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Radiological and pathological correlation in patients
with bronchioloalveolar lung carcinoma

Aim: To assess the correlation between pathological and radiological findings in patients with pure
bronchioloalveolar carcinoma (BAC). 
Materials and Methods: We retrospectively evaluated the pathological and radiological findings in
patients with pure BAC. 
Results: We reviewed the case records, pathological specimens, and computer files of 26 patients
with a pathologic diagnosis of pure BAC during a 3-year period. There was a statistically significant
relationship between pathological and radiological findings (X2 = 15.143, P = 0.004). There was a
correlation between mucinous pathology and diffuse pattern, as well as between non-mucinous
pathology and solitary nodule/mass/cavitation. A statistically significant relationship between
lymphocytic infiltration of the tumor and radiological findings was not observed (X2 = 10.057, P =
0.122). A statistically significant relationship between the presence of sclerosis and radiological
findings was observed (X2 = 6.229, P = 0.044). In the presence of sclerosis, solitary nodule/
mass/cavitation radiological findings were seen more frequently. 
Conclusions: A diffuse radiological pattern was correlated with BAC mucinous subtype, while
solitary nodule/mass/cavitation was correlated with non-mucinous pathology and the presence of
sclerosis; however, we could not define a 100% relationship between them. In order to understand
the biological nature of the disease, additional molecular and genetic studies are required.  

Key words: Lung cancer, radiology of lung cancer, pathology of lung cancer, bronchioloalveolar
carcinoma.

Bronkioloalveolar akciğer karsinomlu hastalarda radyolojik ve
patolojik ilişki

Amaç: Bu çalışmanın amacı pür bronkioloalveolar akciğer karsinomlu (BAK) hastalarda patolojik ve
radyolojik bulgular arasındaki  ilişkiyi değerlendirmektir.
Yöntem ve Gereç: Pür BAK’lı hastaların patolojik ve radyolojik bulguları retrospektif olarak
incelendi. 
Bulgular: Üç yılda pür BAK tanısı alan 26 hastanın dosyası, patolojik örnekleri ve bilgisayarlı filmleri
incelendi. Musinöz patoloji ile diffüz radyolojik patern, non-musinöz patoloji ile soliter
nodül/kitle/kavitasyon arasında istatistiksel olarak anlamlı ilişki vardı (X2 = 15,143, P = 0,004).
Radyolojk lezyonla tümörün lenfositik infiltrasyonu arasında istatistiksel olarak anlamlı ilişki
bulunmadı (X2 = 10,057, P = 0,122). Radyolojik bulgularla ile patolojik olarak skleroz varlığı arasında
istatistiksel olarak anlamlı ilişki vardı (X2 = 6,229, P = 0,044). Skleroz varlığında radyolojik olarak
soliter nodül/kitle/ kavitasyon daha sık izlendi. 
Sonuç: Çalışmamızda bronkioloalveolar karsinomun müsinöz subtipi radyolojik olarak diffüz
paternle korele iken, non-müsinöz subtipi ve sklerozis varlığı soliter nodül/kitle/kavitasyonla ilişkili
bulundu. Ancak aralarında yüzde yüz ilişki yoktur. Bu nedenle hastalığın biyolojik davranışını daha
iyi anlamak için moleküler ve genetik çalışmalar gerekmektedir.

Anahtar sözcükler: Akciğer kanseri, akciğeri kanseri radyolojisi, akciğer kanseri patolojisi,
bronkioloalveolar karsinoma
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Introduction
Pulmonary adenocarcinoma is the most common

histological type of lung cancer (1). According to the
World Health Organization (WHO) 1999
classification, bronchioloalveolar carcinoma (BAC) is
a subtype of adenocarcinoma (2). The rise in the
incidence of adenocarcinoma has resulted in a
significant rise in the incidence of BAC (3).

Many clinical, radiological, and histopathological
features of BAC differ from those of other pulmonary
carcinomas. As described by the WHO in 1999, BAC
is a tumor localized to the peripheral parenchyma,
without extra-pulmonary primary adenocarcinoma
or central histological types of lung cancer, and
extends through the alveolar structure without
making any distortion in the pulmonary interstitium
(lepidic growth pattern). In cases with pure BAC no
stromal, vascular, or pleural invasion is observed. If
there is invasion, then it is referred to as mixed-type
adenocarcinoma with a BAC component (2). The
WHO classification of 2004 kept the same criteria that
were included in the WHO classification of 1999.
BAC has a better prognosis than other
adenocarcinomas (4,5). Okada et al. reported that
adenocarcinomas with a greater ratio of BAC
components were less aggressive (6).

A solitary pulmonary nodule/mass is the most
frequent radiographic finding in BAC patients.
Focal/multilobar consolidation, ground-glass opacity,
multiple nodules, cavitation, and pleural fluid can also
be seen (7). BAC is pathologically classified into 3
subgroups: mucinous, non-mucinous, and mixed-
type (2). The relationship between radiological
findings and these 3 histopathologic subgroups is still
unclear. As some studies were performed before 1999,
cases diagnosed according to the new criteria were not
included in those studies. Moreover, except for
solitary pulmonary nodules/masses, the other
described radiological findings are not homogeneous
to be compared (3,8). Okubo et al. reported that
infiltrative radiological findings correlated with
mucinous histology, and mass lesions correlated with
non-mucinous histology and the presence of sclerosis;
however, most tumors in their study were a mixture of
BAC and adenocarcinoma, whereas a pure BAC
pattern was seen in only 17 of 119 patients (9).

The biological behaviors of the subtypes of
adenocarcinoma are heterogeneous. In the present
study, in order to solve this heterogeneity problem we
included only cases of pure BAC, not adenocarcinoma
cases of BAC components. Clinical, pathological and
radiological features of these cases were reviewed and
the correlation between pathological and radiological
findings was investigated. Moreover, smoking—
whose role in BAC remains unclear—was evaluated.

Methods
Patients: Patients diagnosed in our hospital with

pure BAC during a 36-month period were evaluated
retrospectively. The records of all patients were
reviewed based on the following epidemiological and
clinical characteristics: sex, age, occupational status,
smoking history (packs per year), and symptoms.

Radiological Evaluation: Thorax computed
tomography (CT) of each case was reviewed by 1
radiologist and 1 chest physician. Radiological
findings were classified as follows (5, 10-12):

1. Solitary pulmonary nodule/mass;
2. Focal consolidation;
3. Diffuse pattern: Bilateral multilobar, bilateral

multicentric, unilateral multicentric, unilateral
multilobar;

4. Solitary cavitation.
Multicentric involvement is the presence of

nodules and/or infiltration within the same lobe,
whereas multilobar involvement is the presence of
nodules and/or infiltration within more than 1 lobe;
unilateral is involvement of 1 lung, bilateral
involvement of both lugs.  

Pathologic Evaluation: All cases of BAC were
reevaluated histopathologically. Patients with pure
BAC according to the 1999 WHO diagnostic criteria
were included. Tumors were classified into 3
subgroups: mucinous, non-mucinous, and mixed-
type (mucinous + non-mucinous). Enlargement of
tumor stroma due to connective tissue proliferation
was interpreted as sclerosis. Lymphocytic infiltration
in tumor stroma was graded from 0 to 3 with a semi-
quantitative scoring system:
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Grade 0: no lymphocyte infiltration
Grade 1: mild degree of lymphocyte infiltration; 
Grade 2: moderate degree of lymphocyte

infiltration;
Grade 3: severe degree of lymphocyte infiltration.
Statistical Analysis: Acquired data were analyzed

using SPSS v.11.5 for Windows. The values and data
obtained from the analyses were evaluated as means ±
standard deviation. In cross-tables the chi-square test
(maximum ability rate) was used. As frequency
distribution of the evaluated parameters was not
sufficient for statistical analysis, those with a low
frequency were combined with an appropriate group.  

Results
In all, 26 cases (9 female, 34.6%) were included in

the present study. Mean age of the cases patients 60.6
± 9.6 years (range: 47-77 years). Occupational status
of the patients is shown in the Figure. Fifteen of the
patients (57.7%) were smokers; 1 female and 14 males
had a history of smoking. The smokers averaged 22.1
± 24.3 packs per year, with a distribution between 0
and 80. Six of the cases were asymptomatic (23.1%).
Cough, dyspnea, and chest pain were the most
common symptoms. Differences between the smokers
and non-smokers in terms of the distribution of
symptoms were not significant (Χ2 = 8.518, P = 0.130).
The distribution of radiological findings is given in
Table 1.

The distribution of pathological subtypes was as
follows: 7 cases (26.9%) were mucinous, 13 (50.0%)
were non-mucinous, and 5 (19.2%) were mixed
subtype. There were 7 cases (26.9%) with lymphocytic
grade 0, 12 cases (46.2%) with lymphocytic grade 1, 3
cases (11.5%) with lymphocytic grade 2, and 3 cases
(11.5%) with lymphocytic grade 3. Sclerosis was
observed in 10 cases (38.5%). Pathological samples of
1 case could not be found. The distribution of
radiological findings according to pathological subtypes
is shown in Table 2. 

There was a statistically significant relationship
between the distribution of radiological and
pathological findings (Χ2 = 15.143, P = 0.004). We
grouped solitary nodule/mass and cavitation together
because of the small number of patients. A diffuse
radiological pattern correlated with mucinous
pathology, and solitary nodule/mass/cavitation
radiological findings correlated with non-mucinous
pathology. The distribution of radiological findings
according to lymphocytic infiltration and sclerosis is
shown in Tables 3 and 4.

There was not a statistically significant relationship
between lymphocytic infiltration of the tumor and
radiological findings (Χ2 = 10.057, P = 0.122);
however, a statistically significant relationship was
observed between the presence of sclerosis and
distribution of radiological findings (Χ2 = 6.229, P =
0.044). In the presence of sclerosis, solitary
nodule/mass/cavitation was seen more frequently.
There was not a statistically significant relationship

Vol: 39 No: 4 Bronchioloalveolar Carcinoma August 2009

565

housewife

hod carrier

farmer

maker of furniture

retired

the others

Figure. Distribution of the cases according to occupation.

Table 1. Distribution of radiological findings.

Radiological Findings n %

Solitary nodule/mass 11 42.3
Focal consolidation 3 11.5

Unilateral multilobar 2 7.7

Diffuse Unilateral multicentric 0 0.0
Bilateral multilobar 7 26.9
Bilateral multicentric 1 3.8

Solitary cavitation 2 7.7

Total 26 100.0
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Table 2. Distribution of radiological findings according to pathological subtype.

Pathologic subtypes Solitary nodule/ Focal Diffuse Total
mass/cavitation consolidation pattern

Mucinous Number 0 2 5 7
Pathologic subtype % 0.0% 28.6% 71.4% 100.0%
Total % 0.0% 8.0% 20.0% 28.8%

Non-mucinous Number 10 1 2 13
Pathologic subtype % 76.9% 7.7% 15.4% 100.0%
Total% 40.0% 4.0% 8.0% 52.0%

Mixed Number 3 0 2 5
Pathologic subtype % 60.0% 0.0% 40.0% 100.0%
Total % 12.2% 0.0% 8.0% 20.0%

Total Number 13 3 9 25
Pathologic subtype % 52.0% 12.0% 36.0% 100.0%
Total % 52.0% 12.0% 36.0% 100.0%

Χ2 = 15.143, P = 0.004.

Table 3. Distribution of radiological findings according to lymphocytic infiltration.

Lymphocytic infiltration Solitary nodule/ Focal Diffuse Total
mass/cavitation consolidation pattern

0 Number 3 0 4 7
Lymphocytic infiltration % 42.9% 0.0% 57.1% 100.0%
Total % 12.0% 0.0% 16.0% 28.0%

1 Number 5 2 5 12
Lymphocytic infiltration % 41.7% 16.7% 41.7% 100.0%
Total% 20.0% 8.0% 20.0% 48.0%

2 Number 2 1 0 3
Lymphocytic infiltration % 66.0% 33.3% 0.0% 100.0%
Total % 8.0% 4.0% 0.0% 12.0%

3 Number 3 0 0 3
Lymphocytic infiltration % 100.0% 0.0% 0.0% 100.0%
Total % 12.0% 0.0% 0.0% 12.0%

Total Number 13 3 9 25
Lymphocytic infiltration % 52.0% 12.0% 36.0% 100.0%
Total % 52.0% 12.0% 36.0% 100.0%

Χ2 = 10.057, P = 0.122.



between the smoking habits of the patients and
radiological findings (Χ2 = 4.275, P = 0.118).

Discussion
Although there has been a recent increase in the

incidence of BAC, not much is known about it. Some
researchers reported a strong female predominance
(3,9,13). In 2 of those reports, not only pure BAC cases
but also mixed-type adenocarcinoma cases were
included. As adenocarcinoma is more common among
women, female predominance can be observed in
those (3,9). Some studies, however, including the
present one, observed a male predominance (4,14).
While studies published before 1999 report that BAC
was more common among women, those published
after 1999 report that BAC is more common among
men. This change can be due to revision of the WHO
description of BAC, or it can be suggested that the
increase in the incidence of BAC among men is greater
than that in women. The change in the sex distribution
of BAC during these 10 years might be important for
etiological studies. In the present study mean age of the
patients was 60 years; in other studies it varies between
59 and 65 years (3,9,13).

The cause of the increase in the incidence of BAC
is not known. Most of our cases were of a low
socioeconomic level. This situation can cause a
combination of risk factors, such as air pollution, jobs

that require intense physical exertion, smoking habits,
and nutritional problems. The etiologic role of
smoking remains unclear. It is generally reported that
BAC is more common among the non-smoking
population (4,7) In the present study the mean
smoking rate was 57%, whereas it was 70% in a study
by Barsky et al., 77% in a study by Okubo et al., and
79% in a study by Albertine et al. (3,9,13). Those
reports and their results suggest a possible
relationship between BAC and smoking, but possibly
not a very strong one as in squamous cell and small
cell carcinomas. Thun et al. have suggested that the
pathogenesis of BAC varies according to cigarette
design, e.g. the smoke in filter-tip cigarettes is inhaled
more deeply than smoke from previous types of
cigarettes, and this deeper inhalation transports
tobacco-specific carcinogens more distally toward the
bronchoalveolar junction, where adenocarcinomas
and BAC often arise (15). Recent evidence indicates
that as the nicotine and tar content of cigarettes have
dropped there has been a concomitant change in the
histologic types of lung cancer (16). 

Most of the patients are completely asymptomatic
(17); however, the number of asymptomatic patients
was much lower in the present series. The reason for
this difference is unclear. The most common
symptom in BAC is a cough (8,9,11,14,17). We
observed no correlation between the smoking status
of patients and distribution of symptoms.
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Table 4. Distribution of radiological findings according to the presence of sclerosis.

Sclerosis Solitary nodule/ Focal Diffuse Total
mass/cavitation consolidation pattern

Present Number 8 1 1 10
In sclerosis % 80.0% 10.0% 10.0% 100.0%
Total % 32.0% 4.0% 4.0% 40.0%

Absent Number 5 2 8 15
In sclerosis % 33.3% 13.3% 53.3% 100.0%
Total% 20.0% 8.0% 32.0% 60.0%

Total Number 13 3 9 25
In sclerosis % 52.0% 12.0% 36.0% 100.0%
Total % 52.0% 12.0% 36.0% 100.0%

Χ2 = 6.229, P = 0.044.



In BAC cases, different lesions, such as pulmonary
nodule/mass, ground glass opacity, non-well-
identified patch consolidation, multiple nodules,
pleural fluid, and lymph node invasion in the
mediastinum can be observed alone or in
combination. Unfortunately, when each is identified
individually, their frequency is insufficient for
statistical analysis. In all of the studies solitary
pulmonary nodule/mass group is homogeneous, but
the other radiological lesions have been defined
differently. In the present study, we classified the
diffuse pattern as bilateral multilobar, bilateral
multicentric, unilateral multilobar, or unilateral
multicentric. In using this classification we included
multilobar consolidation in the diffuse pattern group,
whereas other studies did not. Furthermore, we
grouped focal consolidation separately, as it is
resectable. 

Solitary pulmonary nodules and masses in BAC
are not different from those of other lung carcinomas,
but they are typically located in the lung periphery.
Frequently, solitary pulmonary nodules have pleural
retraction and a central scar (17). The most common
radiological finding in the present study was also
solitary nodules/masses and 72.7% of those lesions
were peripheral. Volpino et al. reported peripheral
lesions at the rate of 82.9% (18). Solitary pulmonary
nodules/masses seldom show cavitation. Only 2 of our
cases had a cavitation. 

Focal consolidation was seen in 11.1% of our cases.
In Liu et al.’s study it was reported as 11.8% (14).Focal
consolidation can cover a single segment or an entire
lobe. No volume loss is visible, air bronchograms are
visible, and it can imitate streptococcal pneumonia. It
is not possible to distinguish it from inflammatory
pneumonia using CT or high resolution CT (17). 

Gaeta et al. reported that the mucinous subtype is
the most prone to developing diffuse disease, probably
representing aerogenous spread. They observed low
levels of α2-integrin receptors in BAC (18). In the
present study a diffuse radiological pattern correlated
with mucinous pathology, and solitary
nodule/mass/cavitation radiological findings
correlated with non-mucinous pathology. Similar to
our results Okubo et al. reported that an infiltrative
pattern correlated with mucinous histology, and mass
lesions correlated with non-mucinous histology (9).
While they studied only 17 patients with pure BAC
pattern, we studied 26 patients with a pure BAC
pattern. Barsky et al. reported that the mucinous
subtype was more strongly associated with diffuse
pulmonary involvement and that the sclerotic subtype
was more strongly associated with multifocal
involvement. They included 25 patients with BAC, but
the study was conducted before publication of the
revised WHO classification (3). In contrast, the
sclerotic subtype was associated with solitary
nodules/masses in the present study. This has been
reported by others (9). In addition, we also evaluated
the lymphocytic infiltration of the tumors. There was
no correlation between lymphocytic infiltration and
radiological findings.

In conclusion, a diffuse radiological pattern
correlated with mucinous subtype, while solitary
nodule/mass/cavitation correlated with non-
mucinous histology and the presence of sclerosis;
however, we could not define a 100% relationship
between them. In order to better understand the
biological nature of the disease additional molecular
and genetic studies are required.
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