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Japanese Lung Cancer Registry Study of 11,663 Surgical
Cases in 2004

Demographic and Prognosis Changes Over Decade

Noriyoshi Sawabata, MD, PhD,* Etsuo Miyaoka, PhD,1 Hisao Asamura, MD, PhD,}

Yoichi Nakanishi, MD, PhD,§ Kenji Eguchi, MD, PhD,

] Masaki Mori, MD, PhD,9

Hiroaki Nomori, MD, PhD,# Yoshitaka Fujii, MD, PhD,** Meinoshin Okumura, MD, PhD,*
and Kohei Yokoi, MD, PhD77, for the Japanese Joint Committee for Lung Cancer Registration

Background: The Japan Lung Cancer Society, the Japanese Asso-
ciation for Chest Surgery, and the Japanese Respiratory Society
jointly established the Japanese Joint Committee for Lung Cancer
Registration, which has regularly conducted lung cancer registries
for surgical cases in 5-year periods. We analyzed data obtained in
these registries to reveal the most recent surgical outcomes and
trends related to lung cancer surgery in Japan.

Methods: Using data from the registry in 2010 for cases of surgery
performed in 2004, demographics, surgical results, and stage-spe-
cific prognoses were analyzed. In addition, trends for those param-
eters over 10 years were assessed.

Results: The 5-year survival rate for all cases (n = 11,663, 7369
males, mean age 66.7 years) was 69.6%. The 5-year survival rates
by c-stage and p-stage were as follow: IA, 82.0% (r» = 6295) and
86.8% (n = 4978); 1B, 66.8% (n = 2339) and 73.9% (n = 2552);
1A, 54.5% (n = 819) and 61.6% (n = 941); 1IB, 46.4% (n = 648)
and 49.8% (n = 848); IIIA, 42.8% (n = 1216) and 40.9% (n =
1804); IIIB, 40.3% (n = 90) and 27.8% (r» = 106); and IV, 31.4%
(n = 256) and 27.9% (n = 434), respectively. The percentages of
female patients, cases with adenocarcinoma, stage I or II disease,
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and tumors sized less than 2 c¢cm were increased, while those of
operative and hospital deaths were decreased. Furthermore, the
prognoses of all cases and cases in each stage improved over the
decade.

Conclusion: In Japanese cases of lung cancer surgery, demograph-
ics, surgical results, and stage-specific prognoses changed over the
10-year study period, while the S5-year survival rate for surgical
cases improved to 69.6% in 2004.

Key Words: Japan, Lung cancer, Surgery, Registry.
(J Thorac Oncol. 2011;6: 1229-1235)

Lung cancer is one of the leading causes of death in most
industrial countries.! As such, it is crucial to understand
the demographics, tumor-specific backgrounds, and progno-
ses by related factors and stage. In addition, elucidation of
trends for those parameters is helpful to compose strategies
for lung cancer treatment.

The Japan Lung Cancer Society, the Japanese Associ-
ation for Chest Surgery, and the Japanese Respiratory Society
jointly established the Japanese Joint Committee of Lung
Cancer Registry (JJCLCR), which has regularly conducted
nationwide registrations every 5 years for cases treated sur-
gically, with the results of cases treated in 1994 and 1999
published in English in 1999 and 2004, respectively.2* Fur-
thermore, additional studies related to specific issues encoun-
tered in registries for surgical cases in 1999, such as octoge-
narian cases,* pleural invasion,® gender,® and surgical
results,” have been published. In addition to the regular
registries, prospective enrollment and retrospective analyses
of surgical and nonsurgical cases treated in 2002 were per-
formed and the results published.® However, the investigated
points regarding preoperative parameters are limited in that
registry and fewer than those noted in the regular registry for
surgical cases conducted every 5 years.

A new regular nationwide registry for lung cancer cases
surgically treated in 2004 in Japan was conducted in 2010 by
the JJCLCR. This registry investigated detailed tumor node
metastasis (TNM) factors, thus it was possible to analyze the
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data using UICC-TNM ver. 7 (2009).° In this study, we
analyzed data obtained by these registries to reveal the most
recent surgical outcomes and trends related to lung cancer
surgery in Japan.

PATIENTS AND METHODS

The JJICLCR conducted a retrospective observational
study of patients who underwent surgery for lung cancer
between January 1, 2004, and December 31, 2004. The
committee asked the 605 teaching hospitals certified by
the Japanese Board of General Thoracic Surgery to join the
study, of which 253 (41.3%) participated. This registry was
opened on January 1, 2010, and closed on June 31, 2010. In
addition, 303 institutes (the number of invited institutes is
unknown) participated in the registry for cases in 1994 that
was performed in 2000, and 386 (75.2%) of 513 invited
institutes participated in the registry for cases in 1999 that
was performed in 2005.

The participating institutions took part in this registry
by accessing a web site established by the JJCLCR, after
receiving information that had been mailed to the 605 teach-
ing hospitals. Each participating institute was sent a universal
serial bus (USB) flash memory stick that contained software
to be used for the registry. Each institute was authorized to
use the registration form in the server located at the JJCLCR
office after entering their ID and password, which was also
mailed to the institution.

For these procedures, the JJCLCR used the secure
sockets layer protocol for communication and digest (most
reliable) certification, which was considered to be more
secure than postal mail. The data sheet containing the pa-
tient’s ID and registration no., used for anonymity in a
linkable fashion, was kept in the USB flash memory stick and
placed in a location that could be locked by each participating
institution. In addition, each USB flash memory stick was
coded with an individual serial key sent from the JJCLCR
office and known only by the institution. The JJCLCR com-
pleted confirmation of participation in the registry by the end
of 2009 and distributed the USB flash memory sticks to the
institutions in 2009.

This registry followed the ethical guidelines for epide-
miologic studies published jointly by the Japan Ministry of
Science, Culture, and Education and the Japan Ministry of
Health, Labor, and Welfare on June 17, 2002, which was
revised on August 16, 2007. In addition, it was approved by
the institutional review board of Osaka University Medical
Hospital, where the registry office is located, after discussions
published on August 13, 2009 (approval no. 09124).

Inclusion criteria were as follows: (1) pathological
(including cytology findings) diagnosis of any type of lung
cancer at a participating institution; (2) diagnosis obtained in
2004; and (3) treated by surgery. Patients with lung cancer
recurrence or metastasis were excluded. The following points
were investigated: (1) demographic background, (a) date of
registry, (b) gender, (c) birth month and year, (d) date of
diagnosis; (2) preoperative status, (a) Eastern Cooperative
Oncology Group performance status (PS), (b) preoperative
comorbidity, (c) smoking status, (d) status of serum tumor
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markers (CEA, SCC or CYFRA, SLX and NSE or Pro-GRP);
(3) clinical T factors, (a) tumor size, (b) status of invasion at
the main bronchus, (c) pleural invasion, (d) intrapulmonary
metastasis, (e) status of pleural effusion, (f) status of atelec-
tasis, (g) status of invaded organ; (4) clinical N factor (status
of lymph nodes); (5) clinical M factor (metastasized organ);
(6) surgery, (a) induction therapy, (b) operation, (c) place of
tumor origin, (d) extent of lymph node removal, (e) gross
curative status, (f) status of residual rumor, (g) lavage cytol-
ogy findings, (h) combined resection; (7) postoperative mor-
bidity; (8) tumor histology; (9) adjuvant therapy; (10) path-
ological T factors, (a) tumor size, (b) extent of bronchial
involvement, (c) pleural invasion, (d) intrapulmonary metas-
tasis, (e) status of pleural effusion, (f) pleural dissemination,
(g) status of pleural effusion, (h) status of atelectasis, (i)
status of invaded organ; (11) pathological N factor (status of
removal of and metastasis to each lymph node); and (12)
pathological M factor (metastasized organ). The extent of
resection (exploration, RO, R1, or R2) was also registered.

Tumor size, detailed T factors, and lymph node status
were classified using both UICC-TNM ver. 6 (1999)!1° and
UICC-TNM ver. 7 (2009).° For this classification, the #10
lymph node of the Naruke map was converted to #7 of
UICC-TNM ver. 7 (2009). To comprehend demographic and
prognostic alterations over a decade, data from the Japanese
nationwide registries in 1994 and 1999 are also presented.
The data quoted were taken from official reports of the
JICLCR published in 2002!! and 2005.2 Data from the
submitted cases were stored and converted to excel files,
which were transferred to a JJCLCR member biological
statistician (E.M.), who independently reviewed the files for
cases from 1994, 1999, and 2004. The follow-up period was
defined as the time from the date of surgery to the latest
follow-up examination. Survival period was defined as the
number of months from the day of surgery to the day of death
or the latest day of confirmed survival. Cases of death
immediately after the operation were included. Survival
curves were estimated according to the Kaplan-Meier method
for the subsets clinical stage, pathological stage, sex, and
histological subtype of tumor. Differences in survival were
tested using the log-rank method. A p value less than 0.05
was considered to be statistically significant.

RESULTS

The number of registered cases was 11,663, which were
provided by 253 institutions. Demographic backgrounds are
shown in Table 1. In 2004, there were 7369 males and 4294
females registered, with a mean age of 66.7 years (range,
14-91), a follow-up period that ranged from 2 to 78 months
(median, 58 months), and a percentage of PS 0 or 1 of 96.7%.
The rates of female patients, mean age, and percentage of PS
0 or 1 showed increasing trends. As shown in Table 2, the
most frequent tumor histology in 2004 was adenocarcinoma,
followed by squamous cell carcinoma, although the ratio of
adenocarcinoma was increasing and that of squamous cell
carcinoma was decreasing. Induction chemotherapy was per-
formed in 518 (4.4%) and adjuvant therapy in 2903 (24.9%)
cases. The rate of anti-epidermal growth factor receptor is

Copyright © 2011 by the International Association for the Study of Lung Cancer
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unknown, as it was not noted. The rate of RO was 93.6% in
2004, 88.5% in 1999, and 80.4% in 1994. In addition, the
5-year survival rate (5-YSR) for each histology type im-
proved. Moreover, the rate of small-sized tumor cases was
also increasing, as the rates of tumors sized less than 1 and 2
cm were 9.1% and 36.9%, respectively (Table 3).

Clinical and pathological TNM factors based on UICC-
TNM ver. 6 (1999) are shown in Table 4. In 2004, clinical T1
diseases comprised more than half of the cases, and the rate
of clinical NO disease was greater than 80%. Both showed

increasing trends as compared with the 1999 results. Further-
more, a similar trend was shown in the pathological classifi-
cation based on UICC-TNM ver. 6 (1999). Clinical and
pathological stages based on UICC-TNM ver. 7 (2009) are
shown in Table 5, while the distributions of clinical and
pathological stages based on UICC-TNM ver. 6 (1999) and
UICC-TNM ver. 7 (2009) are presented in Table 6. In 2004,
the rate of clinical stage TA disease was greater than 50%,
while that of pathological IA disease was less than 50%.
The trends for survival for all cases and each stage are
also shown in Table 6. In 2004, the 5-YSR for all cases was
69.6%, which showed an improving trend for both total cases
and each stage. The c-stage and p-stage (UICC-TNM ver. 7,

TABLE 1. Demographics °
2009) specific 5-YSRs were as follows: 1A, 82.0% (n =
}f‘("’/“) :?9/9) ,}?09/;‘) 6295) and 86.8% (n = 4978); IB, 66.8% (n = 2339) and
73.9% (n = 2552); 1A, 54.5% (n = 819) and 61.6% (n =
Total 11,663 (100.0) 13,344 (100.0) 7393 (100.0) 941); 1IB, 46.4% (n = 648) and 49.8% (n = 848); IIIA,
Gender 42.8% (n = 1216) and 40.9% (n = 1804); I1IB, 40.3% (n =
Male 7369 (63.2) 8878 (66.5) 5154 (69.7) 90) and 27.8% (n = 106); and IV, 31.4% (n = 256) and
Female 4294 (36.8) 4344 (32.6)  2197(29.7) 27.9% (n = 434), respectively (Table 7). The survival curves
Missing 0(0.0) 122 (09 42(0.6) based on clinical and pathological stages determined with the
Age (y) modified UICC-TNM ver. 7 (2009) are shown in Figures 1
10-19 4(0.0) 2.1 2(0.0) and 2, respectively. For clinical stage, there were no
20-29 12 (0.1) 15 (0.1) 17 (0.2)
30-39 85 (0.7) 122 (0.9) 84 (1.1)
40-49 495 (4.2) 7B31G3) 512 (6.9) TABLE 3. Tumor Size in Detail
50-59 2065 (17.7) 2312 (17.3) 1334 (18.0)
60-69 3713 (31.8) 4610 (34.5) 2984 (40.4) 2004
70-79 4584 (39.3) 4823 (36.1) 2222 (30.1) Tumor Clinical Pathological 1999 1994
80-89 701 (6.0) 598 (4.5) 232 (3.1) Size (cm) n (%) n (%) n (%) n (%)
=90 4(0.0) 4(0.0) 1(0.0) =1.0 983 (8.4) 1057 (9.1) 746 (5.6) 249 (3.4)
Missing 0(0.0) 120 (0.9) 5(0.1) 1.1-1.5 1352 (11.6) 1459 (12.5) 1227 (9.2) 526 (7.1)
Mean = SD 66.7 = 9.9 65.8 £9.8 64.5 9.7 1.6-2.0 2038 (17.5) 1787 (15.3) 1972 (14.8) 942 (12.7)
Performance status 2.1-2.5 1599 (13.7) 1730 (14.8) 1824 (13.7) 952 (12.9)
0 9608 (82.4) 10158 (76.1) NA 2.6-3.0 1409 (12.1) 1336 (11.5) 1527 (114) 926 (12.5)
1 1688 (14.5) 2319 (174) NA 3.1-4.0 2248 (19.3) 2091 (17.9) 2693 (20.2) 1621 (21.9)
2 154 (1.3) 230 (1.7) NA 4.1-5.0 970 (8.3) 1014 (8.7) 1426 (10.7) 887 (12)
3 34(0.3) 21(0.2) NA 5.1-6.0 468 (4.0) 497 (4.3) 740 (5.5) 510 (6.9)
4 1(0.0) 0(0.0) NA 6.1-7.0 358 (3.1 375 (3.2) 949 (7.1) 727 (9.8)
Unknown 178 (1.5) 0(0.0) NA =71 238 (2.0) 317 (2.7)
Missing 0(0.0) 616 (4.6) NA Missing 0(0.0) 0 (0.0) 240 (1.8) 53 (0.7)
NA. not assessed, Total 11,663 (100.0) 11,663 (100.0) 13,344 (100.0) 7393 (100.0)
TABLE 2. Tumor Histology and Survival
2004 1999 1994
n (%) 5-YSR (%) n (%) 5-YSR (%) n (%) 5-YSR (%)
Total 11,663 (100.0) 13,344 (100.0) 7393 (100.0)
Tumor histology
Adenocarcinoma 7921 (67.9) 74.9 8239 (61.7) 673 4116 (55.7) 56.0
Squamous cell carcinoma 2600 (22.3) 59.1 3700 (27.7) 523 2441 (33.0) 48.6
Large cell carcinoma 387 (3.3) 53.3 474 (3.6) 455 266 (3.6) 46.7
Adenosquamous cell carcinoma 225(1.9) 50.8 207 (1.6) 42.1 185 (2.5) 35.7
Small cell carcinoma 243 (2.1) 52.6 390 (2.9) 48.1 248 (3.4) 36.7
Others 224 (2.0) NA 265 (2.0) NA 129 (1.8) NA
Missing 0 (0.0) 69 (0.5) 8 (0.1)

NA, not assessed; 5-YSR, S-year survival rate.
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TABLE 4. TNM Distribution by UICC-TNM ver. 6 (1999)
2004 1999 1994
n (%) n (%) n (%)
Total 11,663 (100.0) 13,344 (100.0) 7393 (100.0)
c-T ver. 6
T1 6780 (58.1) 6586 (49.4) 3162 (42.8)
T2 3840 (32.9) 5066 (38.0) 3092 (41.8)
T3 659 (5.7) 1111 (8.3) 786 (10.6)
T4 384 (3.3) 521 (3.9) 317 (4.3)
X 60 (0.4) 14 (0.2)
Missing 22(0.3)
c-N ver. 6
NO 9733 (83.5) 10,164 (76.2) 4904 (66.3)
N1 936 (8.0) 1211 (9.1) 874 (11.8)
N2 939 (8.1) 1789 (13.4) 1458 (19.7)
N3 55 (0.5) 99 (0.7) 131 (1.8)
NX 0 (0.0) 81 (0.6) 26(0.3)
c-M ver. 6
MO 11,458 (98.2) 13,022 (97.6) 7208 (97.5)
Ml 131 (L.1) 210 (1.6) 167 (2.3)
MX 74 (0.6) 112 (0.8) 14 (0.2)
p-T ver. 6
Tl 6459 (55.4) 6022 (45.1) 2925 (39.6)
T2 3685 (31.6) 4654 (34.9) 2854 (38.6)
T3 703 (6.0) 1120 (8.4) 781 (10.6)
T4 816 (7.0) 1217 (9.1) 771 (10.4)
X 131 (1.0) 35(0.5)
Missing 0 (0.0 200 (1.5) 27 (0.4)
p-N ver. 6
NO 8932 (76.6) 9163 (68.7) 4464 (60.4)
N1 1133 (9.7) 1587 (11.9) 980 (13.3)
N2 1550 (13.3) 2333 (17.5) 1616 (21.9)
N3 48 (0.4) 140 (1.0) 126 (1.7)
NX 201 (1.8)
Missing 0 (0.0) 121 (0.9) 6(0.1)
p-M ver. 6
MO 11,407 (97.8) 12,838 (96.2) 7092 (95.9)
M1 188 (1.6) 407 (3.1) 275 (3.7)
Mx 68 (0.6) 18 (0.2)
Missing 0 (0.0) 99 (0.7) 8(0.1)

TNM, tumor, node, metastasis.

statistically significant differences between IIB and IITA
(p = 0.5), IIIA and IIIB (p = 0.7), IIB and IIIB (p = 0.5),
and IIIB and IV (p = 0.08), whereas for pathological stage,
there was no statistically significant difference between
IIIB and IV (p = 0.9).

Postoperative morbidity and mortality are shown in
Table 8. In 2004, the rate of severe postoperative compli-
cations (greater than National Cancer Institute Common
Toxicity Criteria grade 3) had decreased from the former
registry in 1999. Furthermore, the rate of operation-related
deaths showed a decreasing trend, as the percentage of
operative deaths (death within 30 days after the operation)
was 0.4% and that of hospital deaths was 0.4% in the 2004
registry.
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TABLE 5. TNM Distribution by Modified UICC-TNM ver. 7
(2009)
2004
n (%)
c-T ver. 7
Tla 4147 (35.6)
Tlb 2649 (22.7)
T2a 3191 (27.4)
T2b 509 (4.4)
T3 1008 (8.6)
T4 159 (1.4)
c-N ver. 7
NO 9733 (83.5)
N1 764 (6.6)
N2 1111 (9.6)
N3 55(0.5)
c-M ver. 7
MO 11,337 (97.2)
Mla 177 (1.5)
Mib 79 (0.7)
Mx 70 (0.6)
p-T ver. 7
Tla 3598 (30.9)
Tlb 2051 (17.6)
T2a 3887 (33.3)
T2b 533 (4.6)
T3 1376 (11.8)
T4 218 (1.9)
p-N ver. 7
NO 8932 (76.6)
N1 908 (7.8)
N2 1775 (15.2)
N3 48 (0.4)
p-M ver. 7
MO 11,166 (95.7)
Mla 345 (3.0)
Ml1b 89 (0.8)
Mx 63 (0.5)

For the N classification, all #10 lymph nodes in the Naruke map were converted to
#7 in UICC-TNM ver. 7 (2009).
TNM, tumor, node, metastasis.

DISCUSSION

In cases of lung cancer that underwent surgery in Japan,
demographics and stage-specific prognoses changed in the
decade studied. In that time period, the percentages for
female patients, adenocarcinoma, small-sized tumors (<2
cm), and aged patients increased, whereas the rate of surgery-
related deaths decreased to only 0.8%. With those changes,
the 5-YSR in 2004 of all lung cancer patients who underwent
surgery was 69.6%.

A retrospective study of a large number of surgical
cases carried out by JJCLRC in 2004 showed that gender is
a prognostic indicator.?> A more detailed analysis using the
same registry data showed that women with non-small cell
lung cancer, especially with adenocarcinoma histology, had
better survival than men and were more likely to have stage

Copyright © 2011 by the International Association for the Study of Lung Cancer
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TABLE 6. Stage Distribution and Specific Survival by UICC-TNM ver. 6 (1999)
Ver. 6
2004 1999 1994
n (%) 5-YSR (%) n (%) 5-YSR (%) n (%) 5-YSR (%)
Total 11,663 69.6 13,344 61.6 7238 51.9
C-stage
IA 6295 (54) 82 5939 (45) 77 2618 (30.2) 71.5
1B 2788 (23.9) 63.4 3242 (24.5) 60.1 1646 (23) 50.1
A 203 (1.7) 55.4 226 (1.7) 53.8 169 (2.4) 478
1B 899 (7.7) 48.6 1304 (9.9) 43.6 793 (11.1) 404
A 940 (8.1) 433 1723 (13) 38 1385 (19.3) 34.6
1B 407 (3.5) 41.6 567 (4.3) 33.6 395 (5.5) 27.6
v 131 (1.1 29.1 211 (1.6) 27 162 (2.3) 19.9
Missing 0(0) 132 (1) 70
P-stage
1A 5611 (48.1) 85.9 5007 (38.2) 833 2142 (30.4) 79.2
1B 2398 (20.4) 69.3 2803 (21.4) 66.4 1488 (21.1) 60.1
A 336 (2.9) 60.9 400 (3) 60.1 261 (3.7) 58.6
1IB 977 (8.4) 51.1 1388 (10.6) 47.2 785 (11.1) 42.2
A 1354 (11.6) 41 1944 (14.8) 32.8 1337 (19) 28.4
I11B 799 (6.9) 36.7 1179 (9) 30.4 759 (10.8) 20
v 188 (1.6) 27.8 397 (3) 232 275 (3.9) 19.3
Missing 00 226 (1.7) 191 (2.6)
TNM, tumor, node, metastasis; 5-YSR, 5-year survival rate.
Survival Function
TABLE 7. Stage Distribution and Specific Survival by
Modified UICC-TNM ver. 7 (2009)
Ver. 7 2
2004 a
2
n (%) 5-YSR (%) g
Total 11,663 69.6 T;s
C-stage =
1A 6295 (54) 82 @
IB 2339 (20.1) 66.1 21
A 819 (7) 545 N
1B 648 (5.6) 46.4 00
A 1216 (10.4) 42.8 0 1 2 3 4 5
1B 90 (0.1) 403 years
v 256 (2.2) 314 FIGURE 1. Clinical stage-specific survival curves by UICC-
Missing 0 (0) TNM ver. 7 (2009). The log-rank test results were not signifi-
P-stage cantly different between 1B and HIA (p = 0.5), HIA and 1B
1A 4978 (42.7) 86.8 (p = 0.7), IB and B (p = 0.5), and IlIB and IV (p = 0.08).
IB 2552 (21.9) 73.9 For the N classification, all #10 lymph nodes in the Naruke
A 941 (8.1) 61.6 map were converted to #7 in UICC-TNM ver. 7 (2009).
B 848 (7.3) 49.8
A 1804 (15.5) 40.9
B 106 (0.9) 27.8 IA disease, which might account for their better prognosis.
v 434 (3.7) 27.9 However, another study of propensity score-matched gender
Missing 0 (0) patients found no survival advantage.!® Thus, the increase in

For the N classification, all #10 lymph nodes in the Naruke map were converted to
#7 in UICC-TNM ver. 7 (2009).
TNM, tumor, node, metastasis; 5-YSR, 5-year survival rate.

Copyright © 2011 by the International Association for the Study of Lung Cancer

number of females with adenocarcinoma may have contrib-
uted to the improvement of survival rate in the current
JICLCR registry.
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FIGURE 2. Pathological stage-specific survival curves by

UICC-TNM ver. 7 (2009). The log-rank test results were not
significantly different between 1lIB and IV (p = 0.9). For the
N classification, all #10 lymph nodes in the Naruke map
were converted to #7 in UICC-TNM ver. 7 (2009).

TABLE 8. Postoperative Results
2004 1999 1994
n (%) n (%) n (%)
Total 11,663 (100.0) 13,344 (100.0) 7393 (100.0)
Postoperative complications
(grade > 3)
+ 523 (4.5) 1422 (10.7) NA
- 11,140 (95.5) 11,913 (89.3) NA
Unknown 0 (0.0) 9(0.1) NA
Causes of death
Operative death (<30 d) 48 (0.4) 123 (0.9) 101 (1.4)
Hospital death (=30 d) 46 (0.4) 146 (1.1) 122 (1.7)
Original cancer 2459 (21.1) 3397 (25.4) 2635 (35.6)
Other cancer 215(1.8) 183 (1.4) 124 (1.7)
Other disease 570 (4.9) 680 (5.1) 461 (6.2)
Unknown 87 (0.7) 169 (2.3) 272 (1.9)

NA, not assessed.

Alteration of tumor size may also have contributed to
survival in the JICLCR registry. Tumor size itself is a
prognostic factor, as that less than 2.0 cm was reported to
be an indicator of good survival in NOMO patients in the
International Association for the Study of Lung Cancer
staging project presented in 2007, in which the 5-YSR was
77%.14 Thus, a tumor sized less than 2.0 cm is classified as
Tla in UICC-TNM ver. 7 (2009).6 In the current Japanese
registry of surgical cases treated in 2004, pathological
findings showed that the ratio of tumors sized less than 2.0
cm was 36.9% and that of those less than 1.0 cm in size
was 9.1%, which indicated a gradual increase from 1994
and might be attributable to recent widespread use of
computed tomography in Japan.!s

In our study, the percentage of patients older than 70
years gradually increased from 1994. The 5-YSR of those
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aged patients was worse than that of younger patients.3.”
However, the 5-YSR of aged patients is improving,” while
their number has been estimated to increase in the future.!6
The contribution of those changes to the prognosis of patients
with lung cancer who undergo surgery must be carefully
watched.

Regardless of the increasing number of patients older
than 70 years, the postoperative mortality and morbidity rates
improved in the recent registry of surgical cases in Japan.
This improvement may be related to the increase in cases of
small-sized early-stage lung cancer, which can be treated by
less invasive surgery. Furthermore, the decrease in percent-
age of postoperative deaths may also contribute to the recent
trend of good survival.

The results of the current registry of surgical cases
treated in 2004 in Japan include data from selected edu-
cational hospitals that participated in the registry. How-
ever, clinical diagnosis methods have recently changed,
including widespread use of PET-CT, thus selection bias
and “Will Rogers phenomenon” should be considered.
Nevertheless, the data presented here provide an important
reference source, as a large number of patients were
registered and analyzed.
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Surgical Outcome of Stage IlIA- ctN2/pN2 Non-Small-Cell
Lung Cancer Patients in Japanese Lung Cancer Registry
Study in 2004
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Background: The role of surgery in the treatment of non—small-cell
lung cancer (NSCLC) with clinically manifested mediastinal node
metastasis is controversial even in resectable cases because it is often
accompanied by systemic micrometastasis. However, surgery is occa-
sionally indicated for cases with single-station N2 disease or within
multimodal treatment regimens, and in clinical trials. The aim of this
study is to evaluate surgical outcomes in a modern cohort of patients
with clinical (c-) stage IIIA-N2 NSCLC whose nodal metastasis was
confirmed by pathology (cN2/pN2).

Methods: From the central database of lung cancer patients under-
going surgery in 2004, which was founded by the Japanese Joint
Committee for Lung Cancer Registration, data of patients having all
conditions of NSCLC, c-stage IITA, cN2, and pN2 were extracted,
and the clinicopathologic profile of patients and surgical outcomes
were evaluated.

Results: Among 11,663 registered NSCLC cases, 436 patients
(3.8%) (332 men and 104 women) had been extracted. Their mean
age was 65 years, and histologic types included adenocarcinoma (n =
246), squamous cell carcinoma (n = 132), and others (n = 58). The
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proportion of RO resection was 82.5% and the proportion of the hos-
pital deaths among the cause of death was 2.3%. The 5-year survival
rate was 30.1% for the selected group of patients. The postoperative
prognosis was significantly better than those of corresponding popu-
lations extracted from the 1994 (p = 0.0001) and 1999 databases (p
=0.0411). Men and women experienced a significantly different sur-
vival outcome (p = 0.025) with 5-year survivals of 27.5% and 37.8%,
respectively. Single-station N2 cases occupied 60.9 % of the cohort
and showed a significantly better prognosis than multistation N2 (p =
0.0053, 35.8 % versus 22.0 % survival rate at 5 years).
Conclusions: The surgical outcomes of c-stage ITIA-cN2/pN2
NSCLC patients in 2004 were favorable in comparison with those
ever reported.

Key Words: Non—small-cell lung cancer, Mediastinal node metas-
tasis, Surgery.

(J Thorac Oncol. 2012;7: 850-855)

Surgery is not a generally accepted option for non—small-
cell lung cancer (NSCLC) patients with clinically mani-
fested mediastinal lymph node metastasis (cN2/pN2), because
the presence of N2 metastasis is believed to be indicative of
systemic disease. In reports published in the 1980s through
the early 1990s," surgery for c-stage IITA-N2 often failed to
result in local control and was often followed by early appear-
ance of distant metastasis, even after complete resection.
Since the 1990s, numerous researchers have reported clinical
trials of induction chemotherapy or chemoradiotherapy fol-
lowed by surgery®S; however, the role of surgery in the treat-
ment strategy for the disease is still controversial. A recent
large-scale trial, the North American Intergroup Trial 0139,
demonstrated that surgery after induction chemoradiotherapy
can be beneficial if lobectomy is adequate for complete resec-
tion, although overall survival (the primary end point) in the
trimodal regimen group was equivalent to that in the chemo-
radiotherapy group. Adjuvant chemotherapy is another poten-
tial option; however, whether ctN2/pN2 cases derive the same
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Surgery for cN2/pN2 NSCLC

Journal of Thoracic Oncology ° Volume 7, Number 5, May 2012

survival benefit from adjuvant chemotherapy as that reported
for cNO-1pN2 cases has not yet been clarified.'®!!

In Japan, a nationwide database has been managed by
the Japanese Joint Committee of Lung Cancer Registration
since 1989. Annual surgical series are collected at 5-year
intervals, and surgical outcomes have been analyzed and
reported.**** Since then, there has been an increase in the pro-
portions of patients who are women, have stage IA disease
and adenocarcinoma, and 5-year survival rates have gradually
improved from 52.6% in 1994,'2 to 61.8% in 1999," and to
69.7% in 2004.** Such results clearly indicate that the clinical
profile of lung cancers is dramatically changing in Japan. If
so, and even if progress in radiological work-up biases can-
didates for surgery, the surgical outcomes of a modern series
of c-stage IIIA-cN2/pN2 NSCLC patients should be reevalu-
ated. In this study, stage III NSCLC patients with clinically
manifested and pathologically proven N2 were collected from
a nationwide registry data of resected lung cancer in Japan,
and retrospectively investigated.

PATIENTS AND METHODS

Patients

In 2010, the Japanese Joint Committee of Lung Cancer
Registry performed a nationwide retrospective survey for
primary lung neoplasms resected in 2004. Data from 11,663
patients who were followed up for 5 years were registered from
253 teaching hospitals. Of these patients, data from those with
all conditions of histologically confirmed NSCLC, c-stage
IIIA, cN2, and pN2 were extracted from the master database,
and the clinicopathologic profiles of patients and surgical out-
comes were evaluated. In addition, the data were compared
to those of similar populations from the 1994 and 1999 data-
bases. The c-stage and p-stage were determined according to
the 6th edition of the Union Internationale Contre le Cancer-
TNM staging system,'® and tumor histology was categorized
according to the World Health Organization Classification.
A number of mediastinal node stations where metastases were
recognized by surgical pathology were classified as single- or
multistation. Each nodal station was determined according to
Naruke’s map.'”

Statistical Analysis

Differences in clinicopathologic demographic variables
were evaluated by the x? test or Fisher’s exact test as appropri-
ate. The survival time was defined as time from the date of
surgery to the date of the last follow-up. The survival curves
were estimated by the Kaplan-Meier method. Differences in
survival were assessed by the log-rank test. A multivariate
analysis for prognostic factors was performed by the Cox pro-
portional hazards regression model. Statistical significance
was considered to be established when the associated p-value
was less than 0.05.

TABLE 1. Demographic Data of c-stage IIA-cN2/pN2
Patients
Category Number of Patients (%)
Year of
Registry 2004 1999 1994
Total 436 (100) 823 (100) 580 (100)
Sex
Male 332(76.1) 633 (78.0) 438 (75.5)
Female 104 (23.9) 179 (21.7) 141 (24.3)
Unknown 11 1
Age (yrs)
59 107 24.7) 214 (26.0) 167 (28.8)
60-69 152 (34.9) 321 (39.0) 225 (38.8)
70-79 156 (35.8) 249 (30.3) 179 (30.9)
80 21(4.3) 21 (2.6) 8(1.4)
Unknown 18 1
Histologic type
Adeno 246 (56.4) 458 (55.7)° 291 (50.2)
Squ. 132 (30.2) 290 (35.2) 232 (40.0)
Other 58 (13.3) 75(9.1) 57 (9.8)
cT-factor
Tl 137 (31.4) 183 (22.2)% 112 (19.3y
T2 226 (51.8) 490 (59.5) 349 (60.2)
T3 73 (16.7) 150 (18.2) 119 (20.5)
pT-factor
T0-1 116 (26.6) 161 (25.0) 98 (17.0)y
T2 203 (46.6) 410 (49.8) 286 (49.6)
T3 68 (15.6) 118 (14.3) 92 (15.9)
T4 49 (11.2) 123 (14.9) 101 (17.5)
Unknown 3
Type of surgery
Pn. 46 (10.6) 115 (14.0)* 114 (19.8)*
Lob./bilob. 332 (76.1) 656 (80.6) 442 (76.7)
Sublob. 30(6.9) 41 (5.0) 20 (3.4)
Other 28 (6.4) 2(0.2) 0(0.0)
Unknown 11 4
Residual disease
RO 353 (82.5) 661 (80.3) 443 (77.4)
R1/2 75(17.5) 130 (19.7) 120 (21.0)
Unknown 8 32 17
Perioperative treatment
Induction 108 141 (17.4) 53(9.1)
(24.8)¢
Adjuvant 151 (34.6) — —
None 137 (31.4) — —
Cause of death
All 278 (63.8) 539 (65.5) 446 (76.9)
Hospital 10 (2.3) 30 (3.6) 32 (5.5)
Lung cancer 241 (55.3) 445 (54.1) 366 (63.1)
Other 27 (6.2Y 59(7.2) 43 (7.3)

“Statistically significant difference (p < 0.05) compared to 2004.

*Statistically significant difference (p < 0.01) compared to 2004.

“Includes 20 exploratory thoracotomies.

“Eighty-four patients received chemotherapy, 23 received chemoradiotherapy, and
1 received other radiotherapy.

*Thirty-eight patients received oral chemotherapy.

/Includes deaths related to other cancers (n = 7), deaths related to noncancerous
disease (n = 18), and deaths with unknown causes (n = 2).
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RESULTS

Patient Profiles

Among 11,663 registered lung cancer patients, 800 cases
of c-stage IITA/ ¢cN2/NSCLC were included. Of them, p-NO,
1, 2, and 3 were 271, 75, 436, and 18 patients, respectively,
and the 436 cN2/pN2 patients were analyzed in this study.
Patients with single- and multistation N2 were 235 and 151,
respectively, and no information was available in the other 34.
Demographic data for the patients are summarized in Table 1.
These patients represented 3.8% ofall 11,423 NSCLC patients
in the 2004 registry, and comprised 332 men and 104 women.
The mean age was 65.0 years, and 40.6% of patients were 70
years old or more. Histologic types include adenocarcinoma
(n = 246), squamous cell carcinoma (n = 132), large cell car-
cinoma (n = 23), adenosquamous cell carcinoma (n = 17), and
others (n = 18). Induction treatments such as chemotherapy
and chemoradiotherapy were administered to 108 patients
(24.8%), and adjuvant chemotherapy including oral tegafur/
uracil was given to 151 patients (34.6%). Surgical procedures
included pneumonectomy (n = 46), lobectomy/bilobectomy
(n = 332), sublobar resection (n = 30), and exploratory tho-
racotomy (n = 20); RO surgery was achieved in 361 patients
(82.5%). Overall, 278 patients died during the 5-year follow-
up period. Of these, 10 deaths (2.3%) occurred in the hospital
after surgery and 6 deaths (1.4%) occurred within 30 days after
surgery. Patient profiles were compared to those of patients
with the same disease stage from previous registry data (Table
1). A total of 540 and 823 patients were collected from the
1994 and 1999 databases, respectively, which represented
6.5% and 8.7% of the entire registry population, respectively.
The 2004 cohort was characterized by a larger proportion of
adenocarcinoma, more advanced age, less advanced clinical
and pathologic T factors, and less pneumonectomy. In fact,
the proportion of patients who underwent pneumonectomy
in 2004 was almost half that of 1994. The RO surgery rate
tended to increase, but not to a statistically significant degree.
Although statistical analysis could not be performed for “peri-
operative treatment” because adjuvant chemotherapy data
were not collected until 1999, the proportion of patients who
underwent induction treatment tended to increase.

Survival

The overall 5-year survival rate in the 2004 cohort
was 30.1%, whereas that of 1994 and 1999 was 19.9% and
24.5%, respectively. When the survival curves were compared,
the 2004 cohort was significantly better than the 1994 (p =
0.0001) and 1999 cohorts (p = 0.0411) (Fig. 1). The 5-year
survival rates were 33.4% in 353 patients with RO surgery,
21.7% in 24 patients with R1 surgery, and 0.0% in 51 patients
with R2 surgery. The differences in survival between the R1
group and R2 groups and also between the R0 and R2 groups
were statistically significant (p = 0.0098 and p < 0.0001,
respectively), whereas no significant difference was found
between the RO and R1 groups (p = 0.6423) (Fig. 24). The
S-year survival rate was for 27.5% for men was and 37.8%
for women. The survival experience was significantly bet-
ter for women than for men (p = 0.025) (Fig. 2B). As to the

852

number of metastasized stations, there was a significant differ-
ence between single-station and multistation N2 patients (p =
0.0053) with the respective 5-year survival rates being 35.8%
and 22.0% (Fig. 2C). Five-year survival rates were 28.1% in
105 patients who received induction treatment, 27.8% in 150
patients who received adjuvant chemotherapy, and 33.7% in
137 patients who underwent surgery alone.

DISCUSSION

Surgery is rarely indicated initially for c-stage IIIA-N2
NSCLC, because the disease is predisposed to possess serious
local tumor burden and latent systemic disease. Surgery for
cN2/pN2 resulted in a 5-year survival rate of approximately
10% 20 to 30 years ago'? (Table 2). Reasons for this unfavor-
able prognosis included a high incidence of incomplete resec-
tion because of malignant pleurisy or extra nodal invasion, and
of early recurrence in distant organs; 5-year survival was only
20% even in cases of complete resection.>* Currently, many
clinicians regard concurrent chemoradiotherapy as a standard
care for resectable c-stage IIIA-N2 NSCLC, because a 20%
S-year survival rate has been achieved even for unresectable
cases.’®” In our analysis of the 2004 nationwide registry,
however, the outcome of 137 patients who underwent surgery
alone showed 34% 5-year survival rate, which is more favor-
able in comparison with those of the early studies'™ or com-
parable to those of combined modalities™ (Table 2). Although
retrospectively analyzed, the present data are important as
they reflect modern surgery results for cN2/pN2 NSCLC. One
possible explanation for the above results is that selection of
surgical candidate would have been sophisticated. The 2004
cohort was also characterized by less advanced T-parameter
values and a smaller proportion of patients who underwent
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FIGURE 1. Survival curves for c-stage N2/pN2 non-small-

cell lung cancer patients collected from the Japanese Lung
Cancer Registry in 1994, 1999, and 2004. The postoperative
5-year survival rates of 554 patients in 1994, 823 patients in
1999, and 436 patients in 2004 were 19.9%, 24.5%, and
30.1%, respectively. Significant differences were observed
between each series by log-rank test; p values were 0.0063
between 1994 and 1999, <0.0001 between 1994 and 2004,
and 0.0411 between 1999 and 2004.
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FIGURE 2. Survival curves for subpopulations of c-stage N2/pN2 non-small-cell lung cancer patients from the 2004 registry.
A, Male and female survival curves. The 5-year survival rates were 27.5% in 324 males and 37.8% in 104 females; this difference
was statistically significant (p = 0.0245). B, Subpopulations categorized by level of residual disease. The 5-year survival rates
were 33.4% in 353 RO patients, 21.7% in 24 R1 patients, and 0.0% in 51 R2 patients; the differences between R1 patients and
R2 (p = 0.0098) and between RO and R2 patients (p < 0.0001) were statistically significant, whereas no significant difference
was observed between RO and R1 patients (p = 0.6423). C, Single- and multistations N2. The 5-year survival rates were 35.8%
in 235 patients with single-station N2 and 22.0% in 157 with multistation N2; this difference was statistically significant

(p = 0.0053).

pneumonectomy. In 2004, 10.4% of the patients underwent
pneumonectomy, compared to 14.0% in 1999 and 20.0% in
1994; thus, it seems that even among cN2/pN2 cases, less
advanced cases were selected for surgery. The decreased rate
of pneumonectomy may result in decreased hospital mortality.
Actually, the series of the Japanese nationwide registry clearly
revealed a time trend for improved survival of the stage IIIA-
cN2/pN2 disease (Fig. 1). Several types of N2 cases, such as
single-station or single-node N2 cases, have experienced a
good prognosis after surgery.?**! The Japan Clinical Oncology
Group conducted a questionnaire study regarding outcomes
in stage IIJA-pN2 patients who underwent complete resection

from 1992 to 1993.2! Five-year survival rates were 31% for
all pN2 cases, 27% for cN2 cases, and 43% for single-station
N2 cases. In our series, the 5-year survival rate of single-sta-
tion pN2 was also significantly higher than that of multista-
tion pN2, and a proportion of single-station pN2 was 61 % in
this study that was relatively higher than 52 % of the Japan
Clinical Oncology Group study, which suggests that such a
single-station N2 was likely to be selected for surgery in Japan
of 2004.

Increase of adenocarcinoma may be another reason
for the surgical results because the histology is associated
with favorable prognosis.'*!* Thus, recent cN2/pN2 NSCLC
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TABLE 2. Historical Profile of Surgical Results for cN2/pN2 NSCLC

Report Dates Combined Modality Number of Patients Rate of R0 (%) Rate of 5-year Survival (%)
Pearson et al.! 1964-1980 Induction R. 79 65 9
Martini and Flehinger? 1974-1981 Adjuvant R 179 (only CR) — 18
Funatsu et al.* 19701989 S alone 914 14 6
Watanabe et al.’ 1980-1990 S alone 106° 50 16
Rothetal? 1987-1993 Induction C 28 61 56 (at 3 years)
S alone 30 66 19 (at 3 years)
Rosell et al.® 1989-1991 Induction C 30 85 25 (at 2 years)
Adjuvant R 30 90 0 (at 2 years)
Choi et al.® 1988-1995 Induction CR (R: twice daily) 42 81 37
Ichinose?! 1992-1993 S alone or S first 164 (only CR) — 27
Albain et al.’ 1994-2001 Induction CR 202 71 27
Definite CR 194 20
Uy et al.® 1997-2004 Induction CR 40 93 52 (at 3 years)
Present 2004 Various (all) 436 &3 30
Single 235 36
Multi151 22
Adjuvant C 151 28
Induction C/CR 108 28
S alone 137 34

“Cases with exploratory thoracotomy were excluded from the study.

R, Radiation; C, chemotherapy; S, surgery; CR, chemoradiation; Single, single-station N2; Multi, multistation N2; NSCLC, non-small-cell lung cancer.

patients who undergo surgery are distinct from the cN2/pN2
NSCLC population of previous decades. Often, improvements
in diagnostic facilities outpace changes in treatment outcomes,
and such a transition of the medical environment may always
influence the changes in patient selection and characteristics.

With respect to surgery alone, the present data are much
valuable because cN2/pN2 is now usually contraindicated for
surgery alone and the surgical outcome of modern series has
been rarely presented. In our study, data of 137 patients with
stage ITIA-cN2/pN2 patients treated by surgery alone in the
particular period (2004) were retrospectively collected from
the large-scale registry, and the relatively favorable outcome
was revealed. Although the detailed reasons for surgical indi-
cation was unknown, they might be highly selected or might
have unusual surgical indication because these cases only rep-
resented 1.2% of all resected NSCLC cases; therefore, surgery
alone cannot yet be recommended as a treatment option in
practice.

Although the prognosis of patients in the present study
was superior to those previously reported, it remains unsatis-
factory, especially considering that the majority of the patients
underwent perioperative therapies. Whether or not induction
therapy followed by surgery provides a survival benefit for
resectable ¢cN2/pN2 NSCLC patients has been the focus of
much attention. Two meta-analyses of induction chemother-
apy reported®*? demonstrated significance or tendency of
favor of induction chemotherapy for stage III NSCLC; how-
ever, those analyses included two controversial studies. In the
randomized trials conducted in the 1990s,%¢ there was signifi-
cant efficacy of neoadjuvant platinum-based chemotherapy in
this patient population (Table 2); however, the results have not
been widely accepted because of far lower survival of patients
in the surgery-alone groups. Concurrent chemoradiotherapy
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as induction has been expected to be a more promising strat-
egy for fit cases”®** (Table 2). Compared to chemotherapy,
chemoradiotherapy results in better local control and a higher
incidence of downstaging, which is a strong indicator of effi-
cacy. In the present series, induction therapy was administered
to 108 patients (24.8%), 84 of whom received chemotherapy
and 23 received chemoradiotherapy; however, survival of these
patients was equivalent to that of patients who underwent sur-
gery alone. These results may be explained by the fact that
the downstaged cases were automatically excluded from the
present cohort through the retrospective selection of cN2/pN2
cases, and may also show that survival benefit of induction
therapies was hardly recognized in non-downstaged cases.
Taking into account that the indication of induction treatments
could not be clarified in this retrospective study, no conclusion
can be drawn for this issue.

The North America Intergroup Trial 0139, which com-
pared concurrent chemoradiation followed by surgery (trimodal
therapy) versus definitive chemoradiation (bimodal therapy)
for resectable c-stage IIIA-N2 cases,” importantly revealed
that no difference in overall survival occurred between the
two treatment arms, although patients in the trimodal-therapy
arm experienced superior recurrence-free survival. However,
in a retrospective matched-cohort analysis, trimodal-therapy
patients who underwent lobectomy experienced significantly
better survival than bimodal-therapy patients who were
selected by matching age, sex, performance status, and cT fac-
tor; thus, trimodal therapy was suggested to be effective for fit
patients. Uy et al.? reported that in a study in which 40 out of
550 c-stage IIIA-N2 referrals received trimodal therapy in a
community practice using the same regimen as that used in the
North America Intergroup Trial 0139 (cisplatin/etoposide/45
Gy), the RO resection rate was 92.5% and the 3-year overall
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and disease-free survival rates both exceeded 50%. The above
results indicate that induction treatments with chemoradiation
could enhance the role of surgery for the disease if patients are
properly selected.

Recent clinical trials have revealed that adjuvant cis-
platin doublets increase postoperative S-year survival rates
by 15% in postoperative stage IIIA-N2 NSCLC cases'®!;
however, no information regarding the c-stage of such cases
was reported. In the present study, 151 patients who received
adjuvant chemotherapy experienced a survival rate similar to
the 137 patients who underwent surgery alone. In this retro-
spective study, however; indication of adjuvant therapy was
not clarified for each case; hence, no conclusions about the
efficacy of adjuvant therapy for c-stage IIIA-cN2/pN2 were
determined.

Despite several limitations, this large nationwide data-
base study has demonstrated the finding of a modern surgi-
cal outcome for selected patients with stage IITA-cN2/pN2
NSCLC, and that the postoperative survival was favorable in
comparison with those previously reported.
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