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ABSTRACT									         ARTICLE INFO______________________________________________________________     ______________________

Objectives: Radical prostatectomy (RP) for locally advanced prostate cancer may re-
duce the risk of metastasis and cancer-specific death. Herein, we evaluated the out-
comes for patients with pT4 disease treated with RP.
Materials and methods: Among 19,800 men treated with RP at Mayo Clinic from 1987 
to 2010, 87 were found to have pT4 tumors. Biochemical recurrence (BCR)-free sur-
vival, systemic progression (SP) free survival and overall survival (OS) were estimated 
using the Kaplan-Meier method and compared with the log-rank test. Cox proportional 
hazards regression models were used to assess the association of clinic-pathological 
features with outcome.
Results: Median follow-up was 9.8 years (IQR 3.6, 13.4). Of the 87 patients, 50 (57.5%) 
were diagnosed with BCR, 30 (34.5%) developed SP, and 38 (43.7%) died, with 11 
(12.6%) dying of prostate cancer. Adjuvant androgen deprivation therapy was admin-
istered to 77 men, while 32 received adjuvant external beam radiation therapy. Ten-
year BCR-free survival, SP-free survival, and OS was 37%, 64%, and 70% respectively. 
On multivariate analysis, the presence of positive lymph nodes was marginally sig-
nificantly associated with patients’ risk of BCR (HR: 1.94; p=0.05), while both positive 
lymph nodes (HR 2.96; p=0.02) and high pathologic Gleason score (HR 1.95; p=0.03) 
were associated with SP.
Conclusions: Patients with pT4 disease may experience long-term survival following 
RP, and as such, when technically feasible, surgical resection should be considered in 
the multimodal treatment approach to these men.
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INTRODUCTION

In 2016 there will be approximately 
180,890 new cases of prostate cancer and 26.120 
related deaths in the US (1). Despite the noted sta-
ge migration in prostate cancer over the course of 
the PSA era, approximately 10% of patients pre-
sent with locally advanced disease, which increa-

ses the risk of disease progression and mortality 
after initial treatment (2). Historically, the ma-
jority of patients with high-risk prostate cancer 
have been managed with external beam radia-
tion therapy (EBRT) and androgen deprivation 
therapy (ADT) (3-6).

More recently, several observational series 
have demonstrated the technical feasibility of 
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radical prostatectomy (RP) in the setting of high-
risk disease and have reported 5-year progression-
free survival rates of approximately 85% (7-10). 
While in high-risk disease, surgery is often a 
component of a multimodal treatment approach; 
RP provides accurate pathologic staging of both 
the primary tumor and pelvic lymph nodes and 
may afford durable local control. Of note, the 
majority of surgical series on locally advanced 
disease have consisted of patients with either 
clinical or pathologic T3 tumors. Indeed, the 
treatment outcomes and prognostic variables for 
patients with pT4 prostate cancer remain poorly 
described. Here, we evaluated our experience 
with RP for patients in whom the final pathologic 
analysis demonstrated pT4 disease. Specifically, 
we analyzed the long-term rates of biochemical 
recurrence (BCR), systemic progression (SP) and 
overall survival (OS) following surgery as part of 
a multimodal treatment approach. Furthermore, we 
identified clinico-pathologic variables associated 
with oncological outcome in these men.

MATERIALS AND METHODS

Patient selection
After Institutional Review Board appro-

val (#12-007416) was obtained, we reviewed our 
Prostatectomy Registry and identified 19,800 
patients who underwent RP between 1987 and 
2010. Surgical procedures were performed using 
standard techniques. For the uniformity of diag-
nosis and staging, all the cases were reviewed 
by central pathology laboratory and surgical 
specimens were processed according to standard 
pathological procedures and staged according to 
the 2009 American Joint Committee on Cancer 
staging system for prostate cancer (11). A total 
of 87 men were found to have pT4 disease, and 
form the study cohort here. Out of these, 7 pa-
tients underwent robotic radical prostatectomy 
with pelvic lymph node dissection (PLND) and 
80 underwent radical retropubic prostatectomy 
with PLND. Pelvic lymph node dissection was 
performed utilizing the following template-we 
completely removed all lymph node tissue along 
the external iliac vein, the distal limit being the 
deep circumflex vein and the femoral canal. We 

removed all fibrofatty tissue from the obtura-
tor fossa to completely skeletonize the obtura-
tor nerve. Proximally, PLND was performed up 
to and including the bifurcation of the common 
iliac artery. The lateral limit consisted of the pel-
vic sidewall, and the medial dissection limit was 
defined by perivesical fat. In high-risk patients 
included in our cohort, LNs along the internal 
iliac vessels were dissected.

The retrospective nature of our dataset 
precludes a standardized approach to surveillan-
ce; however, postoperative assessments, inclu-
ding physical examination and serum PSA mea-
surement, were generally done quarterly for the 
initial 2 years after surgery, semi-annually for an 
additional 2 years, and annually thereafter. Ad-
juvant therapy was defined as treatment received 
≤90 days of RP, and was given at the discretion 
of the treating physician, while salvage therapy 
was defined as treatment received >90 days af-
ter RP, and was likewise administered based on 
clinician’s discretion. BCR was defined as a PSA 
level of ≥0.4ng/mL (12). SP was defined as de-
monstrable metastasis on radionuclide bone scan 
or on biopsies outside the prostatic bed. Vital 
status was identified from death certificates or 
physician correspondence. For patients followed 
elsewhere, the Mayo Clinic Prostatectomy Regis-
try prospectively monitors outcomes annually by 
correspondence.

Statistical analysis

Continuous features were summarized 
with medians and interquartile ranges (IQR); cate-
gorical features were summarized with frequency 
counts and percentages. The Kaplan-Meier me-
thod was utilized to estimate BCR-free survival, 
SP-free survival and OS, with differences asses-
sed with log-rank test. Patients were censored at 
last follow-up or death if the endpoint of interest 
had not been attained. Cox proportional hazar-
ds model was used to estimate the association 
of clinic-pathologic variables with patient’s risk 
of BCR, SP, and all-cause mortality. Statistical 
analysis was done using SAS®, version 9.2. All 
tests were two-sided, with p≤0.05 considered to 
indicate statistical significance.
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RESULTS

Of 19,800 patients who underwent RP 
during the time period of study, we identified 87 
(0.43%) patients with pT4 disease. Median age at 
surgery in these men was 65 years (IQR 58, 69). 
Median preoperative PSA was 12.2ng/mL (IQR5.7, 
34.9). Table-1 lists the clinic-pathological features 
for this cohort. Moreover, 30 (34.5%) and 4 (4.6%) 
patients received androgen deprivation therapy 
(ADT) and external beam radiation therapy (EBRT), 
respectively, prior to RP.

Median follow-up after RP was 9.8 years 
(IQR 3.6, 13.4), during which time 50 patients ex-

perienced BCR, 10 were diagnosed with a local re-
currence, 30 developed SP and 38 died, with 11 
dying of prostate cancer. A total of 77 men were 
treated with adjuvant ADT, while 32 received ad-
juvant EBRT. We noted that the 10-year BCR-free 
survival in these patients was 37%, while 64% 
were free from SP and the overall survival was 
70% (Figure-1).

We then further stratified patient’s risk 
of SP by pathological Gleason score, and lymph 
node status. As such, the Kaplan-Meier analysis 
with the log rank test showed that for patients 
with pT4 tumors, both higher Gleason score and 
positive lymph node status showed differences in 
progression between the groups. The 10-year SP-
-free survival for patients with a pT4 Gleason 8-10 
tumor was 47%, versus 72% for patients with a 
Gleason 7 tumor and 82% for patients with Gle-
ason 6 disease (p=0.028) (Figure-2). Likewise, the 
10-year SP-free survival for patients with positive 
lymph nodes was 45%, versus 81% for pT4N0 tu-
mors (p=0.002) (Figure-3).

Moreover, on multivariate analysis (Ta-
ble-2), positive lymph node status was found 
to be marginally significantly associated with 
patient’s risk of BCR [HR 1.94, p=0.05], while 
both positive lymph nodes [HR 2.96, p=0.02] 
and higher pathological Gleason score [HR 1.95, 
p=0.03] were associated with a significantly in-
creased risk for systemic progression in these 
men. Ten-year survival estimates for BCR, SP 
and OS grouped by pathological Gleason Score, 
median prior PSA and receipt of prior treatment 
are shown in Table-3.

DISCUSSION

We report the natural oncological outco-
mes of patients with pT4 disease treated with RP. 
In this cohort, we found that over one-third of 
patients remained free of BCR at 10 years after 
surgery, while the 10-year overall survival for the-
se men was 70%. In addition, we noted that both 
high pathologic Gleason score and lymph node 
involvement contributed to the development of 
metastatic disease in these men.

While the outcomes for patients with lo-
cally-advanced prostate tumors treated with surgery 

Total (n=87)

Clinical T Stage (n=85)
T1c 15(17.6%)
T2a 20(23.5%)

T2b 11(12.9%)

T3/4 39(45.9%)
Biopsy Gleason Score (n=54)

≤6 13(24.1%)
7 14(25.9%)

8-10 27(50.0%)
Pathological Gleason Score (n=79)

≤6 12 (15.2%)
7 32 (40.5%)
8-10 35 (44.3%)

Seminal vesicle invasion (n=86)
No 24 (27.9%)
Yes 62 (72.1%)

Nodal status (n=87)
Negative 47 (54.0%)
Positive 40 (46.0%)

Positive surgical margin (n=87)
No 5 (5.7%)

Age at Surgery
N (n=87)
Median 65.0 (IQR: 58-69)

Pre-op PSA (ng/mL)
N (n=76)
Median 12.2 (IQR: 5.7-34.9)

Race (n=87)
Caucasian 67 (77.0%)
Other 1 (1.1%)
Undetermined 19 (21.8%)

Table 1 - Clinical and pathological features of pT4 prostate 
cancer patients.
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have been previously described, (7, 10, 13) the-
se series have primarily focused on T3 tumors 
and, as such, the present study represents what 
is, to our knowledge, the first report to specifi-
cally focus on pT4 prostate cancer treated with 
RP. Likewise, while prior series have reported 
long-term survival following surgery in patients 

with lymph-node positive disease (14), our data 
further provide evidence of a role for surgery 
in the setting of very high-risk prostate cancer. 
Indeed, even in patients with pT4N1 disease, the 
highest-risk patients, nearly half of such men 
were without evidence of clinical metastases at 
10 years after RP.

Figure 1 - Kaplan-Meier plot showing 10-year Overall Survival, Systemic progression and biochemical recurrence.

Figure 2 - Kaplan-Meier plot showing Systemic-progression stratified by Gleason-score.
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Biochemical Failure
(46 events)

Systemic Progression
(27 events)

Death
(29 events)

HR 95% CI p-value HR 95% CI p-value HR 95% CI p-value

Path Gleason Score Group 1.17 (0.78-1.75) 0.42 1.95 (1.04-3.60) 0.03 1.06 (0.61-1.81) 0.83

Log 2 preoperative PSA (doubling) 1.13 (0.95-1.36) 0.15 0.94 (0.74-1.19) 0.65 1.14 (0.88-1.47) 0.30

Treatment prior to RP 1.62 (0.89-2.94) 0.11 1.85 (0.83-4.13) 0.12 1.003 (0.44-2.28) 0.99

Positive lymph nodes 1.94 (1.01-3.72) 0.05 2.96 (1.20-7.29) 0.02 1.37 (0.60-3.11) 0.44

Seminal vesicle invasion 1.36 (0.64-2.87) 0.42 3.91 (0.86-17.63) 0.07 1.76 (0.62-5.03) 0.28

Table 2 - Multivariate analysis of factors associated with biochemical recurrence, systemic progression and all-cause 
mortality.

Figure 3 - Kaplan-Meier plot showing Systemic-progression stratified by nodal status.

Table 3 - Survival estimates for biochemical recurrence, systemic progression and overall survival.

10-year Survival Estimates for 
Biochemical recurrence (%)

10-year Survival Estimates for 
Systemic Progression (%)

10-year Survival Estimates for 
Overall Survival (%)

Path Gleason Score

<=6 47 82 73

7 42 72 78

8+ 24 47 68

PSA (ng/DL)

<=12.2 41 64 76

>12.2 35 66 68

Prior Treatment

No 49 73 70

Yes 11 45 69
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Level-1 data exist regarding the role of 
EBRT and androgen deprivation therapy (ADT) in 
management of locally advanced prostate cancer. 
In Bolla et al. trial, out of 415 patients, 89% were 
high risk (cT3/T4) with reported 5 year-OS in 
combined EBRT/ADT group to be 79% compared 
to 62% in the radiotherapy group alone (5). In the 
SPCG-7/SFUO-3 trial, 880 patients, predominan-
tly cT3N0M0, were randomly assigned to either 
ADT or ADT with EBRT. Ten-year OS was better 
in the EBRT/ADT arm compared to ADT only arm 
(70% vs. 60%) (3). Both these trials provided evi-
dence supporting addition of local radiotherapy 
to endocrine treatment had an important effect 
on overall and cancer-specific mortality in lo-
cally advanced prostate cancer. Importantly, the-
se studies confirm the critical role of local tumor 
control in addition to systemic therapies.

Because of the heterogeneous population 
of locally-advanced prostate cancer and lack of 
data from randomized trials comparing RP and 
EBRT, definitive inferences cannot be reached 
regarding the relative effectiveness of each tre-
atment modality for achieving long-term can-
cer control. There have been few retrospective 
comparative studies; while 2 studies have shown 
superior biochemical relapse-free survival with 
EBRT in comparison to RP, (15, 16) one study has 
shown better metastasis-free survival (17) and 
another studying showing better overall survival 
with RP compared to EBRT/ADT (18).

Interestingly, Thompson et al. evalua-
ted 1,286 men with metastatic disease from the 
Southwest Oncology Group Study 8894 and de-
termined that patients who underwent RP prior 
to developing metastatic disease had lower risk 
of death than patients who did not  (HR 0.77 
[0.53, 0.89]) (19). Multiple hypotheses may be 
offered to support a benefit for RP in advanced 
stage prostate cancer, including prevention of 
development of metastatic disease from primary 
tumor (19).

Zelefsky et al. (17) reviewed a cohort of 
2,380 patients who either underwent RP or EBRT 
and evaluated them for systemic progression-free 
survival and cancer-specific survival (CSS). On 
their multivariate analysis, RP was found to be 
associated with reduced risk of developing me-

tastatic disease in comparison to EBRT, especially 
in high-risk patients (HR 0.35; p<0.001).

In addition, as the management for pa-
tients with locally advanced prostate cancer is 
likely to involve a multi-modal approach, RP as 
the initial treatment affords accurate pathologic 
staging, which may thereby guide the selective 
application of secondary therapy. That is, up to 
25% of patients with clinical T3 tumors in fact 
have organ-confined disease at surgery (20). As 
such, RP may facilitate the identification of pa-
tients with pathologic extraprostatic disease who 
might benefit from adjuvant RT (21) as well as 
patients with positive lymph nodes, who might 
benefit from adjuvant ADT (22). Further, as the 
extension of locally advanced tumors may result 
in debilitating loco-regional symptoms including 
recurrent hematuria, pelvic pain, as well as uri-
nary, rectal and ureteral obstruction, the durable 
local control with surgery noted here (only 11.5% 
of the patients have experienced a local recurren-
ce) may improve patient’s quality of life as well. 
Indeed, a higher rate of hospital admissions, rectal 
or anal procedures, and open surgical procedures 
has been noted in patients treated with radiothe-
rapy for prostate cancer versus patients treated 
with surgery (23).

Primary RP with PLND remains the only 
method that provides conclusive pathological 
evidence and excellent loco-regional control as 
shown by low local recurrence rate of 11.5% in 
our study. With data from the Southwest Onco-
logy Group (SWOG 8794) for the use of adjuvant 
radiation therapy in high-risk patients (21), and 
Messing trial results demonstrating an advantage 
in survival for long-term ADT in lymph node-po-
sitive patients (22), good pathologic data are an 
important step toward multi-modality approach. 
Admittedly, the optimal management for patients 
with locally advanced prostate cancer remains to 
be determined, ideally in a prospective clinical 
trial setting. Nevertheless, there remains an absen-
ce of comparative level I evidence. We recognize 
that our study is limited by its retrospective de-
sign. Further, although the entity of pT4 disease at 
RP is uncommon, we acknowledge the relatively 
small patient sample size here. Likewise, it must be 
acknowledged that this cohort represents a highly 
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selective cohort of patients, and, as noted above, 
the optimal treatment for such men remains to 
be determined. Nevertheless, we believe that sur-
gery represents a component of the often multi-
-modal approach for locally advanced prostate 
cancer, and may be associated with favorable 
long-term survival.

In conclusion, radical prostatectomy with 
pelvic lymph node dissection in the setting of 
locally advanced prostate cancer is associated 
with durable loco-regional control and defini-
tive pathologic staging, which in turn facilitates 
the selective application of secondary therapies. 
As such, surgical resection should continue to be 
considered in the multi-modal treatment appro-
ach to these men.
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