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1 | INTRODUCTION

The rapid transition to a super-aging society has been steadily pro-
gressing in Japan, especially in sparsely populated areas. This has
prompted reconsideration of the ideal cancer treatment for elderly
patients with thoracic esophageal cancer. In 2017, the most recent
year for which we have complete data, there were about 25 000
new cases of esophageal cancer in Japan. Among those, more than
40% were 75 years of age or older (Cancer Incidence in Japan 2017.
https://www.mhlw.go.jp/content/10900000/000624853.pdf). The
most reliable curative treatment for thoracic esophageal cancer,
esophagectomy, is highly invasive, and another standard treatment,
definitive chemoradiotherapy, is just as burdensome.>? This makes
the treatment strategy for elderly patients with thoracic esopha-
geal cancer complicated, as they often have multiple comorbidities
and are in comparatively poor physical condition.>™ The size of the
elderly population varies from region to region in Japan. At pres-
ent, the elderly make up a majority of the inhabitants in sparsely
populated areas, and elderly populations are expected to expand
in provincial cities and even metropolitan areas in the near future.
In addition, the urban services and medical delivery systems that
support elderly patients differ between large metropolitan areas
and small provincial cities. It is therefore important to examine the
differences in current treatment strategies for thoracic esophageal
cancer and their survival outcomes between metropolitan areas and
other regions for future perspective. To address these issues, we an-
alyzed the differences in treatment strategies and survival outcomes
among elderly patients with thoracic esophageal cancer, taking into
consideration cancer stage and comparing between metropolitan

areas and other areas.

2 | PATIENTS AND METHODS

This study was approved by the Ethics Committee of Akita University
Graduate School of Medicine (No. 2113). We retrieved the 2008-
2011 data from the national database of hospital-based cancer
registries from the National Cancer Center, Tokyo, Japan.® The reg-
istry data included the following information on individual cancer
patients: (i) clinical profiles, including birth date, sex, tumor topol-
ogy, and histology code defined by the International Classification of
Disease for Oncology, third edition (ICD-O-3); (ii) clinical and patho-
logical tumor-node-metastasis (TNM sixth edition) stage, based on
the Union for International Cancer Control (UICC) guidelines; (iii)
diagnosis year and month; (iv) first-line treatment provided at the
registering facility; and (v) survival information. We extracted the
data for patients aged 75 years or older who were diagnosed with
thoracic esophageal cancer (ICD-O-3 topography code: C151, C153-
155) and treated with some type of anticancer therapy: esophagec-
tomy, chemotherapy, and/or radiotherapy. Patients who received
endoscopic treatments were excluded because nearly all patients
with early-stage thoracic esophageal cancer treated with curative

endoscopic treatment alone have few treatment-related deaths and

survive without recurrence after treatment. We adopted the clini-
cal UICC TNM classifications, a pretreatment clinical stage (cStage),
tumor invasion depth (cT), node status (cN), and metastasis status
(cM) in this study. Survival time was defined as the follow-up time
after diagnosis of thoracic esophageal cancer. To ensure its quality,
the analyzed survival data were limited to those from facilities able
to provide 3-year survival data for all cancers for more than 90% of
their patients.

There are three major metropolitan areas in Japan: the Tokyo,
Kansai, and Nagoya metropolitan areas. According to the Ministry
of Internal Affairs and Communications, these three major metro-
politan areas include the cities of the following prefectures. The
Tokyo metropolitan area includes the Tokyo, Kanagawa, Saitama,
and Chiba prefectures. The Kansai metropolitan area includes the
Osaka, Hyogo, Kyoto, Nara, Shiga, and Wakayama prefectures. The
Nagoya metropolitan area includes the Aichi, Gifu, and Mie prefec-
tures. Hospital-based cancer registry data are organized by prefec-
ture, not municipality. Among the 47 prefectures, we selected the
six in which most of the prefecture is included within a metropol-
itan area that had a population of 6 million or more as of October
2011 (http://www.stat.go.jp/data/jinsui/2011np/) and defined them
as “metropolitan” areas. The other 41 prefectures were defined as
“nonmetropolitan” areas. The six metropolitan areas were the Tokyo,
Kanagawa, Osaka, Aichi, Saitama, and Chiba prefectures. We then
examined the effects of population size and urban function on the
treatment of thoracic esophageal cancer in elderly patients.

2.1 | Statistical analysis

We compared metropolitan and nonmetropolitan areas with respect
to patient backgrounds and survival curves, taking into considera-
tion cancer stage. Further analyses were performed after dividing
the patients based on first-line treatment: esophagectomy with
and without preoperative and/or postoperative adjuvant therapy,
chemoradiotherapy, chemotherapy alone, and radiotherapy alone. If
the group of patients was extremely small, ie, n < 10, we presented
only the approximate number (0, 1-3, 4-6, 7-9) to avoid identifying
personal information according to the rules of hospital-based cancer
registries and recommendation from the Ministry of Health, Labor,
and Welfare.

Statistical comparisons between two groups were made using
Wilcoxon's rank sum test, the chi-squared test, Fisher’s test, or
Cuzick's Wilcoxon-type test for trend, depending on the type and
distribution of the variables. Overall survival was characterized
using Kaplan-Meier curves. Survival curves were compared be-
tween the two groups using the log-rank test. A multivariable Cox
proportional hazards regression model was developed to evaluate
the effect of treatment area (metropolitan vs. nonmetropolitan
areas) on survival. To account for possible differences in the effect
of treatment area on survival among cStages or among the types of
first-line treatment, we assessed interaction terms between treat-

ment areas and cStage after stratification based on age, sex, and
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first-line treatments in model 1. We further assessed the interaction
terms between treatment areas, cStage, and first-line treatments
after stratification based on age and sex in model 2. We performed
all statistical operations using Statal4-MP (Stata Corp LP).

3 | RESULTS

A total of 5066 patients aged 75 years or older who received cancer
treatment, excluding endoscopic treatment, for thoracic esophageal
cancer were registered in the hospital-based cancer registry data-
base for 2008-2011. Of those, 1236 (24%) patients were treated
in metropolitan areas, while 3830 (76%) were treated in nonmet-
ropolitan areas (Table 1). According to the Statistics Bureau of the
Ministry of Internal Affairs and Communications, the population
aged 75 years or older in Japan was 14 193 thousand in October
2011, with 4682 thousand (33%) living in metropolitan areas and the
remaining 67% living in nonmetropolitan areas. Thus, the proportion
of elderly thoracic esophageal cancer patients treated in nonmet-
ropolitan areas (76%) was larger than the proportion of the overall
population aged 75 years or older living in those areas (67%).

More than 90% of these patients in both areas were diagnosed
with squamous cell carcinoma. Table 1 shows the clinical charac-
teristics of the patients treated in the metropolitan and nonmet-
ropolitan areas. There was a slight but significant difference in age
between the two groups (Table 1), and there were significantly fewer
patients without lymph node metastasis (cNO) or distant metastasis
(cMO) in the nonmetropolitan areas. There were many more patients
with advanced (cStage IlI-1V) cancers in the metropolitan areas than
in the nonmetropolitan areas. Esophagectomies were indicated for
30.3% of patients in metropolitan areas, which was more frequent
than in the nonmetropolitan areas (27.0%), especially for cStage Il
cancers (41.9% vs. 33.9%) (Table 1). On the other hand, surgery with-
out adjuvant therapy was indicated more often in nonmetropolitan
areas (64.8% vs. 58.6%). For nonsurgical treatment, chemoradio-
therapy was indicated more often in nonmetropolitan areas (54.6%
vs. 48.3%), while chemotherapy alone was indicated more often in
metropolitan areas (15.2% vs. 9.1%). There was no difference in the
percentage of patients who received radiotherapy alone between
the two groups (36.5% vs 36.3%) (Table 1).

We next evaluated treatment strategies, taking into consid-
eration the cStage. Interestingly, cStage | patients in metropolitan
areas received radiotherapy alone significantly more often than
those in nonmetropolitan areas (38.6% vs 28.7%); chemoradio-
therapy was the predominant treatment in nonmetropolitan areas
(35.6%). For cStage II-lll patients, esophagectomy was performed
more frequently in metropolitan than nonmetropolitan areas (41.4%
vs 33.9% in cStage Il, 30.9% vs 26.5% in cStage lll). In nonmetropol-
itan areas, chemoradiotherapy was also the predominant treatment
for these patients (36.9% of cStage Il, 42.8% of cStage Ill).

The backgrounds of patients aged 80 years or older (n = 2131)
were similar in the two groups (Table 2). But although there was

no significant difference in the overall rates of esophagectomy in
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the two groups (19.7% vs 18.0%), for cStage Ill patients the rate of
esophagectomy was higher in metropolitan areas (25.0% vs 17.0%)
(Table 2). The rates of surgery without adjuvant therapy did not sig-
nificantly differ between the groups (72.7% vs 82.9%). For nonsur-
gical treatment, chemoradiotherapy was more often administered in
nonmetropolitan areas (41.9% vs 34.1%), while chemotherapy alone
was more often administered in metropolitan areas (10.9% vs 5.1%).
There was no difference in the percentage of patients receiving ra-
diotherapy alone in the two groups (55.0% vs 53.0%) (Table 2). Taking
cStage into consideration, cStage | patients received radiotherapy
much more often in metropolitan areas (74.6% vs 44.4%), while
chemoradiotherapy was administered much more often in nonmet-
ropolitan areas (32.4% vs 9.9%). On the other hand, cStage | patients
received esophagectomy more frequently in nonmetropolitan areas
(21.4% vs 11.3%), whereas cStage |ll patients received esophagec-
tomy more frequently in metropolitan areas (25.0% vs 17.0%).

Three-year survival rates among cStage | patients were signifi-
cantly better in metropolitan than nonmetropolitan areas (71.6%
vs 63.7%), but there was no difference between the two groups
in 3-year survival among cStage II-1V patients (Table 3) (Figure 1).
Moreover, among patients who received thoracoscopic esophagec-
tomy, the survival rate was significantly better in metropolitan areas
(63.7% vs. 58.0%, P = .042). For patients who received radiotherapy
alone, the survival rate was also significantly better in metropoli-
tan areas (27.6% vs 20.7%, P = .006) (Table 3), especially in cStage |
(Figures 2 and 3).

Multivariable Cox proportional hazard analysis (cStage I-1V,
n = 4924, model 1) revealed that for cStage | patients, treatment in
metropolitan areas was significantly associated with better survival
as compared with treatment in nonmetropolitan areas (adjusted HR:
0.76) (95% Cl: 0.61-0.94, P = .011) (Table 4). In addition, multivariable
Cox proportional hazard analysis that included interaction terms be-
tween treatment areas, cStage, and the first-line treatments after
stratification based on age and sex (cStage I-1V, n = 4924, model 2)
revealed that treatment in metropolitan areas was significantly asso-
ciated with better survival among patients treated with radiotherapy
alone for cStage | cancer as compared with treatment in nonmet-
ropolitan areas (adjusted HR: 0.68) (95% Cl: 0.49-0.94, P = .020)
(Table 4).

4 | DISCUSSION

This study revealed that the proportion of elderly patients with more
advanced thoracic esophageal cancer was much larger in metropoli-
tan areas and that there were differences in the approaches to treat-
ment between metropolitan and nonmetropolitan areas at different
clinical stages. The survival curve for cStage | patients was poorer
for patients in nonmetropolitan than metropolitan areas, and this im-
portant and serious finding mainly derived from the difference in sur-
vival outcomes among patients treated with radiotherapy alone. For
cStage | thoracic esophageal cancer, radiotherapy alone was more

frequently administered in metropolitan than nonmetropolitan areas
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TABLE 1 The characteristics of patients in the metropolitan areas and nonmetropolitan areas (n = 5066)

Age (median, IQR)
Number of males (%)
Histology
Squamous cell carcinoma
Adenocarcinoma
Basaloid squamous cell carcinoma
Neuroendocrine carcinoma
Others
cT classification
Tis
T1
T2
T3
T4
Tx
cN classification
NO
N1
N2
N3
Nx
cM classification
MO
M1
Mx
cStage (UICC)
cStage O
cStage |
cStage ll
cStage lll
cStage IV
Unknown
Treatment
Esophagectomy
Nonsurgical treatment
Esophagectomy
All stages
cStage |
cStage ll
cStage lll
cStage IV
Approach of esophagectomy
Open thoracotomy

Thoracoscopic surgery

78
1043

1179
34
11

7-9

i=3
295
202
481
218
37

457
746

1-3
25

963
252
21

1-3
233
313
404
257

26

374
862

374
74
131
125
31

297
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Nonmetropolitan areas
Metropolitan areas (n = 1236) (n =3830) P
76-81 79 76-82 <.001 1)
84.4% 3243 84.7% .807 2)
95.4% 3593 93.8% 139 3)
2.8% 113 3.0%
0.9% 47 1.2%
- 24 0.6%
- 53 1.4%
= 4 0.1% 153 4)
23.9% 898 23.4%
16.3% 754 19.7%
38.9% 1446 37.8%
17.6% 587 15.3%
3.0% 141 3.7%
37.0% 1656 43.2% <.001 4)
60.4% 2045 53.4%
- 20 0.5%
- 11 0.3%
2.0% 98 2.6%
77.9% 3083 80.5% .035 2)
20.4% 678 17.7%
1.7% 69 1.8%
- 4 0.1% .017 4)
18.9% 735 19.2%
25.3% 1134 29.6%
32.7% 1163 30.4%
20.8% 685 17.9%
2.1% 109 2.8%
30.3% 1033 27.0% .025 2)
69.7% 2797 73.0%
30.3% 1033 27.0% .025 2)
31.8% 244 33.2% .684 2)
41.9% 384 33.9% .009 2)
30.9% 308 26.5% .084 2)
12.1% 73 10.7% .540 2)
79.4% 824 79.8% .883 2)
20.6% 209 20.2%

77

(Continues)
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TABLE 1 (Continued)

Metropolitan areas (n = 1236)

Adjuvant therapy (before and/or after surgery)

No radiation or chemotherapy 219 58.6%
+Radiation alone 13 3.5%
+Chemotherapy alone 107 28.6%
+Radiation and chemotherapy 35 9.4%
Nonsurgical treatment (all stages)
Radiation alone 315 36.5%
Chemotherapy alone 131 15.2%
Radiation and chemotherapy 416 48.3%
Treatment for cStage |
Esophagectomy 74 31.8%
Radiation alone 90 38.6%
Chemotherapy alone 7-9 -
Radiation and chemotherapy 61 26.2%
Treatment for cStage Il
Esophagectomy 131 41.9%
Radiation alone 74 23.6%
Chemotherapy alone 11 3.5%
Radiation and chemotherapy 97 31.0%
Treatment for cStage IlI
Esophagectomy 125 30.9%
Radiation alone 83 20.5%
Chemotherapy alone 45 11.1%
Radiation and chemotherapy 151 37.4%
Treatment for cStage IV
Esophagectomy 31 12.1%
Radiation alone 62 24.1%
Chemotherapy alone 63 24.5%
Radiation and chemotherapy 101 39.3%

= 4285
Cancer Science RuIia

Nonmetropolitan areas

(n =3830) P
707 68.4% .005 2)
35 3.4%
223 21.6%
68 6.6%
1016 36.3% <.001 2)
254 9.1%
1527 54.6%
244 33.2% .011 2)
211 28.7%
18 2.4%
262 35.6%
384 33.9% .066 2)
292 25.7%
40 3.5%
418 36.9%
308 26.5% .002 2)
282 24.2%
75 6.4%
498 42.8%
73 10.7% .011 2)
175 25.5%
109 15.9%
328 47.9%

Note: Statistical comparisons were made using (1) Wilcoxon's rank-sum test, (2) the chi-squared test, (3) Fisher’s exact test, (4) Cuzick's Wilcoxon-type
test for trend. If the group of patients was extremely small, ie, n < 10, we present only the approximate number (0, 1-3, 4-6, 7-9).

(38.6% vs 28.7%), and this tendency was more pronounced in pa-
tients aged 80 years and older (74.6% vs 44.9%). On the other hand,
the survival curves for cStage | patients treated with chemoradio-
therapy or esophagectomy did not differ between the two groups.
For cStage II-1V patients stratified based on treatment, there was no
difference in survival between the two groups for any treatment.
The standard treatment for cStage | thoracic esophageal can-
cer in nonelderly patients is generally esophagectomy or defini-
tive chemoradiotherapy.> The International Society of Geriatric
Oncology consensus on geriatric assessment in older patients
with cancer was published in 2014.” In addition, a meeting of the
International Society of Geriatric Oncology was held on the theme of
“Bringing two Worlds Together: Oncology and Geriatrics.” In elderly
cancer patients, there are both age-related physiological changes

and psychological problems that must be taken into consideration.

These include increased comorbidities as well as cognitive decline
and social problems related to family morphology and financial dis-
tress. For each patient, the individualization of treatments that can
be provided must be considered in the context of risk assessment.
As aresult, radiotherapy alone became the most frequent treatment
for elderly patients with cStage | thoracic esophageal cancer.

What accounts for the difference in the 3-year survival rate among
patients treated with radiotherapy alone for cStage | thoracic esopha-
geal cancer? The treatment power of radiotherapy using X-ray appears

.87 However, the survival curve for those treated

to be quite sufficien
with radiotherapy alone was better in metropolitan than nonmetro-
politan areas. This raises the possibility that there is a difference in
the frequency of radiotherapy-related mortality or adverse events.
Moreover, there may also be differences in the patients' health back-

grounds that contributed to the difference in survival. It was suggested
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TABLE 2 The characteristics of patients aged 80 y or older in the metropolitan areas and nonmetropolitan areas (n = 2131)

Metropolitan areas (n = 446)

Age (median, IQR) 82
Number of males (%) 356

cT classification

Tis 1-3
T1 89
T2 80
T3 183
T4 78
Tx 15

cN classification

NO 160
N1 272
N2 1=8
N3 1-3
Nx 10

cM classification

MO 334
M1 104
Mx 7-9
cStage (UICC)
cStage O 1-3
cStage | 71
cStage Il 111
cStage Il 148
cStage IV 105
Unknown 10
Treatment
Esophagectomy 88
Nonsurgical treatment 358
Esophagectomy
All stages 88
cStage | 7-9
cStage Il 25
cStage lll 37
cStage IV 15
Approach of esophagectomy
Open thoracotomy 77
Thoracoscopic surgery 11

Adjuvant therapy (before and/or after surgery)

No radiation or chemotherapy 64
+Radiation alone 4-6
+Chemotherapy alone 12
+Radiation and chemotherapy 4-6

Nonsurgical treatment (all stages)

81-84
79.8%

20.0%
17.9%
41.0%
17.5%

3.4%

35.9%

61.0%

2.2%

74.9%
23.3%

15.9%
24.9%
33.2%
23.5%

2.2%

19.7%
80.3%

19.7%

22.5%

25.0%

14.3%

87.5%
12.5%

72.7%

13.6%

Nonmetropolitan areas (n = 1685)

83
1358

1-3
379
346
652
236

71

768
859
10
1-3
45

1386
265
34

1-3
318
540
499
268

59

304
1381

304
68
118
85
26

245
59

252
15

22
15

81-85
80.6%

22.5%
20.5%
38.7%
14.0%

4.2%

45.6%
51.0%
0.6%

2.7%

82.3%
15.7%
2.0%

18.9%
32.0%
29.6%
15.9%

3.5%

18.0%
82.0%

18.0%
21.4%
21.9%
17.0%

9.7%

80.6%
19.4%

82.9%
4.9%

7.2%
4.9%

]

<.001
714

.035

<.001

<.001

<.001

413

413
.052
.876
.030
.203

136

172

3)

3

2

(Continues)
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TABLE 2 (Continued)

Metropolitan areas (n = 446)

Radiation alone 197 55.0%
Chemotherapy alone 39 10.9%
Radiation and chemotherapy 122 34.1%
Treatment for cStage |
Esophagectomy 8 11.3%
Radiation alone 53 74.6%
Chemotherapy alone 1-3 -
Radiation and chemotherapy 4-6 -
Treatment for cStage Il
Esophagectomy 25 22.5%
Radiation alone 52 46.8%
Chemotherapy alone 4-6 -
Radiation and chemotherapy 30 27.0%
Treatment for cStage IlI
Esophagectomy 37 25.0%
Radiation alone 49 33.1%
Chemotherapy alone 11 7.4%
Radiation and chemotherapy 51 34.5%
Treatment for cStage IV
Esophagectomy 15 14.3%
Radiation alone 39 37.1%
Chemotherapy alone 20 19.0%
Radiation and chemotherapy 31 29.5%

Cancer Science Nulia aa

Nonmetropolitan areas (n = 1685) P
732 53.0% <.001 2)
71 5.1%
578 41.9%
68 21.4% <.001 4)
140 44.0%
4-6 -
103 32.4%
118 21.9% .502 4)
229 42.4%
13 2.4%
180 33.3%
85 17.0% .049 2)
208 41.7%
23 4.6%
183 36.7%
26 9.7% .008 2)
115 42.9%
22 8.2%
105 39.2%

Note: Statistical comparisons were made using (1) Wilcoxon'’s rank-sum test, (2) the chi-squared test, (3) Cuzick's Wilcoxon-type test for trend, (4)
Fisher’s exact test. If the group of patients was extremely small, ie, n < 10, we present only the approximate number (0, 1-3, 4-6, 7-9).

that in metropolitan areas, patient selection may be especially rigorous
and deeply considered.

From a national survey conducted in 2011 by the Japanese Society
of Radiation Oncology, it was determined that 9392 cases of esoph-
ageal cancer were treated with radiation at 694 facilities nation-
wide (JASTRO Database Committee; Japanese Structure Survey of
Radiation Oncology in 2011).2° It was also reported that one or fewer
full-time radiation oncologists were employed at 343 facilities (49.4%)
and that 290 (38.3%) of the 756 radiation oncologists practiced at fa-
cilities in metropolitan areas. The Japanese Radiation Oncology Study
Group reported that the treatment results are better at high-volume
institutions, and data from 11 major institutions in Japan revealed
that there is disparity among institutions.'® It suggested that differ-
ences in the numbers of radiation oncologists and patients may ac-
count for the difference in survival outcomes. Furthermore, patients
with cStage | esophageal cancer rarely present with symptoms such
as dysphagia and are often treated as outpatients. Because radiation
monotherapy is less toxic than chemoradiotherapy,'! it tends to be
readily performed, even at facilities that are less familiar with the use
of radiotherapy for thoracic esophageal cancer.

The survival curves for patients receiving esophagectomy

for cStage |-V cancers did not differ between metropolitan and

nonmetropolitan areas. This is believed to reflect the presence
of some degree of centralization of surgical facilities for thoracic
esophageal cancer in both metropolitan and nonmetropolitan areas.
The reason is that esophagectomy requires considerable technical
skill, and the surgical stress on the patients is extremely high. The
institute certification system for esophageal surgery by the Japan
Esophageal Society has contributed to this moderate centraliza-
tion.??** Performance of large numbers of esophagectomies (high-
volume hospital) has been shown to correlate with better short-term
surgical results (mortality or postoperative complication).>?’
Moreover, a certification system for surgeons and institutes has im-
proved the surgery-related mortality rate and has demonstrated that
there is a significantly better 5-year survival rate among cStage II-1l|
thoracic esophageal cancer patients treated with esophagectomy by
a board-certified esophageal surgeon at an authorized institute 124

An attached regional disparity in medical care was that adjuvant
therapy before and/or after esophagectomy for advanced thoracic
esophageal cancer was more frequent in metropolitan areas. To find
the causes will require additional research, and our present data do
not provide an answer. It is noteworthy that adjuvant therapy for
advanced esophageal cancer is often given in metropolitan areas.

Although adjuvant therapy is an essential and standard treatment
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TABLE 3 Three-year survival rates (95% confidence interval) among patients who received treatment between two groups

Overall Metropolitan areas Nonmetropolitan areas P (log-rank test)

Number of patients 5066 1236 3830

Time at risk (d) 4364 512 1067 590 3296 922

Death 3888 (76.7%) 924 (74.8%) 2964 (77.4%)

3-y survival rate (%, Kaplan-Meier method)

Sex
Female 40.3 (36.8-43.8) 41.0 (33.9-48.0) 40.1(36.1-44.1) 464
Male 32.2(30.8-33.6) 32.1(29.3-35.0) 32.2(30.6-33.9) 449

Age group
75-79 y old 37.0(35.3-38.8) 36.7 (33.3-40.1) 37.2(35.1-39.2) 476
280y old 28.4(26.5-30.4) 27.8(23.6-32.1) 28.6(26.4-30.8) 744

cStage
cStage | (n = 968) 65.6 (62.5-68.5) 71.6 (65.2-76.9) 63.7 (60.1-67.1) .047
cStage Il (n = 1447) 40.4 (37.8-42.9) 41.1 (35.5-46.6) 40.2 (37.3-43.0) .215
cStage lll (n = 1567) 20.9 (18.9 -23.0) 19.8 (16.0-23.9) 21.3(19.0-23.8) 717
cStage IV (n = 942) 10.1(8.2-12.1) 11.1 (7.6-15.4) 9.7 (7.6-12.1) .320

Treatment
Esophagectomy (with or without 47.7 (45.1-50.3) 47.2 (42.0-52.2) 47.9 (44.8-50.9) 311

adjuvant therapy) (n = 1407)

Open thoracotomy (n = 1121) 44.8 (41.8-47.7) 43.2 (37.4-48.7) 45.4 (41.9-48.7) .899
Thoracoscopic surgery (n = 286) 59.5 (53.5-65.0) 63.7 (51.4-73.6) 58.0(51.0-64.4) .042
Nonsurgical treatment (n = 3659) 27.9 (26.4-29.3) 27.5 (24.5-30.6) 28.0(26.3-29.7) 974

Radiation alone (n = 1331) 22.3(20.1-24.7) 27.6(22.7-32.7) 20.7 (18.2-23.3) .006
Chemotherapy alone (n = 385) 13.8 (10.6-17.6) 12.2(7.2-18.7) 14.6 (10.6-19.4) 979
Radiation and chemotherapy 34.3(32.2-36.4) 32.1(27.6-36.7) 34.9 (32.5-37.3) .249
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for improving postoperative prognosis in advanced thoracic esoph-
ageal cancer, administering adjuvant chemotherapy to elderly pa-

tients with comorbidities requires experience and skill. This study

suggests that assessment of patient risk may have been more accu-
rate in metropolitan areas, but further research is needed before a

conclusion can be drawn for this issue.
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FIGURE 2 Overall survival among
patients aged 75 y or more with

cStage I-1V thoracic esophageal cancer
divided based on treatment method
(radiotherapy alone, chemotherapy alone,
chemoradiotherapy, esophagectomy

with or without adjuvant therapy) in
metropolitan and nonmetropolitan areas.
The asterisk indicates there is a significant
difference between cStage | patients
treated with radiotherapy alone in the two
areas
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FIGURE 3 The overall survival among patients aged 75-79 y and 80 y or more with cStage | thoracic esophageal cancer treated with
radiotherapy alone in metropolitan and nonmetropolitan areas. The asterisk indicates there is a significant difference in patients aged 80y
or more between two areas

TABLE 4 Multivariable Cox proportional hazard analysis for treatment area (metropolitan or nonmetropolitan) to survival (cStage I-1V,
n=4924)

Model 1 Model 2
HR 95%Cl P HR 95%Cl P
cStage | Ref: Provincial areas
Metropolitan areas (overall) 0.76 0.61-0.94 .011
Metropolitan areas (radiation alone) 0.68 0.49-0.94 .020
Metropolitan areas (chemotherapy 0.73 0.24-2.27 .588
alone)
Metropolitan areas (radiation and 92 0.61-1.39 692
chemotherapy)
Metropolitan areas (esophagectomy) 0.88 0.57-1.34 .541
cStage Il Ref: Provincial areas
Metropolitan areas (overall) 0.99 0.84-1.15 .862
Metropolitan areas (radiation alone) 1.13 0.86-1.50 378
Metropolitan areas (chemotherapy 1.42 0.65-3.11 .379
alone)
Metropolitan areas (radiation and 1.05 0.81-1.37 702
chemotherapy)
Metropolitan areas (esophagectomy) 0.81 0.62-1.05 114
cStage Il Ref: Provincial areas
Metropolitan areas (overall) 0.99 0.87-1.13 904
Metropolitan areas (radiation alone) 0.84 0.64-1.10 .200
Metropolitan areas (chemotherapy 0.97 0.66-1.42 .859
alone)
Metropolitan areas (radiation and 1.02 0.84-1.25 821
chemotherapy)
Metropolitan areas (esophagectomy) 1.08 0.86-1.37 .513
cStage IV Ref: Provincial areas
Metropolitan areas (overall) 0.91 0.77-1.06 223
Metropolitan areas (radiation alone) 0.79 0.59-1.07 130
Metropolitan areas (chemotherapy 0.83 0.60-1.15 269
alone)
Metropolitan areas (radiation and 1.19 0.94-1.51 145
chemotherapy)
Metropolitan areas (esophagectomy) 0.62 0.38-1.02 .059

Note: Model 1 includes interaction terms between treatment areas and cStage after adjusting the analysis stratified based on age, sex, and first-line
treatments.

Model 2 includes interaction terms between treatment areas, cStage, and the first-line treatments after adjusting the analysis stratified based on age
and sex.
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In addition, although thoracoscopic esophagectomy was per-
formed in 20% of patients in both groups, the 3-year survival rate
was 58.0% (51.0%-64.4%) in nonmetropolitan areas and 63.7%
(51.4%-73.6%) in metropolitan areas (P = .042). This likely reflects
the higher number of surgical cases per facility in metropolitan areas
as well as greater familiarity with thoracoscopic esophagectomy and
fewer surgery-related complications and deaths.

Our study has several limitations. First, the cancer data were
collected only from designated cancer care hospitals and only for
first-course treatments provided by the registering facility. Second,
the division between metropolitan and nonmetropolitan areas is
prefectural and rough. It may be necessary to divide by municipal-
ity for more precise analyses, but we do not have those data in this
study, and it is common to receive cancer treatments at hospitals
across municipalities. Third, our data do not include information on
comorbidity or performance status, which is a serious limitation of
this study. Fourth, staging accuracy may vary among institutions
using cStage. In fact, cN- and cM-positive patients were more com-
mon in metropolitan areas than in nonmetropolitan areas. It is un-
clear whether this is due to a difference in ability to make a clinical
diagnosis or delay in early diagnosis, but it is an inherent weakness
of all studies using cancer registration databases.

In conclusion, there are differences in treatment strategy and sur-
vival outcomes among elderly patients with cStage | thoracic esoph-
ageal cancer between metropolitan and nonmetropolitan areas. In
metropolitan areas with extensive urban services and medical delivery
systems, it is possible that appropriate treatment was given after a
thorough assessment of the risks to the elderly. On the other hand,
background information such as comorbidity and performance status

may have more strongly influenced prognosis and treatment decisions.
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