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ABSTRACT
Intractable late urinary toxicity is a serious complication after radiotherapy for patients with localized prostate cancer
(LPC). We assessed clinical factors correlated with severe late urinary toxicity in LPC treated with curative image-
guided intensity-modulated radiation therapy (IMRT). A total of 452 patients with LPC treated with IMRT between
2002 and 2016 were retrospectively analyzed. Among them, 432 patients received androgen deprivation therapy
(ADT). The median total irradiated doses were 80 (range, 76–80) Gy. Each daily dose was 2 Gy per fraction. The
median follow-up was 83 (range, 4–210) months. Late urinary toxicity was scored according to the National Cancer
Institute Common Terminology Criteria for Adverse Events, Version 4.03. Grade 3 late urinary toxicity was observed
in 27 patients. No cases with grade ≥ 4 late urinary toxicity were observed. The 5-, 10-, and 12.5-year grade 3 late
urinary toxicity-free survival rates were 97%, 91.8% and 88.1%, respectively. Age, risk classification, total irradiated
dose, ADT duration, antithrombotic therapy (AT), cardiovascular disease, hypertension (HT), diabetes mellitus
(DM), dyslipidemia (DL), prior transurethral resection of the prostate (TURP) and prior high-intensity focused
ultrasound (HIFU) were investigated for correlations with grade 3 late urinary toxicity. In univariate analysis, AT
and prior HIFU and no other studied factors, were correlated with grade 3 late urinary toxicity. AT and prior HIFU
appear to be predictive of grade 3 late urinary toxicity. Patients with LPC with these relevant clinical factors should be
carefully followed up by sharing detailed information with the urology department.
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INTRODUCTION
At present, the advantages of delivering high-dose external beam radio-
therapy (EBRT) to achieve optimal tumor-control outcomes have been
widely recognized in patients with localized prostate cancer (LPC)
[1–4]. The effectiveness of high-dose EBRT for improving overall
survival after image-guided intensity-modulated radiation therapy
(IMRT) as a nonsurgical treatment for LPC has also been indicated

[3–7]. As long-term treatment results improve with the develop-
ment of the latest technology, maintaining patients’ quality of life
with reduced adverse events has become more important [8–11].
Intractable late urinary toxicity is a serious complication of EBRT
for patients with LPC. Several authors have reported various related
factors [12–18]; however, studies regarding clinical factors correlated
with serious long-term late urinary toxicity after high-dose EBRT are
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limited. Therefore, in this study, we retrospectively assessed clinical
factors correlated with severe long-term late urinary toxicity in patients
with LPC who underwent image-guided IMRT.

MATERIALS AND METHODS
Patient characteristics

The medical records of 452 consecutive patients with LPC who were
treated with image-guided IMRT at our institution between 2002 and
2016 were retrospectively analyzed. The median patient age was 69
(range, 47–85 years). The patients’ characteristics are shown in Table 1.
The patients were classified as intermediate- (n = 72) or high-risk (n
= 380) according to the National Comprehensive Cancer Network
(NCCN) guidelines. Of the patients, 432 received androgen depri-
vation therapy (ADT). The American Joint Committee on Cancer
clinical T stage was T1 in 95 patients, T2 in 107, T3 in 245, and T4 in
5. The comorbidities were antithrombotic therapy (AT) in 89 patients,
cardiovascular disease in 84, hypertension (HT) in 149, diabetes melli-
tus (DM) in 66, dyslipidemia (DL) in 21, prior transurethral resection
of the prostate (TURP) in seven, and prior high-intensity focused
ultrasound (HIFU) treatment in four. All the patients provided written
informed consent before the start of the study. This study was approved
by the Institutional Research Ethics Committee (approval No. 2011-
360).

Radiotherapy
The details of the techniques for IMRT treatment planning and deliv-
ery were previously reported [6, 19]. Eclipse (release 6.5 or 11.0;
Varian Medical Systems, Palo Alto, CA, USA) was used for the dose
calculations. All patients were treated with doses prescribed to them
in 2-Gy daily fractions. The prescribed dose used to cover 95% of the
target volume (D95) was 76 Gy in 69 patients, 78 Gy in 13, and 80
Gy in 370. The maximum dose heterogeneity allowable in the planning
target volume (PTV) was 10%. Each treatment plan was optimized to
ensure that no more than 65% of the rectal and urinary bladder walls
received >35 Gy (V35 ≤ 65%); no more than 45% of the rectal and
urinary bladder walls received >55 Gy (V55 ≤ 45%); no more than
25% of the rectal and urinary bladder walls received >75 Gy (V75 ≤
25%); and the urethral, rectal, and bladder walls received no more than
80 Gy (Table 2). In the overlapping region between the PTV and the
critical organs, the constraint was set to 95% of the prescription dose
for the rectum and 95% for the urethra. The dose constraint for the
urethra has been applied to 419 patients since January 2004. Moreover,
since March 2012, 148 patients have shown the following bladder dose
constraints: no more than 50% of the bladder received >65 Gy (V65
≤ 50%); no more than 35% of the bladder received >70 Gy (V70 ≤
35%); no more than 25% of the bladder received >75 Gy (V75 ≤
25%); and no more than 15% of the bladder received >80 Gy (V80
≤ 15%). The rectal dose constraints were added as follows: no more
than 50% of the rectum received >50 Gy (V50 < 50%); no more than
35% of the rectum received >60 Gy (V60 < 35%); no more than 25%
of the rectum received >65 Gy (V65 < 25%); no more than 20% of
the rectum received 70 Gy (V70 < 20%); and no more than 15% of
the rectum received 75 Gy (V75 < 15%; Table 2). In addition, before
obtaining computed tomography (CT) images during treatment plan-
ning and 30 min before the daily IMRT, the patients urinated to ensure

Table 1. Patient characteristics

(n = 452) (%)

Median age (range)(years) 69 (47–85)
NCCN risk group

Intermediate 72 [16]
High 380 (84)

Clinical T stage
T1 95 [21]
T2 107 [24]
T3 245 (54)
T4 5 [1]

Use of ADT
Yes 432 (96)
No 20 [4]

Median of ADT duration
(range)(months)

11 (0–107)

Total irradiated dose (Gy)/fractions
76/38 69 [15]
78/39 13 [3]
80/40 370 (82)

Presence of cardiovascular disease 84 [19]
Presence of hypertension 149 [33]
Presence of diabetes mellitus 66 [15]
Presence of dyslipidemia 21 [5]
Antithrombotic therapy 89 [20]
Prior TURP 7 [2]
Prior HIFU 4 [1]

NCCN, National Comprehensive Cancer Network; ADT, androgen deprivation
therapy; TURP, transurethral resection of the prostate; HIFU, high-intensity
focused ultrasound

that the bladder was in the same state. Moreover, the patients emptied
their bowels just before the daily IMRT. For every treatment fraction,
the patient was initially prepared using laser marks on the skin and
was then repositioned using the Varian On-Board Imager based on the
positions of the intra-prostatic fiducial markers. Cone-beam computed
tomography (CBCT) images for patient positioning were acquired
every three days in all patients.

Follow-up
Post-treatment follow-up evaluations were performed at intervals of
three to six months for five years and six to 12 months thereafter.
The follow-up period ranged from four to 210 months (median, 83
months).

Toxicity scoring
Late urinary toxicity appeared no earlier than 90 days after IMRT com-
pletion and was assessed using the National Cancer Institute Common
Terminology Criteria for Adverse Events, Version 4.03. In brief, grades
3 and 4 were correlated with severe symptoms requiring hospitalization
or urgent intervention and limited self-care activities of daily living.
Obstruction, incontinence, and radiation cystitis with gross macro-
scopic hematuria are the most commonly reported grade 3 symptoms
[20].
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Table 2. Dose constraints of organs at risk

a. Rectal wall b. Urinary bladder wall c. Urinary bladder d. Rectum

V35 ≤ 65% V35 ≤ 65% V65 ≤ 50% V50 < 50%
V55 ≤ 45% V55 ≤ 45% V70 ≤ 35% V60 < 35%
V75 ≤ 25% V75 ≤ 25% V80 ≤ 15% V65 < 25%

V70 < 20%
V75 < 15%

V XX ≤ YY% means that not >YY% of the organ at risk received >XX Gy.
Between 2002 to 2016, a and b dose constraints were set. In addition, since 2012 to 2016, c and d dose constraints were added.

Fig. 1. The grade 3 late urinary toxicity-free survival rates at 5,
10 and 12.5 years were 97%, 91.8% and 88.1%, respectively.

Statistical analysis
The primary end point was grade ≥ 3 late urinary toxicity. Grade
≥ 3 late urinary toxicity-free survival rates were determined using
Kaplan–Meier estimates. The time to grade ≥ 3 late urinary toxicity
was fit to a univariate proportional hazard regression model to test the
clinical continuous variables such as patient age and ADT duration.
Other clinical variables such as irradiated total doses, NCCN risk group
classification, clinical T stage, presence of cardiovascular disease, HT,
DM, DL, AT, prior TURP, and HIFU were tested using log-rank tests.
Statistical analyses were performed using SPSS version 21.0 software
for Windows. A significance level (two-sided) of p < 0.05 was consid-
ered for all statistical tests.

RESULTS
The median follow-up period was 83 (range, 4–210) months. Grade 3
late urinary toxicity was observed in 27 patients (median onset time,

Fig. 2. The grade 3 late urinary toxicity-free survival rates in
the AT and no-AT groups at 5, 10 and 12.5 years were as
follows: 89.8% and 98.8%, 89.8% and 92.3%, and 75.5% and
92.3%, respectively.

74 months; range, 9–192 months). None of the patients had grade ≥ 4
late urinary toxicity. In those with grade 3 late urinary toxicity, radiation
cystitis and hemorrhage were observed in 16 patients, urethral stricture
was observed in 10, and urethral necrosis was observed in one. All 27
patients were diagnosed clinically with medical examination includ-
ing cystoscope by urologist. In addition, among these 27 patients,
nine patients underwent both urine cytology and diagnostic CT, two
patients received urine cytology, and three patients had diagnostic
CT. Among these patients, none had urinary hemorrhage due to local
failure and five experienced grade 3 late urinary toxicity after >10 years
after IMRT. The five-, 10-, and 12.5-year grade 3 late urinary toxicity-
free survival rates were 97%, 91.8% and 88.1%, respectively (Fig. 1).
Table 3 shows the statistical analysis results for grade 3 late urinary
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Fig. 3. Grade 3 late urinary toxicity-free survival rates in the
prior and no-prior HIFU groups at 5, 10 and 12.5 years were as
follows: 50.0% and 97.5%, 50.0% and 92.1% and 50.0% and
88.3%, respectively.

toxicity. In the univariate analysis, only AT (p = 0.005) and prior HIFU
(p < 0.001) significantly correlated with grade 3 late urinary toxicity.
The respective five-, 10- and 12.5-year grade 3 late urinary toxicity-
free survival rates were as follows: 89.8% and 98.8%, 89.8% and 92.3%,
and 75.5% and 92.3% in the AT and no-AT groups (Fig. 2); 50.0% and
97.5%, 50.0% and 92.1%, and 50.0% and 88.3% in the prior and no-
prior HIFU groups (Fig. 3); 71.4% and 97.5%, 71.4% and 92.1%, and
71.4% and 88.3% in the prior and no-prior TURP groups (Fig. 4).

DISCUSSION
Our results showed that AT and prior HIFU appear to be predictive
of grade 3 late urinary toxicity after curative IMRT for LPC. Mathieu
et al. also reported the relationship between AT and late urinary toxicity
in patients with LPC who were receiving radiotherapy [12]. They
mentioned that AT has already been correlated with gross hematuria
and could be an independent factor of late urinary toxicity. HIFU is
one of the focal therapies and uses transrectally delivered focal ultra-
sound to the prostate to induce coagulative necrosis [21, 22]. Fomkin
et al. [23] insisted on the appropriateness of radiotherapy after HIFU
ablation; however, the urinary toxicity evaluation period in their study
was only one year. Riviere et al. [24] reported acceptable toxicity of
salvage radiotherapy after HIFU for LPC. However, the total doses with
a median of 72 (range, 65–78) Gy were relatively lower than those in
our series. Moreover, the median (range) follow-up period was 36.5
(range, 5–164) months; therefore, careful interpretation is mandatory.

Fig. 4. Grade 3 late urinary toxicity-free survival rates in the
prior and no-prior TURP groups at 5, 10 and 12.5 years were as
follows: 71.4% and 97.5%, 71.4% and 92.1%, and 71.4% and
88.3%, respectively.

Although HIFU treatment has led to technical improvements in LPC
ablation therapy [25], the long-term follow-up deficit has been limited
regarding treatment outcome and patients’ quality of life [21, 26–28].

Although other clinical variables reported by other authors [13–
18], such as prior TURP, ADT, increased age or DM, were not sta-
tistically significant in this study, careful interpretation of this result is
necessary.

According to Gardner et al. [33] mild late gastrointestinal disorders
after high-dose EBRT for LPC often occur; however, the incidence
rate is relatively stable and usually does not increase for >5 years. By
contrast, severe late genitourinary (GU) morbidities are rare but can
occur up to 20 years after RT and most of them are hematuria. Our
results showed an increasing incidence of grade 3 late GU toxicity
even 10 years after IMRT. In fact, this study included five patients
who experienced grade 3 late urinary toxicity >10 years after IMRT.
Although long-term follow-up should be considered, regular checkup
for all the patients was difficult. Therefore, we propose to closely share
patient information particularly about clinical factors, including AT
history or prior HIFU, with the institutional urological department on
a regular basis to prepare for the onset of late severe adverse events
after regular follow-up. Patients with prior TURP should be carefully
monitored because several authors also indicated a correlation between
prior TURP and late urinary toxicity [13–15].

Further investigation is needed to confirm the relationship between
AT and prior HIFU and grade 3 late urinary toxicity. Nevertheless,
careful follow-up might be necessary if patients with LPC who have
received curative IMRT have had AT or previous HIFU.
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Table 3. Statistical analysis results for grade 3 late urinary toxicities

UA HR 95% CI

Factors P-value

Age (years) 0.579 0.983 0.925–1.044
ADT duration (months) 0.409 0.987 0.957–1.018
Total dose 76 vs 78–80 (Gy) 0.563 – –

76–78 vs 80 (Gy) 0.445 – –
NCCN risk group – –

Intermediate vs High 0.472 – –
Clinical stage T1 vs T2-4 0.393 – –

T1-2 vs T3-4 0.647 – –
T1-3 vs T4 0.456 – –

cardiovascular disease 0.390 – –
hypertension 0.257 – –
diabetes mellitus 0.801 – –
dyslipidemia 0.696 – –
Antithrombotic therapy 0.005∗ – –
Prior TURP 0.153 – –
Prior HIFU <0.001∗ – –

UA, univariate analysis; HR, hazard risk; CI, confidence interval; ADT, Androgen deprivation therapy; NCCN, National Comprehensive Cancer Network; TURP,
transurethral resection of the prostate; HIFU, high-intensity focused ultrasound; ∗statistically significant

This study has several limitations. First, as mentioned earlier, owing
to the retrospective nature of this study, acquiring more detailed infor-
mation on the symptoms of co-existing underlying diseases from clin-
ical records was difficult for each patient. Second, the accumulated
irradiated doses in the local bladder wall throughout the IMRT course
were undeniably concerning. Several authors reported that irradiated
doses to the bladder trigone were correlated with acute and late urinary
toxicities [20, 29–32]. Therefore, evaluating the actual cumulative irra-
diated doses for the local bladder wall throughout the IMRT course
was challenging because the CBCT images for patient positioning in
this series were not acquired in every fraction during the IMRT course.
Moreover, the quality of the CBCT images were extremely low, which
made accurate recognition and delineation of the pelvic organs, includ-
ing the prostate, rectum, and bladder extremely difficult. Although
the regulations of the irradiated doses for at-risk organs, including the
whole bladder, complied with the initial IMRT treatment plan for each
patient, the definite dose constraint for the local bladder, including
the bladder trigone, had not been established in our institution. In
addition, owing to uncertain bladder volume changes during IMRT,
the planned dose distribution might not have reflected the actual accu-
mulated irradiated doses to the bladder. Third, we could not confirm
and analyze dose volume histogram (DVH) data of the urinary bladder
and bladder walls of the initial IMRT treatment plan in 94 cases in the
early days, so that we could not compare the DVH between the group
with and without grade 3 late urinary toxicity. However, as mentioned
above, we had ascertained that each patient included in this study had
received IMRT based on their compliance of the dose constraints. On
the other hands, Mathieu et al. insisted that urinary toxicity might
be more related to patient risk factors than to dose parameters [12];
therefore, clinical patient factors were assessed in this series.

In conclusion, this study shows that the presence of AT or prior
HIFU is significantly correlated with severe late urinary toxicity in

patients with LPC after IMRT delivered at curative irradiated doses.
We believe that patients with these relevant clinical factors should be
carefully followed up by sharing detailed information with the urology
department.
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