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Abstract

Background: The association between the location of non-small cell lung cancer
(NSCLC) and prognosis is a debated issue. Some studies have provided evidence
of better prognosis of upper lobe tumors than lower to middle lobe tumors, while
other studies have reported contrasting conclusions. The aim of this study was to
further assess this association through a systematic review and meta-analysis.

Methods: Medline, Embase, and the Cochrane Central Register of Controlled
Trials were searched up to 27 January 2017. Patients pathologically diagnosed
with stage I-III NSCLC with three or five-year survival data were included. The
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main meta-analysis compared differences in survival rates according to the pri-
mary tumor location using the Mantel-Haenszel method with a random effect
model. Sensitivity analysis was conducted according to lymph node metastasis,
tumor node metastasis stage, staging method, and treatment modality.

Results: Ten clinical studies and 35 570 patients were recruited. Patients with
tumors in the upper lobes had a higher rate of five-year survival compared to
those with tumors in non-upper lobes (odds ratio [OR] 1.31, 95% confidence
interval [CI] 1.15-1.49). Similarly, the three-year survival rate was high in
patients with tumors in the upper lobes (OR 1.99, 95% CI 1.02-3.86) and low in
those with lower lobe tumors (OR 0.31, 95% CI 0.12-0.77).

Conclusions: Stage I-IIT NSCLC located in the upper lobes showed higher five-
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Introduction

The location of primary non-small cell lung cancer
(NSCLC) is reported to be associated with clinical factors.
Initial clinical symptoms or signs of NSCLC have been
observed to differ according to the region of the primary
lesion." Factors such as a history of smoking, asbestos
exposure, dietary habits, and gender have been associated
with the anatomical location of lung cancer.>” In addition,
differences in the distribution of node
(LN) metastasis according to the primary lung cancer loca-
tion have been reported.*” A previous study showed that
LN evaluations were more frequently conducted in the
middle lobe.® The incidence of upstaging after surgery has
been found to be higher for NSCLC in the lower lobe com-
pared to other lobes, mainly because of higher rates of

lymph

unsuspected nodal involvement.” Pathologic features have
been elucidated according to the location of lung cancer.
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year survival rates compared to other tumor locations.

Higher proportions of adenocarcinoma, especially invasive
adenocarcinoma, and EGFR positivity have been reported
in patients with lung cancer in the upper lobe than in other
regions.'*"!

The different clinicopathological features among various
locations of NSCLC have focused attention on the relation-
ship between the tumor site and prognosis.*'*~*° However,
the conclusions of previous studies have been controversial
because of the use of different settings for analysis, such as
histology type, targeted tumor node metastasis (TNM)
stage, treatment modality, differently divided lobes, and
outcomes. Although recent studies have conducted com-
prehensive analysis to cover variously defined cancer loca-
tions, conflicting opinions remain.**' The purpose of our
systematic review and meta-analysis is to establish evidence
of an association between the different locations of primary
lesion and the survival rate of patients with NSCLC.
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Methods

We designed the study protocol following the guidelines of
Meta-analysis of Observational Studies in Epidemiology
(MOOSE).*> The MOOSE checklist for our study is pre-
sented in the Supplement data 1 in Appendix S1.

Eligibility criteria

We included comparative observational studies with
patients who were pathologically diagnosed with stage I-III
NSCLC. Eligible groups were “upper lobe,” “lower lobe,”
“non-upper lobe,” “non-lower lobe,” “left lower lobe,”
“right middle lobe,” and “other lobes.” Each group was
compared to all other lobes; for example, the right middle
lobe group was compared to a group including all other
lobe locations. Comparative analysis was conducted among
the groups to determine their eligibility for the meta-analy-
sis. Selected literature included three or five-year survival
rates of NSCLC patients with follow-up intervals of
> 3 years.

Studies reporting data of three or five-year survival rates
only as a Kaplan-Meier curve were excluded, because we
could not clearly elucidate the number of patients with a
censored event or follow-up loss. In addition, studies pre-
senting survival rates only in terms of odds ratio (OR) or
hazard ratio after multivariate analysis were excluded from
because of different and heterogeneous covariates among
the studies.

Information sources and search strategy

Two investigators searched Medline, Embase, and the
Cochrane Central Register of Controlled Trials data regis-
tries from their inception up to 27 January 2017. Addi-
tional reference scanning was conducted. For unpublished
or forthcoming papers, we contacted each corresponding
author to obtain all available data. In five cases, the authors
were contacted to obtain three and five-year survival rates,
but none replied. Abstracts and unpublished data were
included in the study if data were available for meta-analy-
sis. We used the advanced search function in the search
engine of each data registry. The search strategy for the
targeted literature was drafted using medical subject head-
ings and general text words, using the following terms:
“non-small cell lung cancer,” “tumor location,” “upper
lobe,” “middle lobe,” and “lower lobe.” The details of the
search strategy are presented in the Supplement data 2 in
Appendix S1. The search process was limited to the

» o«

English language and human subjects. The results from the
literature search were imported into reference management
software (Endnote X7, Thomson Reuters, Philadelphia, PA,
USA) and shared with the authors.
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Study selection and data extraction
process

Two authors individually screened the titles and abstracts
and selected studies that were possibly eligible. Calibration
exercises targeting 10% of the collected literature were con-
ducted at each step in the screening process to refine the
screening questions and ensure mutual agreement. All
reports were stored, classified, and systematized using End-
note X7 software. Initially, two authors in consensus
excluded duplicate reports or overlapped data. Two
reviewers independently screened the eligible articles
through the title and abstract. A total of 180 titles and
abstracts were randomly selected for calibration exercises
to establish the standard of screening. Studies chosen as
acceptable by at least one reviewer were discussed and col-
lated for full-text review. Full-text review and assessment
were conducted to decide whether those studies met the
eligibility criteria. Any discrepancy in opinions between
authors was discussed as a group by referring to the origi-
nal articles. The selection and coding of data were con-
ducted according to widely accepted clinical principles.
The selection process was conducted following the
PRISMA 2009 flow diagram.”

Data collection and assessment of the risk
of bias

Pilot-test standardized forms were developed for data
extraction. We collected the baseline data for each study,
including: first author, year of publication, data source,
study design or setting, number of assessed patients, geo-
graphical location, eligibility criteria, treatment modality,
type of study outcome, and the lobes compared. Demo-
graphic and clinical data of participants in each study were
extracted, including age, gender, country or ethnicity, his-
tology type, American Joint Committee on Cancer (AJCC)
TNM stage, LN involvement, treatment modality, and
three and five-year survival rates. AJCC TNM stage and
World Health Organization (WHO) classifications of lung
cancer pathology were thoroughly reviewed to reduce the
diagnostic differences by period. The TNM stage of each
trial was restaged according to the 7th edition of the AJCC
guideline and used for sensitivity analysis. Estimates or
predictions of three and five-year survival rates were
excluded. The survival rate had to be clearly described in
the published literature to enable data extraction.

The risk of bias in each study was evaluated by two indi-
vidual authors on six dimensions according to the Risk of
Bias Assessment tool for Non-randomized Studies
(ROBANS): (i) selection of participants, (ii) confounding
variables, (iii) measurement of exposure, (iv) blinding of
outcome assessment, (v) incomplete outcome data, and
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(vi) selective outcome reporting. Criteria for the risk of bias
were divided into high, low, and unclear according to the
ROBANS assessment method. An unclear risk of bias was
defined as neither a high nor a low risk of bias. The
method to assess the risk of bias was individually devised
depending on the study design (e.g. before-and-after or
non-randomized). Discrepancies over bias were discussed
and resolved.

Primary and secondary outcomes

The primary and secondary outcomes were five and three-
year survival rates among the comparable pulmonary lobes,
respectively. In addition, sensitivity analyses were con-
ducted according to LN metastasis, TNM stage, staging
method, and treatment modality.

Statistical analysis

The present meta-analyses were estimated with ORs and
95% confidence intervals (Cls) using the Mantel-Haenszel
(M-H) method and the random effect model for
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incorporating qualitative heterogeneity. Quantitative het-
erogeneities among the pooled data were evaluated using
the chi-square test. We assessed publication bias with a
funnel plot. The results of each statistical method are pro-
vided with appropriate tables and graphics. P values < 0.05
were considered statistically significant. Meta-analysis, chi-
square tests for heterogeneity, and funnel plots were con-
ducted using Review Manager, version 5.3 (The Nordic
Cochrane Center, The Cochrane Collaboration, Copenha-
gen, Denmark).

Results

Included studies and data quality

The search identified 1098 studies in Medline, 1049 in
Embase, and 128 in the Cochrane Library (Fig 1);
473 duplicated reports were removed. Screening by title
and abstract excluded 1777 studies. Twenty-five studies
were selected for the full-text review. Finally, 10 retrospec-
tively designed studies were included as relevant to assess
our hypothesis.**"* Studies excluded from full-text review

Figure 1 PRISMA flow chart of

the meta-analysis.
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and reasons for exclusion are described in the Supplement
data 3 in Appendix S1. The risk of bias was generally high
in the domains of participant selection, confounding vari-
ables, and selective outcome reporting (Supplement data
4 in Appendix S1). Data regarding five-year survival rates
were available in 8 out of 10 studies,>'>'*""* while 3 studies
were analyzed for the three-year survival rate.'>>** Publi-
cation bias could not be excluded in the funnel plot for the
studies including five-year survival rates (Supplement data
5 in Appendix S1).

Description of the included studies

The total number of patients in the 10 included clinical
studies was 35 570 (Table 1). The included studies were
published from 1996 to 2016. The median or mean age of
the patients was > 60 years, and predominance in male
patients was observed. The studies were conducted in
Japan (6), the United States (3), and France (1). Five stud-
ies enrolled patients at stage III, three enrolled patients at
stage I, and two included patients at various stages (I-III).
Restaging was required for the purposes of analysis in
20 744 patients. Categories of histological diagnoses were
variable but were within the range of NSCLC categories.
The most frequently observed histologic types were adeno-
carcinoma, squamous cell carcinoma, and large cell carci-
Regarding treatment modality, seven studies
applied curative surgery; two applied curative radiother-
apy; and one study various curative therapies, such as sur-
gery, radiotherapy, and chemotherapy. Five-year survival
rate data were available in six studies for comparison
between upper and non-upper lobes, three studies for
comparison between lower and non-lower lobes, two stud-
ies for comparison between upper and lower lobes, two
studies for comparison between left lower lobe and other
lobes, and one study for comparison between right middle
lobe and other lobes. Three-year survival rate data were
available in two studies for comparison between lower and
non-lower lobes, and in one study for comparison between
upper and non-upper lobes (Supplement data 6 in Appen-
dix S1). There appeared to be a time trend in the survival
rates: higher survival rates were observed in more recent
studies.

noma.

Comparison of five-year survival rates
among pulmonary lobes

Eight studies were assessed to compare the five-year sur-
vival rate among pulmonary lobes. Patients with tumors in
the upper lobes had better five-year survival than those
with tumors in the non-upper lobes, with significant statis-
tical heterogeneity (M-H random OR 1.31, 95% CI
1.15-1.49, I* = 63%) (Fig 2). The five-year survival rates in
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patients with lower lobe tumors were not significantly dif-
ferent, with significant statistical heterogeneity (M-H ran-
dom OR 0.41, 95% CI 0.13-1.34, I* = 75%) (Fig 3). No
significant result was found after direct comparison
between upper and lower lobes, and no significant statisti-
cal heterogeneity (M-H random OR 1.65, 95% CI
0.49-5.48, I* = 46%) (Supplement data 7 in Appendix S1).
There was no difference in the mortality rate in patients
with left lower lobe tumors after five years of treatment,
with significant statistical heterogeneity (M-H random OR
1.54; 95% CI 0.65-3.67, I> = 77%) (Supplement data 8 in
Appendix S1). However, in sensitivity meta-analysis of the
sample from a study by Kudo et al. there was a signifi-
cantly lower survival rate in patients with positive LN
metastasis in the left lower lobe compared to other lobes
(data not shown).'® There was no significant difference in
the five-year survival rate between the right middle and
other lobes (M-H random OR 1.12, 95% CI 0.96-1.31)
(Supplement data 9 in Appendix S1).

Comparison of three-year survival rates
among pulmonary lobes

Three studies were analyzed to compare three-year survival
rates in the different lobes. Patients with upper lobe tumors
achieved better survival compared to patients with non-
upper lobe tumors (M-H random OR 1.99, 95% CI
1.02-3.86) (Fig 4). NSCLC in the lower lobe had a poor
three-year survival rate compared to non-lower lobe
tumors, without significant statistical heterogeneity (M-H
random OR 0.31, 95% CI 0.12-0.77, I* = 10%) (Fig 5).
Other types of comparison were not possible as data were
not available.

Sensitivity analysis

Sensitivity analysis was conducted to define whether the
effect of tumor location on the five-year survival rate dif-
fered according to LN involvement, TNM stage, or treat-
ment modality. Studies including patients with or without
LN metastasis showed significantly higher survival rates in
upper lobe tumors than in non-upper lobe tumors
(Supplement data 10 in Appendix S1). Patients with tumors
in the lower lobes had poor five-year survival regardless of
LN metastasis (Supplement data 11 in Appendix S1). High
ORs of upper lobe tumors and low ORs of lower lobe
tumors were observed in patients with LN involvement. The
different editions of lung cancer staging used in the studies
were unified to the AJCC 7th edition for sensitivity analysis
according to TNM stage (Supplement data 12 in Appendix
S1). Patients with NSCLC in the upper lobes exhibited con-
sistently better survival compared to patients at TNM stage
I/ITA or IIB/III (Supplement data 13 in Appendix SI).
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Figure 2 Comparison of five-year survival rates between upper and non-upper lobes. Cl, confidence interval; M-H, Mantel-Haenszel.

Lower Non-lower Odds Ratio (Non-event) Odds Ratio (Non-event)

Study or Subgroup  Events Total Events Total Weight M-H. Random, 95% ClI Year M-H. Random, 95% ClI
Hayakawa 1996 1 28 14 102 19.2% 4.30 (0.54-34.18) 1996
Whitson 2012 2495 4224 5900 9426 47.6% 1.16 (1.08-1.25) 2012
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Figure 3 Comparison of five-year survival rates between lower and non-lower lobes. Cl, confidence interval; M-H, Mantel-Haenszel.
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Figure 4 Comparison of three-year survival rates between upper and non-upper lobes. Cl, confidence interval; M-H, Mantel-Haenszel.
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Figure 5 Comparison of three-year survival rates between lower and non-lower lobes. Cl, confidence interval; M—H, Mantel-Haenszel.

Another theory is the different effectiveness of the same
treatment modality according to the tumor location. Sev-
eral reports have shown that operation site or side had an
effect on the treatment outcome.”” Others have shown bet-
ter outcomes of complete resection in patients with upper
mediastinal LN involvement.”® Our analysis showed more
favorable prognosis after surgery in patients with upper
lobe tumors, consistent with previous studies. Surgical
interventions are a better treatment option in patients with
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upper lobe tumors than in those with non-upper lobe
tumors. Hayakawa et al attributed the better prognosis
associated with upper lobe tumors to the easier approach,
as fewer obstacles are encountered during treatment of
upper lobe compared to lower lobe tumors."? In addition,
recently developed tyrosine kinase inhibitor agents are
mainly used to treat adenocarcinoma or EGFR-positive
NSCLC, both of which are more likely to manifest in the
upper lobes.'*'"**
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Other researchers have reported different patterns of
metastatic spread according to tumor location that eventu-
ally affect patient prognosis. Micrometastasis and subse-
quent relapse rates may be higher in lung bases with
overperfusion.®® Lower lobe tumors are more likely to
spread to the subcarinal station, the sentinel LN of metas-
tasis, to contralateral hilar LNs.>’ A lower rate of contralat-
eral mediastinal drainage is expected in upper lobe tumors
as upper lobe cancers frequently involve upper mediastinal
LNs.”

The rules of TNM staging among the studies were
applied according to the published year of each study.
Changes in the TNM staging system were reviewed from
the AJCC 4th edition (1992) to the 7th edition (2009). In
the period between the 4th and 5th editions, stages I and II
were divided into IA/IB and IIA/IIB, respectively. T3NOMO
was downstaged from IIIA to IIB. No changes were found
between the 5th and 6th editions. Considerable changes
were made from the 6th to the 7th edition, according to
the size of the cancer: T1 was divided into Tla and T1b,
while T2 was divided into T2a, T2b, and T3. Some T4
tumors, with the same lobe nodule and pleural effusion,
were changed to T3 or Mla, respectively. Ipsilateral lobe
nodules, M1 in the 6th edition, were changed to T4 in the
7th edition. Our meta-analysis unified the different edi-
tions to a standard to avoid misclassification. We divided
the patients into two groups, I/IIA and IIB/III, because it
was not possible to distinguish ITA from I and IIB
from III.

Pathological diagnosis has also evolved over time. The
WHO classification for the pathology of lung cancer had
been revised five times between 1967 and 2015. A new
classification according to mucin formation was included
in the 1981 edition. Several new classifications based on
immunohistochemical features were added in 1999, such as
bronchoalveolar carcinoma and mixed subtype in adeno-
carcinoma; basaloid variant in squamous cell carcinoma;
and large cell neuroendocrine carcinoma and basaloid car-
cinoma in large cell carcinoma. Genetic or molecular diag-
nosis was considered significant in 2004, because the
association between treatment response and genetic muta-
tions had been elucidated. Previous classifications were
considerably altered in the 2015 edition. Adenocarcinoma
was regrouped as its own group. Basaloid carcinoma was
moved to the squamous cell carcinoma group. The neuro-
endocrine tumors group was newly developed. A subgroup
of the large cell carcinoma group was divided into other
groups. In the present meta-analysis, it was not possible to
unify the pathological diagnosis from different classifica-
tion editions or to conduct sensitivity analyses by histologi-
cal type. Despite the different pathological classifications of
lung cancer, the results of our meta-analysis were not
affected because our targeted disease was NSCLC.
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Our study included the following limitations. First, the
primary limitation was the low quality and heterogeneity
of the included studies, which is attributed to the retro-
spective designs with different clinical settings. The num-
ber of comparison groups for survival analysis varied
considerably between studies. In addition, the TNM stage
or staging method may have possible heterogeneity given
the lack of information on the rigor and techniques of
staging and nodal sampling. Large prospective studies with
standardized protocols will resolve these problems. Second,
subgroup or sensitivity analysis could not elucidate why
previous studies had presented different results or conclu-
sions. However, we can confirm that TNM stage, staging
method, and nodal status were not reasons for the different
results. Third, inconclusive results attributed to heteroge-
neity were found. The random effect model considerably
expanded the Cls in analysis of the association between
lower lobe tumors and five-year survival rate. Although
each study strongly suggested poorer outcomes in patients
with lower lobe tumors, the pooled data showed insignifi-
cant differences.

In conclusion, better five-year survival prognosis was
observed in patients with stage I-III NSCLC of the upper
lobes. Higher five-year survival rates in patients with upper
lobe tumors are consistently elucidated, regardless of
lymph node involvement, TNM stage, or staging method.
The five-year survival rate in patients with upper lobe
tumors is higher in those treated with surgery.
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