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Abstract
Purpose—To study the histopathologic features of CT screen-detected Stage IA adenocarcinomas
to determine whether survival differed by the proportion of bronchioloalveolar component (BAC)
or by the presence of multiple lesions in node-negative patients.

Methods—Five pathologists with expertise in pulmonary pathology examined 279 resected cases
of adenocarcinomas, 30 mm or less in length diagnosed by CT screening for lung cancer. The panel
determined the consensus diagnosis for each case, identified additional cancers, and classified each
case as solitary or non-solitary. The presence and proportion of BAC was also documented.

Results—Of the cases of adenocarcinoma, 20 (7%) were BAC subtype, 246 (88%) mixed subtype
and 13 (5%) adenocarcinoma-OTHER. BAC cases manifested as non-solid and part solid nodules,
mixed as solid and part-solid, and other as solid only. Kaplan–Meier 10-year survival rates were
100% for BAC and adeno-MIXED with 90–99% BAC cases, 95% for mixed with 1–90% BAC, 90%
for those without a BAC component, and 75% for other cases. Fifty (18%) cases were non-solitary
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carcinomas and 44 of these were node negative; the non-solitary node-negative cases had the same
excellent prognosis as solitary node-negative cases.

Conclusions—The proportion of BAC component was a positive prognostic factor and correlated
with CT consistency. Contrary to staging predictions, cases of non-solitary node-negative
adenocarcinoma had the same excellent prognosis as solitary node-negative cases, suggesting that
most of the small, node-negative multiple carcinomas probably represent multiple primaries rather
than intrapulmonary metastasis.
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1. Introduction
Prior to 1970, the most frequent type of lung cancer in the United States was squamous cell
carcinoma, and extensive study of those cases, especially the very early cases, led to
identification of its precursor lesions, progression and the pathologic features of significance
in treatment planning and prognosis [5–7,9,10,23,41]. Since then, the relative frequency of
adenocarcinoma has increased 8-fold [3,11,17,18,39] to make it the predominant type of lung
cancer and therefore it is important to determine its precursors, progression and prognostically
relevant pathologic features. As with squamous cell carcinoma, study of the early cases is
valuable for determining critical features of adenocarcinoma. In 1995, Noguchi et al. [27]
described a series of 236 patients with small, resected Stage I adenocarcinomas and identified
the pathologic features of prognostic significance. Since then, others have used the Noguchi
histologic classification and found similar results [1,16].

In 1997, the current Staging TNM criteria for lung cancer were changed by the American Joint
Commission on Cancer (AJCC) to stage cases with satellite nodules as T4—Stage IIIB or M1
—Stage IV depending on their location in the same or a different lobe from the index carcinoma
[24]. Criteria for distinguishing intrapulmonary metastasis from a second primary of the same
cell type were not given, and, in fact, remain elusive to this day. Detection of a second
adenocarcinoma, preoperatively or intra-operatively, may therefore forestall surgical resection
and hence loss of an opportunity for cure. In 1999 and again in 2004, the World Health
Organization histologic classification of lung cancer [35] incorporated the data from Noguchi
et al. [27] and defined bronchioloalveolar carcinoma (BAC) as a carcinoma with entirely lepidic
spread without stromal invasion. Most adenocarcinomas, however, were classified in an
Adenocarcinoma-MIXED category in which 2 or more patterns (BAC, invasive acinar, solid
or papillary) were present. We previously described the difficulties pathologists had with this
new formulation and how histologic distinctions were made in a group of baseline CT-detected
adenocarcinomas reviewed by a pathology panel [8]. In this study, we describe the prognostic
implications of currently acknowledged histologic features of 279 small adenocarcinomas,
detected in baseline or annual rescreen, in the International Early Lung Cancer Action Program
(I-ELCAP) [12–15].

2. Methods
There were 338 patients diagnosed with adenocarcinoma resulting from CT screening between
1993 and 2007; 299 as a result of baseline screening, 39 as a result of annual repeat screening
[9,10,12]. Informed consent at each participating institution was obtained from all those
enrolled in the screening program. Once diagnosed with lung cancer, patient was classified as
a baseline diagnosis when the nodule was first identified on the baseline CT regardless of when
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the diagnosis was achieved. When the nodule was first identified on an annual repeat CT, it
was a annual repeat case. There were no interim-diagnosed cases prompted by symptoms
among these 338 patients.

Of these 338 patients diagnosed with adenocarcinoma, 312 underwent resection and 299 were
less than 30 mm in length. The surgical specimens were examined by the pathologist at the
hospital where the resection was performed according to the I-ELCAP pathology protocol
[36–38] which specified specimen preparation and findings to be documented: presence of
lymph node metastases, additional cancers, invasion of the basement membrane, and invasion
of pleural, angiolymphatic or bronchial structural. Pathology slides of 279 (93%) of the 299
patients were received at the I-ELCAP Coordinating Center and they are the focus of this paper.

A 5-member pathology review panel (including MN) determined the consensus diagnosis
according to the I-ELCAP protocol using the 2004 World Health Organization criteria [35].
The panel also identified additional cancers in the specimen; each patient was classified as
having a solitary or non-solitary cancer, the dominant cancer being the largest one. Based on
the consensus diagnosis (dominant one if non-solitary), each patient was classified into one of
the three categories: adenocarcinoma, bronchioloalveolar subtype (adeno-BAC);
adenocarcinoma, mixed subtype (adeno-MIXED); and adenocarcinoma, other (adeno-
OTHER). The latter included all other subtypes of adenocarcinoma (colloid, clear cell, fetal,
or signet ring, etc.).

One panel member (D.C.) reviewed each case to determine whether there was invasion of
stroma, pleura, lymphatics, blood vessels, and bronchi. Pleural invasion was assessed
according to the Shimuzi et al. criteria [34]. For the cases of adeno-MIXED, the proportion of
the tumor that was composed of the BAC component was estimated and each case of adeno-
MIXED was classified into one of the four categories based on the proportion of BAC: 0%,
1–50%, 50–90%, and 90–99% (Fig. 1). By definition, adeno-BAC had 100% BAC component
and adeno-OTHER had 0% BAC component (Fig. 2). Proportions of acinar, solid and papillary
components were also recorded. Criteria for distinction between BAC and invasive carcinoma
were those of Noguchi et al. [27] and the WHO [3]; briefly, a desmoplastic reaction in the
stroma was evidence of invasion. Bronchial invasion was invasion of the wall of a cartilage-
bearing bronchus.

2.1. CT findings
Two chest radiologists (YH, CH) reviewed the CT of each patient closest to the resection and
documented the consistency (solid, part-solid, non-solid) of the nodule (dominant one if non-
solitary) by consensus. Consistency was classified as solid if the nodule completely obscured
the lung parenchyma within the nodule, part-solid if it obscured part of the lung parenchyma
within it, and non-solid if there was no solid component [14].

2.2. Data analysis
All frequency tabulations and Kaplan–Meier analyses were carried out using the Statistical
Analysis System, SAS Institute, Cary, NC. The Chi-square test was used to test for significant
differences in the proportions. The 95% confidence interval (CI) for the survival rate was based
on the log-rank test.

3. Results
Among the 279 patients with a diagnosis of adenocarcinoma who underwent resection and in
whom the length in the pathology specimen was less than 30 mm, adeno-BAC occurred in 20
cases (7%), adeno-MIXED in 246 (88%), and adeno-OTHER in 13 (5%) (Table 1). Median

Vazquez et al. Page 3

Lung Cancer. Author manuscript; available in PMC 2010 April 5.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



age in years at time of diagnosis was 66, 66 and 64 years, respectively. The ratio of men to
women was 9:11, 104:142, and 8:5, respectively. Thus, women had slightly higher proportion
of adeno-BAC (55%) and adeno-MIXED (58%) than men, but a lower proportion (38%) of
adeno-OTHER. The median tumor size was 10 mm for adeno-BAC, 13 mm for adeno-MIXED,
and 15 mm for adeno-OTHER.

Of the 279 resected cases, 244 (87%) resulted from baseline and 35 (13%) from annual repeat
screening. Although adeno-BAC was about equally frequent at baseline than at annual
screening (7% vs. 6%), adeno-MIXED was slightly more frequent at baseline (89% vs. 86%),
and adeno-OTHER was less frequent at baseline (4% vs. 9%).

Frequency of manifestation as a solid nodule increased from 49% on baseline to 71% on annual
repeat screening. Adeno-BAC never manifested as a solid nodule, while adeno-MIXED with
a BAC component manifested as a solid nodule in 97 (47%) of the 207 cases, adeno-MIXED
without a BAC component in 35 (90%) of the 39 cases, and adeno-OTHER always manifested
as a solid nodule (Table 1).

The overall proportion of pathologic Stage IA disease was 92% (257/279). The proportion of
Stage IA decreased from 100% among the adeno-BAC cases, to 94% among the adeno-MIXED
with any BAC-component, to 85% among the adeno-MIXED without any BAC component,
and to 77% among the adeno-OTHER (Table 1). Of the adeno-BAC and adeno-MIXED, the
proportion of cases without any pleural, angiolymphatic, or bronchial invasion decreased with
decreasing proportion of BAC (100% vs. 72% vs. 62%).

The 10-year lung-cancer specific Kaplan–Meier survival rate for 20 patients with adeno-BAC
was 100% (Fig. 3). For the 246 patients with adeno-MIXED, it was 95% (95% CI: 92–98%)
and for 13 patients with adeno-OTHER it was 75% (95% CI: 51–100%).

Of the 246 adeno-MIXED, 117 had no papillary component, 102 had less than 50% and 27
had 50% or more. The 39 cases of adeno-MIXED without any BAC component all had an
acinar component with the added component being papillary (n = 29) and/or solid (n = 20).
One adeno-OTHER had more than 50% papillary component; the other 12 had none. The 10-
year Kaplan–Meier survival rate for those 102 patients with less than 50% papillary component
as compared to the 27 patients with 50% or more was not significantly different (P = 0.87).

3.1. Adenocarcinoma classified by the bronchioloalveolar component
Adeno-BAC (20 patients) is totally (100%) comprised of BAC component by definition while
for adeno-MIXED (246 patients) the BAC component can vary between 0% and 99%. Among
these combined 266 patients, those having less than 50% BAC were most frequent (61% =
161/266), followed by those with 50–90% BAC (22% = 59/266), those with 90–99% BAC
(10% = 26/266), and finally those with 100% BAC (8% = 20/266) (Table 2). As the percentage
of BAC decreased, the proportion of cases with pleural, angiolymphatic, and bronchial invasion
increased, the nodule consistency changed from non-solid to solid (Table 2). Among the 19
patients whose stage was greater than IA, none had 100% or 90–99% BAC, 2 had 50–89%, 11
had 1-50% and 6 cases had no BAC component.

The 10-year Kaplan–Meier lung cancer-specific survival rate for patients was 100% for those
with 100% BAC and also for those with 90–99% BAC (Fig. 4). For those with 1–90% BAC,
it was 95% (95% Confidence Interval (CI): 92–99%) and for those with 0% BAC, it was 90%
(95% CI: 81–100%).
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3.2. Solitary and non-solitary adenocarcinoma
Non-solitary cancers were seen in 49 (18%) of the 279 resected cases. Non-solitary cancers
were most frequent (46/246 = 19%) in patients with adenocarcinoma-MIXED, slightly less
frequent in patients with adeno-BAC (3/20 = 15%) and least frequent in patient of adeno-
OTHER (1/13 = 8%) (Table 2). As to the nodule consistency, the frequency of a dominant non-
solitary cancer manifesting as part-solid nodule was 17/80 = 21%, as non-solid, it was 11/54
= 20%, and as solid, it was 21/145 = 15%.

Of the 257 patients without lymph node metastases, 44 (17%) were non-solitary. Of these 44,
another lung cancer was diagnosed in the same lobe in 21, in another lobe in 14, and in the
same and another lobe in 9. The cell subtype was the same in 16 and different in 19; in another
9, more than 2 cancers were found. In 34 of the 44 cases, the additional lung cancer(s) could
be seen on the CT prior to resection, but in the remaining 10 cases, the additional cancer(s)
could not be identified even in retrospective re-review. The median diameter of the dominant
cancer of the non-solitary ones was 12.5 mm, the same as for the solitary cancer.

Fig. 5 shows the 10-year Kaplan–Meier survival rate of the 257 patients with pathologic node
negative solitary lung cancer was 97% (95% CI: 95–100%) and it was 100% for patients with
non-solitary malignancy, there being no statistically significant difference between these two
rates (P = 0.29).

Among the 247 patients with pathologic stage I, the percentage of BAC in the dominant
carcinoma did not correlate with presence of multiple lesions (P = 0.79). The presence of
multiple lesions in these resected cases did not impact prognosis. In fact, there were no deaths
among the multiple-lesion cases. Similarly, the CT appearance and histology of the second
lesions did not influence survival.

4. Discussion
The World Health Organization criteria for Adeno-BAC and adeno-MIXED [35] most closely
corresponds to Noguchi et al. [27] Type A or B and C, respectively, and adeno-OTHER to their
Types D, E and F. Our results show that prognosis was related to the proportion of BAC.
Adeno-BAC is, by definition, 100% BAC and had a 100% 10 year survival, whereas
carcinomas with less than 90% BAC had a lessened survival, which was still better than for
those without a BAC component. Travis et al. [36] indicated that a definition of minimally
invasive adenocarcinoma of the lung had not yet been identified. Our data suggest that
carcinomas with greater than 90% BAC might be considered minimally invasive. The data are
also consistent with the notion that there may be three prognostically different classes of
pulmonary adenocarcinomas—pure BAC, BAC with invasive components and
adenocarcinomas which are entirely invasive. The fact that adeno-OTHER occurred more
frequently in annual repeat screenings also suggests that it typically has a more aggressive
course than adeno-MIXED and its lower survival rate is consistent with the findings of Noguchi
et al. [27] and others including Rena et al. [32], Okada et al. [28], Lin et al. [19] and Volpino
et al. [40]. Yim et al. [42] divided adenocarcinomas into 4 categories and reported little or no
difference between BAC and those with less than 5 mm invasive carcinoma and a lesser, but
not different survival between those with greater than 5 mm invasion plus BAC and those
without BAC. Yokose et al. [43] found no deaths in adenocarcinomas of the lung with greater
than 75% lepidic growth pattern, but decreased survival in patients with less than 25% lepidic
growth and also those with a papillary component. Sakao et al. [33] divided 82
adenocarcinomas 2 cm or smaller into mixed adenocarcinomas with and without BAC
component and found this to be prognostically significant. Overall size was not a prognostic
factor, but size excluding BAC component was. Our long-term survival rates for
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adenocarcinoma, mixed subtype are better than those reported by the others, likely because
our patients were all detected as a result of CT screening [9,10,12].

The CT nodule consistency appears to closely reflect the proportion of BAC [1,28]. Although
histology was the best indicator of prognosis, it correlated closely with CT appearance, which
was also a good indicator of prognosis. Adenocarcinoma with a high proportion of BAC
typically manifested as non-solid nodules on CT, and these patients have a very high 10-year
Kaplan–Meier survival rate. This suggests that when a non-solid nodule is seen on CT it is
reasonable to wait until growth is identified or a solid component becomes evident as this
reflects invasion by the tumor. It is also important to understand that when a part-solid nodule
is identified in the baseline screening, the solid component may be due to scar formation rather
than due to stromal invasion and thus growth assessment is still important prior to biopsy.

As previously demonstrated by the long-term follow-up of diagnosed cases of lung cancer
resulting from CT screening, the proportion of Stage I cases closely correlates with the overall
long-term survival rate [15]. This was also true in this study as both adeno-BAC and adeno-
MIXED subtypes had a higher proportion of Stage I than adeno-OTHER and also had a better
prognosis. Among resected adenocarcinomas, the frequency of pure adeno-BAC was low (7%)
and this is similar to our prior study, which reported that 4.0% had this subtype among the 250
patients with any CT screen-detected lung cancer [8] (Figs. 1 and 2). In contrast, the study of
59 patients diagnosed with lung cancer as a result of CT screening by Lindell et al. [20], 9
(15%) of the 59 patients diagnosed with lung cancer had adeno-BAC subtype. Parenchymal
invasion was found in 96% of cases in the series by Lin et al. [19].

Makimoto et al. [22] reported a survival difference of 10% between cases of adenocarcinoma
2 cm or smaller when a papillary carcinoma component was present. Miyoshi et al. [25]
reported a 14% decrease in survival in Stage I adenocarcinomas with a micropapillary
component. Our data did not show a statistically significant prognostic difference relative to
papillary configuration or solid pattern.

Perhaps the most significant finding in the study is the outcome of non-solitary cancers in
patients without evidence of lymph node or distant metastases. Based on the current staging
criteria [24], a patient with 2 or more carcinomas might not be offered surgical resection, unless
it can be shown that the cell-types are different. Since adenocarcinoma has become the most
frequent cell-type, there is a high likelihood that any additional carcinoma will be of the same
cell-type, even the same subtype, and Staged IIIB or IV according to location of the satellite
nodule. We found that 18% of our cases diagnosed adeno-MIXED or adeno-BAC were non-
solitary (Table 2). This was higher than the 2 (3%) of 59 patients reported with non-solitary
carcinomas in the series reported by Lindell et al. [20]. Contrary to the current staging scheme
in which T4 cases had a cumulative 5-year survival rate of 7%, diagnosis of non-solitary
adenocarcinoma of the lung resulting from CT screening for lung cancer, whether in the same
or in different lobes in the absence of lymph node metastases, did not convey a poor prognosis
in these resected cases. In fact, the estimated 10-year Kaplan–Meier survival rate of patients
with non-solitary lung cancer was excellent. Battafarano et al. [2] reported 3 year survival of
80% for T1 resected cases and 67% for T4 multifocal carcinomas which was not statistically
significant. Bryant et al. [4] reported 57% survival for T4 N0M0 resected due to the presence
of intralobar satellites. Lucchi et al. [21] reported no difference of survival in 24 resected cases
with intralobar satellites. Nakata et al. [26] found 93% 3-year survival in 26 synchronously
multiple adenocarcinomas. Osaki et al. [29] reported 27% survival among 36 resected T4
multifocal adenocarcinomas. Port et al. [30] found 48% survival in 53 resected
adenocarcinomas with intralobar satellites, only 8 of which were evident preoperatively. Rao
et al. [31] reported 57% 5 year survival in 35 resected adenocarcinoma with T4 satellites.
Suzuki et al. [44] studied 1360 resected cases and found no impact on survival in the 137 cases
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in whom AAH was present. However, in the 46 cases of intrapulmonary metastases, the
prognosis was significantly worse. It appears that experience indicates that T4 and even M1
based solely on satellites, especially when nodes are negative, does not convey the Stage IIIB
or IV mortality previously indicated. Our data show that, in cases with satellite lesions, survival
figures are higher than previously reported, but all of our cases were asymptomatic, CT screen
detected, and mostly found in Stage I.

At the present time, it is extremely difficult to distinguish independent primaries from
intrapulmonary metastases by any means. Sozzi et al. [45] studies p53 mutations, 3p
chromosome deletions and K-ras mutations in 11 synchronous cases and found different
genetic lesions in each patient. Huang et al. [46] compared patterns of loss of heterozygosity
in multiple genes and chromosomal loce between paired tumors and found the lesions to differ
genetically in most. Our follow-up data is consistent with the interpretation that, at least in the
setting of small, resected, node negative carcinomas detected by CT scan screening,
histologically identical satellite carcinomas behaved as though they were independent
primaries and were surgically cured.

Prior to our long-term follow-up of resected cases, consensus within I-ELCAP had already
developed that all cases of non-solitary adenocarcinoma without evidence of lymph node or
distant metastases, even if both were of the same histologic subtype, should be classified as T
and M status indeterminate (Stage I*) and treated according to the recommendations for Stage
I lung cancer. The outcome data presented here support that view and we hope that this report
will stimulate reassessment of the current staging criteria.
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Fig. 1.
Adeno-MIXED. Over 90% of the carcinoma is BAC, but the central nodule of invasive acinar
carcinoma comprises 7% of the surface area of the tumor.
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Fig. 2.
Adeno-BAC (100% BAC). The figure shows the BAC which has several lymphoid nodules,
but no invasion.

Vazquez et al. Page 11

Lung Cancer. Author manuscript; available in PMC 2010 April 5.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Fig. 3.
Kaplan–Meier survival rates in patients with resected adenocarcinoma (n = 279) by
bronchioloalveolar, mixed, or other subtype, regardless of stage and treatment.
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Fig. 4.
Kaplan–Meier survival rates for patients with adenocarcinoma (n = 279) by percentage of
bronchioloalveolar component.
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Fig. 5.
Kaplan–Meier survival rates for patients diagnosed with adenocarcinoma, solitary (n = 213)
or non-solitary (n = 44) with length 30 mm or less and without pathologic evidence of lymph
node or distant metastases.
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