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Abstract

Purpose Positive surgical margins (PSMs) after radi-
cal prostatectomy (RP) are a known factor associated with
biochemical recurrence (BCR) and raise the issue of adju-
vant treatment by radiotherapy versus salvage treatment
at recurrence. To help this choice, our study aimed to ana-
lyze BCR-free survival and factors associated with BCR in
patients with PSM and undetectable postoperative prostate-
specific antigen (PSA).

Methods Between 2005 and 2008, 630 patients had RP
for localized prostate cancer in our center. We included
patients with PSM, uninvaded nods, undetectable postop-
erative PSA and no adjuvant treatment. The 5-year BCR-
free survival was calculated using Kaplan—Meier method.
Logistic regression models were used to determine the
factors associated with BCR in univariate and multivariate
analyses (Cox model).

Results The PSM rate was 32.7 % (n = 206 patients),
and 110 patients corresponded to the inclusion criteria. The
median follow-up was 72 months. The BCR rate was 30 %
with a 5-year BCR-free survival of 83.9 %. The factors
significantly associated with BCR were preoperative PSA,
predominance and percentage of Gleason 4, tumor volume,
PSM length and predominance of Gleason 4 at the margin.
In the multivariate analysis, the remaining two significant
factors were PSM length [OR 4.35, 95 % CI (1.011-1.421),
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p = 0.037] and tumor volume [OR 4.29, 95 % CI (1.011-
1.483), p = 0.038].

Conclusion Over a 5-year follow-up, only one-third of
patients experienced BCR. It might be reasonable to post-
pone adjuvant radiotherapy for patients with PSM and
undetectable PSA after RP. Tumor volume and PSM length
were associated with BCR and should be taken into account
in the postoperative treatment management.

Keywords Radical prostatectomy - Margin - Prostate
cancer - Biochemical recurrence - Adjuvant radiotherapy

Introduction

Positive surgical margins (PSMs) are a frequent situation
that is encountered after radical prostatectomy (RP) for
localized prostate cancer, with series reporting a rate of
1040 % [1]. Yet, the impact of PSM on the clinical out-
come and on the risk of biochemical recurrence (BCR) is
still unclear. Several studies concluded that a positive surgi-
cal margin is an independent factor of local recurrence with
a two- to fourfold increased risk [2, 3]. However, accord-
ing to other studies, 40-50 % of patients with PSM did
not show recurrence with a BCR rate varying widely from
11 to 64 % [4]. Therefore, dealing with PSM after RP is
a debatable situation where the issue of an adjuvant treat-
ment is raised. According to the last urologic guidelines [5—
71, patients at high risk of local recurrence after RP (e.g.,
PSM, seminal vesicle invasion or extra-prostatic extension)
can be treated either by immediate adjuvant radiotherapy
or by salvage radiotherapy before prostate-specific anti-
gen (PSA) level exceeds 0.5 ng/ml. While the choice is
still an option, urologists and radiotherapists frequently
disagree about the indication of adjuvant radiation therapy
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[8]. In order to find new helpful arguments, the purpose of
our study was to determine the BCR-free survival and the
recurrence risk factors for patients who underwent RP with
PSM and undetectable postoperative PSA and who did not
receive adjuvant radiotherapy.

Materials and methods
Patient selection

We reviewed our pathologic database including 630
patients who underwent RP for clinically localized prostate
cancer in our institution between 2005 and 2008. Our study
included patients who had PSM and undetectable postop-
erative PSA, who did not receive adjuvant radiotherapy
nor androgen-deprivation therapy. Exclusion criteria were
patients with positive lymphadenectomy (N+), detectable
postoperative PSA, any neo-adjuvant or adjuvant therapy
and incomplete follow-up. The study was approved by the
local ethics committee, and all patients gave their informed
consent before the study.

Database

RP was performed by experienced surgeons, using open
surgery (retropubic approach) or laparoscopy. All pros-
tate specimens were inked (green ink on the left side of
the specimen, black on the right side), entirely enclosed
and sectioned at 5-mm intervals and examined following
the standard Stanford protocol as described in the Inter-
national Society of Urological Pathology (ISUP) Consen-
sus Conference (last update [9]). After 2005, all prostate
specimens were cross-checked by two uropathologists.
If PSMs were found, further examinations were assessed
with sections at 30-pm intervals. Surgical margins were
considered as positive when tumor cells reached the inked
surface of the prostate specimen, with re-evaluation in
doubtful cases. The characteristics of the surgical margins
including the length, the site (intra- or extra-prostatic) and
the Gleason score at the margin were described. Patients
were followed up with clinical examination and PSA test
at 3-month intervals during the first year, every 6 months
the second year, and annually thereafter. We retrospec-
tively collected clinical data (age, preoperative and post-
operative PSA, PSA level during follow-up) and histo-
logical data on prostate specimen (prostate weight, tumor
volume, Gleason score, pathologic T stage, seminal vesicle
invasion, extra-prostatic extension, perineural invasion).
The main tumor volume was calculated by the formula:
volume = (IT/6) x width x length x height in mm?.
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Study outcomes

The primary outcome of the study was the 5-year BCR-free
survival. BCR was defined as a PSA level >0.2 ng/ml con-
firmed by a second consecutive blood test. The secondary
outcome was the analysis of the factors that were associ-
ated with BCR.

Statistical analyses

The 5-year BCR-free survival was estimated using the
Kaplan—Meier method. Logistic regression models were
used to determine the factors associated with BCR in uni-
variate analyses. Significant variables on the univariate
analysis were included in the multivariate analysis using
Cox model. Statistical tests were performed as two-sided
with a p value <0.05 considered as significant. Statistics
were calculated using the SPSS software (version 11.0,
SPSS Inc., Chicago, IL, USA).

Results

Among the 630 patients who underwent RP between 2005
and 2008, 206 had a PSM (32.7 %), with 110 patients cor-
responding to the inclusion criteria. The clinical and his-
tological characteristics of the 110 patients are described
in Table 1. Seventy-four (67.3 %) and thirty-six (32.7 %)
patients had a prostate specimen, respectively, staged pT2
and pT > 3. The tumors were registered as Gleason 7 in
76 cases (69 %). The mean follow-up was 72 months.
The BCR rate was 30 % (n = 33) with a 5-year BCR-free
survival of 83.9 + 0.04 % (Fig. 1). One patient (0.9 %)
died from metastatic progression after BCR, and one
(0.9 %) patient died from a metastatic kidney cancer. No
other metastatic progression was noted. The mean surgi-
cal margins length was 3.0 £ 3.1 mm (median 2.0 mm,
range 0.1-15.0 mm). In the univariate model, factors
significantly associated with BCR were the preoperative
PSA, the percentage of Gleason 4 on the prostate speci-
men, the Gleason 4 predominance on the prostate speci-
men, the tumor volume, the margin length and the pre-
dominance of Gleason 4 at the margin (Table 2). In our
selected PSM population, neither age, pathological Glea-
son score, the presence of extra-prostatic perineural inva-
sion, nor extra-prostatic extension were significant factors
associated with BCR. In the multivariate model, the fac-
tors that remained significant for BCR risk were the tumor
volume [OR 4.29, 95 % CI (1.011-1.483), p = 0.038] and
the length of the PSM [OR 4.35, 95 % CI (1.011-1.421),
p = 0.037].
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Table 1 Overall clinical and histological characteristics

Characteristics Overall
Patients (n) 110
Age (years) 64 £ 6.5
Preoperative PSA (ng/ml) 10.1 £8.2
Preoperative PSA (ng/ml) [n (%)]
PSA <10 81 (73.6 %)
PSA 10-20 24 (21.8 %)
PSA > 20 5 (4.6 %)
Prostate weight (g) 49.8 +28.2
Tumor volume (mm3) 2886 £ 3220
Histological stage [n (%)]
T2 74 (67.3 %)
T3a 29 (26.3 %)
T3b 7 (6.4 %)
Extra-prostatic extension (>T3) 36 (32.7 %)
Histological Gleason score [n (%)]
6 28 (25.5 %)
7 76 (69 %)
>8 6 (5.5 %)
Gleason 4 predominance [n (%)] 35 (31.8 %)
Gleason 4 percentage (%) 29.7 £28.9
Perineural invasion [n (%)] 95 (86.3 %)
Extra-prostatic perineural invasion [n (%)] 21 (19.1 %)
Margins status
Length (mm) 3.0£3.2
Gleason 4 predominance [n (%)] 34 (30.9 %)

Data are expressed in mean =+ standard deviation (SD) or in absolute
number and percentage [n (%)]

Discussion

Radical prostatectomy is one of the standard treatments for
men with localized prostate cancer. The two major aims of
surgical treatment are the oncological outcome, through
complete removal of the tumor, and the functional out-
come, through conservation of urinary and erectile func-
tions. PSM can occur as a result of this balance and is a dif-
ficult situation to deal with. While many studies have tried
to determine the oncological impact of PSM, the choice
between adjuvant radiotherapy and salvage radiotherapy
remains debatable [5].

In our study, we had a PSM rate of 33 %. This result
was comparable to previous published series where PSM
rate varied from 10 to 40 % [1]. PSM definition has been
clarified as any tumor cell reaching the inked surface of the
prostate specimen [10]. Many artifacts can influence the
diagnosis and lead to false positives, such as diathermy-
induced lesions, intra-prostatic surgical incision or tissue
processing [11]. PSM diagnosis could also depend on the

pathologist experience. The PSM rate reported in the pre-
sent study could be explained by our pathologic procedure:
All prostate specimens were analyzed by senior uropathol-
ogists, with millimeter sections and a double-check induc-
ing accurate diagnosis of true PSM. PSM rate has also been
related to pathologic stage (24-63 % of PSM for pT3),
Gleason score, tumor volume, preoperative PSA and obe-
sity or to surgical expertise [12].

Approximately 10-20 % of the patients who underwent
RP for localized prostate cancer will experience BCR. This
rate can increase to 40-60 % when adverse pathologic fac-
tors are associated (such as PSM, seminal vesicle invasion
or extra-prostatic extension) [13]. PSMs have been related
to BCR with a two- to fourfold increased risk [2, 3]. In our
study, the BCR rate was 30 % with a 5-year BCR-free sur-
vival of 83.9 %. PSM length and tumor volume were two
significant pathologic features associated with BCR. The
association between increasing margin length and BCR
risk has been previously reported [14—16] but contested by
other studies [17, 18]. The International Society of Urolog-
ical Pathology (ISUP) recommended reporting the margin
length in millimeters despite any consensus on a significant
prognosis-associated threshold [10]. In other series, BCR
was also related to the Gleason grade at the margin [19,
20]. In our univariate analysis, Gleason 4 at the margin was
associated with BCR, but this result was not significant in
the multivariate model. At this stage, no consensus exists
to define significant margin-associated variables and their
influence on biochemical recurrence [1].

Corcoran et al. [21] showed a significant increased risk
of BCR exclusively in intermediate-risk cancer. Other stud-
ies supported this result with the hypothesis that either a
high or a low risk cancer would or would not expose to
BCR regardless of the presence of a PSM, because of its
inherent aggressiveness or indolence [22, 23]. Furthermore,
the majority of patients (60-70 %) with adverse pathologic
features such as PSM and/or extra-prostatic extension with-
out seminal vesicle invasion would be cured by RP alone
[13, 24]. In our multivariate analysis, extra-prostatic exten-
sion was not significantly associated with BCR for patients
with PSM. Thus, the mere presence of a PSM does not
necessarily mean BCR and should not lead to systematic
adjuvant therapy. Knowing that PSMs have been associated
with an increased risk of BCR, it is now the associated fac-
tors which could predict this recurrence that must be iden-
tified. The best approach in order to propose an adjuvant
therapy for patients with PSM should clearly be based on
a global evaluation of associated clinical and histological
adverse factors.

How to select patients who would benefit from adjuvant
radiotherapy and spare those who would not relapse? Three
large randomized trials compared adjuvant radiotherapy
versus observation for pathologically advanced prostate
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Fig. 1 Biochemical recurrence-
free survival curve
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cancer. The Southwest Oncology Group (SWOG) 8794
trial reported greater metastasis-free survival and overall
survival in the postoperative radiotherapy arm [25]. The
European Organization for Research and Treatment of Can-
cer (EORTC) 22,911 trial reported a significantly improved
10-year cumulative biochemical progression-free survival
for the postoperative irradiation group compared with the
wait-and-see group (60.6 vs. 41 %, respectively, p < 0.001),
but no significant difference was found for clinical pro-
gression or overall survival, likewise for the German Can-
cer Society (ARO 96-02) trial [26, 27]. In the EORTC and
SWOG trials, the postoperative PSA was not necessarily
undetectable prior to study. Furthermore, in the three tri-
als, many patients from the wait-and-see groups who expe-
rienced BCR did not receive salvage radiation therapy or
received it after the PSA level had reached a level at which
salvage treatment is known to be less effective. Thus, for
patients with adverse pathologic factors, early salvage
radiotherapy has not yet been compared to immediate adju-
vant therapy. The current Radiotherapy Adjuvant versus
Early Salvage following Radical Prostatectomy (RAVES),
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Radiotherapy and Combined Androgen Deprivation after
Local Surgery (RADICALS) and Groupe d’Etude des
Tumeurs Uro-Génitales-17 (GETUG-17) randomized tri-
als, including pT3R1 patients for either adjuvant or salvage
radiotherapy, will study this issue [28-30].

We acknowledge several limits in the present study. First, the
data were retrospectively collected. The PSM rate is suspected
of being dependent on the surgeon and pathologist expertise,
with the risk of center bias. Our relatively small cohort could
be explained by our stringent selection criteria, which only
included patients with undetectable postoperative PSA and no
adjuvant nor neo-adjuvant therapy. In the present analysis, we
studied the onset of BCR. This criteria was widely studied in
the literature despite its low clinical significance for the patient,
unlike prostate cancer-specific mortality or metastasis-free sur-
vival. However, the main question with PSM is whether adju-
vant radiotherapy is preferable to salvage radiotherapy at time
of recurrence. Thus, if BCR has a low clinical significance, it
definitely has a therapeutic impact for the patient, justifying the
pertinence of its analysis in the controversy regarding adjuvant
therapy after radical prostatectomy.
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Table 2 Factors associated with BCR (univariate analysis)

Characteristics No recurrence  BCR p
Patients [n (%)] 77 (70 %) 33 (30 %)

Age (years £ SD) 63.6 £ 6.4 63.5 (£6.9) 0.92
Preoperative PSA 79+53 14.2 (£10.8) 0.037

(ng/ml &+ SD)
Preoperative PSA (ng/ml) [n (%)]

PSA < 10 63(81.8%)  21(63.6%) 0.022
PSA 10-20 13(169 %) 8 (24.2 %)
PSA > 20 1(1.3 %) 4(12.1 %)

Prostate weight (g &= SD)  49.1 (£28.9)  52.0 (+26.9) 0.62

Tumor volume 2090 (£1864) 4455 (+4450) <0.001
(mm?® + SD)
Histological stage [n (%)]
T2 56 (72.7 %) 18 (54.5 %) 0.20
T3a 19 (24.7 %) 10 (30.3 %)
T3b 2 (2.6 %) 5(15.2 %)
Extra-prostatic extension 21 (27.3 %) 15 (45.4 %) 0.08
(=T3) [n (%)]
Histological Gleason Score [n (%)]
6 22 (28.6 %) 6 (18.2 %) 0.33
7 52 (67.5 %) 24 (72.7 %)
>8 3(3.9 %) 3(9.1 %)
Gleason 4 predominance 18 (23.4 %) 17 (51.5 %) 0.003
[n (%)]
Gleason 4 % + SD 254 +264% 43.2 % (£32.8) 0.001
Perineural invasion [n 66 (85.7 %) 29 (87.9 %) 0.83
(%)]
Extra-prostatic perineural 10 (13 %) 11 (33.3 %) 0.06
invasion [n (%)]
Margins status
Length (mm =+ SD) 25+28 42437 0.013
Gleason 4 predominance 18 (23.4 %) 16 (48.5 %) 0.013
[n (%)]
Conclusions

In our study, two-thirds of the patients with PSM after RP,
with undetectable postoperative PSA and no adjuvant ther-
apy, did not experience BCR. Close attention must be paid
on PSM length and tumor volume, pathologic features that
might be related to BCR. As a PSM does not always mean
BCR, prospective studies are needed to clearly identify,
through clinical and histological data, which patients are
likely to benefit from adjuvant radiotherapy with the objec-
tive of sparing the many others from overtreatment.
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