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Background and objective: The aim of this study was to develop a simple prediction model for the
underlying diagnosis of solitary pulmonary nodules (SPN) based on clinical characteristics and
thin-section CT findings. »

Methods: Retrospective analysis was carried out on 452 patients with SPN (113 benign and 339
malignant) smaller than 30 mm, who underwent thin-section CT followed by surgical resection and
histological diagnosis. The clinical characteristics were collected from medical records, and radio-
graphic characteristics from thin-section CT findings. The prediction model was determined using
multivariate logistic analysis. The prediction model was validated in 148 consecutive patients with
undiagnosed SPN, and the diagnostic accuracy of the model was compared with that of an experi-
enced chest radiologist.

Results: The prediction model comprised the level of serum CRP, the level of carcinoembryonic
antigen, the presence or absence of calcification, spiculation and CT bronchus sign. The areas under
the receiver-operating characteristic curve in training and validation sets were 0.966 and 0.840,
respectively. The diagnostic accuracies of the prediction model and the experienced chest radiologist
for the validation set were 0.858 and 0.905, respectively.

Conclusion: The simple prediction model consisted of two biochemical and three radiographic
characteristics. The diagnostic accuracy of an experienced chest radiologist was higher compared

with the prediction model.
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INTRODUCTION

The prevalence of a solitary pulmonary nodule (SPN),
discovered on a CXR or CT scan, is reportedly 0.09 to
0.20% for all chest radiographs.”* Most SPNs are
benign, but malignancy accounts for approximately
20% of SPN, with a range of 3-80%.>

Although the diagnosis of an SPN may require
resection, physicians should, as far as possible,
minimize the risk of unnecessary surgery, especially
in patients with benign diseases. Most physicians
attempt to distinguish benign from malignant
nodules using CXR, CT scanning, PET scans and fine-
needle aspiration. Recent advances in radiographic
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modalities and technology have improved the physi-
cians’ ability to assess the SPN, using information
such as margin patterns, size, growth rate and loca-
tion. Diagnostic and treatment decisions depend on
the physician’s assessment of the probability of
malignancy of each SPN.

Improving the diagnostic accuracy of SPN in
individual patients is a challenge. Previous methods
for estimating the likelihood of each diagnosis used
either Bayesian statistics or multivariate logistic
regression analysis.*? A Bayesian statistical model
estimates the likelihood ratios by measuring the
probability of finding a given feature in a population
with malignant SPNs and dividing that by the prob-
ability of finding the same feature in a population
with benign SPNs.*” A certain scepticism regarding
the Bayesian approach exists, and these models are
not often applied in Western countries.? After the
advent of CT scanning, Swensen et al. reported a mul-
tivariate logistic model that incorporated patient age,
smoking history, a history of extra-thoracic malig-
nancy, diameter, upper lobe location of the SPN, and
the presence or absence of spiculation.?

Serum tumour markers are associated with malig-
nancy."? No study has analysed the role of biochemi-
cal markers in differentiating between malignant and
benign SPNs, and whether it may improve the perfor-
mance of a prediction model. The aim of this study
was to develop a simple prediction model for the
diagnosis of SPN, based on clinical characteristics
and thin-section CT findings, and to evaluate its diag-
nostic accuracy compared with that of an experi-
enced chest radiologist.

METHODS

Records of 452 patients with SPNs who underwent
surgery because of suspicion of primary lung cancer
between July 1998 and March 2004 were retrieved (the
training set: 113 benign SPNs, 339 malignant SPNs).
All resected SPNs were evaluated histologically and a
diagnosis made. Inclusion criteria were an SPN which
was a solitary, round or oval lesion =30 mm in diam-
eter and without associated adenopathy, atelectasis
or effusion.! Any SPN diagnosed as metastatic extra-
pulmonary cancer was excluded. Benign SPN was
defined as a benign pathological diagnosis. Malignant
SPN was defined as that caused by primary lung
cancer, such as non-small-cell or small-cell lung
cancer. This study was approved by the institutional
review board after confirmation of informed consent
by the patient to have records and images reviewed.
The CT scans were acquired on single helical or
muitidetector scanners (X-Vigor, or Aquilion, Toshiba
Medical Systems, Tokyo, Japan). The helical technique
in all patients consisted of 10.0-mm collimation for
individual scans of the entire lung (120 kVp, 150-
200 mA) and reconstruction by a standard algorithm
prior to surgery. In all patients, additional thin-
section CT images were obtained with 2.0-mm colli-
mation, a 20-cm field of view, 120 kVp and 200 mA per
rotation, 0.5- or 1.0-s gantry rotation, and a high-
spatial-frequency reconstruction algorithm, Hard-
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copy images were photographed at window settings
for the lung (centre: -600 HU and width: 2000 HU)
and mediastinum (centre: 50 HU and width: 550 HU).

Development of the prediction model

The clinical characteristics of patients comprising the
training set (n = 452) were collected from the medical
records: gender, age, smoking status (current or
former smoker), history of extra-thoracic malignan-
cies (35 years previously), blood count and blood
chemistry, including WCC, CRP, and serum tumour
markers: carcinoembryonic antigen (CEA), sialyl-
specific embryonic antigen, cytokeratin 19 fragment,
squamous-cell carcinoma antigen, carbohydrate
antigen 19-9, neurone-specific enolase and
progastrin-releasing peptide. Two observers (K.Y,
S.T.), blind to the clinical or histopathological diag-
noses, reviewed the thin-section CT images, and the
final decisions on diagnosis were reached by consen-
sus. Thin-section CT findings of SPN in the training
set were reviewed as follows: lung side (right vs left),
location (lobe), diameter (mm), the presence or
absence of calcification, cavity, lobulation, spicula-
tion and CT bronchus sign. The CT bronchus sign was
defined as a visible bronchus or bronchiolus leading
to the SPN.”

Categorical variables of clinical characteristics and
thin-section CT findings were compared using the
chi-square test. Continuous variables were compared
using the I-test. The prediction model was identified
from multivariate logistic regression analysis. A step-
wise procedure was used to select inde-
pendent variables from the statistically significant
variables in univariate analysis. Continuous variables
in serum tumour markers without complete data sets
were excluded from the logistic regression analysis.
Some functional forms for continuous variables were
also explored in the logistic regression analysis. The
Hosemer-Lemeshow test was performed to evaluate
goodness-of-fit of the prediction model. The perfor-
mance of the prediction model was evaluated by
calculating the prediction accuracy, the receiver-
operating characteristic (ROC) curve and area under
the curve. The statistical analysis was performed with
sAs version 8.2 (SAS Institute, Cary, NC, USA), and the
significance level was set at 0.05 (two-sided).

Validation of the prediction model

The prediction model was validated by comparing its
accuracy with that of an experienced chest radiologist
in the validation set. The validation set comprised a
consecutive series of 148 patients with undiagnosed
SPNs, who underwent thin-section CT imaging prior
to surgery, between May 2004 and April 2005. The
resected SPN was diagnosed pathologically as benign
or malignant,

The reviews of thin-section CT images were per-
formed independently before surgery. An observer
(U.T)) reviewed the radiological predictive factors for
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Table I Comparison of the clinical and radiological characteristics of the patients diagnosed with a benign or malignant

solitary pulmonary nodule in the training set

Classification Benign (n = 113) Malignant (n = 339) Total (N =452) P-value*
Clinical characteristics
Male (%) 54 56 55 0.70
Mean age (years) 58 64 62 0.002
Current or past smoker (%) 47 54 49 0.86
Mean pack-years (n) 19 24 23 0.59
Other cancer >5 years ago (%) It 10 10 0.79
Mean WCC (x10°/L) 6.27 6.33 6.31 0.41
Mean serum CRP (mg/L) 1.0 3.0 2.0 <0.001
Mean serum CEA (ng/mlL) 27 5.6 4.9 <0.001
Radiological characteristics
Mean diameter (mm) 17 20 19 0.02
Side {right) (%) 65 63 64 0.65
Location (%)
LUL 11 17 15 0.14
Lingular segment 5 5 S 0.80
LIL 18 14 15 0.37
RUL 30 31 31 091
RML 13 9 10 0.21
RLL 22 22 22 0.99
Calcification (%) 12 2 5 <0.001
Cavitation (%) 10 8 8 0.49
Lobulation (%) 16 12 13 0.26
Spiculation (%) 2 84 63 <0.001
CT bronchus sign (%) 32 82 69 <0.001

*Univariate analysis: chi-squared test and t-tests were performed for proportional differences or mean differences in

variables between benign and malignant SPNs.

CEA, carcinoembryonic antigen; LLL, left lower lobe; LUL, left upper lobe; RLL, right lower lobe; RML, right middle lobe;

RUL, right upper lobe.

the prediction models in.the thin-section CT images.
An experienced chest radiologist (M.K.) reviewed the
thin-section CT images with no knowledge of either
the clinical data or the present prediction model. This
experienced chest radiologist evaluated prediction
of an SPN on a 5-point scale, scored as follows: 1,
benign; 2, probably benign; 3, indeterminate; 4, prob-
ably malignant; and 5, malignant. He then deter-
mined a diagnosis (malignant or benign SPNs). Based
on the pathological diagnosis, all SPNs were divided
into benign or malignant for the purpose of evalua-
tion of the validation set.

RESULTS

The clinical and the radiological characteristics of the
452 patients in the training set (113 benign SPNs, 339
malignant SPNs) are presented in Table 1.
Sixty-three per cent of the benign SPNs were granu-
lomas, and the remainder included sclerosing hae-
mangioma and hamartoma. The majority of the
malignant SPNs were adenocarcinoma of the lung
(80.2%). Other malignancies included squamous-cell
carcinoma (14.5%), large-cell carcinoma (3.5%),
adenosquamous carcinoma (0.3%), adenoid cystic

© 2007 The Authors

carcinoma (0.3%), neuroepidermoid carcinoma
{0.3%) and small-cell lung carcinoma (0.9%).

The SPN prediction model defined the pro-
bability of benign SPN as follows: Probability
of benign SPN=e¢*/(1+€"),x=23.7009 + (3.0705 X
calcification) + (-1.3243 xCT  bronchus  sign) +
(-5.3399 x spiculation) + (~1.16 x VCEA) + (-1.4987 x
VCRP), e is the base of natural logarithms. Calcifica-
tion = 1 if calcification is present in the SPN (other-
wise = 0); CT bronchus sign = 1 if CT bronchus sign is
present (otherwise = 0); spiculation =1 if spiculated
appearance is present (otherwise = 0); CEA = serum
CEA level (ng/mL); CRP =serum CRP level (mg/L).
The area under ROC in the training set was
0.966 (Fig. 1). The goodness-of-fit statistic, as de-
scribed by Hosmer-Lemeshow, for the derivation
dataset was x* = 11.608, P-value = 0.170. If the biologi-
cal parameters were not available, the alternative pre-
diction model was as follows: Probability of benign
SPN = e*/(1 +.€9), x = 1.084 + (2.7851 x calcification) +
(-1.1795x CT bronchus sign) + (-5.4481 x spicula-
tion). The area under ROC of the alternative predic-
tion model in the training set was 0.94.

Following derivation of the prediction model, a
further 148 patients with a newly discovered indeter-
minate SPN were identified between May 2004 and
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Figure 1 Receiver-operating characteristic curve for the
prediction model for the diagnosis of a solitary pulmonary
nodule (SPN) (solid line). The prediction model was devel-
oped based on data from 452 patients with a solitary pulmo-
nary nodule. Receiver-operating characteristic curve for the
prediction model when validated in 148 consecutive
patients with SPNs (dotted line).

April 2005 (the validation set). The differences in the
clinical and radiological characteristics of both sets
are presented in Table 2.

Eighty-nine per cent of the validation set had malig-
nant SPNs, and the reminder benign SPNs. Forty-
seven per cent of the benign SPNs were granulomas;
other diagnoses included sclerosing haemangioma,
hamartoma, fibrosis, organizing pneumonia and
inflammation. The majority of the malignant SPNs
were adenocarcinoma of the lung (88%); other malig-
nancies included squamous-cell carcinoma (7.4%),
large-cell carcinoma (2.7%), pleomorphic carcinoma
(0.7%), small-cell lung carcinoma (0.7%), and
mucosa-associated lymphoid tissue (MALT) lym-
phoma of the lung (0.7%). The respective mean serum
CEA and CRP levels in benign SPNs were 3.1 ng/mL
(range 0.8-16.7) and 1.0 mg/L (range 1.0-3.0). The
corresponding mean serum CEA and CRP levels in
malignant SPNs were 5.1 ng/mL (range 0.5-58.4) and
3.0 mg/L (range 1.0-165). The mean diameters of the
benign and malignant SPNs were 16 mm (range
10-23) and 17 mm (range 8-30), respectively.

In the validation set (n = 148), the area under ROC of
the prediction model was 0.84 (Fig. 1), and the accura-
cies of the prediction model and the experienced chest
radiologist were 0.858 and 0.905, respectively. ROC and
accuracy of the alternative prediction model were 0.81
and 0.75. The experienced chest radiologist’s predic-
tion was inconsistent with 59% of benign SPNs, and 4%
of malignant SPNs (3: adenocarcinoma; 1: pleomor-
phic carcinoma; 1: MALT of the lung).

DISCUSSION

This study has demonstrated a simple prediction
model for the diagnosis of SPN based on two clinical
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variables and three radiological variables using thin-
section CT findings. The accuracy of the prediction
model was demonstrated to be high in a validation
based on consecutive patients with undiagnosed
SPNs, although not as high as the accuracy of the
experienced chest radiologist’s diagnostic prediction.

Statistical analysis indicated two biochemical
markers for inclusion in the prediction model, but
did not include the patient characteristics of age,
cigarette-smoking status and past history of extra-
pulmonary malignancy® The frequency of a malig-
nant SPN rises with increasing patient age. In the
present study, age was significantly associated with a
malignant SPN on univariate analysis. Several studies
have reported the frequency of malignant SPN to be
more than 50% higher in patients aged 50 years and
over than in those aged less than 50 years." Similarly,
cigarette-smoking and past history of extra-
pulmonary malignancy reportedly have strong asso-
ciations with lung cancer or malignant SPNs. The
training and validation sets included 9% and 6% of
patients less than 50 years of age, respectively.
Although the mean age and frequency of past history
of extra-pulmonary malignancy in this study were
similar to those in the previously reported prediction
model, the frequency of cigarette smoking in this
study was slightly lower than the 68% of patients with
SPNs in the previous study.’ According to data from
Japan Tobacco Industry, Inc., the overall smoking
prevalences in men and women were 57.5% and 14%
in 1996 respectively, which are significantly different
from the prevalence in the 1960s."* These patients’
demographic characteristics varied from the frequen-
cies in other SPN reports, possibly influenced by the
role of the institution involved, the period or the
patient population.

Serum markers based on tumour biology would not
have been strongly influenced by patient population
or institution. CEA is a marker for a wide range of
malignancies, including lung cancer. Elevation of
serum CEA was found in 16% to 27% of patients with
clinical stage IA non-small-cell lung cancer.'*
Although the serum CEA level was associated with
cigarette smoking and age,'” the multivariate analysis
used to develop the prediction model indicated the
significance of serum CEA rather than these known
confounding factors included in the previous predic-
tion model.

CRP an acute-phase protein synthesized in hepato-
cytes, is up-regulated by cytokines, such as IL-6 and
tumour necrosis factor-o..'*'* Increased serum CRP
levels have also been recognized as part of a para-
neoplastic syndrome for several malignant tumours,
including lung cancer.” In addition, serum CRP was
significantly higher in patients with lung cancer than
in those with benign lung disease or the healthy
population.?* The laboratory variables in the predic-
tion model were supported by these previous studies
and our results; that is, the serum markers in patients
with malignant SPNs were both higher than in those
with benign SPNs. CT has been shown to be an effec-
tive means of morphologically differentiating benign
from malignant SPNs. Numerous studies have
described the radiographic characteristics of SPN,

© 2007 The Authors
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Table 2 Comparison of the clinical and radiological characteristics in both training and validation patient sets

Training set (n = 452) Validation set (n = 148) P-value*
Clinical characteristics
Male (%) 56 57 0.69
Mean age (years) 62 63 0.82
Current or past smoker (%) 49 50 0.82
Other cancer >5 years ago (%) 10 11 0.60
Mean serum CEA (ng/mlL) 4.9 49 0.99
Mean serum CRP (mg/L) 20 3.0 0.56
Radiological characteristics

Mean diameter (mm) 19 17 <0.01
Side (right) (%) 64 61 0.63
Location (%)

LUL 15 20 0.15

Lingular segment 5 2 0.13

LLL 15 16 0.73

RUL 31 32 0.74

RML 10 7 0.32

RLL 22 22 0.85
Calcification (%) 5 0 <0.01
Spiculation (%) 63 68 0.27
CT bronchus sign (%) 69 74 0.31

*Univariate analysis: chi-squared test and -tests were performed for proportional differences or mean differences in

variables between training and validation sets (two-sided).

CEA, carcinoembryonic antigen; LLL, left lower lobe; LUL, left upper lobe; RLL, right lower lobe; RML, right middle lobe;

RUL, right upper lobe.

and each suggests, but does not guarantee, a diagno-
sis of benign versus malignant SPN. Spiculation,
lobulation and vascular convergence are typically
associated with malignancy®* Calcification, a well-
defined margin, cavitation and CT bronchus signs
including bronchus involvement show considerable
overlap between benign and malignant SPNs.?** The
reported frequencies of these radiological findings
have varied among studies. In the present study, the
prediction model identified calcification, spiculation
and CT bronchus sign as being useful for distinguish-
ing benign from malignant SPNs. The validity of the
present prediction model is supported by the previ-
ous prediction model and the typical radiographic
features of malignant versus benign SPNs.

There were no differences in the laboratory or
radiological results or in the pattern of care for SPN
between the training set and the validation set.
However, a limitation of the present study is the
potential for selection bias, just as in previous studies.
Selection bias has arisen because the model is based
on a population with clinically suspicious lesions that
required resection. It is unclear how this would affect
the performance of the prediction model in a more
general population. There were significant differences
in two radiological variables (mean diameter and cal-
cification) between the training set and the validation
set. The prediction model would also need to be vali-
dated in other patient populations outside that of our
single institution.

The best clinical management of a patient with an
SPN requires evaluation of the probability of malig-

© 2007 The Authors

nancy, which determines the most cost-effective diag-
nosis and treatment strategies. In several decision
analyses, the probability of malignancy is divided into
four categories: low (<10%), intermediate (10-60%),
high (>60 to 30%) and very high (>90%).** The man-
agement pathway should take into consideration
patient preference and the potential complications
after assessment of the probability of malignancy. CT
or CXR follow up is preferred in patients with a low
probability of malignancy. When the probability is
intermediate, additional testing would be required,
including contrast-enhanced CT, fine-needle
aspiration, bronchoscopy and PET/CT. Surgery is
recommended in patients with a high or very high
probability of malignancy. PET/CT has become
important in differentiating benign from malignant
nodules, and its estimated sensitivity for identifying a
malignant process is 96%, and its specificity is 88%.%'
Currently, investigators have made efforts to develop
a computer-aided diagnosis system for SPN. The
computer-aided diagnosis system has the potential to
improve diagnostic accuracy of SPN in future.®
Radiological examinations such as CT will detect a
large number of SPNs. The physician can use the
prediction model for differentiating between benign
and malignant SPNs. Even if serum CEA and CRP
cannot be measured, the alternative prediction
model might assist in the evaluation of the probabil-
ity of malignancy. The prediction model and particu-
lar observation of CT imaging for each patient would
assist -in determining the optimal management
and in identifying the indications for invasive and
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expensive procedures, such as surgery. Future
studies should evaluate the accuracy of this predic-
tion model in a larger cohort or non-Japanese
cohort, and whether the clinical decisions made
based on the prediction model actually improve
clinical outcomes.
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Immunohistochemical expression of TTF-1 in various cytological
subtypes of primary lung adenocarcinoma, with special
reference to intratumoral heterogeneity
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The immunohistochemical expression of thyroid transcrip-
tion factor-1 (TTF-1) was investigated in various cytological
subtypes of primary lung adenocarcinoma, with special ref-
erence to intratumoral heterogeneity. Three groups were
categorized according to cytological subtype: group A,
adenocarcinomas with either a Clara cell and/or type Il epi-
thelial cell component (Clara/type Hf} or a mixed Clara/type
II and bronchial surface epithelial cell component (BSE)
(mCB), in addition to other components; group B, adeno-
carcinomas with components including either BSE, a goblet
cell component (GOB) or a mixed BSE and GOB component
(mBG), and lacking Clara/type Il or mCB; group C, adeno-
carcinomas with only a poorly differentiated component
(PORY). In group A all Clara/type li, mCB, BSE and the major-
ity of POR were TTF-1 positive. In group B the majority of
BSE, POR and all GOB were TTF-1 negative. BSE and POR
in both groups had a different phenotype, possibly reflect-
ing their different natural history. In group C 80% of cases
were TTF-1 positive, suggesting that the majority were
derived from group A tumors.

Key words: adenocarcinoma, immunohistochemistry, intratu-
moral heterogeneity, lung, TTF-1

Thyroid transcription factor (TTF) is a 38 kDa DNA-binding
protein containing a homeodomain. It was originally identified
in thyroid follicular cells as a regulator of thyroid-specific
genes, such as those responsible for the production of thy-
roglobulin,’? thyroperoxidase,?* and thyrotropin receptor.* In
addition to thyroid epithelial cells, TTF-1 was subsequently
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found in epithelial celis of the respiratory tract, and in areas of
the developing brain.>® In adult lung, TTF-1 is expressed in
type Il pneumocytes, non-ciliated bronchiolar epithelial cells
(Clara celis) and bronchiolar basal celis,” and is responsible
for transcriptional activation of surfactant proteins A, B, and
C, as well as Clara cell secretory proteins by direct binding to
the promoters of these molecules.t"

Neoplasms of pulmonary origin retain expression of TTF-1,
although immunoreactivity varies according to histological
tumor type. It has been reported that TTF-1 is expressed in
75-80% of adenocarcinomas'?? and >90% of smail cell
carcinomas,?% whereas it is found at very low frequency in
squamous cell carcinomas'+*®22' and large cell carcino-
mas.'3'%16 Previous reports have indicated that its expres-
sion does not seem to be closely related to the histological
pattern of adenocarcinoma growth, because it has been
found in tumors with acinar, papillary, and bronchioloalveolar
morphology.'®'4'61719 However, there is growing evidence
that adenocarcinomas with a predominantly mucinous
component tend to be TTF-1 negative.'*?"2 Particularly,
mucinous-type bronchioloalveolar carcinomas, in contrast to
non-mucinous bronchioloalveolar carcinomas, tend to be uni-
formly negative.'®#:28 Yatabe et al. reported that adenocarci-
nomas with terminal respiratory unit (TRU) morphology,
resembling type Il pneumocytes, Clara cells, and/or bronchi-
oles, were frequently (88%) TTF-1 positive, whereas
only 25% of adenocarcinomas without TRU morphology
expressed TTF-1.22 In contrast, it is noteworthy that there is
significant morphological variation in lung adenocarcinoma,
not only among tumors, but also within a single tumor. Thus,
the relationship between cytological characteristics or histo-
logical patterns and TTF-1 expression in adenocarcinoma
should be studied in more detail.

In the World Health Organization (WHO) classification,
adenocarcinomas are subdivided into bronchioloalveolar
carcinoma (non-mucinous type and mucinous type), papil-
lary adenocarcinoma, acinar adenocarcinoma and solid
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Figure 1 (a) Clara; (b) Type Il; (¢) bronchial surface epithelial component (BSE); (d) mixed Clara/type Il and BSE component (mCB); (e)
goblet cell component (GOB); (f) poorly differentiated component (POR) (HE).

adenocarcinoma with mucin, according to structural pat-
tern.3® For cytological types, Shimosato etal. followed the
original proposal by Kimula®' and subclassified adenocarci-
noma into six cytological types:® Clara cell type, type I
alveolar epithelial cell type, bronchial surface cell type with
little or no mucus production, goblet cell type, bronchial gland
cell type, and mixed cell type or intermediate cell type.

In the present study we subdivided adenocarcinomas into
the following cytological components by modifying the cyto-
logical classification of Shimosato: Clara cell and/or type |l
alveolar epithelial component, bronchial surface epithelial
component, goblet cell component, poorly differentiated com-
ponent, and mixed types. We examined in more detail the
relationship between various cytological subtypes of adeno-
carcinomas and TTF-1 expression, with special reference
to intratumoral heterogeneity, in order to better unders-
tand the carcinogenesis and natural history of puimonary
adenocarcinoma.

MATERIALS AND METHODS
Patients and histological evaluation

A total of 779 patients with primary lung adenocarcinomas,
who underwent lobectomy between 1998 and 2002 at

the National Cancer Center Hospital, Tokyo, Japan, were
analyzed. Resected lung tissues were fixed with 10% forma-
lin for 1 or 2 days, embedded in paraffin and sliced into
4 um-thick sections. Histological findings in each case were
reviewed independently by at least two pulmonary patholo-
gists (AMM, KT, YM).

Tumor cell morphology

Adding some modification to Kimula’s and Shimosato’s
descriptions, cytological components in each adenocarci-
noma were subdivided according to the morphological fea-
tures of routinely prepared HE-stained paraffin sections as
follows: Clara cell component and/or type it alveolar epithe-
lial component (Clara/type 1), bronchial surface epithelial
component (BSE), goblet celi component (GOB), poorly dif-
ferentiated component (POR) and mixed types. The Clara
cell component was defined by the presence of hobnail-
shaped or cuboidal cells with eosinophilic cytoplasm, or
columnar cells with an apical snout (Fig. 1a). The type i
alveolar epithelial component was defined by cuboidal or
low-columnar cells with clear or vacuolated cytoplasm
(Fig. 1b). Because these two components often appeared
admixed, and could not be distinguished from each other, a
single category of Clara/type Il was established. BSE was
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Table 1 Definition of three groups of lung adenocarcinomas
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Group A: Adenocarcinomas with either Clarastype If or mCB, in addition to other components
Group B: Adenccarcinomas with components including either BSE, GOB or mBG, and lacking Clara/type Il or mCB

Group C: Adenocarcinomas with only POR

BSE, bronchial surface epithelial component; GOB, goblet cell component; mCB, mixed Clara/type 1l and BSE component; mBG, mixed BSE and GOB

component; POR, poorly differentiated component.

Figure 2

defined by tall columnar cells with eosinophilic cytoplasm
and a smooth luminal surface (Fig. 1¢). When a tumor con-
tained areas showing an intimate admixture of Clara/type 1i-
and BSE-type cells, and also admixed with columnar cells
indeterminate for Clara/type II- or BSE-type cells, it was
judged as having a mixed Clara/type li and BSE component
(mCB, Fig. 1d). GOB was defined by tall columnar celis
with plump mucinous cytoplasm, a smooth surface and a
basally displaced nucleus (Fig. 1e). A component showing a
close admixture of BSE- and GOB-type cells, and/or
showing cells indistinguishable from either BSE- or GOB-
type cells, was described as a mixed BSE and GOB com-
ponent (mBG). A cytological component composed of
poorly differentiated polygonal cells with mucin was defined
as POR (Fig. 1f). This component usually had a solid or
scirrhous growth pattern.

In each tumor the presence of areas containing each com-
ponent was described regardless of predominance. Although
many adenocarcinomas contained an extensive variety of
these components, adenocarcinomas were further catego-
rized into three groups according to their similarities or
shared components: group A, adenocarcinomas showing
various proportions of areas of either Clara/type Il or mCB, in
addition to other components (representing tumors with
Clara/type Il morphology); group B, adenocarcinomas with
components including either BSE, GOB or mBG, and lacking
Clara/type Il or mCB (representing differentiated tumors
without Clara/type |l morphology); group C, adenocarcino-
mas with only POR (Table 1, Fig. 2).
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(a) Clara (bottom), bronchial surface epithelial component (BSE) (left) and poorly differentiated component (POR) (right) in group
A tumor. (b) BSE (left), GOB (middle) and POR (right) in group B tumor. (c) Group C tumor (HE).

immunohistochemistry

Representative tissue sections from each case were used for
immunohistochemistry. TTF-1 antigen was retrieved by auto-
clave treatment (121°C, 10 min) with pH 6.0 citrate buffer.
The standard avidin-biotin—peroxidase complex method was
used for immunohistochemical detection after incubation
with a monoclonal antibody against TTF-1 (8G7G3/1, Neo-
Markers, Fremont, CA, USA). Immunostaining was per-
formed within 1 week of preparation of the tissue slides.
Positive nuclear staining of non-neoplastic type Il pneu-
mocytes served as an internal contro! for antigen preserva-
tion. The extent of tumor cells with positive nuclear staining
was graded using five categories: 0, 0% (negative); 1+,
1-10%,; 2+, 11-50%; 3+, 51-90%; 4+, 91-100%.

RESULTS

According to the categorization, the 779 cases analyzed
comprised 689 group A adenocarcinomas, 80 group B
adenocarcinomas and 10 group C adenocarcinomas. Among
them, a sequential series of 147 cases consisting of 104
group A, 33 group B and 10 group C were used for further
study. According to the WHO tumor classification,* 101 of the
tumors were diagnosed as adenocarcinomas of mixed
subtypes, 31 as bronchioloalveolar carcinomas, 10 as solid
adenocarcinomas with mucin, and five as acinar adenocar-
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Table 2 Extent of immunohistochemical TTF-1 expression in adenocarcinomas of the lung

0 1+ 2+ 3+ 4+
Positive degree (0%: negative) (1-10%) (11-50%) (51-90%) (91-100%)
Group A, 104 tumors 0 1 (1%) 10 (10%) 29 (27%) 65 (62%)
Components
Clara/type I (n=87) 0 1 5 4 77
mCB (n=239) 0 1 7 9 22
BSE (n=5) 0 1 2 1 1
GOB (n=1) 1 0 0 0 0
POR (n=44) 3 6 9 14 12
Group B, 33 tumors 26 (79%) 4 (12%) 2 (6%) 0 1 (3%)
Components
BSE (n=15) 9 3 2 0 1
mBG (n=10) 9 1 0 0 0
GOB (n=8) 8 0 0 0 0
POR (n=15) 11 2 1 0 1
Group C, 10 tumors 2 (20%) 1 (10%) 2 (20%) 3 (30%) 2 (20%)
POR (n=10) 2 1 2 3 2

BSE, bronchial surface epithelial component; GOB, goblet cell component; mCB, mixed Clara/type 1l and BSE component; mBG, mixed BSE and
GOB; POR, poorly differentiated component; TTF-1, thyroid transcription factor-1.

cinomas. The patients consisted of 80 men and 67 women,
ranging in age from 26 to 81 years with a mean age of
62 years. Maximum tumor diameter ranged from 0.7 cm to
13.0 cm with a mean diameter of 3.1 cm.

In group A 104 tumors (100%) contained areas with Clara/
type Il or mCB as a component by definition. Among them, 87
(84%) had Clara/type il, 39 (38%) had mCB. As for other
components identified in tumors in this group, five (4%) had
BSE, one (1%) had GOB and 44 (42%) had POR. In group B,
15 (45%) had BSE, 10 (30%) had mBG, eight (24%) had
GOB and 15 (45%) had POR, as cytological components.
Group C consisted of only POR by definition.

The extent of TTF-1 immunohistochemical staining of
tumor cell nuclei is summarized in Table 2, and examples of
staining patterns are shown in Fig. 3. Immunostaining extent
and intensity were usually parallel. Tumors with 3+ or 4+
TTF-1 staining mostly had a strong staining pattern. A total
of 81% (119/147 tumors) of all adenocarcinomas were
positive for TTF-1 in at feast a few percent of the tumor
cells.

In group A all the tumors were TTF-1 positive. Specifically,
all of the Clara/type I, mCB and BSE components were
TTF-1 positive, showing strong immunoreactivity in most
cases. A proportion of group A tumors with marked nuclear
atypia showed a low extent and weak intensity of TTF-1
expression. GOB, found in only one case in group A, was
TTF-1 negative; 93% (41/44 iesions) of POR were TTF-1
positive. Thus, most of the group A tumors had TTF-1 expres-
sion even in BSE or POR.

in group B 21% (7/33) of tumors were TTF-1 positive.
Specifically, 40% (6/15 lesions) of BSE, 10% (1/10 lesions} of
mBG, 0% (0/8 lesions) of GOB and 27% (4/15 lesions) of
POR were TTF-1 positive. in group C 80% (8/10) of tumors
were TTF-1 positive.

Table 3 highlights the difference of TTF-1 positivity among
the same morphological components BSE and POR found
in different groups. Although they are categorized as an
identical cytomorphological component, TTF-1 expression
was more frequent in components found in group A
tumors.

DISCUSSION

We examined the immunohistochemical expression of TTF-1
in various cytological subtypes of primary lung adenocarci-
noma, with special reference to intratumoral heterogeneity,
in order to better understand the natural history of lung
adenocarcinoma.

In group A all Clara/type Il and mCB were TTF-1 positive.
Moreover, TTF-1 expression was maintained in all BSE and
the majority of POR. These findings suggest two important
facts. First, in lung adenocarcinomas with a hobnail or cuboi-
dal morphology, TTF-1 will always be positive if a lung adeno-
carcinoma is primary. If TTF-1 is negative, then metastatic
adenocarcinoma should be considered by priority even if the
morphology is similar. Second, the natural history of group A
tumors, suggested on the basis of morphology, is that they
are derived from peripheral alveolar epithelium, and acquire
heterogeneity and undergo dedifferentiation during progres-
sion according to cytological and structural morphology,
which is consistent with retention of TTF-1 expression
through Clara/type 11, mCB, BSE and POR. The latter hypoth-
esis is compatible with the description of Yatabe et al.,? that
is, adenocarcinomas with TRU morphology, resembling type
i pneumocytes, Clara cells, and/or bronchioles, were fre-
quently (88%) TTF-1 positive, and TTF-1-positive adenocar-
cinomas frequently maintained TTF-1 immunoreactivity at
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Figure 3 Immunohistochemical thyroid transcription factor-1 expression. Strongly positive in (a) Clara and (b) bronchial surface epithelial
component (BSE), and weakly positive in (¢) poorly differentiated component (POR) in group A tumor. Weakly positive in (d) BSE, and negative
in (e) GOB and (f) POR in group B tumor. (g) Positive in group C tumor. (HE).

Table 3 Immunohistochemical TTF-1 expression in adenocarcinomas

0 1+ 2+ 3+ 4+
Positive degree (0%: negative) (1-10%) (11-50%) (51-90%) (91-100%)
BSE (no. cases)
Group A (n=5) 0 1 2 1 1
Group B (n=15) 9 3 2 0
POR
Group A (n=44) 3 6 9 14 12
Group B (n=15) 1 2 1 0 1
Group C (n=10) 2 1 2 3 2

BSE, bronchial surface epithelial component; POR, poorly differentiated component; TTF-1, thyroid transcription factor-1.

metastatic sites even if they had dedifferentiated to poorly expression of BSE in group A. Although it is impossible to
differentiated adenocarcinoma. distinguish a BSE component of these two groups solely on

BSE in group B (lacking Clara/type Il or mCB) were fre- the basis of cytological and structural morphology, the natural
quently TTF-1 negative, in contrast to constant TTF-1 histories through which they acquire their morphologies may
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be different. Group B tumors are suspected to be derived
from bronchial epithelium or bronchial metaplastic epithe-
lium, and not from peripheral alveolar epithelium such as
group A tumors. Although the possibility remains that group B
tumors are derived from peripherai alveolar epithelium and
lose their TTF-1 expression completely during progression,
this seems unlikely when considering the difference in cyto-
fogical constituents between these two groups, as well as the
conserved expression of TTF-1 in group A. A similar hypoth-
esis can be suggested for POR. Although POR in group A
and POR in group B show similar morphology, they are
suggested to have different characters (history and biological
nature), which reflect the presumed natural history of each
group.

All GOB lesions were TTF-1 negative, both in group A
and in group B. Although most goblet cell adenocarcinomas
are of the pure form, small numbers of mixed goblet cell
and non-goblet cell adenocarcinoma also exist.?’3® Lau
et al. reviewed seven cases of mixed non-mucinous and
mucinous BAC, and reported that 6/7 of the mucinous com-
ponent (almost identical to BAC comprising only the goblet
component) were TTF-1 negative, whereas 5/7 of the non-
mucinous component were TTF-1 positive.?’ Also in the
present study, the non-goblet cell component in mixed
gobiet cell and non-goblet cell adenocarcinomas in both
groups A and B expressed TTF-1 in some cases. On the
basis of previous reports and the present data, we hypoth-
esize that TTF-1 expression is completely iost when adeno-
carcinomas differentiate to a goblet cell morphology in
mixed goblet cell and non-goblet cell adenocarcinoma.
However, in pure goblet cell adenocarcinoma it is difficult to
explain the lack of TTF-1 expression, and therefore the
mechanism of controlling TTF-1 expression should be clari-
fied from the viewpoint of the physiological function of
TTF-1 and mucin production.

Eight of 10 group C tumors were TTF-1 positive
and some of them expressed TTF-1 strongly. Although
their number was small, it is suggested that the majority
of group C tumors were derived from group A
tumors.

In summary, group A and group B tumors are suggested
to have different natural histories, from the viewpoint of
immunohistochemical expression of TTF-1. Group A tumors
might be derived from peripheral alveolar epithelial cells
and retain their TTF-1 expression even if they differentiate
to BSE or dedifferentiate to POR. Conversely, the majority
of BSE and POR in group B tumors were TTF-1 negative.
Although BSE and POR in both groups had a similar mor-
phology, their TTF-1 expression patterns were different,
thus reflecting their different natural histories. From the
viewpoint of TTF-1 expression, the majority of group
C tumors are suggested to be derived from group A
tumors.
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Analysis of Expression Patterns of
Breast Cancer-Specific Markers (Mammaglobin
and Gross Cystic Disease Fluid Protein 15) in
Lung and Pleural Tumors

Yuji Takeda, MD; Koji Tsuta, MD; Yasuo Shibuki, CT; Tatsuhiro Hoshino, MD; Naobumi Tochigi, MD;
Akiko Miyagi Maeshima, MD; Hisao Asamura, MD; Yuko Sasajima, MD; Tsuyoshi Ito, MD; Yoshihiro Matsuno, MD

® Context—The lung is the most common site of metas-
tasis during the natural history of malignant tumors. Breast
carcinoma has a propensity for distant metastasis, and the
lung and pleura are among the most common metastatic
sites. Although it is often difficult to make a clear-cut dif-
ferential diagnosis between the two, distinguishing primary
lung carcinoma from breast carcinoma metastatic to the
lung is important because the treatment modalities are dif-
ferent.

Objective.—To elucidate the utility of mammaglobin and
gross cystic disease fluid protein 15 (GCDFP-15), which
are known to be breast-specific antigens, in distinguishing
various primary lung and pleural tumors from breast car-
cinoma metastasizing to the lung.

Design.—A total of 20 cases of breast carcinoma meta-
static to the lung and 263 tumors of nonbreast origin lo-
cated in the lung and pleura were analyzed.

The lung is the most common site of metastasis during
the natural history of malignant tumors.! In particu-
lar, breast carcinoma has a propensity for distant metas-
tasis, and the lung and pleura are the second most com-
mon metastatic sites following bone.? It is also well known
that breast carcinoma metastatic to the lung may be found
even after a postoperative disease-free interval up to 20
years after resection of the primary. lesion. Distinction of
primary lung carcinoma from breast carcinoma metastatic
to the lung is important under certain clinical situations,
such as when a solitary solid nodule is found in the pe-
ripheral lung of a patient with a history of resected breast
carcinoma, because the treatment modalities for these 2
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Results.—Of the 20 cases of breast carcinoma metastatic
to the lung, 10 (50.0%) were immunoreactive for mam-
maglobin and 9 (45.0%) for GCDFP-15, the frequency of
positivity being slightly higher for the former than for the
latter. The area immunopositive for mammaglobin showed
more diffuse staining than the area immunopositive for
GCDFP-15. Furthermore, the specificity of mammaglobin
for breast carcinoma metastatic to the lung was superior
(98.9%) to that of GCDFP-15 (91.8%).

Conclusion.—The sensitivity of mammaglobin is equal or
superior to that of GCDFP-15 for investigation of breast
carcinoma. Immunopositivity for mammaglobin is more
diffuse than that for GCDFP-15. In terms of practical di-
agnosis, mammaglobin immunohistochemistry can serve as
a differential marker of breast carcinoma and should be
added to the immunohistochemical panel.

(Arch Pathol Lab Med. 2008;132:239-243)

lesions are different. Furthermore, histologic information
regarding hormone receptor status and HER?2 status pro-
vides a target for therapy in breast carcinoma.

Differentiating between primary lung carcinoma and
breast carcinoma metastatic to the lung is often problem-
atic when only a small amount of material is available, as
the histologic features may not be sufficient to permit un-
equivocal distinction. Therefore, reliable immunohisto-
chemical markers are required to facilitate the differenti-
ation of these malignancies.

In breast cancer, the estrogen receptor (ER)/progester-
one receptor (PgR) status of the tumor is useful for both
prognosis and therapy, with more chemotherapeutic op-
tions being available for patients with hormone receptor—
positive tumors.>* Breast adenocarcinoma has been shown
to be positive for ER in 24% to 63% of cases and positive
for PgR in 9% to 37% of cases.>* Breast adenocarcinoma
may demonstrate immunophenotypic variability in its ex-
pression of ER and PgR, with differences that are depen-
dent on the histologic grade, histologic subtype, antibody
clone applied, and immunohistochemical techniques used.
These factors limit the sensitivity of these markers for ex-
cluding metastatic breast adenocarcinoma in cases of un-
known primary site.

When primary unknown metastatic tumor is suspected
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Table 1. Immunoreactivity of Mammaglobin
No. of Cases Staining Area

Examined % Positive 0 1+ 24 3+

Breast carcinoma, metastasis to lung 20 50 10 4 6 0
Primary lung carcinoma 250 1.2 247 3 0 0
Adenocarcinoma 100 0 100 0 0 0
Squamous cell carcinoma 60 1.6 59 1 0 0
Pleomorphic carcinoma 20 0 20 0 0 0
Carcinoid tumor 19 5.2 18 1 0 0
Large-cell neuroendocrine carcinoma 20 0 20 0 0 0
Small-cell carcinoma 15 0 15 0 0 0
Adenoid cystic carcinoma 1 9.1 10 1 0 0
Mucoepidermoid carcinoma 5 0 5 0 0 0
Malignant mesothelioma 13 0 20 0 0 0

to have originated from the breast, ER, PgR, and gross
cystic disease fluid protein 15 (GCDFP-15) have been
shown to be useful immunohistochemical markers.”-?
However, ER and PgR have also been documented in
many neoplasms from various organs. In lung tumors, ER
and PgR expressions are reported to range from 0% to
96.7% and from 0% to 46.5%, respectively.’>? A panel
consisting of anticytokeratin 7 and anticytokeratin 20
(CK7/CK20) antibodies is useful for determining the or-
igin of an unknown primary tumor. However, numerous
tumors exhibit an identical CK7+/CK20- immunopheno-
type, including nearly all breast carcinomas and adeno-
carcinomas of the ovary, lung, endometrial, thyroid, and
salivary gland.®

Additionally, GCDFP-15 has also been documented in
many neoplasms from various locations. In lung tumors,
GCDEFP-15 expression has been reported to range from 0%
to 3.3%!41

The mammaglobin gene sequence fragments were first
isolated in 1994 by Watson and Fleming.'¢ The mammag-
lobin gene encodes a 10-kDa molecule, which is related to
a family of secretory proteins, including rat prostatic ste-
roid-binding protein subunit C3, human Clara cell 10-kDa
protein, and rabbit uteroglobin. Mammaglobin is ex-
pressed specifically in breast tissue.’®-'® Recently, an anti-
mammaglobin antibody that can be applied to formalin-
fixed, paraffin-embedded sections has become commer-
cially available.

In the present study, we elucidated the expression of
mammaglobin and GCDFP-15 in order to distinguish var-
ious primary lung and pleural tumors from breast carci-
noma metastatic to the lung.

MATERIALS AND METHODS
Histologic Analysis

Materials for the present study were extracted from the pa-
thology files of the National Cancer Center Hospital (Tokyo, Ja-
pan). The specimens comprised 20 cases of breast carcinoma met-
astatic to the lung and 263 lung and pleural tumors other than
metastatic breast carcinomas: 100 adenocarcinomas, 60 squamous
cell carcinomas, 20 pleomorphic carcinomas, 20 large-cell neu-
roendocrine carcinomas, 15 small-cell carcinomas, 19 carcinoids
(14 cases typical and 5 cases atypical), 16 salivary gland-type
tumors of the bronchus and/or trachea (11 cases of adenoid cystic
carcinoma and 5 cases of mucoepidermoid carcinoma), and 13
malignant pleural mesotheliomas.

The 100 cases of adenocarcinoma were divided into 2 subtypes
according to the growth pattern: 60 cases showing lepidic growth
and 40 cases without lepidic growth. The 60 cases showing lep-
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idic growth were further divided into 20 cases of the nonmuci-
nous type (tumor cells resembling Clara cells or type II pneu-
mocytes) and 40 cases of the mucinous type (tumor cells resem-
bling goblet cells and/or bronchial surface epithelial cells). Fur-
thermore, the 40 cases without lepidic growth were divided into
20 cases of the acinar-cribriform type (tumor showing an acinar
and/or cribriform growth pattern with some degree of cytoplas-
mic mucin) and 20 cases of the solid type (tumor showing solid
growth with some degree of cytoplasmic mucin formation, such
as intracytoplasmic lumina).

The 60 cases of squamous cell carcinoma were divided into the
well-differentiated type (tumor cells showing a stratified pattern
and abundant keratinization), moderately differentiated type
(cells showing a lower degree of stratification than that of the
well-differentiated type), and poorly differentiated type (the tu-
mor composed of more atypical cells that show only focal squa-
mous cell differentiation).

Immunohistochemistry

For immunohistochemical staining of mammaglobin (clone
304-1A5, 1:200; DAKO, Carpinteria, Calif) and GCDFP-15 (clone
D6, 1:200; Signet, Dedham, Mass), 5-pm-thick formalin-fixed sec-
tions from each paraffin block were routinely deparaffinized: The
sections were exposed to 3% hydrogen peroxide for 15 minutes
to block endogenous peroxidase activity, and then washed in de-
ionized water for 2 to 3 minutes. Then, for heat-induced epitope
retrieval, the sections stained for mammaglobin were subjected
to a 0.02M concentration of citrate buffer (pH 6.0) in a steamer
at 120°C for 20 minutes. The sections were allowed to cool at
room temperature for 40 minutes, and after rinsing with deion-
ized water and washing in phosphate-buffered saline for 5 min-
utes, the slides were incubated with primary antibody for 1 hour
at room temperature. Then the slides were washed in phosphate-
buffered saline 3 times for 5 minutes each time. Subsequently, the
slides were labeled with EnVision+/HRP system (DAKO). Dia-
minobenzidine was used as the chromogen, and Meyer hematox-
ylin as the counterstain.

Grading the intensity of immunostaining was performed using
a sliding scale of 0 to 3+ according to the percentage of reactive
cells (0 = <1%; 1+ = 1%-10%; 2+ = 26%-50%; 3+ = 51%—
100%).

RESULTS

The results of the immunostains of mammaglobin and
GCDFP-15 on each tumor are listed in Tables 1 and 2,
respectively.

Breast Carcinoma Metastatic to the Lung

Of the 20 cases of breast carcinoma metastatic to the
lung, mammaglobin (Figure 1, A and B) and GCDFP-15
(Figure 1, C and D) stained 10 cases (50.0%) and 9 cases
(45.0%), respectively, with mammaglobin showing a
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Table 2. Immunoreactivity of Gross Cystic Disease Fluid Protein 15
A
N, ok Caikie Staining Area

Examined % Positive 0 1+ 2+ 3+
Breast carcinoma, metastasis to lung 20 45 11 5 4 0

Primary lung carcinoma 250 2 23] 19
Adenocarcinoma 100 15 85 15 0 0
Squamous cell carcinoma 60 0 60 0 0 0
Pleomorphic carcinoma 20 5 19 1 0 0
Carcinoid tumor 19 5.2 18 1 0 0
Large-cell neuroendocrine carcinoma 20 0 20 0 0 0
Small-cell carcinoma 15 15 0 0 0
Adenoid cystic carcinoma 11 11 0 0 0
Mucoepidermoid carcinoma 5 40 3 2 0 0
Malignant mesothelioma 13 13 0 0
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Breast carcinoma metastatic to the lung, demonstrating solid growth. A to D represent the same case. A and B, Diffuse and strong

staining for mammaglobin (original magnifications x2 [A] and x20 [B]). C and D, Focal but strong staining for gross cystic disease fluid protein

15 (original magnifications x2 [C] and x20 [D]).

slightly higher frequency of immunostaining than
GCDFP-15. Furthermore, mammaglobin showed diffuse
immunoreactivity in 60% of immunopositive cases,
whereas diffuse immunoreactivity of GCDFP-15 was ob-
served in 44% of all immunopositive cases of breast car-
cinoma metastatic to the lung. As positivity for either
marker was identified in 13 cases, a combination of mam-
maglobin and GCDFP-15 as a panel raised the sensitivity
for identifying breast carcinoma metastatic to the lung to
65%.

The specificity of mammaglobin for detecting breast
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carcinoma metastatic to the lung (3/263 cases; 98.9%) was
higher than that of GCDFP-15 (19/263 cases; 92.8%).

Primary Lung and Pleural Tumors

Primary Lung Adenocarcinomas.—All primary lung
adenocarcinomas were immunonegative for mammaglo-
bin. However, GCDFP-15 expression was observed in 15
(15%) of 100 cases of primary lung adenocarcinoma. The
lepidic growth pattern was positive in 12 (20%) of 60 cas-
es, and the nonlepidic growth type was positive in 3
(7.5%) of 40 cases. In the lepidic growth type, the non-
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Figure 2. A, Focal but strong stammg for mammag!obm was ewdem
in moderately differentiated squamous cell carcinoma of the lung (orig-
inal magnification X20). B, Focal but strong staining for mammaglobin
was evident in carcinoid of the lung (original magnification X20). C,
Focal but strong staining for mammaglobin was evident in adenoid
cystic carcinoma. Positivity was observed on the luminal side of the
cytoplasm of true ductal cells (original magnification x20).

mucinous type was positive in 2 (10.0%) of 20 cases, and
the mucinous type was positive in 10 (25%) of 40 cases.
In the nonlepidic growth type, the acinar-cribriform type
was positive in 3 (15.0%) of 20 cases, and the solid type
was negative in all cases.

Squamous Cell Carcinomas.—Mammaglobin expres-
sion was observed in only one case of moderately differ-
entiated squamous cell carcinoma, but this positive area
was restricted to a small part of the tumor (Figure 2, A).
All other squamous cell carcinomas were negative for
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mammaglobin. All squamous cell carcinomas were im-
munonegative for GCDFP-15.

Pleomorphic Carcinoma.—In pleomorphic carcinomas,
expression of GCDFP-15 was observed in 1 (5.0%) of 20
cases, whereas all cases were immunonegative for mam-
maglobin.

Neuroendocrine Tumors.—Expression of mammaglo-
bin was observed in 1 (5.2%) of the 19 carcinoid tumors,
but positivity was limited to a small area (Figure 2, B).
Furthermore, expression of GCDFP-15 was observed in 1
different case (5.2%), but the positivity again was limited
to a small area (Figure 2, C).

All high-grade neuroendocrine tumors (large-cell neu-
roendocrine carcinoma and small-cell carcinoma) were
immunonegative for both mammaglobin and GCDFP-15.

Salivary Gland-Type Tumors (Mucoepidermoid
Carcinoma and Adenoid Cystic Carcinoma) of the
Bronchus and/or Trachea

In mucoepidermoid carcinomas, expression of GCDFP-
15 was observed in 2 (40.0%) of 5 cases, whereas all cases
were immunonegative for mammaglobin. In adenoid cys-
tic carcinoma, 1 (9.1%) of 11 cases was immunopositive
for mammaglobin, whereas all cases were immunonega-
tive for GCDFP-15. Mammaglobin (Figure 2, C) and
GCDEFP-15 showed focal staining.

Malignant Mesotheliomas

All malignant mesotheliomas were immunonegative for
both mammaglobin and GCDFP-15.

COMMENT

In the present study, we demonstrated 3 advantages of
using mammaglobin over GCDFP-15 to identify breast
carcinoma metastatic to the lung. The first advantage is
that the sensitivity of mammaglobin is slightly higher than
that of GCDFP-15. The mammaglobin positivity rate for
primary breast cancer is reported to be between 47.9%"
and 71%.2 Although we focused on analyzing breast car-
cinoma metastatic to the lung, the overall prevalence of
mammaglobin expression in our series (50%) is almost ac-
cordant with the findings of previous reports'®* on pri-
mary breast cancer. The expression status of some mole-
cules may be altered between primary and metastatic le-
sions. For example, the expression of surfactant apoprotein
in lung cancer is frequently reduced in metastatic sites.”
However, a previous report has demonstrated that the con-
cordance rate of mammaglobin expression between the
primary site and lymph node metastases was 93%.2° These
findings indicate that mammaglobin expression is not al-
tered in the metastatic lesion.

Several studies have analyzed the mammaglobin ex-
pression pattern in breast carcinoma using immunohisto-
chemical methods. Two of three studies used a noncom-
mercial antibody's or a cocktail of antibodies® to identify
mammaglobin, and the positivity rate in primary breast
carcinoma was around 70%. However, Sasaki et al® re-
ported that the positivity rate for mammaglobin in pri-
mary breast carcinoma analyzed by commercially avail-
able monoclonal antibody (clone 304-1A5) was lower than
that using a noncommercial antibody or a cocktail of an-
tibodies. These findings suggest that commercially avail-
able monoclonal antibody has a lower sensitivity and that
there might be differences in the patient population. Ac-
cording to analyses by histologic type, mammaglobin ex-

Mammaglobin Expression in Lung and Pleural Tumors—Takeda et al



pression was reported to be higher in lobular carcinoma
than in ductal carcinoma.’®® Another study has suggested
that mammag]lobin expression is evident mainly in well-
differentiated hormone receptor—positive breast carcino-
mas.

The second advantage of using mammaglobin is that
the immunopositive area shows more diffuse staining
than that of GCDFP-15. Similar findings have also been
reported by Bhargava et al.*® These findings indicate that
examination of mammaglobin expression would be ad-
vantageous when the diagnosis is based on a limited sam-
ple, such as biopsy material. However, as cases that are
immunopositive for mammaglobin and GCDFP-15 are
partly exclusive, the combined use of both markers is im-
portant.

The third advantage of using mammaglobin is that its
expression was found in only 1.1% of nonbreast tumors
of the lung and pleura. One carcinoid tumor, 1 squamous
cell carcinoma, 1 adenoid cystic carcinoma of the trachea,
and none of the primary lung adenocarcinomas were pos-
itive. In primary lung adenocarcinoma, about 30% of cases
demonstrated a nonlepidic growth pattern.2 In particular,
the cribriform and/or acinar and solid type might be con-
fused with a lung metastasis from breast cancer. In the
present study, we demonstrated that mammaglobin was
negative in the cribriform and/or acinar and solid types
of primary lung adenocarcinoma. The mammaglobin ex-
pression rate in lung tumors is reported to range from 0%
t0 16.7%.15192023 Mammaglobin expression was reported to
have been found in 20% of salivary gland tumors.’>%
Therefore, the finding that adenoid cystic carcinoma of the
trachea showed immunoreactivity for mammaglobin is
not surprising but does require attention.

The differential diagnosis of malignant effusion involv-
ing the serosal membrane may be difficult. In the present
study, all malignant mesotheliomas were immunonegative
for mammaglobin. These findings indicated that mam-
maglobin should be added as one of the mesothelioma-
negative markers, especially in female patients and/or
cases of peritoneal mesothelioma.

Thyroid transcription factor 1 (TTF-1) has been shown
to play a crucial role in the morphogenesis and function
of the lung by regulating gene expression of surfactant
proteins.2¢ Most studies have reported finding TTF-1 ex-
pression in more than 70% of primary adenocarcinomas
of the lung.?® Therefore, TTF-1 has been considered a re-
liable marker to distinguish between primary lung ade-
nocarcinoma and metastatic adenocarcinoma. It is reason-
able that TTF-1 should be added to the antibody panel as
a negative marker for metastatic tumors.

In conclusion, we demonstrated that the sensitivity of
mammaglobin is equal or superior to that of GCDFP-15
for investigation of breast carcinoma metastatic to the
lung. Immunopositivity for mammaglobin is more diffuse
than that for GCDFP-15. In terms of practical diagnosis,
mammaglobin immunopositivity can serve as a differen-
tial marker of breast carcinoma and should be added to
immunohistochemical panels.
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KEYWORDS Summary

Mucoepidermoid Objective: The purpose of this study was to characterize the high-resolution computed tomog-
carcinoma; raphy (HRCT) findings of mucoepidermoid carcinoma of the lung and correlate them with the
Lung; histopathological features.

High-resolution CT Methods: The study included five patients with pathologically proven mucoepidermoid carci-

noma who underwent HRCT before treatment. The HRCT findings were then compared with the
histopathological features in all patients.

Results: The HRCT images showed lesions in the central lung in four patients and in the periph-
eral lung in one. All the lesions were well defined nodules or masses with a smooth margin.
The contour of the tumours was oval (n=3), round (n=1) or lobulated (n=1). The contrast-
enhanced CT images showed marked heterogeneous enhancement with foci of relatively low
attenuation in four of the five lesions and mild heterogeneous enhancement in the other lesion.
There was an admixed distribution of areas that are heterogeneous in the densities of blood
vessels, as highlighted by immunohistochemical staining of CD31. Most mucin-secreting areas
of the tumours showed more densely distributed blood vessels, mostly capillaries, in between
tumour cell nests, whereas other areas did less. All five patients in our series underwent lobec-
tomy plus lymph node dissection or sampling. All the patients are alive without evidence of
disease an average of 50.4 months after surgery (range, 15—82 months; median, 57 months).
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