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Propensity score matching analysis 
comparing radical prostatectomy 
and radiotherapy with androgen 
deprivation therapy in locally 
advanced prostate cancer
Yu‑Cheng Lu2, Chao‑Yuan Huang2, Chia‑Hsien Cheng3, Kuo‑How Huang2, Yu‑Chuan Lu1,2, 
Po‑Ming Chow2, Yi‑Kai Chang2, Yeong‑Shiau Pu2, Chung‑Hsin Chen2, Shao‑Lun Lu3, 
Keng‑Hsueh Lan3, Fu‑Shan Jaw1, Pei‑Ling Chen2 & Jian‑Hua Hong1,2*

To compare clinical outcomes between the use of robotic‑assisted laparoscopic radical prostatectomy 
(RP) and radiotherapy (RT) with long‑term androgen deprivation therapy (ADT) in locally advanced 
prostate cancer (PC), 315 patients with locally advanced PC (clinical T‑stage 3/4) were considered 
for analysis retrospectively. Propensity score‑matching at a 1:1 ratio was performed. The median 
follow‑up period was 59.2 months (IQR 39.8–87.4). There were 117 (37.1%) patients in the RP group 
and 198 (62.9%) patients in the RT group. RT patients were older and had higher PSA at diagnosis, 
higher Gleason score grade group and more advanced T‑stage (all p < 0.001). After propensity score‑
matching, there were 68 patients in each group. Among locally advanced PC patients, treatment 
with RP had a higher risk of biochemical recurrence compared to the RT group. In multivariate Cox 
regression analysis, treatment with RT plus ADT significantly decreased the risk of biochemical failure 
(HR 0.162, p < 0.001), but there was no significant difference in local recurrence, distant metastasis and 
overall survival (p = 0.470, p = 0.268 and p = 0.509, respectively). This information supported a clinical 
benefit in BCR control for patients undergoing RT plus long‑term ADT compared to RP.

Prostate cancer (PC) is the second most frequent malignancy diagnosis made in men and the fifth leading cause 
of death  worldwide1. There were over 1.4 million new cases of PC and 375,304 related deaths around the world 
in  20202. Diagnostic estimates of loco-regional PC are over 90% in the United  States3. In Taiwan, 58% of newly 
diagnosed cases of PC had loco-regional disease and, 11% had locally advanced disease between 2004 and  20124. 
The management of locally advanced PC remains a challenge for urologists.

Traditionally, the risk of PC is stratified by serum prostate-specific antigen (PSA), Gleason score (GS) of the 
prostate biopsy and digital rectal exam (DRE). However, DRE is a subjective test with potential inter-observer 
variability and GS has shown discrepancy between prostate biopsy and radical prostatectomy  specimens5,6. PSA 
values are also influenced by patient age and prostate volume. In the last decade, magnetic resonance imaging 
(MRI) of the prostate has become an essential diagnostic tool for local staging. The Prostate Imaging Reporting 
and Data System (PI-RADS) version 2 was updated in 2015 and developed to promote global standardization in 
the interpretation and reporting of the prostate MRI examination. Many studies have investigated the accuracy 
of MRI in local  staging7.

Robotic-assisted laparoscopic radical prostatectomy (RP) with pelvic lymph node dissection and radiotherapy 
(RT) combined with long-term androgen deprivation therapy (LTADT) are currently standard treatment options 
for locally advanced  PC8. Both treatments incorporate a multimodality approach in this high-risk population to 
improve oncologic outcomes at the expense of distinct potential complications.
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RP has the advantage of more accurate disease staging with fewer bowel/rectal problems compared to RT, 
while anesthesia risk and associated higher risk of impotence and incontinence are still of  concern9. On the other 
hand, RT with LTADT does not require hospitalization and has a lower risk of urinary incontinence but does 
convey a higher rate of radiation cystitis, bowel/rectal problems and possible side effects of  ADT9,10.

Standard treatment options for locally advanced PC include RP with pelvic lymph node dissection or RT 
combined with hormone therapy, but the optimal therapy is still controversial. Several retrospective series found 
an advantage for RP but only on the basis of a low level of evidence, while others favored RT because of superior 
outcomes when adding  LTADT10. However, RT dose and duration of ADT were heterogeneous. One ongoing 
prospective randomized study, SPCG-15 trial, comparing primary RP and RT plus ADT in locally advanced 
PC might provide valuable information in this specific population in the  future11. To date, optimal manage-
ment remains uncertain in locally advanced PC. In this study, we aimed to compare clinical outcomes in locally 
advanced PC between the use of RP and RT combined with LTADT.

Methods
Inclusion and exclusion criteria. Between January 1, 2008 and November 31, 2018, 533 PC patients with 
clinically T stage 3/4 defined by MRI were analyzed. There were 160 patients in the RP group and 373 patients 
in the RT group. Thirty-eight patients being operated on at other hospitals, 2 patients undergoing neoadjuvant 
ADT, and 6 patients with adjuvant RT after operation in the RP group were excluded. We restricted patients to 
those with RT and 1.5–3 years ADT on the basis of NCCN guideline recommendations. A total of 166 patients 
were thus excluded. Three patients who experienced biochemical recurrence (BCR) during ADT treatment were 
also excluded. Nine patients lost to follow-up, with 3 in the RP group and 6 in the RT group, were also excluded. 
Of these, 309 patients were included in our study: 111 in the RP group and 198 in the RT group.

Statistical methods for clinical variables and definition of outcomes. A review was conducted 
of retrospectively obtained clinical data taken from the electronic medical records. Patient information was 
anonymized and de-identified prior to analysis. For each group, descriptive statistics were used to summarize 
the clinical presentation (age at diagnosis, biopsy GS grade group, PSA at diagnosis (iPSA) and clinical T stage 
by MRI). Continuous variables were shown as median (range) and categorical variables as number (percentage). 
The Mann–Whitney U-test was performed to determine statistical significance for continuous variables between 
the groups while chi-square test or Fisher’s exact test was used for categorical variables. Propensity score (PS) 
matching analysis was performed to reduce the selection bias in this observational study, achieving a more com-
parison between the two groups. The PS was calculated using a logistic regression model and covariates entered 
into the PS matching model were as follow: age at diagnosis, biopsy GS grade group, iPSA and clinical T stage. PS 
matching was performed using a 1:1 matching method. The macro language made best matches first and next-
best matches next. The PS matching sample was under SAS 8.2 Knowledge of logistic regression analysis. Of 
these, 136 patients were included in our study. BCR was defined as two consecutive times of PSA ≥ 0.2 ng/ml in 
the RP group and rising PSA of 2 ng/ml above the nadir (Phoenix criteria) in the RT group. Local recurrence was 
defined as lymphadenopathy or tumor recurrence in the pelvis by computed tomography (CT) or MRI. Metasta-
sis was defined as distant metastasis in imaging (CT, MRI or bone scan). Kaplan–Meier analysis was performed 
to analyze BCR-free survival, local recurrence-free survival, metastasis-free survival and overall survival. To 
avoid immortal-time bias, the elapsed time for BCR-free survival analysis was calculated from the end of ADT 
treatment in the RT group and the operation date in the RP group to the date of BCR (Supplementary Figure). 
In local recurrence-free survival, we calculated the follow-up time from the end of RT treatment. Univariate and 
multivariate Cox proportional hazards models were used to analyze the relationships between clinical variables 
and oncologic outcomes including BCR, local recurrence, metastasis and overall survival. All statistical analyses 
were performed using SPSS version 22.0 (IBM, Armonk, USA). Two-sided p values were calculated and a level 
of < 0.05 was considered statistically significant.

Ethical considerations. The study was approved by the Institutional Review Board and Ethics Committee 
of National Taiwan University Hospital (IRB 201911084RINC) and all methods were performed in accordance 
with relevant guidelines and regulations. Informed consent from all subjects could be eliminated in this retro-
spective study according to Institutional Review Board and Ethics Committee of National Taiwan University 
Hospital (IRB 201911084RINC) regulation.

Results
Patient characteristics are summarized in Table 1. A total of 309 patients were included. There were 111 
patients (35.9%) in the RP group and 198 patients (64.1%) in the RT group. The median follow-up period was 
62.8 months (interquartile range, IQR 33.8–89.5) in the RP group and 56.1 months (IQR 41.4–85.9) in the 
RT group (p = 0.542). RT patients were older than RP patients (p < 0.001). A total of 171 patients (86.4%) in 
the RT group were older than 65 years, compared to 51 (45.9%) in the RP group. RT patients had higher iPSA 
levels (p < 0.001) and GS grade group (p < 0.001). There were 91 patients (46.0%) in the RT group with iPSA 
levels ≥ 20 ng/ml and 21 patients (18.9%) in the RP group. A total of 138 patients (69.6%) in the RT group had 
GS grade group ≥ 3, compared to 56 (48.6%) in the RP group. RT patients also had more advanced clinical T 
stage (p < 0.001). In the RT group, 90 patients (45.4%) had T stage ≥ T3b, and 7 patients (3.5%) had T stage 4. In 
the RP group, 19 patients (17.1%) had T stage ≥ T3b and no patient had T stage 4. In the RP group, 55 (49.6%) 
clinical T3 diseases defined by MRI were downgraded to pathologic T2.

After propensity score (PS)-matched, there were 68 patients in both groups. Patient characteristics were well 
balanced and are summarized in Table 1. The median follow-up period was 54.2 months (IQR 33.6–84.4) in the 
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RP group and 62.5 months (IQR 43.2–89.6) in the RT group (p = 0.071). There was no difference in age (p = 0.335), 
iPSA level (p = 0.932), GS grade group (p = 0.941) or T stage (p = 0.383) between the two groups.

Treatment with RP had a higher risk of biochemical recurrence compared to the RT group. (log-rank test, 
p < 0.001, Fig. 1). The univariate and multivariate analyses of predictors of BCR are demonstrated in Table 2. 
PS-matched patients with RT treatment were associated with reduced risk of BCR (hazard ratio (HR) 0.16, 95% 
confidence interval (95% CI) 0.07–0.37, p < 0.001). There was a higher risk of BCR in patients with more advanced 
MRI T stage (p = 0.014). GS grade group could predict BCR only in univariate analysis (p = 0.019) but failed to 
predict BCR in multivariate analysis (p = 0.065). In Kaplan–Meier analysis, there was no significant difference in 
local recurrence-free survival (log-rank test, p = 0.155, Fig. 2), metastasis-free survival (log-rank test, p = 0.250, 
Fig. 3) and overall survival (log-rank test, p = 0.502, Fig. 4) between the two groups. In Table 3, there were no 
independent variables, including treatment methods, to predict local recurrence-free survival, metastasis-free 
survival and overall survival in the univariate analysis.

Discussion
To date, no published randomized trial has so far compared RP to RT plus ADT in locally advanced  PC11. 
The most optimal strategy in this high-risk subpopulation remains controversial. Most retrospective studies 
have inevitable selection bias, heterogeneous treatment protocols and unclear outcome  definitions10. In this 
retrospective study, used the PS-matched method, strictly limited patient enrollment, and clear-cut outcome 
definition, trying to provide direction for decision-making. We found that treatment with RP had a higher risk 
of BCR compared to the RT group among locally advanced PC patients. Furthermore, there was no significant 
difference in local recurrence, metastasis or overall survival. Different treatment-related complications in each 
strategy should not be overlooked during patient counseling. The current results demonstrated valuable clinical 
information that may impact the strategy for disease management.

The reason to choose MRI as a reference of the clinical T stage is to better illustrate extracapsular invasion 
and for comparability between surgery and radiotherapy groups. Conventionally, DRE has been the fundamental 
method to detect PC and is used as a clinical T stage reference. However, DRE is a subjective test and could not 
detect anteriorly located tumors. That is why multiple risk stratification models, combining PSA, GS and DRE, 
have been developed to better evaluate the risk of PC. In addition, DRE often overestimates tumor staging and 
may not evaluate locally-advanced disease  accurately12. In the last decade, MRI of the prostate has become a 
vital diagnostic tool for local staging, while PI-RADS is generally applied for global standardization. One meta-
analysis, including 9,796 patients, reviewed studies that used MRI for detection of extracapsular extension (ECE), 
seminal vesicle invasion (SVI) or overall stage T3  PC7. The pooled data for ECE, SVI and overall stage T3 detec-
tion showed corresponding sensitivity and specificity of 0.57 (95% CI 0.49–0.64) and 0.91 (95% CI 0.88–0.93), 
0.58 (95% CI 0.47–0.68) and 0.96 (95% CI 0.95–0.97) and 0.61 (95% CI 0.54–0.67) and 0.88 (95% CI 0.85–0.91), 
respectively. Because of microscopic involvement confirmed by resected prostate specimen regardless of size, high 
specificity and low sensitivity of MRI were found on meta-analysis. To make comprehensive decision-making 
regarding preservation of neurovascular bundles, high resolution of pre-operative images with good sensitivity 

Table 1.  Baseline characteristics of patients. The Mann–Whitney U-test was performed to determine 
statistical significance for continuous variables between the RP and the RT group while chi-square test or 
Fisher’s exact test was used for categorical variables. To reduce selection bias, we performed propensity 
score (PS) matching at a 1:1 ratio of the following variables: age at diagnosis, biopsy GS grade group, PSA 
at diagnosis and clinical T stage. Two-sided p values were calculated and a level of < 0.05 was considered 
statistically significant. RP radical prostatectomy, RT radiotherapy, ADT androgen deprivation therapy.

Full cohort (N = 309) Propensity score-matched patients (N = 136)

RP RT with ADT p value RP RT with ADT p value

Number 111 (35.9%) 198 (64.1%) 68 (50%) 68 (50%)

Follow-up (months) 62.8 (33.8–89.5) 56.1 (41.4–85.9) 0.542 54.2 (33.6–84.4) 62.5 (43.2–89.6) 0.071

Age

< 65 60 (54.1%) 27 (13.6%) < 0.001 21 (30.9%) 16 (23.5%) 0.335

≥ 65 51 (45.9%) 171 (86.4%) 47 (69.1%) 52 (76.5%)

PSA at diagnosis

< 10 50 (45.0%) 44 (22.2%) < 0.001 22 (32.4%) 24 (35.3%) 0.932

10–20 40 (36.0%) 63 (31.8%) 32 (47.1%) 31 (45.6%)

≥ 20 21 (18.9%) 91 (46.0%) 14 (20.6%) 13 (19.1%)

Gleason score grade group

< 3 57 (51.4%) 60 (30.3%) < 0.001 23 (33.8%) 27 (39.7%) 0.477

≥ 3 54 (48.6%) 138 (69.7%) 45 (66.2%) 41 (60.3%)

MRI T-stage

3a 92 (82.9%) 108 (54.5%) < 0.001 53 (77.9%) 57 (83.8%) 0.383

3b 19 (17.1%) 83 (41.9%) 15 (22.1%) 11 (16.2%)

4 0 (0%) 7 (3.5%) 0 (0%) 0 (0%)
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is crucial. Draulans et al. revealed that the use of MRI images instead of DRE upstaged clinical T stage (33%) and 
European Association of Urology (EAU) risk grouping (31%)13. MRI showed a higher sensitivity than did DRE 
for detection of non-organ-confined PC (59 vs 41%, p < 0.01) in terms of corresponding pathologic T stage, and 
furthermore, with incorporation of MRI instead of DRE staging alone, the surgical treatment strategy would 

a.                                                                                           b. 

No. at risk 
(months)    0        12        24        36       48         60        72        84        96                         0          12         24       36         48         60        72        84        96     
RP              111     82        66        44       33         30         25       16         6               RP      68         48         36       20        12         11        10         6          1
RT              198    144      101       72       54         42        19         9          7               RT      68         51         40       28        21         13         6          1          1

P< 0.001 P< 0.001 

Figure 1.  Kaplan–Meier analysis of biochemical recurrence free survival in (a) all cohort patients and (b) 
propensity-score matched patients. For each treatment group, we generated Kaplan–Meier survival curves for 
biochemical recurrence (BCR) according to management method, and calculated a log-rank test to evaluate the 
association of BCR with different management method. We also compared the BCR free survival between all 
cohort patients and propensity-score matched patients.

Table 2.  Cox regression for biochemical-recurrence free survival in propensity score-matched patients. Cox 
proportional hazards models with 95% confidence interval were used to analyze the relationships between 
clinical variables and biochemical recurrence. We calculated multivariate cox regression analysis when clinical 
variables with p < 0.2 at univariate cox regression analysis. Two-sided p values were calculated and a level 
of < 0.05 was considered statistically significant. RP radical prostatectomy, RT radiotherapy.

Univariate Multivariate

Group p value Group p value

RP Ref RP Ref

RT 0.17 (0.08–0.38) < 0.001 RT 0.16 (0.07–0.37) < 0.001

Age

< 65 Ref 0.224

≥ 65 0.68 (0.37–1.27)

PSA at diagnosis

< 10 Ref 0.207

10–20 1.85 (0.93–3.69)

≥ 20 1.37 (0.56–3.34)

Gleason score grade group Gleason score grade group

< 3 Ref 0.019 < 3 Ref 0.065

≥ 3 2.21 (1.14–4.30) ≥ 3 1.89 (0.96–3.73)

MRI T-stage MRI T-stage

3a Ref 0.010 3a Ref 0.014

3b/4 2.36 (1.23–4.52) 3b/4 2.34 (1.19–4.60)
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No. at risk 
(months)     0          12        24        36         48        60        72         84        96 
RP                68         68        61        42        33         27        24         13          6
RT                68         68        65        51        41         27        21         14          6 

P= 0.155 

Figure 2.  Kaplan–Meier analysis of local recurrence free survival in propensity-score matched patients. 
For each treatment group, we generated Kaplan–Meier survival curves for local recurrence according to 
management method, and we also calculated a log-rank test to evaluate the association of local recurrence with 
different management method among propensity-score matched patients.

No. at risk 
(months)    0           12        24       36         48        60        72        84        96 
RP               68         68        64       48         35        29         23        16         8
RT               68         68        68       61         46        34         24        18         9

P= 0.250 

Figure 3.  Kaplan–Meier analysis of metastasis free survival in propensity-score matched patients. For each 
treatment group, we generated Kaplan–Meier survival curves for metastasis according to management method, 
and we also calculated a log-rank test to evaluate the association of metastasis with different management 
method among propensity-score matched patients.
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be altered in 27% of patients. In other words, DRE or transrectal ultrasonography (TRUS) alone is not accurate 
enough for local staging (T stage), and MRI is still one of the best imaging tools for assessing ECE in clinical 
 practice14.

Historically, men with locally advanced PC have been managed mostly with RT with ADT, while RP has 
been discouraged due to concerns about positive surgical margin, inadequate local control and side  effects15. 
Roach et al. noted that RT combined with ADT has lower cancer-specific mortality (CSM), distant metastasis 
and biochemical failure, without increasing the risk of fatal cardiac effect in locally advanced  PC16. However, 

No. at risk 
(months)    0          12          24         36         48         60         72         84         96 
RP               68         68          64         48         37         32         26         17          8
RT               68         68          68         61         47         35         24         19          9 

P= 0.502 

Figure 4.  Kaplan–Meier analysis of overall survival in propensity-score matched patients. For each treatment 
group, we generated Kaplan–Meier survival curves for overall survival according to management method, and 
we also calculated a log-rank test to evaluate the association of overall survival with different management 
method among propensity-score matched patients.

Table 3.  Cox regression univariate analysis for local-recurrence free survival, metastasis free survival and 
overall survival in propensity score-matched patients. Cox proportional hazards models with 95% confidence 
interval were used to analyze the relationships between clinical variables and oncologic outcomes including 
local recurrence, metastasis and overall survival. Two-sided p values were calculated and a level of < 0.05 was 
considered statistically significant. RP radical prostatectomy, RT radiotherapy.

Group

Local-recurrence free survival Metastasis free survival Overall survival

p value p value p value

RP Ref 0.470 Ref 0.268 Ref 0.509

RT 66.3 (0.00–5,813,788) 0.38 (0.07–2.09) 0.55 (0.09–3.3)

Age

< 65 Ref 0.576 Ref 0.536 Ref 0.536

≥ 65 36.5 (0.00–10,789,905) 1.9 (0.23–16.9) 1.9 (0.23–16.9)

PSA at diagnosis

< 10 Ref 0.985 Ref 0.857 Ref 0.951

10–20 0.78 (0.05–12.5) 1.6 (0.29–8.8) 0.74 (0.11–5.3)

≥ 20 0.00 (0.00–) 0.00 (0.00–) 0.99 (0.09–10.9)

Gleason score grade group

< 3 0.02 (0.00–1504) 0.483 0.02 (0.00–15.70) 0.249 5.32 (0.59–47.97) 0.136

≥ 3 Ref Ref Ref

MRI T-stage

3a Ref 0.300 Ref 0.363 Ref 0.923

3b/4 4.4 (0.27–70.8) 2.2 (0.40–12.0) 1.12 (0.12–10.1)
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the use of RP has increased gradually and the proportion of patients treated with RP or RT has changed over 
time. In the Surveillance, Epidemiology and End Results (SEER) database (2004–2014), Marco et al. identified 
5500 cT3N0-1M0 PC patients and noted that CSM was significantly lower after RP compared to  RT17. Another 
Swedish observational study, including 34,515 patients, showed that RP has better survival than RT. Younger men 
and those with intermediate- or high-risk localized PC benefit more from surgery during 15 years of follow-up18. 
Consistently, a higher PSA and older age were noted in the RT group in the current cohort. In summary, the 
pathologic reports of prostatectomy, the dose of RT and duration of ADT treatment were not described in the 
majority of studies, and the discrepancies might influence the  CSM17,18. One ongoing prospective randomized 
SPCG-15 trial with a similar trial setting as the current study might deliver valuable information regarding this 
specific population in the  future11.

Hackman et al. noted that adjuvant RT following prostatectomy prolonged biochemical recurrence-free 
survival compared with RP  alone19. However, there was no difference in local recurrence, overall survival or 
cancer-specific survival. On the other hand, more adverse events were noted in the adjuvant group, where 56% 
experienced grade 3 adverse events versus 40% in the observational group (p = 0.016). Adjuvant RT caused more 
toxicity and could impair quality of life. Because of the above reasons, all patients receiving RP in our cohort were 
observed following prostatectomy, which enabled us to compare the effect of surgery alone without adjuvant RT 
confounding. In our cohort, patients in the RP group had a higher risk of BCR compared to the RT group. This 
might be explained by the lack of adjuvant therapy in the RP group and the dose of RT. Mitchell et al. found that 
59% of patients suffered from BCR (defined as a PSA level > 0.4 ng/ml) after RP for cT3 disease but that only 
12.9% of patients received adjuvant RT in their  study20. Aligned with the Mitchell et al. study, the current study 
also showed that 45% of patients suffered from BCR in the RP group. When trying to compare the therapeutic 
effect between RP and RT, the additional peri-operative RT in the RP group led to some bias, so the current study 
only included patients with RP alone.

Comparing to RT plus LTADT, one of the irreplaceable benefits of RP for patients in locally advanced PC is 
the ability to acquire accurate pathologic staging. Pathologic staging provided more reliable information to guide 
adjunctive therapies based on more precise data than bio-clinical variables including clinical T stage, biopsy GS 
or PSA. Indeed, 22 to 63% of PC initially defined as high risk have been found to have organ-confined disease 
following  RP21. Stephen et al. also showed that 57% of patients initially classified as D’Amico high-risk PC have 
organ-confined disease at  RP22. In addition, discrepancies in GS have frequently been found between biopsy 
and RP, such as up to 52.2% of GS over 8 tumors at biopsy had score downgrading at  RP23. In the Mayo Clinic, 
26% of PC patients with clinical T3 were downgraded to pathologic  T220. Similarly, the cT3–4 stage has shown 
to be inaccurate in up to 33% of cases at  RP24. In our cohort, 55 (49.6%) clinical T3 diseases defined by MRI 
were downgraded to pathologic T2 at RP. In addition, 50 out of 60 (83%) and 42 out of 51 (82%) patients before 
and after 2015 respectively were found to have clinical T3a disease on MRI, and there was no statistically differ-
ent prevalence (p = 0.891). Among these patients, 33 patients (55%) diagnosed before 2015 were downgraded 
to pathologic T2, compared to 22 patients (43.1%) diagnosed after 2015; and despite a trend toward decreased 
discrepancy, there was no statistical difference (p = 0.076). Reviewing the accuracy of MRI imaging for local stag-
ing of PC, MRI images demonstrated moderate sensitivity for clinical T3 following prostatectomy (area under 
the curve of ROC: 0.61, 95% CI 0.54–0.67)7. The current meta-analysis shows that MRI has high specificity but 
low  sensitivity7. Conventionally, radiologists have focused on high-specificity reading to minimize unnecessary 
exclusion of men from curative treatment. In addition, MRI is limited for detection of focal ECE, which might 
increase its  discrepancy25.

Local disease control using different doses of RT in patients with PC is a critical issue. The total dose of 
6000–7020 centigray (cGy) is currently recommended for localized advanced PC on the basis of the most updated 
 guideline8. In our study, nearly all patients received RT with 7800 cGY in 39 fractions. Nevertheless, the most 
ideal total dose of RT is still under investigation and could influence oncologic outcomes. Local failure after RT 
is an independent factor of overall survival, CSM and metastasis-free survival in high-grade localized  PC26. Few 
randomized control trials (RCTs) have revealed that dose escalation (range 7400–8000 cGy) has a significant 
impact on BCR, metastasis and  CSM27–29. There are still inconsistent data on the effect of oncologic outcomes. 
However, the MRC RT01 RCT demonstrated that dose escalation (7400 vs 6400 cGy) showed an advantage in 
BCR, but the advantage did not translate into the improvement of overall  survival30. Francolini et al. noted that 
dose-escalated pelvic radiotherapy and boost on positive lymph nodes were effective approaches to improve 
 BCR31. Locally advanced PC or lymph node positive disease might benefit from dose-escalation. Some uncer-
tainty still exists regarding different subpopulations. A retrospective analysis of the US National Cancer Database, 
including 42,481 patients receiving RT, showed that dose escalation is associated with improved overall survival 
in patients with intermediate- or high-risk PC, but not with low-risk  PC32.

Dose escalation might be related to more toxic effects. Michalski et al. noted that dose escalation (7920 
vs 7020 cGy) showed higher rates of toxic  effects29. The 5-year rates of 2 or greater rectum and genitourinary 
tract toxic effects were 21 and 12% in high-dose arm and 15 and 7% with 7020 cGy. When dose escalation was 
applied, the rates of severe late side effects (> grade 3) were 2–3% for rectum and 2–5% for the genitourinary 
 tract33. Consistently, 7 patients (3.5%) suffered from severe radiation cystitis and received blood clot evacuation 
in our RT group. In terms of treatment-related complications, 25 cases of complication were recorded in the RP 
group with the majority no more than Clavien–Dindo Grade III, while 8 major complications were recorded in 
the RT group. Among the 25 complications in the RP group, 12 were Clavien–Dindo Grade I, 8 were Grade II 
and 5 were Grade III (3 patients, lymphatic leakage; 1 patient, pleural effusion; 1 patient, need for laparoscopic 
foreign body removal for incarcerated drainage tip). In the RT group, 196 patients (98.99%) received high-dose 
RT with 7800 cGY in 39 fractions. Among the 8 major complications, 1 patient died because of refractory radia-
tion proctitis bleeding, while 7 patients suffered from severe radiation cystitis and needed blood clot evacuation. 
In addition, among the 8 major complications, 6 patients received volumetric modulated arc therapy (VMAT) 



8

Vol:.(1234567890)

Scientific Reports |        (2022) 12:12480  | https://doi.org/10.1038/s41598-022-16700-7

www.nature.com/scientificreports/

and 2 patients received intensity-modulated radiation therapy (IMRT). Furthermore, IMRT, a major step with 
a wider therapeutic index, could be obtained from refined assessment of radiation-induced morbidity at an 
individual  level34. In summary, although high-dose RT with LTADT showed better biochemical control, the 
mid-term survival outcomes were similar to those in treatment with RP in our cohort, and the relatively higher 
complications rate should not be underestimated. The optimal treatment strategies still need a large cohort to 
determine the risk–benefit.

To the best of our knowledge, this is the first study to compare RP alone, without adjuvant RT, with RT plus 
LTADT and take the immortal-time bias into consideration. RP alone allowed us the opportunity to observe the 
natural course of disease after prostatectomy. The potential for immortal time bias, also known as guarantee-
time bias, exists whenever an analysis that is timed from enrollment is compared across groups defined by a 
classifying event occurring sometime during follow-up35. It could be challenging for investigators to recognize 
when immortal time bias influences the outcome of analyses. When treating BCR as the outcome, the PSA level 
would be influenced by ADT treatment and interfered with the evaluation of outcome if immortal time bias 
was not well considered. However, there were scarce data exploring this bias in previous studies, and investiga-
tions retrieved from a database showed heterogeneous ADT  duration36. In our cohort, patients in the RT group 
received pre-defined and consistent duration of 1.5–3 years of ADT. If we were to extend the duration of ADT 
treatment, the RT group would have longer BCR-free survival, which would influence the outcome. As a result, 
the distinct feature of the current study is that we calculated BCR time from the end of ADT treatment to avoid 
immortal-time bias.

Nevertheless, there were some limitations in our study. First, the retrospective, short follow-up period and 
small sample size limited extensive analysis and we could only analyze mid-term overall survival within 5 years. 
There were only 10 deaths (3.2%) in our cohort and no cancer-related death event for analysis with enough 
statistical power. Second, patient distribution was unbalanced in the two groups. Patients in the RT group were 
older and had higher iPSA, higher GS and more advanced T stage compared to patients in the RP group. How-
ever, the effect could be minimal after adjusting by PS-matched and multivariate analysis. Third, the matched 
sample size was less than 50% and the incomplete matching might influence our results. However, decreasing 
the sample size from 1000 to 40 did not alter Type I error rate and led to relative biases below 10% unless the 
true confounders related only to the outcome are not included in the PS  model37. Fourth, there were no records 
of Charlson Comorbidity Index and ECOG in our study. These factors might have led to unavoidable selection 
bias, influencing the choice of treatment methods, and somehow impacting survival. Fifth, erectile function and 
continence were closely related to the outcome of satisfaction. In our cohort, we only explored the oncological 
outcomes, and not the functional outcomes. Sixth, whether the clinical benefit in BCR control remains when 
compared to patients receiving RP plus adjuvant RT is beyond the scope of the current study. Finally, we used 
MRI T stage because clinical T stage by DRE had inherent bias due to its subjective nature and potentially caused 
variability. However, there was a lack of central review of the MRI images. After analyzing the discrepancy rate 
of MRI reports between different time periods, it remained stable with no statistical difference. We therefore 
believed that the inter-observer variation in the current study was limited because all the radiologists in this 
high-volume tertiary referral medical center were well experienced.

Conclusion
Among patients with locally advanced PC, treatment with RP had a higher risk of BCR but no significant differ-
ence in the risk of local recurrence, metastasis, and overall survival compared to RT plus LTADT therapy. There 
is insightful information supporting a clinical benefit in BCR control for patients undergoing RT plus LTADT 
compared to RP. A further prospective and long follow-up period study for patients with advanced PC would 
be necessary.

Received: 22 November 2021; Accepted: 14 July 2022

References
 1. Rawla, P. Epidemiology of prostate cancer. World J. Oncol. 10, 63–89. https:// doi. org/ 10. 14740/ wjon1 191 (2019).
 2. Sung, H. et al. Global cancer statistics 2020: GLOBOCAN estimates of incidence and mortality worldwide for 36 cancers in 185 

countries. CA Cancer J. Clin. 71, 209–249. https:// doi. org/ 10. 3322/ caac. 21660 (2021).
 3. Negoita, S. et al. Annual Report to the Nation on the Status of Cancer, part II: Recent changes in prostate cancer trends and disease 

characteristics. Cancer 124, 2801–2814. https:// doi. org/ 10. 1002/ cncr. 31549 (2018).
 4. Hung, C. F., Yang, C. K. & Ou, Y. C. Urologic cancer in Taiwan. Jpn. J. Clin. Oncol. 46, 605–609. https:// doi. org/ 10. 1093/ jjco/ hyw038 

(2016).
 5. Fukagai, T. et al. Discrepancies between Gleason scores of needle biopsy and radical prostatectomy specimens. Pathol. Int. 51, 

364–370 (2001).
 6. Gosselaar, C., Kranse, R., Roobol, M. J., Roemeling, S. & Schroder, F. H. The interobserver variability of digital rectal examination 

in a large randomized trial for the screening of prostate cancer. Prostate 68, 985–993. https:// doi. org/ 10. 1002/ pros. 20759 (2008).
 7. de Rooij, M., Hamoen, E. H., Witjes, J. A., Barentsz, J. O. & Rovers, M. M. Accuracy of magnetic resonance imaging for local stag-

ing of prostate cancer: A diagnostic meta-analysis. Eur. Urol. 70, 233–245. https:// doi. org/ 10. 1016/j. eururo. 2015. 07. 029 (2016).
 8. Network, N. C. C. Prostate Cancer (V1.2022) https:// www. nccn. org/ profe ssion als/ physi cian_ gls/ pdf/ prost ate. pdf (2022).
 9. Lardas, M. et al. Quality of life outcomes after primary treatment for clinically localised prostate cancer: A systematic review. Eur. 

Urol. 72, 869–885. https:// doi. org/ 10. 1016/j. eururo. 2017. 06. 035 (2017).
 10. Moris, L. et al. Benefits and risks of primary treatments for high-risk localized and locally advanced prostate cancer: An interna-

tional multidisciplinary systematic review. Eur. Urol. 77, 614–627. https:// doi. org/ 10. 1016/j. eururo. 2020. 01. 033 (2020).

https://doi.org/10.14740/wjon1191
https://doi.org/10.3322/caac.21660
https://doi.org/10.1002/cncr.31549
https://doi.org/10.1093/jjco/hyw038
https://doi.org/10.1002/pros.20759
https://doi.org/10.1016/j.eururo.2015.07.029
https://www.nccn.org/professionals/physician_gls/pdf/prostate.pdf
https://doi.org/10.1016/j.eururo.2017.06.035
https://doi.org/10.1016/j.eururo.2020.01.033


9

Vol.:(0123456789)

Scientific Reports |        (2022) 12:12480  | https://doi.org/10.1038/s41598-022-16700-7

www.nature.com/scientificreports/

 11. Stranne, J. et al. SPCG-15: a prospective randomized study comparing primary radical prostatectomy and primary radiotherapy 
plus androgen deprivation therapy for locally advanced prostate cancer. Scand. J. Urol. 52, 313–320. https:// doi. org/ 10. 1080/ 21681 
805. 2018. 15202 95 (2018).

 12. Ward, J. F., Slezak, J. M., Blute, M. L., Bergstralh, E. J. & Zincke, H. Radical prostatectomy for clinically advanced (cT3) prostate 
cancer since the advent of prostate-specific antigen testing: 15-year outcome. BJU Int. 95, 751–756. https:// doi. org/ 10. 1111/j. 
1464- 410X. 2005. 05394.x (2005).

 13. Draulans, C. et al. Impact of magnetic resonance imaging on prostate cancer staging and European Association of urology risk 
classification. Urology 130, 113–119. https:// doi. org/ 10. 1016/j. urolo gy. 2019. 04. 023 (2019).

 14. Heidenreich, A. et al. EAU guidelines on prostate cancer. Part 1: Screening, diagnosis, and local treatment with curative intent-
update 2013. Eur. Urol. 65, 124–137. https:// doi. org/ 10. 1016/j. eururo. 2013. 09. 046 (2014).

 15. Meng, M. V., Elkin, E. P., Latini, D. M., Duchane, J. & Carroll, P. R. Treatment of patients with high risk localized prostate cancer: 
Results from cancer of the prostate strategic urological research endeavor (CaPSURE). J. Urol. 173, 1557–1561. https:// doi. org/ 
10. 1097/ 01. ju. 00001 54610. 81916. 81 (2005).

 16. Roach, M. 3rd. et al. Short-term neoadjuvant androgen deprivation therapy and external-beam radiotherapy for locally advanced 
prostate cancer: Long-term results of RTOG 8610. J. Clin. Oncol. 26, 585–591. https:// doi. org/ 10. 1200/ JCO. 2007. 13. 9881 (2008).

 17. Bandini, M. et al. Survival after radical prostatectomy or radiotherapy for locally advanced (cT3) prostate cancer. World J. Urol. 
36, 1399–1407. https:// doi. org/ 10. 1007/ s00345- 018- 2310-y (2018).

 18. Sooriakumaran, P. et al. Comparative effectiveness of radical prostatectomy and radiotherapy in prostate cancer: Observational 
study of mortality outcomes. BMJ 348, g1502. https:// doi. org/ 10. 1136/ bmj. g1502 (2014).

 19. Hackman, G. et al. Randomised trial of adjuvant radiotherapy following radical prostatectomy versus radical prostatectomy alone 
in prostate cancer patients with positive margins or extracapsular extension. Eur. Urol. 76, 586–595. https:// doi. org/ 10. 1016/j. 
eururo. 2019. 07. 001 (2019).

 20. Mitchell, C. R. et al. 20-Year survival after radical prostatectomy as initial treatment for cT3 prostate cancer. BJU Int. 110, 1709–
1713. https:// doi. org/ 10. 1111/j. 1464- 410X. 2012. 11372.x (2012).

 21. Yossepowitch, O. et al. Radical prostatectomy for clinically localized, high risk prostate cancer: Critical analysis of risk assessment 
methods. J. Urol. 178, 493–499. https:// doi. org/ 10. 1016/j. juro. 2007. 03. 105 (2007) (discussion 499).

 22. Boorjian, S. A., Karnes, R. J., Rangel, L. J., Bergstralh, E. J. & Blute, M. L. Mayo Clinic validation of the D’amico risk group clas-
sification for predicting survival following radical prostatectomy. J. Urol. 179, 1354–1360. https:// doi. org/ 10. 1016/j. juro. 2007. 11. 
061 (2008) (discussion 1351–1360).

 23. Lu, Y. C. et al. Association between low prostate-specific antigen levels and greater disease progression in high-grade locally-
advanced prostate cancer. J. Formos. Med. Assoc. 120, 483–491. https:// doi. org/ 10. 1016/j. jfma. 2020. 06. 021 (2021).

 24. Grossfeld, G. D. et al. Under staging and under grading in a contemporary under staging and under grading in a contemporary. 
J. Urol. 165, 851–856 (2001).

 25. Chuang, A. Y., Nielsen, M. E., Hernandez, D. J., Walsh, P. C. & Epstein, J. I. The significance of positive surgical margin in areas of 
capsular incision in otherwise organ confined disease at radical prostatectomy. J. Urol. 178, 1306–1310. https:// doi. org/ 10. 1016/j. 
juro. 2007. 05. 159 (2007).

 26. Kishan, A. U. et al. Local failure and survival after definitive radiotherapy for aggressive prostate cancer: An individual patient-level 
meta-analysis of six randomized trials. Eur. Urol. 77, 201–208. https:// doi. org/ 10. 1016/j. eururo. 2019. 10. 008 (2020).

 27. Heemsbergen, W. D., Al-Mamgani, A., Slot, A., Dielwart, M. F. & Lebesque, J. V. Long-term results of the Dutch randomized 
prostate cancer trial: Impact of dose-escalation on local, biochemical, clinical failure, and survival. Radiother. Oncol. 110, 104–109. 
https:// doi. org/ 10. 1016/j. radonc. 2013. 09. 026 (2014).

 28. Pasalic, D. et al. Dose escalation for prostate adenocarcinoma: A long-term update on the outcomes of a phase 3, single institution 
randomized clinical trial. Int. J. Radiat. Oncol. Biol. Phys. 104, 790–797. https:// doi. org/ 10. 1016/j. ijrobp. 2019. 02. 045 (2019).

 29. Michalski, J. M. et al. Effect of standard vs dose-escalated radiation therapy for patients with intermediate-risk prostate cancer: 
The NRG oncology RTOG 0126 randomized clinical trial. JAMA Oncol. 4, e180039. https:// doi. org/ 10. 1001/ jamao ncol. 2018. 0039 
(2018).

 30. Dearnaley, D. P. et al. Escalated-dose versus control-dose conformal radiotherapy for prostate cancer: Long-term results from the 
MRC RT01 randomised controlled trial. Lancet Oncol. 15, 464–473. https:// doi. org/ 10. 1016/ s1470- 2045(14) 70040-3 (2014).

 31. Francolini, G. et al. Dose-escalated pelvic radiotherapy for prostate cancer in definitive or postoperative setting. Radiol. Med. 127, 
206–213. https:// doi. org/ 10. 1007/ s11547- 021- 01435-8 (2022).

 32. Kalbasi, A. et al. Dose-escalated irradiation and overall survival in men with nonmetastatic prostate cancer. JAMA Oncol. 1, 
897–906. https:// doi. org/ 10. 1001/ jamao ncol. 2015. 2316 (2015).

 33. Urology, E. a. Prostate Cancer 2021 V4 https:// uroweb. org/ wp- conte nt/ uploa ds/ EAU- EANM- ESTRO- ESUR- ISUP- SIOG- Guide 
lines- on- Prost ate- Cancer- 2021V4. pdf (2021).

 34. Desideri, I. et al. Application of radiomics for the prediction of radiation-induced toxicity in the IMRT era: Current state-of-the-
art. Front. Oncol. 10, 1708. https:// doi. org/ 10. 3389/ fonc. 2020. 01708 (2020).

 35. Giobbie-Hurder, A., Gelber, R. D. & Regan, M. M. Challenges of guarantee-time bias. J. Clin. Oncol. 31, 2963–2969. https:// doi. 
org/ 10. 1200/ JCO. 2013. 49. 5283 (2013).

 36. Wallis, C. J. D. et al. Estimating the effect of immortal-time bias in urological research: A case example of testosterone-replacement 
therapy. BJU Int. 120, 584–590. https:// doi. org/ 10. 1111/ bju. 13918 (2017).

 37. Pirracchio, R., Resche-Rigon, M. & Chevret, S. Evaluation of the Propensity score methods for estimating marginal odds ratios in 
case of small sample size. BMC Med. Res. Methodol. https:// doi. org/ 10. 1186/ 1471- 2288- 12- 70 (2012).

Acknowledgements
This work was supported by Statistical Consulting Unit, Department of Medical Research, National Taiwan 
University Hospital.

Author contributions
C.-Y.H., C.-H.C. and J.-H.H. established the study design and analytical concept. Y.-C.L., F.-S.J. and P.-L.C. 
performed statistical analyses and drafted the manuscript. K.-H.H., Y.-C.L., P.-M.C., Y.-K.C., Y.-S.P., C.-H.C., 
S.-L.L. and K.-H.L. contributed to the acquisition of clinical data. J.-H.H. was a major contribution in writing 
the manuscript. C.-Y.H. and C.-H.C. made the critical revision of the manuscript. All authors have read and 
approved the manuscript.

Funding
This work was supported by grants from Taiwan Health Foundation.

https://doi.org/10.1080/21681805.2018.1520295
https://doi.org/10.1080/21681805.2018.1520295
https://doi.org/10.1111/j.1464-410X.2005.05394.x
https://doi.org/10.1111/j.1464-410X.2005.05394.x
https://doi.org/10.1016/j.urology.2019.04.023
https://doi.org/10.1016/j.eururo.2013.09.046
https://doi.org/10.1097/01.ju.0000154610.81916.81
https://doi.org/10.1097/01.ju.0000154610.81916.81
https://doi.org/10.1200/JCO.2007.13.9881
https://doi.org/10.1007/s00345-018-2310-y
https://doi.org/10.1136/bmj.g1502
https://doi.org/10.1016/j.eururo.2019.07.001
https://doi.org/10.1016/j.eururo.2019.07.001
https://doi.org/10.1111/j.1464-410X.2012.11372.x
https://doi.org/10.1016/j.juro.2007.03.105
https://doi.org/10.1016/j.juro.2007.11.061
https://doi.org/10.1016/j.juro.2007.11.061
https://doi.org/10.1016/j.jfma.2020.06.021
https://doi.org/10.1016/j.juro.2007.05.159
https://doi.org/10.1016/j.juro.2007.05.159
https://doi.org/10.1016/j.eururo.2019.10.008
https://doi.org/10.1016/j.radonc.2013.09.026
https://doi.org/10.1016/j.ijrobp.2019.02.045
https://doi.org/10.1001/jamaoncol.2018.0039
https://doi.org/10.1016/s1470-2045(14)70040-3
https://doi.org/10.1007/s11547-021-01435-8
https://doi.org/10.1001/jamaoncol.2015.2316
https://uroweb.org/wp-content/uploads/EAU-EANM-ESTRO-ESUR-ISUP-SIOG-Guidelines-on-Prostate-Cancer-2021V4.pdf
https://uroweb.org/wp-content/uploads/EAU-EANM-ESTRO-ESUR-ISUP-SIOG-Guidelines-on-Prostate-Cancer-2021V4.pdf
https://doi.org/10.3389/fonc.2020.01708
https://doi.org/10.1200/JCO.2013.49.5283
https://doi.org/10.1200/JCO.2013.49.5283
https://doi.org/10.1111/bju.13918
https://doi.org/10.1186/1471-2288-12-70


10

Vol:.(1234567890)

Scientific Reports |        (2022) 12:12480  | https://doi.org/10.1038/s41598-022-16700-7

www.nature.com/scientificreports/

Competing interests 
The authors declare no competing interests.

Additional information
Supplementary Information The online version contains supplementary material available at https:// doi. org/ 
10. 1038/ s41598- 022- 16700-7.

Correspondence and requests for materials should be addressed to J.-H.H.

Reprints and permissions information is available at www.nature.com/reprints.

Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims in published maps and 
institutional affiliations.

Open Access  This article is licensed under a Creative Commons Attribution 4.0 International 
License, which permits use, sharing, adaptation, distribution and reproduction in any medium or 

format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the 
Creative Commons licence, and indicate if changes were made. The images or other third party material in this 
article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the 
material. If material is not included in the article’s Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from 
the copyright holder. To view a copy of this licence, visit http:// creat iveco mmons. org/ licen ses/ by/4. 0/.

© The Author(s) 2022

https://doi.org/10.1038/s41598-022-16700-7
https://doi.org/10.1038/s41598-022-16700-7
www.nature.com/reprints
http://creativecommons.org/licenses/by/4.0/

	Propensity score matching analysis comparing radical prostatectomy and radiotherapy with androgen deprivation therapy in locally advanced prostate cancer
	Methods
	Inclusion and exclusion criteria. 
	Statistical methods for clinical variables and definition of outcomes. 
	Ethical considerations. 

	Results
	Discussion
	Conclusion
	References
	Acknowledgements


