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a  b  s  t  r  a  c  t

Objectives:  We  postulated  that ventilation–perfusion  (V/Q)  relationships  within  the lung  might  influence
where  lung  cancer  occurs.  To  address  this  hypothesis  we  evaluated  the  location  of  lung adenocarci-
noma,  by  both  tumor  lobe  and  superior–inferior  regional  distribution,  and  associated  variables  such  as
emphysema.
Materials  and  Methods:  One  hundred  fifty-nine  cases  of  invasive  adenocarcinoma  and  adenocarcinoma
with  lepidic  features  were  visually  evaluated  to identify  lobar  or  regional  tumor  location.  Regions  were
determined  by automated  division  of the lungs  into  three  equal  volumes:  (upper  region,  middle  region,
or  lower  region).  Automated  densitometry  was  used  to measure  radiographic  emphysema.
Results:  The  majority  of  invasive  adenocarcinomas  occurred  in  the  upper  lobes  (69%),  with  94%  of
upper  lobe  adenocarcinomas  occurring  in  the  upper  region  of the lung.  The  distribution  of  adenocar-
cinoma,  when  classified  as upper  or lower  lobe,  was not  different  between  invasive  adenocarcinoma  and
adenocarcinoma  with  lepidic  features  (formerly  bronchioloalveolar  cell  carcinoma,  P =  0.08).  Regional
distribution  of tumor  was significantly  different  between  invasive  adenocarcinoma  and  adenocarcinoma
with  lepidic  features  (P =  0.001).  Logistic  regression  analysis  with  the  outcome  of invasive  adenocarci-
noma  histology  was  used  to adjust  for confounders.  Tumor  region  continued  to  be  a  significant  predictor
(OR 8.5,  P =  0.008,  compared  to lower  region),  whereas  lobar  location  of  tumor  was  not  (P  =  0.09).  In  strati-
fied analysis,  smoking  was  not  associated  with  region  of  invasive  adenocarcinoma  occurrence  (P  =  0.089).
There  was  no  difference  in total  emphysema  scores  between  invasive  adenocarcinoma  cases  occurring
in each  of the  three  regions  (P = 0.155).  There  was  also  no  difference  in  the  distribution  of  region  of
adenocarcinoma  occurrence  between  quartiles  of emphysema  (P  =  0.217).
Conclusion:  Invasive  adenocarcinoma  of  the  lung  is highly  associated  with  the  upper  lung  regions.  This
association  is not  related  to smoking,  history  of COPD,  or total  emphysema.  The  regional  distribution  of
invasive  adenocarcinoma  may  be  due  to V/Q  relationships  or other  local  factors.
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1. Introduction

Location of non-small cell lung cancer (NSCLC) has previously
been evaluated based on lobe of the lung [1,2]. Upper lobe nodules,
for instance, are associated with an increased probability of lung
cancer and a review of cases from the Surveillance, Epidemiology,
and End Results (SEER) database reported an increased prevalence
of adenocarcinoma in the upper lobes compared to the lower lobes
[3,4].

Classification of tumor location based only on lobe of the lung
may  not accurately characterize the distribution when consider-
ing ventilation–perfusion (V/Q) relationships or other important
regional factors. For instance the superior segment of the lower
lobe on either side partially resides in the upper region of the chest
resulting, in relatively lower perfusion compared to other regions
of the lower lobe. This regional variation in V/Q also results in a
physiologic gradient of alveolar oxygen tension of approximately
40 mm Hg between the apex and the base of the lung [5].

We hypothesized that ventilation–perfusion (V/Q) relationships
or other local factors may  predispose to the regional occurrence
of lung cancer. Cases of invasive adenocarcinoma and the related
histology of adenocarcinoma with lepidic features (formerly bron-
chioloalveolar cell carcinoma) were identified from a large lung
cancer cohort and reviewed to identify lobar tumor location. Addi-
tionally, we used quantitative analysis of CT scans to divide the
lung into equal volumetric thirds (upper region, middle region, and
lower region) and classified tumor location based on region.

2. Materials and methods

2.1. Cases

We  conducted a cross-sectional analysis of lung cancer cases
derived from a large prospectively enrolled lung cancer cohort: the
Harvard-Massachusetts General Hospital Lung Cancer Susceptibil-
ity Study. Details of this cohort have been described previously
[2,6]. This study was approved by the Partners Human Research
Committee (1999-P-004935/118).

Enrollment generally occurred at the initial visit in the multi-
disciplinary Thoracic Oncology Clinic at Massachusetts General
Hospital between the years 2002 and 2006.

More than 85% of eligible patients were recruited in this cohort
and 96% were Caucasians. Demographic information was collected
by a trained research staff using a standardized questionnaire at
the time of recruitment. In addition to demographic data, detailed
smoking histories were collected for these patients based on the
modified ATS questionnaire [7].

Histology was determined by a trained pathologist and captured
at the time of diagnosis. Bronchioloalveolar carcinoma (BAC) was
defined by the presence of lepidic growth and lack of invasion. Cases
previously interpreted as BAC are referred to as adenocarcinoma
with lepidic features since these cases were not interpreted under
the contemporary definition [8]. The remaining cases are referred
to as invasive adenocarcinoma.

We  included cases that had a chest CT scan with intravenous
contrast performed prior to initiation of surgery, radiation, or
chemotherapy, and within three months of enrollment in the study.
Additional exclusion criteria were lobar collapse or infiltrate, the
presence of significant pulmonary fibrosis or lymphangitic spread,
and inability to identify a primary lesion (e.g. isolated mediastinal
disease or multiple lesions). Two hundred sixty cases of NSCLC were
eligible for automated analysis. We  limited our analysis to one hun-
dred fifty-nine cases of adenocarcinoma and the related histology
of adenocarcinoma with lepidic features to minimize the effects of
differing distributions of other histologies.

Fig. 1. Coronal CT image from a case with an upper region adenocarcinoma. The
depicted regions were defined by automated segmentation of the lung into equal
volumetric thirds.

2.2. Regional division of the lung and quantitation of emphysema

All CT scans were acquired with GE scanners (GE Health-
care, Waukesha, WI). Approximately half (50.3%) were obtained
at a 5 mm slice thickness with an additional 41% obtained with
2.5 mm slices. The “Body” filter was  used for 93.5% of the stud-
ies. Automated densitometric analysis was  performed using Airway
Inspector Software (www.airwayinspector.org) as described previ-
ously [9,10]. Total lung volume was divided into equal thirds in a
superior-inferior fashion (Fig. 1). Emphysema was calculated as the
percentage of voxels with attenuation less than −910 Houndsfield
units.

2.3. Classification of tumor location

CTs were reviewed to identify the location of the tumor. “Upper
lobe” classification included the right upper, right middle, and left
upper lobes. “Lower lobe” classification included the right lower
and left lower lobes. For tumors that spanned more than one lobe,
location was  designated as the lobe that contained the predomi-
nance of the tumor as measured in axial section. Tumor location by
region (upper, middle, or lower), was identified in a similar fashion.

2.4. Statistical analysis

All statistical analyses were performed using SAS version 9.3
(SAS Institute Inc., North Carolina) or JMP  Pro version 10.0 (SAS
Institute Inc., North Carolina). P values less than or equal to 0.05
were considered significant and all statistical tests were two-sided.
Probabilities of tumor occurrence were calculated using the bino-
mial distribution. Comparisons of continuous normally distributed
data were analyzed using the Student’s t-test and continuous non-
normally distributed data were analyzed using the Wilcoxon rank
sum test. Contingency tables were analyzed using the Fisher Exact
test.

In order to assess the associations of lobar distribution and
regional distribution with the histology of invasive adenocarci-
noma, logistic regression was performed. The response variable
was the dichotomous outcome of invasive adenocarcinoma com-
pared to adenocarcinoma with lepidic features. Two  logistic

http://www.airwayinspector.org/
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Table  1
Characteristics of cases of invasive adenocarcinoma and adenocarcinoma with lep-
idic features.

Invasive AC ACwLP P value

Age: y* 65.2 (±11.0) 69.2 (±9.0) 0.046
Sex: n (%)

Female 69 (52.7) 21 (75.0)
Male 62 (47.3) 7 (25.0) 0.074
BMI: 26.0 (6.7) 24.7 (6.5) 0.156

Smoking: n (%)
Never 17 (13.3) 6 (21.4)

Former 72 (56.2) 14 (50.0)
Current 39 (30.5) 8 (28.6) 0.571

Pack years 38.0 (40.0) 18.7 (38.1) 0.013
PMH  chronic bronchitis: n (%) 17 (13.6) 5 (20.8) 0.355
PMH  emphysema: n (%) 21 (16.8) 3 (12.5) 0.766

Emphysema: % 3.5 (11.9) 2.9 (10.5) 0.155
Family history: n (%) 28 (17.2) 5 (15.2) 0.605
Stage: n (%)
Early (1–2) 18 (13.7) 24 (85.7)
Late (3–4) 113 (86.3) 4 (14.3) <0.001

Lobar tumor location: n (%)
Upper lobe 91 (69.5) 14 (50.0)
Lower lobe 40 (30.5) 14 (50.0) 0.077

Regional tumor location: n (%)
Upper region 77 (58.8) 11 (39.3)

Middle region 41 (31.3) 6 (21.4)
Lower region 13 (9.9) 11 (39.3) 0.001

AC—adenocarcinoma, ACwLP—adenocarcinoma with lepidic features. Percentages
represent distribution within invasive AC or ACwLP groups. PMH  denotes history of
disease as reported by the subject.

* Denotes mean ± standard deviation presented.
! Denotes median and interquartile range presented.

regression models were compiled using age, sex, stage, pack years,
and either tumor region or tumor lobe.

3. Results

3.1. Tumor distribution

Characteristics of the cohort have been described previously
and are included in Supplemental Table 1 [2,6]. The distribution
of tumors by lobe (RUL 31.6%, RML  5.3%, RLL 19.1%, LUL 30.8%, LLL
13.4%) was nearly identical to that from aggregate data [11].

Given the known differing central-peripheral distributions of
different NSCLC histologies (e.g. squamous cell carcinoma tends to
occur more centrally), we next evaluated the distribution of cases
of invasive adenocarcinoma. There was not a significant difference
in the proportion of right-sided adenocarcinomas compared to left
(54.1% vs. 45.9%, P = 0.39). Invasive adenocarcinoma occurred more
frequently in the upper lobes (69.5% vs. 30.5%, P = 5 × 10−6). The per-
centage of invasive adenocarcinomas occurring in the upper region
was also significantly different (59%) from the expected distribution
(30% based on volume, P = <1 × 10−6). Notably, 94% of upper lobe
adenocarcinomas occurred in the upper third of the lung (upper
region).

3.2. Tumor distribution: Adenocarcinoma vs. adenocarcinoma
with lepidic features

To further characterize regional or lobar location of invasive ade-
nocarcinoma, the related histology of adenocarcinoma with lepidic
features was used as a comparator group. These two histologies
are believed to exist on a pathologic spectrum [8]. Characteristics
of cases of adenocarcinoma and adenocarcinoma with lepidic fea-
tures are presented in Table 1. There were no significant differences
in the distributions of sex, body mass index (BMI), smoking cate-
gory, subject reported history of chronic bronchitis or emphysema,
total emphysema score, or family history between cases of invasive

adenocarcinoma and adenocarcinoma with lepidic features. Stage
was significantly different between the two  groups. This result was
anticipated given that adenocarcinoma with lepidic features (for-
merly BAC) is predominantly early stage. Adenocarcinoma with
lepidic features was more evenly distributed between the upper
(39.3%), middle (21.1%), and lower (39.3%) regions.

There was not a significant difference in the lobar tumor dis-
tribution of adenocarcinoma compared to adenocarcinoma with
lepidic features (P = 0.077, Fig. 2). In contrast, the distributions of
adenocarcinoma and adenocarcinoma with lepidic features were
significantly different between the three tumor regions (P = 0.001,
Fig. 2).

3.3. Logistic regression analysis to predict adenocarcinoma
histology

Logistic regression was performed to assess the association
between regional tumor location and invasive adenocarcinoma
(compared to adenocarcinoma with lepidic features) and that
between lobar tumor location and invasive adenocarcinoma (com-
pared to adenocarcinoma with lepidic features). Age, sex, stage,
pack years, and either tumor lobe or tumor region were included in
the final models. The unadjusted estimates for all covariates and
adjusted estimates for the model including tumor lobe and the
model including tumor region are presented in Table 2.

Unadjusted analysis did not reveal a statistically significant
relationship between tumor lobe and the outcome of invasive ade-
nocarcinoma compared to adenocarcinoma with lepidic features
(P = 0.052). Tumor region, in contrast, was  statistically significant
for comparisons of both the upper region to the lower, and the
middle region to the lower (P = 0.0005 and P = 0.002, respectively).

Tumor lobe was also not a significant predictor in adjusted
analysis (P = 0.09). The adjusted model that included tumor region
revealed a statistically significant association between regional
tumor location and the histology of invasive adenocarcinoma (e.g.
P = 0.008 for upper region compared to lower region tumor loca-
tion). As compared to adenocarcinoma with lepidic features, there
was an odds ratio of 8.5 for invasive adenocarcinoma occurring in
the upper lung region compared to the lower, while controlling for
age, sex, stage, and pack years of smoking. Additionally, the abil-
ity of the logistic model to discriminate (by area under the curve)
between invasive adenocarcinoma and adenocarcinoma with lep-
idic features was superior when tumor region was included as
compared to tumor lobe (C = 0.95 and C = 0.88, respectively). In a
model that included both tumor region and tumor lobe (in addi-
tion to age, sex, pack years, and stage), tumor region remained
a statistically significant predictor (P = 0.029) despite the modest
correlation between the tumor region and tumor lobe variables
(Cramer’s V = 0.68).

3.4. Stratified analysis comparing regions of invasive
adenocarcinoma occurrence

Cases of invasive adenocarcinoma were compared by region of
tumor occurrence to attempt to identify possible associated factors.
The distribution of covariates between cases of invasive adenocar-
cinoma that occurred in the upper, middle, and lower regions is
shown in Table 3. There were no significant differences between
any of the included covariates.

The distribution of stage of invasive adenocarcinoma was not
different between cases with tumors occurring in the three dif-
ferent lung regions (P = 0.752). Similarly, when limited to invasive
adenocarcinoma, the association of smoking category to tumor
location was not significant (P = 0.12). Even in never smokers, the
upper region remained the predominant location of invasive ade-
nocarcinoma (64.7%).
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Fig. 2. Comparison of distribution of adenocarcinoma by lobe or region, overlaid on sagittal section for illustration. The P values presented are in comparison to the distribution
of  adenocarcinoma with lepidic features (ACwLP, formerly referred to as BAC).

Table 2
Logistic regression comparing tumor region or tumor lobe to predict invasive adenocarcinoma vs. adenocarcinoma with lepidic features.

Unadjusted estimates Adjusted model 1: tumor lobe Adjusted model 2: tumor region

OR CI P OR CI P OR CI P

Age 0.99 [0.96, 1.01] 0.272 0.97 [0.91, 1.02] 0.323 0.97 [0.90, 1.03] 0.302
Sex

Female 0.56 [0.20, 1.54 0.261 0.55 [0.16, 1.81] 0.327 0.28 [0.06, 1.14] 0.089
Male  Ref Ref Ref Ref Ref Ref Ref Ref Ref

Pack  Years 1.02 [1.00, 1.03] 0.026 1.02 [0.99, 1.04] 0.154 1.01 [0.98, 1.04] 0.219
Stage

Early  (I–II) Ref Ref Ref Ref Ref Ref Ref Ref Ref
Late  (III–IV) 24.04 [9.15, 67.98] <.0001 34.76 [11.33, 135.92] <.0001 49.43 [13.42, 271.31] <.0001

Tumor lobe
Upper 2.21 [0.99, 5.01] 0.052 2.59 [0.86, 8.33] 0.092
Lower Ref Ref Ref Ref Ref Ref

Tumor region
Upper 6.16 [2.22, 17.45 <.0001 8.48 [1.69, 51.71] 0.008
Middle 5.92 [1.89, 20.31] 0.002 9.25 [1.55, 68.16] 0.014
Lower Ref Ref Ref Ref Ref Ref

OR—odds ratio, CI—confidence interval, P—P value.

Table 3
Characteristics of invasive adenocarcinoma cases by region of occurrence.

Upper Middle Lower P value

Age: y* 64.0 (±10.4) 66.6 (±11.9) 67.5 (±10.3) 0.321
Sex:  n (%)

Female 38 (53.5) 27 (38.0) 6 (8.5)
Male  42 (65.6) 15 (23.4) 7 (10.9) 0.187

BMI: 26.2 (6.3) 25.4 (10.4) 25.9 (3.9) 0.962
Smoking: n (%)

Never 11 (64.7) 3 (17.7) 3 (17.7)
Former 38 (52.1) 26 (35.6) 9 (12.3)
Current 29 (69.1) 12 (28.1) 1 (2.4) 0.124

Pack  years 39.1 (45.6) 35.1 (35.9) 34.4 (53.3) 0.641
PMH  chronic bronchitis: n (%) 7 (41.2) 6 (35.3) 4 (23.4) 0.102
PMH  emphysema: n (%) 12 (57.1) 6 (28.6) 3 (14.3) 0.829

Emphysema: % 4.6 (10.6) 2.8 (7.4) 12.3 (14.7) 0.155
Family history: n (%) 16 (57.1) 7 (25.0) 5 (17.9) 0.235
Stage:  n (%)
Early (1–2) 11 (61.1) 5 (27.8) 2 (11.1)
Late  (3–4) 69 (59.0) 37 (27.4) 11 (9.4) 0.932

PMH  denotes history of disease as reported by the subject.
* Mean ± standard deviation.

! Median and interquartile range.
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Table  4
Invasive adenocarcinoma location (%) vs. quartile of total emphysema score.

Region of adenocarcinoma location

Lower Middle Upper

Quartile 1 3.0 39.4 57.6
Quartile 2 12.8 35.9 51.3
Quartile 3 3.5 24.1 72.4
Quartile 4 17.7 19.0 58.9

P = 0.217

Total emphysema score was not different between cases with
invasive adenocarcinoma in the upper, middle, or lower regions.
We also divided total emphysema score into quartiles and com-
pared the regional distribution of invasive adenocarcinoma cases.
Table 4 depicts the percent of invasive adenocarcinoma cases by
tumor region versus quartile of total emphysema score. There
was no difference in regional invasive adenocarcinoma distribution
amongst quartiles of emphysema (P = 0.217).

4. Discussion

This lung cancer cohort is one of the largest analyzed by auto-
mated methods and the first to evaluate tumor location by region.
The overall lobar distribution of NSCLC tumors in this cohort is
nearly identical to that noted from over 200,000 cases evaluated
in the SEER database [11]. Prior work from that database has
revealed a statistically significant association of adenocarcinoma
for the upper lobes [3]. The primary finding of this analysis was a
predilection of invasive adenocarcinoma for the upper lung regions.
When compared to the more even distribution of adenocarcinoma
with lepidic features, invasive adenocarcinoma was  significantly
associated with upper region location (in unadjusted and adjusted
analyses) but not upper lobe location. This finding is not contra-
dictory to that from the larger SEER database as adenocarcinoma
region and adenocarcinoma lobe are correlated variables. However,
based on our data, invasive adenocarcinoma is more highly asso-
ciated with an upper region distribution than with an upper lobe
distribution.

Multiple reports from smaller cohorts of cases have described
an association of emphysema and lung cancer based on visual
analysis [12,13]. We  performed automated densitometric analysis
of emphysema to avoid bias associated with visualizing the loca-
tion of the tumor. Although CT scans in this study were clinically
acquired, the variation in slice thickness here is less than that from
CT scans used for automated densitometric analysis from the well
established National Emphysema Treatment Trial cohort [14]. We
found no significant difference in total emphysema score between
cases of invasive adenocarcinoma and adenocarcinoma with lep-
idic features. There was also no difference in emphysema score
between cases of invasive adenocarcinoma that occurred in the
upper, middle, or lower regions or in the regional distribution of
invasive adenocarcinoma amongst quartiles of total emphysema
score. We  cannot rule out an association of emphysema and ade-
nocarcinoma region based solely on densitometric analysis [15–17]
but there is no evidence of a statistical relationship in this analy-
sis.

Airflow obstruction is a well-established risk factor for lung can-
cer [18,19]. Patient reported history of COPD has been shown to
correlate with spirometry-diagnosed COPD [20]. Although spirom-
etry is not available for the majority of the cohort, patient reported
histories of emphysema and chronic bronchitis were not associated
with region of invasive adenocarcinoma occurrence.

It is possible that patterns of smoke inhalation may  result in the
upper region predominance of invasive adenocarcinoma. The vol-
ume  of the lower lobes is slightly greater than the upper (including

the right middle lobe) with some equalization in the setting of
upper lobe emphysema [21,22]. Ventilation is also greater in the
lower lung regions [5]. However, the relatively poor perfusion of
the upper lung regions does result in slower lymphatic drainage
along the peribronchial system. Gurney postulated that this process
might result in higher particle concentrations and subsequently
predispose to lung disease in those regions (e.g. pneumoconiosis,
emphysema) [23]. This hypothesis could explain the predilection
of invasive adenocarcinoma for the upper regions. However, we
also observed that invasive adenocarcinoma was associated with
an upper region distribution even after controlling for smoking.
In never-smokers, the distribution of invasive adenocarcinoma
remained upper region predominant and was  not significantly dif-
ferent from the distribution in smokers. We  cannot account for
unknown particulates or other exposures that may lead to lung
cancer in never-smokers and could possibly be susceptible to this
mechanism. Alternatively, physiologic variables such as differences
in perfusion could lead to variation in immune surveillance, angio-
genesis, or other mechanisms that affect early tumor development
and invasion.

Our study has several limitations. We  only analyzed data on
invasive adenocarcinoma and the related histology of adenocar-
cinoma with lepidic features (formerly BAC) to minimize the effect
of other histologies, which are known to have different distribu-
tions (e.g. central vs. peripheral). The predilection for the upper
lung regions may  not be limited to adenocarcinoma. Larger sample
sizes would allow for further analysis of the distribution of other
invasive histologies.

Several secular trends since enrollment of this cohort also
deserve comment. Bronchioloalveolar cell carcinoma has under-
gone pathologic reclassification [8]. It is possible that some cases
referred to as adenocarcinoma with lepidic features would be
classified as invasive adenocarcinoma under the contemporary
system. The favorable (and significantly different) stage distri-
bution of adenocarcinoma with lepidic features argues that this
would likely be a small number. More importantly, misclassifi-
cation would bias toward the null hypothesis that there is no
difference between the regional distributions of the two  histolo-
gies.

In 2009 the 7th Edition of the TNM staging system was  pub-
lished [24,25]. We found no association of stage with invasive
adenocarcinoma distribution, thus changes to the staging system
would be unlikely to affect the findings. Additionally, cases with
multiple tumors (one prominent change in the TNM system) were
excluded.

This analysis revealed a predilection of the histology of inva-
sive adenocarcinoma for the upper regions of the lung. Tumor
region was  a significant predictor of the histology of invasive ade-
nocarcinoma whereas tumor lobe was  not. The distribution of
invasive adenocarcinoma was  not associated with smoking, sever-
ity of emphysema, or history of COPD. Further studies will clarify
if these findings can be attributed to differences in physiologic or
other regional factors.
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