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Background: The aim of this study was to evaluate the chronological changes in epidemiological
factors and surgical outcomes in patients with lung cancer who underwent surgery in a single
Japanese institution.

Patients and methods: A clinicopathological database of patients with lung cancer who
underwent surgery with curative intent from January 1974 to December 2014 was reviewed.
The chronological changes in various factors, including patient’s age, sex, histological type,
tumor size, pathological stage (p-stage), surgical method, operative time, intraoperative blood
loss, 30-day mortality, and postoperative overall survival (OS), were evaluated.

Results: A total of 1,616 patients were included. The numbers of resected patients, females,
adenocarcinomas, p-stage IA patients, and age at the time of surgery increased with time, but
tumor size decreased (all P<<0.0001). Concerning surgical methods, the number of sublobar
resections increased, but that of pneumonectomies decreased (P<<0.0001). The mean opera-
tive time, intraoperative blood loss, and the postoperative 30-day mortality rate decreased (all
P<0.0001). When the patients were divided into two groups (1974-2004 and 2005-2014),
the S-year OS rates for all patients and for p-stage IA patients improved from 44% to 79%
and from 73% to 89%, respectively (all P<<0.0001). The best 5-year OS rate was obtained
for sublobar resection (73%), followed by lobectomy (60%), combined resection (22%), and
pneumonectomy (21%; P<<0.0001).

Conclusion: Changes in epidemiological factors, a trend toward less invasive surgery, and a
remarkably improved postoperative OS were confirmed, which demonstrated the increasingly
important role of surgery in therapeutic strategies for lung cancer.

Keywords: lung cancer, surgery, sublobar resection, less invasive surgery, 30-day mortality

Introduction

Lung cancer is one of the leading causes of cancer-related deaths in most developed
countries, including Japan where ~73,000 people died from lung cancer in 2013.
Although age-adjusted lung cancer mortality has plateaued because of decreased
tobacco consumption in Japan, the actual number of patients who died from lung cancer
has been rapidly increasing with the aging of the population. Recently, a variety of
new molecular targeted anticancer drugs or computer-controlled stereotactic radio-
therapeutic methods have been introduced to treat lung cancer, but surgery is still the
main therapy to cure locoregionally confined lung cancer.

The St Marianna University School of Medicine was established in 1971 as a
private medical school hospital in Kawasaki city, which was a bedroom community
near Tokyo. The first lung cancer surgery was recorded in 1974, and only a small
number of patients had undergone lung resection by the end of 1984. However, since
then, lung resections have increasingly been performed. Recently, ~120 patients with
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lung cancer per year have been operated on by six staff of
thoracic surgeons in our department. Because long chrono-
logical changes in epidemiology and surgical outcomes for
lung cancer in a single institution have rarely been reported,
we retrospectively analyzed patients with lung cancer who
underwent surgery in our department over the past 41 years.
We believe that our findings demonstrate a representative
trend in lung cancer surgery performed in a high-volume
hospital in Japan.!

Patients and methods

Patients

This retrospective study was approved by the Institutional
Review Board of the St Marianna University School of
Medicine (No 2233, November 6, 2015). Written informed
consent was waived by the review board, because this was
a retrospective study in which patients treated in different
segments of a 41-year period were analyzed. A clinico-
pathological database of patients with lung cancer who
underwent surgery with curative intent in our department
from January 1974 to December 2014 was reviewed to obtain
the records of patients. The total period was divided into the
following seven segments: 1974—1984, 1985-1989, 1990—
1994, 1995-1999, 2000-2004, 2005-2009, and 2010-2014.
Surgical methods were classified into four types as follows:
sublobar resection (wedge resection or segmentectomy),
lobectomy (including bilobectomy), pneumonectomy, and
combined lung resection with adjacent organs. Bronchial or
tracheal resections without lung resection were excluded.
Postoperative pathological stages (p-stages) were determined
according to the most recent international staging criteria for
lung cancer, published by the American Joint Committee on
Cancer/Union for International Cancer Control/International
Association for the Study of Lung Cancer in 2009.

Statistical analysis

Categorical variables for contingency tables were tested
using the chi-square test. Continuous variables in multiple
groups were tested using the Kruskal-Wallis test. The esti-
mated survival rate after surgery was calculated using the
Kaplan—Meier method, and survival differences between
patient groups were tested using the log-rank test. P<<0.05
was considered to indicate a significant difference.

Results

Clinicopathological factors
A total of 1,616 patients, 1,054 males and 562 females with a
mean age of 66210 years (range, 13-90 years), were included.

The mean postoperative follow-up period was 44136 months
(range, 1-329 months). The chronological changes in various
clinicopathological factors in the resected patients with lung
cancer are shown in Table 1. The numbers of resected patients
in each divided period gradually increased during the study
period. When the data in the first period (1974-1984) and
the last period (2010-2014) were compared, the mean tumor
size decreased (49-24 mm, P<<0.0001) and the following
factors significantly increased: the mean age of patients at the
time of surgery (61-69 years), female patients (27%—42%),
adenocarcinoma (54%—74%), tumors =20 mm (12%—-50%),
patients in p-stage 1A (16%—55%, all P<<0.0001).

Surgical methods and outcomes
The chronological changes in the surgical methods and out-
comes are shown in Table 2. During the 41 years, sublobar
resections increased (3%—-38%), but pneumonectomies
decreased (16%—-4%, P<<0.0001). The postoperative 30-day
mortality rate decreased (1.5%—0.2%, P=0.0071). The mean
operative time and intraoperative blood loss (IBL) decreased
for all surgeries (326—171 min, 874—121 mL) and specifically
for lobectomies (322-201 min, 837-149 mL; P<<0.0001).
When all patients were divided into two groups
(1974-2004, n=868 and 2005-2014, n=748), the 5-year
overall survival (OS) rates of the groups were 44.1% and
78.5%, respectively (P<<0.0001; Figure 1). When limited to
the patients in p-stage [A, a significant difference in OS was
found again between the two groups; the 5-year OS rates were
72.7% and 88.9%, respectively (P<<0.0001; Figure 2).
Regarding the associations between the surgical methods,
which were selected on the basis of the tumor extent, the
best 5-year OS was obtained for patients who underwent
sublobar resection (73.1%), followed by lobectomy (60.2%),
combined resection (22.3%), and pneumonectomy (20.6%,
P<0.0001; Figure 3).

Discussion

This study showed that lung cancer epidemiology and
surgical outcomes have changed remarkably during the past
41 years. Of the epidemiological factors, the proportions of
adenocarcinoma, female sex, early stage, and older patients
increased significantly, and we speculated that these changes
were closely associated with surgical outcomes.

Although a trend toward increasing prevalence of adeno-
carcinoma has been observed worldwide,* the exact reasons
for this phenomenon are unclear.® One plausible reason
is the influence of recent tobacco filters that selectively
allow carcinogenic microparticles to be inspired into the
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Table | Chronological changes in various clinicopathological factors in the resected patients with lung cancer

Period 1974-1984  1985-1989  1990-1994  1995-1999 2000-2004 2005-2009 2010-2014  P-value
Patient number 68 133 180 263 224 261 487
Age (years)* 61£l1 64£10 63£12 66£10 67£10 68+10 6919 <0.0001*
Female (%) 18 (26.5) 23 (17.3) 60 (33.3) 80 (30.4) 78 (34.8) 106 (40.6) 197 (40.5) <0.0001*
Histological type

AD (%) 37 (54.4) 50 (37.6) 101 (56.1) 158 (60.1) 140 (62.5) 177 (67.8) 360 (73.9)

SQ (%) 21 (30.1) 62 (46.6) 59 (32.8) 85 (32.3) 6l (27.2) 37 (14.2) 85 (17.5)

LA 5 7 5 6 7 12 19

ADSQ | 4 7 7 8 19 9

SM 3 7 5 | 3 8 4

CA | | 2 | 4 2 5

Others 0 2 | | 6 5 <0.0001°
Tumor size (mm)* 49436 42425 41428 40+24 33422 29+19 2414 <0.0001*
Tumor size =20 mm (%) 8 (11.8) 27 (20.3) 50 (27.8) 60 (22.8) 74 (33.0) 107 (41.0) 245 (50.3) <0.0001*
P-stage™*

plA (%) 11 (16.2) 25 (19.1) 44 (25.1) 58 (22.3) 101 (45.3) 116 (46.4) 202 (55.3)

plB 15 33 36 60 40 54 76

plIA 16 25 23 33 14 21 18

pliB 8 25 13 30 13 22 20

pllIA 15 32 40 72 37 36 43

pllB 0 4 3 | 9 0 0

N\ 3 7 16 6 9 | 5 <0.0001°

Notes: *Mean + SD; *¥86 cases were excluded since information about pathological lymph node metastasis was not available due to limited resection. *Kruskal-Wallis test;

bchi-square test.

Abbreviations: AD, adenocarcinoma; SQ, squamous cell carcinoma; LA, large cell carcinoma; ADSQ, adenosquamous carcinoma; SM, small cell carcinoma; CA, carcinoid;

P-stage, pathological stage.

lung periphery where adenocarcinomas develop. However,
we cannot explain the increase in lung adenocarcinomas
in Japanese or East Asian female patients for this reason
because most of these patients do not smoke.” Because the
number of Japanese male smokers has been decreasing, the
influence of environmental tobacco smoke suggested in some
Western countries® may be limited. Exposure to cooking
oils may be an important factor in causing lung cancer in

Table 2 Chronological changes in surgery for lung cancer

nonsmoking Chinese females,’ but this is not applicable to
Japanese females.

In the most recent nationwide surveillance for postsurgi-
cal outcomes in lung cancer by the Japanese Joint Committee
for Lung Cancer Registration, the postoperative 5-year OS
rate in 11,663 patients who underwent surgery in 2004 was
69.6%.'° In previous surveillance reports, the survival rate
was 51.9% in 1994 and 61.6% in 1999, which indicated

Period 1974-1984 1985-1989 1990-1994 1995-1999 2000-2004 2005-2009 2010-2014  P-value
Surgical method

Sublobar resection (%) 2 (2.9) 3(23) 10 (5.6) 8 (3.0) 14 (6.3) 28 (10.7) 185 (38.0)

Lobectomy 55 93 129 214 195 226 281

Pneumonectomy (%) I (16.2) 25 (18.8) 33 (18.3) 24 (9.1) 15 (6.7) 5(1.9) 18 (3.7)

Combined resection 0 (0.0) 12 (9.0) 8 (44) 17 (6.5) 0 (0.0) 2 (0.8%) 3 (0.6%) <0.0001*
30-day mortality (%) I (1.5) 6 (4.5) 4(2.2) 5(1.9) 3(1.3) 0 (0.0) 1 (0.2) 0.0071*
All surgery, n=1,616

OT (min)* 326179 318196 267194 284192 268176 249+84 171172 <0.0001°

IBL (mL)* 8741558 8671782 7171615 5881514 4531457 3071376 1211204 <0.0001°

5-year OS (%) 46.7 348 28.8 454 554 74.9 86.0 <0.0001°¢
Lobectomy, n=1,196

OT (min)* 322476 304485 262+78 281191 275+68 258+69 201+£59 <0.0001°

IBL (mL)* 8374545 6991470 6451508 563+535 4524455 3124365 149+166 <0.0001°

5-year OS (%) 522 41.9 338 53.4 59.1 735 87.8 <0.0001¢
Notes: *Mean + SD; *chi-square test; ®Kruskal-Wallis test; ‘log-rank test.

Abbreviations: OT, operative time; IBL, intraoperative blood loss; OS, overall survival.
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Figure | OS curves of all patients who underwent resection for lung cancer show
a significant survival difference between patients from 1974 to 2004 (n=868) and
those from 2005 to 2014 (n=748; log-rank test, P<0.0001).

Abbreviation: OS, overall survival.

gradual improvement every 5 years.'""'> The postoperative
30-day mortality rates also have been decreasing and were
1.4% in 1994, 0.9% in 1999, and 0.4% in 2004.!° Similar
periodical improvement in the OS and 30-day mortality
rates was found in the current study, which indicates that
our institutional results are similar to those for the typical
Japanese standard level of lung cancer surgery. Because
our data are based on the experience of a single institu-
tion, the potential for selection bias in our results should
be taken into consideration when applying the findings to
a larger population. Prospective multi-institutional studies
in selected representative sites in a region are ideal for
minimizing bias.

Internationally, 30-day mortality rates reported from
other countries are higher than those in Japan and were

11 2005-2014, n=318 [
0.8 L
1974-2004, n=239
0.6 L
)
(o]
0.4 -
P<0.0001
024 Patients in p-stage IA I
O -4 L
0 10 20 30 40 50 60

Months

Figure 2 OS curves of p-stage |A patients who underwent resection for lung cancer
show a significant survival difference between patients from 1974 to 2004 (n=239)
and those from 2005 to 2014 (n=318; log-rank test, P<0.0001).
Abbreviations: OS, overall survival; p-stage, pathological stage.

14 L
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Figure 3 OS curves of patients are significantly different among four surgical
methods including sublobar resection (wedge resection or segmentectomy), lobec-
tomy (including bilobectomy), pneumonectomy, and combined resection with
adjacent organs (log-rank test, P<<0.0001).

Abbreviation: OS, overall survival.

3.4% (2004-2009) in North America,'* 3.0% in England
(2004-2010),' 2.1% in Denmark (2007-2011)," and 3.0%
in Norway (2006-2007).'® The Japanese Board of General
Thoracic Surgery has certified 1,300 general thoracic sur-
geons (GTSs) since 2005, and the number of GTSs was
reported to be associated with lower 30-day mortality rates
in Japanese hospitals.'” Because there have been usually three
to six certified GTSs in our department, this certification
system appears to be working with respect to the safety and
efficacy of lung cancer surgery.

Drastic improvement in postsurgical OS can be explained
by multiple factors. First, the frequency of early-stage
detection of lung cancer has increased with the increasing
use of chest computed tomographic scanners in Japan, which
has led to an increasing proportion of patients diagnosed
as having p-stage IA disease.!® Organ-sparing sublobar
resection can be a curative operation for these early-stage
tumors.'® Second, the number of nonsmoking female patients
has increased. The OS in female patients is known to be
significantly better than that in male patients either after
complete resection or nonsurgical treatment in any disease
stages.?2! Third, continuous progress in less invasive lung
cancer surgery, including advanced techniques of video-
assisted thoracoscopic surgery (VATS), has resulted in
shortened operation time and decreased IBL. VATS was
introduced for use in lung cancer surgery in our department in
2005. We previously reported the close association between
a lower amount of IBL and better postsurgical OS in lung
cancer,” which suggests that recent less invasive surgery
may improve long-term survival. Accelerated aging of the
Japanese population is the main cause of the remarkable
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increase in older patients with lung cancer, which was also
observed in the current study. Because older patients often
have comorbidities, such as cardiopulmonary dysfunction,
organ-sparing sublobar resection is useful for these patients
to lower postsurgical morbidity and mortality. Fourth, prog-
ress in anesthesia and pre- and postsurgical care should con-
tribute to decreased perioperative mortality and morbidity.
Finally, advances in nonsurgical therapy for lung cancer,
such as molecular targeted therapy, chemotherapy, and
radiotherapy, may prolong survival of relapsed patients.”
Lung adenocarcinomas developed in Asian nonsmoking
patients frequently carry epidermal growth factor receptor
(EGFR) mutations that can be targeted by EGFR tyrosine
kinase inhibitors. Recent molecular targeted therapy and
advanced chemotherapy might contribute to improved OS
in relapsed patients, particularly for those treated during
the last 10 years. All these factors might have contributed
to the finding of improved postsurgical OS shown in the
current study.

Conclusion

The chronological changes in epidemiological factors and
a trend toward less invasive surgery were confirmed in the
treatment of resected lung cancers in our institution during
the 41-year study period. In particular, the improvement in
postsurgical OS during the period was remarkable. Thoracic
surgeons should monitor changes in the status of patients with
lung cancer and adjust the surgical strategies so that the best
outcomes can be achieved.
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