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Abstract

Objective: Bronchioloalveolar carcinoma (BAC) is considered a subtype of adenocarcinoma of the lung, without pleural, stromal or

vascular invasion (World Health Organization (WHO) classification). Previous reports had demonstrated a better prognosis following

surgery for patients affected by early stage BAC than those affected by other type of non-small cell lung cancer (NSCLC). We aim to

analyse differences between stage I peripheral nodular BAC and stage I peripheral adenocarcinoma of the lung, Methods: From January 1,

1993 to December 31, 1999, 1158 patients were submitted to surgical resection for NSCLC. Out of them, 28 patients (2.4%) resulted affected

by stage I peripheral pure BAC and 80 (6.9%) by stage I peripheral adenocarcinoma. We made a comparison between these two groups.

Results: The percentage of females in BAC patients was similar to that registered in adenocarcinoma patients (21.4 vs. 17.5%). No

differences were detected between smokers in BAC and adenocarcinoma patients ðP ¼ 0:331Þ. The upper lobes were the most common

sites of the primary tumour in both tumour subtypes (71.4 vs. 67.5%). Relapse of disease was less frequent in BAC than in adenocarcinoma

patients (14.2 vs. 33.7%); recurrent disease developed intrathoracic with higher frequency in BAC patients (75 vs. 33.3%). Both 5-year

disease-free and long-term survival were significantly higher in patients affected by BAC (81 vs. 51% and 86 vs. 71%, respectively)

ðP , 0:05Þ; when analysis is performed by dividing stage IA from IB tumours, BAC patients resulted to have higher DFS (stage IA, 93

vs. 58% – P ¼ 0:044; stage IB, 61 vs. 32.5%) and higher long-term survival (stage IA, 92 vs. 79%; stage IB, 75 vs. 56%). Conclusion:

Patients with stage I pure BAC have significantly longer disease-free and overall survival than those with similar stage adenocarcinoma.

Even if classified as subtype of adenocarcinoma, BAC is characterised by clinical behaviour less aggressive than similar stage adenocarci-

noma.

q 2003 Elsevier Science B.V. All rights reserved.
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1. Introduction

Bronchioloalveolar carcinoma (BAC) is an uncommon

primary malignant neoplasm of the lung, and it accounts

for 2–14% of all pulmonary malignancies [1,2]. This histo-

logical entity is extremely heterogeneous, with different

clinicopathological presentations and variable prognosis.

According to World Health Organization (WHO) categor-

isation, BAC is a subtype of adenocarcinoma. The current

definition of BAC includes the following: malignant

neoplasms of the lung that have no evidence of extrathoracic

primary adenocarcinoma, an absence of a central broncho-

genic source, a peripheral parenchymal location, no distor-

tion of the pulmonary interstitium and neoplastic cells

growing along the alveolar septa. BAC results as a form

of adenocarcinoma with a pure bronchioloalveolar growth

pattern and no evidence of stromal, vascular or pleural inva-

sion [3]. In the event of an invasive component, the tumour

is classified as an adenocarcinoma with a bronchioloalveo-

lar component [3].

BAC was first described by Malassez [4] in 1876, as a

bilateral, multinodular form of malignant lung tumour. In

1903, Musser [5] discovered another form: a diffuse, infil-

trative type of BAC involving a single lobe or the entire lung

simulating pneumonia. In 1953, Storey et al. [6] recognised

that the most frequent form was a solitary peripheral

pulmonary nodule. BAC in the solitary peripheral nodule

form represents the higher percentage of early stage disease;

it has better prognosis following curative resection and less
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progress toward diffuse disease; the diffuse form (multinod-

ular, diffuse or infiltrating) tends to be more progressive

with a worse prognosis regardless of intervention [7].

Previous reports of patients with resected stage I lung

cancer have shown that such patients with BAC live longer

than patients with other types of non-small cell lung cancer

(NSCLC) [8,9]. However, there is little information on the

pattern of recurrent disease and how this is influenced by the

surgical approach. We aim to add information on clinical

behaviour, the pattern of disease at presentation and recur-

rence and survival outcomes in patients with early stage

BAC and compare these findings with those in patients

affected by similar stage of adenocarcinoma.

2. Material and methods

From January 1, 1993 to December 31, 1999, 1158

patients were submitted to complete surgical resection of

NSCLC at the Department of Thoracic Surgery of the

University of Torino. At definitive histological evaluation

among 1158 patients, 544 (47%) resulted affected by squa-

mous cell carcinoma, 428 (37%) by adenocarcinoma, 40

(3.4%) by adenocarcinoma with bronchioloalveolar compo-

nent, 32 (2.8%) by pure BAC, 55 (4.7%) by large cell carci-

noma and 59 (5%) by mixed histology lung cancer.

The diagnosis of BAC was made according to the former

description of a peripheral tumour manifesting the growth of

well-differentiated cuboidal or columnar tumour cells along

intact alveolar walls and no evidence of a primary adeno-

carcinoma at some extrapulmonary site. The specimens

were consistent with the new classification by the WHO,

which describes BAC as a form of adenocarcinoma with a

pure bronchioloalveolar growth pattern and no evidence of

stromal, vascular or pleural invasion [3]. Four patients out

of 32 affected by pure BAC received a wedge-resection and

so the histological evaluation of segmental lymphnodes was

not possible; the other 28 cases were demonstrated to be at

stage I (T1 or T2-N0). Among 429 patients affected by adeno-

carcinoma, 136 received curative resection with hilar and

segmental lymphnodes sampling for stage I tumours arising

distally to the lobar bronchus; 56 out of them were excluded

because of visceral pleural invasion which could result as a

negative prognostic factor for these patients.

The study population resulted as follows: 28 patients

affected by stage I pure BAC (all in the solitary peripheral

nodular form) and 80 affected by peripheral stage I adeno-

carcinoma without visceral pleural invasion. The medical

records of all patients were reviewed for clinical character-

istics including age, sex, site of tumour, type of resection.

Patients’ follow-up was acquired by retrospective chart

review. A median follow-up of 4 years (range 0–8.5) was

obtained in both groups, which included the time and loca-

tion of any recurrent disease.

2.1. Statistical methods

Comparisons of the groups defined by histology on the

basis of clinical and demographic variables, that are cate-

goric, are made by use of a Fisher exact test. For disease-

free survival (DFS), time was measured from the operation

until recurrence or death. Patients who were alive and

disease-free at the most recent follow-up were censored

for this analysis. Survival comparisons reported are from a

log rank test, and estimates of survival were made by the

method of Kaplan and Meier, with the time measured from

the date of the initial operation until death or most recent

follow-up (censored).

3. Results

Twenty-eight patients had a diagnosis of pure BAC and

80 had adenocarcinoma (acinar, n ¼ 45; papillary, n ¼ 6;

solid tumour with mucin, n ¼ 23; mixed, n ¼ 5; poorly

differentiated, n ¼ 1); stage I BAC represents 6.4% of all

early stage lung cancer (28/436) submitted to surgical

management during the same period. The patients’ charac-

teristics are outlined in Table 1. The median age at initial

presentation was similar both in patients with BAC and in

those with adenocarcinoma. The percentage of females in

the BAC cohort (21.4%) was quite similar to that registered

in the adenocarcinoma cohort (17.5%), and the difference

did not reach significant values ðP ¼ 0:861Þ. Eight patients

of the 28 (28.5%) affected by BAC had never smoked as

compared with 14 patients (17.5%) in the adenocarcinoma

group ðP ¼ 0:331Þ. The upper lobes were the most common

site of the primary tumour in both patients with BAC

(n ¼ 20; 71.4%) and adenocarcinoma (n ¼ 54; 67.5%),

with a slight preference for the left side.

During the preoperative evaluation, bronchoscopy was

carried out in all patients; when cytology on endoscopic

samples such as bronchoalveolar lavage (BAL) or post-

bronchoscopy sputum resulted negative or not indicative,

CT-scan guided fine needle aspiration biopsy (FNAB)
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Table 1

Patients’ characteristicsa

BAC Adenocarcinoma

No. % No. %

Patients 28 100 80 100

Age (years)

Median 62.5 – 63 –

Range (47.5–73.5) – (42–79.5) –

Sex

Male 22 78.6 66 82.5

Female 6 21.4 14 17.5

Smoking history

Non-smokers 8 28.5 14 17.5

Active or ex-smokers 20 71.5 66 82.5

a BAC, bronchioloalveolar carcinoma.



were utilised. In the BAC population, the endoscopic find-

ings were normal in all cases and BAL or sputum cytology

revealed diagnosis of BAC in eight cases (28.5%); the other

20 patients were subsequently submitted to CT-scan guided

FNAB which revealed BAC in nine cases (32.2%), not

specified NSCLC in five (17.8%) and not diagnostic speci-

men in six (21.4%). In the adenocarcinoma population, the

endoscopic findings were normal in all cases and BAL or

sputum cytology revealed diagnosis of adenocarcinoma in

27 cases (33.75%); the other 53 patients were submitted to

CT-scan guided FNAB which revealed adenocarcinoma of

the lung in 29 cases (36.25%), not specified NSCLC in 17

(21.25%) and not diagnostic specimen in seven (8.75%).

Patients without preoperative diagnosis were submitted to

open biopsy of the pulmonary nodule and after frozen

section examination, they were submitted to lobar or sublo-

bar anatomic resection during the same surgical procedure.

Twenty-seven patients (96.4%) with BAC received

lobectomy with mediastinal, hilar and segmental lymph

nodes dissection compared with 79 patients (98.7%) with

adenocarcinoma. One patient with BAC had segmentect-

omy with mediastinal, hilar and segmental lymphnodes

dissection, such as one affected by adenocarcinoma. BAC

resulted to be at stage IA (T1N0 because T , 3 cm in maxi-

mum diameter) in 19 patients (67.8%) and stage IB (T2N0

because T . 3 cm in diameter) in nine; adenocarcinoma

were stage IA in 53 cases (66.3%) and stage IB in 27.

Four of the 28 patients (14.3%) with BAC had recurrent

disease compared with 27 of the 80 patients (33.75%) with

adenocarcinoma. These results are summarised in Table 2.

The 5-year DFS in patients with BAC and adenocarcinoma

was 81 and 55%, respectively ðP ¼ 0:009Þ (Fig. 1). There

was significant difference in DFS in patients with stage IA

BAC vs. those with stage IA adenocarcinoma (5-year DFS:

93 vs. 58%, respectively; P ¼ 0:043) (Fig. 2). Quite signifi-

cant difference was registered in DFS in patients with stage

IB BAC vs. same stage adenocarcinoma (5-year DFS: 61 vs.

32.5%; P ¼ 0:064) (Fig. 3).

The recurrences within the patients with resected BAC

occurred predominantly within the thorax (75%) compared

with patients with adenocarcinoma (33.3%) ðP ¼ 0:295Þ. In

contrast, extrathoracic metastases were more common in the

patients (18 of 27 patients, 66.7%) with adenocarcinoma. Of

these patients with recurrent adenocarcinoma, 37% had

metastases to bone ðn ¼ 10Þ, 14.8% to brain ðn ¼ 4Þ,

14.8% to liver ðn ¼ 4Þ, and 3.7% to other sites ðn ¼ 1Þ.

These findings are summarised in Table 2. The sites of

recurrent disease for stage IA and IB diseases are illustrated

in Table 3. Patients with BAC lived longer (5-year survival

86%) than patients with adenocarcinoma (5-year survival

71%) after resection of their disease, and the difference

resulted significant ðP ¼ 0:014Þ (Fig. 4). Five-year survival

rate was 92% for patients affected by stage IA BAC vs. 79%

for patients affected by same stage adenocarcinoma

ðP ¼ 0:08Þ; 5-year survival rate was 75% for patients

affected by stage IB BAC vs. 56% for patients affected by

same stage adenocarcinoma ðP ¼ 0:07Þ.

4. Discussion

Currently, BAC is pathologically classified as a subtype
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Table 2

Sites of initial progressive diseasea

BAC ðn ¼ 4Þ Adenocarcinoma ðn ¼ 27Þ

No. % No. %

Intrathoracic recurrences only 3 75 9 33.3

Lung (ipsi- or contralateral) 2 50 4 14.8

Mediastinum 1 25 5 18.5

Extrathoracic metastases only 1 25 18 66.6

Bone 1 25 10 37

Brain – – 4 14.8

Liver – – 4 14.8

Other – – 1 3.7

a BAC, bronchioloalveolar carcinoma.

Fig. 1. Postoperative DFS in patients with pathologic stage I BAC

compared with patients with same stage adenocarcinoma (patients at risk

at 5-year: BAC, n ¼ 8; adenocarcinoma, n ¼ 15).



of the adenocarcinoma, although BAC is a unique and

distinct type of primary pulmonary cancer and has numer-

ous distinguishing clinical features from adenocarcinoma

[3]. BAC can coexist with adenocarcinoma and overlap

within the same tumour often occurs. Carretta et al., referred

about 49 patients: two patients with pure BAC and 47 with

adenocarcinoma with BAC component; they noted that the

presence of higher percentage of BAC component in the

adenocarcinma favourably influenced survival [10]. The

most frequent form of BAC at presentation is a single,

peripheral nodule or mass which was referred to be related

with a good prognosis; other less frequent forms at presen-

tation are the diffuse, infiltrative type and the multinodular,

often bilateral, type [7].

In this study, we focused on the stage I pure BAC and we

compared it with same stage adenocarcinoma of the lung,

excluding those cases with both BAC and adenocarcinoma

aspects. Many studies reported data on patients with stage I

BAC [1,8,9,11–15]. The majority of them focused on symp-

toms at presentation, pathologic features of BAC and radi-

ologic features as prognostic factors. Data on the recurrence

rates and sites of recurrent disease in patients with early

stage BAC, such as comparisons between stage I BAC

and adenocarcinoma are rare.

The present study adds information about the sites of

disease at initial presentation, the pattern of surgical resec-

tion and subsequent recurrent disease and survival of

patients with early stage nodular BAC and adenocarcinoma.

BAC continues to be the least common type of broncho-

genic carcinoma. The prevalence of BAC in our stage I lung

cancer series is in accordance with the literature (6.4%). In

our study, women accounted for 21.4%, which is much

lower than the mean previously reported by other authors

(approximately 44%) [9,14,16]. The reason for this differ-

ence is unclear. In our previous study of 436 resections for

non-small cell bronchogenic carcinomas (all histological

types together) only 12.6% were females.

The impact of cigarette smoking on induction of BAC is

somewhat controversial [16,17]. Some investigators have

stated that BAC occurs most commonly in smokers, while

others have demonstrated up to 30% of patients diagnosed

with BAC were lifelong non-smokers, with perhaps another

30–40% having been former or intermittent smokers [18]. In

the series of Breathnach et al., the percentage of non-

smokers in BAC patients (33%) was significantly higher
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Fig. 2. Postoperative DFS in patients with pathologic stage IA BAC compared with patients with same stage adenocarcinoma (patients at risk at 5-year: BAC,

n ¼ 5; adenocarcinoma, n ¼ 10).

Fig. 3. Postoperative DFS in patients with pathologic stage IB BAC

compared with patients with same stage adenocarcinoma (patients at risk

at 5-year: BAC, n ¼ 3; adenocarcinoma, n ¼ 6).

Table 3

Sites of recurrence with particular focus on the initial disease stagea

Intrathoracic Extrathoracic

N % N %

BAC T1 2 10.5 – –

T2 1 11 1 11

Adeno T1 6 11.3 9 17

T2 3 11 8 33.3

a BAC, bronchioloalveolar carcinoma; Adeno, adenocarcinoma.



than that in adenocarcinoma patients (9%); the same author

referred an high predominance of females [19]. Two recent

case–control studies have suggested an association between

duration and intensity of cigarette smoking and the devel-

opment of BAC [17,20]. Many previous studies reported

about the site of disease at presentation in patients with

BAC in the solitary nodule form, even if they did not specify

the number of patients with stage I disease: solitary nodules

resulted most commonly found in the upper lobes (46–64%)

[19]. Our data similarly show the involvement of the upper

lobes being the most common site of disease at presentation,

both in patients with BAC and adenocarcinoma.

The treatment approaches for patients with BAC are simi-

lar to those used in patients with other types of NSCLC and

depends on the stage of disease. For patients with early stage

(I and II) disease, surgical resection is the treatment of

choice. The extent of resection has been somewhat contro-

versial. Some investigators have suggested that patients

treated with less than a lobectomy have higher recurrence

rates and have a worse prognosis; others have advocated

lung-sparing procedures (wedge or segmentectomy) given

the propensity of the disease to recur in a multifocal fashion

[21]. However, most commonly performed surgical proce-

dures in patients undergoing resection for BAC is lobect-

omy with between 56 and 87% patients treated in this

manner while limited resections are performed in 3–39%

patients submitted to surgical treatment for stage I BAC

[14,15,19].

Few studies compare recurrence rates after resection in

patients with early stage BAC and those with adenocarci-

noma. Grover et al., reported about a significantly higher

recurrence rate in patients with adenocarcinoma than in

those with BAC [9]. Heikkila et al. referred about 39%

intrathoracic recurrence in patients affected by BAC and

13% in adenocarcinoma ðP ¼ 0:025Þ; 29% of patients

with BAC and 69% with adenocarcinoma had extrathoracic

recurrences, respectively ðP ¼ 0:001Þ [16]. Breathnach et

al., compared patients of similar stage BAC and adenocar-

cinoma and referred the greater tendency for intrathoracic

recurrence to develop with few extrathoracic metastases in

patients with BAC [19]. In our study, patients affected by

BAC showed higher tendency to intrathoracic recurrences,

ipsi- or contralateral, than adenocarcinoma patients; while

distant metastases are more frequent in adenocarcinoma.

Patients affected by stage I BAC had higher 5-year DFS

rate than those affected by same stage adenocarcinoma;

when stage IA and IB diseases are separately analysed,

BAC demonstrated higher DFS rates (for stage IA disease,

the difference reaches significant values; this is probably

related to the number of cases representing the two cohort

of patients).

Many studies report on median and 5-year overall survi-

val in patients with stage I BAC. The reported 5-year survi-

vals range from 54 to 81% [1,8,9,12,14,15,19]. Two of these

studies compared their patients with BAC to those with

stage I adenocarcinoma (81–83% and 65–63%, respec-

tively) [1,19]. These findings are nearly identical to those

reported in our series. Our results reach significant differ-

ence. Five-year overall survival rates of patients affected by

both stage IA and IB BAC are higher than those of patients

affected by adenocarcinoma (the differences do not reach

significant values probably because of the small number of

complete observations in each group during the follow-up

period). These data support the belief that patients with

peripheral nodular early stage BAC have a better prognosis

than patients with similar stage adenocarcinoma.

References

[1] Regnard JF, Santelmo N, Romdhani N, Garbi N, Bourcereau J,

Dulmet E, Levasseur P. Bronchioloalveolar lung carcinoma: results

of surgical treatment and prognostic factors. Chest 1998;114:45–

50.

[2] Bonomo L, Storto ML, Ciccotosto C, Polverosi R, Merlino B, Bellelli

M, Guidotti A. Bronchioloalveolar carcinoma of the lung. Eur Radiol

1998;8:996–1001.

[3] Travis W, Colby T, Corrin B, Shimosato Y, Brambilla E. Histological

typing of lung and pleural tumours. 3rd ed. Berlin: Springer, 1999.

[4] Malassez L. Examen histologique d’un cas de cancer encephaloide du

poumon (epithelioma). Arch Physiol Norm Pathol 1876;3:353–372.

[5] Musser JH. Primary cancer of the lung. Univ Penn Bull 1903;16:289–

296.

[6] Storey CF, Kundtsor KP, Lawrence BJ. Bronchiolar (alveolar cell)

carcinoma of the lung. J Thorac Cardiovasc Surg 1953;26:331–406.

[7] Barkley JE, Green MR. Bronchioloalveolar carcinoma. J Clin Oncol

1996;14:2377–2386.

[8] Williams DE, Pairolero PC, Davis CS, Bernatz PE, Payne WS, Taylor

WF, Uhlenhopp MA, Fontana RS. Survival of patients surgically

treated for stage I lung cancer. J Thorac Cardiovasc Surg

1981;82:70–76.

[9] Grover FL, Piantadosi S. Recurrence and survival following resection

of bronchioloalveolar carcinoma of the lung – the Lung Cancer study

group experience. Ann Surg 1989;209:779–790.

[10] Carretta A, Canneto B, Calori G, Ceresoli GL, Campagnoli E, Arri-

goni G, Vagani A, Tannini P. Evaluation of radiological and patho-

logical prognostic factors in surgically-treated patients with

bronchoalveolar carcinoma. Eur J Cardiothorac Surg 2001;20:367–

371.

O. Rena et al. / European Journal of Cardio-thoracic Surgery 23 (2003) 409–414 413

Fig. 4. Postoperative overall survival in patients with stage I BAC

compared with those with stage I adenocarcinoma (patients at risk at 5-

year: BAC, n ¼ 9; adenocarcinoma, n ¼ 17).



[11] Okubo K, Mark EJ, Flieder D, Wain JC, Wright CD, Moncure AC,

Grillo HC, Mathisen DJ. Bronchoalveolar carcinoma: clinical, radi-

ologic and pathologic factors and survival. J Thorac Cardiovasc Surg

1999;118:702–709.

[12] Fujimoto N, Segawa Y, Takigawa N, Hotta K, Kishino D, Shimono

M, Nakata M, Saeki H, Mandai K, Eguch K. Clinical investigation of

bronchioloalveolar carcinoma: a retrospective analysis of 53 patients

in a single institution. Anticancer Res 1999;19:1369–1373.

[13] De Leyn P, Vansteenkiste F, Sciot R, Moerman P, Verongstraete L,

Demedta M, Deneffe G. Bronchioloalveolar carcinoma: long-term

survival of 23 resected patients. Acta Chir Belg 1995;95:220–222.
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