 10 6

Fig 3. Effect of epidermal growth factor receptor mutations on survival,
calculated from the day of initiating gefitinib treatment in patients who had
recurrent disease after surgery (P = .0053, log-rank test).
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Table 5. Cox Proportional Hazards Model for Survival Analysis
95% Cl P

Variable Hazard Ratio

SeX Tl AT e T e
" Female/male T 0,358 - 0.068:t0 1.900.~ .,2280
Smoking status
Never/former/current 0511 0.09210 2.864 4445
“Histelogic type: s 7 < T e e ENS A
. Adenccarcinoma/.- . <-'0.335 7., 0.08510 1.184- .+ ,0894
_..» ‘nonadenocarcinoma. - - E TR e
Prior chemotherapy
_Yesino ... ..0.683 0.222101.923 4397
:Stage s e T T T e R
AV T s e 0848 (00822 10 2,232 L
Age, years
> B4/= 64

> B4j=64 0.342 10 2,717
- EGFR mutation.:- " e R R
-:.x Mutant/wild-type .

03427 % 011740 0.998:
Abbreviation: EGFR, epidermal growth factor receptor.

Gefitinib sensitivity was essentially the same in COS cells
transfected with L858R and in cells transfected with del
L747-P753insS.'® A more recent study showed that the ty-
rosine residue at codon 845 is highly phosphorylated in
L858R mutants, but not in deletion mutants after epider-
mal growth factor binding.*® This might explain the differ-
ence in gefitinib response between tumors with L858R and
those with deletions.

Although our criteria for tumor response are soft,
these are merely a surrogate marker for the effect on sur-
vival. We were able to show, for the first time, that EGFR
mutation was the only significant and independent predic-
tor for a prolonged survival after gefitinib treatment. In
a previous study, we showed that EGFR mutation itself
is not a predictor for better postoperative survival in
236 unselected patients with adenocarcinoma,® and in
the present study, median disease-free interval was almost
identical in patients with or without EGFR mutations. A
recent placebo-controlled clinical trial showed that treat-
ment with erlotinib, another oral EGFR TK inhibitor,
significantly prolongs survival after first and second
chemotherapy for NSCLC,” although EGFR mutation fre-
quency is reported to be around 10% in Western coun-
tries.”>"” This result is interpreted to mean that a subset
of patients without mutations have also benefited from er-
lotinib therapy. The present study suggests that if patients
were selected by presence of EGFR mutations, it would be
possible to concentrate patients with benefits from gefiti-
nib treatment, avoiding unnecessary adverse reactions
such as fatal interstitial lung disease, which is relatively
common in Japanese patients.26 Furthermore, our results
provide a basis for postoperative adjuvant gefitinib treat-
ment in NSCLC patients with EGFR mutations, as adju-
vant treatment is considered the earliest treatment of
metastatic disease. These possibilities should be tested in
future clinical trials.

It is common for patients to show progressive dis-
ease soon after presenting an initial striking response to
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gefitinib. However, we could not detect any evidence that
differences in classes of EGFR mutations are associated
with duration of response (data not shown).

In conclusion, tumors with EGFR mutations showed
good, but not perfect, correlation with clinical response
in patients with postoperative recurrence of NSCLC.
Furthermore, patients with EGFR mutations survived for
a significantly longer period than those without EGFR muta-
tions. Future clinical trials using gefitinib should examine
EGFR mutations for effective selection of patients who are
most likely to benefit from this molecular-targeted drug.
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Emerging evidence suggests that microRNA, which are well-
conserved, abundant and small regulatory RNA, may be involved in
the pathogenesis of human cancers. We recently reported that
expression of let-7 was frequently reduced in lung cancers, and that
raduced Jet-7 expression was significantly associated with shorter
patient survival. Two members of the double-stranded RNA-specific
endonuclease family, Dicer and Drosha, convert precursor forms of
microRNA into their mature forms using a stepwise process. In the
present study, we examined expression levels of these genes in 67
non-small cell lung cancer cases, and found for the first time that
Dicer expression levels were reduced in a fraction of lung cancers
with a significant proghostic impact on the suyvival of surgically
treated cases. It should be noted that multivariate COX regression
analysis showed that the prognostic impact of Dicer (P = 0.001)
appears to be independent of disease stage (P=0.001), while
logistic regression analysis demonstrated that the higher incidence
of reduced Dicer expression in poorly differentiated tumors remained
significant even after correction for other parameters (P = 0.02).
Given the fundamental and multiple biological roles of Dicer in
various cellular processes, our results suggest the involvement of
reduced Dicer expression in the development of lung cancers, thus
warranting further investigations of the underlying mechanisms,
which can be expected to enhance understanding of the molecular
pathogenesis of this fatal cancer. (Cancer Sci 2005; 96: 111-115)

Introduction

gﬁaung cancer is the leading canse of cancer-related death in
b= Japan, as it is in many other economically developed
countries.*? The mutation, amplification and epigenetic changes
of various genes, which may eliminate the normal function of
gene products, have been identified in lung cancers, suggesting
that they may be involved in pathogenesis.®> In addition,
emerging evidence suggests that microRNA, which constitate
a well-conserved and abundant class of approximately 22-
micleotide regulatory RNA, could also be involved. We previously
reported that the expression of let-7 was frequently reduced
in lung cancers, both in vitro and in vivo, and that reduced
let-7 expression was significantly associated with shorter patient
survival.®? Furthermore, we were able to demonstrate that
over-expression of let-7 resulted in significant inhibition of in
vizro growth of lung cancer cells. In addition to our findings in
ling cancers, a number of studies have dealt with microRNA
alterations in other types of human cancers. These alterations
include down-regulation of miR15 and miRI6 in chronic
lymphocytic leukemia as well as of miR-143 and miR-145 in
human colon cancers.®9 The biological functions of microRNA
are not yet fully understood, but it has been suggested that they
play a role in the coordination of cell proliferation and cell death
during development, in addition to their involvement in stress
resistance.”® This evidence appears to lend support to the

© Japariese Cancer Association . doi: 10.1111/j:1349-7006.2005.00015.x

notion that microRNA alterations could be involved in the
genesis and/or progression of various human cancers.

A double-stranded RNA (dsRNA)-specific endonuclease con-
verts precursor forms of microRNA into mature forms through
a stepwise process, which includes the generation of ~70nt
pre-microRNA with a characteristic hairpin structure from the
longer nascent transcripts (pri-microRNA), and further process-

'ing into its mature form.?* In humans, Dicer and Drosha are

thought to collaborate in this stepwise processing of microRNA,
with Drosha executing the initial step of microRNA processing
in the nucleus,"® and the resultant premicroRNA being exported
to the cytoplasm where they are cleaved by Dicer to generate
the final products of ~22nt./-1®

In this study, we posed a question as to whether expressions
of Dicer and Drosha, which are essential for the processing of
microRNA, are altered in lung cancers, and whether changes in
the expression have any effect on clinicopathological features.
To this end, we examined 67 non-small cell lung cancer
(NSCLC) cases, which had undergone potentially curative sur-
gical resection, by means of real-time RT-PCR. We report here
for the first time that the reduced expression of Dicer in a sig-
nificant fraction of lung cancers was associated with shorter
postoperative survival.

Materials and methods

Patients and tumor sample preparations. NSCLC. samples were

“obtained from 67 patients 'who underwent potentially curative

resection at the Aichi Cancer Center Hospital (Nagoya, Japan)
between January 1996 and January 1998. Approval from the
institutional review board and the patients’ written informed
consent were obtained. Stages were determined after pathologic
evaluation of resected specimens according to the International
System for Staging Lung Cancer, revised in 1997. The cohort
consisted of 41 males and 26 females, with age at diagnosis
ranging from 32 to 84 years (median age, 62 years). Thirty-
seven patients had stage I disease, 13 patients stage Il and 17
patients stage III. There were 15 patients with poorly differentiated,
43 with moderately and nine patients with well-differentiated
tumors. Thirty-eight patients were smokers, and the remaining
29 had never smoked. A surgical pathologist (Y.Y.) performed a
gross examination of the tissue specimens immediately after
surgical removal, and pieces of tumor tissue were carefully
selected for maximum tumor content. Half of each piece was
snap frozen in liquid nitrogen, followed by storage at —80°C
until use, and the other half was fixed with prechilled acetone -
and embedded in paraffin for confirmation of tumor contents.
Total RNA was isolated by means of the standard acid
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guanidinium isothiocyanate/cesium chloride procedure using
ultracentrifugation. ‘

Relative quantification by real-time RT-PCR analysis. First-strand
¢DNA were synthesized from total RNA using Moloney murine
leukemia virus reverse transcriptase (M-MLV RT) (Invitrogen,
Carlsbad; CA, USA) and random hexamer primers (Roche
Applied Science, Alameda, CA, USA). Real-time quantitative
PCR amplification of a cDNA template corresponding to 20 ng
total RNA was performed using SYBR Green Master Mix
(Applied Biosystems, Foster City, CA, USA) in an ABI PRISM
7900-HT (Applied Biosystems). PCR conditions were 50°C for
2 min, 95°C for 10 min, followed by 55 cycles of 95°C for 30 s,
65°C for 30 s, and 72°C for 30 s. Standard curves were plotted
by using serially diluted cDNA of the BEAS2B lung epithelial
cell line, and the expression level of the samples was normalized
with that of 78S rRNA and expressed as a ratio of the normalized
expression of the gene of interest in a mixture of the RNA of
38 normal lung tissues. Expression levels in this mixture of

normal lung RNA were adopted as 1. The primer pairs nsed -

for Dicer were 5-GTACGACTACCACAAGTACTTC-3" and
5’-ATAGTACACCTGCCAGACTGT-3', for Drosha, 5-GTGC-
TGTCCATGCACCAGATT-3 and 5-TGCATAACTCAACTGT-
GCAGG-3; and for 188 rRNA, 5-AATCAGGGTTCGATTCCGGA-
3’ and 5'-CCAAGATCCAACTACGAGCT-3".

DNA methylation analysis of Dicer. Exiraction of genomic DNA
from tissues was performed according to standard procedures.
Genomic DNA were treated with the bisulfite conversion method
as described in a previous study.®” After conversion, the promoter
region of Dicer was amplified by PER and every CpG site
within the region was examined with direct sequencing for
the presence of DNA methylation. The primer sequence was
designed on the basis of the converted sense strand sequences
without CpG sites 5-TTTATTTGGGTTTGTAGTAGT-3 and 5-
AACCCTATCCAATCACAAACT-3". The PCR mixture contained
1 unit of Platinum Taq DNA polymerase (Invitrogen) together
with 1 x PCR buffer, 2.5 mM of MgCl,, 25 pmol of each primer,
and 0.2 mM of dNTP. PCR conditions were 95°C for 5 min,
followed by 40 cycles at 95°C for 30 s, at 56°C for 30 s, at 72°C
for 45 s, and at 72°C for 5 min. The PCR products were gel
extracted (QIAquick Gel Extraction Kit; Qiagen, Valencia, CA,
USA) and sequenced directly with the aid of an ABI PRISM
BigDye Terminator Cycle Sequencing Kit (Applied Biosystems).

Statistical analysis. The following biostatistical analyses were

- performed with the STATA statistical package release 7.0 (STATA,
College Station, TX, USA). The % goodness-of-fit test was used
to analyze whether the distribution of expression levels at log,
of Dicer or Drosha could be fitted to the normal distribution.
Student’s #-test was employed to determine the best cut-off
value for separating two characteristic groups in terms of gene
expression levels. The association between expression levels of
Dicer and Drosha-was analyzed by computing the Pearson correla-
tion coefficient, and associations between various clinicopathologic
characteristics and the expression levels of Dicer and Drosha were
examined by means of Fisher’s exact test. The Kaplan-Meier
estimates of overall survival time were compared by using the
log-rank test. Cox regression analysis of factors potentially related
to survival was used to identify which independent factors might
jointly have a significant effect on survival. All fests were two-
tailed, and the significance level was set at P < 0.05.

Results

Reduced expression of Dicer in NSCLC. We used real-time RT-
PCR analysis to examine 67 NSCLC cases, which had
undergo_ne potentially curative resection, for Dicer and Drosha
expression. We found that there was a significant correlation
between Dicer and Drosha expression in NSCLC, with a
Pearson correlation coefficient of 0.79 (P <0.001; Fig. 1a).
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Fig. 1. Histograms of distributions of non-small cell lung cancers
(NSCLC) according to their expression of double-stranded RNA-specific
endonucleases mRNA. (A) Scattered plot analysis of expression levels of
Dicer and Drosha. (B) Histogram of Dicer expression level at log, value
in NSCLC. With the threshold set at —1.0 ‘of log, value, patients were
divided into two groups: low, with Dicer log, value expression <-1.0;
and high, with Dicer log, value expression =-1.0. (C) Histogram ol
Drosha log, value expression level in NSCLC. With the threshold set at

- 1.1 of log, value, patients were divided into two groups: low, with

Drosha log, value expression <1.1; and high, with Dicer log, value
expression = 1.1. X-axis, log, value; Y-axis, number of cases.
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able 1. Relationship between expression levels of Dicer and Drosha
nd various clinicopathologic characteristics

Dicer Drosha

haracteristics No.cases High Low P* High Low p*
ge (years)

<62 34 29 5 075 22 12 0.03
>62 33 27 6 12 21

ex

Male 41 34 7 100 21 20 1.00
Female 26 22 4 13 13
listology

Squamous 11 10 1 0.68 5 6 0.75
Non-squamous 56 46 10 29 27
moking history

Smoker 38 31 7 075 19 19 1.00
Non-smoker 29 25 4 15 14
lisease stage

| 37 31 6 100 20 17  0.63
n- 30 25 5 14 16
iifferentiation

Poor ’ 15 9 6 0.01 5 10  0.15
Well or moderate 52 47 5 29 23

Two-sided Fisher's exact test.

Iowever, close inspection of the distributions of their expression
isclosed a clear difference. A histogram of the expression of
Jicer showed a frequency distribution with two prominent
eaks at log, values from -1.6 to —1.4 and from 0.6 to 0.8
Fig. IB), which was in marked contrast to that of Drosha
Fig. 1C). We used the y? goodness-of-fit test to determine
vhether the observed frequency distributions of expression of
Jicer and Drosha could be fitted to the normal distribution. In
he case of Dicer, it was clear that the data were not normally
listributed (P < 0.001). The Student’s i-test was therefore used
o identify the cut-off value with the highest potential for
liscriminating two distinct groups in terms of Dicer expression.
‘atients could be divided most clearly and consistently into
wo groups with low and high expression of Dicer when the
listribution threshold was set at —1.0 of the log, ratio of Dicer
xpression. In contrast to the findings for Dicer, the hypothesis
hat the distribution of Drosha follows a normal distribution

iattern could-not be rejected (P = 0.97). Accordingly, the.

nedian expression level (i.e. 1.1 of the log, value) was chosen
8 the threshold value to be used for further analysis.

Relationships between expression of Dicer and Drosha and various
linicopathologic characteristics. Our next investigation was con-
emed with whether expression levels of either Dicer or Drosha
howed any relationship with the clinicopathologic charac-
eristicsof lung cancers, and found that there was a statistically
ignificant .association between Dicer expression levels and
lifferentiation grade (Table 1). Cases with low Dicer expression
howed significantly greater prevalence of poorly differentiated
umors than those with high Dicer expression (P = 0.01), which
vas also observed in the multivariate logistic regression analysis
vith adjustment for all the variables analyzed in the univariate
malysis (P = 0.02).

Association between low Dicer expression and shortened
)ostoperative survival. The next question to be examined was
vhether expression levels of Dicer and Drosha were associated
vith patient survival after surgery. The Kaplan-Meier survival
urves demonstrated that the probability of survival was
ignificantly lower for the group of patients with low levels of
Jicer expression (P = 0.0001 by log-rank test; Fig. 2A), while
ow expression of Drosha tended to be associated with a worse
rognosis (P = 0.06 by log-rank test; Fig. 2B). Prognostic values
f various factors were studied by univariate Cox regression
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Fig. 2. Analysis of overall survival of patients with high or low
expression of double-stranded RNA-specific endonucleases. {(A) Kaplan-
Meier survival curves for lung cancer patients, who were classified as
showing either high or low Dicer expression. Dicer status was found
to be strongly associated (log-rank, P =0.0001) with patient survival.
(B) Kaplan-Meier survival curve for lung cancer patients, who were
classified as showing either high or low Drosha expression. Drosha
status did not show a significant {(log-rank, P = 0.06) relationship
with patient survival. X-axis, length of survival after surgery; Y-axis,
percentage of survivors. )

analysis (Table 2). It was show that, in addition to disease stage
(P = 0.003), low Dicer expression was a significant predictive
factor for poor prognosis (P < 0.001), whereas the Drosha
expression level did not show a significant association with
survival (P = 0.07). _

The interrelationship of possible prognostic factors and
survival was further analyzed by means of the Cox proportional
hazards modeling using age, sex, histology, smoking history,
disease stage and differentiation as well as expression levels of
Dicer and Drosha as variables. As a result, reduced expression
of Dicer, in addition to disease stage (P = 0.001), was identified
as a significant and independent prognostic factor (7 = 0.001)
for surgically treated NSCLC patients after potentially curative
resection. The hazard ratio for earlier death was 17.6 [9_5%
confidence interval: 3.49—89.1] for low versus high expression
levels of Dicer. These findings provided a strong indication that
the expression levels of Dicer appeared to have a significant
impact on the postoperative survival of NSCLC patients.
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Table 2. Univariate and multivariate Cox regression analyses of the
relationship between expression levels of Dicer and various clinical
characteristics

Univariate analysis

Variables HR [95% CI] Unfavorable/Favorable P
Age (years) 2.02 [0.80-5.14] >62/<62 0.14
Sex 2.79 [0.92-8.41] Male/Female 0.07
Histology 1.37 [0.45-4.14] Squamous/Non-squamous  0.58
Smoking history 2.52 {0.91-7.01]  Smoker/Non-smoker 0.08
Disease stage 4.61 [1.66-12.85] 1I-H1I/] 0.003
Differentiation  2.55 [1.00-6.49] Poor/Well or moderate 0.05
Dicer 5.18 [2.07-12.97] Low/High <0.001
Drosha 2.45 [0.93-6.45] Low/High 0.07
Multivariate analysis

Variables HR [95% ClI} Unfavorable/Favorable P
Age (years) 1.86 [0.64-5.43] >62/<62 0.26
Sex 1.08 [0.25-4.64] Male/Female ) 0.92
Histology 1.14 [0.29-4.51] Squamous/Non-squamous 0.85
Smoking history  2.89 [0.75-11.1]  Smoker/Non-smoker 0.12
Disease stage 11.3 [2.87-44.3] -1 0.001
Differentiation 0.48 [0.12-1.86] Poor/Well or moderate 0.29
Dicer ’ ) 17.6 [3.49-89.1] ‘Low/High 0.001
Drosha 0.91 [0.25-3.36] Low/High 0.88

HR, hazard ratio; Cl, confidence interval.

%

Lack of DNA methylation of the Dicer prométer region. Because
DNA methylation of the promoter region is thought to be
significantly involved in transcriptional regulation,"® we used
the bisulfite conversion technique to study DNA methylation
of the Dicer promoter region in 15 NSCLC (10 with low Dicer
expression and five with high Dicer expression), as well as in
three normal lung tissues. No methylation of the Dicer promoter
region was found in any of the cases regardless of the level of
Dicer expression, thus suggesting the involvement of other
underlying mechanisms in the reduction of Dicer expression.

Discussion

In the stidy presented Here, we have’ shown that the reduced -

expression of Dicer in a significant fraction of lung cancers is
associated with shorter postoperative survival. To the best of
our knowledge, ours is the first report of alterations of Dicer in
human cancers. It should be noted that among the variables
used in the multivariate COX regression analysis (i.e. age, sex,
histology, smoking history, disease stage and differentiation as

well as expression levels of Dicer and Drosha), Dicer appears™ ~

to have a significant prognostic impact (P = 0.001) independent
of disease stage (P = 0.001). Because logistic regression analysis
demonstrated that the higher incidence of reduced Dicer
expression in poorly differentiated tumors remained significant
even after correction for other parameters (P = 0.02), one can
speculate that prognostic impact of poor differentiation may
well be represented by the presence of reduced expression of
Dicer. Although our finding needs to be confirmed, for example
on the cutoff value of Dicer expression level, by a further
validation study using an independent and larger cohort, reduced
expression of Dicer appears to be clinically useful for the prognosis
of lung cancer patients. As for the underlying mechanisms
invelved in reduced Dicer expression in lung cancers, our study
suggests that the involvement of hypermethylation of CpG sites

in the promoter region is unlikely, so that other possibilities
~ such as altered chromatin conformation and haploinsufficiency

need to be pursued.”® Corresponding to this, the frequent
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occurrence of loss of heterozygosity (LOH) on the long arm of
chromosome 14, where Dicer resides, has been reported in Iung
cancers,"®? while a number of studies have also indicated that
this chromosomal region is often affected in various other human
cancers. 29 Tt is interesting that LOH on 14q appears 10 be related
to tumor progression of colon cancer, with a higher incidence of
this anomaly in metastatic sites than in primary tumors.®”

Accumulating evidence supports the notion that the prog-
nostic impact of reduced Dicer expression observed in our study
might have a functional role in the development of lung cancers
rather than being a mere surrogate marker. In correspondence
with this, we recently reported that expression levels of les.7
microRNA were frequently reduced in lung cancers, both in
vitro and in vivo, and that lung cancer patients with reduced
let-7 expression had a significantly worse prognosis after poten-
tially curative resection independent of disease stage. We note
that significant associations between reduced expression of
Dicer and those of let-7a-1 (R = 0.66, P <0.001) and let-7f-]
(R = 0.65, P <0.001) were observed in this study. Since Dicer
is required in the processing and generation of a fully mature
form of microRNA,(-® it is not inconceivable that reduced
Dicer expression may constitute an alternate post-transcriptional
mechanism, which can also reduce expression levels of let-7 and
probably other microRNA in cancer cells.

In addition, other factors may underlie the potential biological
effects of reduced Dicer expression in lung cancer cells. In fact,
accurnulating evidence suggests that the RINAi machinery may
be functionally linked to the regulation of chromosome dynarmics
and genomic integrity. Furthermore, eukaryotic heterochromatin
is characterized by a high density of repeats as well as by modified
histones, and influences both gene expression and chromosome
segregation. It was also found that deletion of Dicer in the fission
yeast Schizosaccharomyces pombe resulted in the aberrant accu-
mulation of complementary transcripts from centromeric hetero-

chromatic repeats, loss of histone H3 lysine-9 methylation, and

impairment of ceniromere function, resulting in defects in
proper chromosome segregation.®*>? The presence of marked
aneuploidy is one of the key features of lung cancers,*® while
we previously reported the presence of a persistent increase in
the rate of chromosomal losses and gains (i.e. chromosome
instability, or CIN),®® as well as of frequent impairment of
mitotic checkpoints in lung cancer cell lines.®® Therefore, the
results of the present study raise the possibility that reduced
-Dicer expression in lung cancers-may render cancer cells sus-
ceptible to chromosomal missegregation, in part because of the
dysfunction of centromeres in the absence of a surveillance
mechanism, which is the impairment of mitotic checkpoints.

It has also been suggested that the RNAi machinery might be
involved in X inactivation and imprinting through sequence:
specific histone modification and consequential DNA. methylatior
and epigenetic silencing.®® Therefore, it is possible that reduces
expression of Dicer may affect such transcriptional regulation
resulting from the altered activity of the RNAi machinery. Ii
this connection, it should be noted that we previously found tha
loss of genomic imprinting is a frequent event in human lun;
cancers.C*" It would therefore be of considerable interest i«
study the involvement of a reduction in Dicer expression in rela
tion to altered genomic imprinting in lung cancers.

In conclusion, we have been able to demonstrate for the first tim
that Dicer expression levels are reduced in some lung cancer
with a significant prognostic impact on the survival of surgicall
treated cases. Given the fundamental and multiple biologice
roles of Dicer in various cellular processes, our results sugges
the involvement of reduced Dicer expression in the developmer
of lung cancers, and clearly warrant further investigations of th
underlying mechanisms by which this alteration affects patier
prognosis for a better understanding of the molecular pathc
genesis of this fatal cancer. In addition, future studies to investigal

© Japanese Cancer Association  doi: 10.1111/}.1348:7006.2005.00015



whether altered Dicer expression is present in other types of
human cancers should be both interesting and important.
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Abstract

To promote cancer screening programs correctly, evidence-base guidelines are absolutely
necessary. In Japan, guidelines (the so called Hisamichi report) have been developed since 1998
by a research group funded by the Ministry of Health, Labour and Welfare. Organized screening
based on their evidence has been conducted in municipalities nationwide. Although
opportunistic screening using various modalities is performed in the clinical setting, it includes
the modalities which effects are unclear.

The development of guidelines should be based on a standardized method. The indicator of
evaluation of the efficacy of a cancer screening program is reduction of the mortality from a
specific cancer but not the detection or survival rates. Two types of evidence are used for
evaluation. Direct evidence is the result obtained from the studies examining effectiveness in
reducing mortality, e.g., randomized controlled trials, cohort studies, and case-control studies.
On the other hand, since indirect evidence, is insufficient to prove the reduction of mortality,
the accumulation of two or more studies based on an analytic framework is necessary. For
example, the data concerning sensitivity and specificity, distribution of detected cancer and the
survival rate are applicable to indirect evidence. The evaluation of harm is also needed.
Recommendation is determined based on the level of evidence and harm. In new guidelines for
cancer screening, modalities of a specific cancer screening program are recommended to be
conducted as either organized or opportunistic screening. The procedure for guideline
development was fixed and applied to the revision of the guideline for colorectal cancer
screening by a new research group funded by the Ministry of Health, Labour and Welfare.
Further revisions of guidelines for other cancer screening programs are now being planned
based on adequate assessment.

Key Words: cancer screening, evaluation, mortality reduction
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Comparison of Laryngeal Cancer Mortality in Five Countries: France, Italy, Japan, UK and
USA from the WHO Mortality Database (1960-2000)

Laryngeal cancer mortality age-standardized rates (ASRs), using 1985 Japanese standard population, are shown for Japan, USA,
UK, France and Italy (Fig. 1). In all of the countries, males have higher ASRs compared with females. For males, ASRs have been
decreasing since 1970s in Japan and France. ASRs in the other countries have been gradually decreasing in recent years. For
females in Japan, ASRs drastically decreased until 1990 and since then have been slightly decreasing. In Italy, a mild decreasing
trend is observed after the middle of the 1980s. In the USA, ASRs increase until 1980. The others remained roughly flat for four
decades. ’

Mortality trends in males are shown by age group according to year of death (Fig. 2). In Japan, the USA and the UK, decreasing
trends are observed among age groups under 70 years old. In France and Italy, mortality rates are higher than in the other three
countries for all age groups and there are decreasing trends after passing peaks between 1970 and 1980. Japan has the greatest
difference in mortality rates between the 40-44 and 85+ age groups, while France and Italy have only a small difference between
those age groups. Mortality trends in females are shown by age group according to year of death (Fig. 3). In Japan, mortality rates
have been decreasing for all age groups. There is no obvious trend in the other countries.

Mortality trends in males are shown by age group according to year of birth (Fig. 4). In Japan, mortality rates decreased from the
birth cohort born in 1900 onwards. In the USA, a mild decreasing trend is observed from the birth cohort born 1920. In the UK,
mortality rates have been decreasing with the birth cohort born before 1920. After the birth cohort born in 1920, however, a
decreasing trend is not observed. In France and Italy, mortality rates in the 4064 age groups exhibit a peak with the birth cohort
born around 1930. Mortality trends in females are shown by age group according to year of birth (Fig. 5). Decreasing trends are
observed from the birth cohort born in 1900 in all of the countries except the USA. In the USA, as well as for the 40-64 age group
for males in France and Italy, there is a peak in mortality rates with the birth cohort born around 1930.
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Figure 1. ASRs for laryngeal cancer for males and females: age-standardized with 1985 Japanese standard population, rates per 100 000.
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