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Tahle 1 Histological classification of small adenocarcinoma of the lungt
Type Description
Adenocarcinoma with replacement growth
A LBAC
B LLBAC with foci of collapse of alveolar structure
C’ LBAC with active fibroblastic proliferation (less than 10% of total fibrotic area)
C LBAC with active fibroblastic proliferation (10% or more of total fibrotic area)
Adenocarcinoma with non-replacement growth
D Poorly differentiated adenocarcinoma
E Tubular adenocarcinoma
F Papillary adenocarcinoma with compressive and destructive growth (true papillary adenocarcinoma)

TModified from reference 3. LBAC, localized bronchioloalveolar carcinoma.

examination is very useful for identifying BAC lesions and is
important for assessing the prognosis of adenocarcinomas.”®
However, it is very. difficult to adjust the diagnostic criteria
based on histological features.®™"
~ The aim of the present trial was to identify an acceptable
criterion that can distinguish between BAC that is in situ
adenocarcinoma and advanced BAC or other invasive ade-
nocarcinomas, and that general pathologists can use. We
employed the diagnostic criteria for smali adenocarcinoma of
the lung and diagnosed 32 such cases, then assessed the
efficiency and usefulness of the criteria and the effectiveness
of ‘an educational program for general pathologists.

MATERIALS AND METHODS

The Lung Pathology Group of the Committee for Grants-in-
Aid for Cancer Research (12-5) from the Ministry of Health,
Labor and Welfare of Japan discussed the need for simple
‘histological criteria for small adenocarcinoma of the periph-
eral lung and agreed on the criteria based on reported small
adenocarcinomas of the lung (Table 1).2" As Table 1 indi-
cates, type A tumors show replacement growth of alveolar
lining cells with minimal or mild thickening of the alveolar
septa. Type B tumors are similar to type A, but contain fibrotic
foci due to alveolar collapse. Type C tumors basically show
a replacement growth pattern, but foci of proliferation of
active fibroblasts (fibroblasts with large nuclei such as tumor
cells and recognizable nucleoli) are detectable. In the present
study we subdivided type C tumors into two groups according
to the percentage of active fibroblasts in the total fibrotic area:
type C showing 210%, and type C’ showing <10%. Types D,
E and F tumors show non-replacement growth of the alveolar
structure. Type D tumors are poorly differentiated adenocar-
cinoma. Type E tumors are tubular adenocarcinoma originat-
ing from, or differentiating toward, bronchial gland cells. Type
F tumors are papillary carcinoma ‘'showing expansive and
destructive growth.

Thirty-two small adenocarcinomas measuring <2 cm
across their greatest dimensions were obtained from patients
who underwent surgical resection between 1995 and 1996
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Figure 1 Diagnosis of small adenocarcinoma of the lung was com--
pared between before and after the educational program. Coinci-
dence rates for each participant before ({J) and after (B) the
educational program.

at the National Cancer Center Hospital (Tokyo, Japan), Uni-
versity Hospital of Tsukuba (Ibaraki, Japan) and Osaka Med-
ical Center for Cancer and Cardiovascular Diseases (Osaka,
Japan). The patients selected were followed up for more than
5 years, during which time five patients died of the disease.
The other patients were alive and free from cancer. The
specimens were fixed with 10-15% (v/v) neutral buffered
formalin at' room temperature and, after being embedded in
paraffin, 4 um-thick sections were prepared and stained with
hematoxylin and eosin (HE) and elastic van Gieson. Three
different pathologists (MN, YMi and TI) independently exam-
ined the largest cut surface of the tumor and made diagnoses
according to the diagnostic criteria for small adenocarcinoma
of the lung reported by Noguchi et al. with some modification
(Table 1).® Any discrepancies in the diagnosis were resolved
by joint review of the slides through a multiheaded micro-
scope. The diagnoses of the 32 tumors were type A in two
cases, type B in three cases, type C’ in eight cases, type C
in 13 cases, type D in four cases, and type F in two cases.
The five patients who died of the cancer were diagnosed as
having type C tumors,

Twenty-seven general pathologists whose major field was
not lung cancer, voluntesred to participate in the trial to
assess the applicability of the pathological criteria and the
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effectiveness of the training program for establishing mastery
of the criteria and ability to diagnose small adenocarcinomas
according to their prognoses. The length of experience in
surgical diagnosis was <5 years for 12 pathologists and
=5 years for 15 pathologists. The training course was held
over 2 days, and before the course we asked the volunteers
to diagnose the 32 casas of small adenocarcinoma according
to written criteria (Table 1). After the pathologists had
assessed the slides, several lectures were presented by spe-
cialists in lung cancer, including pathologists and surgeons,
on the histological criteria for pulmonary adenocarcinoma
and the clinical impact of histological diagnosis of these small
BAC-type adenocarcinomas. The volunteers then practised
reading many typical slides of small adenocarcinomas with
advice from the -specialists. At the end of the training pro-
gram, we asked the volunteers to diagnose the same 32 lung
cancers that they had diagnosed before the course started.
We also asked six pathologists specializing in lung tumors to
diagnose the 32 cases according to these criteria. Then we
compared the coincidence rate of the histological diagnosis
of the cases between the volunteers before and after the
training course, and also compared the volunteers and
specialists.

Statistical analysis of the correlation of the diagnostic coin-
cidence rate was performed using Student’s ttest. P < 0.05
was considered to denote statistical significance.

RESULTS

The coincidence rates of the diagnosis among the 27 partic-
ipants in the first and second trials ranged from 12.5% to
90.6% and 37.5% to 81.2%, and the average rates were
42.4% and 56.6%, respectively (Table 2, Fig. 1). The average
coincidence rate of each participant in the second trial was
significantly higher than that in the first trial (P < 0.01). The
coincidence rates of diagnosis among the specialists ranged
from 65.6% to 81.2% and the average rate was 71.4%. The
average rate was significantly higher than the average rates
in the first and second trials by the participants (general
pathologists; P < 0.01).

Table 2 Coincidence rates in each trial of diagnosis

The distinction between in situ adenocarcinoma and early
but invasive adenocarcinoma is very important because their
prognoses are significantly different. Therefore, we divided
the cases into types A and B, which were in situ adenocar-
cinomas, and types C’, C, D, E and F, which were small but
invasive adenocarcinomas, and examined whether the par-
ticipating pathologists could distinguish the two groups. As
Table 2 shows, the average coincidence rate in the first trial
was 80.3% and that in the second trial was 85.3%, and the
rates were significantly different (P < 0.05; Fig. 2). The rate
among the specialists was 89%, which was significantly
higher than that of the first trial (P < 0.05), but not significantly
different from that of the second trial.

The changes in the coincidence rates of each participant
before and after the educational seminar are summarized
in Figures 1,2. The coincidence rates of most participants
increased after the educational program. The standard devi-
ations of the rates decreased after the program (Table 2).

The coincidence rates for each of the cases were then
examined. For seven cases (four type C’ tumors, two type C
tumors and one type B tumor), the coincidence rates were
<30% in the first trial. In the second trial, the coincidence
rates for one type C tumor (case 13) and one type C’ tumor
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Figure 2 Discrimination between in situ adenocarcinoma and early
but invasive adenocarcinoma was examined. Conincidence rates for
each participant before ([J) and after () the educational program.

Coincidence rate (%) MIN MAX AV + SD

Diagnosis of each case (types A, B, C’, C, D and F) 1 12.5 90.6 42.4*+£17.6
2 37.5 81.2 56.6*+£13.2
Sp 65.6 81.2 71.4*+£4.90

Diagnosis of in situ ¢ vs invasive ¢ (types A and B vs types C’, C, D and F) 1 531 100.0 80.3"* £ 10.6
2 59.0 96.9 85.3** +9.10
Sp 78.1 96.9 89.0"* +5.90

1, first trial; 2, second trial; Sp, specialists; ¢, carcinoma; MIN, minimal rate; MAX, maximum rate; AV, average rate; SD, standard deviation; types

A, B, C, C, D, F: See Table 1.
*P<0.01(1vs2), P<0.01 (2 vs Sp), P<0.01 (1 vs Sp).
*P<0.05 (1 vs2), P=0.27 (2 vs Sp), P<0.05 (1 vs Sp).



{case 24) were still <30%. In contrast, there was one case
for which the coincidence rate was >70% in the first trial, and
the number increased to nine cases in the second trial. The
one case in the first trial was a type D tumor. The nine cases
in the second trial included one type A tumor (case 1; Fig. 3),
one type B tumor (case 5), five type C tumors {(cases 2, 11,
19, 20, 32) and two type D tumors (cases 10, 14; Fig. 3).

The coincidence rates of the specialists were generally
higher than those of the volunteers. Although the average
diagnostic rate for each case was not very high (71.4%), the
average diagnostic rate for in situ carcinoma vs invasive
carcinoma was nearly 90%, and all of the five patients with
invasive cancer who died of the cancer were diagnosed as
having invasive carcinoma by every specialist. With regard to
the coincidence rates of each case, those of cases 13 and
22 were <80%. These were type C tumors and the coinci-
dence rate for one of them (case 13) was also <30% for
general pathologists. The fibrotic area of this tumor was
exiremely small, but active fibroblastic proliferation was
detectable (Fig. 4).

The cancers examined included five type C tumors from
patients who died of the cancer (case 3, 8, 11, 20 and 29).
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The coincidence rate of the diagnoses of these cases was
39.8%, 65.2% and 86.9% in the first and second trials and
the trial by the specialists, respectively. The rate increased
significantly from the first to the second trials. The diagnostic
coincidence rates between /n situ carcinoma and invasive
carcinoma (types A and B vs types C’, C, D, E and F) were
93.8%, 98.4% and 100% in the first and second trial and the
trial by the specialists, respectively. Two patients with type C
tumors (cases 20 and 29) died of the cancer and were
diagnosed as having type B (in situ adenocarcinoma) by a
general pathologist even after the educational program. The
cases included definite areas of fibroblastic proliferation,
although the area was very limited (approximately 20% of the
total fibrotic area), and a major part of the fibrotic area
showed the typical alveolar collapse that is characteristic of
type B tumors (Fig. 5).

DISCUSSION

The volunteers were general pathologists. Their lengths of
experience varied but the educational program was very

Figure 3 Histological features of (a,b) case 1 (iype A) and (c,d) case 10 (type D).
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Figure 4 Whole-mount section (a) and histological features of case 13 (type C). Fibrotic focus in the tumor was very limited (a, arrow) but
showed fibroblastic proliferation (b).

Figure 5 Whole-mount section (a) and histological features of case 20 (type C). Peripheral area of the tumor showed bronchicloalveolar
growth (b) and central area showed typical collapse of the lung parenchyma (¢). However, a very limited area (a, arrow) showed fibroblastic
proliferation (d).

effective and the coincidence rates increased significantly. In The coincidence rate for the specialists was 89.0% and there
particular, the distinction between in situ adenocarcinoma were no significant differences between them.

and early advanced adenocarcinoma was made at high coin- Several cases were very difficult to diagnose. For example,
cidence rates after the educational program (85.3%, Table 2). there were seven cases for which the participants’ coinci-



dence rate was <30% in the first trial. The coincidence rates
of two cases were still under 30% in the second trial. They
included type B, C’ and C tumors that had fibrotic areas
(alveolar collapse) with or without areas of fibroblastic prolif-
eration, and the structural patterns of these tumors were
macroscopically similar to each other. It is unlikely that every
general pathologist would have the same histological stan-
dard for assessing fibrotic foci and fibroblastic proliferation.
For example, the fibrotic area of the type C tumor in case 13
was very limited, and even one of the expert pathologists
failed to recognize it as a fibrotic focus (Fig. 4). In contrast,
several cases were very easy to diagnose. Although only one
case was diagnosed at a high coincidence rate (>70%) in the
first trial, the number of such cases increased to nine in the
second trial. These cases included type A and type D tumors.
Type A tumor is pure bronchioloalveolar carcinoma (BAC)
and type D tumor is poorly differentiated adenocarcinoma.
These tumors have very characteristic structures and the
participants were able to adjust to the diagnostic criteria.

The coincidence rate (in situ carcinoma vs early invasive
adenocarcinoma) for the tumors of the five patients who died
of the cancer was 100% for the specialists, but it is very
important to note that the rate for the general pathologists
was <100%. The two type C tumors of the patients who died
of the cancer (cases 20 and 29) were still diagnosed as type
B tumor by one general pathologist after the educational
program. This pathologist seemed to neglect the area of
definite fibroblastic proliferation because of its small area and
the typical alveolar collapse that was a major component of
the fibrotic area (Fig. 5).

Although the long-term effectiveness of this educational
program was not examined, the educational program for
small adenocarcinoma of the lung seemed to be very effec-
tive in establishing the diagnostic criteria that discriminate in
situ adenocarcinoma, which has an extremely favorable prog-
nosis (100% 5 year survival rate), from early but advanced
adenocarcinoma that results in death. Histopathological
diagnosis is performed based on the prognoses of each
disease. This trial provided a theoretical background for the
histological diagnosis of peripheral-type adenocarcinoma of
the lung and supported the choice of diagnostic criteria.
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Summary To reveal useful prognostic factors in cases of small-sized pulmonary
adenocarcinoma, we conducted a histological and karyometric analysis of 116 small-
sized pulmonary adenocarcinomas measuring less than 2 cm in maximum diameter
and four specimens. of atypical adenomatous hyperplasia (AAH). The small-sized
pulmonary adenocarcinomas were classified by using criteria described previousty
[Noguchi M, Morikawa A, Kawasaki M, et al. Small adenocarcinoma of the lung. His-
tologic characteristics and prognosis. Lung Cancer 1995:75;2844~52]. There were
99 tumors of replacement-type adenocarcinoma, comprising 11 type A, localized
bronchioloalveolar adenocarcinoma (LBAC); 6 type B, LBAC with alveolar collapse;
and 82 type C, LBAC with foci of fibroblastic proliferation. The 17 remaining tumors
were non-replacement-type adenocarcinomas. Among the potential prognostic fac-
tors examined, histological subtype was the most closely correlated with 5-year
relapse-free survival rate. Furthermore, in patients with type C adenocarcinomas,
a small fibroblastic proliferation (F) to fibrosis area (f) ratio (F—f ratio) (<10%) of
the tumor and a small maximum nuclear diameter (Max ND; <13.50 wm) of tumor
cells were closely associated with an excellent prognosis. Histological subtypes of
type A and B adenocarcinomas, a small F—f ratio, and a small Max ND of type C
adenocarcinomas were closely correlated with an excellent prognosis in small-sized
adenocarcinoma.

© 2004 Elsevier Ireland Ltd. All rights reserved.
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1. Introduction

Lung carcinoma is one of the commonest causes
of cancer death worldwide, including Japan, and
the mortality rate from this disease continues to
increase [1]. Among the histological types of lung
carcinoma, adenocarcinoma is that most frequently
encountered in many countries [2,3]. In 1999, the
World Health Organization (WHO) revised the classi-
fication of lung tumors, and newly included atypical
adenomatous hyperplasia (AAH) as a pre-invasive
lesion of adenocarcinoma.

In 1995, Noguchi et al. [4] classified small-sized
tumors of peripheral pulmonary adenocarcinoma
measuring less than 2 cm in maximum diameter into
two groups, namely those showing replacement-
type growth and those showing non-replacement-
type growth. Each group was again subdivided into
three subtypes. The replacement-type adenocarci-
noma were divided into type A (localized bronchi-
oloalveolar carcinoma, LBAC), type B (LBAC with
alveolar collapse), and type C (LBAC with- foci
of active fibroblastic proliferation), and the non-
replacement-type adenocarcinoma were divided
into type D (poorly differentiated), type E (tubular
growth pattern), and type F (true papillary growth
pattern). Type A or B adenocarcinomas are known to
carry an excellent prognosis, and the 5-year survival
rate after surgical treatment has been reported to
be 100%. These subtypes of adenocarcinoma are
therefore biologically considered to fall under the
category of carcinoma in situ and they correspond

to the entity of ‘‘bronchioloalveolar carcinoma’” -

defined by the new WHO classification [2]. On the
other hand, the prognosis of type C adenocarci-
noma, which is also a replacement-type adenocar-
cinoma, is quite poor, with a 5-year survival rate
of less than 75% [4,5]. Therefore, type C adenocar-

cinoma is considered to be an early invasive car-:

cinoma. Patients with this subtype of tumor are
known to fall into two subsets carrying either an
excellent or a poor prognosis.

Recently, examination by high-resolution com-
puted tomography (HRCT) has come into wide use
[6,7] HRCT imaging has been reported to be useful
for accurate identification of each of the subtypes
of small-sized pulmonary adenocarcinoma. For ex-
ample, type A adenocarcinoma can be visualized as
an area of ground glass opacity (GGO) and type C
adenocarcinoma as an area of partial GGO on HRCT
[8,9] In other words, when HRCT of an adenocarci-
noma reveals GGO, a replacement-type adenocar-
cinoma can be suspected. Furthermore, if the GGO
occupies the entire area of the nodule, type A ade-
nocarcinoma, which carries an excellent prognosis,
should be strongly suspected [9-—-12].

Limited resection is currently the surgical pro-
cedure of choice for type A or B adenocarcino-
mas, because of their excellent prognosis [13—15];
however, these tumors are detected preoperatively
in only an extremely limited number of cases.
If patients with type C adenocarcinoma that has
excellent prognosis could be distinguished from
those with the same subtype with a poor prog-
nosis, the number of limited resections for pul-
monary adenocarcinoma would be expected to in-
crease. Therefore, it is important for us to be
able to distinguish between these two groups of

patients.

Our aim was to analyze surgically resected AAH
and small-sized adenocarcinoma karyometrically
and histopathologically, in order to extract useful
prognostic factors that could be correlated with the
5-year relapse-free survival rate.

2. Materials and methods
2.1. Patients

We enrolled 119 patients (55 females and 64 males;

' average age, 61.3 years [range, 20—85 years]) in

the study during the period from January 1995
to December 1996. The patients were from four
different Japanese hospitals: the University Hos-
pital of Tsukuba in Ibaraki, the National Cancer
Center Hospital in Tokyo, the Osaka Medical Cen-
ter for Cancer and Cardiovascular Disease, and

" the Kanagawa Cancer Center. The patients were

treated by surgical resection, and 120 tumors, in-
cluding those of AAH and small-sized adenocarci-
noma (measuring 2 cm or less in maximum diame-
ter) were removed. The mean maximum tumor di-
ameter measured in the resected specimens was
15.8 mm (range, 5—20mm).

2.2. Pathological factors

The resected specimens were fixed with 10-15%
neutral buffered formalin at room temperature,
and, after being embedded in paraffin, 4 um thick
sections were prepared and stained with hema-
toxylin and eosin (H&E) and elastica van Gieson
stains. Three different pathologists (YM, Tl, and
MN) independently examined the tumor sections,
paying special attention to the following points:
classification of small-sized pulmonary adenocar-
cinomas [4], presence or absence of lymph node
metastasis, tymphatic permeation, vascular inva-
sion, pleural involvement, micropapillary pattern
and peribronchial invasion, fibroblastic prolifera-
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tion to fibrosis area ratio, and pathological stage.
Each of the pathological factors examined was de-
fined according to the criteria given below.

Classification of AAHs and small-sized adenocar-
cinomas: tumors were classified according to the
. classification of small-sized adenocarcinomas, i.e.
tumors measuring less than 2cm in maximum di-
ameter, as reported previously [4]. The histological
definition of AAH adopted was based on the criteria
shown in Table 1.

Lymph node metastasis, pathological stage:
these were judged according to the TNM classifi-
cation [2].

Lymphatic permeation and vascular invasion:
both factors were rated as Grade 0 (non-invasion),
Grade 1 (mild invasion), Grade 2 (moderate inva-
sion), or Grade 3 (severe invasion).

Pleural involvement: pleural involvement was
categorized histologically as follows: p0, tumor
with no pleural involvement; p1, tumor extending
beyond the elastic layer of the visceral pleura but
not extending to the pleural surface; p2, tumor ex-
tending to the pleural surface but not involving the
parietal pleura; and p3, tumor involving the pari-
etal pleura or extending to organs adjacent to the
lung {16].

Micropapillary pattern: a micropapillary pattern
with tufts represents papillary growth without a
central fibrovascular core and was judged on the
basis of the criteria of Miyoshi et al. [17]. The
micropapillary pattern and peribronchial invasion
were categorized as Grade 0 (none), Grade 1 (mild),
and Grade 2 (moderate to severe).

Fibroblastic proliferation (F) to fibrosis area (f)
ratio (F—f ratio): The percentage area of active fi-
broblasts in the total fibrotic area was scored as
Grade 0 (none), Grade 1 (less than 10%), Grade 2
(10—50%), or Grade 3 (more than 50%). The F—f ra-

AFibroblastic proliferation area

= Fibroblastic proliferation/fibrasis area ratio

B:Fibrosis area

Fig. 1 Schematic diagram of catculation of fibroblastic
proliferation (F) to fibrosis area (f) ratio (F—f ratio): the
percentage area of active fibroblasts relative to the total
area of fibrosis.

tio was examined especially in type C adenocarci-
nomas (Fig. 1).

2.3. Karyometric analysis

An Image Processor for Analytical Pathology (IPAP:
Sumika Technoservice Co. Ltd., Hyogo, Japan) was
used for karyometric analysis of nuclear size, nu-
clear roundness, nuclear diameter, and nuclear
perimeter. Fifty to sixty nuclei of the adenocarci-
noma cells in each specimen were measured with
computer software (IPAP-WIN Ver, 3.0, Sumika Tech-
noservice Co. Ltd., Hyogo, Japan).

2.4. Statistical analysis

Statistical analysis of the correlations among the
karyometric values in each type of adenocarci-
noma was performed by Student’s t-test. A prob-
ability value of less than 0.05 was considered to
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denote statistical significance. The survival curves
of the patients were drawn by the Kaplan—Meier
method, and the curves were evaluated by the
log-rank test or chi-squared test. The independent
prognostic factors of all the small-sized pulmonary
adenocarcinomas were evaluated by multivariate
analysis.

3. Results

3.1. Clinical and histological findings in
small-sized pulmonary adenocarcinomas

Three pathologists (YM, Tl, MN) subdivided the 120
tumors into AAH and 6 subtypes of small-sized pul-
monary adenocarcinoma. The 120 tumors included
4 AAHs, 11 type A adenocarcinomas, 6 type B
adenocarcinomas, 82 type C adenocarcinomas, 10
type D adenocarcinoma, 3 type E adenocarcino-
mas, and 4 type F adenocarcinomas (Fig. 2), The
male to female ratio was lower among patients
with AAH, type A or type B (0.3125) than among
patients with types D, E, or F (3.25) (Table 2).
Ninety-three tumors were pathological stage I, 10
were stage |l, 7 were stage lll, and 6 were stage
IV (Table 3). We could not determine the patho-
logical stages for the other four patients, since
they have taken lobectomy without lymph nodes
dissection.

3.2. Pathological findings and outcome

The clinical and histological characteristics of the
small-sized adenocarcinomas examined are summa-
rized in Table 2. The 5-year relapse-free survival
rate was 100% for AAH and types A and B ade-
nocarcinoma, 80.5% for type C adenocarcinoma,
and 70.6% for types D, E and F adenocarcinoma
(P=0.0207) (Fig. 3) (Table 2). The prognosis for
each pathological stage is shown in Fig. 4. The
results for each pathological factor are shown in
Tables 2 and 3. As can be seen from Table 3,
the most significant prognostic factors for all the
subtypes of small-sized pulmonary adenocarcinoma
were pathological stage, and the presence or ab-
sence of lymph node metastasis, lymphatic perme-
ation, vascular invasion, a micropapillary pattern,
and peribronchial invasion. We performed a multi-
variate analysis to determine the factors contribut-
ing most significantly to the 5-year relapse-free sur-
vival rate of patients (Table 4). The histological sub-
type of the tumor bore the closest correlation to the
5-year relapse-free survival rate in cases of small-
sized pulmonary adenocarcinoma.

Type C tumor was a major histological subtype of
small-sized pulmonary adenocarcinoma: it was vi-
sualized as partial GGO on HRCT, and patients with
this subtype fell into two subsets carrying either an
excellent or a poor prognosis. We thus examined the
prognostic factors in type C adenocarcinomas sep-
arately, and found that the most significant prog-
nostic factors were pathological stage, presence or
absence of lymph node metastasis, lymphatic per-
meation, vascular invasion, a micropapillary pat-
tern and peribronchial invasion, and the F—f ratio
(Table 3). Among patients with type C adenocarci-
noma, the F—f ratio in the tumor was less than 10

" % in all of those (100%) showing 5-year relapse-free

survival (Fig. 5).

3.3. Karyometric analysis and outcome

We performed a karyometric analysis on the 120
resected tumors. As controls, 60 lymphocytes in
the specimen of each two cases were also analyzed
by IPAP. Table 5 shows the karyometric values of
each subtype of small-sized pulmonary adenocarci-
noma. The average, maximum (Max), and minimum
(Min) nuclear diameter (ND) of the cells compris-
ing the AAH tumors were significantly smaller than
those of the type A adenocarcinoma cells. How-
ever, the standard deviation of the NDs of the cells
comprising the AAH tumors and type A adenocarci-
noma showed no statistically significant difference
(P=0.191). All of the above parameters of the cells

- were significantly smaller in the AAH tumors and in

type A and B adenocarcinomas than in type C ade-
nocarcinoma.

The Max ND in surviving patients with type C
adenocarcinoma without relapse was significantly
smaller than that in those who died or developed
relapse (Table 6). The average and standard devi-
ation were also significantly different between the
two groups.

Among the factors related to 5-year relapse-free
survival rate in patients with type C adenocarci-
noma, Max ND was the most useful and practical for
distinguishing between subsets with good and poor
prognoses. When we divided type C adenocarcino-
mas into two groups according to the prognosis, the
range from 10.90 to 20.00 pm of Max ND was the sig-
nificant of all values in distinguishing between the
two groups (Fig. 6). For example, a Max ND of less
than 13.50 um, which is about three times as large
as the average ND of a small lymphocyte, was signif-
icantly associated with a good prognosis. The 5-year
relapse-free survival rate of patients whose tumor
cells had a Max ND of less than 13.50 pm was 91.3%.
On the other hand, the corresponding survival rate
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Fig. 2 A (H&E stain, 100x): histology of atypical adenomatous hyperplasia; B (H&E stain, 100x): histology of type A
adenocarcinoma: localized bronchioloalveolar carcinoma (LBAC); C (H&E stain, 100x): histology of type B adenocarci-
noma: LBAC with foci of collapsed alveolar septa; D (H&E stain, 100x): histology of type C adenocarcinoma: LBAC with
foci of active fibroblastic'proliferation; E (H&E stain, 100x): histology of type D adenocarcinoma: poorly differentiated
adenocarcinoma; F (H&E stain, 100x): histology of type E adenocarcinoma: tubular adenocarcinoma; G (H&E stain,
100x): histology of type F adenocarcinoma: true papillary adenocarcinoma.
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Fig. 3 Five-year relapse-free survival rates for each sub-
type of small-sized adenocarcinoma. Significant differ-
ences were noted between rates for each histological
subtype. (P=0.0207) (—); AAH and types A or B (n=21),
(...); type C (n=82), (---); types D, E, or F (n=17).
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Fig. 4 Five-year relapse-free survival rates for each
stage of all subtypes of small-sized adenocarcinoma. Sig-
nificant differences were noted between rates for each
stage, (P<0.0001) (—); stage | (n=93), (...); stage li
(n=10), (---); stage Ml (n=7), (-----); stage IV (n=6).
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Fig. 5 Five-year relapse-free survival rates of patients
with type C adenocarcinoma classified by the fibroblast
to fibrosis area ratio. Significant differences were noted
between rates for each category. (P=0.0154) (—); fibrob-
last to fibrosis area ratio less than 10% (n=18), (...); fi-
broblast to fibrosis area ratio 10—50% (n=42), (---); fi-
broblast to fibrosis area ratio more than 50% (n=22).
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of those with tumor cells having a Max ND of more
than 13.50 um was 66.7% (P=0.0046) (Fig. 7). Al-
though four patients in the former group (Max ND
of tumor cells less than 13.50pm) died, they all
had mediastinal and/or supraclavicular tymph node
metastases and/or the F—f ratio of their tumors ex-
ceeded 50%.

4. Discussion

AAH is a newly described entity that has been ac-
cepted as being a preinvasive lesion of pulmonary
adenocarcinoma [2, 3] However, the histological cri-
teria for its diagnosis have not been rigorously de-
fined, and it can sometimes be very difficult to dis-
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Fig. 6 The distribution of Max ND in two groups (alive
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Fig. 7 Five-year relapse-free survival rates of patients
with type C adenocarcinoma, classified by using the crit-
ical maximum diameter of 13.50 pm as a cut-off value.
(P=0.0046) (—); maximum diameter less than 13.50 pm
(n=46), (...); maximum diameter more than 13.50 um
(n=36).

a pure GGO appearance on HRCT. The results of
our karyometric evaluation revealed that the av-
erage ND of cells comprising AAH was significantly
smaller than that of type A adenocarcinoma cells
(Table 5). The average ND of the cells comprising
AAH was about 1.5 times larger than that of lym-

tmgmsh between AAH and LBAC (type A pulmonary phocytes. In contrast, the same parameter in type
adenocarcinoma) [18—21]. Here, we propose ap- A adenocarcinoma cells was about 1.8 times larger
propriate and practical histological criteria for the  than that of lymphocytes. The Max ND and Min ND
diagnosis of AAH, and also define tumors showing  of cells comprising AAH and type A adenocarcinoma

prognosis

| Type Cw1thout relapse (n 66) S8, 916 :t 1 428c
Type G w1th relapse or dead (n 16) 10: 296 £.1.839.-

";: ¢ S1gmﬁcantly ditferent from ‘type C W|th relapse or dead (p < 0 05)
d S1gmﬁcantly dxfferent from type C w1th relapse or dead (p< 0. 01)
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were also significantly different. These results sug-
gest that the proposed criteria would allow reason-
able discrimination between AAH and type A ade-
nocarcinoma.

We have therefore confirmed that the histologi-
cal subclassification of small-sized pulmonary ade-
nocarcinomas is useful for characterization of their
clinical behavior [4]. Patients with AAH or type A
or B adenocarcinoma had an extremely good prog-
nosis (100% 5-year survival rate) compared with
those classified as having type C adenocarcinoma
or one of the non-replacement-type adenocarcino-
mas, and histological subtype proved to be the best
indicator of prognosis. Our karyometric analysis re-
vealed that the average, Max, and standard devia-
tion of the ND were significantly different between
AAH, and types A or B, and type C adenocarcinoma.
The ND of type C adenocarcinoma cells was 1.5 to
over three times as large as that of a lymphocyte.
On the other hand, the NDs of cells comprising AAH
and types A or B adenocarcinoma were the same
size to twice as large as that of a lymphocyte. To dis-
tinguish between type C adenocarcinoma and AAH
and type A or B adenocarcinomas, therefore, be-
sides histological changes in the appearance of foci
of active fibroblastic proliferation, nuclear diame-
ter appears to be a powerful additional index; it is
especially useful for the intraoperative diagnosis of
type C adenocarcinoma.

Type C adenocarcinoma accounted for the large
majority of replacement-type adenocarcinomas in
our study. We identified various significant prog-
nostic factors in small-sized pulmonary [17,22-27].
Among these factors, the F—f ratio was particularly

-significantly related to the 5-year survival of pa-
tients." MAX ND is a practically useful parameter
that can be used in routine clinical laboratory test-
ing. Between the range of 10.90 and 20.00 pm, Max
NDs of 13.50 pm or 18.00 um are useful values be-
cause they are about three or four times larger, re-
spectively, than the average NDs of lymphocytes,
and pathologists can easily estimate these sizes
compared with those of lymphocytes in the same
specimen.

In conclusion: (1) we have proposed practical
histological criteria for recognizing AAH, with av-
erage nuclear diameter being a useful support-
ive criterion for distinguishing between AAH and
well-differentiated adenocarcinoma; (2) histologi-
cal subtype was the factor most closely correlated
with the 5-year relapse-free survival rate in pa-
tients with small-sized pulmonary adenocarcinoma;
(3) determination of the F—f ratio is useful for dis-
tinguishing between subsets of type C adenocarci-
noma patients with excellent and poor prognoses;
(4) the maximum nuclear diameter of tumor cells

was also closely related with the 5-year relapse-
free survival rate in patients with type C adeno-
carcinoma. It appears to be a practical and useful
indicator for distinguishing between subsets of type
C adenocarcinoma patients with excellent and poor
prognoses.
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Immunohistochemical KIT (CD117)
Expression in Thymic Epithelial Tumors*

Kazuo Nakagawa, MD; Yoshihiro Matsuno, MD; Hideo Kunitoh, MD;
Arafumi Maeshima, MD; Hisao Asamura, MD; and Ryosuke Tsuchiya, MD

Study objectives: It is sometimes very difficult both clinically and pathologically to distinguish
thymic epithelial tumors from primary lung carcinoma with massive anterior mediastinal
involvement. The expression of KIT (CD117) in thymic epithelial tumors was investigated in
order to evaluate its usefulness as a marker supporting differential diagnosis and choice of
therapy.

Methfds: We examined the immunohistochemical expression of KIT in 70 resected thymic
epithelial tumors (thymomas, 50; thymic carcinomas, 20) that had been reclassified on the basis
of the 'World Health Organization histologic classification system. We also compared the
expression of KIT and CD5 in 20 thymic carcinomas with their expression in 20 resected
pulmonary squamous cell carcinomas that were spreading directly into the mediastinum.
Results: Of the 50 thymomas, only 2 (4%) showed positive immunoreactivity for KIT (type A
thymoma, 1; type B3 thymoma, 1), whereas 16 of the 20 thymic carcinomas (80%) showed positive
immunoreactivity. Testing was positive for CD35 in 14 of the 20 thymic carcinomas (70%). In the
pulmonary squamous cell carcinomas, in contrast, the immunohistochemical expression of KIT
and CD5 was found in only 4 of 20 carcinomas (20%) and 3 of 20 carcinomas (15%), respectively.
Furthermore, of the 40 specimens examined (either thymic or lung carcinoma) all 13 that were
positive for both KIT and CD5 were thymic carcinomas, and 13 of the 16 that were negative for
both were lung carcinomas.

Conclusion: KIT expression is a useful immunohistochemical marker for the diagnosis of thymic
carcinoma, and its examination in combination with CD5 immunohistochemistry would greatly
help in the differential diagnosis of primary thymic carcinoma from pulmonary squamous cell
carcinoma. Further investigations at a genetic level should be encouraged, not only to define the
role of KIT in the oncogenesis of thymic epithelial tumors, but also to establish target-based

therapy.

cell lung carcinoma

Key words: c-kit; KIT; thymic carcinoma; thymic epithelial tumor; thymoma
Abbreviations: AML = acute myeloid leukemia; GIST = GI. stromal tumor; SCF = stem cell factor; SCLC = small

(CHEST 2005; 128:140—-144)

I t is often difficult, not only by radiographic imag-
ing but also by pathologic examination, to distin-
guish thymic epithelial tumors (ie, thymomas or
thymic carcinomas) from primary lung carcinomas of
the central type involving the mediastinum.! How-
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ever, these three tumors must be distinguished from
each other because the treatment of choice is obvi-
ously different for each of them. A chance of cure
may be lost by a misdiagnosis of thymoma or local-
ized primary thymic carcinoma as advanced lung
carcinoma with massive mediastinal involvement.
Moreover, the thymic carcinoma shows a better
response to chemotherapy or radiotherapy, and
hence better patient outcome,>-4 whereas the latter
shows more frequent regional lymph node involve-
ment and distant metastasis.

In daily practice, differential diagnosis between
those two different tumors depends on several pa-
rameters that are not necessarily specific, that is,
smoking history (favors lung cancer), the main loca-
tion of the tumor (pulmonary hilum vs anterior
mediastinum), and the presence of abundant hyalin-
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ized collagenous stroma or abrupt keratinization
simulating Hassall corpuscles (favors thymic carci-
noma). Although immunoreactive CD5 has been
reported>-7 as a useful marker for primary thymic
squamous cell carcinoma in routine surgical pathol-
ogy, it is still necessary to identify other diagnostic
markers to make this differential diagnosis more
reliable.

We investigated the immunohistochemical expres-
sion of KIT (CD117) in primary thymic carcinoma.
KIT, a protein product of the c-kit protooncogene, is
a transmembrane tyrosine kinase receptor and is a
growth factor receptor for stem cell factor (SCF).8
Its expression has been documented in a wide variety
of human neoplasms, including acute myeloid leuke-
mia (AML), mast cell tumor, germ cell tumor,
ovarian carcinomé, malignant melanoma, GI stromal
tumor (GIST), small cell lung carcinoma (SCLC),
neuroblastoma, and breast carcinoma.®-1% Moleculaf
targeted therapy against KIT has become a standard
treatment of choice in patients with AML and
GIST.*® The expression of KIT in thymic epithelial
twmors has been reported very recently.l”18 We
examined KIT expression in these tumors immuno-
histochemically and evaluated the usefulness of im-
munoreactive KIT as a diagnostic marker in primary
thymic carcinoma.

MATERIALS AND METHODS

Tumors

There were 161 resected thymic epithelial tumors in the
pathology file of the National Cancer Center Hospital, Tokyo,
Japan. We reviewed hematoxylin-eosin-stained sections of each
specimen to determine its histologic subtype on the basis of the
World Health Organization histologic classification.*® Accord-
ingly, 50 cases of thymomas (5 histologic subtypes, 10 each) and

20 cases of thymic carcinomas (epidermoid carcinomas, 5; non-

keratinizing epidermoid carcinomas, 11; basaloid carcinoma, 1; -

papillary carcinoma, 1; undifferentiated carcinoma, 1) were
extracted from the files and employed in this study. Four patients
with thymoma {two patients with type B2 and two patients with
type B3 received preoperative chemotherapy, and three patients
with thymic carcinoma received preoperative therapy; two pa-
tients underwent chemotherapy, and one patient underwent
chemoradiotherapy.

In addition, 20 resected specimens of primary squamous cell
carcinoma of the lung (10 well-differentiated to moderately
differentiated carcinomas and 10 poorly differentiated carcino-
mas) involving the anterior mediastinum were also extracted and
analyzed immunohistochemically for comparison. Primary lung
carcinomas showing massive involvement in the anterior medi-
astinum were excluded from the study to avoid confusion with
thymic carcinoma.

Immunohistochemistry

Immunohistochemistry was performed on representative for-
malin-fixed paraffin sections. The sections were autoclaved for 10

www.chestjournal.org

min in 10 mmol/L citrate buffer (pH, 6.0) for antigen retrieval
before incubation with a primary antibody. Two monoclonal
antibodies, anti-KIT (Dako; Glostrup, Denmark) and anti-CD5
(NCL-CD5-4C5; Novocastra; Newcastle-on-Tyne, UK) were
used as primary antibodies. Immunoreaction was detected by a
labeled streptavidin-biotin method and was visualized with 3,3'-
diaminobendizine, followed by counterstaining with hematoxylin.
The degree of immunostaining of those two markers was scored
as follows: —, negative staining; 1+, staining (ie, < 10% of tumor
cells stained); 2+, staining (i, 10 to 50% stained); and 3+,
staining (ie, >50% stained). KIT staining was judged to be
positive when unequivocal membranous staining was observed
along the cell membrane.

ResSULTS
KIT Immunoreactivity in Thymomas

First, we studied the immunohistochemical KIT
expression in thymomas (Table 1). Of the 50 thymo-
mas examined, only 2 (4%) were positive for KIT,
one of which was a type A thymoma and the other
one was a type B3. Although the former specimen
was classified as a type A thymoma, this tumor was
composed of spindle cells with mild atypia. The
other thymomas were completely negative for KIT
staining in both the epithelial cells and lymphocytes.

KIT Immunoreactivity in Thymic Carcinomas and
Pulmonary Squamous Cell Carcinomas

Next, we examined and compared the expression
of immunoreactive KIT in thymic carcinomas and
pulmonary squamous cell carcinomas. The results
are presented in Table 2. Of the 20 thymic carcino-
mas, 16 (80%) were positive for KIT (keratinizing
epidermoid [squamous cell] carcinomas, 3 of 5;
nonkeratinizing epidermoid carcinomas, 10 of 11;
basaloid carcinoma, 1; undifferentiated carcinomas,
2). The papillary carcinoma was negative for KIT.
Thymic carcinomas that were positive for KIT exhib-

Table 1—Expression of KIT in Thymoma*

Positive KIT Immunoreactivity

Tumor Tested, Cases, T )
Specimen No. No. (%) 3+ 2+ 1+ -
Thymoma 50 2/50 (4) 1 0 1 48
Type A 10 1/10(10) 1t 0 0 9
Type AB 10 0/10 (0) 0 0 0 10
Type Bl 10 0/10 (0) 0 0 0 10
Type B2 10 0720 (0) 0 0 0 10
Type B3 10 1/10 (10) 0 0 1 9

*— = negative staining; 1 + = staining (< 10% of tumor cells);
2 + = staining (10 to 50%); 3 + = staining (> 50% of tumor cells).
1This thymoma is composed of spindle cells with mild atypia and is
probably classified as an atypical thymoma, although it belongs to
the type A histologic subtype in the World Health Organization
classification.
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Table 2—Expression of KIT and CD5 in Thymic Carcinoma and Pulmonary Squamous Cell Carcinoma*

KIT Immunoreactivity CD5 Immunoreactivity

Tested, Positive Cases, Positive Cases, |

Tumor Type No. No. (%) 3+ 24 1+ - No. (%) 3+ 2+ 14+ -

Thymic carcinoma (type C) 20 16/20 (80) 11 3 2 4 14/20 (70) 6 7 1 6
Epidermoid, keratinizing 5 3/5 (60) 9 0 1 2 2/5 (40) 0 1 1 3
Epidermoid, nonkeratinizing 11 10711 (91) 7 3 0 1 9/11 (80) 5 4 0 2
Basaloid 1 1/1 (100) 1 0 0 0 1/1 (100) 0 1 0 0
Papillary 1 0/1 (0) 0 0 0 1 1/1 (100) 0 1 0 0
Undifferentiated 9 2/2 (100) 1 0 1 0 1/2 (50) 1 0 0 1
Pulmonary squamous cell carcinoma 20 4/20 (20) 0 3 1 16 3/20 (15) 0 0 3 17
Well or moderately differentiated 10 2/10 (20) 0 2 0 8 1/10 (10) 0 0 1 9
Poorly differentiated 10 9/10 (20) 0 1 1 8 2/10 (20) 0 0 2 8

#See Table 1 for terms not used in the text.

ited predominantly membrane staining (Fig 1). In
contrast, only 4 of 20 pulmonary squamous cell
carcinomas (20%) were positive for KIT (well-differ-
entiated or moderately differentiated carcinomas, 2;
poorly differentiated carcinomas, 2).

Figure 1. Thymic carcinoma (epidermoid nonkeratinizing car-
cinoma), showing diffuse membranous staining for KIT. Top:
hematoxylin-eosin, original X100. Bottom: immunoperoxidase
stain, original X100.
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Comparison of CD5 Immunoreactivity in Thymic
Carcinoma and Pulmonary Squamous Cell
Carcinoma

Because it is widely known that CD5 is a support-
ive immunohistochemical marker for thymic carci-
noma, we examined CD5 expression in thymic car-
cinoma and pulmonary squamous cell carcinoma to
compare it with the results obtained for KIT. Of the
20 thymic carcinomas, 14 (70%) were positive for
CD5 (keratinizing epidermoid carcinomas, 2 of 5;
nonkeratinizing epidermoid carcinomas, 9 of 11; the
basaloid carcinoma, 1; the undifferentiated carci-
noma, 1; the papillary carcinoma, 1). In contrast,
only 3 of 20 pulmonary squamous cell carcinomas
(15%) were positive for CD5 (well-differentiated or
moderately differentiated carcinomas, 1; poorly dif-
ferentiated carcinomas, 2). The immunoreactivity for
KIT in thymic carcinomas and pulmonary squamous
cell carcinomas was almost equal to that for CD5.
Furthermore, of the 40 specimens (either thymic or
lung carcinoma) examined immunohistochemically,
13 displayed positivity for both KIT and CD5 (Table
3).. All of them (100%) were thymic carcinomas.
None of the pulmonary squamous cell carcinomas
was positive for both markers, Of the 11 specimens
that were positive for only one of the two markers, 4
specimens were thymic carcinomas and 7 were
pulmonary carcinomas. Sixteen of the 40 specimens
were negative for both markers. They consisted of 3
thymic carcinomas and 13 pulmonary squamous cell
carcinomas.

DISCUSSION

KIT is the protein product of the c-kit protoonco-
gene and is immunologically identified by the
CD117 antigenic epitope. Functionally, it is a trans-
membrane tyrosine kinase receptor the physiologic
ligand of which is cytokine SCF, also called mast cell

Clinical Investigations



Table 3—Simultaneous Expression of KIT and CD5*

Tumor Type KIT + CD5 + KIT + CD5 — KIT - CD5 + KIT - CD5 —
Thymic carcinoma 13 3 1 3
Pulmonary squamous cell carcinoma 0 4 3 L.

*n = 20.

growth factor or Steel factor.® Mainly from immuno-
histochemical studies®11.12 in human tissue, it has
been postulated that KIT plays an important role in
multiple cellular functions, including survival, prolif-
eration, adhesion, differentiation, and functional
maturation. KIT expression has also been reported in
a wide variety of human solid tumors, such as mast
cell tumors, germ cell tumors, ovarian carcinomas,
malignant melanomas, GISTs, SCLCs, neuroblasto-
mas, and breast carcinomas, and is thought to be
largely implicated in the development of these tu-
mors.2-15 However, only a few studies!”18 have been
done to evaluate its expression in thymic epithelial
tumors. We examined the immunohistochemical ex-
pression of KIT in resected thymic epithelial tumors,
and demonstrated that most thymic carcinomas
(80%) were positive for KIT and that most thymomas
(96%) were negative for KIT. In accordance with
these results, thymic carcinoma should be added to
the list of KIT-positive tumors.

The following three general mechanisms of KIT
activation in tumor cells have been recognized: (1)
autocrine and/or paracrine stimulation of the recep-
tor by its ligand; (2) cross-activation by other kinases
and/or loss of regulatory phosphatase activity; and (3)
acquisition of activating mutation.1620-27 In SCLC,
because the coexpression of SCF and KIT has been
demonstrated, autocrine mechanisms may play a role
in tumor initiation and progression.?223 In contrast,
the activation of a mutation in the c-kit gene is
thought to be the most important factor in the
pathogenesis of GISTs.25 Moreover, elevated kinase
activity caused by a c-kit gene mutation is now
utilized as a molecular target of therapy for GISTs.
In thymic epithelial tumors, as shown by our data,
frequent and strong KIT expression appears to be
closely associated with malignancy, because thymic
carcinoma is more aggressive than thymoma and is
highly lethal.2-# Thus, KIT must play an important
role in the acquisition of a malignant phenotype in
thymic epithelial tumors. Its molecular mechanism is
still to be clarified.

The above discussion is obviously relevant to
therapeutic strategies for thymic carcinoma. To date,
no standard medical therapy has been established in
the field of thymic epithelial tumors, particularly for
thymic carcinoma.2-* If the activation of a mutation
in the catalytic domain of the c-kit gene is the
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causative event in thymic carcinoma, as is the case in
AML and GISTs, molecular target therapy using a
specific kinase inhibitor would be indicated. Al-
though most studies of KIT-positive human solid
tumors have failed so far to identify the activating
c-kit gene mutation, this avenue should still be
investigated in thymic carcinomas in an effort to
make an effective therapy available.

Shimosato and Mukai! noted that in poorly differ-
entiated squamous cell carcinomas, mucoepider-
moid carcinomas, small cell neuroendocrine carcino-
mas, clear cell carcinomas, and sarcomatoid
carcinomas, the distinction between thymic carci-
noma and lung carcinoma was difficult, and de-
pended largely or entirely on the location of the
primary tumor and lymph node metastasis. Differ-
ential diagnosis would be even more challenging if
needle biopsy specimens were submitted. As an
ancillary examination, immunoreactive CD5 is the
only marker available in routine surgical pathology
that supports the diagnosis of thymic carcinoma
against lung carcinoma.57 In our study, KIT was
positive in a significant proportion of thymic carci-
nomas (16 of 20; 80%), whereas it was negative in
most pulmonary squamous cell carcinomas (16 of 20;
80%) as one recent study shows.28 Thus, it is reason-
able to conclude that KIT is another useful immu-
nohistochemical marker for thymic carcinoma. In
combination with CDS5, it should provide a more
powerful tool for distinguishing between thymic
carcinoma and lung carcinoma, because our data
indicate that tumors that are positive for both KIT
and CD5 are almost exclusively thymic carcinomas.
In contrast, when a tumor is negative for both KIT
and CD5, it is probably a lung carcinoma involving
the mediastinum.

Precise differential diagnosis by the examination
of pathologic specimens, aided by this effective
examination and an elucidation of the molecular
mechanisms of KIT activation, will most probably
promote the establishment of a standard therapy for
thymic carcinoma in the near future.
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