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Despite treatment guidelines recommending observation for men with low-risk

prostate cancer with life expectancy <10 years, a majority of elderly patients

choose active treatment, which may result in overtreatment. Given the growing

burden of prostate cancer among men aged ≥80 years (super-elderly men), accu-

mulation of survival data for evaluation of overtreatment among super-elderly

patients is imperative. Here, we report results of a population-based cohort study

to clarify potential overtreatment of super-elderly men with localized prostate

cancer. We used cancer registry data from the Monitoring of Cancer Incidence in

Japan project, which covers 47% of the Japanese population. The subjects were

men diagnosed with prostate cancer between 2006 and 2008. Follow-up period

was 5 years. We calculated 5-year relative survival rates among the active treat-

ment and observation groups after imputation for missing values. Of the 48 782

patients with prostate cancer included in the analysis, 15.1% were super-elderly

men. The 5-year relative survival rates of super-elderly men with localized cancer

were 105.9% and 104.1% among the active treatment and observation groups,

respectively. This excellent relative survival rate in the observation group

remained consistent even after stratification by tumor grade. Of the 2963 super-

elderly men with localized cancer, 252 (8.5%) with curative treatment and 1476

(49.8%) with hormone therapy were assumed to have been overtreated. The pro-

portion of overtreatment was estimated to reach 80% after imputation. These

specific survival data in super-elderly men in the observation group can be useful

in shared decision-making for these patients and may lead to a reduction in

overtreatment.

P rostate cancer is the most frequently diagnosed cancer
among men in developed countries.(1) As life expectancy

has lengthened, the incidence of prostate cancer has increased
among elderly men.(2) From 2015 to 2050, the number of peo-
ple aged ≥80 years (so-called super-elderly people(3)) is esti-
mated to increase 3.5-fold worldwide,(4) leading to a growing
burden of prostate cancer among super-elderly men.
The prevalence of PSA testing has resulted in a shift to

diagnosis of early-stage prostate cancer.(2,5) Taking account
of the higher competing risk of mortality with increased
age, quite a few super-elderly men with low-risk prostate
cancer are expected to be more likely to die of other causes
than prostate cancer.(6) For such patients, observation may
be a reasonable choice because unnecessary treatment
(overtreatment) increases medical costs and the incidence of
adverse effects, such as urinary, erectile, and bowel toxic-
ity.(7) Thus, many urologists have expressed strong concern
about identifying those patients who are more likely to
obtain benefit from observation. However, considerable vari-
ation in the use of observation for men with low-risk pros-
tate cancer has been seen at the urologist and clinical
practice levels, in part due to insufficient evidence to help
guide treatment decisions.(8,9)

Several population-based observational studies and a few
randomized controlled trials have failed to show a survival
benefit for active treatment for men with low-risk prostate can-
cer, including surgery,(10–12) radiation,(12–14) and hormone ther-
apy,(15–17) compared with the observation group over 10 years
of follow-up. Based on these findings, treatment guidelines
recommend observation for men with low-risk prostate cancer
with life expectancy of less than 10 years.(18,19) Nevertheless,
only 20–35% of elderly men with low-risk prostate cancer
actually choose observation as initial therapy.(8,20,21) The
choice of active treatment by a majority of elderly patients
may be due to the lack of consistent findings from high-quality
randomized controlled trials.(22) What is more, we believe that
the tendency to choose active treatment also results from a
lack of specific survival data in elderly patients with or with-
out treatment.
Most of the earlier studies mentioned above excluded super-

elderly men(10–12,20) or reported only one outcome measure for
the whole age group.(14–17) Thus, it seems unclear whether
these survival data are applicable to the subgroup of super-
elderly patients, who have a larger competing risk of mortality
than younger men. Specific survival data of super-elderly
patients are useful for both urologists and patients to decide
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whether active treatment or observation should be selected.
Furthermore, shared decision-making based on such specific
data may lead to reduced overtreatment among super-elderly
men with low-risk prostate cancer.
Here, we analyzed data from a large population-based cancer

registry in Japan to describe clinical characteristics and sur-
vival outcomes among super-elderly men with prostate cancer.
The main aim of this cohort study was to clarify potential
overtreatment among super-elderly men diagnosed with local-
ized prostate cancer.

Materials and Methods

Study group. Patients with prostate cancer were identified
from the database of the Monitoring of Cancer Incidence in
Japan project. The data were collected from several popula-
tion-based cancer registries in Japan. Details of the framework
have been described elsewhere.(23) The data used in the present
study were originally intended to be used in calculating the
5-year relative survival of patients diagnosed with cancer dur-
ing 2006 and 2008 in 27 of 47 prefectures in Japan. Follow-up
of each patient was accordingly limited to just 5 years or until
death, whichever occurred first. Of the 27 prefectures, 6 were
excluded because the information accuracy of their cancer reg-
istries did not meet the criteria considered to indicate “high
quality”,(23) namely: (i) DCO% (proportion of cases reported
by death certificate only) <25%, or DCN% (proportion of
patients first notified by death certificate) <30%; (ii) M/I
<0.67; and (iii) proportion of patients with unknown 5-year
prognosis on overall survival <5%. The overall DCO% and M/
I were 13.4% and 0.46, respectively.(23) The cancer registries
in the remaining 21 prefectures cover approximately 47% of
the Japanese population, and include both metropolitan and
rural areas (Fig. S1). We identified International Classification
of Diseases for Oncology (third edition) code C61.9 as prostate
cancer cases. Patients diagnosed with secondary cancers,
reported by DCO, or aged ≥100 years were excluded. Finally,
48 782 men with prostate cancer were included.

Variables. Age at diagnosis was categorized into <75, 75–79,
and ≥80 years. The group aged 75–79 years was separately
categorized to divide men under 80 years old into men with or
without approximately 10 years’ life expectancy (<75 years or
75–79 years). Stage at diagnosis was classified into localized
(cancer is confined to prostate), regional (cancer spreads
beyond prostate into surrounding tissues or regional lymph
nodes), or distant (cancer has distant metastases) according to
the SEER staging system.(24) Tumor grade was classified into
well, moderately, and poorly differentiated according to the
WHO’s classification. If the Gleason score was provided by
the medical institution, but degree of tumor differentiation was
not, it was classified based on the Gleason score by registry
staff at data entry in each cancer registry. Well, moderately,
and poorly differentiated corresponds to Gleason scores of
2–4, 5–6, and 7–10, respectively. Because the Gleason score
was not required information in Japanese population-based
cancer registries, no information on original Gleason scores
could be identified. We excluded undifferentiated carcinoma
due to its scarcity (n = 65). We recorded sequential treatment
(surgery, radiation, and hormone therapy) started within
approximately 4 months after prostate cancer diagnosis.
Regarding surgery or radiation, only treatment with curative
intent was recorded as sequential therapy. Information on
specific surgical procedures, dose of radiation, and the
sequence of each therapy was unavailable; for example,

neoadjuvant hormone therapy with radiation therapy could not
be identified. Initial treatment types for localized prostate can-
cer were categorized into the following groups: surgery group,
those who underwent surgery with or without the other thera-
pies; radiation therapy group, those who underwent radiation
therapy with or without additional hormone therapy; and hor-
mone therapy group, those who received only hormone therapy
(medication or orchiectomy). In addition, patients in the sur-
gery or radiation therapy group were incorporated into the
curative treatment group because few men aged ≥80 years
underwent curative surgery. Those who underwent none of the
above therapies were defined as the observation (non-treat-
ment) group.

Statistical analysis. The cancer registry included data on
overall survival regarding prognosis. We therefore estimated
5-year relative survival rates using the Ederer II method (strs
command in Stata software; [StataCorp, College Station, TX,
USA]) to adjust competing causes of death in patients with
prostate cancer.(25) Relative survival was the ratio of the
observed survival (overall survival) and the expected survival
in the cancer-free general population of the same age, reflect-
ing survival of patients compared to survival of the general
population. We used the Japanese general population life
tables to estimate expected survival.(26) The relative survival
has been preferably used to estimate survival in a population-
based setting because it can directly or indirectly capture mor-
tality related to the cancer without requiring information on
cause of death.(27) An estimation of the 5-year relative survival
of 100% suggests that the survival of the patients is as good as
that in the general population, indicating that the patients have
not experienced any excess mortality associated with prostate
cancer during the first 5 years of follow-up. If the relative sur-
vival rate for untreated patients was above 100%, we assumed
patients with active treatment in the same category of tumor
stage and grade as the “overtreatment” group. Three categori-
cal variables, tumor stage, grade, and treatment, were incom-
plete. We therefore applied the method of multiple imputation
by chained equation to handle missing values.(28) This imputa-
tion procedure included survival time itself. We created and
separately analyzed 10 imputed datasets, and then combined
estimates of relative survival rates and standard errors using
Rubin’s rule.(29) All analyses were undertaken using Stata sta-
tistical software version 13.1.

Results

Of 48 782 men, 7370 (15.1%) were aged 80 years and older.
The proportion of localized, regional, and distant cancer
among men aged ≥80 years was 40.2%, 13.4%, and 17.5%,
respectively (Table 1). These proportions after imputation were
58.4%, 18.1%, and 23.5%, respectively. The proportion of
localized cancer decreased with increasing age. In contrast, the
proportion of distant cancer increased with increasing age. Pro-
portions in the observation group ranged from 11% to 14%
across age categories, and men ≥75 years of age were more
likely to be untreated. After imputation, the proportion of
untreated men was 18.9% among patients aged ≥80 years. The
proportion of well to moderately differentiated cancer
decreased with increasing age, whereas that of poorly differen-
tiated cancer increased with increasing age. The number of
super-elderly patients with or without active treatment is
shown by tumor stage and grade in Table S1.
Table 2 shows the proportions of initial treatment for local-

ized cancer across age categories. Curative treatment (surgery
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plus radiation therapy) was more frequent among patients aged
<75 years. The proportion of patients who received hormone
therapy increased with increasing age, and approximately half
of patients 80 years and older received hormone therapy. After
imputation, of patients 80 years and older, 80.1% received
active treatment.
Figure 1 shows relative survival stratified by tumor stage

(localized, regional, and distant). For regional and distant can-
cer, relative survival rates tended to decrease with increasing
age and years after diagnosis. Among men aged ≥80 years, 5-
year relative survival rates of regional and distant cancer were
90.7% and 50.4%, respectively. In contrast, for localized can-
cer, patients in all age categories had 5-year relative survival
rates above 100%. In addition, both the active treatment and
observation groups had relative survival rates among men with
localized cancer over 100% in all age categories (Fig. 2). The
5-year relative survival rates of super-elderly men with local-
ized cancer were 105.9% and 104.1% among the active treat-
ment and observation groups, respectively.
To better evaluate the groups of patients receiving overtreat-

ment, we estimated relative survival among untreated men
with localized cancer stratified by tumor grade (Fig. 3). For
well and moderately differentiated localized cancer, 5-year rel-
ative survival rates were over 100% in all age categories. For
poorly differentiated localized cancer, the 5-year relative sur-
vival rate was near or above 100% among men aged

≥75 years, whereas men aged <75 years had a slightly lower
5-year relative survival rate without active treatment, albeit
without statistical significance. The 5-year relative survival
rates and 95% confidence intervals in Figures 1–3 are shown
in Table S2. Furthermore, when stratified by initial treatment
type (curative treatment or hormone therapy), no statistically
significant decrease in relative survival rate was observed
among men aged ≥80 years (Fig. S2). As expected, among
treated men with localized cancer, 5-year relative survival rates
were over 100% irrespective of tumor grade (Fig. S3). Based
on the results, of 2963 men aged ≥80 years with localized can-
cer, 252 (8.5%) with curative treatment and 1476 (49.8%) with
hormone therapy were assumed to have been overtreated.

Discussion

In this study, we describe the clinical and pathological charac-
teristics of super-elderly men with prostate cancer and relative
survival stratified by tumor stage and grade. Our findings indi-
cate that super-elderly men with localized prostate cancer
could live as long as the general population of the same age
regardless of tumor grade, even if they received no active
treatment.
The overall high relative survival among men with localized

cancer may reflect the fact that early-stage prostate cancer is
more likely to be detected by PSA screening.(5) Men who

Table 1. Clinical and pathological characteristics of patients with prostate cancer according to age categories (n = 48 782)

Before imputation After imputation

Age category, years Age category, years

<75 (n = 31 195) 75–79 (n = 10 217) 80+ (n = 7370) <75 75–79 80+

Age, years, mean � SD 66.9 � 5.5 76.8 � 1.4 83.5 � 3.4

Stage, n (%)

Localized 17 641 (56.6) 5163 (50.5) 2963 (40.2) (71.5) (68.6) (58.4)

Regional 4557 (14.6) 1262 (12.4) 990 (13.4) (18.0) (16.5) (18.1)

Distant 2596 (8.3) 1131 (11.1) 1290 (17.5) (10.5) (14.9) (23.5)

Unknown 6401 (20.5) 2661 (26.0) 2127 (28.9)

Treatment, n (%)

Active treatment 21 738 (69.7) 6302 (61.7) 4441 (60.3) (86.2) (81.6) (81.1)

Observation 3430 (11.0) 1445 (14.1) 1022 (13.9) (13.8) (18.4) (18.9)

Unknown 6027 (19.3) 2470 (24.2) 1907 (25.9)

Grade, n (%)

Well 5472 (17.5) 1504 (14.7) 667 (9.1) (24.0) (20.9) (15.1)

Moderately 10 081 (32.3) 2990 (29.3) 1800 (24.4) (43.6) (42.2) (39.6)

Poorly 7374 (23.6) 2549 (25.0) 2004 (27.2) (32.4) (36.9) (45.4)

Unknown 8268 (26.5) 3174 (31.1) 2899 (39.3)

Table 2. Initial treatment in patients with localized prostate cancer (n = 25 767)

Before imputation After imputation

Age category, years Age category, years

n (%) <75 75–79 80+ <75 75–79 80+

Active treatment

Curative treatment (surgery + radiation) 10 473 (59.4) 1261 (24.4) 252 (8.5) (70.9) (34.2) (14.9)

Hormone therapy 2264 (12.8) 1996 (38.7) 1476 (49.8) (16.5) (48.8) (65.2)

Observation 1630 (9.2) 539 (10.4) 368 (12.4) (12.7) (17.1) (19.9)

Unknown 3274 (18.6) 1367 (26.5) 867 (29.3)
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receive PSA screening may be more health-conscious than
those in general, given that healthier patients tend to receive
preventive therapy (so called “healthy user bias”).(30) Thus,
men with localized cancer may have better survival outcomes
than those of the same age in the general population.
Our findings indicate that at least 58.3% of super-elderly

men with localized prostate cancer were potentially over-
treated. After imputation of missing values, this proportion
was estimated to reach 80%. Similar high proportions of
overtreatment have been reported in the USA.(7,31,32) Using the
SEER data from 2000 to 2002, Miller et al.(31) estimated that
55% of men with low-risk prostate cancer were overtreated. In
that study, 42% of men aged ≥75 years were estimated to be
overtreated. In a similar way, Aizer et al.(7) used data from the
SEER-Medicare Program between 2004 and 2007 and esti-
mated that 67% of men with a life expectancy of less than
10 years were overtreated. These previous studies in the USA
had several methodological differences from our study, includ-
ing category of cancer risk, age range of subjects, and defini-
tion of overtreatment. Thus, it is difficult to compare the
proportion of overtreatment with that of our study. However,
the relatively higher proportion of overtreatment in Japan
might be due to differences in clinical practice, and patient
and urologist preferences. A universal health insurance system
in Japan may also be partly responsible for overtreatment. The
small economic burden of health care costs for patients may
result in overuse of medical service.(33)

Previous studies have reported the excellent long-term sur-
vival outcome of men with localized prostate cancer among
the observation group.(10–17) However, it has remained
unknown whether long-term survival data among younger
patients are applicable to super-elderly patients, because super-
elderly men with prostate cancer are more likely to die of
other causes than cancer within 10 years.(6) For example,
Wong et al.(20) showed that active treatment for even low-risk
localized prostate cancer was associated with a survival advan-
tage among men 65–80 years old. Their important information
indicated that there was a long-term (12 years) survival benefit
to active treatment for localized cancer among younger
patients. This finding seems inconsistent with our finding that
there was no survival benefit for super-elderly men with local-
ized cancer regardless of tumor grade. This may be because
the previous study excluded super-elderly men and focused on
long-term survival outcomes. We agree with the importance of
studies that examine survival outcomes among a wide range of
age groups as a source of general information. However, we
would like to emphasize the importance of setting an appropri-
ate follow-up period that is consistent with the life expectancy
of the subjects of interest. Specific survival data may be more
applicable to patients among particular age groups.
Due to the long natural history of localized prostate cancer,

observation is considered an effective means of decreasing
overtreatment.(18) However, a majority of super-elderly men
with localized cancer received active treatment. Previous

Fig. 1. Relative survival of patients with prostate cancer by tumor stage.
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studies have suggested that several barriers prevent super-
elderly men from selecting observation as initial therapy. One
barrier is patient anxiety regarding not treating the can-
cer.(34,35) Even with awareness of the possibility of significant
adverse effects, patients with low-risk cancer tend to receive
active treatment due to the fear of cancer progression.(34)

Another barrier is insufficient support and information offered
by physicians.(34,36) Davison et al.(36) found that men aged
>70 years preferred to play a passive role in treatment deci-
sion making, and some studies concluded that physician rec-
ommendations in the choice of treatment are the most
important factor in the patients’ decision to select active
surveillance.(36,37) Gorin et al.(37) reported that only 36% of
patients with low-risk prostate cancer were provided with an
active surveillance option by physicians. Furthermore, Mit-
suzuka et al.(38) found that active surveillance was not used
among a large sample of 26.9% of urologists in Japan. They
showed that Japanese urologists considered that inclusion cri-
teria for active surveillance were inadequate and unexpected
progression during surveillance as a major problem.(38) We
believe that robust evidence for a survival benefit should be
established among untreated patients subdivided by age and
cancer risk group to address these barriers. Robust evidence
can remove patients’ and physicians’ anxiety over cancer pro-
gression, and also provide accurate information to support
shared decision-making.

The discontinuation of PSA screening among super-elderly
men, who are likely subject to overtreatment of prostate can-
cer, should be considered, although the clinical practice guide-
line published by the Japanese Urological Association has not
placed an age restriction on screening with PSA.(39) Mean-
while, the observed higher proportion of distant prostate cancer
at diagnosis among super-elderly patients in Japan should be
focused on. This high proportion is consistent with a previous
study by Suzuki et al.,(40) who found that 24% of super-elderly
patients diagnosed between 1991 and 1996 had stage D2 pros-
tate cancer (TxNxM1 or T4N0M0). In general, widespread
PSA screening results in a decreased proportion of advanced
prostate cancer cases due to early detection. In fact, only 12%
of super-elderly men diagnosed from 1998 to 2007 in the
USA, where population-based PSA screening is more preva-
lent,(2) had stage D2 prostate cancer.(41) Although more than
10 years have passed since the previous report in Japan,(40) the
proportion of advanced cancers among super-elderly patients
has remained almost unchanged. This fact implies that the
prevalence of PSA screening in younger men in Japan is insuf-
ficient. Further expansion of PSA screening among younger
men may provide considerable additional room for decreasing
the proportion of advanced prostate cancer cases among super-
elderly patients. If the prevalence of PSA screening among
younger men increases, it might be appropriate to discontinue
PSA screening in super-elderly men.

Fig. 2. Relative survival of patients with localized prostate cancer with or without active treatment.
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A strength of our study is its calculation of survival out-
comes using a high-quality population-based database. This
strength allowed us to estimate specific survival outcomes and
potential overtreatment of super-elderly patients in Japan. The
specific survival data may play an important role in helping
shared decision-making between super-elderly patients and
physicians.
However, we recognize several important limitations. First,

staging and tumor grading systems in the cancer registry were
different from those commonly used in clinical settings. We
were also unable to incorporate PSA values. We were there-
fore unable to analyze based on risk classification systems
such as the D’Amico risk classification determined by PSA,
Gleason score, and clinical T stage.(42) These limitations were
inevitable in the population-based cancer registry analysis in
exchange for the strength of our study including large repre-
sentative and unbiased samples of men from throughout Japan.
Nevertheless, our study showed that survival outcomes of
untreated super-elderly men with localized cancer were excel-
lent regardless of tumor grade, an important prognosis factor.
We believe that the results of the large-scale population-based
study more accurately reflect the actual clinical practice pattern
in Japan. Second, information on the comorbidity of each
patient was missing. However, this paper focused on clarifying
overtreatment of prostate cancer by showing excellent survival

among untreated patients, and the aim may be achieved with-
out comorbidity data for the following reason. Based on previ-
ous findings, super-elderly men who selected observation may
tend to have more comorbidities than the general population of
the same age.(43) If this were the case, our study would have
underestimated relative survival among untreated patients.
Given that the 5-year relative survival rates among untreated
super-elderly men with localized cancer were above 100%, our
findings might appropriately reveal overtreatment among
super-elderly patients. Even so, given recommendations for
managing elderly men with prostate cancer according to their
health status, and not according to age,(44) an additional study
with consideration to the general condition of super-elderly
men is required. Third, our findings might be biased by selec-
tion of the prefectures, just in case information accuracy of
cancer registries is associated with intensity of cancer treat-
ment in the prefectures. However, we believe this bias may be
small because the excellent survival among untreated men with
localized prostate cancer was unlikely to be influenced by vari-
ations of intensity of cancer treatment between prefectures.
Finally, although 5-year follow-up appears somewhat short, we
believe that this period is suitable for evaluating overtreatment
among super-elderly men, given that life expectancy among
Japanese men aged 80 and 85 years in 2007 was 8.5 and
6.2 years, respectively.(45) Additional follow-up is warranted to

Fig. 3. Relative survival of untreated patients with localized prostate cancer stratified by tumor grade.
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confirm if our findings are also applicable to men aged 75–
79 years with approximately 10 years of life expectancy.
In conclusion, more than half of super-elderly men with

localized prostate cancer may be overtreated in Japan. Consid-
ering the actual difficulty in identifying real “overtreatment”
among super-elderly men due to variation in patient character-
istics, including comorbidities and treatment preferences,
accumulation of evidence based on survival data among super-
elderly patients will help clarify the overtreatment groups and
reduce overtreatment.
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