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Abstract: Objective: A systematic evaluation was carried out over the effectiveness and safety of postoperative ra-
diotherapy following radical prostatectomy. Method: The randomized controlled trials that were concerned with post-
operative radiotherapy for prostatic cancer and published before June 2014 were searched in PubMed, EMBASE,
Cochrane Library, CBM, CNKI and VIP databases. Two researchers conducted quality evaluation and data extraction
independently for all included literature. Rev Man 5.2 software was used for statistical analysis. Results: Finally 5
randomized control trials involving 2290 cases were included. Meta-analysis showed that the approaches of radi-
cal prostatectomy with or without postoperative radiotherapy did not differ significantly in terms of overall survival
(HR=1.09, 95% C1: 0.75-1.60, P=0.65). However, significant difference was found in biochemical progression-free
survival (HR=0.54, 95% Cl: 0.42-0.69, P < 0.001). Conclusion: Evidences show that postoperative radiotherapy fol-

lowing radical prostatectomy can increase biochemical progression-free survival but not overall survival.

Keywords: Postoperative radiotherapy, radical prostatectomy, prostatic cancer, meta-analysis, prognosis

Introduction

Prostatic cancer is the most common non-skin
cancer in western countries, ranking the sec-
ond of all cancers in terms of mortality [1]. The
incidence of prostatic cancer varies significant-
ly throughout the world. The incidence is the
highest in the USA, followed by Europe, while
Southeast Asia has the lowest incidence [2].
The high-risk factors include age, genetics,
race, diet, lifestyle and drug use, with age being
the most important risk factor [3]. So far the
therapies for prostatic cancer include active
monitoring, surgery (eg, radical prostatectomy),
radiotherapy, hormone therapy, chemotherapy,
cryotherapy and combined therapy [4].

There are evidences showing that both radio-
therapy and radical prostatectomy can effec-
tively control the recurrence of localized pros-
tatic cancer (T1 or T2 tumor restricted to
prostate and not invading the prostatic cap-
sule, with no regional lymph node metastasis
or distant metastasis) [5-7]. For patients with

pathological staging of pT3, the risk of 5-year
local recurrence is still as high as 20%-70% [8].
Two RCTs showed that postoperative radiother-
apy could reduce the 5-year local recurrence by
20% for patients with pT3 (RO or R1) or pT2 (R1)
staging [9, 10]. Another RCT published in 2009
also confirmed that postoperative radiotherapy
improved the biochemical progress-free surviv-
al of this type of patients [11]. Due to the incon-
sistency in treatment cycle, dosage and out-
come indicators, RCTs may have different
quality level and different effective dosage.
Cochrane method was applied in the present
paper to evaluate the effectiveness and safety
of radiotherapy following radical prostatectomy
for prostatic cancer. Clinical data and analysis
were provided for the formulation of therapies.

Materials and methods
Inclusion and exclusion criteria

We included the studies meet to the following
criteria: 1) Research type israndomized con-
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radiotherapy”, “adjuvant

Chinese Biomedical Literature Database, Chinese CNKI, Web of
Science and Wanfang database up to Oct. 2014

686 Citations identified from literature search of PubMed, EMBase, radiotherapy”, “prostatic

cancer” and “prostatic
carcinoma”. When sear-

ching the foreign periodi-

cal databases and CBM
database, both keywords

677 Excluded for not RCT and free words were in-

put. The search strate-

gies were formulated af-
ter several preliminary se-

9 Potentially relevant articles identified for further review

arches.

Screening and data
extraction

4 Excluded for not Two researchers read the
—> prostatic cancer

title and abstract of the
literature independently,

5 Articles included the finally analysis

and those that apparently
deviated from the inclu-
sion criteria were exclud-
ed. For the literature that

Figure 1. Flow chart of studies identification.

trolled trials (RCT), regardless of the use of
blinding method. 2) the patients cytologically or
pathologically confirmed as prostatic cancer
and treated by radical prostatectomy (RP); nor-
mal functions of important organs; no limit on
race, nationality, geographic location and age;
loss to follow-up not exceeding 20%; 3) consis-
tent therapies except for the use of postopera-
tive radiotherapy; and 4) Intervention measures
aresurgery combined or not combined with
postoperative radiotherapy.

We excluded the cases with allergic history to
biological products or susceptible to allergy.

Indicators measured in RCTs: Overall survival
(0S), relapse-free survival, biochemical prog-
ress-free survival (bPFS), and adverse effect.

Literature search

PubMed, EMBase, Chinese Biomedical Liter-
ature Database, Chinese CNKI, Web of Science
and Wanfang database were searched.In-
formation not available from search was ac-
quired by contacting relevant experts, pharma-
ceutical factors, correspondence authors. For
example, the authors were contacted by letters
if some details or data could not be found from
the reports. The keywords were “postoperation
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confirmed to the inclusion

criteria, the whole test

was read. The consensus
was reached by discussion in case of any diver-
gence of opinions or the third researcher was
invited.Dataextractionwasperformedbytworese-
archers independently for the included RCTs.
The data extraction tables were filled and the
extracted data were cross-checked. Where the
records were incomplete or unavailable, the
data was supplemented by contacting the cor-
respondence author. For repeated RCTs, the
latest and the most comprehensively reported
one was chosen.

Quality evaluation

Cochrane systematic manual 5.2 was used to
evaluate the methodological quality of the
included RCTs from the following aspects: ran-
domized method, allocation concealment, exe-
cution of blind method (research subjects,
executor of therapies and personnel responsi-
ble for result measurement), integrity of out-
come data (lost to follow-up or drop-out), and
outcome reporting bias.

Statistical methods
Statistical analyses were done by using Rev-

Man 5.0 software provided by Cochrane
Collaboration. Count data were expressed as
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Table 1. Basic information of the included RCTs

Author Year Country Sample size Patholggical Dosage and distribution Start time .Of postoperative Ra.ndom— Allocation  Blinding Lost to Repf)rting Intention»tq—
staging radiotherapy ized concealment method follow-up bias treat analysis

Bolla M 2005 France 1005 TN M, 60 Gy/30 fractions Within 16 weeks after surgery  Sufficient Sufficient No Yes No Yes

Thompson IM 2006  USA 425 T, N,M, 60~64 Gy/30~32 fractions  Within 18 weeks after surgery Unclear Sufficient No Yes No Yes

Wiegel T 2009 Germany 300 T, N,M, 60 Gy/30 fractions Within 8-12 weeks after surgery Sufficient Sufficient No No No No

Van Cangh 1998 Belgium 48 Toa NoMy 60 Gy/30 fractions Within 12-16 weeks after surgery Sufficient Sufficient No No No No

Vassaletal 2010 512 TN M, 60 Gy/30 fractions Within 18 weeks after surgery  Sufficient Sufficient Yes No No No

20591

Int J Clin Exp Med 2015;8(11):20589-20595



Prognosis of prostatic cancer after radical prostatectomy

Hazard Ratio
IV, Random, 95% CI

Hazard Ratio
Study or Subgroup log[Hazard Ratio] SE_Weight IV, Random, 95% CI

Bolla M 2005 0576 025 266%  1.78[1.09,2.90) —.—
Thompson IM 2006 -0.2231 0164 354%  0.80(0.58,1.10]
Vassal etal, 2010 0039 014 380%  1.04[0.79,1.37)
Total (95% Cl) 100.0%  1.09[0.75,1.60]

Heterogeneity: Tau*= 0.08; Chi*=7.16, df= 2 (P=0.03), F=72%

Test for overall effect: Z= 0.46 (P = 0.65) & B i 1 10

Favours [Radiotherapy] Favours [No-Radiotherapy]

Figure 2. Forest plot of comparison of OS between radical prostatectomy with and without postoperative radiother-
apy. The squares and horizontal lines correspond to the study-specific HR and 95% Cl, respectively. The area of the
squares reflects the study-specific weight. The diamond represents the pooled results of HR and 95% CI.

Hazard Ratio
IV, Random, 95% CI

Hazard Ratio

Study or Subgroup __log[Hazard Ratio]  SE Weight [V, Random, 95% Cl

Bolla M 2005 -0.73 013 28.8% 0.48[0.37,0.62] -+
Thompsaon I 2006 -0.84 017 23.6% 0.43[0.31,0.60] e
Vagsal etal. 2010 -063 02 202% 0.53(0.36,0.79] ==
Wiegel T 2009 -03 014 27.4% 0.74(0.56, 0.97) )
Total (95% ClI) 100.0%  0.54 [0.42, 0.69] ¢

Heterogeneity. Tau*= 0.04, Chi*= 7.60, df= 3 (P = 0.06); F= 61%

Testfor overall effect: Z= 4.94 (P < 0,00001) 0t O 1 10 100

Favours [Radiotherapy] Favours [No-radiotherapyl

Figure 3. Forest plot of comparison of biochemical progression-free survival between radical prostatectomy with
and without postoperative radiotherapy. The squares and horizontal lines correspond to the study-specific HR and
95% Cl, respectively. The area of the squares reflects the study-specific weight. The diamond represents the pooled

results of HR and 95% CI.

Hazard ratio (HR), and measurement data as
weighted mean difference (WMD) or standard
mean difference (SMD). OS and PFS were cal-
culated by hazard ratio (HR). Differences in
effective dosage were expressed as 95% confi-
dence interval (Cl). Clinical heterogeneity was
analyzed in subgroups classified by possible
heterogeneous factors. Heterogeneity between
RCTs was analyzed by X2 test. When there was
statistical homogeneity between RCTs of the
same subgroup (P > 0.1, I> < 50%), meta-analy-
sis was performed using fixed effect model. For
statistical heterogeneity (P < 0.1, 12 > 50%), the
source of heterogeneity was first analyzed. If
there was no obvious clinical heterogeneity and
the source of statistical heterogeneity could
not be identified, random effect model was
used. For obvious clinical and methodological
heterogeneity, descriptive analysis was adopt-
ed. If the statistical heterogeneity was caused
by the variability of methodological quality, sen-
sitivity analysis was performed after excluding
the low-quality RCTs. Publication bias was eval-
uated by inspection of the funnel plot.
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Results

Results of literature search and characteristics
of included RCTs

As shown in Figure 1, by preliminary search,
686 RCTs were included, and 9 RCTs were
obtained after reading the title and abstract.
Finally 5 RCTs [9-13] covering 2290 cases were
included. The baseline data of the included
RCTs were comparable. The basic information
of the included RCTs is shown in Table 1.

Methodological quality evaluation of the in-
cluded RCTs

All 5 included RCTs mentioned “randomized”,
and 3 provided a detailed description of the
random method used. The random method
was correctly executed in all 5 RCTs along with
allocation concealment. However, blind method
was not carried out in any RCT. Two RCTs report-
ed the number of cases lost to follow-up or
dropped out. ITT analysis was performed.

IntJ Clin Exp Med 2015;8(11):20589-20595
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Cl: 1.3~3.1; P=0.002), and
the difference of statistical
significance was reported.
The incidence of rectal com-
plications in radiotherapy
group (eg.,rectitis and rectal
bleeding) was 3.3%. For the
non-radiotherapy group, the
incidence of rectal compli-
cations was 0, showing a
significant difference. The
incidence of urethrosteno-
sis in radiotherapy group
was 1.9 times that of non-
radiotherapy group (RR=1.9;

Hazard Ratio,

[

0.2 +
0.01 0.1

-4

Figure 4. Funnel plot of publication bias test.

Methodological quality evaluation is shown in
Table 1.

Overall survival

0OS was defined as the time from the start of
follow-up to the death of patients for any rea-
son. Three RCTs reported OS with a total of
1912 cases involved. Meta-analysis showed
that radical prostatectomy with or without post-
operative radiotherapy did not result in signifi-
cantly different OS (HR=1.09, 95% Cl: 0.75-
1.60, P=0.65, Figure 2).

Relapse-free survival

Only 1 RCT reported relapse-free survival,
and 425 cases were involved. Meta-analysis
showed that postoperative radiotherapy re-
duced the recurrence (HR=0.62, 95% Cl: 0.46-
0.82).

Biochemical progress-free survival

Four RCTs reported bPFS. Meta-analysis sh-
owed that radical prostatectomy combined or
not combined with postoperative radiotherapy
led to significant difference in bPFS (HR=0.54,
95% Cl: 0.42-0.69, Figure3).

Adverse effect

Thompson et al. [10] found that the incidence
of complications following postoperative radio-
therapy was 2 times that of the cases receiving
no postoperative radiotherapy (RR=2.0; 95%
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95% Cl: 1.1-3.1; P=0.02),
and a significant difference
was also noted. The inci-
dence of urinary inconti-
nence in radiotherapy group
was 2.3 times that of non-radiotherapy group
(RR=2.3; 95% Cl: 0.9-5.9; P=0.11) with no sta-
tistically significant difference.

100

Bona et al. [9] indicated that level-3 toxicity was
very rare, and the radiotherapy group and the
non-radiotherapy group were not significantly
different in this aspect. During the 5-year fol-
low-up, the accumulative incidence of level-3
toxicity in radiotherapy group was 4.2% (95%
Cl: 3.4-5.0), while that of non-radiotherapy
group was 2.6% (95% CI: 0.8-4.4). No level-4
toxicity was found in any group [8].

Wiegel et al. [11] showed that the accumulative
incidence of vesicle and rectal adverse effect
was 21.9% and 3.7% in radiotherapy group and
non-radiotherapy group, respectively. The two
groups did not have statistically significant dif-
ference (P < 0.0001).

Van Cangh et al. [12] investigated the effect of
postoperative radiotherapy on urinary inconti-
nence after radical prostatectomy. A total of
100 cases of locally advanced prostatic can-
cer with N M, staging were included. At 12-16
weeks after surgery, 48 cases received radio-
therapy at the dosage of 60 Gy, and the control
cases received no radiotherapy. No effect was
found on urinary incontinence after radioth-
erapy.

Publication bias

Funnel plot and Egger’s test were performed to
assess the publication bias of the literature.

IntJ Clin Exp Med 2015;8(11):20589-20595
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Symmetrical funnel plot was obtained which
indicated that no publication bias was found
(Figure 4). Egger’s test further confirmed the
absence of publication bias in this meta-analy-
sis (P > 0.05).

Sensitivity analysis

We deleted one single study from the overall
pooled analysis each time to check the influ-
ence of the removed data set to the overall
HRs. The pooled HRs and 95% Cls were not sig-
nificantly altered when any part of the study
was omitted, which indicated that any single
study had little impact on the overall HRs.

Discussion

The optimal adjuvant therapy is the major con-
cern for high-risk patients who have received
radical prostatectomy (clinical staging > T,
PSA > 20 ng/ml, Gleason Score > 8). We per-
formed a meta-analysis focusing on the effec-
tiveness of postoperative radiotherapy in pros-
tatic cancer. It was found that postoperative
radiotherapy can improve the biochemical pro-
gression-free survival but not the overall sur-
vival. Those who received radiotherapy had a
higher incidence of complications. The set-
based analysis included 326 patients who were
treated by radical prostatectomy. The invasions
had gone beyond prostatic capsule and re-
ached the seminal vesicle with positive surgical
margin. The median follow-up time was 70
months. Cox’s regression model was employed
to predict the 7-year progression-free probabil-
ity. The results indicated that postoperative
radiotherapy can benefit the high-risk patients
after radical prostatectomy [14].

All included studies were high-quality RCTs. The
selection bias was small, with RCTs being 3/4
sufficiently randomized and allocation conceal-
ment rated as sufficient. Since blind method
was not included in any RCT, the measurement
bias and performance bias may be large. As
well-known international clinical trials, these
RCTs had a small outcome reporting bias and
other biases. All indicators measured in RCTs
were end-point indicators. Hazard ratio calcula-
tion showed that time-to-event analysis was
the most suitable statistical method, and the
conclusions were reliable.

Radiotherapy dosage has a considerable im-
pact on survival. The included RCTs used basi-
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cally consistent radiotherapy dosage, and the
retrospective analysis showed that the radio-
therapy dosage not below 65 Gy could improve
the biochemical progress-free survival. At pres-
ent, there has been no consensus over the opti-
mal dosage of radiotherapy following radical
prostatectomy [15-17], especially for high-risk
patients. In the studies by Bona et al. [9] and
Thompson et al. [10], salvage radiotherapy was
performed immediately after surgery, while in
Wiegel et al [11], radiotherapy was not per-
formed until 8-12 weeks after surgery. The
intensity of argument in our study may be
impaired by these facts et al.Miyake et al.s
report [18] showed that the conventional meth-
od of target delineation in postoperative radio-
therapy could basically meet the dosage
demand. But exposure dosage for normal tis-
sues was obviously higher than that in 3-dimen-
sional conformal radiotherapy (3-DCRT) [19].
The latter had the main advantages of reducing
the exposure dosage for normal tissues and
optimizing the dosage distribution in target
region. The 6-field conformal radiotherapy only
reduced the dosage for femoral head, while the
dosage for target region, bladder and rectum
did not differ significantly from that in 4-field
conformal radiotherapy.

The present study has the following defects: (1)
Although all included RCTs had a high quality,
the biases of the included RCTs had an inevita-
ble impact on meta-analysis; (2) All included
RCTs were carried out by researchers from the
western countries, and the differences in the
level of medical care may influence the conclu-
sions; (3) The treatment cycle, follow-up time
and the indicators varied from one RCT to
another. We suggest that CONSORTS (Conso-
lidated Standards of Reporting Trials) should be
used in outcome reporting. The findings of the
present paper need to be confirmed by multi-
centerand large-sample RCTs that are designed
in strict accordance with relevant standards
and have a longer follow-up period.
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