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Objective: We aimed compare the oncologic outcomes of radical prostatectomy (RP)
with those of external beam radiotherapy (EBRT), brachytherapy (BT), or EBRT + BT
(EBBT) in elderly patients with localised prostate cancer (PCa).

Methods: Localised PCa patients aged ≥70 years who underwent RP, EBRT, BT, or
EBBT between 2004 and 2016 were identified from the Surveillance, Epidemiology, and
End Results database. Multivariable competing risks survival analyses were used to
estimate prostate cancer-specific mortality (CSM) and other-cause mortality (OCM).
Subgroup analyses according to risk categories were also conducted.

Results: Overall, 14057, 37712, 8383, and 5244 patients aged ≥70 years and treated
with RP, EBRT, BT, and EBBT, respectively, were identified. In low- to intermediate-risk
patients, there was no significant difference in CSM risk between RP and the other three
radiotherapy modalities (all P > 0.05). The corresponding 10-year CSM rates for these
patients were 1.2%, 2.3%, 2.0%, and 1.8%, respectively. In high-risk patients, EBRT was
associated with a higher CSM than RP (P = 0.003), whereas there was no significant
difference between RP and BT or RP and EBBT (all P > 0.05). The 10-year CSM rates of
high-risk patients in the RP, EBRT, BT, and EBBT groups were 7.5%, 10.2%, 8.3%, and
7.6%, respectively. Regarding OCM, the risk was generally lower in RP than in the other
three radiotherapy modalities (all P < 0.001).

Conclusions: Amongmen aged ≥70 years with localised PCa, EBRT, BT, and EBBT offer
cancer-specific outcomes similar to those of RP for individuals with low- to intermediate-
risk disease. In patients with high-risk disease, EBBT had outcomes equally favourable to
those of RP, but RP is more beneficial than EBRT. More high-quality trials are warranted to
confirm and expand the present findings.
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INTRODUCTION

Prostate cancer (PCa) is the second most commonly diagnosed
cancer in men, with approximately 1.1 million cases worldwide;
moreover, it accounts for 15%of all cancers diagnosed (1).A total of
60%ofPCapatients are aged≥65years atdiagnosis, and thenumber
of patients aged ≥70 years at diagnosis is increasing. It is predicted
that the number of elderly patients will increase from 585,000 to
778,000 between 2018 and 2030 (2). The latest consensus of the
International Society ofGeriatricOncology onPCamanagement in
elderly patients recommends that patients aged ≥70 years are
managed according to their individual health status, and not
according to their age. The “healthy” or “fit” older patients should
have the same treatment options as the younger patients (3).
Furthermore, several studies have reported that local therapy,
such as radical prostatectomy (RP) or radiotherapy, can result in
better survival outcomes than those of non-local therapy in elderly
patients with localised PCa (4, 5). However, the survival benefits of
these local therapies vary, especially for elderly patients (6–8).
Furthermore, the comparative efficacy among these local
therapies remains unclear. This study aimed to compare the
survival outcomes of RP, external beam radiotherapy (EBRT),
brachytherapy (BT), and EBRT + BT (EBBT) in localised PCa
patients aged ≥70 years. Towards this goal, we identified patients
from the Surveillance, Epidemiology, and End Results (SEER)
database and conducted survival outcome comparisons.
PATIENTS AND METHODS

Study Design and Population
Elderly men aged ≥70 years with localised PCa who underwent
RP, EBRT, BT, or EBBT between 2004 and 2016 were identified
from the 18th SEER tumour registries, which encompass
approximately 26% of the US population. First, we screened
590,960 patients with PCa as the only malignancy. The exclusion
criteria were as follows: (1) individuals younger than 70 years, (2)
individuals with ambiguous prostate-specific antigen (PSA),
TNM stage, or biopsy Gleason score (GS) record, (3)
individuals with clinically diagnosed lymph node or distant
metastasis, (4) individuals without RP nor radiotherapy record,
and (5) individuals without acinar adenocarcinoma as the
pathological type. RP patients with lymphadenectomy are
pathological N0, and if they are compared against RT patients
who are clinical N0, which is not equivalent. Therefore,
individuals who underwent lymphadenectomy during RP were
also excluded. The flow chart of patient selection is presented in
Figure 1. Data on race, age, diagnostic year, preoperative PSA
value, biopsy GS, clinical tumour stage (per the AJCC seventh
edition), and follow-up periods were collected. The primary
outcome measures were prostate cancer-specific mortality
(CSM) and other-cause mortality (OCM).

Statistics Analysis
Continuous variables are expressed as median (interquartile
range [IQR]) and categorical variables as frequency and
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proportion. Between-group comparisons of clinicopathological
features were conducted using the Kruskal–Wallis, Wilcoxon
rank-sum, or Fisher’s exact test. Tumour stages were classified as
≤T2a, T2b, and ≥T2c. Biopsy GS was classified as ≤6, 7, and 8 to
10. Multivariable competing risks regression analyses were
performed to evaluate the effects of different treatments on
CSM and OCM (9, 10), with age, PSA, clinical T stage, biopsy
GS, race, and diagnosis year used as covariates. The individuals
who received both surgery and RT were place into the group that
corresponds to the 1st treatment they received. Furthermore, the
patients were stratified into subgroups according to the D’Amico
risk classification (low- to intermediate-risk or high-risk). The
cumulative incidence smoothed plots were generated for CSM
and OCM according to the competing risks method, and the 10-
year CSM and OCM rates were calculated. All statistical analyses
were performed using R version 3.6.1 (The R Foundation for
Statistical Computing, Vienna, Austria; www.r-project.org). All
tests were two-sided, and P value of <0.05 was considered
statistically significant.
RESULTS

Of the 65396 patients evaluated, 14057, 37712, 8383, and 5244
underwent RP, EBRT, BT, and EBBT, respectively. The RP group
was significantly younger than the other groups (all P < 0.001).
The BT group was more likely to have more favourable
clinicopathological features, including lower PSA values (6.3
ng/mL), a higher percentage of biopsy GS of ≤7 (93.6%), and a
higher proportion of ≤T2a disease (91.6%). Consequently, the
BT group had the highest proportion of patients with low-to-
intermediate-risk disease (86.7%). The median follow-up periods
for the RP, EBRT, BT, and EBBT groups were 64, 64, 90, and 81
months, respectively. The baseline demographic and
clinicopathologic characteristics of the four groups are
summarised in Table 1.

The results of multivariable competing risks analysis
(Table 2) suggest that older age, earlier diagnosis year, ≥T2c
stage, as well as higher PSA value and biopsy GS score were
associated with higher CSM risk (all P < 0.05). In addition, EBRT
was associated with a higher CSM risk (subdistribution hazard
ratio [SHR] 1.69; 95% CI, 1.33–2.14; P < 0.001) than RP.
However, the difference in CSM risk between RP and BT or
RP and EBBT did not reach a significant level (SHR: 1.38; 95%;
CI: 0.98–1.94; P = 0.062, SHR: 1.07; 95% CI: 0.73–1.56; P =
0.728). Subgroup analysis according to PCa risk categories
(Figure 2) showed that RP had a lower CSM risk than EBRT
for patients with high-risk disease (SHR 1.51; 95% CI 1.13–2.05;
P = 0.003) but similar to those with low-to-intermediate-risk
disease (SHR: 1.74; 95% CI: 0.91–3.37; P = 0.079). In addition,
among all PCa risk categories, the CSM risk of RP was similar to
that of BT or EBBT (all P > 0.05).

As for OCM, older age, earlier diagnosis year, African race,
≥T2c stage, higher PSA value and biopsy GS score, as well as
three radiotherapy modalities, were associated with a higher
OCM risk (all P < 0.001). Consistently, the subgroup analysis
July 2021 | Volume 11 | Article 708373
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indicated that among all PCa risk categories, OCM was
significantly lower in the RP group than in the other groups
(all P < 0.001).

The CSM and OCM rates were calculated according to the
treatment modalities and PCa risk categories (Figure 3). The 10-
year CSM rates of patients with low- to intermediate-risk disease
treated with RP, EBRT, BT, or EBBT were 1.2%, 2.3%, 2.0%, and
1.8%, respectively. The corresponding OCM rates were 14.4%,
30.4%, 22.8%, and 24.5%, respectively. For patients with high-
risk disease treated with RP, EBRT, BT, or EBBT, the 10-year
Frontiers in Oncology | www.frontiersin.org 3
CSM rates were 7.5%, 10.2%, 8.3%, and 7.6%, respectively. The
corresponding OCM rates were 16.1%, 36.1%, 29.4%, and
30.9%, respectively.
DISCUSSION

Over the decades, prostate cancer deaths in men 70 years and
older are expected to almost double, whereas the overall
mortality rate is anticipated to remain stable (2). The data
FIGURE 1 | Patient selection flowchart.
July 2021 | Volume 11 | Article 708373

https://www.frontiersin.org/journals/oncology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/oncology#articles


Guo et al. RP Versus RT for PCa
TABLE 2 | Multivariable competing risk analysis for relative risk of death.

CSM OCM

SHR 95% CI P Value SHR 95% CI P Value

Age 1.02 1.01-1.04 <0.001 1.10 1.09-1.11 <0.001
Diagnosis year
2004-2007 Ref. Ref.
2008-2011 0.90 0.80-1.00 0.057 0.89 0.85-0.93 <0.001
2012-2016 0.72 0.59-0.87 0.001 0.84 0.77-0.91 <0.001

Race
Caucasian Ref. Ref.

African 1.17 1.01-1.36 0.040 1.25 1.18-1.33 <0.001
Other 0.54 0.42-0.68 <0.001 0.74 0.69-1.21 0.082

PSA 1.01 1.01-1.02 <0.001 1.01 1.00-1.01 <0.001
Biopsy GS
≤ 6 Ref. Ref.
7 2.06 1.75-2.43 <0.001 1.10 1.05-1.15 <0.001
8-10 6.33 5.37-7.46 <0.001 1.12 1.12-1.26 <0.001

Clinical T stage
≤T2a Ref. Ref.
T2b 1.08 0.84-1.38 0.560 1.06 0.96-1.17 0.270
≥T2c 1.96 1.74-2.21 <0.001 1.09 1.03-1.16 <0.001

Treatments
RP Ref. Ref.
EBRT 1.69 1.33-2.14 <0.001 1.81 1.71-2.04 <0.001
BT 1.24 0.98-1.94 0.065 1.62 1.47-1.84 <0.001
EBBT 1.08 0.73-1.56 0.728 1.63 1.41-1.79 <0.001
Frontiers in Oncology | www.fron
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CSM, cancer-specific mortality; OSM, other-cause mortality; RP, radical prostatectomy; EBRT, external beam radiation therapy; BT, brachytherapy; EBBT, external beam radiation therapy
+ brachytherapy; PSA, prostate specific antigen; GS, Gleason score; SHR, subdistribution hazard ratio.
TABLE 1 | Baseline patient characteristics by treatment group.

RP EBRT BT EBBT P Value
(n = 14057) (n = 37712) (n = 8383) (n = 5244) RP vs. EBRT/BT/EBBT

Age (years) 72 [71, 74] 74 [72, 78] 73 [71, 76] 74 [71, 76] <0.001/<0.001/<0.001
PSA (ng/mL) 6.7 [5.0, 9.5] 7.9 [5.6, 12.2] 6.3 [4.9, 8.6] 7.2 [5.2, 11.2] <0.001/<0.001/<0.001
Race, n (%) <0.001/<0.001/<0.001
Caucasian 11778 (83.8) 29573 (78.4) 6993 (83.4) 4084 (77.9)
African 1026 (7.3) 4797 (12.7) 855 (10.2) 748 (14.3)
Other 1143 (8.1) 2670 (7.1) 472 (5.6) 385 (7.3)
Unknown 110 (0.8) 672 (1.8) 63 (0.8) 27 (0.5)

Biopsy GS, n (%) <0.001/<0.001/<0.001
≤ 6 11778 (83.8) 29573 (78.4) 6993 (83.4) 4084 (77.9)
7 1026 (7.3) 4797 (12.7) 855 (10.2) 748 (14.3)
≥ 8 1143 (8.1) 2670 (7.1) 472 (5.6) 385 (7.3)

Clinical T stage, n (%) <0.001/<0.001/<0.001
≤ T2a 10574 (75.2) 31133 (82.6) 7675 (91.6) 4095 (78.1)
T2b 486 (3.5) 1825 (4.8) 246 (2.9) 399 (7.6)
≥ T2c 2997 (21.3) 4754 (12.6) 462 (5.5) 750 (14.3)

D’Amico classification, n (%) <0.001/<0.001/<0.001
Low 2499 (17.8) 7286 (19.3) 4029 (48.1) 717 (13.7)
Intermediate 6175 (43.9) 16240 (43.1) 3240 (38.6) 2423 (46.2)
High 5383 (38.3) 14186 (37.6) 1114 (13.3) 2104 (40.1)

Diagnosis year, n (%) <0.001/<0.001/<0.001
2004 - 2007 3415 (24.3) 10895 (28.9) 3924 (46.8) 2102 (40.1)
2008 -2011 4605 (32.8) 12516 (33.2) 2723 (32.5) 1763 (33.6)
2012 - 2016 6037 (42.9) 14301 (37.9) 1736 (20.7) 1379 (26.3)

Follow-up period (months) 64 [28, 99] 64 [30, 97] 90 [53, 119] 81 [45, 113]
RP, radical prostatectomy; EBRT, external beam radiation therapy; EBBT, external beam radiation therapy + brachytherapy; PSA, prostate specific antigen; GS, Gleason score; IQR,
interquartile range. Data are presented as n (%) or median [IQR].
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highlight the importance of exploring the optimal management
for PCa in elderly patients. However, the comparative efficacy
among the local treatments for these specific patients remains
unclear. In this study, the survival outcomes following RP, EBRT,
BT, and EBBT were compared in elderly men with localised PCa.

We found that elderly patients who received EBRT had 1.69
times higher CSM risk than those who received RP. Further
subgroup analysis suggested the association of RP with lower
Frontiers in Oncology | www.frontiersin.org 5
CSM risk in men with high-risk disease, but not in those with
low-to-intermediate-risk disease. The results are in accordance
with a study conducted byWang et al. who evaluated the survival
difference in the RP and EBRT groups of men aged ≥75 years
with high-risk or very high-risk PCa based on the SEER database
(11) and found that EBRT was associated with worse PCa-
specific survival (HR = 0.533) and overall survival (HR =
0.453) than RP. However, another SEER study conducted by
FIGURE 2 | Subdistribution hazard ratio (SHR) for cancer-specific mortality by treatment modalities and risk categories. RP, radical prostatectomy; EBRT, external
beam radiation therapy; BT, brachytherapy; EBBT, external beam radiation therapy + brachytherapy.
July 2021 | Volume 11 | Article 708373
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Abdollah et al. reported that for patients aged 70 to 79 years,
radiotherapy was less effective than RP for those with low-to-
intermediate-risk disease, but the effectiveness of two treatments
was comparable for those with high-risk disease (5). It should be
noted that most of their patients were diagnosed at the pre-PSA
era, and the PSA value were therefore blank, which could
potentially make substantial number of patients who actually
had high-risk disease to be classified into the low-to-
intermediate-risk type, and thus deviated the results. As for the
comparative effectiveness of RP versus EBRT in low- to
intermediate-risk PCa, the 10-year follow-up of the ProtecT
trial, of which 60% and 40% of the population had low- and
intermediate-risk diseases, respectively, found no difference in
survival outcomes between the RP and EBRT (12). However, the
trial only includes patients aged ≤65 years.

BT is another type of radiotherapy. The current study found
that for PCa patients aged >70 years, there was no significant
difference in CSM risk between those treated with RP and BT.
Subgroup analysis by risk category found consistent findings.
Arvold et al. used the data of 8839 patients to estimate the
cancer-specific mortality following RP or brachytherapy in men
with low- or intermediate-risk PCa. They found no significant
difference in the risk of cancer-specific mortality between two
treatments after a median follow-up of more than 4 years (13).
Additionally, Zhou et al. assessed the biochemical relapse-free
survival time (bRFS) and clinical relapse-free survival (cRFS)
time after RP or BT for patients with T1c-T3a localised PCa. The
Frontiers in Oncology | www.frontiersin.org 6
results indicated that BT produced equivalent bRFS and cRFS
rates compared with RP within 5 years of follow-up (14).
However, the CSS and OS were not reported in their study.
Although these studies were not tailored for older patients, the
age range in both RP and BT arms extended to above 80 years,
suggesting some relevance to this population.

A few recent studies reported that EBRT combined with BT
had comparable and even superior therapeutic effectiveness to
those of RP. For example, in a NCDB study, Ennis et al.
compared EBBT to RP with or without adjuvant radiation
therapy in men with high-risk PCa and found no significant
difference in OS between the two arms (15). Muralidhar et al.
compared the data following EBBT or RP with or without ART
based on the NCDB and SEER database and reported that the
two kinds of therapy provide equivalent OS and CSS for men
with GS 9-10 PCa (16). In addition, Kishan and colleagues
retrospectively analysed the data of 1809 men with GS 9-10
PCa and found that those who underwent EBBT were at
significantly lower risk for 5-year CSS and distant metastasis
than were those who underwent RP (3% vs 12% and 8% vs 24%,
respectively, all p<0.001) (17). However, none of them were
tailored for elderly patients. Our results suggested that RP and
EBBT are associated with similar a CSM. The 10-year CSM rates
of RP vs. EBBT were 1.2% vs 1.8% in the low-to-intermediate-
risk subset, and 7.5% vs 7.6% in the high-risk subset, respectively.
These findings confirmed the efficacy of EBBT in patients 70
years and older.
FIGURE 3 | Competing risk models depicting cancer-specific and other-cause survival curves stratified by treatment modalities and risk classification. RP, radical
prostatectomy; EBRT, external beam radiation therapy; BT, brachytherapy; EBBT, external beam radiation therapy + brachytherapy.
July 2021 | Volume 11 | Article 708373
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The present data provided information that may guide the
management of elderly men with PCa. EBRT, BT, and EBBT
offer comparable cancer-specific survival outcomes to RP in
patients with low-to-intermediate-risk disease. In high-risk
patients, RP has a better performance than EBRT, but not than
EBBT. However, the percentage of men with localised PCa
undergoing surgery rather than radiation has dramatically
increased in recent years (18). This reinforces the need for
patients to seek opinions from both a urologic oncologic
surgeon with expertise in RP and a radiation oncologist with
expertise in brachytherapy. Notably, despite our results
suggesting that BT had similar performance to RP in patients
with high-risk disease, BT as monotherapy is currently not the
standard management for men with high-risk PCa. Indeed, high-
risk disease only accounted for the minority of the BT group
(13.3%). A small sample size of high-risk patients in the BT
group coupled with other unknown confounding factors, such as
androgen suppression therapy (ADT), reminds us that this part
of the result should be treated with caution. In the present study,
OCM was generally higher in radiotherapy modalities than in
RP. One possible reason is that the “vulnerable” or “frail”
patients with major complications were more likely to receive
radiotherapy. Furthermore, ADT is more likely to be combined
with radiotherapy (19). Androgen suppression is associated with
some complications, such as metabolic syndrome, cardiovascular
morbidity, mental health problems, and bone resorption, that
could potentially increase OCM risk (20, 21).

Even though our study analysed a large sample of real-world
data, the results should be interpreted in light of its limitations.
First, as in all findings originated from retrospective data, there
was a lack of randomisation between groups according to the
baseline characteristics. Second, our study did not include
information on hormonal therapy. Moreover, the doses
delivered in radiotherapies were not reported owing to the
nature of SEER. These could change the treatment response
and potential complications. Third, patients in the RP group may
have been “healthier” than those in the other groups. Although
CSM was adjusted for OCM, comorbidities that potentially
affected CSM cannot be ruled out, and they might have
influenced the final results. The impact of treatments on OCM
cannot be determined in the present study because we could not
Frontiers in Oncology | www.frontiersin.org 7
assess the frailty and comorbidity of patients due to the nature of
SEER. Forth, the present study is brief, given that the cancer-
specific outcomes besides CSM, such as biochemical free
survival, disease-free survival, and distant metastases, which
reflect the response of the tumour to treatments, were not
reported by SEER. Hence, we were unable to perform analyses
regarding these outcomes. Fif th, the patients with
lymphadenectomy were excluded from the present study,
which could potentially weaken the comparative effectiveness
of RP. Because the patients may receive an expanded RT, which
include lymph node field.

In conclusion, among localised PCa patients aged ≥70 years,
EBRT, BT, and EBBT offer similar cancer-specific outcomes
compared with RP for individuals with low- to intermediate-
risk disease. In patients with high-risk disease, EBBT had equally
favourable outcomes to RP, but RP is more beneficial than EBRT.
It is worth noting that the limitations of the present study
indicate that our findings should be interpreted with caution.
More high-quality trials are warranted to confirm and expand
our findings.
DATA AVAILABILITY STATEMENT

Publicly available datasets were analysed in this study. This data
can be found here: https://seer.cancer.gov/.
AUTHOR CONTRIBUTIONS

Conceptualisation, X-XG. Methodology, H-RX. Software, X-XG.
Validation, J-YW. and H-MH. Formal analysis, X-XG.Writing—
original draft preparation, X-XG. Writing—review and editing,
ML. Supervision, ML. All authors contributed to the article and
approved the submitted version.
FUNDING

This study was supported by the Beijing Hospital Clinical
Research 121 Project (BJ-2020-171).
REFERENCES

1. Pernar CH, Ebot EM, Wilson KM, Mucci LA. The Epidemiology of Prostate Cancer.
Cold SpringHarb PerspectMed (2018) 8(12):a030361. doi: 10.1101/cshperspect.a030361

2. International Agency for Reseach on Cancer (IARC). Globocan 2018:
Estimated Cancer Incidence, Mortality and Prevalence Worldwide in 2018.
In: On Line Analysis: Prediction. Cancer tomorrowle (2018). Available at:
http://GlobocanIarcFr/Pages/Burden_selApx.

3. Boyle HJ, Alibhai S, Decoster L, Efstathiou E, Fizazi K, Mottet N, et al.
Updated Recommendations of the International Society of Geriatric
Oncology on Prostate Cancer Management in Older Patients. Eur J Cancer
(2019) 116:116–36. doi: 10.1016/j.ejca.2019.04.031

4. Bandini M, Pompe RS, Marchioni M, Tian Z, Gandaglia G, Fossati N, et al.
Radical Prostatectomy or Radiotherapy Reduce Prostate Cancer Mortality in
Elderly Patients: A Population-Based Propensity Score Adjusted Analysis.
World J Urol (2018) 1:7–13. doi: 10.1007/s00345-017-2102-9

5. Abdollah F, Sun M, Thuret R, Jeldres C, Tian Z, Briganti A, et al. A
Competing-Risks Analysis of Survival After Alternative Treatment
Modalities for Prostate Cancer Patients: 1988-2006. Eur Urol (2011) 1:88–
95. doi: 10.1016/j.eururo.2010.10.003

6. Pettersson A, Robinson D, Garmo H, Holmberg L, Stattin P. Age at Diagnosis
and Prostate Cancer Treatment and Prognosis: A Population-Based Cohort
Study. Ann Oncol (2018) 2:377–85. doi: 10.1093/annonc/mdx742

7. D’Amico AV, Cote K, Loffredo M, Renshaw AA, Chen MH. Advanced Age at
Diagnosis Is an Independent Predictor of Time to Death From Prostate Carcinoma
for Patients Undergoing External Beam Radiation Therapy for Clinically Localized
Prostate Carcinoma. Cancer (2003) 1:56–62. doi: 10.1002/cncr.11053

8. Hamstra DA, Bae K, Pilepich MV, Hanks GE, Grignon DJ, McGowan DG,
et al. Older Age Predicts Decreased Metastasis and Prostate Cancer-Specific
July 2021 | Volume 11 | Article 708373

https://seer.cancer.gov/
https://doi.org/10.1101/cshperspect.a030361
http://GlobocanIarcFr/Pages/Burden_selApx
https://doi.org/10.1016/j.ejca.2019.04.031
https://doi.org/10.1007/s00345-017-2102-9
https://doi.org/10.1016/j.eururo.2010.10.003
https://doi.org/10.1093/annonc/mdx742
https://doi.org/10.1002/cncr.11053
https://www.frontiersin.org/journals/oncology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/oncology#articles


Guo et al. RP Versus RT for PCa
Death for Men Treated With Radiation Therapy: Meta-Analysis of Radiation
Therapy Oncology Group Trials. Int J Radiat Oncol Biol Phys (2011) 5:1293–
301. doi: 10.1016/j.ijrobp.2010.07.2004

9. Fine JP, Gray RJ. A Proportional Hazards Model for the Subdistribution of a
Competing Risk. J Am Stat Assoc (1999) 446:496–509. doi: 10.1080/
01621459.1999.10474144

10. Müller HG, Wang JL. Hazard Rate Estimation Under Random Censoring
With Varying Kernels and Bandwidths. Biometrics (1994) 1:61–76. doi:
10.2307/2533197

11. Wang Y, Song P, Wang J, Shu M, Wang Q, Li Q. Superior Survival Benefits of
Radical Prostatectomy Than External Beam Radiotherapy in Aging 75 and
Older Men With High-Risk or Very High-Risk Prostate Cancer: A
Population-Matched Study. J Cancer (2020) 18:5371–8. doi: 10.7150/jca.46069

12. Hamdy FC, Donovan JL, Lane J, MasonM,Metcalfe C, Holding P, et al. 10-Year
Outcomes After Monitoring, Surgery, or Radiotherapy for Localized Prostate
Cancer. N Engl J Med (2016) 375(15):1415–24. doi: 10.1056/NEJMoa1606220

13. Arvold ND, Chen MH, Moul JW, Moran BJ, Dosoretz DE, Bañez LL, et al.
Risk of Death From Prostate Cancer After Radical Prostatectomy or
Brachytherapy in Men With Low or Intermediate Risk Disease. J Urol
(2011) 1:91–6. doi: 10.1016/j.juro.2011.03.003

14. Zhou Z, Yan W, Zhou Y, Zhang F, Li H, Ji Z. (125)I Low-Dose-Rate Prostate
Brachytherapy and Radical Prostatectomy in Patients With Prostate Cancer.
Oncol Lett (2019) 1:72–80. doi: 10.3892/ol.2019.10279

15. Ennis RD, Hu L, Ryemon SN, Lin J, Mazumdar M. Brachytherapy-Based
Radiotherapy and Radical Prostatectomy Are Associated With Similar
Survival in High-Risk Localized Prostate Cancer. J Clin Oncol (2018)
12:1192–8. doi: 10.1200/JCO.2017.75.9134

16. Muralidhar V, Mahal BA, Butler S, Lamba N, Yang DD, Leeman J, et al.
Combined External Beam Radiation Therapy and Brachytherapy Versus
Radical Prostatectomy With Adjuvant Radiation Therapy for Gleason 9-10
Prostate Cancer. J Urol (2019) 5:973–8. doi: 10.1097/JU.0000000000000352
Frontiers in Oncology | www.frontiersin.org 8
17. Kishan AU, Cook RR, Ciezki JP, Ross AE, Pomerantz MM, Nguyen PL, et al.
Radical Prostatectomy, External Beam Radiotherapy, or External Beam
Radiotherapy With Brachytherapy Boost and Disease Progression and
Mortality in Patients With Gleason Score 9-10 Prostate Cancer. JAMA
(2018) 9:896–905. doi: 10.1001/jama.2018.0587

18. Weiner AB, Matulewicz RS, Schaeffer EM, Liauw SL, Feinglass JM, Eggener
SE. Contemporary Management of Men With High-Risk Localized Prostate
Cancer in the United States. Prostate Cancer Prostatic Dis (2017) 4:442. doi:
10.1038/pcan.2017.35

19. MottetN,vandenBerghRCN,BriersE,VandenBroeckT,CumberbatchMG,De
Santis M, et al. EAU-EANM-ESTRO-ESUR-SIOG Guidelines on Prostate
Cancer-2020 Update. Part 1: Screening, Diagnosis, and Local Treatment With
Curative Intent. Eur Urol (2021) 2:243–62. doi: 10.1016/j.eururo.2020.09.042

20. Gardner JR, Livingston PM, Fraser SF. Effects of Exercise on Treatment-
Related Adverse Effects for Patients With Prostate Cancer Receiving
Androgen-Deprivation Therapy: A Systematic Review. J Clin Oncol (2014)
4:335–46. doi: 10.1200/JCO.2013.49.5523

21. Nguyen PL, Alibhai SM, Basaria S, D'Amico AV, Kantoff PW, Keating NL,
et al. Adverse Effects of Androgen Deprivation Therapy and Strategies to
Mitigate Them. Eur Urol (2015) 5:825–36. doi: 10.1016/j.eururo.2014.07.010

Conflict of Interest: The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be construed as a
potential conflict of interest.

Copyright © 2021 Guo, Xia, Hou, Liu and Wang. This is an open-access article
distributed under the terms of the Creative Commons Attribution License (CC BY).
The use, distribution or reproduction in other forums is permitted, provided the
original author(s) and the copyright owner(s) are credited and that the original
publication in this journal is cited, in accordance with accepted academic practice. No
use, distribution or reproduction is permitted which does not comply with these terms.
July 2021 | Volume 11 | Article 708373

https://doi.org/10.1016/j.ijrobp.2010.07.2004
https://doi.org/10.1080/01621459.1999.10474144
https://doi.org/10.1080/01621459.1999.10474144
https://doi.org/10.2307/2533197
https://doi.org/10.7150/jca.46069
https://doi.org/10.1056/NEJMoa1606220
https://doi.org/10.1016/j.juro.2011.03.003
https://doi.org/10.3892/ol.2019.10279
https://doi.org/10.1200/JCO.2017.75.9134
https://doi.org/10.1097/JU.0000000000000352
https://doi.org/10.1001/jama.2018.0587
https://doi.org/10.1038/pcan.2017.35
https://doi.org/10.1016/j.eururo.2020.09.042
https://doi.org/10.1200/JCO.2013.49.5523
https://doi.org/10.1016/j.eururo.2014.07.010
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/oncology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/oncology#articles

	Comparison of Oncological Outcomes Between Radical Prostatectomy and Radiotherapy by Type of Radiotherapy in Elderly Prostate Cancer Patients
	Introduction
	Patients and Methods
	Study Design and Population
	Statistics Analysis

	Results
	Discussion
	Data Availability Statement
	Author Contributions
	Funding
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


