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Background: We investigated whether a stage shift occurs during long-term repeated screening for lung
cancer with low-dose helical computed tomography (LDCT) in a high-risk cohort.
Methods: A total of 2120 subjects (mean age, 63 years; 87% male and 83% smokers) were continuously
recruited and underwent repeated screening with LDCT from 1993 through 2004.
Results: Nineteen lung cancers were detected at baseline examinations (prevalence cancers), and 57 lung
cancers were detected at subsequent examinations (incidence cancers). For both prevalence cancers and
incidence cancers, adenocarcinoma (74% and 63%, respectively), especially invasive adenocarcinoma (42%
and 23%, respectively), was the most common histological diagnosis, and stage ]A was the most common
pathological stage (58% and 79%, respectively). The detection rate of incidence cancers other than bronchi-
oloalveolar carcinoma became significantly higher after 5 years of LDCT examinations (r=0.50, P= 0.020).
Moreover, both the percentage of cancers of stage II-1V and tumor size became significantly lower for
invasive adenocarcinoma after 5 years of LDCT examinations (r=-0.77, P=0.007 and r=—0.60, P=0.029,
respectively).
Conclusions: Repeated screening for more than 5 years might demonstrate the efficacy of LDCT screening
for lung cancer through an adenocarcinoma-specific stage shift.

© 2009 Elsevier Ireland Ltd. All rights reserved.

1. Introduction

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

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

Abbreviations: CT, computed tomography; LDCT, low-dose helical computed
tomography; BAC, bronchioloalveolar cell carcinoma; ALCA, Anti-lung Cancer Asso-
ciation.
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Low-dose helical computed tomography (LDCT) is a promising

- screening method because a higher percentage of asymptomatic,

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

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

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

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

2. Patients and methods
2.1. Study population

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

2.2. Screening procedures

Screening was performed as described previously [16]. Briefly,
at baseline screening a simple questionnaire about smoking his-
tory and symptoms was completed, and LDCT, chest radiography
(posterior-anterior position), and sputum cytological examina-
tion pooled for 3 days were performed. Participants were invited
twice a year by mail after the baseline screening to repeat the
same screening procedures, The CT scanner (TCT-900S Superhe-
lix, Toshiba Medical, Tokyo, Japan) was used under the following
conditions: 120 kVp, 50 mA, 10-mm collimation, 1 rotation of the
X-ray tube per second, and a table speed of 20mm/s (pitch, 2:1).
Image construction was performed with 180° linear interpolation
at 1-cm intervals. All CT images were examined by 2 of 7 readers
(radiologists or thoracic physicians).

2.3. Evaluation of detected lung cancers

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

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

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

Excluded from analysis were 6 cases of hilar lung cancer detected
on sputum cytological examinations oron evaluation of hemoptysis
but not with LDCT.

2.4. Statistical analysis

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

3. Results
3.1. Characteristics of participants

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

3.2, Comparison of results between baseline and subsequent
LDCT screenings

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

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

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

Table 1
Characteristics of participants.

2 Fixed at baseline screening.

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

Table 2
Clinicopathological characteristics of patients with screening-detected lung cancer.

BAC: bronchioloalveolar cell carcinoma.
2 Fixed at baseline screening.
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patients with prevalence cancers (11 =19). No significant difference
was observed between the groups (log-rank test, P=0.208). Mul-
tivariate analysis with the Cox proportional hazards model found
that only pathological stage (P=0.006) was an independent prog-
nostic factor for overall survival. The risk of death in patients with
stage [[-1V disease was increased 8.26-fold (95% confidence inter-
val, 1.85-37.03). In contrast, age, sex, smoking status, tumor size,
histological subtype (presence of BAC component), and screen-
ing type (baseline vs. repeated) were not independent prognostic
factors.

No interval lung cancers were detected outside our semiannual
LDCT screening procedure within a screening interval. However, 3
lung cancers were detected outside our screening procedure after
a period longer than the screening interval. For these 3 lung can-
cers, the histological classification and stage, screening period from
baseline to previous screening, and time since previous screen-
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ing, respectively, were: invasive adenocarcinoma, stage IV, 5 years,
and 4 years; squamous cell carcinoma, stage IA, 3.5 years, and 5
years; and other non-small cell carcinoma, stage II, 5 years, and
1.5 years.

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

The detection rate of all 57 incidence cancers was positively cor-
related with the duration of repeated screening (r=0.50, P=0.020)
but remained uncorrelated if the duration of repeated screening
was 5 years or less (Fig. 2A). In contrast, the detection rate of local-
ized BAC showed a weak negative correlation with the duration
of repeated screening (r=-0.38, P=0.086). Other histological sub-
types, including invasive adenocarcinoma, showed no significant
correlations.
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Fig. 2. Relationship between the duration of repeated screening and characteristics of incidence lung cancers. Correlations between the duration of repeated screening and
the detection rate (A), the proportion of stage 1I-1V disease (B), and tumor size (C) were evaluated according to histological subtypes. L-BAC, localized bronchioloalveolar

carcinoma; AD, adenocarcinoma.
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Fig. 2. (Continued ).

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

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

4. Discussion

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

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

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

To determine whether LDCT screening can reduce the mortal-
ity rate from lung cancer, a large, randomized, controlled trial has
been started in the United States (National Lung Screening Trial)
[13]. In this trial, 50,000 subjects at high risk for lung cancer were
randomly assigned to undergo screening with chest radiography
or LDCT at baseline and then annually for 2 additional years with
annual telephone follow-up thereafter. Accrual was completed in
February 2004, and final analyses are scheduled to be completed in
20089. In addition, a Dutch-Belgian randomized trial (NELSON trial)
comparing CT screening with no screening at baseline and then
2 repeated screenings within 3 additional years in almost 20,000
subjects at high risk for lung cancer should be completed by 2010
[14]. However, if only long-term, repeated LDCT screening produces
a stage shift, these 2 trials of short-term, repeated LDCT screen-
ing might fail to show any benefit. In fact, we should note that
the detection rate of incidence lung cancers of all types remained
unchanged if the duration of repeated screening was 5 years or less.
Furthermore, neither a stage shift nor a size shift in invasive ade-
nocarcinoma occurred if the duration of repeated screening was 5
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years or less. Therefore, considering our present findings that the
detection rate of incidence lung cancers in a cohort of mostly male
smokers increased after 5 years of repeated LDCT screening and that
the stage shift was observed for at least invasive adenocarcinoma
after long-term, repeated LDCT screening for 5 years, we believe
that proving the efficacy of LDCT screening would be difficult if the
screening period is less than 5 years.

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

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

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

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

In conclusion, we have demonstrated that both astage shiftand a
size shift occur for invasive lung adenocarcinoma during long-term |
repeated LDCT screening in a high-risk cohort. Long-term repeated
screening for more than 5 years might disclose the potential efficacy
of LDCT screening for lung cancer as the truth has been disclosed
for other types of cancers, including colorectal cancer and breast
cancer.
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Abstract: Malignant pleural mesothelioma (MPM) is known to
mimic the morphology of a number of .diverse neoplastic

. conditions. WT-1 protein is conventionally used as a positive

mesothelioma marker. Recently, a new monoclonal antibody
clone WT49 has recently become commercially available. To
compare specificity and sensitivity of the conventionally used
clone 6F-H2 for the diagnosis of MPM to those of the new clone
WT49. Forty cases of MPM, and 55 cases of lung carcinoma, 10
cases of synovial sarcoma of the intrathoracic region were
analyzed. Of the 40 cases of MPM tested, clone WT49 and
6F-H2 stained 30 (75.0%) and 26 (65.0%) cases, respectively.
Nuclear staining of clone WT49 was observed in 4 (7.2%) cases
of lung carcinomas and in 1 (10.0%) case of synovial sarcoma.
However, there was no nuclear staining of clone 6F-H2 in
lesions other than MPM. There was no cytoplasmic staining of
clone WT49 in any tumor. However, cytoplasmic staining of
clone 6F-H2 was observed in 7 (17.5%) cases of MPM, 17

(30.1%) cases of lung carcinomas, and 5 (50.0%) cases of

synovial sarcoma. The main advantage of WT49 is its higher
reactivity with the sarcomatoid area of biphasic mesothelioma,
but the results also indicate 1 drawback, that this clone was seen
to react with a small percentage of lung carcinomas when’
it is used to distinguish epithelioid mesotheliomas from lung
carcinomas. Furthermore, the positive reaction of clone WT49
was restricted to nucleus without cytoplasmic staining, which is
seen in conventionally used WT-1 antibodies.

Key Words: WT-1, malignant pleural mesothelioma, lung
carcinoma, immunohistochemistry
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M alignant pleural mesothelioma (MPM) is a malig-
nant tumor characterized by. a unique growth
pattern.in which the serosa becomes a diffusely thickened
pleural “peel” encasing the lung. MPM is known to mimic
the morphology of a number of diverse reactive and neo-
plastic conditions. In this situation, a battery of immuno-
histochemical markers has been used for the differential
diagnosis of MPM from other chest or pleural malignant
tumors. Some of the markers most widely used for MPM
are polyclonal calretinin, Wilms tumor suppressor gene
(WT-1),! cytokeratin 5/6,2 and D2-40.> However, previous
reports have indicated that the sensitivities and specificities
of these markers vary, and no single marker has been
demonstrated to be absolutely discriminatory.

WT-1 is normally expressed in only 4 small number
of developing human organs, including the kidneys,
gonads, spleen, ovarian surface epithelium, and meso-
thelium,? and is thought to play an essential role in
urogenital development.® The precise function of WT-1 in
embryonic development outside the urogenital system is,
however, unclear. A number of WT-1 target genes have
been identified, many of which may be relevant for
tumorigenesis. 61

WT-1 protein is widely used as posmve mesothe-
lioma marker. Depending on the type of antibody used,
the nuclear positivity for this marker is reported to range
from 43% to 98.8% in epithelioid mesotheliomas.'>8-17

Recently, a new monoclonal antibody clone named
WT49 has become commercially available. This clone
recognizes a prokaryotic recombinant protein containing
1 to 181 amino acids of the N-terminal of the Wilms
tumor protein. However, this clone has not yet been fully
evaluated by immunohistochemistry. The present study
compared the specificity and sensitivity of clone 6F-H2,
which is conventionally used for the diagnosis of MPM,
with those of the new clone WT49.

MATERIALS AND METHODS

Case Selection
The specimens used in the present study were
obtained from cases deposited in the pathology files of

126 Appl Immunohistochem Mol Morphol » Volume 17, Number 2, March 2009
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the National Cancer Center Hospital, Tokyo. These samples
were obtained from 40 cases of MPM (epithelioid: 28
cases, biphasic: 12 cases), and 55 cases of lung carcinoma
{squamous cell carcinoma: 20 cases, adenocarcinoma: 20
cases, pleomorphic carcinoma: 15 cases), 10 cases of
synovial sarcoma of the intrathoracic area (primary: 3
cases, metastasis to the lung: 7 cases), All of the diagnoses
were based on the conventional histopathologic features
evident in slide preparations stained with hematoxylin and
eosin, some special stains, immunohistochemical, and
molecular techniques available at that time.!®°

Immunohistochemistry

For immunohistochemical staining, 4-pm thick
sections were deparaffinized and treated with 3% hydro-
gen peroxide for 30 minutes to block endogenous
peroxidase activity, followed by washing in deionized
water for 2 to 3 minutes. Heat-induced epitope retrieval
with Target Retrieval Solution High pH (DAKO,

Carpinteria, CA) was performed. After the slides were .

allowed to cool at room temperature for 40 minutes, they
were rinsed with deionized water and then washed in
phosphate-buffered saline for 5 minutes. The slides were
then incubated with primary antibodies against WT49
(1:40, Novocastra, Newcastle upon Tyne, UK) and clone
6F-H2 (1:100, Boehring-Mannheim, Indianapolis, IN) for
1 hour at room temperature. Imimunoreactions were
detected using the Envison-plus system (DAKO), and
visualized with 3, 3'-diaminobenzidine, followed by
counterstaining with hematoxylin. Appropriate positive
and negative controls were used for each antibody.
Immunohistochemical staining was scored indepen-
dently by 2 observers (K.T. and N.T.). Staining was
evaluated to include both the nuclear and cytoplasmic
areas on a sliding scale of 0 to 3+ to represent the
percentage of positive tumor cells (0= <1%, 1+ =1%
to 25%, 2+ =26% to 50%, 3+ = >51%) and the
staining intensity was graded on a scale of 0 to 3
(0, negative; 1, weak; 2, moderate; and 3, strong). Positive
staining was defined as score 1, 2, and 3 in both intensity
and area. WT-1 immunoreactivity was further evaluated

-according to the histologic subtype (epithelioid or

sarcomatoid area) in biphasic mesothelioma. Disagree-
ments in judgment were resolved by means of a joint
review of the slides using a multiheaded microscope.

The positivity rate between WT49 and 6F-H2 was
compared using the Mann-Whitney U test (SPSS version
12.0, SPSS Inc, Chicago).

RESULTS

Of the 40 cases of MPM, clone WT49 and 6F-H2
stained 30 (75.0%) cases and 26 (65.0%).cases, respec-
tively; clone WT49 showed a slightly higher frequency of
immunostaining (P = 0.332; Table 1 and Fig. 1) than
6F-H2 (Table 2 and Fig. 2). However, a diffuse staining
pattern, defined as > 50% of tumor cells stained and, an
absence of differences in the positivity rate between clone
WT49 (53.3%) and 6F-H2 (53.8%) were observed for all
nuclear positive cases of MPM. The relationship between

© 2009 Lippincott Williams & Wilkins

WT49 Versus 6F-H2

TABLE 1. Nuclear Immunoreactivity of Clone WT49
_ Staining Area
n Positive (%) 0 1+ 2+ 3+

Mesothelioma, 40 75.0 10 8 6 16
all subtypes
Epithelioid . . 28 78.6 6 3 4 15
Biphasic 12 66.6* 41.61 4% 7t S* 3t 2% 1t 1% 1t
Lung carcinoma 55 7.2 51 3 0 1
Squamous cell 20 10.0 18 2 0 0
carcinoma
Adenocarcinoma 20 0 20 0 0 0
Pleomorphic . = 15 133 13 1 0 i
carcinoma ' :
Synovial sarcoma 10 10.0 9 0 0 1

*Epithelioid areas.
tSarcomatoid areas.

intensity and staining area is shown in Figures 3A and B,
Clone WT49 showed strong intensity in 70% of the

‘immunopositive cases, and clone 6F-H2 showed strong

intensity in 65.4% of all immunopositive MPM cases.
WT-1' immunoreactivity was further evaluated
according to histologic subtype. Clone WT49 and 6F-
H2 stained 22 (78.6%) and 20 (71.4%) cases of epithelioid
mesothelioma (P = 0.579), and 8 (66.6%) and 6 (50.0%)
epithelioid areas of biphasic mesothelioma (P = 0.331),
respectively. Furthermore, clone WT49 showed higher
positivity (41.6%) than 6F-H2 (8.3%) in the sarcomatoid
area of biphasic mesothelioma (P = 0.052).
Discrepancies between the immunohistochemical
results obtained with clone WT49 versus 6F-H2 were
observed in 6 (15%) of 40 cases of MPM. Among the 40
cases examined, 5 cases (12.5%) were WT49 (+)/6F-H2
(—) and only 1 case (2.5%) was WT49 (—)/6F-H2 (+).
Nuclear staining of clone WT49 was observed in 4
(7.2%) cases of lung carcinomas (Fig. 4) and in 1 (10.0%)

FIGURE 1. Malignant pleural mesothelioma, demonstrating
papillo-tubular growth.. Clone WT49 showed diffuse and
strong nuclear staining for mesothelioma (original magnifica-
tion x 10). &g :
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TABLE 2. Nuclear Immunoreactivity of Clone 6F-H2 :Ls\
' Staining Area 16
n Positive (%) 0 1+ 2+ 3+ 14
Mesothelioma, 40 65.0 14 5 . 1 14 12 A m
all subtypes ) . Intenaity -
Epithelioid 28 714 8 2 513 10 SUTI— - 3
Biphasic 12 50.0%, 8.3t 6% 11t 3% 0f 2% It 1% 0f ol | w2
Lung carcinoma 55 0 55 0 0 0 ol
Squamous cell 20 0 20 0 0 0 6 1
carcinoma 4l 0o
Adenocarcinoma 20 0 20 0 0 0
Pleomorphic 15 0 15 0 0 0 2
carcinoma - : 0 . ) L
Synovial sarcoma 10 0 10 0 0 0 0 e 3
: Positivity area
*Epithelioid areas. .
fSarcomatoid areas,
B
18
16
case of synovial sarcoma. However, in clone 6F-H2 no 14
nuclear staining of lesions was observed other than for 12— :
MPM. The overall specificity of clone WT49 and 6F-H2 1ol—1 ':‘J"'“"“y
for MPM was 92.3% and 100%, respectively. N ’ 2
There was no cytoplasmic staining of clone WT49 in « ‘ at
any tumor. However, cytoplasmic staining of clone 6F- or— - - 1 w0
H2 was observed in 7 (17,5%) cases of MPM, 17 (30.1%) 4
cases of lung carcinoma in (Tablé 3, Fig. 5), and § 2
(50.0%) cases of synovial sarcoma. Furthermore, cyto- o 5 . "

plasmic staining with clone 6F-H2 was observed in blood
and lymphatic vessels in all specimens and some striated
muscle in which the lesion was resected along with
portions of the chest wall.

DISCUSSION
The current study demonstrated 2 advantages and 1
disadvantage of clone WT49 in comparison to clone
6F-H2. The first advantage is that clone WT49 showed

0 MR R

FIGURE 2. Same as show
showed not only diffuse and strong nuclear staining for

. nucleus of mesothelioma but also evident staining of blood

and lymphatic vessels (original magpnification x 10). g

128

Positivity area

FIGURE 3. A, Correlation of immunoreactive area and staining
intensity for clone WT49. The white bar indicates negative (0),
the light gray bar indicates mild intensity (+1), the dark gray
bar indicates moderate intensity (+2), and the black bar
indicates strong intensity (+3). B, Correlation of immunor-
eactive area and staining intensity for clone 6F-H2. The white
bar indicates negative (0); light gray bar, mild intensity (+1);
dark gray bar, moderate intensity (+2); black bar, strong
intensity (+3).

higher sensitivity (75.0%) than clone 6F-H2 (65.0%),
although there was no statistical difference. Specifically,
in the sarcomatoid area of biphasic mesothelioma, clone
WT49 showed a statistically marginally higher positivity
rate (41.6%) than that of 6F-H2 (8.3%; P = 0.052). The
sensitivity of WT-1 for MPM has been reported to range
from 43% to 96%.>%14 These reports used rabbit
polyclonal antibody against WT-1 and/or monoclonal
antibody clone 6F-H2. The utility of clone WT49
immunostaining has not yet been investigated fully. These
findings demonstrated that clone WT49 has a sensitivity
that is as good as or better than that of clone 6F-H2.
The relationship between the intensity and staining
area showed that as the staining area became wider, the
staining intensity became stronger with both clones.
However, 2 cases of +1 staining area showed strong
intensity in clone WT49 but not in clone 6F-H2. These
findings indicate that clone WT49 has a tendency toward
slightly stronger immunoreactivity in comparison to that
of 6F-H2 when only a tiny area is positive. Clone WT49

© 2009 Lippincott Williams & Wilkins
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WT49 Versus 6F-H2

FIGURE 4. Clone WT49 showed diffuse and ‘strong nuclear
staining in the nucleus of pleomorphic carcinoma of the lung
(original magmflcatlon x 10). @

may have an advdntage when the diagnosis is based on a
limited sample, such as a biopsy specimen.

The second advantage of clone-WT49 is the ease
of judgment for immunostaining. The positive reaction of
clone WT49 was restricted to the nucleus. Cytoplasmic
staining by the other WT-1 antibodies has been reported.
WT1 is principally a DNA-binding transcription factor
mainly distributed in the nucleus; therefore, cytoplasmic
staining has been regarded as nonspecific and has not
been counted as positive in most previous reports.

One of the causes of inappropriate cytoplasmic
immunohistochemical staining is the presence of endo-
genous biotin. To avoid the problem of nonspecific
endogenous biotin staining, the EnVision+ detection
system was employed in the immunohistochemical
staining procedure. EnVision + is a biotin-free detection
method that uses a secondary antibody covalently linked
to dextrose polymers coated with peroxidase molecules.

TABLE 3. Cytoplasm|c Immunoreactivity of Clone 6F-H2
Staining Area
n  Positive (%) 0 1+ 2+ 3+

Mesothelioma, 40 17.5 33 3 1 3
all subtypes : :
Epithelioid 28 10.7 25 0 0 3
Biphasic 12 20.0%, 25.01 10%, 9% 1*,3% I* 0 0% 0%
Lung carcinoma 55 30.1 38 14 2 1
Squamous cell 20 10.0 18 2 0 0
carcinoma .
Adenocarcinoma 20 30.0 14 5 1 0
Pleomorphic 15 60.0 6 7 1 I
. carcinoma :
Synovial sarcoma 10 50.0 51 3 1

*Epithelioid areas.
tSarcomatoid areas.
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FIGURE 5. Clone 6F-H2 showed diffuse and strong cytoplas-
mic staining of pleomorphic: carcinoma of the lung (onglnal
magnification x 10).

Therefore, the cytoplasmic staining of clone 6F-H2 in the
present study is not caused by endogenous biotin.

One of the reasons for the cytoplasmlc distribution
of WT-1 is because phospholylatlon in the DNA-binding
domain of WT-1 alters the affinity for DNA and the
subcellular distribution of WT-1.2° Recently, an immuno-
histochemical study demonstrated that WT-1 is expressed
in a wide variety of human malignancies, including
those of the gastrointestinal and pancreatobiliary,
urogenital and respiratory tracts, neuronal system and
mesenchymal tissues when cytoplasmic staining counted
as positive.”! Therefore, WT-1 -is now regarded as
a molecular target of immunotherapy for various
malignant tumors. A clinical trial of a WT-1 peptide-
based cancer immunotherapy is ongoing.?? In judging
the eligibility of a patient for this immunotherapy,
WT-1 expression should be analyzed w1th a clone other
than WT49.

The disadvantage of clone WT49 in comparison to
clone 6F-H2 is that clone WT49 showed less specificity
for MPM (92.3%) than clone 6F-H2 (100%). The
specificity of clone 6F-H2 for MPM has been reported
to range from-80% to 100%.1:38111215.21 These findings
include polyclonal antibodies, restricting the nuclear
staining of clone 6F-H2, the specificity for MPM ranged
between 84.3% and 100%.!-5%152! The current findings
using clone WT49 were in the range of previously
reported results for conventional WT-1 antibodies.

In conclusion, the main-advantage of WT49 is its
higher reactivity with the sarcomatoid area of biphasic
mesothelioma, but the results also indicate 1 drawback,
that this clone is that a small percentage of lung
carcinomas can react with it when it is used to distinguish
epithelioid mesotheliomas from lung carcinomas.
Furthermore, the positive reaction of clone WT49 was
restricted to the nucleus without the cytoplasmic staining
observed with conventionally used WT-1 antibodies.
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