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ABSTRACT
Objective: Radical prostatectomy reduces mortality among patients with localized prostate cancer, how-
ever up to 35% of patients will experience biochemical recurrence, often treated with salvage radiother-
apy. The objective of the study was to investigate long-term effects of salvage radiotherapy.

Methods: A prospective, controlled, non-randomized trial at 14 Swedish center’s including 4,003 patients
scheduled for radical prostatectomy 2008-2011. A target trial emulation approach was used to iden-
tify eligible patients that was treated with salvage radiotherapy. The control group received no salvage
radiotherapy. Outcomes were assessed by patient questionnaires on ordinal scales and statistical group
comparisons were made using ordered logit regression with adjustment for baseline outcome and con-
founding factors. The primary endpoints were bowel, urinary and sexual function and bothering due to
dysfunction at 8 years.

Results: Eleven percent (330/3,139) of the analyzed study population received salvage radiotherapy. Fecal
leakage, leakage of mucus and hematochezia were more common after receiving salvage radiotherapy com-
pared with the control group; 4.5% versus 2.6% odds ratio (95% confidence interval [Cl]): (1.90 [1.38; 2.62]),
6.8% versus 1.5% 4.14 (2.98; 5.76) and 8.6% versus 1.2% 4.14 (2.98; 5.76), respectively. Urinary incontinence,
erectile dysfunction and hematuria were more common after receiving salvage radiotherapy, 34% versus
23% 2.23 (2.65; 3.00), 65% versus 57% 1.65 (1.18; 2.29) and 16% versus 1.6% 11.17 (5.68; 21.99), respectively.
Conclusion: Salvage radiotherapy was associated with increased risk for fecal leakage, hematochezia,
urinary incontinence and hematuria. Our results emphasize the importance of selecting patients for sal-
vage radiotherapy to avoid overtreatment and to give high quality pre-treatment information to ensure
patients’ preparedness for late side-effects.
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The potential benefit of salvage radiotherapy must however
be balanced against the possible detrimental effect on func-
tional outcomes [8]. There is a lack of high-level evidence
regarding late side-effects after salvage radiotherapy such as
urine, bowel and sexual impairment. Published studies within
the field have reported conflicting results [8-13].

Introduction

Prostate cancer is one of the most common malignancies
worldwide and the fifth leading cause of death [1]. Organ con-
fined prostate cancer is potentially curable by radical prosta-
tectomy, however up to 35% of patients will suffer from
recurrence, manifested initially as a rising serum prostate-

specific antigen (PSA) called biochemical recurrence [2-4].
The European guidelines state that early salvage radiotherapy
provides a possibility of cure for patients with biochemical
recurrence after radical prostatectomy [5]. Salvage radiother-
apy achieves biochemical control in approximately half of
the patients and is reported to improve overall survival [6, 7].

The Laparoscopic Prostatectomy Robot Open (LAPPRO) trial is
a prospective, controlled, non-randomized trial where robot
assisted laparoscopic prostatectomy was compared with open
retropubic prostatectomy. The primary aim was to compare
urinary incontinence 12 months postoperatively [14]. The cohort
has been followed for 8 years so far and recently the 8-year results
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were published showing no difference regarding urinary
incontinence between surgical techniques but erectile
dysfunction and prostate cancer-specific mortality was
significantly lower in the robot group [15].

In the current analysis we investigated the long-term effects
of salvage radiotherapy on functional outcomes as well as
distress caused by functional impairments 8 years after radical
prostatectomy in the LAPPRO cohort.

Materials and methods
Overview

LAPPRO is a multicenter trial that included patients from 14
Swedish urological centers [16]. Patients included between
September 1, 2008 and November 7, 2011, were under 75 years
of age, had non-metastasized prostate cancer, tumor stage <T4,
PSA <20 ng/mL, and gave informed consent. The LAPPRO study
was approved by the Regional ethical review board in
Gothenburg (Dnr 277-07) and registered in the Current
Controlled Trials database (ISRCTN06393679).

In this prospective study the definition of salvage radiotherapy
used was: radiotherapy given later than 12 months following
surgery for a detectable PSA level, after initial postoperatively
undetectable PSA. The trial protocol did not include any
recommendation of when/how salvage radiotherapy should be
given, but this was expected to be in accordance with national
guidelines and the absolute majority used modern technology
with improvements in the delivery of Salvage Radiotherpy (SRT)
by what is called intensity-modulated RT (IMRT), and the rotation
arc method designated volumetric modulated arc therapy (VMAT).

Data collection

Clinical data were collected by health care personnel using
clinical report forms (CRFs) preoperatively and at 3, 12, and 24
months postoperatively. Patient-reported outcomes including
functional outcomes were collected using validated question-
naires at the same times as for CRFs and also at 6 and 8 years
postoperatively. The questionnaires in LAPPRO were created
from themes identified during interviews with patients with
prostate cancer. The resulting questions were thereafter
expert- and face-validated before the questionnaires were
finalized. The validation process has been described in detail
[16]. The questionnaires were mailed to the patients and
returned to a third party. Data from the National Prostate
Cancer Register (NPCR) regarding radiotherapy at any time
following prostatectomy was retrieved, including dose and
time for radiation.

Study design

The current analysis was performed according to a target trial
emulation framework [17] where the target trial aimed at estimat-
ing the causal effect (intention to treat) of salvage radiotherapy
after radical prostatectomy on functional outcome and quality of
life 8 years after surgery in the target population. The target

population was characterized at surgery as: under 75 years of age,
non-metastasized prostate cancer, tumor stage <T4, PSA <20 ng/mL.
Eligibility criteria at time zero were undetectable PSA within 6-12
weeks of radical prostatectomy, no radiotherapy within 12 months
after surgery. Patients receiving radiotherapy between 6 and
8 years after surgery were excluded based on the short time of
exposure until 8-year follow-up.

Patients were assigned to a group (Radiotherapy or Control)
according to an incident exposure approach, where patients
having received salvage radiotherapy between the time of
completing the 12 months questionnaire (baseline) and 5 years
later (between 1 and 6 years after surgery, that is 2 years before
the 8-year follow-up) were assigned to the Radiotherapy group.
This analysis was designed to emulate a hypothetical target trial
of two groups; the SRT versus no-SRT. The control group (no-
SRT) consisted of patients that from baseline (1 year after
surgery, when most of the side-effects from surgery such as
incontinence would not improve more) and until 8 years
postoperatively did not receive any SRT. The intervention group
(SRT) consisted of patients who after baseline (for this study),
that is 12 months after prostatectomy received SRT at any time
until 6 years after surgery. The collection of data at baseline as
well as all follow-ups were the same in both groups.

Information on radiotherapy was collected from the National
Prostate Cancer Register, the CRFs and the questionnaires.
Patients not having received radiotherapy between 1 and 8
years follow-up were assigned to the control group.

Outcome measures

Patient-reported outcomes including functional outcomes such as
bowel, urinary and erectile function, the distress of functional
impairment, and physical health, were collected using a validated
questionnaires at 1 and 8 years after surgery (Table S1). All ques-
tions were assessed both at 12 month baseline and 8-year fol-
low-up, apart from the four questions ‘How often do you open your
bowels?, ‘Have you noticed mucus from the anus during the last
month?;'Open your bowels again within one hour' and'Distress due to
impaired bowel function;, which were only measured after 8 years.

Statistical analyses

A statistical analyses plan was defined before access to data. To
estimate the causal effect of salvage radiotherapy, identified
confounding variables (age at surgery, pathological tumor
stage, Gleason score on biopsy, surgical technique, that is
robot-assisted laparoscopic prostatectomy or open retropubic
radical prostatectomy, preoperative smoking status, preopera-
tive PSA and prostate weight of specimen) were adjusted for.
The effect of salvage radiotherapy on functional outcomes was
estimated using an ordered logit regression model [18] for ordi-
nal outcomes with baseline level (12 month questionnaire)
included as covariate (where applicable). The variables identi-
fied as confounders were also included as covariates for adjust-
ment. Continuous variables (age, PSA and prostate weight) were
standardized before analysis. Results were presented as odds



ratio, OR, (intervention vs. control), 95% confidence intervals.
Missing data in the adjustment variables were imputed using 10
predictive mean matching imputations [19] and were subse-
quently pooled using Rubin’s rule [20]. Missing values in out-
comes were not imputed. The primary analysis was adjusted
analyses with imputations whereas adjusted complete case
analysis and unadjusted analysis were supportive. The analysis
was made without dichotomization, but to aid the reader in the
interpretation of the results, the prevalence of dichotomized
outcomes was reported. Since the cut-offs for the dichotomiza-
tions are arbitrary and induce loss of information, they should
be interpreted with caution and the odds ratios and the bar
plots should provide the basis for conclusions. Two sensitivity
analyses were performed; firstly, an analysis where patients
receiving hormone therapy before or during follow-up were
excluded from and secondly, where an alternative group assign-
ment was used based on a time window of 1 year after surgery
and 3 years before 8-year follow-up. The R software was used for
these analyses, with the packages mice [21] for multiple imputa-
tions and ordinal [22] for the parameter estimation.

Results

The LAPPRO trial enrolled a total of 4,003 patients between 2008
and 2011, and 3,583 fulfilled the criteria to be included in the
main study. A total of 3,139 patients fulfilled the criteria at
baseline for the current trial emulation, where 330 out of
3,139 patients received salvage radiotherapy (Figure 1). Median
(minimum; maximum) time from prostatectomy to initiation of
radiotherapy was 28 (12; 74) months. Between the 12 months
baseline and 8-year follow-up 4.2% and 21% of the patients in
the radiotherapy group received chemotherapy and hormone
therapy, respectively. In the control group 1% and 3.6% received
chemotherapy and hormone therapy, respectively.

Patient demographics

Patient, tumor, and surgical characteristics for the patients
assigned to the two groups are presented in Table 1. Patients in

Included patients (N=4003)
Start date: Sept., 1 2008
End date: Nov. 7, 2011

No informed consent,
withdrawn consent, not

— understanding Swedish,
Excluded due to physical,
psychosocial or practical reasons
(N =298)

Not meeting inclusion criteria
(Age>75 yr, PSA level 2 20 ng/mL,
tumour stage 2T4, Metastatic
disease) (N = 122)

N=3583

Received radiotherapy laterthan 6
years postoperatively (N = 188)

Excluded due to radiotherapy
before 12 month (CRF or registry) or
residual disease: 256

Evaluable patients
N=3139

I—I—I

Radiotherapy Control group
N =330 N = 2809

Figure 1. Study flow diagram.

SCANDINAVIAN JOURNAL OF UROLOGY 13

the salvage radiotherapy group had more advanced disease as
defined by tumor stage preoperatively, Gleason score and
D’Amico risk group. Bowel, urinary and erectile function and
physical health at 12 months baseline are presented in
Figures S1-S3 in the Supplement. Functional outcomes at base-
line, that is 12 months after surgery were similar between
groups. The questionnaire response rate at 8 years after surgery
was 75%.

External salvage radiation therapy

The salvage radiation therapy was delivered as 2 Gray (Gy) per
fraction 35 times, resulting in a total dose of 70 Gy in the major-
ity 72% (239/330) of the patients. One patient each received 50
Gy, 54 Gy, and two received 78 Gy, respectively mainly with
3D-conformal radiotherapy of the prostate bed according to the
Swedish National Guidelines of Prostate cancer. Information on
dosing regimen was missing for 91 patients. Information about
patient-specific dose distributions and alignment of target vol-
umes was not available.

Bowel function

Fecal leakage was more common after radiotherapy as found
in answers to question about ‘accidentally leaked liquid stool’
with 4.5% in Radiotherapy group versus 2.6% in Control
group, ‘accidentally leaked liquid stool’ once a week or daily,
Odds ratio (95% Cl): 1.90 [1.38; 2.62]), ‘mucus from anus’, 6.8%
versus 1.5% (4.14 [2.98; 5.76]), ‘leakage of feces in clothes,
5.6% versus 2.4%, (2.18 [1.18; 4.04]), respectively in
Radiotherapy and Control groups (Figures 2, 3A and 3B and
Tables S2 and S3 in the Supplement). Bleeding from the anus
was more common after salvage radiotherapy, 8.6% versus
1.2% in control (3.21 [2.32; 4.44]) as was flatulence, 25% ver-
sus 14% (1.82 [1.40; 2.37]), whereas distress due to bowel
symptoms did not differ, 7.8% versus 6% (1.27 [0.90; 1.80]).
Defecation urgency was more common in the group given
salvage radiotherapy as reported in answers to questions
about need ‘to rush to the toilet’, 14% versus 5% (3.22 [2.46;
4.21]),'open your bowels again within 1 hour, 17% versus 9.4%
(1.53[1.18; 1.98]). There was no statistically significant differ-
ence in 'how often do your open your bowels’, 3% versus 2.5%
(1.23 [0.92; 1.64]).

Urinary function

Eight years after radical prostatectomy we found urinary bleeding
(hematuria) (16% vs. 1.6% (11.17 [5.68; 21.99]), urinary inconti-
nence (change of sanitary protection), 34% versus 23% (2.23
[1.65; 3.00]) and urgency (need to urinate within 2 h), 13% versus
7.4% (1.52 [1.18; 1.96]) were significantly more common after sal-
vage radiotherapy versus no radiotherapy (‘control’). Distress
from urinary symptoms was more common after radical prosta-
tectomy and salvage radiotherapy than after prostatectomy
alone, 9.5% versus 6.8% (1.49[1.11; 2.00]), (Figure 2 and Figure S4
in the Supplement).
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Table 1. Patient characteristics.

Characteristic

Overall, N = 3,583’

Not included, N = 444’

Radiotherapy, N = 330’

Control, N =2,809'

Age at surgery
University education
Missing

In a relationship
Missing

Residence

Abroad

Rural

Urban

Missing

Smoking status
Current

Former

Never

Missing

Body mass index, kg/m?
Missing
Cardiovascular disease
Missing

Diabetes

Missing

COPD

Missing

Clinical T stage

T

T2

T3

Missing

Gleason score on biopsy
ISUP grade 1

ISUP grade 3

ISUP grade >3
Missing

Preoperative prostate-specific antigen,
ng/mL

Missing

DAmico riskgroup
Low

Medium

High

Missing

Pathological T stage

T2

T3

T4

Missing

Gleason score for specimen
ISUP grade 1

ISUP grade 3

ISUP grade >3

Missing

Prostate weight, g

Missing

Surgical technique

Open Radical Prostatectomy
Robot-assisted Radical Prostatectomy

63 (59, 67)
1,195 /3,136 (38%)
447
2,859 /3,134 (91%)
449

14/3,133 (0.4%)
453 /3,133 (14%)
2,666 /3,133 (85%)
450

300/ 3,130 (9.6%)
1,571/ 3,130 (50%)
1,259/ 3,130 (40%)
453
26 (24, 28)
429
1,091/ 3,120 (35%)
463
198/ 3,126 (6.3%)
457
78/3,122 (2.5%)
461

2,116 /3,478 (61%)
1,256/ 3,478 (36%)
106/ 3,478 (3.0%)
105

1,814/3,551 (51%)
1,534 /3,551 (43%)
203/ 3,551 (5.7%)
32
6(4,9)

28

1,031/3,519 (29%)
2,191/3,519 (62%)
297/ 3,519 (8.4%)
64

2,542 /3,496 (73%)
940/ 3,496 (27%)
14/ 3,496 (0.4%)
87

1,282/ 3,522 (36%)
2,012/3,522(57%)
228/ 3,522 (6.5%)
61
43 (35,53)

59

885/ 3,583 (25%)
2,698/ 3,583 (75%)

Preoperative patient characteristics

63 (59, 66)
125/371 (34%)
73
343/371(92%)
73

0/371 (0%)
57 /371 (15%)
314 /371 (85%)

73

44 /372 (12%)

174 /372 (47%)

154 /372 (41%)
72

26 (24, 28)

70

139/370 (38%)
74

22/371(5.9%)
73

9/372 (2.4%)
72

224 /432 (52%)

186 /432 (43%)

22/432(5.1%)
12

187 /437 (43%)
210/ 437 (48%)
40/ 437 (9.2%)
7
7(5,10)

91/435 (21%)

286 /435 (66%)

58/435 (13%)
9

64 (60, 67)
122/299 (41%)
31
281 /300 (94%)
30

3/300 (1.0%)
45 /300 (15%)
252 /300 (84%)

30

22/298 (7.4%)

157 /298 (53%)

119 /298 (40%)
32

26 (24, 28)

29

109/298 (37%)
32

14 /298 (4.7%)
32

9/297 (3.0%)
33

164 /315 (52%)

134/ 315 (43%)

17 /315 (5.4%)
15

116/ 325 (36%)
181 /325 (56%)
28 /325 (8.6%)
5
7(5,9)

64 /321 (20%)

214 /321 (67%)

43 /321 (13%)
9

Postoperative characteristics

255/429 (59%)
172/ 429 (40%)
2/429(0.5%)
15

121/ 435 (28%)
263 /435 (60%)
51/435(12%)
9
41 (34,52)
6

135 /444 (30%)
309 / 444 (70%)

1757321 (55%)
145 /321 (45%)
1/321(0.3%)
9

49/324 (15%)
237 /324 (73%)
38/324(12%)
6
42(33,52)
7

77 /330 (23%)
253/330(77%)

63 (58, 67)
948 / 2,466 (38%)
343
2,235/2,463 (91%)
346

11/ 2,462 (0.4%)
351/2,462 (14%)
2,100/ 2,462 (85%)
347

234 /2,460 (9.5%)
1,240/ 2,460 (50%)
986 / 2,460 (40%)
349
26 (24, 28)
330
843 /2,452 (34%)
357
162 /2,457 (6.6%)
352
60/ 2,453 (2.4%)
356

1,728/ 2,731 (63%)
936/2,731 (34%)
67 /2,731 (2.5%)

78

1,511/ 2,789 (54%)
1,143 /2,789 (41%)
135/2,789 (4.8%)
20
6(4,9)

20

876/ 2,763 (32%)

1,691/2,763 (61%)

196 /2,763 (7.1%)
46

2,112/ 2,746 (77%)
623 /2,746 (23%)
11/2,746 (0.4%)

63

1,112 /2,763 (40%)
1,512/ 2,763 (55%)
139/ 2,763 (5.0%)
46
43 (35,54)
46

673 /2,809 (24%)
2,136/ 2,809 (76%)

(Continued)
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Characteristic

Overall, N = 3,583’

Not included, N = 444’

Radiotherapy, N = 330’

Control, N =2,809'

12 month baseline patient characteristics

Hormone therapy 81/3,402 (2.4%) 26 /406 (6.4%) 4/312(1.3%) 51/2,684(1.9%)
Missing 181 38 18 125
Chemotherapy 11/ 3,386 (0.3%) 3/401 (0.7%) 2/311(0.6%) 6/2,674(0.2%)
Missing 197 43 19 135

Other therapies 6/ 3,249 (0.2%) 1/362(0.3%) 1/296 (0.3%) 472,591 (0.2%)
Missing 334 82 34 218

High blood pressure 418/ 3,274 (13%) 48 /393 (12%) 45/320 (14%) 325/2,561 (13%)
Missing 309 51 10 248
Myocardial infarction 21/ 3,264 (0.6%) 2/391(0.5%) 3/318(0.9%) 16/ 2,555 (0.6%)
Missing 319 53 12 254

Other cardiovascular conditions 130/ 3,274 (4.0%) 9/393(2.3%) 15/320 (4.7%) 106/ 2,561 (4.1%)
Missing 309 51 10 248

Deep vein thrombosis 31/3,270(0.9%) 6/393 (1.5%) 1/321(0.3%) 24/ 2,556 (0.9%)
Missing 313 51 9 253
Stroke or hemmorhage in brain 6/3,271 (0.2%) 0/392(0%) 0/321(0%) 6/2,558(0.2%)
Missing 312 52 9 251
Number of changes of pad, diaper or other

sanitary protection during 24 h

Don‘t use pads 2,179/ 3,331 (65%) 270/ 404 (67%) 204 /326 (63%) 1,705 /2,601 (66%)
<1 pads 388/3,331 (12%) 43 /404 (11%) 49 /326 (15%) 296 /2,601 (11%)
1 pads 456 /3,331 (14%) 56 /404 (14%) 49 /326 (15%) 351/2,601 (13%)
>1 pads 308/ 3,331 (9.2%) 35/404 (8.7%) 24 /326 (7.4%) 249/ 2,601 (9.6%)
Missing 252 40 4 208

When erections with sexual stimulation how

often was your erection hard enough for

penetration

Not applicable 1,256 / 3,342 (38%) 150 /406 (37%) 127 /326 (39%) 979/ 2,610 (38%)
Never fully stiff 1,076 / 3,342 (32%) 142 / 406 (35%) 101/ 326 (31%) 833/2,610 (32%)
Less than 50% 361/3,342 (11%) 47 / 406 (12%) 40/ 326 (12%) 274 /2,610 (10%)
More than 50% 382/3,342 (11%) 36 /406 (8.9%) 31/326(9.5%) 315/2,610 (12%)
Always 267/ 3,342 (8.0%) 31/406 (7.6%) 27 /326 (8.3%) 209/2,610 (8.0%)
Missing 241 38 4 199

Urge to open your bowels

No, never 2,657 /3,337 (80%) 288 /404 (71%) 271/ 326 (83%) 2,098 /2,607 (80%)
<1/week 420/ 3,337 (13%) 58 /404 (14%) 34/326 (10%) 328/2,607 (13%)
>1/week 260/ 3,337 (7.8%) 58 /404 (14%) 21/ 326 (6.4%) 181/ 2,607 (6.9%)
Missing 246 40 4 202
'Median (IQR); n /N (%).

Erectile function Discussion

Erectile dysfunction was more common in patients who had
undergone salvage radiotherapy, 65% versus 57%, (1.65 [1.18;
2.29]). No difference between groups regarding distress due to
the sexual function could be demonstrated, 23% versus 25%
(0.9210.71; 1.201), (Figure 2 and Figure S5 in the Supplement).

The sensitivity analysis where patients receiving hormone
therapy before or during follow-up were excluded showed
similar results as the main analysis but group differences
were in general attenuated and estimated with greater
uncertainty rendering several comparisons non-significant
(Figure S6). The sensitivity analysis with group assignment
based on a window of 1 year after surgery to 3 years before
follow-up gave similar results numerically and no change in
conclusions.

In this prospective multicenter controlled study we found that
initiating salvage radiotherapy as treatment of biochemical
recurrence after a radical prostatectomy caused more fecal leak-
age, hematochezia, urinary incontinence and hematuria meas-
ured 2-5 years after salvage radiotherapy in comparison with
the control group (without radiotherapy).

Intestinal health after salvage radiotherapy

We found that fecal leakage was almost twice as common after
salvage radiotherapy compared with those who did not receive
radiotherapy (4.5% vs. 2.6%). Prevalence of similar magnitude
was reported 10 to 13 years after salvage radiation in a cohort of
181 participants (5%) [23] and in a single-center study with up
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Radiotherapy Control Odds ratio (95%Cl)
Times change pad, diaper or other X :
sanitary protection during 24 hours 92(34%)  469(23%) 2.23(95%CI:1.65;3) s
H ften hi had
Howorten nave yOUnad o yqyq0) 4537 49)  152(95%CI:1.18,1.96) e
urinate again within two hours
How often h; had difficult
cuonien have you nad GIEY  as(1av%)  20209.8%)  1.38(95%CI1.07:1.79)  —
postponing urgent urination
How chten, on averagg. gotten 102(40%)  616(30%) 1.41(95%CI:1.09;1.82) =
up and urinated during a typical night
Sought medical attention due to .
bleeding from the urinary tract or catheter 23(16%) 18(1.6%)  11.17(35%Cl568;21.99)
When erections with sexual
stimulation how often was your 104(65%)  852(57%)  1.65(95%CI:1.18;2.29) p—————
erection hard enough for penetration
sions when you could not cor'!trul B6(25%)  299(14%) 1.82(95%C1:1.4:2.37) p——
your flatus (wind)
Occasions when you accidentally leaked liquid stool  12(4.5%) 53(2.6%) 1.9(95%CI:1.38;2.62) i
Such urge to open your BOWEIS 57010y yoaism)  3.22(95%C1246:4.21) —
you had to rush to the toilet
Bleeding fromanus  23(B6%)  25(1.2%) 3.21(95%Cl:2.32:4.44) —
How often do you open your bowels 8(3%) 52(25%)  1.23(95%Cl0.92;1.64) I E—
Mucus from anus ~ 18(6.8%)  30(15%) 4 14(95%C1:2.98:5.76) ——
Need to open bowels within 1 hour after the previous  45(17%)  194(9.4%)  1.53(95%CI:1.18:1.98) —e—
Emptied all the fer i
MPLen 87 7he BORS YO sisev)  49(24%)  2.18(95%CI1.18:4.04) —_—
clothes without warning
Physical health 150{56%) 1060{51%) 1.33(95%CI1:1.04;1.69) e
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Figure 2. Patient-reported outcomes for the group who received salvage radiotherapy and the control group (without salvage radiotherapy) 8 years post-

operatively and odds ratio.

to 10-year follow-up [13], and interestingly only 3% after 1-3
years follow-up. A large single center study (n = 985 patients)
found 9% with fecal leakage in the salvage radiation group with
an average follow-up of 4 years (2-14 years) and that fecal leak-
age and urgency were the most bothersome symptoms [24].
The ‘fecal-leakage syndrome’ (emptying all the feces in the
clothes without warning) after pelvic radiation therapy has been
found to increase over time [25]. In our control group, radical
prostatectomy but no radiotherapy, 2.4% reported fecal leakage
more than once a week, similar to what was found (3%) in a
Swedish reference population [26]. Another study of 113
patients having salvage radiotherapy compared with 1,312
patients that underwent radical prostatectomy alone found
‘increased bowel irritative symptoms’ using patient reported
data and 5-year follow-up [27].

Other ways to measure ‘intestinal health’are common, such
as ‘gastrointestinal toxicity. A randomized, multicenter
trial of 1,005 patients comparing immediate postoperative
radiotherapy, later salvage radiation treatment or wait and see
until biochemical or clinical relapse, found no difference in
‘grade 2 or higher’‘gastrointestinal toxicity’ (2.5% [1.1-3.9] vs.
1.9% [0.7-3.2]; p = 0.47) between groups after 10 years [6]. A
randomized trial (n = 388 patients with pT3NO prostate cancer)
compared watchful waiting and conformal adjuvant
radiotherapy with 60 Gy and after 10 years they found hardly
any grade 2 or higher toxicity [7]. Apicella et al. found <1%

‘grade 3’ rectal toxicity and no ‘grade 4’ toxicity in a study of
postoperative radiotherapy (66 Gy) with 2 years follow-up [28],
whereas salvage radiotherapy (70 Gy) combined with short-
term neoadjuvant hormonal therapy in a study of 184 patients
resulted in 23% ‘grade 1), 9% ‘grade 2 plus 3" and 5% ‘grade 4’
toxicity after 4-year follow-up [29]. It is, however important to
know that a ‘grade 2’ gastrointestinal toxicity as defined by
Radiation Therapy Oncology Group/European Organization for
Research and Treatment of Cancer (RTOG/EORTC) and by the
authors above considered as ‘mild; constituted diarrhea with
bowel movements more than five times daily as well as
excessive rectal mucus discharge and intermittent bleeding.
When evaluating side-effects, the means for measurement are
of utmost importance. Most publications about side-effects
after radiation are based upon doctor-reported toxicity, which
may report such symptoms with lower sensitivity than if
reported by patients [30, 31]. Our patient-reported data
support the current evidence that salvage radiotherapy is
associated with significant risk for late bowel dysfunction and
worse urinary dysfunction. Thus, before initiating radiotherapy
a baseline patient report on intestinal and urinary health is
important, to improve patient selection to avoid treating
patients at risk for significant side-effects. It is possible that
improved work-up of patients with recurrent disease, such as
Prostate-Specific Membrane Antigen Positron Emission
Tomography (PSMA-PET) currently under investigation in
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therapy) 8 years postoperatively (%).

ongoing trials could add information for better patient
selection and hopefully help minimizing the group of patients
with the combination of no oncological benefit and worse
functional outcome as a result of salvage radiotherapy.

Incontinence and erectile dysfunction after salvage radio-
therapy

Salvage radiotherapy resulted in significantly increased risk for
incontinence and erectile dysfunction. The increase (34% vs.
23%) in urinary incontinence after salvage radiation was of sim-
ilar magnitude to what was found by others 10-13 years after
salvage radiotherapy where 31% of the patients had moderate/

severe problems from leaking urine compared with 19% before
the radiation treatment [23].

Bleeding from the urinary tract (hematuria) as a late side-
effect of salvage radiotherapy has previously been evaluated in
a few studies [12, 13, 23, 32]. It was reported by one fifth of our
patients after salvage radiotherapy compared with 5% as found
in the multicenter randomized Timing of radiotherapy after
radical prostatectomy (RADICALS-RT) trial comparing adjuvant
with salvage radiation after 4.9 years [33]. That we found four
times as many patients with hematuria could probably be
explained by a higher sensitivity in patent reported data
compared with clinically reported data in combination with
longer follow-up time.
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Erectile dysfunction (erection hard enough for penetration
less than 50% of times) was somewhat more frequent after
salvage radiotherapy (65% vs. 57%) which is a larger difference
than in a single center Swedish study, which concluded no
indication of deterioration of sexual function after salvage
radiotherapy [13]. However, the use of antiandrogen
(Bicalutamide) in the salvage radiation arm was almost six times
as common as in the control arm (21% vs. 3.6%), which most
probably did affect the erectile dysfunction result. Also, a
relatively small proportion of men retained good erectile ability
after radical prostatectomy. Only 16% of selected patients with
low risk cancer operated with bilateral nerve-sparing surgery
had preserved potency (defined as International Index of
Erectile Function (IIEF) score > 21) 1 year after surgery [34]. This
can be interpreted as a ceiling effect where no further
deterioration due to radiotherapy was possible.

We found that distress from urinary symptoms was not only
more common after salvage radiotherapy compared with radical
prostatectomy alone but also that distress from bowel dysfunction
was not more common after radiotherapy, which is in contrast to
findings of others [24]. The reason for this could be that in our
questionnaire, as was the case in Braide et al., patients answered
one question about distress from all bowel symptoms, while
Alsadius asked questions about distress from each of the bowel
symptoms separately [24]. The questions on symptoms largely
correspond to the five syndromes of bowel dysfunction after
pelvic radiation described earlier [25], namely frequency of
emptying, leakage of feces, leakage of gas, discharge of mucus
and bleeding from the rectum. These are also close to symptoms
described after treatment of rectal cancer by low anterior
resection and for some also neoadjuvant (chemo) radiotherapy, in
that situation called ‘low anterior resection syndrome, LARS and
evaluated by an instrument ‘LARS score’ [35]. Neoadjuvant
radiotherapy was one of two important risk factors for the
development of ‘major LARS'[36].

Strengths and limitations

The strengths of this study include the prospective design, the
collection of patients’' reports by a third party as opposed to the
responsible urology department. Reporting side-effects after
radiation therapy is rarely based upon patient reported out-
comes but often upon doctor-reported toxicity [6, 7]. Further
strengths were the high response rate for the questionnaires
and the multicenter approach, which increased external validity
of the results. The target trial emulation approach with a clearly
defined starting point of the trial at 12 months after radical pros-
tatectomy, with baseline levels and incident exposure approach
to group assignment, enabled us to limit selection bias [17],
however it cannot fully mimic a randomized controlled trial
but rather a pragmatic open-label study. The main limitation is
that the current aim was not the primary aim of the LAPPRO
trial. The analyses did not include effects of radiotherapy given
before 12 months after surgery, which could represent a
strength in that adverse effects of surgery were stable at base-
line. This could mean that difference between salvage and

control groups in our analyses were limited. Even after adjust-
ment residual confounding could remain. The limited data of
the details regarding the radiation given is a limitation, however
itis reasonable to assume that almost all of patients were treated
according to guideline recommendations.

Conclusion

Salvage radiotherapy was associated with significant morbidity
in terms of fecal leakage, hematochezia, urinary incontinence
and hematuria, however salvage radiotherapy is the only availa-
ble potentially curative treatment of biochemical recurrence
after a radical prostatectomy. The results emphasize the impor-
tance of pre-treatment assessment of intestinal and urinary
health as well as patient information to ensure patients’ prepar-
edness for quality of life lowering side-effects of this potentially
curative adjuvant treatment. The process should aim for balanc-
ing the net benefit between oncological effect and functional
outcomes. Ongoing and future randomized studies evaluating
optimized diagnostic methods before initiating salvage radio-
therapy, for example PSMA-PET, might add knowledge for
improved patient selection.
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