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Abstract. Radical prostatectomy and radiotherapy are 
currently the main treatment options for localized prostate 
cancer. However, no large cohort study comparing surgery and 
radiation has been performed in Japan or Asia. The objective 
of the current study was to compare the survival outcomes of 
patients with clinically localized prostate cancer and in elderly 
and young patients receiving surgery and radiotherapy. The 
survival outcomes of patients with localized prostate cancer 
(age at diagnosis ≤79 years, clinical T1‑3) initially treated with 
surgery or radiotherapy were retrospectively analyzed. Data 
were collected from the population‑based cancer registry of the 
Kanagawa Prefecture, Japan. A 1:1 coarsened exact matching 
of age at diagnosis, clinical T stage and cancer differentiation 
was performed between the two treatment groups. Patients 
were also categorized into two subgroups by age using a cutoff 
of 70 years for analysis. The cohort comprised 4,810 patients 
aged 50‑79 years. No significant difference in cancer‑specific 
survival (CSS) was observed between the two groups (P=0.612). 
However, the surgery group had significantly better overall 
survival (OS; P=0.004). When stratified for age, similar tenden‑
cies were observed in the elderly group (aged 70‑79 years; CSS, 
P=0.961 and OS, P=0.007). No significant difference in either 

CSS or OS was identified in the younger group (P=0.550 and 
P=0.408, respectively). Intrinsic deaths were more likely to 
occur in elderly patients treated with radiotherapy than those 
undergoing surgery (69.3 vs. 78.2%; P=0.128). The results 
indicated that surgery provided significantly better OS than 
radiotherapy, particularly among the elderly. However, no 
significant difference was observed in CSS. These results should 
be interpreted with caution, given that some important factors 
were unavailable in the present study, such as prostate‑specific 
antigen values and Gleason scores. Prospective trials evaluating 
these therapies are warranted.

Introduction

Prostate cancer is now one of the most commonly diagnosed 
cancers, with more than 1,100,000 newly diagnosed cases 
worldwide in 2012 (1), and the incidence of prostate cancer has 
been particularly increasing in northeast Asian countries (2). 
The increase in prostate cancer incidence primarily results 
from early diagnosis following the widespread use of pros‑
tate‑specific antigen (PSA) screening. This indicates that the 
management of localized prostate cancer plays an important 
role in its treatment.

The effectiveness of surgery, radiotherapy, and active 
monitoring for localized prostate cancer remains controversial. 
The first randomized trial, the Prostate Testing for Cancer and 
Treatment (ProtecT) trial, indicated no significant differences 
in cancer‑specific survival (CSS) and overall survival (OS) 
among the three treatment modalities (3). However, the prostate 
cancer cases in this trial mostly had a Gleason score of 6 (77%), 
cT1c (21%), and PSA <10 µg/l (median PSA, 5.8 µg/l) (4). Given 
that most patients had low‑risk cancer, the survival outcomes 
differed from those of previous studies that used real‑world 
data, which generally showed a survival benefit in patients 
with high‑risk prostate cancer (5‑10). Furthermore, the ProtecT 
trial included only patients aged 50‑69 years, whereas prostate 
cancer is commonly detected in the elderly (those aged 70 years 
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or older). The number of elderly cancer patients has been 
increasing (11). Japan is anticipated to become a super‑aging 
society by 2030, with one in every three people being 65+ years 
and one in five people being 75+ years (12). Therefore, treat‑
ments for elderly patients will be crucial, and clinical trials or 
large cohort studies for survival outcomes of elderly patients 
are needed for treatment selection.

Previous studies indicated that hormonal therapy is rela‑
tively more efficacious and safer in Japanese men than in 
Caucasian men (13,14). Nevertheless, no large cohort study on 
Japanese or Asian patients has ever investigated survival after 
local treatments.

For the reasons above, the present study was carried out 
with two objectives: i)  To compare the efficacy between 
surgery and radiotherapy for clinically localized prostate 
cancer using data from a Japanese regional population‑based 
prostate cancer database; and ii) to compare the efficacy of 
these two treatment modalities between elderly and younger 
patients. In order to fulfill these objectives, we conducted a 
coarsened exact matching of cancer features, and patients 
were also categorized by age using a cutoff point of 70 years.

Patients and methods

Study population and study design. In this study, we accessed 
the data of 58,894 patients diagnosed with prostate cancer 
between 1970 and 2014 from the population‑based cancer 
registry of the Kanagawa Prefecture, Japan. The inclu‑
sion criteria were localized prostate cancer (cT1‑3N0M0), 
adenocarcinoma, age 50‑79 years, an observation period 
of ≥2 years, and either surgery or radiotherapy as the main 
treatment. Patients with missing data were excluded. For 
those treated with both treatment modalities, surgery was 
considered the main treatment. The reason for this is that 
salvage radiotherapy is common in patients with prostate 
cancer recurrence after surgery, whereas salvage prostatec‑
tomy after radiotherapy is rare (15). As we used secondary 
data, the requirement to obtain informed consent was waived.

The primary endpoints of this study were CSS and OS. 
The patients were also categorized by the age cutoff of 
70 years (i.e., 50‑69 vs. 70‑79 years), and the effectiveness of 
treatment in either group was analyzed in terms of survival 
outcomes.

This study was conducted in accordance with the ethical 
standards of the Helsinki Declaration and was approved by 
the institutional review board of the Kanagawa Cancer Center. 

Data source. Data were collected from a population‑based 
regional cancer registry of the Kanagawa Prefecture. The 
registry stores medical data obtained from hospitals and 
survival information from the regional public health center. 
The primary information includes the date of birth, age at 
cancer diagnosis, cancer differentiation (well, moderate, 
poor and undifferentiated), clinical and pathological stages, 
diagnostic methods, the main treatment modality (surgery, 
laparoscopic surgery, endoscopic surgery, radiotherapy, 
hormonal therapy, chemotherapy and immunotherapy), initial 
symptoms, the hospital where the patient was treated, cause 
of death, and date of death or the latest date of confirmed 
survival. However, no information on PSA was provided.

Statistical analysis. Cancer stages were classified using the 
2017 TNM classification, and survival time was calculated 
from the date of diagnosis. To analyze the patients' charac‑
teristics, we used the Mann‑Whitney U test for continuous 
variables and Pearson's chi‑squared tests for categorical 
variables. Continuous measurements were used for analysis of 
age at diagnosis. To precisely assess treatment efficacy, a 1:1 
coarsened exact matching of age at diagnosis, clinical T stage, 
and cancer differentiation was made between the surgery 
and radiotherapy groups. Exact matching was conducted via 
propensity score matching with a caliper width of 0. The 
covariate balance between the two groups was assessed using 
the Mann‑Whitney U test and Pearson's Chi‑squared tests.

The Kaplan‑Meier method and univariate comparisons using 
log‑rank test and unadjusted Cox models were performed to esti‑
mate CSS and OS. A two‑tailed P‑value of <0.05 was considered 
statistically significant. All statistical analyses were carried out 
with the IBM SPSS Statistics v25 (IBM Corp.). In addition, inter‑
action in the forest plot study was analyzed using the statistical 
software ‘EZR’ (version _1.36_; Saitama Medical Center, Jichi 
Medical University, Saitama, Japan), a graphical user interface 
for R (version 3.4.1; The R Foundation for Statistical Computing, 
Vienna, Austria) (16).

Results 

Patient characteristics. The cohort included 6,805 patients, 
of whom 3,610 underwent surgery and 3,195 received radio‑
therapy as the main treatment. After exact matching for age, 
clinical T  stage, and cancer differentiation, we analyzed 
data of 4,810 patients (Table I), 2,405 of whom underwent 
surgery as the main treatment and 2,405 who received radio‑
therapy. The median observation period was 6.3 years (range, 
2.0‑18.7 years). Out of 4,810 patients, 43 (0.9%) and 305 (6.3%) 
patients died of prostate cancer and other causes, respectively.

Survival based on treatment modality. In the surgery group, 
prostate cancer was the main cause of death in 23 patients 
(1.0%), whereas 142 patients died of other causes (5.9%). The 
5‑ and 10‑year CSS were 99.6 and 98.4%, respectively, and 
the 5‑ and 10‑year OS were 96.8 and 89.6%, respectively. In the 
radiotherapy group, there were 20 deaths due to prostate cancer 
(0.8%), compared to 163 patients (6.8%) who died of other 
causes. The 5‑year CSS was 99.8%, and the 10‑year CSS was 
98.1%. The 5‑ and 10‑year OS were 97.2 and 84.3%, respectively.

The Kaplan‑Meier curves are shown in Fig. 1. There was no 
significant difference in CSS between the two groups [surgery 
vs. radiotherapy: Hazard ratio (HR), 0.852; 95% confidence 
interval  (CI) 0.459‑1.582; P=0.612]; however, the surgery 
group had significantly better OS than the radiotherapy group 
(HR, 0.732; 95% CI 0.591‑0.905; P=0.004).

Subgroup analyses showed no significant interactions in 
terms of CSS (Fig. 2A). With respect to OS, the magnitude of 
the association between surgery and improved survival was 
greater for patients diagnosed through 2009 (vs. 2010 onwards; 
P‑value for interaction <0.001; Fig. 2B). 

Comparison of efficacy between elderly and younger patients. 
For the secondary goal, we categorized the adjusted cohort into 
two groups by age at a cutoff of 70 years. The elderly group (aged 
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70‑79 years) comprised 2,286 patients, and the younger group 
(aged 50‑69 years) comprised 2,524 patients (Table II). The 
Kaplan‑Meier curves are shown in Fig. 3. In the elderly group, 
there was no significant difference in CSS based on treatment 
modality (HR, 0.976; 95% CI 0.374‑2.546; P=0.961) (Fig. 3A). 
However, those who underwent surgery had significantly better 
OS (HR, 0.691; 95% CI 0.529‑0.902; P=0.007) (Fig. 3B). By 

contrast, in the younger group, there were no significant differ‑
ences in either CSS (HR, 0.782; 95% CI 0.348‑1.755; P=0.550) 
(Fig. 3C) or OS (HR, 0.860; 95% CI 0.602‑1.229; P=0.408) 
based on treatment modality (Fig. 3D).

In order to investigate which factors might lead to the 
difference in OS among the elderly group, we analyzed the 
causes of death. The surgery group had 101 deaths, of whom 

Figure 2. Association between treatment type and survival. (A) Cancer‑specific survival. (B) Overall survival. HR, hazard ratio; CI, confidence interval.

Figure 1. Kaplan‑Meier curves for survival after exact matching stratified by treatment type. Kaplan‑Meier curves for (A) cancer‑specific survival and 
(B) overall survival stratified by treatment type. HR, hazard ratio; CI, confidence interval.
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70 (69.3%) died from intrinsic disease. Meanwhile, the radio‑
therapy group had 124 deaths, including 97 (78.2%) due to 
intrinsic disease. Relatively, more intrinsic deaths were seen 
in the radiotherapy group than in the surgery group (P=0.128); 
however, no significant difference was observed (Table III).

Discussion

The question of whether surgery is more efficacious (i.e., having 
better survival outcomes) than radiotherapy for localized 
prostate cancer has remained inconsistently answered. Most 
previous studies showed that surgery yielded better prognosis 
than radiotherapy  (5‑10). According to a meta‑analysis of 
19 studies with 118,830 patients, those treated with radio‑
therapy were at higher risk of overall mortality (HR, 1,63; 
95% CI, 1.54‑1.73; P<0.001) and cancer‑specific mortality 

(HR, 2.08; 95% CI, 1.76‑2.47; P<0.001) than those undergoing 
surgery  (5). A population‑based study of 68,665  patients 
conducted between 1992 and 2005 by Abdollah et al pointed 
out an association between radiotherapy and decreased CSS 
at all risk levels of prostate cancer (P<0.001) (6). However, in 
our study, both treatment modalities offered good CSS, and no 
significant difference in CSS was observed between patients 
undergoing surgery and radiotherapy. This result was similar 
to that from the ProtecT trial. Further, the latest nationwide 
population‑based study of 41,503 patients in Sweden showed 
a lower difference in CSS between patients undergoing 
surgery and radiotherapy than those in previous studies (radio‑
therapy vs. surgery: Low‑ and intermediate‑risk: HR, 1.24; 
95% CI, 0.97‑1.58; high‑risk: HR, 1.03; 95% CI, 0.81‑1.31) (17).

Unlike in the younger group, there was a significant differ‑
ence in OS based on the treatment modality in the elderly 

Figure 3. Kaplan‑Meier curve for cancer‑specific survival and overall survival stratified by treatment type. (A) Cancer‑specific survival in the elderly group. 
(B) Overall survival in the elderly group. (C) Cancer‑specific survival in the younger group. (D) Overall survival in the younger group. HR, hazard ratio; 
CI, confidence interval.

Table III. Cause of death in the elderly group.

Cause of death	 Total (n=225)	 Surgery (n=101)	 Radiation (n=124)	 P‑value

Prostate cancer death, n (%)	 19 (8.4)	 11 (10.9)	 8 (6.5)	 0.234
Intrinsic death, n (%)	 167 (74.2)	 70 (69.3)	 97 (78.2)	 0.128
Extrinsic death, n (%)	 5 (2.2)	 2 (2.0)	 3 (2.4)	 0.824
Unknown death, n (%)	 34 (15.1)	 18 (17.8)	 16 (12.9)	 0.306

P‑values were calculated using a Pearson's Chi‑squared test.
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group, leading to that same tendency in the entire cohort. This 
result may come from a bias in treatment selection; the reason 
for treatment selection was not indicated in the database. More 
intrinsic deaths were seen among elderly patients treated 
with radiotherapy than those treated with surgery. We could 
predict that patients with heavy comorbidities and low perfor‑
mance status had a tendency to be treated with radiotherapy. 
Therefore, considering that there was no significant difference 
in CSS, we could expect radiotherapy to be a good treatment 
selection for elderly patients because of its lower invasiveness.

Interestingly, the forest‑plot subanalysis showed a 
significant interaction among treatment type with respect to 
OS based on the date of diagnosis. This might result from 
advances in radiotherapy modalities, such as intensity‑modu‑
lated radiotherapy (IMRT), which have lower adverse events 
than three‑dimensional conformal radiotherapy  (18‑20). 
Additionally, the combination of IMRT and brachytherapy 
has been shown to achieve a good cancer control rate with 
lower toxicity (21,22). Moreover, as combination androgen 
deprivation therapy has been proved to improve survival, 
particularly in intermediate‑ and high‑risk localized prostate 
cancer (23,24), combination hormonal therapy has become 
widely used worldwide. Finally, these improvements in 
survival might have led patients with good general condi‑
tion to choose radiotherapy, particularly after 2010, thereby 
contributing to better OS in this group.

This study also has some limitations that need to be consid‑
ered when interpreting the results. First, there was a lack of 
clinicopathological data related to prostate cancer. In particular, 
PSA values, which are crucial to determine the risk of localized 
prostate cancer, were unavailable in the database, making it 
impossible for us to stratify the patients by risk group. Gleason 
scores, which play an important role in evaluating the prog‑
nosis of men with prostate cancer, were also unavailable. Only 
a limited number of factors were included in our analyses; this 
enabled us to analyze exactly matched data in a relatively large 
cohort. However, PSA value and Gleason scores are needed for a 
more accurate analysis. Second, the median observation period 
was relatively short for localized prostate cancer. To have more 
precise survival outcome data for the sake of comparison, the 
observation should have lasted 15‑20 years. Third, as previously 
mentioned, neither the performance status nor the comorbidity 
was known; therefore, patient selection bias could not be elimi‑
nated. Fourth, the database contained no data on the timing 
of treatment after cancer diagnosis and the administration of 
combination hormonal therapy. Therefore, our study included 
patients treated with surgery or radiotherapy after active moni‑
toring. Fifth, the prognosis of patients receiving combination 
therapy could not be evaluated in this study. We categorized 
patients who underwent both surgery and radiotherapy into the 
surgery group because salvage radiotherapy is a common treat‑
ment for patients with biochemical recurrence after surgery 
in clinical practice, as mentioned in the Methods section. 
Although it would have been better to compare the results 
between combination therapy and surgery because surgery 
and adjuvant radiotherapy could yield better outcomes than 
surgery alone, the precise timing of each therapy in this study 
is unknown. Further, we could not determine whether the 
patients were treated with adjuvant or salvage radiotherapy. 
As such, other combination therapies, such as surgery and 

hormone deprivation or surgery and chemotherapy, could 
not be evaluated. Finally, the biological effective dose, which 
could strongly affect oncological outcomes, was unavailable 
in patients treated with radiotherapy.

In conclusion, our study showed no significant differ‑
ence in CSS between surgery and radiotherapy, but surgery 
yielded significantly better OS, particularly in elderly 
patients. However, as mentioned, the study results should be 
interpreted with caution, given that some important factors 
were unavailable in this study. Further, the study found no 
significant difference in terms of both CSS and OS among 
younger patients, although we did observe a tendency toward 
improved survival in patients treated with radiotherapy 
after 2010. This implied that radiotherapy was less invasive, 
and it should therefore be considered for use in elderly 
patients.

As the registration of prostate cancer data in the National 
Cancer Database was initiated in April 2018, these limita‑
tions are expected to be overcome. Despite the limitations, 
our study has hitherto been the largest cohort study in Japan 
or any Asian country. Furthermore, to our best knowledge, 
this is the very first study to compare treatment modalities 
using the coarsened exact matching method. Our study results 
provide important data relating to Asian patients, particu‑
larly Japanese patients. They could inform the selection of 
the appropriate treatment for localized prostate cancer.
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