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ABSTRACT
Background: Lung are classified into Il-cell lung cancer (SCLC) and non-small-cell lung cancer due to their
different and p is. Although many studies bave reported the specific survival of SCLC patients treated at cancer

hospitals, survival from populauou -based data has rarely been reported.

Methods: We analyzed survival of SCLC cases diagnosed from 1993 through 2006 from a population-based cancer registry of
six prefectures. To assess wends in SCLC survival, we defined three periods that mirrored developments in SCLC treatment:
period 1, 1993-1998; period 2, 1999-2001; and period 3, 2002-2006. Assessments were based on relative survival (RS), excess
hazard, and conditional survival.

Results: A total of 10,911 SCLC patients were analyzed. Five-year RS among limited disease SCLC (LD-SCLC) in periods 1 to
3 was 16.8%, 21.1%, and 21 4%, respectively. Five-year RS among extensive disease SCLC (ED-SCLC) in periods 1 to 3 was
2.3%, 2.8%, and 2.7%, respectively. Improvement in 5-year RS in periods 2 and 3 compared with period 1 was significant
among both LD- and ED-SCLC patients (all P < 0.001). Conditional 5-year RS of LD-SCLC increased from 21% at year 0 to
73% at year 5, while that of ED-SCLC was 3% at year 0 and 53% at year 5.

Conclusions: The prognosis of SCLC patients improved from 1999-2001 but plateaued in 2002-2006, after which no further
significant improvement was seen. Continuous survey based on population-based data is helpful in monitoring the impact of
developments in treatment.

Key words: cancer registry; population-based; small cell lung cancer; survival

Copyright & 2018 Isao Oze et al. This is an open aceess article distributed under the terms of Creative Commons Atribution License, which
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survival from population-based data mainly reflects the survival of

INTRODUCTION

Lung cancers are classified into two broad classes, small-cell
lung cancer (SCLC) and non-small-cell lung cancer (NSCLC).12
These cancers differ biologically and, accordingly, also differ in
their therapy and prognosis.® National rates of survival of total
lung cancer patients have been reported for countries all over the
world,* and while reporting of histologic subtype-specific survival
of lung cancer patients treated in cancer hospitals is also
common,> reporting of this survival from population-based data
is rare. With regard to SCLC status, however, this may be
problematic for three reasons: cancer patients treated in cancer
hospitals have a relatively better health status than those treated at
general hospitals; survival reports from cancer hospitals are often
restricted to patients who undergo surgery; and overall lung cancer

patients with NSCLC, given that NSCLC accounts for more than
80% of lung cancer cases.” For these reasons, overall lung cancer
survival data might not be applicable to patients with SCLC.

Prognosis of cancer patients is modified by disease stage and
treatment.® Treatment plans in patients with SCLC are commonly
determined using a two-stage system originally introduced by
the Veterans' Affairs Lung Study Group, together with the
TNM staging system.”'® SCLC patients are classified into two
stages, limited disease (LD) or extensive disease (ED), which are
utilized for treatment selection. Tumor confined to the ipsilateral
hemithorax and regional nodes is defined as LD, and tumor
beyond the boundaries of LD is defined as ED. In general,
patients with LD-SCLC are treated using multimodal treatment,
while those with ED-SCLC receive systemic therapy.'!

Address for comespondence. Isao Oze, MD, PhD, Division of Cancer Epidemiology and Prevention, Deparment of Preventive Medicine, Aichi Cancer Center
Research Institute, 1-1 Kanokoden, Chikusa-ku, Nagoya 464-8681, Japan (e-mail: i_oze@aichi-cc.jp).
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SCLC treatment has changed over time. Around 1999, several
clinical studies supported the efficacy of concurrent chemo-
radiotherapy and hyperfractionated radiotherapy for LD-
SCLC.'*" The efficacy of new combination chemotherapy with
cisplatin and irinotecan for Japanese patients with ED-SCLC was
established in 2002."* In addition, new drugs for ED-SCLC,
amrubicin and topotecan, were approved in Japan in 2002 and
2003, respectively.'>" Although these developments in SCLC
treatment might have improved prognosis, scarce evidence for
their impact is available based on population-based data.

Here, to determine specific survival of SCLC with consid-
eration to disease stage and developments in treatment, we
estimated recent trends in 10-year survival of patients with SCLC
based on population-based data in Japan.

MATERIAL AND METHODS

Data source

This study was conducted using the framework of the Japanese
Cancer Survival Information for Society (J-CANSIS) study.
Details of the J-CANSIS study are provided elsewhere.'® In brief,
the J-CANSIS study aimed to analyze recent trends in cancer
survival and report long-term survival based on population-
based cancer registry data of six prefectures (Yamagata,
Miyagi, Fukui, Niigata, Osaka, and Nagasaki) in Japan. These
six registries provided a total of 98475 lung cancer cases
diagnosed between 1993 and 2006. The population covered
in our study represents 13.4% of the total Japanese population
and includes both urban and rural areas. These prefectural cancer
registries have high data quality (% of death certificate only =
3.1-24.6%) and have long been used to estimate national statistics
for cancer survival in Japan." Morphologies of lung cancer
were recorded using the morphology codes of the International
Classification of Diseases for Oncology, Third Edition (ICD-
0-3).%% Data from cancer patients followed for § years or more
were used. Patients were linked to the prefecture death certificate
database to confirm their vital status, The Yamagata, Fukui,
Osaka, and Nagasaki registries additionally confirm the vital
status of patients using linkage to the residential database. We
excluded data that were registered using death certificate only
cases from the analysis.

Grouping of morphology was defined according to Cancer
Incidence in Five Continents, Volume IX.*! Morphology codes of
8041-8045 and 8246 were defined as SCLC, and all SCLC
patients (n = 10,911) were included in the study. Lung cancer
patients with other morphologies were excluded. Disease stage
at diagnosis was categorized using a summary staging system.*
LD-SCLC and ED-SCLC were defined using the Veterans
Administration Lung Cancer Study Group (VALSG) staging
system.” In short, SCLC confined to one hemithorax was defined
as LD. Ipsilateral lymph node metastasis and contralateral hilar
lymph node metastasis was defined as ED. LD-SCLC was defined
as localized and regional stage on the summary staging system.
ED-SCLC was defined as distant stage on the summary staging
system. Localized and regional stages correspond to T1-2, N0-2,
and MO in the American Joint Committee of Cancer (AJCC)
TNM staging system.

This study was approved by the ethics committee of Osaka
Medical Center for Cancer and Cardiovascular Diseases (Osaka,
Japan) in September 2013. Use of the data was approved by the
six prefectural cancer registries.
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Statistical analysis

We defined three periods (period 1, 1993-1998; period
1999-2001; period 3, 2002-2006) to mirror the development of
SCLC weatment. Elderly lung cancer patients were often defined
as those who were aged 65, 70, or 75 years and older in clinical
research. Therefore, age at diagnosis was classified into three
groups: less than 65 years, between 65 and 74 years, and 75 years
or older.

Trends in SCLC survival were assessed using relative survival
(RS), because this is a standard method used to adjust for com-
peting causes of death.” RS is the ratio of the observed {overall)
survival and expected survival. The background mortality of
cancer patients was derived using the complete national popula-
tion life tables by birth year, age, and sex.™ We estimated RS by
applying the maximum likelihood method proposed by Esteve
et al.” We calculated the 1-, 3-, 5-, and 10-year RS for patients
diagnosed in period 1 and period 2 using a conventional approach
(cohort approach). Instead of 10-year RS, I-, 3-, and 5-year RS
for patients diagnosed in period 3 were calculated using the
cohort approach, because 10-year survival data for these patients
were not available (Figure 1, black dash frame). One-, 3-, 5-, and
10-year RS for patients diagnosed in period 3 were estimated
using the period approach. Long-term RS could be estimated
using the period approach from recently followed-up data.
Ten-year RS for patients diagnosed in period 3 (2002-2006)
was estimated using the survival data for patients diagnosed
between 1993 and 2006 and followed-up between 2002 and 2006
(Figure 1, gray dashed frame).

RS was compared using the excess hazards model® a
multivariate regression approach based on generalized linear
models which adopts the Poisson assumption for the observed
number of deaths. The excess hazards model is based on the idea
that the total mortality hazard of cancer patients is decomposed
into an excess hazard of death from cancer, and a hazard for other
causes of death, derived from population life tables as back-
ground mortality of general populations. Period, sex, and age at
diagnosis were included in the excess hazard model.

Using data of patients diagnosed in period 3, conditional
S-year survival was calculated. Conditional S-year survival
was S-year survival with the pre-condition of having already
survived a certain length of time (0 to 5 years in this report).
Conditional 5-year survival for x-year survivors is calculated as
follows: divide the (x+45)-year cumulative survival rate by the
x-year cumulative survival, or caleulate (x+5)-year cumulative
survival, limited to the x-year survivors, in accordance with other
studies. >

All analyses were conducted using STATA version 14.2
(StataCorp, College Station, TX, USA). The strel command in
this software was used to calculate RS in both the cohort and
period approaches.”!

2

RESULTS

In total, 98,475 lung cancer patients, including 10,911 SCLC
patients, were registered in the six prefectural cancer registries
between 1993 and 2006. Proportions of SCLC in periods 1, 2
and 3 were 11.6%, 11.1%, and 10.7%, respectively. Char-
acteristics of SCLC patients in the three periods are shown in
Table 1. Proportions of female patients were approximately 18%
throughout the periods. Proportions of elderly patients (aged >75
years) in periods 1, 2, and 3 were 25.2%, 29.1%, and 33.3%,
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Figure 1. Palient dala used in the survival analysis. Black figures indicale the dala from six prefectural cancer registries, and
the numbers within the cells indicate years of follow-up. Data in the black and gray solid frames were used to calculate
10-year relative survival by the cohor approach for patients diagnosed in period 1 {1993-1998) and period 2
{1999-2001), respectively. Data in the black dashed frame were used to calculate 5-year relative survival by the cohort
approach for patients diagnosed in period 3 (2002-2008). Dala in the gray dashed frame were used lo calculate
10-year relative survival using period analysis for patients diagnosed in period 3 (2002-2006).
Table 1. Characteristics of study subjects
1993-1998 1999=2001 2002-2006 “Tatal
Number % Number % Number % Number %
Sex
Male 2,817 822 2,501 81.2 3,630 826 8,057 821
Female 610 17 579 188 765 174 1,954 179
Age, years
<64 1,003 31.9 842 273 1,169 26.5 3,104 284
65-74 1469 429 1,341 435 1,770 40.2 4,580 420
275 865 252 807 29.1 1.465 333 3,227 206
Digeaze stage
Limited disease (LD) 1,482 432 1,369 4.4 1,756 39.9 4,607 422
Extensive disease (ED) 1,469 429 137 44.5 2,203 50.0 5,043 462
Unknown 476 139 340 1.0 445 10.1 1,261 116
Total 3427 1000 3,080 100.0 4404 100.0 10.911 1000

respectively. The proportion of patients with ED-SCLC increased
from 42.9% in period 1 to 50.0% in period 3,

Ten-year RS curves of each period by disease stage are shown
in Figure 2 and Table 2. Five-year RS curves of both LD- and
ED-SCLC patients in period 3 calculated using the cohort
approach were similar to those estimated by the period approach.
One-, 3-, 5-, and 10-year RSs of LD-SCLC patients in period 2
were better than those in period 1. The 10-year RS curve of
LD-SCLC patients in period 3 estimated using the perod
approach was similar to that in period 2 estimated using the
cohort approach. One- and 3-year RSs of ED-SCLC patients in
period 3 were better than those in period 1, whereas 5- and 10-
year RSs of ED-SCLC in period 1 were similar to those in period
3 estimated using the period approach. Ten-year RS curves in
each period were similar between male and female patients with
SCLC. RS of SCLC patients aged 75 years and more was
approximately half that of patients aged less than 65 years in each
period (eTable 1).

We estimated the EHR of SCLC patients’ hazard of death from
cancer within 5 years (Table 3). When stratified by disease stage,
LD- and ED-SCLC showed similar trends. Excess mortality in
periods 2 and 3 was significantly lower than that in period 1.
Female LD-SCLC patients showed no statistically significant

difference in mortality from male patients, whereas female ED-
SCLC p showed significantly better survival than male
patients.

Conditional 5-year RS stratified by disease stage are shown in
Figure 3. Conditional 5-year survival for patients with LD-SCLC
increased from 21% at year 0 to 73% at year 5, while that in
patients with ED-SCLC increased from 3% at year 0 to 53% at
year 5. Because the 2-year RS of patients with ED-SCLC was
9.8%, confidence intervals for the conditional 5-year survival of
ED-SCLC patients at years 3 to 5 are wide.

DISCUSSION

In this study, we found that the RS of patients with SCLC slightly
improved between 1993 and 2006, despite increases in the
number of elderly patients and relative proportion of ED-SCLC.
This improvement in RS was confirmed after adjustment for
period, sex, and age at diagnosis. To the best of our knowledge,
this is the first study to show the RS of patients with SCLC
stratified by disease stage using population-based data.

Among results, we found that the RS of patients with
LD-SCLC in periods 2 and 3 were better than that in period 1.
This improvement in survival was consistent with the develop-
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Figure 2. Ten year relative survival of patients with small-cell lung cancer. Relative survival was stratified by disease stage. ED,

extensive disease; LD, limited disease.

Tabla 2. 1-, 3-, 5-, and 10-year relative survival of patients with SCLC stralified by disease stage
Relative survival (%) Years since diagnosis
1 3 5 10

Survival (95% CI) Survival (95% CI) Survival ©5% CT) Survival (95% CI)
Limited Disease (LD}
Period 1 (1993-1998) 56.8 (54.3-59.1) 203 (18.3-22.3) 16.8 (14.9-18.7) 124 (10.6-14.4)
Period 2 (1999-2001) 63.6 (60.5-66.6) 26.2 (23.4-20.1) 21.1 (18.4-23.8) 16.1 (13.5-18.8)
Period 3 (2002-2006) 669 (64.5-69.2) 270 (24.8-29.3) 19.9 (17.8-22.00
Period 3 (period”) 66.2 (63.3-68.5) 272 (25.0-29.5) 214 (19.3-23.6) 156 (134-18.0)
Extensive Disease (ED)
Period 1 (1993-1998) 2777 (25.6-20.8) 34 (2.6-4.4) 23 (1.6-3.1) 12 0.7-1.8)
Period 2 (1999-2001) 330 (30.1-35.9) 52 (3.9-6.7) 2.8 (1.9-1.0) 17 (1.0-2.9)
Period 3 (2002-2006) 343 (323-36.4) 43 (3.5-5.3) 2.0 (1.4-2.7)
Period 3 (period®) 348 (328-36.9) 50 (4.0-6.0) 27 (2.0-3.6) 14 (0.8-2.3)

CI, confidence interval; ED, extensive disease; LD, limited disease; SCLC, small-cell lung cancer.
*Relative survival and Cls were estimated using the period method. Survival data of patients followed between 2002 and 2006 were used.

Table 3. Excess hazard ratio (EHR) of death by excess mortality
model stratified by disease slage

Limited disease (LD)

Extensive disease (ED)

EHR  95%Cl  Pvalue EHR 95%Cl P value

Period

1993-1998 1 Reference 1 Reference

1999-2001 084 0.77-092 <0001 086 080-094 <0001

20022006 077 0.72-0.84 <0001 085 0.79-09%0 <0001
Sex

Male 1 Reference 1 Reference

Female L04  0.95-1.13 0401 092 0.85-099 (028
Age at diagnosis, years

<64 1 Reference 1 Reference

65-74 129 1.19-140 <0001 123 1.15-131 <0001

275 152 176210 <0001 171 1.58-185 <0.001

1997. LD-SCLC patients had a similar survival in period 3
to that in period 2. This seems consistent with the fact that no
significant new treatment for LD-SCLC was developed during
this time,

The improvement in ED-SCLC survival in periods 2 and 3
compared with period 1 was inconsistent with the development of
chemotherapy. A clinical study in Japan showed that patients with
ED-SCLC treated with the new combination of cisplatin and
irinotecan had longer survival than those treated using standard
chemotherapy with cisplatin and etoposide. In a replication
study, however, cisplatin and irinotecan showed no significant
benefit compared with standard chemotherapy.’** In addition,
the higher rate of nonhematologic toxicity with the cisplatin and
irinotecan regimen might decrease feasibility, and the new

1, confidence interval; EHR, excess hazard ratio,
Period, sex and age were included in the model,

ment of chemoradiotherapy.'> A new chemoradiotherapy method,
concurrent radiotherapy and hyperfractionated radiotherapy,
improved the RS of patients with LD-SCLC diagnosed after

350 | J Epidemiol 2019;29(9):347-353

gimen might, therefore, have lacked impact on survival using
population-based data. The RS of ED-SCLC patients in period 2
was better than that in period 1, despite no obvious improvement
in ED-SCLC treatment. One reason might be the development
of supportive care and palliative care. Total usage of opioids, a
proxy for supportive care,** was 706 kg of morphine equivalent in
Japan in 1995, rapidly increasing to 891 kg in 2000 and 2,696 kg
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Figure 3. Conditional 5-year relative survival and 95% confidence intervals of SCLC patients stratified by disease stage. ED,
exlensive disease; LD, limiled disease; SCLC, small-cell lung cancer.

in 2004.% Given that supportive care impacts the prognosis of
patients with lung cancer, this increase in supportive care might
have improved the prognosis of patients.’

The RS curves in period 2 were better than those in period 1
for both LD-SCLC and ED-SCLC. The RS curves in period 2
were similar to those in period 3 for both LD-SCLC and ED-
SCLC. This similarity should be carefully considered because the
improvement might have been due to stage migration. Improve-
ments in diagnostic methods allow the detection of very small
metastatic tumors. Patients with small distant metastasis would
have been classified as LD in period 1. With the detection of
small metastases with improved imaging, however, the patient
would be diagnosed as ED. Movement of such patients with small
metastases from LD to ED would improve the prognosis of LD
patients, because their prognosis would be poorer than that of
those without metastasis. Similarly, the prognosis of ED patients
would be improved via the addition of patients with small
metastases. The increased proportion of ED patients may support
this hypothesis.

Conditional 5-year survival shows the conditional probability
of surviving a further 5 years for cancer survivors.*® It is a more
informative way for survivors to see their evolving prognosis
over time. Conditional 5-year survival was low in our patients
with LD-SCLC compared with other malignancies.'® Even 5
years post-diagnosis, conditional 5-vear survival was 73%. The
low conditional 5-year survival was mainly due to the poor
prognosis of SCLC. In addition, the low conditional survival
might be partly explained by the high proportion of heavy
smokers among patients with SCLC.*® Even SCLC patients with
long survival may eventually die due to other cigarette-associated
disease and comorbidities.

Lung cancer screening might be another potential factor to
influence SCLC survival. Because of aggressive growth of SCLC,
most SCLC cases were discovered as symptomatic cancers during
the interval of annual lung cancer screening,™ which suggests
that lung cancer screening is unlikely to improve survival in
patients with SCLC.H Ewen if SCLC could be screened
effectively, it is less likely that screening affects stage-specific

survival. Therefore, lung cancer screening programs were
unlikely to affect the results of our study.

The strength of this study is its use of population-based cancer
registry data. Because all SCLC incident cases in six prefectures
were included, the study is unlikely to have suffered from the
selection bias which confounds clinical trials and hospital-based
cancer registries. A second strength was its large sample size.
Most reports of SCLC survival have been derived from hospital-
based studies.”** The largest Japanese hospital-based lung cancer
registry, the Japanese Joint Committee for Lung Cancer
Registration, reported histology in specific lung cancer survival.®
However, their study included only 243 SCLC cases versus
10,911 incident SCLC cases in our present study.

This study has a number of limitations. First, long-term survival
was estimated using data from only six prefectural cancer regis-
tries. Second, data quality was not particularly high. The propar-
tion of death certificate only cases among registries was 3.1% to
24.6%. The generalizability of the results should, therefore, be
interpreted cautiously. Thanks to the enactment of the Cancer
Registry Law in 2013, the quality of population-based cancer
registry data will shortly improve.*** This will allow new
estimations of cancer survival with greater timeliness, longer
follow-up, and inclusion of many more prefectures in Japan.
Considering the decreasing trend in the incidence of SCLC, %"
analysis might require larger coverage to attain a stable estimation.
Third, detailed information, such as treatment, comorbidity, and
smoking status, was not available. These variables affect cancer
survival, but the data are not fully collected in population-based
cancer registries. Verification of the influence of these clinical
factors on prognosis would require studies using detailed clinical
data from hospital-based cancer registries.

In conclusion, we reported the 10-year RS and conditional
survival of patients with LD- and ED-SCLC. RS after 1999 was
better than that before 1998, although conditional survival was
poor even among the patients with LD-SCLC. The forthcoming
improvement in the quality and timeliness of cancer registry data
in Japan will allow continuous survey using population-based
data from many prefectures to estimate the progress of treatment.
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1 | INTRODUCTION
Head and neck cancer (HNC) is the seventh most com-
mon cancer worldwide, and accounts for over 800,000 new
cases annuall],i.l HNC occurs in various subsites, including
the lip, oral cavity, salivary glands, nasopharynx, orophar-
ynx, hypopharynx, larynx, nasal and paranasal cavity, and
ear. Indeed, the most common sites of incidence among
HNC cases vary by geographic region, because the etiol-
ogy of HNC is mainly lifestyle factors.>® Tobacco use and
alcohol consumption are still important risk factors for
HNC in developing countries, even though decreasing
in tobacco prevalence.” In contrast, the incidence of oro-
pharyngeal cancer due to human papilloma virus (HPV)
infection has been increasing in advanced countries, in-
cluding United States and European countries® " Thus,
an understanding of trends in the incidence of HNC by
subsite is one of the most important aspects of manage-
ment of this condition. To date, however, few studies have
evaluated trends in the incidence of HNC by subsite in
Japan.”' 13

Here, we assessed the overall incidence of HNC among
Japanese men and women between 1993 and 2015, and
describe the distribution and trends in incidence rates of
HNC at subsites.

2 | MATERIALS AND METHODS

2.1 | Populations

We used data from 19 population-based cancer registries
in Kumameoto, Nagasaki, Saga, Yamaguchi, Hiroshima,
Tottori, Osaka, Shiga, Aichi, Fukui, Niigata, Kanagawa,
Chiba, Gunma, Tochigi, Ibaragi, Yamagata, Miyagi, and
Aomori prefectural governments, all of which are mem-
bers of the Monitoring of Cancer Incidence in Japan
(MCIJ) project.' All 47 prefectural cancer registries in
Japan submitted cancer incidence data to the Project.
National statistics of cancer incidence in 2015 in Japan
were observed using date submitted to the MCII project
in 2015. First, we selected 41 prefectural cancer registries
whose data quality for all cancers in 2015 met the follow-
ing the standards in the MCIJ project 2015: (i) propor-
tion of cases reported by death certificate only (DCO%:
death certificate only) of less than 10%, (ii) proportion
of cases first notified through death certificate (DCN%:

death certificate notification) of less than 20%, (iii) and
mortality to incidence ratio (M/I) of less than or equal
to 0.5." From these, we then selected the 19 registries
above because they submitted data between 1993 and
2005 to the MCIJ project 2015. The selected registries
encompassed data for 44.6% of the total Japanese popu-
lation in 2015,

2.2 | Disease coding

Topology codes of the International Classification of
Diseases, Version 10 (ICD10) were grouped into 10 cat-
egories: lip (C00), oral cavity (C02-04, 05.0, 05.8, 05.9, 06),
salivary glands (C07-08), nasopharynx (C11), oropharynx
(Co1, 05.1, 05.2, 09-10), hypopharynx (C12-13), larynx
{C32), nasal and paranasal cavity (C30.0 and C31), middle
ear (C30.1), and oral cavity or pharynx not otherwise spec-
ified (NOS) (C14). Epithelial malignancies (8000-8574,
ICD-0-3) arising in the head and neck were included.

2.3 | Statistical methods

We estimated sex-specific incidence rates of each subsite
per 100,000 person-years and 95% confidence intervals(CI).
Each incidence rate was standardized by age-adjustment
according to the Segi's world standard population.’® In ad-
dition, the annual percent change (APC) was calculated
using the Joinpoint regression analysis."®” Briefly, the
Joinpoint regression analysis is a statistical method for the
analysis of change in trends over continuous segments of
time. The significance of an increase or decrease within
each segment was evaluated after identifying the best fit-
ting model. In describing the trends, if changing less than
or equal to 0.5% per year (—0.5 < APC < 0.5) and the APC
was not statistically significant, we characterized it as sta-
ble. If changing more than 0.5% per year (APC < —0.5 or
APC > 0.5) and the APC was not statistically significant,
we characterized it as non-significant change. If chang-
ing with a statistically significant APC > 0, we character-
ized it as rising. If changing with a statistically significant
APC <0, we characterized it as falling. We estimated age-
adjusted incidence rates with STATA version 16 (STATA
Corporation). For the Joinpoint regression analysis, we
used the Joinpoint Regression Program version 4.9.0.0 (US
National Cancer Institute). For the Joinpoint regression
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analysis, we considered that less than 0.05 of two-sided
p-values were statistically significant.

3 | RESULTS

Table 1 shows estimated age-standardized incidence
rates (ASRs) per 100,000 men and women for HNC ac-
cording to subsite in 2015. The ASR of overall HNC was
estimated as 12.42 per 100,000 men and 3.71 per 100,000
women. The leading subsite was oral cavity among both
men and women (ASR: 3.40 per 100,000 men and 1.93
per 100,000 women). Among men, larynx was the second
most common site, followed by hypopharynx (ASR: 2.82
per 100,000 men for larynx; 1.93 per 100,000 men for hy-
popharynx). Additionally, salivary gland was the second
most common site among women, followed by orophar-
ynx (ASR: 0.44 per 100,000 women for salivary gland; 0.41
per 100,000 women for oropharynx).

Figure 1, Table 2, Table 81, and Figure 81 showed the
results of the Joinpoint regression analyses for HNC in-
cidence trends according to subsite between 1993 and
2015. All HNC showed an upward trend between 1993
and 2015 among both men and women (APC 0.9%, 95%
CI: 0.3% to 1.5%, for men; APC 2.1%, 95% CI: 1.2% to 3.0%,
for women). Oral cavity cancer, salivary gland cancer, and
oropharyngeal cancer showed an increasing trend during
the study period among both men and women (oral cavity:
APC 1.2%, 95% CI: 0.4% to 2.1%, for men and APC 1.9%,
95% CL 0.8% to 3.1%, for women; salivary gland: APC
2.2%, 95% CI: 0.6% to 3.9%, for men and APC 3.1%, 95%
CI: 0.5% to 5.8%%, for women; oropharynx: APC 5.0%, 95%
CI: 3.8% to 6.2%, for men and APC 7.6%, 95% CI: 4.7% to
10.5%, for women). Among men, hypopharyngeal cancer

= 1555
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showed an increasing trend (APC 4.1%, 95% CL 2.5% to
5.7%). In addition, nasopharyngeal cancer and laryngeal
cancer showed a downward trend for men (nasopharynx:
APC —2.7%, 95% CI: —4.6% to —0.7%; larynx: APC —-1.1%,
95% CL: —1.9% to —0.3%). We did not find a significant
trend for nasal and paranasal cavity cancer.

Due to the small number of incidence cases, we per-
formed the Joinpoint regression analysis for lip, middle
ear and NOS cancer using the moving average of inci-
dence rate in 3-year calegory. Middle ear cancer showed
a decreasing trend for men (APC —2.2%, 95% CI, —4.4% to
—0.1%, between 1994 and 2006 and APC —10.4%, 95% CI;
—14.7% to —5.9%, between 2006 and 2014). We did not find
a significant trend for cancer of lip and NOS.

4 | DISCUSSION
In this study, we investigated trends in HNC incidence
and site-specific HNC incidence in a large Japanese pop-
ulation between 1993 and 2015. All HNC showed an in-
creasing trend between 1993 and 2015 among both men
and women. By subsite, increasing trends for men were
observed for cancer of the oral cavity, salivary gland,
oropharynx and hypopharynx, and for women with can-
cer of the oral cavity, salivary gland, and oropharynx.
Additionally, decreasing trends for men were observed for
cancer of the nasopharynx and larynx. To our best knowl-
edge, this study is the first study to evaluate trends in HNC
incidence according to subsite using data from Japanese
population-based cancer registries.

With regard to all HNC, a steady downward trend after
1973 was shown in the United States."™' In addition, oro-
pharyngeal cancer showed an upward trend due to the

TABLE 1 Age-standardized incidence Meh Women

rates per 100,000 men and women for

head and neck cancer by subsite in 2015 Subsite 1CD10 code ASR % ASR %
Overall 12.42 371
Lip €00 0.05 0.4 0.03 08
Oral cavity C02-04,05.0,058,059,06 340 274 193 520
Salivary gland 07, 08 068 55 044 118
Nasopharynx C11 0.49 4.0 016 4.2
Oropharynx €01, 05.1,05.2,09,10 1.93 155 041 11.0
Hypopharynx C12,13 225 181 023 6.1
Larynx C32 2.82 227 025 67
Nagal and paranasal cavity  €30.0, 31 0.71 57 0.25 6.7
Middle ear C30.1 0.01 0.1 001 0.2
NOS 14 0.07 0.6 0.02 0.5

ASR, ag lized incidence rate; ICT, International Classification of Diseases; NOS,

oral cavity or pharyny not otherwise specified.
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TABLE 2 Joinpoint analysis for head and neck cancer by subsite between 1993 and 2015

Men
Subsite Year APC
Overall 1993-2015 0.9*
Oral cavity 1993-2015 L
Salivary glands 1993-2015 2.2+
Nasopharynx 1993-2015 =27
Oropharynx 1993-2015 5.0*
Hypopharynx 1993-2015 4.1*
Larynx 1993-2015 -L1*
Nasal and paranasal cavity 1993-2015 =10

Women
95% CI Year APC 959 CI
0.3,1.5 1993-2015 2.1* 12,30
04, 2.1 1993-2015 1.9* 0.8, 3.1
0.6, 3.9 1993-2015 31" 0.5,58
—4.6, -0.7 1993-2015 2.6 —0.9,63
38,62 1993-2015 7.6 47,105
2.5,5.7 1993-2015 —0.4 -2.9,22
-1.9, -0.3 1993-2015 23 -1.1,57
-2.5,0.6 1993-2015 -13 -3.2,0.5

Abbreviations: APC, estimated annual percent change (age-standardized to the world population); CI. confidence interval; NOS, oral cavity or pharynx not

otherwise specified.
*APC is statistically significantly different from zero (two-sided p < 0.05),

increasing the prevalence of HPV infection, and laryngeal
cancer showed a downward trend, which has been at-
tributed to decreased rates of smoking.”'* In England, all
HNC showed an upward trend between 2002 and 2011.*
Additionally, HPV-associated sites had a significantly
increasing trend while laryngeal cancer had a stable
trend.” Consistent trends were seen in Denmark and the
Netherlands.*'*? On the other hand, in France, all HNC
showed a downward trend for men and an upward trend
for women between 1980 and 2012. This trend was con-
sistent between HPV-associated and HPV-unassociated
sites.*® As for the Asia, Korea showed a downward trend
for all HNC in men and a stable trend in women.**** In
addition, the overall incidence of HNC in Taiwan has
continued to increase due to a rapid rise in oropharyn-
geal cancer.”*° In Thailand, although all HNC showed a
downward trend, tongue cancer for both men and women
and pharyngeal cancer for men had an upward trend.*” In
Japan, we found thatall HNC had an upward trend in both
men and women between 1993 and 2015, Consistent with
the other countries, we found that oropharyngeal cancer
had an upward trend for men and women in the study pe-
riod. In addition, laryngeal cancer had a downward trend
for men. Therefore, the more detailed investigation to clar-
ify the impact of risk factors, including smoking and HPV
infection, on the incidence of HNC in Japan is needed.
The increasing trend in HPV-positive oropharyngeal
cancer in the United States and European countries is
well known,**'®* particularly given that HPV-positive
oropharyngeal cancer cases have better survival than
HPV-negative cases.” The prevalence of HPV infec-
tion in oropharyngeal cancer have been investigated in
the Japanese populalion.’” 32 Hama reported that the
prevalence of HPV infection was 50.3% (79/157) among
Japanese oropharyngeal cancer cases.™ In addition, Saito
reported that the prevalence of plé-positive oropharyngeal
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squamous cell carcinoma cases increased from 15.2% be-
tween 2000 and 2003 to 33.3% between 2008 and 2011 at
a single institution.™ However, we were unable to find
any cancer registry-based descriptive study of trends in
oropharyngeal cancer incidence in Japan. In the present
study, we showed that oropharyngeal cancer has been
increasing for both men and women. Gillison reported
that higher prevalence of oral HPV infection among men
might be associated with the higher incidence of HPV-
associated HNC.* Several possible mechanisms of this
association have been suggested **** First, regarding
sexual partners, higher number of men compared to
women might increase the possibility of HPV infection in
oral cavity. Second, female-to-male transmission of HPV
through oral sex is more effective compared to male-to-
female transmission. Finally, the seroprevalence of HPV
is reportedly lower in men compared to women, and high
levels of antibody against HPV have been shown to protect
against subsequent HPV infection.®*” Unfortunately, we
could notdirectly evaluate the association with these HPV
infection-related factors because information on HPV in-
fection was not available in this study, which is consid-
ered to be a limitation of this study. However, these factors
might be associated with an upward trend in oropharyn-
geal cancer in Japan.

Tobaceo smoking and alcohol drinking are the es-
tablished risk factors for HNC.2%%3% Among subsites,
laryngeal cancer is especially well known for its strong
association with smoking*** The rate of smoking has
been decreasing globally, including .Tapan.: although in
contrast to the situation for men, the prevalence of cur-
rent smoking among Japanese women has remained sta-
ble.*** Despite this stable trend in women—extending
back to the early 2000s, and thus covering the period
in which prior smoking is expected to influence cancer
incidence—laryngeal cancer did not show a downward
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trend for women throughout the study period. This ap-
parent discrepancy indicates the need to investigate the
impact of other environmental or genetic risk factors
on the incidence of laryngeal cancer among women in
Japan.

Similarly, we found that hypopharyngeal cancer
has increased among men. As for other countries, the
Netherlands showed a downward trend for men and an
upward trend for women between 1991 and 201 0," while
in the United States, the incidence of hypopharyngeal
cancer decreased from 1973 to 2010 with an APC of —2.0%
every year.*® Compared to other sites, hypopharyngeal
cancer is more strongly associated with aleohol drinking
than tobacco smoking, which is plausible considering the
anatomical site.****” In fact, the prevalence of habitual al-
cohol drinkers showed a slightly upward trend for men
until early 2000s in Japan.*” These trends might explain
the observed increasing trends in hypopharyngeal cancer
among men. It is known that hypopharyngeal cancer has
the worst prognosis among HNC subtypes due to its fre-
quent diagnosis at an already-advanced stage.”® The up-
ward trend in hypopharyngeal cancer should be noted,
and focus should be placed on reducing the prevalence of
the habitual alcohol drinking.

Among other findings, we found that salivary gland
cancer shows an increasing trend among both men and
women. Consistently with Japan, the United States showed
that parotid gland cancer, which accounts for the majority
of salivary gland cancers, rose steadily between 1973 and
2015 using the SEER database.”*™ So far, several factors
have been associated with the development of salivary
gland cancer, including radiation or industrial exposure
and smoking.*** However, due to the rarity and distinct
heterogeneous histopathelogical subtypes, risk factors for
salivary gland cancer have not been established. These
results identify a clear need to clarify the risk factors for
salivary gland cancer in the Japanese population.

Finally, past data quality issues in the Japanese pre-
fectural population-based cancer registries should be
discussed. Data failed to meet international data quality
standards in the early period but did do so in the later
period (DCO: 26.2%, DCN: 29.1% and M/I: 1.81 in 2003,
DCO: 3.8%, DCN: 6.9% and M/I: 2.38 in 2015)."** This
improvement in data quality standards was due to the
selection of selected cancer-designated hospitals in 2007
to promote cancer control programs by the Ministry of
Health, Labour, and Welfare. Candidate hospitals to have
high-quality cancer registries were rv:zquiru:zcl.ss'56 which
lead to an increase in the number of registrations and a
dramatic decrease in the number of NOS cases, with de-
tailed allocated to subsites. Therefore, the observed trends
in incidence in our study might simply be an artifact rep-
resenting an improvement in data quality."* Accordingly,

we cannot totally deny this possibility because data from
three of the population-based cancer registries with sta-
ble high quality during the observation period indicated a
gradual upward trend in the HNC incidence in total and
among subsites. However, consistent results in analyses
limited to these three registries during the observation pe-
riod might indicate that any bias due to the improvement
in data quality would have had minimal impact on the ob-
served trend in incidence. Trends for all HNC and subsites
should be continuously monitored from 2016 using data
from population-based cancer registries which meet inter-
national data quality standards.

In conclusion, we identified trends in HNC incidence
by subsite between 1993 and 2015 in a large representative
Japanese population based on population-based cancer
registries. These trends might be due to changes in life-
style factors in Japan. These results are crucial for the set-
ting of public health priorities.
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1 | INTRODUCTION

The efficacy and toxicity profiles of novel agents are evaluated by

clinical trials in the context of adverse events, response rates and

Hidemi Ito®2 ©
Kota Katanoda®
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| Yoshinobu Maeda®? | Keitaro Matsuo®’ ©

Abstract

Previously, the main treatment for multiple myeloma (MM) was cytotoxic chemother-
apies, including autologous stem-cell transplantation (ASCT]), but survival benefit in
the elderly was limited. More recently, clinical trials and practical experience with
novel agents with superior efficacy have shown improved survival, including in the
elderly. However, this improvement cannot be simply interpreted as a decline in mor-
tality rate that is an important public health measure of progress against cancer.
Here, we assessed the trends in mortality rates of MM in parallel with incidence rates
in Japan and the U.S. We used national mortality data and population-based cancer
registry data in both countries from 1995 to 2015, during which 74 972 patients in
Japan and 229 290 patients in the U.5. died of MM. Trends in mortality and inci-
dence rates were characterized using joinpoint regression analysis. Despite upward
trends in incidence, mortality rates showed a significant decrement after 2005 in
Japan, with an annual percent change [APC (95% confidence intervall] of —-2.5%
(—2.9% to —2.1%), and after 2002 in the U.5, with an APC of -2.0% (-2.6% to
~1.5%). In both countries, the change in mortality trend coincided with the introduc-
tion of the novel agents. Moreover, improvements in mortality were particularly large
in patients aged 70 to 79 years, who cannot receive ASCT. Our results indicate that
the benefits of novel agents for MM are appreciable at the population level and may
encourage further development of novel agents for malignancies that can be widely
applied to the patients.

KEYWORDS
incidence rate, Japan, mortality rate, multiple myeloma, SEER

survival time. Although proof of superiority in clinical trials is essential
in drug approval, approval itsell is not necessarily appreciable as
decrease in mortality rates in the general population. Nevertheless,
marality rate in the general population remains an important public

health measure of progress against cancer.' Indeed, prominent inter

Abbreviations: AAPC, average annual percent change; APC, annual percent change; ASCT,
autologous stem-cell transplantation; ASR, age-standardized rate; Cl, confidence intervat
ICE, Intemational Classification of Diseases; MCL), Monitoring of Cancer Incidence in Japars
MM, mattiple mystoma; 08, overall survval; SEER, Surveillance Epidemiclogy and End

Results.

ventions sometimes appreciably impact public health as a change in
national statistics. Examples include significant improvements in mor
tality rates reported after interventions with vaccination and with

drugs such as asp'lrin.g"‘ Similarly, we previously reported a dramatic

3102 I @ 2020 UICC

wileyonlinelibrary.com/journal/jjc Ing. 1. Concer. 2020:147:3102-3109.

102



USULer AL

improvement in mortality rates for chronic myeloid leukemia, a hema-
tological neoplsm, after the introduction of imatinib,®

Multiple myeloma (MM] is a plasma cell neoplasm which is charac-
terized by clonal plasma cells in the bone marrow, menoclonal protein
in the serum and/or urine, and MM-induced organ dysfunction.* MM
has been generally considered incurable. For many years, the main
treatment for MM was cytotoxic chemotherapies, The introduction of
high-dose melphalan with autologous stem-cell transplantation (ASCT)
in the late 1980s resulted in a significant improvement in overall sur
vival (O8) among transplant-eligible younger patients. In contrast, how-
ever, the O5 of transplant-ineligible elderdy patients did not irnuruvc.’

Arcund 2000, the treatment paradigm for MM underwent a
remarkable change, thanks to the introduction of novel agents with
superior efficacy profiles but different toxicity profiles, such as thalido-
midle, bortezomib and lenalidomide (Table $1).%7% Then, after the intro-
duction of many novel agents, treatment now involves a combination of
these novel agentsfs Improvements in survival have been shown in
clinical trials™®?7 and retrospective analyses of hospital-based data, ®*?
including in elderly patients. In fact, a real-world report in the US.
showed a significant increase in proportion of MM patients treated with
novel agents (patients diagnosed in 2000, 8.7%; patients diagnosed in
2014, 61.3%).7 To date, however, the disease burden of MM in terms
of mortality rate at the general population level has not been evaluated.

Here, to quantitatively determine the efficacy of novel agents at
the population level, we evaluated the mortality rates of MM in Japan
and the U5, In addition, we also calculated incidence rates of MM in
both countries to account for the effect on the mortality during a
specified peried.

2 | METHODS
2.1 | Datasources
211 | Mortality

We used national mortality data in Japan and the U.S. In Japan, the
number of deaths from MM was obtained from Vital Statistics Japan
(Ministry of Health, Labour and Welfare). In the U.5., publicly available
MM mortality data collected by the National Center for Health Statis
tics were extracted from the National Cancer Institute Surveillance
Epidemiology and End Results (SEER) database using SEER"Stat.”” For
both the Japanese and LS. mortality data, deaths from MM were
defined according to SEER Cause of Death Recode [International
Classification of Diseases (ICD)-9:203.0, 238.6; ICD-10: C90.0,
C90.2].2% The period specified for mortality analysis was 1995 to
2015, which included the peried of introduction of novel agents.

212 | Incidence

‘We evaluated the trends in incidence using population-based cancer
registry data in Japan and the U.5. Japanese incidence data were

@ 1.]..(..... ﬁ,ﬁil 3102

What's new?

Mortality rate is a key public health measure of progress
against cancer and is sometimes markedly impacted by the
approval of novel anticancer interventions. Here, the authors
evaluated mortality and incidence rates of multiple myeloma
{MM) in Japan and the United States, searching for trends
associated with new therapeutic interventions. Their ana-
Ilyses show that mortality rates of MM decreased signifi-
cantly after the introduction of novel therapies in the early
2000s, despite increasing trends in MM incidence rates in
both countries. Mortality rates improved considerably
among older patients, ages 70 to 7%, who are unable to
undergo autclogous stem-cell transplantation,

obtained from the Meniterng of Cancer Incidence in Japan (MCLJ)

project in 20153 Among registries, we selected 12 prefectural cancer
registries (Miyagl, Yamagata, Chiba, Kanagawa, Niigata, Fukui, Aichi,
Shiga, Osaka, Tottori, Yamaguchi, Nagasaki and Kumamoto) which
consistently registered MM to the MCIJ project during the specified
period. These databases covered 35.8% of the total Japanese popula
tion in 2015, The U.S. incidence data were gquoted from the SEER 9
cancer database through SEER"stat,”® which covered nine high-qual-
ity registries (Atlanta, Connecticut, Detroit, Hawaii, lowa, New Mex-
ico, San Francisco-Oakland, Seattle-Puget Sound and Utah) that
accounted for 9.4% of the total ULS. population in 2015. Patients with
MM in Japan and the W5, were defined as those registered with
9731/3,9732/3 and 9734/3 (ICD-0-3), which corresponded to 203.0
(IED-9), 238.6 (ICD-9), C90.0 (ICD-10} and €90.2 (ICD-10) The
period specified for incidence analysis was 1995 to 2015, namely, the
same as the period of mortality analysis.

213 | Population

Population data were used to calculate mortality and incidence rates
of MM. In Japan, total population data were obtained from the Cancer
Information Service of the National Cancer Center, Japan.™ In the U.
5., total population data were extracted from the SEER database using
SEER*Stat.”®

214 | Statistical analysis

‘We calculated annual age-standardized rates (ASRs; standardized by
the world standard uopulatinn”] for mortality and incidence of MM,
‘We analyzed the trends in morality and incidence rate, and caleulated
annual percent changes (APCs) and average annual percent changes
(AAPCS)™ using a joinpoint regression model. This model has been
deseribed in detail elsewhere.”= Briefly, joinpoi
thod that anah ch

regression analysi

is a statistical trends over consecutive
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TABLE1  Subject characteristics
Japan us.
Incidence (n = 33 §88)" Mortality (n = 74 972} Incidence (n = 37 121)" Mortality (n = 229 290)
Age (36}
0-4% 1171 {3.54} 1232 (1.64} 2829 (7.62) 7541 (3.29)
50-59 3426 {1017} 5151 (6.87} 6138 (16.54) 23 703(10.34}
&0-69 8207 {24.36} 15 211 (20.29) 9389 (25.29} 49 366 (21.53}
70-79 11 667 (34.63) 24 459 (35.29) 10 486 (28.79) 75 325 (32.85)
80+ 9197 (27.30} 26 919 (35.91) 8079 (21.76} 73 355 (31.99}
Sex (36}
Male 17 256 (51.22) 37 643(50.21) 20 395 (54.94} 120 753 (52.66)
Female 16 432 (48.78) 37 329 (49.79) 16 726 {45.06} 108 537 (47.34}
“Incidence data in Japan were obtained from 13 reg (Miyagi, Y: Chiba, gawa, Miigata, Fukui, Aichi, Shiga, Osaka, Tottori, Yamaguchi,

Magasak! and Kumamoto).

“Incidence data in the U.S. were obtained from nine registries (Atlanta, Connecticut, Detrolt, Hawall, lowa, New Mexico, San Francisco-Oakland, Seattle-

Puget Sound and Utah).

TABLE 2 Trends in age-specific mortality and incidence rate
Trend 1 Trend 2 Trend 3
AAPC (95%C1) Period APC (95%C1) Period APC (95%C1) Period APC (95%CI)
Japan
Total
Mortality =15(=17to=12} 1995-2005 -04(-08 to0.0) 2005-2015 =25(-29to-21}
Incidence 0.9 (0.6t0 1.2) 1995-2015 0.9 (0.6 to 1.2)
Male
Mortality —15(-19to-11) 1995-2004 —04(-1.2to0.3} 2004-2015 -23(-2.8to-18)
Incidence 0.8 (0.5 to 1.1) 1995-2015 08 (0.5 to 1.1)
Female
Mortality —15(-19to—11) 1995-2005 —02(-0.5to0.4) 2005-2015 —27(-34t0—21)
Incidence 0.9 (D410 1.3) 1995-2015 0.9 (0.4 to 1.3)
us.
Total
Mertality —11(-14t0 —0.9) 1995-2002 -09(-14to—-0.5 2002-2009 -20(-2.6to-15}) 2009-2015 -0.3(-081t00.3)
Incidence 09 (-0.3to 2.0} 1995-2007 04 (-0.1to 0.9 2007-2010 39(-36to120, 2010-2015 0.1(-14 to 1.6}
Male
Mortality -12(-13to-1.1) 1995-2015 -12(-13to-1.1)
Incidence 11 (0.9 to 1.4) 1995-2015 1.1(0.9 to 1.4)
Female
Mortality -14(-18t0-05) 1995-2002 -10(-17t0o-0.3) 2002-2008 -29(-4.0to-17} 2008-2015 -04(-11t00.3}
Incidence 09 (0.5 t0 1.2} 1995-2015 0.9 (0.5 10 1.2)

Mote: Values significantly different from zero (two-sided P < 05, calculated using a i-test} are highlighted in bold, Japan: Phase I/l study of the first novel
agent was started in May 2004, and approval of the first novel agent was received in October 2006. U.S.: Phase I/1l study of the first novel agent was
started In December 1997, and approval of the first novel agent was recelved In May 2003,

Abbreviations: APC, annual percent change; AAPC, average annual percent change; Cl, confidence interval.

segments of time and evaluates the significance of increase or
decrease within each segment after identifying the best fitting model.
‘Within each segment, the log of the rate is modeled as a linear func
tion, yielding the annual exponential rate of change. For analysis,
uncorelated error models were used. The minimum number of

joinpoints in the model was set as zero and the maximum number as
three. The SE was estimated for each year. Two-sided P-values < .05
were considered statistically significant. In describing the trends, we
defined an increase or decrease as occurring when the APC or AAPC
of the trends was statistically significant; otherwise, we defined the
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trend as stable. We also performed stratified analysis by age category,
classified as age 0 to 49, 50 to 59, 60 to 69, 70 to 79 and 80 years or
older. All analyses were conducted using Stata, version 15.1 software

gram, version 4.60.0 (US. National Cancer Institute, Bethesda,

Subject characteristics are shown in Table 1. A total of 74 972
patients in Japan and 229 290 in the U.5. died of MM during the
period. The proportion of males was higher in both incidence and
mortality in both countries, and more than half of the patients were
aged 70 years or older at diagnosis in both countries {(61.9% in Japan

Trends for ASRs in mortality and incidence analyzed by joinpoint
regression analysis are shown in Table 2 and summarized in Figure 1,
and trends for ASRs sorted by sex are summarized in Figure 51. In
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FIGURE 1 Overall trends in age-standardized mortality and
incidence rate of multiple myeloma. Overall trends in age
standardized mortality and incidence rate of multiple myeloma in, A,
Japan and B, the LS. World standard population was applied. White
circles indicate the observed incidence rate, black diomonds indicate
the observed mortality rote, and lines indicote modeled rotes estimated
by joinpoint regression analysis. Verticol lines at left show the first Phose
171l study of a novel agent and those ot right show the first approval of o
nowvel agent

Japan, while the incidence rate showed a significant increasing trend
[APC 0.9%, 95% confidence interval (Cl) 0.6% to 1.2%], the mortality
rate significantly turned to decrease in 2005, with an APC of -2.5%
(95% Cl; —2.9% to —2.1%; Table 2) (joinpoints and their 95% Cls are
shown in Table 52). Similarly, while the incidence rate showed an
upward trend (APC 0.9% and its 95% Cl; —0.2 to 2.0%), the magnitude
of the downward trend in mortality rate became larger in 2002 with
an APC of —2.0% (95% Cl; —2.6% to —1.5%) in the U.S (Table 2)
(joinpoints and their 95% Cls are shown in Table 52). As shown in Fig

ure 1, the change in mortality trends in both countries appeared to

coincide with the timing of introduction of the novel agents.

TABLE 3  Trends in age-categorized mortality and incidence rate
Trend 1 Trend 2 Trend 3
AAPC (95% CI} Period APC (95% CI} Period APC (95% C1) Perlod APC (95% Cl}
Japan
0-4%
Mortality —-1.3 {(-4.0to 1.6} 1993-1997 116 (-13.1to 434} 1997-2007 -5.8(-8.2to—34) 2007-2015 16(-20to5.3)
Incidence 25(1.5t0 3.5) 1995-2015 25(1.5t0 3.5)
50-59
Mortallty — —2.6(-3.5to—16)  1995-2008  —10(-19t0—0.2) 2008-2015 —5.3(-7.810 —2.8)
Incidence 1.7 (1110 2.2} 1995-2015 17 (11t62.2)
6069
Mortallty — —2.3(-2.6to—20)  1995-2015  —2.3(-2.6 to —2.0}
Incidence 0.8 (0.3t 1.3} 1995-2015 0.8(0.3t01.3)
70-79
Mortality 1.2 (-1.6to -08) 1995-2004 1.2 (0.4to 2.0) 2004-2015 -3.1(-3.7to -2.48)
Incidence 0.7 0.3to1.1) 1995-2015 07 0.3t01.1)
B0+
Mortality 0.0 (-0.2 to -0.3} 1995-2015 0.0 (0.2 to -0.3)
Incidence 0.6 (0.2 to 1.0} 1995-2015 0.6 (0.2 to 1.0}
{Continues)
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TABLE 2 ({Continued)
Trend 1 Trend 2 Trend 3
AAPC (95% CI} Period APC (95% CI) Period APC (95% CI} Period APC (95% CI}
us.
0-49
Mortality —2.3(-28t0 -1.8) 1995-2015 -23(-281to0 -1.8)
Incidence 23(171029) 1995-2015 23(1.7t029)
50-59
Martality —2.3(-25t0 -2.1) 1995-2015 —-23(-25t0 -2.1)
Incidence 1.0(00 to 2.1} 1995-2007 —03(-14t010} 2007-2015 30(10to5.1)
60-69
Mortality —2.3(-25t0 -2.0) 1995-2015 -23(-2510 2.0
Incidence 0.7 (0.3 10 1.0) 1995-2015 0.7 (0.3to 1.0}
70-79
Mortality —0.8(-13t0 —0.4) 1993-2002 01(-05t0 0.8  2002-2008 -21(-3.1to-10) 2008-2015 -0.7(-14to 0.0)
Incidence 1.0(0.7 to 1.4) 1995-2015 1.0(0.7 to 1.4)
B0+
Mortality 0.5 (0.0 to 0.9} 1995-2002 05(-03101.3) 2002-2008 -09(-22t00.3) 2008-2015 1.6(0.9to2.3)
Incidence 0.7(0.2t0 1.2) 1995-2015 0.7(0.2t0 1.2)

Note: Values significantly different from zero (two-sided P < 05, calculated using a | test) are highlighted in bold. Japan: Phase I/1l study of the first novel
agent was started in May 2004, and approval of the first novel agent was received in October 2006, US.: Phase |/l study of the first novel agent was
started In December 1997, and approval of the first novel agent was received In May 2003,

Abbreviations: APC, annual percent change: AAPC, average annual percent change; Cl. confidence interval.

The trends for age-specific rates in mortality and incidence are
shown in Table 3 and Figure 2. In both countries, mortality rates had a
trend of decline in patients aged less than or equal to 79 years in both
countries with upward trends in incidence rates after the introduction
of novel agents. Especially, mortality rate of patients aged 70 to
79 years showed remarkable trends in both countries. In Japan, mor-
tality rate changed to decrease in 2004 with an APC of -3.1% (95%
Cl; -3.7% to —2.6%), after an upward trend in mortality rate (APC
1.2%, 95% CI; 0.4% to 2.0%; Table 3). The magnitude of decline of
mortality rate was remarkable in this age-category with higher mortal-
ity rate itself than the other age categories less than or equal to
&9 years of age, although the APC was not larger than the others (Fig
ure 2). In the U5, mortality rate changed to decrease in 2002 with an
APC of —2.1% (95% Cl; —3.1% to —1.0%), after a stable trend in mor-
tality rate (APC 0.1%, 95% CI; —0.5% to 0.8%; Table 3). On the con-
trary, mortality rates did not decline in patients aged 80 years or older
in both countries despite the same trends in incidence as in other age
categories,

4 | DISCUSSION

In our study, we showed that the mortality rates of MM changed to a
downward trend in 2005 in Japan and in 2002 in the U.5. After these
changes in mortality trends, the ASRs declined with an APC of
approximately 2.0% in the two countries. These changes in mortality
trends appeared to coincide with the introduction of novel agents in

both countries. MM was previously a lethal condition, allowing the
possibility that mortality rates would decline immediately after their
intreduction. Given that the incidence rates did not decline over the
observation period, and indeed increased, it would be reasonable to
consider that the incorporation of novel agents into the treatment of
MM had the effect of improving the mortality rate of MM in the gen
eral population. To the best of our knowledge, this is the first popula-
tion-based study to evaluate the mortality and incidence rates of MM
in the era of novel agents in Japan and the U.S.

Patient age is an important factor in clinical decision making for
treatment indications of MM.*! One interesting characteristic of our
study is its evaluation of trends in mortality rate by age category,
which showed heterogeneity. For example, the age-specific mortality
rates showed a prominent decrement among patients aged 70 to
79 years after the emergence of novel agents {Figure 2). Rates
declined in both countries, after an initial increasing trend in Japan
and after a stable trend in the US. Patients aged 70 to 79 years are
transplant-ineligible and have not benefited from ASCT. In contrast,
novel agents are recommended as an initial therapy option even for
elder transplantation-ineligible patients, and these patients got a
wider availability of treatment after introduction of novel agents..i”z
Qur finding suggests that the benefits of novel agents may be particu-
larly large in patients who received less benefit from conventional
chemotherapies, such as ASCT. This benefit in turn represents a
reduction in disease burden in terms of mortality at the general popu-
lation level. Indeed, many clinical studies exclude elderly patients, nec-
essarily resulting in the failure to fully evaluate the subject disease
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population. Population-based study is particularly effective and neces-
sary in such less studied populations.

The age-specific mortality rates in patients aged less than or equal
to 69 years also showed declining trends in the era of novel agents in
both countries, However, we did not observe any joinpoints in several
age groups after introduction in either country, namely in those aged
0 to 49, 50 to 59 or &0 to &9 years. The mortality rates in patients
aged less than or equal to 6% years were declining before the intro
duction of novel agents, possibly because patients aged less than or
equal to 49 years were transplant-eligible. The additional treatment
options afforded by the introduction of novel agents might also
explain the continuous decline among these age populations in both
countries, in part at least.

Of note, the age-specific mortality rates in patients aged 80 years
or older did not show any decline in either country, although the
magnitude of change in incidence was not as large as in other age cat-
egories (Figure 2 and Table 3). This may be because elderly patients
generally have many comorbidities and may be less tolerant to even
novel agcnts.” The novel agents are known to improve MM-related
complications, such as kidney impairment,® and may also confer ben-
efits additional to the decline in mortality rate. In patients aged 80
years or older, it is desirable to evaluate the benefits of novel agents
from aspects other than mortality rate.

A number of previous population-based studies have reported
improvements in the survival time of MM in the era of these novel

agents. In Japan, the S-year relative survival rate from 2003 to 2008

was reported to have improved (1997-1999, 29.8%; 2000-2002,
29.0%: 2003-2005, 32.6%; 2006-2008, 36.4%).°*7 |n the U.S,, the 5
year relative survival rate improved significantly from 2002 to 2007
(1993-1995; 21.7%, 1996-2001; 34.4%, 2002-2004; 42.5%, 2005
2007; 46.4%, respectively).® In general, survival is undoubtedly an
important parameter of disease prognosis, and can be influenced by
earlier diagnosis without postponing the time of death {lead-time bias)
and increased detection of indolent cancers (length bias), and so on?
Given this, improvement of survival estimates can be overestimated
regardless of the actual clinical impact of treatment. We overcame
this potential bias in survival evaluation in a clinical study setting by
applying population-based mortality rates and showing a decline in
mortality rates of MM in the era of novel agents.

Qur study has several strengths. First, to the best of our knowl-
edge, it is the first to evaluate mortality and incidence rates in patients
with MM, which are essential to the setting of public health priorities.
Second, we used unbiased population-based data, which namely
included all MM patients irrespective of whether or not they were
treated with novel agents. If any misclassification were present, it
would likely be nondiff tial and therefore likely to und
the significance. Nevertheless, mortality rates have declined signifi-

cantly in the era of novel agents. Our findings show the remarkable
impact of these novel agents on patients with M,

Several limitations also should be noted. First, we observed the
coincidence in timing of the introduction of nowvel agents and the
decline in mortality rates. In other words, we did not directly evaluate
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the impact of novel agents on mortality rates. Accordingly, other fac-
tors might have biased the interpretation of our results, such as
changes in supportive therapies for MM or changes in incidence
trends. MM is accompanied by a range of complications such as renal
failure, infection, anemia, bone-related complications and others, all of
which increase the risk of monality. For example, bone-modifying
agents reduce the risk of bone-related events in MM patients.””
Therefore, new supportive therapies including bone-modifying agents
for these conditions might also have contributed to decreasing mortal-
ity rates throughout the peried. In addition, trends in incidence rates
might also affect trends in mortality rates. Because the guality of reg-
istration has improved and the number of registrations has increased
since 2005 in Japan,™ the observed increasing trends in incidence in
our study might simply be an artificial increase from increased regis

tration. This possibility is unlikely, however, because we cbserved the
same upward trend in incidence [ASR; APC 0.8% (95% CI; 0.4% to
1.29), data not shown] using data from four Japanese registries with
high and stable registration quality. In addition, similar increasing
trends in incidence were observed in different populations in the WS,
with high-quality registration. Based on these findings, we believe that
the observed upward trends of incidence were not biased by improv

ing registration quality.

Second, our data did not include clinical information for individ
uals, such as clinical stage, cytogenetic abnormality and complications.
Therefore, our analyses did not indicate differences in improvement
of mortality rates by clinical subtype. Mevertheless, our data show a
remarkable declining trend in the mortality rates of MM in patients
from various real-world clinical backgrounds after the introduction of
these novel agents, In addition, novel agents are widely recommended

for a very broad range of such as t plantation-eligible
patients, transplantation-ineligible patients, patients with newly diag-
nosed disease, and patients with relapse/refractory disease,” In fact,
the real-world report showed that the number of MM patients using
novel agents has significantly increased.™ Besides, a previous study
reported that the improvement of survival in the era of novel agents
was remarkable in the patients over &5 years old.'®

In conclusion, we found that the disease burden of MM in terms
of mortality rate significantly reduced in both countries after introduc-
tion of novel agents despite increasing trends in incidence rate. Our
results indicate that the introduction of novel agents for MM has had
a remarkable impact on the general population level. In addition, those
who received greater benefit from these novel agents tended to be
patients aged 70 to 79 years, who had received less benefit from con-
ventional chemotherapy, such as ASCT. Our results may encourage
further development of more effective and less toxic novel agents for
malignancies, including MM that can be administered to patients

ion

across a wide range, including elderly patients, although
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Abstract

Background: Colorectal cancer (CRC) is globally one of the mast common cancers. Although studies have found a
significant prognostic impact of cancer location for right-sided colon cancers compared with those of the left-side,
evidence is lacking in a Japanese population. Therefore, we investigated 5S-year net survival in colon cancer by
tumor site in a Japanese population,

Methods: Diagnoses obtained between 2006 and 2008 in 21 population-based cancer registries from the Monitoring
of Cancer Incidence in Japan (ML} project were used. Colon cancer patients were categorized as having right-sided
(C18.0-184) or left-sided colon cancer (C185-C18.7). We calculated the 5-year net survival for subjects diagnosed from
2006 until 2008 by anatomical subsite according to sex, age groups, tumor stage at diagnosis. We applied the excess

and stage.

studies of colon cancer.

martality model to calculate excess hazard ratios (EHRs) and 95% confidential intervals (Cls) with and without
adjustment for age, sex and cancer stages to evaluate the effect of location of colon cancer.

Results: This study analyzed a total of 62,350 colon cancer subjects. Five-year net survivals for subjects with left- and
right-sided colon cancer were 74.09% (95% Cl, 73.4-74.7%) and 70.4% (95% Cl, 69.7-71.09), respectively. Compared with
left-sided colon cancers, the EHR for right-sided colon cancers was 120 (95% Cl, 1.16-1.25) after adjustment for age, sex

Conclusion: Our study found that the net survival for right-sided colon cancer was significantly lower than that for left-
sided colon cancer. The anatornical site of cancer in the colon might be an important stratification factor in future

Keywords: Population-based cancer registries, Colorectal cancer, Net survival, Anatomical subsite

Background

Colorectal cancer (CRC) is globally one of the most
common cancers [1]. In 2012, the estimated incidence
was 1,360,000 new patients and 694,000 deaths world-
wide, accounting for 8.5% of total deaths [1]. The inci-
dence and mortality of CRC have increased dramatically
during the last several decades in a Japanese population
[1-3]. In 2017, CRC was the most common cause of
cancer death in women and the third-most common in
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men, with the 50,700 patients who died due to CRC ac-
counting for 3.7% of total deaths in Japan [4].

The differentiation of colon cancer by anatomical sub-
site has received substantial attention over the past dec-
ade. The clinical and biological characteristics of CRC
are different according to the anatomical subsites of the
colon tumor (5, 6]. Recent studies have revealed that the
frequency or incidence of right-sided colon cancer has
increased during the past decade while that of left-sided
colon or rectal cancer has remained stable or decreased
[3, 7, 8]. Epidemiological studies have indicated that the
impact of risk or protective factors on CRC might differ
by colorectal anatomical subsites [9-13]. A recent sys-
tematic review noted that many studies have identified
differences by anatomical subsite with regard to
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epidemiology, clinical presentation, pathology and gen-
etic mutations [5]. These findings have in turn led to
suggestions that the location of colon cancer may influ-
ence prognosis.

A number of epidemiological studies have reported
the association between prognosis and cancer location in
the colon. In 2016, a meta-analysis of 66 studies sug-
gested that there was a significant prognostic impact of
the tumor site, with an 18% increase in mortality risk for
cancers arising from the right side [14]. Although most
of these studies demonstrated poorer survival in right-
than left-sided colon cancer [14-19], others are incon-
sistent [20, 21]. Contrary to these other studies, however,
one recent population-based analysis suggested that the
prognosis of left-sided colon cancer is worse than that of
right-sided colon cancer [20]. In Japan, only a few stud-
ies have reported associations between cancer location
in the colon and prognosis [17, 18, 21-23] namely
poorer survival in right- than left-sided tumor [17, 18],
better survival in right- than left-sided tumor [21] or no
difference in survival between them [22, 23]. Thus, evi-
dence to prove that the prognosis of colon cancer differs
by side in a Japanese population is lacking.

Here, we aimed to investigate the net survival of pa-
tients with right- and left- sided colon cancers using data
from population-based cancer registries in a Japanese
population.

Methods

Using population-based cancer registries data from the
Monitoring of Cancer Incidence in Japan (MCIJ} project, we
analyzed colon cancer cases (ICD-10: C18.0-18.7) diagnosed
from 2006 until 2008 in 21 population-based cancer regis-
tries (Aichi, Chiba, Ehime, Fukui, Fukushima, Gunma, Hiro-
shima, Ibaraki, Kanagawa, Kumamoto, Miyagi, Nagasaki,
Niigata, Osaka, Okayama, Shiga, Shimane, Tochigi, Tottori,
Yamagata and Yamanashi) in Japan. Cases were selected ac-
cording to Japanese standards with regard to (i) proportion
of cases reported by death certificate only (DCO%: death
certificate only) of less than 25%, (i) proportion of cases first
notified through death certificate (DCN%: death certificate
notification) of less than 30%, (iii) mortality to incidence ra-
tio (M/I) of less than 0.67 [24], and (iv) percentage of lost to
follow-up of <5% or adopted linkage to a death certificate
database to confirm the vital status of patients. We included
those patients diagnosed in 2006-2008 and followed
through Dec 31, 2013. Japanese population-based cancer
registries start to follow patients at the date of diagnosis and
do not register the date of operation or starting treatment.
We excluded data from cases that were registered by death
certificate only, were secondary multiple cancers, were in
situ cases, and those in patients aged > 100 years. We also
excluded data from cases that were registered by death cer-
tificate notification. The study included colon cancer cases

#5519 or 9

(ICD-10: C18.0-18.7), cecum, C18.0; appendix, C18.1; as-
cending colon, C18.2; hepatic flexure of the colon, C18.3;
transverse colon, C18.4; splenic flexure of the colon, C18.5;
descending colon, and C18.6; and sigmoid colon, C187,
Overlapping lesions of colon (C188) and those not other-
wise specified (C18.9) were excluded. Colon cancer patients
were further categorized into two groups, those with
right-sided colon cancer (C18.0-18.4; cecum, appendix ver-
miformis, ascending colon, hepatic flexure of colon and
transversal colon) and left-sided colon cancer (C18.5-C18.7;
splenic flexure of colon, descending colon and sigmoid
colon). With regard to the extent of disease, patients were
categorized into the three disease stages of localized, re-
gional and distant groups. Extent of disease was available in
the Japanese population-based cancer registries. The
Japanese staging system, extent of disease, was based on the
Surveillance, Epidemiology, and End Results (SEER) staging
criteria [25]. Extent of disease was unknown for 14.0% of
subjects.

Statistical analysis

The frequency of related variables of patients by cancer lo-
cations was compared using the two sample t-test for con-
tinuous variables and the }(:" test for categorical variables.
We calculated 5-year net survival for colon cancer pa-
tients diagnosed from 2006 until 2008 by anatomical sub-
site according to sex, age group (< 40, 4054, 55-69, =70),
extent of disease at diagnosis (localized, regional or distant
stages). Net survival is regarded as the survival that would
be observed in the hypothetical situation that the only
possible cause of death was cancer [26]. Net survival is
calculated by following two methods: relative survival and
cause-specific survival. The population-based
registries usually use relative survival to give estimates net
survival [27]. We used the recently introduced Pohar

cancer

Perme estimator [28] of net survival implemented with
the program stns in Stata version 14.1. The complete na-
tional population life-tables by single year of age, sex and
calendar year were used to derive the expected mortality
rates. To assess the impact of anatomical location of the
colon cancer on survival, the excess mortality model, a
multivariate regression approach which adopts the flexible
parametric model [29, 30] implemented with the stpm2
function in Stata version 14.1 was used. We applied the
excess mortality model to calculate excess hazard ratios
(EHRs) and 95% confidential intervals (Cls) with and
without adjustment for age, sex and cancer stages to as-
sess the effect of the location of colon cancer. Cases in
which the tumor stage was unknown were excluded when
the excess mortality model was performed to adjust for
tumor stage. The differences in survival rate with location
of colon cancer between sex, age groups or tumor stages
were statistically tested by including an interaction term
into the excess mortality model. A two-sided P-value of <
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0.05 was considered statistically significant. All statistical
analyses were performed using Stata v. 14.1 (STATA Cor-
poration, College Station, TX).

Results

Characteristics of subjects

Information on a total of 62,350 subjects diagnosed with
colon cancer from 2006 until 2008 was analyzed, of
whom 32,005 (51.4%) had right-sided disease and 30,345
(48.6%) had left-sided. The distribution of demographic
variables among the subjects are shown in Table 1. Of
these 62,350 patients, 53.8% were 70 years of age or
older and 53.4% were male. With regard to tumor stages,
most patients were diagnosed with localized disease
(41.1%), followed by regional (27.7%), distant (17.3%)
and stage unknown (14.0%). There were differences
among tumor locations in age, sex and stage. Patients
with right-sided cancer were significantly older (mean
age 71.2 + 11.5 vs 67.9 + 11.4 years old), more likely to be
female (52.3% vs 40.7%), and had a higher percentage of
distant stage disease (18.0% vs 16.5%) (p <0.001), com-
pared to those with left-sided disease.

Survival analysis

Table 2 shows the 5-year net survival and estimated ex-
cess hazard ratios for colon cancer by sex, age group,
disease stage and anatomic location. The 5-year net sur-
vival was lower in females than in males. Further, it de-
creased with increasing age after adjustment for sex and
stage, and decreased with advancing stage after adjust-
ment for sex and age. The 5-year net survival estimates
for colon cancer by anatomical subsite are shown in
Fig. 1, at 74.0% (95% CI, 73.4-74.7%) for subjects with
left-sided colon cancer and 70.4% (95% CI, 69.7-71.0%)

for right-sided disease. Compared with left-sided colon

Table 1 Patient characteristics

Wi oro

cancers, EHR for right-sided cancers was 1.20 (95% CI,
1.16-1.25) after adjustment for age, sex and tumor stage
(Table 2).

The 5-year net survival for subjects with left- and
right-sided colon cancer by sex, age group and tumor stage
are also shown in Table 3. Five-year net survival for subjects
with left- and right-sided disease were 74.5% (95% CI,
73.6-75.3%) and 73.2% (95% Cl, 72.2-74.2%) for males,
and 73.4% (95% CI, 72.4-74.3%) and 67.8% (95% CI, 66.9—
68.7%) for females, respectively. Compared with left-sided
disease, EHRs for right-sided disease were 1.19 (95% CI,
1.14-1.26) for males and 1.19 (95% CI, 1.13-1.26) for fe-
males after adjustment for age and stage. No heterogeneity
was found between sexes (P=0.39). With regard to age
groups, 5-year net survival was lower for right-sided than
left-sided disease in all age groups (Additional file 1: Figure
51A-D). Compared with left-sided cancers, EHRs for
right-sided cancers were 1.09 (95% CI, 0.84-143) for age
less than 40 years, 1.32 (95% CI, 1.18-1.48) for age 40-54
years, 1.15 (95% Cl, 1.08-1.21) for age 55-70 years, and
126 (95% CI, 1.19-1.33) for age =70 years, respectively,
after adjustment for sex and stage. Statistically marginal
heterogeneity was found among these age groups (P=
0.05). Survival differences by anatomic subsite were ob-
served for those aged 40 or over, whereas significant differ-
ence was not observed for those aged less than 40 years. By
stage, 5-year net survival for right-sided disease was also
lower than that for left-sided disease in regional and distant
disease but higher in localized disease (Additional file 2:
Figure S2A-C). EHRs for right-sided colon cancers, com-
pared with left-sided, were 0.74 (95% CI, 0.60-0.90) for
stage localized, 1.25 (95% C1,1.17-1.34) for stage regional,
and 1.20 (95% CI, 1.15-1.25) for stage distant, respectively,
after adjustment for sex and age. Heterogeneity was mar-
ginally significant among stages (P = 0.07).

Right-sided Cancer Left-sided Cancer
Total [N-62,350) (N=-32005) {N-30,345)
N % N % N L] 2l

Age greups (years old)

=40 Ber 14 409 13 58 15 <0.001

40-65 6067 81 2,066 [ amz L]

55-70 22819 367 10,408 25 12476 411

=10 33,537 538 19,138 598 14,399 475
Mean Age + 5D (years) 696 +1L6 12 115 619 +114 <0.001*
Gander

Male 33,274 534 15,268 a7 18,006 203 =0.001

Famals 29016 455 16,131 523 12,339 a0
Stage

Localized 25,609 411 12,575 393 13,028 428 <0001

Ragional 17,266 w 9,324 M1 7801 262

Distant 10,761 173 5,756 180 5.005 165

Missiag 8721 140 4350 13.6 431 144

" Chi-Sguare test

* Two-sample t-tast
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Table 2 5-year net survival (36) and estimated excess hazard ratios for colon cancer by sex, age, group, stage and subsite, Japan,

2006-2008
A Gyear et sunol 06) (95%G0 EMRs  (95%GD Pl ptor rend

Ovarall, Colon Camesr 52350 721 R
S

Mals e s TAZ-TAS 100 Rafermnce

Tamale 078 ™1 85108 106 101108 Gz
Age groug*
Age <40 867 e BET-T20 100 Rafewnce
Agn 4054 08T s T>-TAR o9 OR5-1.13 o8
Agn 55-TO =T Ten TA2-TEL 104 091-1.1% oss
Agn 270 EE ™4 AT 15 L3R <ol <ol
Sup’

Locallzed 5803 11 265977 100 Refeunce

Ragionsl 17265 T4 125743 736 G620 <0sel

Dintance 107EL 152 1AT182 458 40.8-808 <0 <0001
Subshe

Luf-tided cancer M5 740 T34-T4T L0 Aafewnce

Raghy:-slded canter 32006 T04 8.7-TLO 120 L16-125 <0001

* Muturase mocel adfuated for pex and sages.
" Msthvarate mocel edluated for pox nd nge.

Bor ngn,

The results by age group and stage were consistent be-
tween the sexes when stratified by sex (Additional file 3:
Table S1 and Additional file 4: Table S2).

Discussion

In this study, we showed that survival of subjects with
right-sided colon cancer was lower than that of subjects
went for adjusted

with left-sided di with

EHRs. On stratification by age group, survival for
right-sided disease was lower than that for left-sided dis-
ease in those aged 40 years or over, with assessment for
adjusted EHRs. On stratification by tumor stage, survival
for right-sided colon cancer was significantly lower than
for left sided disease in regional and distant stage dis-
ease, but higher in localized disease. To our understand-
ing, this is the first study to evaluate population-based

Overall

R e ——
£
13
-4
w
a_
o -
1 3 4 ]
Survival Year
Right-sided colon cancer Left-sided colon cancer

colon cancer and in

Fig. 1 5-year net survival for patients with right- and left-sided colon cancer. Net survival rates up to 5 years were shown in blue for right-sided
ed for leftsided colon cancer
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Table 3 5-year net survival (96) and estimated excess hazard ratios for colan cancer by subsite according to sex, age group and

stage subsites, Japan, 2006-2008

n 5-yaar nat survival (%) (35%C1) EHRz (95%C)  P-value
Overall, Colon Cancer 62350 721 T.1-126
Sax*
Male
Lefl-sided cancer 18005 TAB T3.6-76.3 100 Reforence
Right-slded cancar 15268 Ta.2 T22-Ta2 113 L14-126 <0.001
Female
Left-sided cancer 12339 734 T2A-T3 100 Reference
Right-sided cancer 16737 67.8 66.9-68.7 119 L13-126 <0.001
P far hetercgensity by sex o3e
Age group*
Age <40
Laft-sided cancer 458 T26 68.4-T68 1.00 Refarence
Right-sided cancar 409 BAE 59.9-69.3 109 0Ba-1.43 050
Age 40-54
Laft-sided cancer 3012 T6.2 TAE-TT.8 100 Refarance
Right-slded cancer 2055 67.2 51693 132 L1B-1.48 =0.001
Age 55-70
Left-sided cancer 12478 765 T7-T74 100 Reforence
Right-slded cancer 10403 127 T18-738 115 1.08-1.1 <0.001
Age =710
Laft-sided cancer 14399 T1E T04-T28 1.00 Refarence
Right-sided cancer 19133 69.5 B85-T05 126 115133 =0.001
P for heterogonalty by age group 005
Stage®
Localized
Left-sided cancer 13028 95.9 95.1-96.7 100 Reference
Right-sided cancer 12576 984 97.5-99.3 074 0.60-0.90 0.003
Regional
Left-sided cancer 341 T6.8 T5.6-78.1 100 Reference
Right-sided cancer 9324 T0.5 &92-TLT 128 L17-134 <0.001
Distance
Left-sided cancer 5005 17 16.5-18.8 100 Reference
Righl-sided cancer 5756 135 12.6-14.5 120 L15-13% <0.001
F for heterogenalty by stage o7

* Multivariate modal adjusted for age and axtent of disaase.

" Multivarlate model adusted for age, sox and extont of discase.
* Multivariate modal adjusted for sex and age.

“ Muttivariate model adjusted for age, sex and extent of disease.

cancer registry data using the unbiased Pohar Perme
estimator of net survival to assess the effect of ana-
tomical subsite on survival of colon cancer patients.
Among previous studies on the association between
the location and prognosis, a meta-analysis study re-
ported that patients with right-sided colon cancers
had an 18% increase in mortality risk and that this
was independent of stage [14], which is similar to our
result. using SEER data found that
right-sided colon cancers were associated with a 4%

Analyses

increased risk of death compared with cancers of

left-sided cases after adjustment for confounders [15].
However, a more recent analysis using the SEER data-
base provided evidence that while right-sided cancer
patients were associated with worse overall survival
than left-sided disease patients, this relationship was
reversed after propensity score matching, rendering
the prognosis of cancers with right-sided better over-
all [20]. The authors speculated that differences
among confounders that could not be adjusted for in

multivariate regression analysis caused this reversal of
results.
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Differences in distribution by stage and age have an im-
portant effect on survival rate [20, 31]. Patients with a
more advanced stage and older age at diagnosis had a
greater increase in mortality risk [20, 31). Compared with
those aged <40 years, hazard ratios for overall mortality
were 1.20 (95% CI1,1.12-1.28) for age 50-64 years, 2.30
(95% CI, 2.15-2.45) for age 65-79 years, and 5.10 (95% CI,
4.77-547) for age>B0vyears, respectively [20]. For this
reason, we estimated the difference in survival by anatom-
ical subsite with adjustment for stage and age groups. We
confirmed that anatomical subsite was an independent
prognostic factor for patients with colon cancer. Subsites
within the colorectum are derived from distinct embry-
onic origins [5]. The survival differences between right-
and left-sided colon cancer may have resulted from differ-
ences between subsites in epidemiology, genetic muta-
tions, pathology and clinical features [5].

Epidemiclogical analyses of data from Japanese can-
cer registries and SEER have shown that incidence rate
trends for proximal colon cancer differ from those of
distal disease [3, 8]. Epidemiological studies found evi-
dence that the impact of risk factors for CRC, including
low physical activity and meat consumption, and pro-
tective factors, including coffee intake and aspirin use,
differ by anatomical subsite [9-13]. Differences in gene
expression between cancers in right- and left-sided
colon have been evaluated: while right-sided cancers
are characterized by BRAF mutation, high microsatel-
lite instability (MSI), and CpG island methylation [32-
34], left-sided cancers frequently have p53 and KRAS
mutation [35]. BRAF mutations are a part of the
RAS-RAF-MAP2K (MEK)-MAPK signaling pathway.
BRAF mutation cancers were associated with worse
overall survival than wild-type cancers [32, 33, 36].
CpG island methylation-positive tumors showed signifi-
cantly worse outcomes than those with negative tumors
[34]. These findings are consistent with our result. Pa-
tients with MSI-positive cancers nevertheless show bet-
ter survival than those with cancers exhibiting
microsatellite stability (M55} [37], which is inconsistent
with our results. Only a few studies have evaluated the
combined impact of CpG island methylation, BRAF
mutation status and MSI status on survival for colon
cancer [38]. The mechanism of the difference in sur-
vival by location of colon cancer warrants further study.
We found that survival was significantly lower for
right-sided disease than for left-sided disease in patients
aged =40. Although we observed no significant differ-
ence among those aged less than 40 years, and that the
association was not statistically significant, the point es-
timates for the effect measures showed the same direc-
tion, with EHRs of more than 1.0. The lower survival in
right-sided colon cancer might be robust in all age
groups.

ﬁﬁﬂ of ¢

Our findings suggest that the anatomical site of colon
cancer might be a crucial factor in establishing progno-
sis, particularly in advanced-stage disease. Prognosis for
right-sided colon cancers was worse in stage 111 or IV ac-
cording to the American Joint Commission on Cancer
(AJCC), but did not differ or was better in AJCC stage |
or 11 [15, 16, 19], which is consistent with our results. In
Japan, while a few hospital-based studies have appeared
[17, 18, 21-23], we are unaware of any study which has
used population-based data to examine the association
between the location and prognosis of colon cancer. The
prognosis for cancer in the right-sided of the colon is
worse than for disease in the lefiside in stage III [17]
and IV colon cancer [18], but better in stage I [21]. Our
present results are consistent with these findings. In
contrast, two other studies reported that no difference
was observed in prognosis between cancers in
right-sided and left-sided colon [22, 23].

The reasons for this inconsistent association between
survival and anatomical cancer location by disease stage
is not clear and warrants further study. One possibility
might relate to cancer biology such as MSI status.
MSl-positive tumors, which are mainly seen in
right-sided colon, have been associated with improved
prognosis [39]. MSI has a favorable stage profile. This
inconsistent association might owe to the difference in
the percentage of MSI-positive colon cancers according
to stage [16]: MSI positivity in right-sided colon cancers
was most frequent in stage I cancers, and less frequent
in the order of stage IIl and stage IV disease [40]. Be-
cause MS5I is predominantly seen in colon cancers of the
right side, we assume that earlier stage right-sided dis-
ease could have a higher frequency of MSI positivity
than left-sided disease at the same stage, but that this
difference diminishes with increasing stage. In contrast,
CpG island methylation and BRAF mutation do not ap-
pear to have a favorable stage profile. This may cause
the inconsistent association seen between survival and
tumor location by stage. To our understanding, however,
no study has yet investigated the percentage of
M5l-positive tumors according to cancer location and
stage, or the influence of CpG island methylation, MSI
status and BRAF mutation status in combination on sur-
vival by stage and subsite for colon cancer. The reason
for the inconsistency in survival therefore remains un-
clear, and warrant further study.

This study has several strengths. First, we examined
survival in colon cancers by anatomical subsites using
data from a large population-based cancer registry in
Japan. The population of the 21 prefectures was
60,117,000 in 2006, accounting for 47.1% of the total
Japanese population. The use of population-based data
allowed us to evaluate the actual prognostic effect of
anatomical subsites in people with heterogeneous
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backgrounds in the general population. Second, we cal-
culated net survival with the newly introduced Pohar
Perme estimator to show unbiased net survival. This es-
timator provides findings that are unaffected by deaths
not related to this cancer, and is therefore the preferred
standard for estimating net survival [41]. In addition, we
applied the recently introduced flexible parametric
model to evaluate the impacts of anatomical subsites of
colon cancer in survival. Although Poisson regression
models are popular, the recently developed flexible para-
metric model, first proposed by Royston and Parmar
[29] and applied to relative survival model by Nelson et
al. [30], has a number of advantages. First, it offers
smooth estimates of excess mortality rates and relative
survival on the log cumulative excess hazard scale
through the use of restricted cubic splines. Other advan-
tages include the ability to model time on a continuous
scale, the provision of hazard functions and survival in
an analytical manner, and the elimination of need for the
use of split-time data [30].

This study also has several limitations. First, information
on family history, performance status and comorbidities
are not available in the MCIJ dataset. These factors might
play a role in patient outcome, albeit to an unclear extent.
Second, we can not obtain information on BRAF muta-
tion, MSI, CpG island methylation and chemotherapeutic
treatment from the MCIJ data. Since the middle of the
2000, oxaliplatin with a fluoropyrimidine has been stand-
ard adjuvant chemotherapy for patients with stage III
colon cancer, and is suggested to improve overall survival
[42]. Information on adjuvant chemotherapy in the colon
cancer patients with stage Il also can not be ascertained
from the MCIJ data, and we were unable to adjust for the
use of adjuvant chemotherapy in this study. In addition,
only extent of disease, and not specific stage groupings,
was available in the Japanese population-based cancer
registries. Furthermore, 14% of the subjects were diag-
nosed with stage unknown. However, because the propor-
tion of stage unknown patients did not differ among the
anatomical subsites, we believe that the effects of this
stage unknown status are likely small.

Finally, the Japanese population-based cancer registries
had issues with quality during the study period, and
failed to meet data quality for international standards for
the proportion of death-certificate-only. When hospitals
do not report cancer patients and the patients survive,
the assumption will be biased and survival rates might
be underestimated. In addition, inclusion of death cer-
tificate notification cases in cases of death will also cause
bias, and survival might be underestimated. For these
reasons, we excluded data for cases that were registered
by death certificate notification. Enactment of the new
Promotion of Cancer Registries Law in 2016 will bring
about an improvement in the data quality.

B oro

Conclusions

This study revealed the net survival for colon cancer by
anatomical subsite using large population-based cancer
registries data in a Japanese population. Net survival for
right-sided colon cancer was significantly lower than that
for left-sided disease. This finding suggests that right-sided
colon cancer might be biologically more aggressive than
left-sided colon cancer. Determining or comparing the bio-
logical profiles of colon cancers between right- and
left-sided, including genetic changes, will elucidate the
underlying mechanism. Anatomical site of cancer in the
colon might suggest crucial stratification factors for future
studies of colon cancer.
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