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Abstract

Aims: To evaluate the prevalence, patterns of care and outcome of pathologically node-positive (pNþ) prostate cancer (P-Ca) after radical prostatectomy from a
provincial population database.
Patients and methods: Patients were identified from a provincial cancer registry and a genitourinary cancer outcomes unit (2005e2014). Of a total of 4723
patients who underwent radical prostatectomy, 167 patients with pNþ P-Ca were identified (28/2181 from 2005e2007 and 139/2542 from 2010e2014).
Persistently elevated postoperative prostate-specific antigen (PSA) � 0.2 ng/ml was noted in 52 (31%) patients, 23 (44.2%) of whom had salvage androgen
deprivation therapy plus radiotherapy (ADT þ RT), 25 (48%) were managed with ADT alone and four (7.8%) had no treatment. Of 115 patients with postoperative
PSA <0.2 ng/ml, 47 (41%) had ADT alone and 50 (43.5%) had ADT þ RT. Survival estimation was carried out using the KaplaneMeier method. The association of
prognostic factors with survival was evaluated using univariate and multivariate analysis and was limited to the newer cohort (2010e2014).
Results: The median age was 64 years; the median baseline PSA was 12.5 ng/mL (range 2.5e108.4). After a median follow-up of 48 months, overall survival at 5
and 10 years for the entire cohort were 89% and 81%, respectively, and distant metastasis-free survival (DMFS) at the same time points were 77% and 58%,
respectively. For the newer cohort, 5-year overall survival and DMFS were 91.5% and 76%, respectively. On univariate analysis, persistently elevated post-
operative PSA �0.2 ng/ml (P ¼ 0.0003), seminal vesicle involvement (P ¼ 0.027), �2 nodes (P ¼ 0.035) and ADT alone (P ¼ 0.054) had a poor prognostic impact
on DMFS, whereas margin involvement had a marginally negative influence on overall survival (P ¼ 0.06). On multivariate analysis, postoperative PSA �0.2 ng/
ml (hazard ratio 4.4, 95% confidence interval 1.7e11.4; P ¼ 0.002) continued to have a significant association with DMFS. On a sensitivity analysis, postoperative
PSA �0.1 also had a significant association with DMFS on univariate and multivariate analysis (hazard ratio 3.69, 95% confidence interval 1.32e10.29; P ¼ 0.01).
Similarly, postoperative PSA �0.4 ng/ml had a significant association with DMFS (hazard ratio 3.87, 95% confidence interval 1.58e9.46, P ¼ 0.003).
Conclusion: This study showed a notable difference in the proportion of pNþ P-Ca patients between two different time cohorts. A significant association of
persistently elevated postoperative PSA with DMFS was noted in our study. This must be accounted for while tailoring postoperative treatment in pNþ P-Ca.
� 2018 The Royal College of Radiologists. Published by Elsevier Ltd. All rights reserved.
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Introduction

Radical prostatectomy remains a highly efficacious
treatment modality for localised prostate carcinoma (P-Ca)
[1]. However, about 3e14% of patients with P-Ca have
lymph node-positive disease (pNþ) after radical prosta-
tectomy [2e5]. The overall prognosis for this subset of
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patients remains guarded [6,7] and if left untreated, most of
these patients will develop disease progression within
18e24 months of radical prostatectomy [8]. A randomised
controlled study by Messing et al. [9] established the use of
adjuvant androgen deprivation therapy (ADT) as the stan-
dard of care for patients with pNþ P-Ca. In addition, recent
retrospective institutional series, and population-based
studies, have shown the benefit of postoperative radio-
therapy in pNþ patients, in terms of prolonging the
biochemical relapse-free survival, cause-specific survival
and overall survival [10,11]. The multi-institutional study by
Abdollah et al. [12] has established the benefit of
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radiotherapy in two subsets of pNþ P-Ca: those with �2
positive nodes and Gleason 7e10, pT3b/4, or margin posi-
tive, and patients with 3e4 positive nodes regardless of any
other high-risk pathological features. On the contrary,
another analysis of the Surveillance, Epidemiology and End
Results (SEER)eMedicare linked data failed to show any
benefit from radiotherapy [13]. Amid such conflicting re-
sults, we reviewed our provincial population-based data to
evaluate the prevalence, patterns of care and outcomes for
pNþ P-Ca and to correlate treatment modalities with
outcomes.
Patients and Methods

pNþ P-Ca patients in our province in two cohorts from 1
January 2005 to 31 December 2007 and from 1 January 2010
to 31 December 2014 were included in this study. Approval
was obtained from the university research ethics board as
well as the Data Access Committee of the provincial cancer
registry. Patients were identified from the cancer registry
and the provincial genitourinary cancer outcomes unit. For
our study, we classified patients into two prostate-specific
antigen (PSA) categories: persistently elevated post-
operative PSA, which includes patients with elevated im-
mediate postoperative PSA � 0.2 ng/ml 4e8 weeks after
surgery, which continued to be � 0.2 ng/ml before the start
of subsequent treatment (PSA group 1) and patients with
immediate postoperative PSA < 0.2 ng/ml (PSA group 2)
[14,15]. Any subsequent treatment for patients in PSA group
1 was deemed to be ‘salvage’ treatment. On the contrary, for
patients in PSA group 2, treatment receivedwithin 6months
of prostatectomy was considered ‘early adjuvant’ therapy,
whereas that after 6 months of surgery was considered
‘delayed adjuvant’ treatment. If patients in PSA group 2 had
received treatment only after their PSA rose above 0.2 ng/
ml, the treatment was considered as ‘salvage’ treatment.
Follow-up of all patients was updated until 14 June 2017.

In total, 31 096 patients were diagnosed with P-Ca in our
province during the study period. However, the genitouri-
nary cancer outcomes unit did not have complete data for
surgical pathology reports in non-referred patients during
the years 2008 and 2009. Hence, we did not collect data for
those 2 years, to avoid bias related to accrual of non-
consecutive patients. This provided us with two time
groups of patients to compare (2005e2007/old cohort;
2010e2014/new cohort). In total, 28 pNþ P-Ca were iden-
tified of 2181 patients undergoing radical prostatectomy
between 2005 and 2007. Of 2542 patients who underwent
radical prostatectomy between 2010 and 2014, 139 patients
were pNþ. The rate of pNþ P-Cawas 1.3% in the older cohort
and 5.5% in the recent cohort. Preoperative computed to-
mography scans documented significant pelvic nodes in
only 10 (6%) patients; 60 (36%) patients had stage 1c disease,
79 (47%) had stage 2, 17 (10%) stage 3a and 11 (7%) had stage
3b/4 disease. Trans-rectal ultrasound-guided needle bi-
opsies were carried out in 165 (99%) patients. The most
common preoperative Gleason sum score was 9 (n ¼ 66;
40%). Preoperative risk stratification using the Genito-
urinary Radiation Oncologists of Canada (GUROC) scheme
showed 44 (26%) patients in the intermediate-risk category
and 121 (73%) patients in the high-risk category [16]. Pre-
operative risk stratification was unknown for two patients.

Surgical Details

In this study, 166 patients had radical prostatectomy.
Radical cystoprostatectomy was carried out in one patient
due to concurrent bladder cancer. Of note, 34 had neo-
adjuvant systemic treatment, of whom 30 had neoadjuvant
ADT (three in the 2005e2007 cohort and 27 in the
2010e2014 cohort), whereas four patients had a combina-
tion of neoadjuvant ADT and chemotherapy (one in the
2005e2007 cohort and three in the 2010e2014 cohort). All
patients had pelvic lymph node sampling or dissection
during radical prostatectomy. The median number of
dissected/sampled nodes was 6 (interquartile range [IQR]
3e11); about 40% patients had �7 nodes removed. There
was no difference in the extent of lymph node sampling
between the old (8.32� 6.99) and new (6.32� 5.21) cohorts
(P ¼ 0.17). Comparative evaluation of the two cohorts
showed a 16% reduction in margin-positive surgeries in
recent times (82% in 2005e2007 versus 66% in 2010e2014)
despite a relatively higher proportion of high-risk patients
undergoing radical prostatectomy in 2010e2014. Overall,
52 (31%) patients were in PSA group 1, whereas 115 (69%)
patients belonged to PSA group 2. The difference in relative
proportion of patients in PSA group 1 between the cohorts
(21.4% in the old cohort versus 33% in the new cohort) was
statistically insignificant (P ¼ 0.32).

Postoperative Treatment

Among 52 patients in PSA group 1, 25 (48%) were
managed with salvage ADT alone, 23 (44.2%) had a combi-
nation of ADT and radiotherapy (ADT þ RT) and four (7.8%)
had no treatment. Of 115 patients in PSA group 2, 47 (41%)
had ADT alone and 50 (43.5%) had ADT þ RT; no treatment
was received by 18 (16.5%) patients. The treatment details
based on time-cohort and PSA groups have been summar-
ised in Figure 1. We observed a 10% increase in the use of
postoperative combined modality treatment (ADT þ RT) in
2010e2014 (45%) compared with 2005e2007 (35%). There
was an 8% decline in the use of ADT alone in the recent
cohort (42% versus 50%); the difference was, however, not
significant (P¼ 0.64). In total, 72 patients were treated with
ADT (with or without chemotherapy) and 73 patients were
offered ADT þ RT combination (Figure 1). Overall, six pa-
tients in the ADTþ RT arm did not receive planned ADT and
were finally treated with radiotherapy alone.

The median postoperative radiotherapy dose was 66 Gy
(range 52.5e76 Gy). In most patients, radiotherapy was
delivered over two phases. Phase I consisted of 40e46 Gy to
the pelvis and prostate bed, followed by 16e30 Gy as a
further boost to the prostate bed. Only 10 (14%) patients
received radiotherapy to the prostate bed alone. Radio-
therapy techniques included three-dimensional conformal
radiotherapy in 33 patients, intensity-modulated



Fig 1. Treatment details of the patient cohort.
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radiotherapy in eight patients, volumetric modulated arc
therapy in 15 patients. A combination of techniques
including three-dimensional conformal radiotherapy in
phase I followed by intensity-modulated radiotherapy or
volumetric modulated arc therapy in phase II was used in 22
patients. The median duration of ADT treatment was 9
months (range 3e60 months). The most common ADT
regimen was goserelin or leuprolide with a combination of
bicalutamide used for the initial month. No patient had
orchiectomy in our study cohort.

Definition of Further Failures

All the failure events, including local, nodal or distant
failures, were captured for statistical analysis. Local failure
was defined as disease recurrence at the surgical resection
margin, vesico-urethral anastomosis or prostate bed. Nodal
failure was defined as a new or enlarging lymph node
�1 cm on short axis on computed tomography scan of the
pelvis or para-aortic nodal chain and all other sites of failure
were considered distant metastasis. All information about
events of death, including causes of death, were collected
from the cancer registry.

Statistical Analysis

Descriptive statistics were used to calculate the inci-
dence and prevalence of pNþ P-Ca and to describe the de-
mographic characteristics of the study population. A
comparison of categorical variables was carried out using
the chi-squared test. For continuous variables, median
values were reported with IQRs and mean values were
compared using the t-test. Distant metastasis-free survival
(DMFS) was defined as the period from the date of surgery
to the date of distant metastasis or last follow-up. Overall
survival was defined as the period from the date of surgery
to death or last follow-up. Prostate cancer-specific survival
(PCSS) was defined as the period from the date of surgery to
death due to P-Ca or last follow-up. DMFS, PCSS and overall
survival estimation were carried out using the
KaplaneMeier method and various clinicedemographic
factors and treatment modalities were compared using
the Log-rank test. Multivariate analysis with the Cox pro-
portional hazard model was used to identify the association
of various factors, including treatment with DMFS and
overall survival. Univariate and multivariate analyses were
restricted to patients in the recent cohort (2010e2014) to
avoid bias related to comparing two different time cohorts.
Patients who did not receive any treatment until the last
date of follow-up were excluded from univariate and
multivariate analyses. Six patients who had planned treat-
ment of ADTþ RT but could not have the planned ADT were
still considered under the ADT þ RT treatment group.
Similarly, four patients who received chemotherapy with
ADTwere included in the ADT-alone group (as none of them
received radiotherapy). All statistical analyses were carried
out using the R statistical package (R Foundation for Sta-
tistical Computing, Vienna, Austria) and SPSS� v. 14.0 (IBM
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Corp., New York, NY, USA), with a two-sided significance
level set at P < 0.05.
Results

Postoperative Histopathology

The median age of the study population was 64 years
(IQR 58e68 years); the median baseline PSA level was 12.5
ng/ (IQR 8.2e21.5; range 2.5e108.4). The most frequently
observed postoperative Gleason score was 9 (n ¼ 88; 53%)
and the most common primary Gleason grade was 4
(n ¼ 127; 76%). Most patients had pathological T3 tumour
(n ¼ 151; 91%); five (3%) patients had T4 and 11 (6%) pa-
tients had T2c tumour. Other postoperative histopatholog-
ical details have been summarised in Table 1.

The mean and median follow-up durations for the entire
study population were 54 and 48 months (IQR 34e68
Table 1
Postoperative histopathological details for the study cohort
(n ¼ 167)

Parameters Number
of patients

% of
patients

Tumour stage T2c 11 6
T3a 31 19
T3b 120 72
T4 5 3

Postoperative overall
Gleason score

6 2 1
7 60 36
8 10 6
9 88 53
10 4 2.3
Unknown 3 1.7

Postoperative primary
Gleason grade

3 12 8
4 127 76
5 22 12
Unknown 6 4

Bladder neck
involvement

Yes 26 16
No 141 84

Apex involvement Yes 58 35
No 109 65

High-grade prostatic
intra-epithelial
neoplasia

Yes 71 43
No 96 57

Extra-prostatic extension Yes 137 82
No 30 18

Peri-neural invasion Yes 124 74
No 43 26

Lymphovascular space
invasion

Yes 92 55
No/unknown 75 45

Seminal vesicle
involvement

Yes 124 74
No/unknown 43 26

Number of positive nodes One 107 64
�2 60 36

Extra-nodal extension Yes 44 26
No 123 74

Margin involvement Yes 117 70
No 50 30
months), respectively. For patients treated with ADT þ RT,
the median follow-up duration was 50.5 months (IQR
38e67 months), whereas for the ADT-alone group it was 49
months (IQR 31e69 months). The median follow-up dura-
tion for the 2010e2014 cohort was 43 months (IQR 31e64
months).
Patterns of Failure

Among 72 patients treated with ADT alone, 33 (45.8%)
had disease failure. The predominant site of failure was
distant metastasis. Isolated distant metastasis was noted in
21 patients. Isolated local failure was noted in five patients.
Of these five patients, two received further salvage radio-
therapy to the pelvis and prostate bed: one patient had
46 Gy to the pelvis and prostate bed followed by a 20 Gy
boost to the prostate bed, whereas the second patient
received 44 Gy to the pelvis and prostate bed followed by a
26 Gy boost to the prostate bed. Isolated nodal failure was
noted in three patients. All these three patients received
salvage ADT alone. Combined nodal and distant failure was
seen in two patients, combined local and distant failure was
seen in one patient and combined local and nodal failure
was seen in one patient.

Of 73 patients treated with the ADT þ RT combination,
disease failure was noted in eight patients (11%). Isolated
distant metastasis was noted in six patients, whereas two
patients had combined nodal and distant failure. There was
no incidence of isolated local or nodal failure.

The incidence of local failure (7/72 versus 0/73) was
significantly lower in patients treated with the ADT þ RT
combination compared with patients treated with ADT
alone (P ¼ 0.006). The rate of distant metastasis was also
significantly lower in patients treated with ADT þ RT (8/73;
11%) compared with those treated with ADT alone (24/72;
33%) (P ¼ 0.004). The incidence of nodal failure, however,
was not different between the ADTþ RT (2/73, one in pelvic
lymph nodes and the other in para-aortic lymph nodes) and
ADT alone (6/72, five in pelvic lymph nodes, one in para-
aortic lymph nodes) groups (P ¼ 0.14).
Survival

Overall survival at 5 and 10 years for the entire cohort
were 89% and 81%, respectively, and DMFS at 5 and 10 years
were 77% and 58%, respectively. For the new cohort
(2010e2014), 5-year overall survival and DMFS were 91.5%
and 76%, respectively (Figure 2). PCSS at 5 and 10 years were
94% and 87%, respectively, for the entire cohort.

In the newer cohort, DMFS at 5 and 10 years were 55%
and 23%, respectively, for patients in PSA group 1 (persis-
tently elevated postoperative PSA � 0.2 ng/ml) and 83% and
71%, respectively, for PSA group 2 (postoperative
PSA < 0.2 ng/ml). Overall survival at 5 and 10 years for
patients in PSA group 1 (persistently elevated postoperative
PSA � 0.2 ng/ml) were 89% and 81%, respectively, whereas
they were 89.5% and 81%, respectively, for PSA group 2
(postoperative PSA < 0.2 ng/ml).



Fig 2. Distant metastasis-free survival (A) and overall survival (B) of the newer cohort (2010e2014).
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Among 78 patients of the recent cohort who belonged to
PSA group 2 and who received postoperative treatment, 44
underwent early adjuvant treatment, whereas 34 under-
went delayed adjuvant or salvage treatment. The 5-year
DMFS in the early adjuvant versus delayed adjuvant/
salvage group was 92.6% versus 80.6% (Log-rank P ¼ 0.055)
and 5-year overall survival in the two groups were 97% and
87.1% (Log-rank P ¼ 0.113), respectively. Patients of PSA
group 2, treated with ADT þ RT (n ¼ 42), had a 5-year
overall survival of 94.4% compared with 90.7% for those
who received ADT alone (n ¼ 36) (P ¼ 0.62). The 5-year
DMFS in the ADT þ RT and ADT-alone groups were 96%
and 79%, respectively (P ¼ 0.03). In patients of PSA group 1
(2010e2014) who received postoperative treatment
(n ¼ 43), 5-year overall survival in the ADT þ RT (n ¼ 21)
and ADT-alone (n ¼ 22) groups were 92.3% and 86.6%,
respectively (P ¼ 0.98). Treatment with ADT þ RT (n ¼ 21)
led to a 5-year DMFS of 53.3% compared with 42.4% with
ADT alone (n ¼ 22) (P ¼ 0.3).

On univariate analysis for overall survival, we found a
trend towards association of the presence of margin
involvement with overall survival (5-year overall survival
89.2% versus 100%; P ¼ 0.06).

Univariate analysis for DMFS revealed that persistently
elevated postoperative PSA �0.2 ng/ml, seminal vesicle
involvement and �2 positive lymph nodes had a significant
association with DMFS (Table 2). Patients treated with
ADT þ RT had a trend towards superior 5-year DMFS (82.2%
versus 68.3%, P ¼ 0.054) (Figure 3). On multivariate analysis
for DMFS, persistent postoperative PSA�0.2 ng/ml retained
its significant association with DMFS (hazard ratio 4.4, 95%
confidence interval 1.7e11.4, P ¼ 0.002).

We carried out a sensitivity analysis for the impact of
postoperative PSA on DMFS by changing the threshold for
PSA group 1 to �0.4 ng/ml and �0.1 ng/ml, respectively.
Persistently elevated postoperative PSA �0.4 ng/ml had a
significant association with DMFS on both univariate and
multivariate analysis (hazard ratio 3.87, 95% confidence
interval 1.58e9.46, P ¼ 0.003). Similarly, persistently post-
operative PSA �0.1 ng/ml also had a significant association
with DMFS on univariate and multivariate analysis (hazard
ratio 3.69, 95% confidence interval 1.32e10.29, P ¼ 0.01).
There was no association of persistent postoperative PSA
�0.1 ng/ml (P ¼ 0.3) and �0.4 ng/ml (P ¼ 0.2) with overall
survival.
Discussion

The current study describes a rise in incidence of pNþ P-
Ca cases over time in our province. The proportion of
pNþ P-Ca in our series was 3.5%, ranging from 1.3% in
2005e2007 to 5.5% in 2010e2014, despite no significant
difference in the extent of pelvic lymph node dissection. The
difference could be ascribed to a higher proportion of high-
risk patients undergoing surgery in recent times. This
finding needs attention, considering significant variation in
the proportion of pNþ P-Ca quoted in contemporary liter-
ature [5,17e19]. In a series of extended pelvic lymph node
dissection by Abdollah et al. [18], the proportion of
pNþ patients was 13.8%. Although the highest pNþ rates
were observed in the earlier cohort (1990e1995),
10.6e15.6% of men treated in more recent years
(2006e2010) still had node-positive disease. The median
number of sampled lymph nodes in this study was 16.
However, a recent study by McDonald et al. [5] described
3.4% pNþ patients of a total of 3642 patients undergoing
radical prostatectomy, which is similar to our findings. In
the McDonald et al. study, the median number of lymph
nodes removed was 9 (5e14), which is congruent with our
study. So, the extent of lymph node dissection might be a
potential factor for the variation in yield of pNþ P-Ca, as
shown by another study by Abdollah et al. [3].

Despite a relative conservative approach with pelvic
lymph node dissection compared with studies by Da Pozzo
et al. [10] and Briganti et al. [11], where the mean numbers
of lymph nodes removed were 16 and 14, respectively, our
survival figures are consistent with their results, which
implies doubtful benefit of extended pelvic lymph node
dissection. The other potential attributable factor could be
robust use of adjuvant treatment and more frequent use of
whole pelvic radiotherapy in our study. For example, the
proportion of patients (44%) who received postoperative
radiotherapy in our study is higher compared with other
available literature [11e13,20]. On the contrary, the pro-
portion of patients who had no adjunct treatment (13.5%) in



Table 2
Results of the univariate analysis for overall survival and distant metastasis-free survival (DMFS) for the recent cohort (n ¼ 139)

Parameters 5-year overall survival % (95% CI) P-value 5-year DMFS % (95% CI) P-value

Age
41e60 (n ¼ 45) 97.8 (93.4e100) 0.2 61.6 (38e100) 0.09
60e79 (n ¼ 94) 89 (82e96.7) 79.8 (69.9e91.2)
Postoperative PSA
PSA < 0.2 ng/ml (n ¼ 93) 92.3 (86.5e98.5) 0.5 87.5 (79.3e96.5) 0.0003
PSA � 0.2 ng/ml (n ¼ 46) 89.5 (76.5e100) 46.6 (27.3e80)
Margin
Positive (n ¼ 94) 89.2 (81.7e97.3) 0.06 69.2 (56.9e84.1) 0.08
Negative (n ¼ 45) 100 90.9 (81.4e100)
Extra-prostatic extension
Yes (n ¼ 117) 91.7 (85.9e98) 0.9 73.5 (63.1e85.6) 0.3
No (n ¼ 22) 92.8 (83.6e100) 93.8 (82.6e100)
Seminal vesicle involvement
Yes (n ¼ 99) 91.9 (85.7e98.5) 0.826 69.8 (58.7e83) 0.027
No (n ¼ 37) 93.9 (86.1e1) 100
Lymphovascular space invasion
Yes (n ¼ 78) 91.9 (85.2e99.1) 0.6 72 (59.1e87.8) 0.3
No (n ¼ 55) 92.5 (84.3e100) 80.5 (66.9e96.8)
Peri-neural invasion
Yes (n ¼ 107) 90.8 0.6 72.9 (62.2e85.5) 0.7
No (n ¼ 32) 91.3 (85.2e97.8) 92.1 (82.3e100)
Number of positive nodes
1 (n ¼ 86) 92.9 (87e99.2) 0.5 84.7 (74.1e96.8) 0.035
�2 (n ¼ 53) 89.5 (70.9e99.3) 63.8 (48.7e83.6)
Extra-nodal extension
Yes (n ¼ 22) 91 (81.7e1) 0.7 74.8 (59.8e93.6) 0.61
No (n ¼ 117) 92.8 (86.7e99.3) 75.2 (62.6e90.4)
Treatment modality
ADT alone (n ¼ 58) 89.4 (80.9e98.8) 0.8 68.3 (54.9e85) 0.054
ADT þ RT (n ¼ 63) 93.9 (87.3e100) 82.2 (69.5e97.4)

CI, confidence interval; PSA, prostate-specific antigen; ADT, androgen deprivation therapy; ADT þ RT, androgen deprivation therapy plus
radiotherapy. P value in italics shows statistically significant results.

Fig 3. Prognostic factors that had a significant association with distant metastasis-free survival on univariate analysis (Log-rank) and multi-
variate forest plot with hazard ratios.

S. Roy et al. / Clinical Oncology 31 (2019) 91e9896



S. Roy et al. / Clinical Oncology 31 (2019) 91e98 97
our study was substantially less than in other studies, such
as 50.3% in the study by Wong et al. [20] using the National
Cancer Database (NCDB) or approximately 46% in the
Kaplan study of the SEER database [13]. We report more
frequent use of whole-pelvis radiation followed by prostate
bed boost as compared with other reports [10,19]. All of
these factors might have resulted in optimal cancer specific
survival (CSS) and overall survival in our study despite a
relatively limited pelvic lymph node sampling.

In PSA group 1 of our new cohort, timing (early adjuvant
versus delayed adjuvant and salvage) of postoperative
treatment had no significant impact on overall survival,
although there was a trend towards improved DMFS. This is
in contrast to the study by Cozzarini et al. [21] who found
improved CSS and time to distant progression in patients
treated with early adjuvant radiotherapy in a cohort of 415
patients with mixed nodal status (pN0: 261/pNþ: 154). In
their series, patients were classified into two groups: those
who underwent adjuvant early radiotherapy within 6
months and those who received late salvage radiotherapy
for local failure or were actively monitored over time
(without any evidence of relapse) with an aim to eliminate
the potential bias related to the risk of harbouring occult
distant metastasis at the time of referral for salvage
radiotherapy.

Our study did not find any additional benefit of the
ADT þ RT combination compared with radiotherapy alone.
The findings concur with those of the SEER database anal-
ysis by Kaplan et al. [13], where they found no additional
benefit in overall mortality (5.09 versus 3.77 events per 100
person-years, P ¼ 0.153) or cancer-specific mortality with
the use of postoperative radiotherapy in 577 elderly
(age � 65 years) pNþ P-Ca patients irrespective of use of
ADT and timing of postoperative radiotherapy. On the
contrary, another population-based study by Wong et al.
[20] reported superior overall survival with the use of
ADT þ RT (5-year overall survival of 88.8%) compared with
ADT alone (82.9%) or no adjuvant treatment (85.2%). The
discordance of results among different population-based
studies could be related to differences in other prognostic
factors, such as age, baseline risk categories, postoperative
Gleason scores, proportion of patients with advanced dis-
ease (reflected by PSA > 10 ng/mL at baseline) among the
study populations [22,23]. Moreover, P-Ca is an indolent
malignancy and several patients continued to get second-
or third-line treatment despite biochemical failure. This
might abrogate any survival difference between ADT þ RT
versus the ADT-alone group.

Persistently elevated postoperative PSA �0.2 ng/ml was
found to be associated with poor DMFS in our study. On
sensitivity analysis, we found a similar association of post-
operative PSA�0.1 ng/ml and�0.4 ng/ml with DMFS. These
findings are compatible with other studies [5,24]. The study
by McDonald et al. [5] showed postoperative PSA � 0.2 ng/
ml to be associated with poor metastasis-free survival (87%
versus 99% at 5 years) on Log-rank test (P ¼ 0.001). Addi-
tionally, Bianchi et al. [24] showed that patients with PSA
persistence � 0.1 ng/ml after radical prostatectomy had
higher 8-year clinical recurrence and cancer specific
mortality rates than those with undetectable PSA (69%
versus 12% and 16% versus 4.2%, respectively; P � 0.002) in
pNþ patients.

The strengths of the study include uniform ADT and
radiotherapy protocols across the province, meticulous
reporting of staging, risk stratification, clinicopathological
and treatment details, failure and death status ensured by
chart review of individual patient. However, the limitations
of the study include inherent bias related to the retro-
spective nature, small patient population and a smaller
number of events. The natural history of P-Ca is consider-
ably long and events continue to unfold as time elapses
after diagnosis or treatment [25]. This is more relevant in
the context of patients being treated with ADT [26] and, of
note, 87% of the patients in the newer cohort of our study
underwent ADT with or without radiotherapy. Hence, the
results of our study should be interpreted with caution.

Despite all these caveats, the current study shows a rise
in the proportion of pNþ P-Ca patients in recent times. The
study highlights that persistently elevated postoperative
PSA is predictive of poor DMFS in patients with pNþ P-Ca
and this should be considered while tailoring postoperative
treatment in patients with pNþ P-Ca.
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