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Abstract

Introduction—To estimate the contribution of the prostate gland and prostatic urethral
inflammation to urinary symptoms after radiation therapy for prostate cancer, we performed a
secondary analysis of urinary toxicity after primary radiation to an intact prostate versus post-
prostatectomy radiation to the prostatic fossa in protocols RTOG 94-08 and 96-01, respectively.

Materials and Methods—~Patients randomized to the radiation alone arms (without hormone
therapy) of the two trials were evaluated, including 104 men receiving primary prostate radiation
to 68.4 Gy on RTOG 94-08 and 371 men receiving 64.8 Gy to the prostatic fossa on RTOG 96-01.
Acute and late urinary toxicity were scored prospectively by RTOG scales. Chi-square test/logistic
regression and cumulative incidence approach/Fine-Gray regression were used for analyses of
acute and late toxicity, respectively.

Results—Grade=2 acute urinary toxicity was significantly higher after primary prostatic
radiation compared to post-prostatectomy radiation (30.8% versus 14.0%; p<0.001), but acute
grade=3 toxicity did not differ (3.8% versus 2.7%; p=0.54). After adjusting for age, primary
radiation resulted in significantly higher grade=2 acute urinary toxicity (OR:3.72; 95% CI:1.65—
8.37; p=0.02). With median follow-up of 7.1 years, late urinary toxicity was not significantly
different with primary versus post-prostatectomy radiation (5-year Grade=2: 16.7% versus 18.3%;
p=0.65; Grade=3: 6.0% versus 3.3%; p=0.24).

Conclusions—Primary radiation to an intact prostate resulted in higher grade=2 acute urinary
toxicity than radiation to the prostatic fossa, with no difference in late urinary toxicity. Thus, a
proportion of acute urinary toxicity in men with an intact prostate may be attributable to
inflammation of the prostatic gland or urethra.

Keywords
Primary prostate cancer radiation therapy; post-prostatectomy radiation; urinary toxicity

Introduction

Urinary toxicity after radiation therapy in men with prostate cancer is often attributed to
bladder injury. However, in males, acute urinary symptoms may also be due to radiation-
induced inflammation of the prostate and prostatic urethra [1, 2]. The contribution of
prostate edema and prostatic urethral inflammation to the development of symptomatic acute
and late urinary toxicity has not been sufficiently quantified. The distinction between
symptoms from bladder versus prostate gland and prostatic urethra radiation injury is not
feasible because a clinician cannot easily distinguish the underlying cause of similar urinary
symptoms, and thus, the “urinary” toxicity reported in the prostate cancer literature does not
distinguish between bladder and prostate injury specifically.
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A comparison of the radiation-induced urinary toxicity rates between men after
prostatectomy and thus without a prostatic urethra and an internal sphincter versus those
with an intact prostate using similar fields and radiation doses may provide some insight into
the contribution of prostate and prostatic urethral inflammation to the symptoms of urinary
toxicity.

In a series from Memorial Sloan Kettering, 42 patients treated with 3D conformal radiation
to a median dose of 64.8 Gy, and a median follow-up of 2 years, experienced a 7% incidence
of acute Grade 2 urinary toxicity, but this follow-up was too short for the expression of late
urinary toxicity [3]. A larger multi-institutional retrospective composite series of 959 men
treated with either post-prostatectomy salvage (81%) or adjuvant (19%) 3D conformal
radiation with a median follow-up of 5 years also showed a very low rate of late urinary
toxicity with 10% Grade 2 and 1% Grade 3 at 5 years, respectively [4]. Similarly,
prospective trials of adjuvant radiation to the prostatic fossa have also reported very low
(<5%) incidences of late grade 3 urinary toxicity [5, 6].

Comparatively, the incidence of urinary toxicity reported from retrospective series of
patients with primary radiation has typically been much higher. For instance, the 3D
conformal primary radiation series from Memorial Sloan Kettering, Fox Chase Cancer
Center and from a Dutch dose escalation trial showed a ~30-40% incidence of Grade 2
acute urinary toxicity in men with an intact prostate treated to similar doses (<70 Gy) [7-9].
The much lower rates of acute urinary toxicity seen with post-prostatectomy radiation
compared to primary radiation suggests that the early urinary symptoms observed in the
latter group may be in part attributable to radiation to the prostatic urethra and the prostate
gland rather than the bladder.

In order to quantify the contribution of prostate and prostatic urethral symptoms to “urinary
toxicity” after external beam radiation, we performed a secondary analysis of pooled data
from the radiation alone arms of the RTOG 94-08 [10] and RTOG 96-01 [11] trials. Since
the men in RTOG 94-08 received radiation to the intact prostate while the post-
prostatectomy men in RTOG 96-01 were radiated to the prostatic fossa and a larger portion
of the bladder because it was moved inferiorly to anastamose to the external sphincter, a
comparison of the observed incidences of acute and late urinary toxicities between the two
trials may allow an estimate of the contribution of prostate inflammation and prostatic
urethral injury to early and late urinary symptoms.

Materials and Methods

Patients

This study included men randomized to the radiation alone arms of both RTOG 94-08 and
96-01. RTOG 94-08 (from 1994 to 2001) was a prospective phase I11 trial of 1979 stage
T1b-T2b prostate cancer patients with a prostate-specific antigen (PSA) level of 20 ng/mL
or less who received 68.4 Gy to the intact prostate with or without 4 months of neoadjuvant
and concurrent total androgen suppression. RTOG 96-01(from 1998 to 2003) was a
prospective Phase 11 trial of 771 post-prostatectomy patients (with high risk features pT3 or
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pT2 with positive margins and with an elevated post-surgery PSA) who were randomized to
24 months of bicalutamide or placebo with 64.8 Gy to the prostatic fossa.

Only patients from the radiation alone arms of these trials were included in this analysis to
specifically analyze the toxicity of radiation, since the different hormonal therapy regimens
on each trial could be a confounding factor, leaving 992 eligible patients from RTOG 94-08
and 383 eligible patients from RTOG 96-01 for analysis. We excluded all patients who
received pelvic field radiation in RTOG 94-08 (n=888) and included only patients who
received “prostate only” radiation to 68.4 Gy in RTOG 94-08, to allow for a fair comparison
between the two studies since the “prostate only” radiation patients on RTOG 94-08 were
treated with similar field sizes as those treated with post-prostatectomy radiation on RTOG
96-01. This left 104 patients from RTOG 94-08 and 371 patients from RTOG 96-01
available for analysis in this study.

Radiation Techniques

Endpoints

Patients on both trials were treated using 2D or 3D-radiation techniques, using 4-field
arrangement (anterior, posterior, right and left lateral). For RTOG 94-08, the prostatic target
volume measured at least 9.0 cm in craniocaudal direction and at least 8.0 cm in transverse
and sagittal directions. The seminal vesicles in their entirety were not considered to be target
tissues. For RTOG 96-01, the field included the prostatic bed with an expansion to account
for setup variability. The typical field length was ~9.0 cm in the craniocaudal direction, and
8.0 cm in the transverse and sagittal directions.

Patients on RTOG 94-08 received a dose of 68.4 Gy in 38 fractions to the intact prostate
only, while patients enrolled on RTOG 96-01 received 64.8 Gy in 36 fractions to the
prostatic fossa.

Acute radiation toxicity—For both RTOG 94-08 and RTOG 96-01, acute radiation
toxicity was scored using the RTOG Acute Radiation Morbidity Scoring Criteria
(Supplemental Table 1), and defined as any radiation-related toxicity that occurred within 90
days of the treatment start date. Per protocol, all patients were evaluated weekly by their
radiation oncologist during radiation, and urinary complications including urinary frequency,
dysuria, hematuria, urinary tract infections, and incontinence were assessed.

Late radiation toxicity—For both RTOG 94-08 and RTOG 96-01, late radiation toxicity
was scored prospectively using the Late Radiation Morbidity Scoring Scheme
(Supplemental Table 1), and defined as any radiation-related toxicity that occurred >180
days from the start of treatment.

Statistical Analyses

The chi-square test and logistic regression [12] were used for univariate and multivariate
analyses of acute toxicity, respectively. Potential confounders were identified and included
in the regression models. Fine-Gray regression [13] was used for analyses of late toxicity.
Yearly estimates were calculated using the cumulative incidence approach [14].
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Results

Patient and Treatment Characteristics

The median age for the patients from RTOG 94-08 was 70 and for RTOG 96-01 was 64
(Table 1). The Gleason score (GS) distribution was significantly different between the two
cohorts with higher GS tumors found in RTOG 96-01 patients (Table 1). There was a 5.5 %
higher median radiation dose (by 3.6 Gy) in the RTOG 94-08 trial versus the 96-01 trial
patients’ dose (64.8Gy).

Incidence of Acute Urinary Toxicity

The incidences of acute urinary toxicity in each trial are shown in Table 2, and a breakdown
of types of urinary toxicity is shown in Table 3. There was no acute grade 4 toxicity in any
patient from either trial. Acute grade=2 urinary toxicity was significantly higher in the
RTOG 94-08 cohort with an incidence of 30.8% (n=32) versus 14.0% (n=52) in the RTOG
96-01 cohort (p<0.0001). There was no significant difference in acute grade>3 toxicity with
an incidence of 3.8% (n=4) versus 2.7% (n=10; p=0.537; Table 2).

Multivariate Analysis of Acute Urinary Toxicity

Age and GS were evaluated as potential confounders. On multivariate analysis adjusting for
age, GS and radiation dose (Table 4), men with primary radiation from RTOG 94-08 had a
significantly higher risk of acute grade=2 urinary toxicity than men treated with radiation to
the prostatic fossa from RTOG 96-01 (OR:3.72; 95% CI:1.65-8.37; p=0.02). Since the
patient age distribution differed significantly between the two trials, we performed a sub-
group analysis by age with a cut-off at the median age (66) of all patients in this study. In
both age subgroups (age<66 and age=66), there remained a statistically significant higher
incidence of acute grade=2 urinary toxicity for those men irradiated with an intact prostate
(Table 5).

Late Urinary Toxicity

The median follow-up of all patients was 7.1 years, with a median follow-up of 9.0 years in
the RTOG 94-08 cohort, and 7.0 years in the RTOG 96-01 cohort. There was no significant
difference at 5-years in late grade=2 toxicity (16.7% versus 18.3%; p=0.65; Figure 1) in
those men irradiated with or without an intact prostate. At least 5 years of follow-up after
radiation was necessary to observe nearly full expression of late urinary toxicity in both trial
cohorts (Figure 1). Late grade=3 urinary toxicity rates were also not significantly different
(6.0% versus 3.3%; p=0.24; Figure 2) in the RTOG 94-08 and RTOG 96-01 cohorts.

Discussion

In this secondary analysis of patients from two RTOG trials who received radiation alone
using similar doses, field sizes and techniques, we demonstrate a higher incidence of acute
grade=>2 urinary toxicity in prostate cancer patients undergoing primary radiation than post-
prostatectomy radiation. The association between primary radiation and higher acute urinary
toxicity was still significant after controlling for age and radiation dose as potential
confounding factors on multivariate analysis, and after sub-group analysis in patients
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younger and older than 66. However, there was no significant difference in late grade=2
toxicity between the patients receiving primary radiation versus post-prostatectomy
radiation.

These findings suggest that acute inflammation and injury to the intact prostatic urethra or
prostate may account for some of the acute urinary symptoms during radiation for prostate
cancer. Of note, men who received post-prostatectomy radiation would typically have a
higher volume of the bladder receiving the full radiation dose due to the post-prostatectomy
urethro-vesical anastamosis shifting the caudal portion of the bladder into the radiation field.
Despite this higher dose to a larger portion of the bladder, the post-prostatectomy men still
had a lower incidence of acute urinary toxicity in this study. Unfortunately, since the patients
on RTOG 94-08 and 96-01 were enrolled during a time period when CT-based 3D planning
was not routine we do not have the percent of the bladder volume that received the full
radiation dose to further study this hypothesis in greater detail.

Comparable to prior studies of patients treated to 60-70 Gy with conventional radiation
techniques, the incidence of late grade=3 urinary toxicity was low in both groups of patients
and there was no significant difference. A prior pooled analysis of RTOG 7506 and 7706
showed an incidence of late grade=>3 urinary toxicity of 7.7% at 7 years and only 0.5%
required surgical intervention or hospitalization [15]. Of note, half of these complications
were attributed to urethral stricture. Similarly, a pooled analysis of 331 patients radiated
primarily to 63-74 Gy at Massachusetts General Hospital, MD Anderson Cancer Center, and
RTOG demonstrated a 5.4% incidence of stricture with a median follow-up of 6.1 years [16].
These findings in combination with the results of our study underscore the potential
importance to study further the bladder dose-volume relationships in men receiving primary
versus post-prostatectomy radiation.

Strengths of this study include the use of prospectively collected toxicity data and
standardized radiation techniques, dose and field sizes on each trial. Additionally, we
selected patients from the two trials who had comparable radiation field sizes and similar
radiation dose. In contrast, prior studies comparing urinary toxicity between these two
groups of patients have not identified a difference in acute urinary toxicity, but were
confounded by higher radiation doses for men receiving primary versus post-prostatectomy
radiation[17].

However, the findings of this study must be interpreted in the context of its design. As a
retrospective secondary analysis of two prospective randomized trials, there may be potential
residual confounding factors beyond age and radiation dose. In particular, differences in pre-
radiation bladder function such as urinary symptom scores could not be studied in our
analysis. Another limitation is this analysis did not include patient reported outcomes, which
were not included in the two pooled randomized trials that were initiated two decades ago,
and the reliance on physician toxicity grading systems that include medication
interventaions may potentially introduce bias (e.g. earlier medical intervention for symptoms
in men with intact prostate glands). Additionally, we intentionally excluded patients who
received androgen-deprivation therapy from this analysis in order to focus on the effects of
radiation dose, which in turn may have biased the results toward increased urinary toxicity in
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men with an intact prostate in this cohort given the effects of androgen-deprivation on
prostate volume. Finally, although the median follow-up was 7.1 years, late urinary toxicity
has been shown to have a long latency period and the risk does not appear to level out [18—
21]. Thus, further follow-up is required to determine whether there will be a difference in the
risk of late toxicity appearing in the second decade after radiation. Finally, the two trials
compared were conducted in an era when radiation dose escalation for patients with prostate
cancer was not the standard of care.

Recently reported trials of dose escalation to >70 Gy using modern IMRT techniques to treat
a more conformal target volume around the intact prostate gland demonstrate lower
incidences of acute grade>2 urinary toxicity than observed in our study. For instance, in
RTOG 0126 the incidence of grade>2 urinary toxicity with dose escalation to 79.2 Gy to the
prostate was only ~13% for patients treated with 3D conformal techniques and ~9% for
IMRT techniques [22]. A range of incidences of grade>2 urinary toxicity has been observed
in institutional series of dose escalation with IMRT including 6.9% in a Fox Chase Cancer
Center series (median dose 79.3 Gy) [23], and up to 22% with higher doses used at
Memorial Sloan Kettering (prescription dose 86.4 Gy) [24].

Modern series of IMRT-based post-prostatectomy radiation report a wide range of acute
grade=2 urinary toxicity including 8% in a series from University of California San Diego
(median dose 68 Gy) [25], 13.4% in a series from Memorial Sloan Kettering (94% of
patients treated to = 70 Gy) [26], and 26% in a series from Ghent University (median dose
74 Gy) [27], which may reflect the range of doses utilized in these studies. Further studies
comparing urinary toxicity following primary versus post-prostectomy radiation in the
IMRT/3D era with modern, standard high doses radiation may help quantify the proportion
of acute urinary toxicity attributable to prostatic urethral injury with modern techniques.

Conclusions

In summary, we demonstrate that there is a higher incidence of acute grade>2 urinary
toxicity in patients treated to similar radiation doses with primary versus post-prostatectomy
radiation. Further understanding of the mechanisms that contribute to the symptoms of
“urinary toxicity” may be of particular clinical relevance in men who have pre-treatment
urinary symptoms secondary to benign prostatic hyperplasia. Radical prostatectomy is often
recommended for the men with significant pre-treatment urinary symptoms because external
beam radiation can often exacerbate these underlying symptoms. Thus, by understanding the
contribution of prostatic urethral injury and prostatic edema to “urinary toxicity” after
external beam radiation, we may be able to improve patient care by identifying men who are
at high risk of “urinary toxicity” and providing evidence to support the selection of
alternative therapies such as radical prostatectomy.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Highlights
Secondary analysis of RTOG protocols 94-08 and 96-01
Compared the incidence of urinary toxicity between primary radiation

to an intact prostate versus post-prostatectomy radiation to the prostatic
fossa

Grade=2 acute urinary toxicity was significantly higher after primary
prostatic radiation compared to post-prostatectomy radiation (30.8%
versus 14.0%), but no difference in late toxicity

A proportion of acute urinary toxicity in men with an intact prostate
may be attributable to inflammation of the prostatic gland or urethra.
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Figure 1.
Cumulative incidence of grade = 2 late urinary toxicity after radiation therapy in men with

intact prostate (RTOG 9408) or post-prostatectomy (RTOG 9601)
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Cumulative incidence of grade = 3 late urinary toxicity after radiation therapy in men with
IP (RTOG 9408) or post-prostatectomy (RTOG 9601)
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Table 1

Patient Characteristics by Trial

RTOG 94-08 RTOG 96-01
Characteristics  Intact Prostate  Post-Prostatectomy
(n=104) (n=371)

Age

Median 70 64

Range 51-88 46-81

n % N %

KPS

90-100 96 92 367 99

70-80 8 8 4 1
T-Stage *

T1 47 45 0 0

T2 57 55 118 32

T3 0 0 253 68
PSA

<4 14 13 371 100

4-20 90 87 0 0
Gleason Score ™™

2-6 99 95 100 27

7 3 3 204 55

8-10 1 1 65 18

Unknown 1 1 2 1

Clinical stage for RTOG 94-08 patients and pathologic stage for RTOG 96-01 patients

*:

*
Biopsy Gleason Score for RTOG 94-08 and pathologic Gleason Score for RTOG 96-01
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Incidence of Specific Acute Grade= 2 GU Toxicities by Trial

Table 3

RTOG 94-08 RTOG 96-01 P-Value
(Intact Prostate) | (Post-Prostectomy)
(n=104) (n=371)
Acute Grade 0-1 GU Toxicity 72 (69.2%) 319 (86.0%) 0.0076
Acute Grade = 2 GU Toxicity 32 (30.8%) 52 (14.0%)
uTI 0 (0.0%) 1 (0.3%)
Dysuria 4 (3.8%) 5 (1.4%)
Frequency 10 (9.6%) 13 (3.5%)
frequency/dysuria 0 (0.0%) 2 (0.6%)
hematuria/catheter placement 0 (0.0%) 1(0.3%)
hematuria/dysuria 0 (0.0%) 1(0.3%)
Hesitancy 0 (0. 0%) 1(0.3%)
Incontinence 0 (0.0%) 1(0.3%)
not specified 17 (16.4%) 26 (7.0%)
obstruction—catheter needed 1(1.0%) 0 (0.0%)
retention w/catheter placement 0 (0.0%) 1(0.3%)

Urol Oncol. Author manuscript; available in PMC 2017 October 01.

Page 15



1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuep Joyiny

Mak et al.

Table 4

Multivariate Analysis of Acute Grade = 2 Urinary Toxicity

Covariate | Categories | HR | 95%ClI | p-value*
Radiation Dose | Continuous | 1.04 | (0.94,1.15) | 0.44
Study 9601 (Post-Prostectomy) | 1 9* | — -

9408 (Intact Prostate) 3.72 | (1.65,8.37) | 0.02"
Age Continuous | 0.98 | (0.94,1.02) | 0.24
Gleason 2-6 1.0%| - -

7 1.79 | (0.88,3.61) | 0.10

8-10 0.86 | (0.30,2.45) | 0.78

*
Reference group
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Table 5

Univariate * Analysis by Age Subgroup of Acute Grade > 2 Toxicity by Trial

RTOG 94-08 RTOG 96-01 N
(n=104) (n=371) p-value
Age < 66 (n=20) (n=201)
Acute Grade = 2 urinary
Toxicity
Yes 9 (45.0%) 33(16.4%) 0.00477
No 11 (55.0%) 168 (83.6%)
Age = 66 (n=84) (n=170)
Acute Grade = 2 urinary
Toxicity
Yes 23(27.4%)  19(11.2%) 00207
No 61(72.6%) 151 (88.8%)

*
Based on Fisher’s exact test

fStatisticaI Significance
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