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1 | INTRODUCTION

Lung cancer is the most common cancer worldwide with approxi-
mately 1.8 million new cases in 2012, and its incidence continues to
increase as a result of population growth and a\ging.i*2 Lung cancer
is also the leading cause of mortality with 1.6 million patients dying
of this disease in 2012,%2 because the survival of patients with lung
cancer remains very poor. The age-standardized 5-year survival rate
is in the range 10%-20% for most countries.® Furthermore, these
basic statistics vary greatly with different regions. Thus, it is crucial
to understand the demographics, tumor-specific backgrounds, treat-
ment, and prognoses by related factors in nationwide registration
studies to improve prevention, diagnosis, and treatment approaches
for lung cancer in each country.

The three major societies that deal with patients with lung cancer
in Japan, the Japan Lung Cancer Society, the Japanese Association
for Chest Surgery, and the Japanese Respiratory Society, established
the Japanese Joint Committee of Lung Cancer Registry (JJCLCR) in
1994 to perform registry studies on clinicopathologic profiles of lung
cancer. This committee has periodically performed retrospective
studies every 5 years on patients who had been surgically resected,
as well as a study of prospective enrollment and retrospective anal-
yses on medically treated patients in 200247 The current study,
the sixth lung cancer registry project, is a nationwide prospective
follow-up study aimed at providing the benchmark statistics on non-
surgical patients pathologically diagnosed in 2012.

2 | MATERIALS AND METHODS

The committee asked 846 teaching institutions in Japan to join this
study, of which 314 (37.1%) participated. This registry was opened on
January 1, 2012, and follow-up survey was closed on April 30, 2016.
The participating institutions took part in this registry by accessing
a web site established by the JJCLCR, after receiving their identifi-
cation number (ID), password, and a universal serial bus (USB) flash
memory stick that contained software to be used for the registry.
Inclusion criteria of patients were as follows: (1) pathological or
cytological diagnosis of any type of lung cancer at a participating

institution; (2) diagnosis obtained from January 1 to December 31 in

factor receptor-tyrosine kinase inhibitors (EGFR-TKIs) at some point in their clinical
course, whereas it was 17.4% in patients who did not. The 3-year survival rate of
SCLC was only 15.9%. In conclusion, approximately two-thirds of the patients were
diagnosed as stage |V at the initial diagnosis. Use of EGFR-TKIs significantly improved
the survival of patients with NSCLC.

epidermal growth factor receptor, non-small cell lung cancer, small cell lung cancer, TNM

stage, tyrosine kinase inhibitors

2012; and (3) receiving nonsurgical treatment including supportive
care alone. Patients who received palliative surgery for metastatic
sites (eg brain metastasis) and those who received salvage surgery
after chemoradiotherapy for locally advanced disease were eligible.
Patients who developed recurrence after curative primary surgery
were excluded. The registered patient information was as follows:
(1) demographic background, (a) date of registry, (b) gender, (c) birth
month and year, and (d) month and year of diagnosis; (2) general
conditions at the diagnosis, (a) smoking status, (b) body weight loss,
(c) presence of concomitant lung disease, (d) Eastern Cooperative
Oncology Group performance status, (e) serum calcium, and (f)
serum albumin; (3) tumor-related factors, (a) clinical TNM factors
and stage, (b) presence of superior vena cava syndrome, (c) meta-
static sites, (d) histology, and (e) epidermal growth factor receptor
(EGFR) mutation status; (4) therapeutic factors, (a) 1st-line therapy,
and (b) 2nd-line or later line therapy, and; (5) prognostic information,
(a) alive or dead, (b) final follow-up month and year, and (c) cause of
death. These items collected for this study were decided and given
to every investigator before 2012 so as to obtain the data prop-
erly. The clinical TNM factors and stage were classified according
to UICC-TNM 7th edition (2009).2 The histology was classified ac-
cording to World Health Organization Histological Typing of Lung
and Pleural Tumours, 3rd edition (1999). “Large cell neuroendocrine
carcinoma” was classified as variant, large cell carcinoma, non-small
cell lung cancer (NSCLC).” Descriptive statistics and their association
with survival were analyzed. Survival period was defined as 0.5 plus
the number of months between the month of pathological diagno-
sis and the month of death or the latest month of confirmed sur-
vival. Survival curves were estimated according to the Kaplan-Meier
method for the clinical subset groups. Differences in survival were
tested using the log-rank method.

This registry study followed the ethical guideline for epidemi-
ologic 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, and was revised on August 16, 2007. The
protocol of this study was further amended to follow the ethical
guideline for medical studies for humans issued on December 22,
2014. In addition, it was approved by the institutional review board
of Osaka University Medical Hospital, where the registry office is

located.
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3 | RESULTS

In total, 14 260 patients were registered from the 314 institutions in
Japan. Of these, 1940 patients were excluded because of no data in-
putted (n = 244), ineligible (n = 1292), stage not confirmed (n = 188),
or lost of follow-up (n = 216). Thus, finally, 12 320 patients were
subjects of this study.

Patient characteristics are summarized in Table 1. The median
age for all patients was 70 years, and the average was 69.3 years.
Seventy-three percent of the patients were men. Two-thirds of pa-
tients had M1 disease, but distant metastasis (M1b) was noted in less
than half of patients. Stages Ill and IV accounted for the majority of
patients, but there were also patients with stage | (3.8%) and stage
11 (3.5%) diseases. The percentages of small cell lung cancer (SCLC)
and NSCLC were 19% and 80%, respectively. Adenocarcinoma ac-
counted for 64% of NSCLC and about a half of all lung malignant
tumors. As high as 10% of patients had a poor performance status at
theinitial diagnosis that give rise to difficulties in treatment; 7.5% and
3.2% of patients had a performance status of 3 and 4, respectively.

In total, 2993 (24.3%) patients were treated with palliative care
alone as the initial treatment. Of these, 1041 patients successfully
received curative-intent therapy at the second-line therapy, but the
remaining 1952 (15.8%) received palliative care alone through their
clinical course. Curative-intent radiation-based therapy (concurrent
chemoradiotherapy, sequential chemoradiotherapy and thoracic ra-
diotherapy alone) was delivered to 20.9% of patients. Chemotherapy
was administered to 63.2% of patients (Table 2).

Association between T-factor and survival in patients with
NSCLC was not clear compared with patients who had been sur-
gically resected; 3-year survival was 38.2%, 37.1%. 27.9%, 17.9%,
16.4%, and 19.5% for T1la, Tlb, T2a, T2b, T3, and T4, respectively.
The log-rank test results were not significantly different between
Tla and T1b (P = .359), between T2b and T3 (pa-0.053), and be-
tween T2b and T4 (P = .959). In contrast, N-factor was significantly
associated with survival; 3-year survival was 36.6%, 27.8%, 22.7%,
and 17.7% for NO, N1, N2, and N3, respectively (Table S1). M-factor
also affected significantly on survival; 3-year survival was 35.0%,
23.3%, and 15.7% for MO, M1a, and M1b, respectively (Table S1 and
Figure 1). Clinical TNM stage was one of the strongest prognostic
factors in this patient cohort. Three-y survival was 62.9%, 47.3%,
40.0%, 27.8%, 37.5%, 26.5%, and 18.2% for stages IA, IB, IIA, IIB,
A, 1B, and IV, respectively. Thus, there was no difference in sur-
vival between stage IIA and stage IlIA (P = .202), and between stage
11B and stage IIIB (P = .885; Table S1 and Figure 2). A crude survival
analysis showed that histological subtypes and EGFR genotypes af-
fected overall survival in patients with NSCLC. A 3-year survival rate
of non-squamous NSCLC with EGFR mutation was 40%, while that in
the other NSCLC subtypes was around 20% (Table S2 and Figure 3).
A 3-year survival rate of SCLC was 15.9%. Performance status was
another strong prognostic factor that has been frequently demon-
strated in several studies; 3-year survival of patients with perfor-
mance status (PS) 0, 1, 2, 3, and 4 were 0.34.3%, 20.1%, 10.2%, 5.6%,
and 4.1%, respectively (Table S2).

Cancer Science NuIia e

Chief treatment was also associated with survival; 3-year sur-
vival of patients treated with concurrent chemoradiotherapy, se-
quential chemoradiotherapy, thoracic radiotherapy, chemotherapy,
and supportive care alone was 43.6%, 29.1%, 40%, 19.9%, and 3.4%,
respectively (Table S2 and Figure 4). The use of EGFR-tyrosine ki-
nase inhibitors (TKIs) affected survival significantly among 7790 pa-
tients who were treated with chemotherapy; a 3-year survival rate
was 33.4% in patients who received EGRT-TKIs at some time in their
clinical course, while it was 17.4% in patients with NSCLC who had
never received EGRT-TKIs, and only 7.4% among patients with SCLC
(Table S2 and Figure 5).

4 | DISCUSSION

This is the first nationwide registry study that was exclusively fo-
cused on medically treated patients with lung cancer. Although our
previous registry study in 2002 also included medically treated pa-
tients, they accounted for only 39% of all patients analyzed, and
therefore, the overall picture of these patients could not be fully
obtained. This study clarified: (1) descriptive statistics, (2) treatment
information, and (3) prognostic information of medically treated lung
cancer patients in Japan.

One of the differences in demographics between medically and
surgically treated patients was that the former patients were 3 years
older in average than the latter patients (69 vs 66 years old).” This
is easily imagined because elderly patients generally exhibit more
complications that could affect their general condition than younger
patients, but the 3-year difference was firstly disclosed in this study.
There were more men in this study than patients who had been sur-
gically treated (73% vs 63%).” As smoking are more common in men
than in women, male patients might have chronic pulmonary and
heart diseases more frequently, and this might hamper them from
undergoing surgical treatment.

T3 disease was associated with poorer survival than T4 disease
(3-year survival, 16.4% vs 19.5%). This may be attributable to dif-
ficulty in the exact diagnosis of tumor invasion to adjacent tissues
without surgical evaluation. As a result, there might be a subpopu-
lation with good prognosis among patients with clinical T4 disease.
However, such patients would have a good prognosis if they under-
went surgery. Thus, in patients with unresectable T4 disease, it is
unlikely that the subpopulation included in clinical T4 disease had an
effect to push up the survival rate.

This study disclosed that patients with NX, regional lymph node
cannot be assessed, had an extremely poor survival (3-year survival,
6.6% vs 17.7% for N3). The “NX” could be associated with several
clinical situations, but mainly with deterioration in patients' phys-
ical conditions such that even a computed tomography (CT) scan
could not be performed. Patients with NX accounted for only 1.1%
(134/12 320) of the whole study population, and therefore, this was
an exceptional case.

The survival curve of stage IlIA disease fitted closely with that

of stage IlA and was better than that of stage |IB (3-year survival,
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TABLE 1 Patient characteristics TABLE 1 (Continued)
No. of No. of
Characteristics patients (%) Characteristics patients (%)
Gender Adenosquamous 60 (0.5)
Male 8997 (73.0) Not otherwise specified 632 (5.1)
Female 3323(27.0) Others 137 (1.1)
Age Small cell lung cancer 2353 (19.1)
Median (range) 70 (22-102) Others 19 (0.2)
Mean (standard deviation) 69.3 (£10.2) Unknown 76 (0.6)
Smoking status Performance status
Never smoker 2489 (20.2) 0 3783 (30.7)
Former smoker 4808 (39.0) 1 5701 (46.3)
Current smoker 5023 (40.8) 2 1515 (12.3)
TNM stage 3 921 (7.5)
T-factor 4 400 (3.2)
X 353(2.9)
TO 31 (0.
e 6(0.3) TABLE 2 Treatment
T1a 856 (6.9) No. of patients
Tb 1246 (10.1) Type of treatment (%)
T2a 2678 (21.7) 1st line treatment
T2b 1084 (8.8) Concurrent chemoradiotherapy 1598 (13.0)
T3 2243 (18.2) Sequential chemoradiotherapy 200 (1.6)
T4 3813 (30.9) Thoracic radiotherapy 782 (6.3)
N-factor Chemotherapy 6736 (54.7)
NX 165 (1.3) Palliative care 2993 (24.3)
NO 2056 (16.7) Others 11(0.0)
N1 1274 (10.3) Total 12 320(100.0)
N2 4058 (32.9) Chief treatment through all lines
N3 4767 (38.7) Concurrent chemoradiotherapy 1689 (13.7)
M-factor Sequential chemoradiotherapy 221(1.8)
MO 4155 (33.7) Thoracic radiotherapy 662 (5.4)
Mi1a 2450 (19.9) Chemotherapy 7790 (63.2)
M1b 5715 (46.4) NSCLC use of EGFR-TKIs yes 2053 (26.4)°
Stage NSCLC use of EGFR-TKIs no 4105 (52.6)?
1A 261 (2.1) SCLC use of EGFR-TKIs no 1613 (20.7)*
B 207 (1.7) SCLC use of EGFR-TKIs yes 6
A 253(2.1) Histology unknown 13
1B 168 (1.4) Palliative care alone 1952 (15.8)
A 1535 (12.5) Ol 6(0.1)
B 1725 (14.0) Total 12 320 (100.0)
vV 8171 (66.3) Abbreviations: EGFR-TKI, epidermal growth factor receptor-tyrosine
Histology kinase inhibitor; NSCLC, non-small cell lung cancer; SCLC, small cell
lung cancer.
Non-small cell lung cancer 9872(80.1) “The percentage among patients treated with chemotherapy alone.
Adenocarcinoma 6276 (50.9)
Squamous cell carcinoma 2602 (21.1) 37.5%, 40% vs 27.8%, respectively). Considering that patient sur-
Large cell 165 (1.3) vival rates are generally worse in clinical practice than in clinical tri-

als, the survival of stage IlIA in this study “sounded too good” when

(Continues) compared with 3-year survival rates of approximately 30%-35% in
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FIGURE 1 Overall survival rate with regard to clinical M stage.
Patients with M1a disease had a significantly better survival rate
than those with M1b disease. The 3-y survival rate was 23.3% vs
15.7%, respectively (P < .001). Blue line, MO; red line, M1a; and
dark green line, M1b
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FIGURE 2 Overall survival with regard to clinical TNM stage in
patients with non-small cell lung cancer. There was no significant
difference in survival between stage IIA and stage IlIA (P = .202)
and between stage |IB and stage IIIB (P = .885). Navy line, stage
IA; purple line, stage IB; dark green line, stage IlA; dark orange line,
stage IIB; blue line, stage IllA; red line, stage IlI1B; and black line,
stage IV

clinical trials of unresectable stage Ill NSCLC treated with concur-
rent chemoradiotherapy.'®! This suggests that substantial numbers
of pathological NO and N1 diseases were mixed into clinical N2 dis-
ease in this study. A positron emission tomography (PET) scan was
performed in only 62.1% of patients with stage IlIA disease in this
study, and might lead to overdiagnosis of N2 disease. Besides, in pa-
tients with stage Ill NSCLC who underwent chemoradiotherapy, an
effect of the treatment might be a more crucial factor for survival
than the anatomical extent of local tumor burden described by the
TNM staging system. Tumor sensitivity to an anticancer therapy is
becoming more important for survival, especially in the case of im-

mune checkpoint inhibitors.*?

Time from pathological diagnosis
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FIGURE 3 Overall survival with regard to histology. Red line,
squamous cell carcinoma (Sq); black line, non-Sgq non-small cell
lung cancer (NSCLC) with epidermal growth factor receptor (EGFR)
mutation; dark green line, non-Sq NSCLC without EGFR mutation;
dark orange line, non-Sq NSCLC of unknown EGFR status; blue line,
small cell lung cancer
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FIGURE 4 Overall survival with regard to chief treatment
through all lines. Patients who received concurrent
chemoradiotherapy had better survival than those who received
sequential chemoradiotherapy (3-y survival rate, 43.6% vs 29.1%,
respectively; P = .002). There was no difference in survival between
patients who received sequential chemoradiotherapy and thoracic
radiotherapy alone (3-y survival rate, 29.1% vs 40.0%, respectively;
P =.675). Red line, concurrent chemoradiotherapy; dark green line,
sequential chemoradiotherapy; blue line, radiotherapy alone; dark
orange line, chemotherapy; black line, palliative care alone

This study showed an overall picture of medically inoper-
able stage I-Il NSCLC in Japan, which accounted for 7.2% of all
the medically treated NSCLC cases. The standard treatment of
patients with stage I-1l NSCLC with a good general condition has
been primary surgery with or without adjuvant chemotherapy.
Patients with stage I-1l disease registered in this study had im-
paired organ functions that led them to be so-called “medically

inoperable” cases. Stereotactic radiotherapy has been established
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FIGURE 5 Overall survival in patients treated with
chemotherapy. Red line, patients with non-small cell lung cancer
(NSCLC) who received epidermal growth factor receptor-tyrosine
kinase inhibitor (EGFR-TKI); blue line, patients with NSCLC who did
not receive EGFR-TKI; dark green line, patients with small cell lung
cancer

as the standard treatment of medically inoperable stage | NSCLC,
with 3-year overall survival rate of 46%-60%.%° Thus, 3-year
survivals of 62.9% and 47.3% for stage IA and stage IB, respec-
tively, in this study are comparable with those found in the medical
literature. In contrast, treatment of medically inoperable stage Il
NSCLC has been controversial. Because stereotactic radiotherapy
cannot be applied to N1 disease, conventional thoracic radiother-
apy has been used to treat this condition, but its dose is obvi-
ously not enough to control the primary tumor and hilar lymph
node metastasis. A retrospective analysis using the Surveillance,
Epidemiology, and End Results (SEER) program showed that 3-year
lung cancer-specific survival in 375 patients with inoperable stage
Il NSCLC treated with radiotherapy was 25% (95% confidence in-
terval, 19%-30%). This study did not report the overall survival
because of the high prevalence of comorbidities leading to can-
cer-unrelated deaths.'® Chemoradiotherapy can be one option for
this disease,” but patients who cannot undergo surgical resec-
tion are frequently not a candidate for chemoradiotherapy, either.
Thus, patients with stage Il disease were probably received sub-
optimal treatment for this disease. This could explain poor survival
rates in patients with stage IIA and stage IIB diseases in this study
in addition to concomitant severe diseases that are potentially
fatal.

When we select the optimal treatment for a patient, PS of the pa-
tient is one of the most important factors that should be fully taken
into account. However, we have had only limited information on the
effect of PS on the patient population of lung cancer and their prog-
nosis, because patients are intentionally selected by PS in clinical
trials. This study showed that PS 3 and 4, the poor PS scores that are
a serious obstacle to cancer treatment, was noted in as low as 11%
of medically treated lung cancer patients in Japan. For these patients

earlier diagnosis of lung cancer is obviously needed, but we have

failed to find a feasible solution, because the barrier against early
diagnosis of lung cancer includes social and psychological as well as
medical problems.

This study showed for the first time that chemotherapy as the
chief treatment accounted for as high as 63% of medically treated
lung cancer patients, followed by thoracic radiation-based therapy in
21% of the patients, and palliative care alone in 16% of the patients.

Significant numbers of patients with lung cancer, one-quarter of
patients in this study, were treated first with palliative care. This in-
dicates that their lung cancer progressed very rapidly and affected
general conditions of the patients significantly. Of 2993 patients re-
ceiving palliative care as the first-line therapy, 1952 (65%) patients
continued to receive palliative care alone throughout their clinical
course, but the remaining 35% of the patients proceeded to chemo-
therapy or thoracic radiotherapy. This indicated that the purpose of
palliative care may not be only to keep the quality of life of patients,
but also to improve their PS so as to receive curative-intent therapy.
Thus, effective palliative therapy for the latter purpose is one of the
unmet needs and an important research field.

In total, 6164 patients with NSCLC were treated with chemo-
therapy. Of these, 2059 (33.4%) received an EGFR-TKI sometime in
their clinical course. Thus, EGFR-TKIs have a great effect on prog-
nosis of advanced NSCLC population in Japan, because as high as
one-third of these patients were candidates for EGFR-TKIs, and they
were highly effective against EGFR-mutated NSCLC. One point of
note is that EGFR mutations may be associated with relatively long
survival of patients regardless of the use of EGFR-TKIs. However,
because almost all such patients are currently treated with an EGFR-
TKIl in clinical practice, it is impossible to demonstrate the effect of
EGFR mutation on the prognosis of lung cancer.

The survival curve of thoracic radiotherapy alone crossed the
curve for sequential chemoradiotherapy at about 18 months from
diagnosis and the 3-year survival rate of these patients reached
40%. This is probably because patients with medically inoperable
stage I-1l disease were included in this cohort, while only patients
with stage Il disease were included in the cohort of sequential
chemoradiotherapy.

Patients with stage IlIA and stage IlIB diseases are potential
candidates for chemoradiotherapy. Of 3260 patients with stage IlIA
and stage IIIB diseases, 2572 (79%) received thoracic radiothera-
py-based treatment. The remaining 688 patients were probably
treated with chemotherapy alone or palliative care alone due to too
large tumor volume or complication such as lung fibrosis and pul-
monary emphysema. Concurrent chemoradiotherapy was 7.6 times
more commonly selected than sequential chemoradiotherapy for
these patients. As the concurrent approach was more effective with
tolerable toxicity,'® it is preferable to most patients with stage IlI
NSCLC if they have a good general condition.

In conclusion, this study showed the general picture of medically
treated lung cancer patients in Japan, including descriptive statistics,
treatment choice, and prognosis. About two-thirds of patients were
classified as stage IV disease at the initial diagnosis. Use of EGRT-

tyrosine kinase inhibitors improved the survival of patients with
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NSCLC significantly. Further analyses of this study are underway to
elucidate the characteristics of subgroups and the effect of several

clinical and pathological variables on survival.
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