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Jihlava (J. Stejskal), Czech Republic

Correspondence to: Karel OdrázÏ ka, MD, Department of Oncology and Radiotherapy, Charles University
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The incidence and predictors of acute toxicity were evaluated in patients treated with three-dimensional conformal radiotherapy
(3D-CRT) for localized prostate cancer. Between December 1997 and November 1999, 116 patients with T1-T3 prostatic carcinoma were
enrolled in the study. Ninety patients were treated with 70 Gy and 26 patients with T3 tumors received 74 Gy. Of the 116 patients 42
(36.2%) had a prior history of invasive urological procedure (IUP) (transurethral resection of the prostate or transvesical prostatectomy
for benign prostatic hyperplasia). Acute gastrointestinal (GI) and genitourinary (GU) symptoms were graded according to the
EORTC RTOG scoring system. Toxicity duration after the completion of 3D-CRT was recorded. The majority of patients experienced
only mild or no (Grade 1) acute toxicities. Medications for GI and GU symptoms (Grade 2) were required by 28.4% and 12.9% of
patients, respectively. Only one case of Grade 3 GI toxicity (0.9%) was observed. Seven patients (6.1%) experienced severe GU toxicity
(Grade 3 or 4). No correlation was found between acute toxicity and age, stage, dose (70 Gy vs. 74 Gy), IUP and pelvic
lymphadenectomy. A signi� cant relationship was observed between the duration of acute GU toxicity and prior IUP. Symptoms persisted
for more than 4 weeks in 51.9% and 26.0% of patients with and without a prior history of IUP, respectively (p¾0.02). The incidence
of acute complications, associated with 3D-CRT for prostate cancer, was acceptable in our cohort of patients. A prior history of IUP
resulted in a signi� cantly longer duration of acute GU toxicity.
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ORIGINAL ARTICLE

Three-dimensional conformal radiotherapy (3D-CRT) of
prostate cancer has allowed us to deliver high doses of
radiation to the target volume while sparing more of the
surrounding healthy tissues. The ‘high-dose volume’ of
critical structures (rectum and bladder), covered by 90%
isodose, can be reduced by more than 40% in comparison
with conventional techniques (1). Several retrospective
studies showed, that the dosimetric advantages of 3D-CRT
were associated with acute morbidity reduction (2–4).

However, the results of three randomized studies assess-
ing acute toxicity are not consistent (5–7). Pollack et al.
(6) compared treatment toxicity after 78 Gy using 3D-
CRT with that after 70 Gy using conventional radiother-
apy. There were no differences between the two treatment
arms in terms of Grade ]2 acute toxicity. In the Royal
Marsden study (7) comprising 266 patients with pelvic
malignancies (52% with prostate cancer), acute symptoms

were assessed according to a patient questionnaire. Despite
a 13% reduction in high-dose volume of normal tissues
(p¾0.02), the acute symptoms were almost identical in
both arms. In a recent randomized study conducted by
Koper et al. (5), 266 patients with T1-4 prostate carcinoma
were included. All patients were treated with 66 Gy using
a three-� eld technique. A signi� cant reduction in acute
Grade 2 GI toxicity (19% vs. 32%) was observed with the
conformal technique in comparison with the conventional
technique (p¾0.02). In contrast, no difference in the
incidence of acute GU toxicity was found.

An invasive urological procedure (IUP), usually
transurethral resection of the prostate (TURP) or
transvesical prostatectomy for benign prostatic hyperplasia
(TVPE), performed prior to radical irradiation may have
an impact on treatment morbidity. There are insuf� cient
data regarding the in� uence of TURP TVPE on acute
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toxicity associated with 3D-CRT. Chou et al. (8) assessed
the tolerance of 3D-CRT in 52 patients who were eligible
for interstitial implant monotherapy, but they did not
demonstrate any relationship between prior TURP and the
incidence of acute GU toxicity.

In this study, we examined the incidence, severity, and
duration of acute toxicity in patients treated for localized
prostate cancer using 3D-CRT. The patient-related and
treatment-related predictors of toxicity were evaluated.
Particular attention was focused on the relationship be-
tween prior IUP and acute GU toxicity. Although less
important than late effects, acute toxicity has been used as
an endpoint, because lower GI and GU symptoms are
troublesome in a substantial proportion of patients, and
because the potential predictive value of acute reactions
for the development of late toxicity should be elucidated.

MATERIAL AND METHODS

Patient characteristics

Between December 1997 and November 1999, a total of
116 patients with prostate cancer were treated with 3D-
CRT at the Department of Oncology and Radiotherapy,
Charles University Hospital in Hradec Králové. Patients
with the following characteristics were included in the
study: localized prostatic disease, no clinical or surgical
signs of nodal involvement, no clinical evidence of distant
metastases—1992 American Joint Committee on Cancer
clinical stage T1-3 NX (N0) M0.

The baseline and treatment characteristics are summa-
rized in Table 1. The median follow-up time was 16
months, ranging from 5 to 29 months. A history of IUP
performed before 3D-CRT was recorded in 42 116 (36.2%)
patients. The median interval between TURP TVPE and
the start of radiotherapy was 20.5 weeks (range 5–750
weeks). The treatment was initiated earlier than 10 weeks
after IUP in only one patient. Neoadjuvant androgen
deprivation (luteinizing hormone-releasing hormone ana-
logue and antiandrogen) was initiated 2–3 months prior to

3D-CRT and continued during the course of radiotherapy
in patients with bulky tumors. Stage T3 patients received
hormonal therapy in 26 32 (81.3%) of cases.

Radiotherapy

Patients were simulated and treated in supine position and
they were asked to have a full bladder at the time of
simulation and during treatment. A standard vacuum
cushion (Vac-Lok, MED-TEC) was used for immobiliza-
tion of the legs, from the upper thigh cranially to the
ankles caudally. The planning CT scans were taken 5 mm
apart at a 5-mm thickness.

A 3D treatment planning system (Cadplan 2.7.9,
Varian) was used for all treatment plans. Standard recom-
mendations as published by the International Commission
on Radiation Units and Measurements (ICRU 50 Report)
were followed (9). The structures of interest were con-
toured on consecutive CT slices: gross tumor volume
(GTV), rectum, urinary bladder, and femoral heads. The
GTV included the entire prostate and the base of seminal
vesicles in T1 and T2 tumors, and the entire prostate and
seminal vesicles in T3 tumors. The clinical target volume
(CTV) accounting for possible microscopic spread corre-
sponded to the GTV. A non-uniform margin was added to
the CTV (10 mm anteriorly, posteriorly and laterally, and
15 mm superiorly and inferiorly) using an automated
volume expansion to create the planning target volume
(PTV). Greater margins in vertical dimensions (15 mm)
were implemented because the de� nition of the prostate
apex on CT scans shows a certain degree of inaccuracy
(10, 11). The organs at risk (rectum, urinary bladder,
femoral heads) were contoured on the slices crossing the
PTV and up to 1 cm above below the PTV according to
the ICRU 50 Report.

Patients were treated with four coplanar wedged � elds
(two lateral � elds 90°, 270°, and two anterior oblique � elds
30°, 330°). The structures of interest were displayed using
beam’s eye view (BEV) mode and the individual beams
were shaped with a multileaf collimator (MLC). Another
margin of 10 mm was left between the PTV and the leaves
of the MLC, accounting for beam penumbra. The pre-
scribed dose was speci� ed to the ICRU point (isocenter)
and normalized to 100%. Dose-volume histograms (DVH)
were created for the treatment plan optimization proce-
dure. Dose inhomogeneity ranging from 92 to 107% in the
PTV was accepted, although the recommended 95–107%
variation was ful� lled in the majority of patients. No more
than 35% of the rectal volume and 45% of the bladder
volume were allowed to receive the prescribed dose.

A 6 MV linear accelerator (Clinac 600 C, Varian) was
used to deliver radiation. The prescribed dose was 70 Gy
over 7 weeks in daily fractions of 2 Gy for 90 116 (77.6%)
patients. The remaining 26 116 (22.4%) patients (all of
them with T3 tumors) were treated with 74 Gy over 7.5
weeks. Our treatment policy has changed over time: while

Table 1

Patient and treatment characteristics (n¾116)

Age (mean, SD) 69 years (6)
Stage

T1 24 116 (20.7%)
T2 60 116 (51.7%)
T3 32 116 (27.6%)

12.1 (0.1-150.0)Initial PSA (median, range)

Invasive urological procedure
29 116 (25.0%)TURP
13 116 (11.2%)TVPE
29 116 (25.0%)Pelvic lymphadenectomy

Neoadjuvant androgen deprivation 48 116 (41.4%)

Dose
70 Gy 90 116 (77.6%)
74 Gy 26 116 (22.4%)
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Table 2

EORTC RTOG acute radiation toxicity scoring criteria

Grade Lower GI symptoms

Increased frequency or change in bowel habits not1
requiring medication; rectal discomfort not requir-
ing medication

2 Diarrhea requiring parasympatholytic drugs; mu-
cous discharge not requiring pads; rectal or abdom-
inal pain requiring analgesics
Diarrhea requiring parenteral support; severe mu-3
cous or blood discharge requiring pads; abdominal
distention

4 Acute or subacute obstruction, � stula or perfora-
tion; GI bleeding requiring transfusion; abdominal
pain or tenesmus requiring tube decompression or
bowel diversion

GU symptoms

1 Urinary frequency or nocturia twice pretreatment
habit; dysuria, urgency not requiring medication
Urinary frequency or nocturia less than every hour;2
dysuria, urgency, bladder spasm requiring local
anesthetic

3 Urinary frequency and nocturia hourly or more fre-
quently; dysuria, pelvis pain, or bladder spasm re-
quiring regular frequent narcotics; gross hematuria
with without clot passage
Hematuria requiring transfusion; acute bladder ob-4
struction not secondary to clot passage, ulceration
or necrosis

Statistics

The relationship between critical organs exposure and
acute toxicity was assessed using the DVH analysis. The
DVH for the PTV, rectum, and urinary bladder were
routinely performed. The mean, minimal, and maximal
doses in the rectum and bladder were recorded. Further-
more, the volumes of the organs at risk (% and ccm)
exposed to a de� ned dose of radiation (60 Gy, 65 Gy, 70
Gy, and 74 Gy) were registered. Apart from the DVH
analysis, the incidence of acute toxicity was studied regard-
ing tumor stage (T1 and T2 vs. T3), prescribed dose (70
Gy vs. 74 Gy), age, neoadjuvant hormonal treatment,
prior IUP, and pelvic lymphadenectomy (PLA). A bio-
statistic computer program (NCSS 6.0.21) was used for
univariate analysis. A statistical correlation between con-
tinuous variables (DVH parameters, age) and acute toxic-
ity was determined using a non-parametric Mann-Whitney
test. The discrete variables (stage, dose, hormonal treat-
ment, IUP, PLA) were evaluated by the contingency-table
statistics (x2 test, Fisher’s exact test).

RESULTS

Conformal radiotherapy was well tolerated: 82 116
(70.7%) of patients experienced either mild or no acute
GI toxicity (Fig. 1). Medication for relief of symptoms
was necessary in 33 116 (28.4%) of patients. Only one
case (0.9%) of Grade 3 toxicity was recorded.
Clinical stage, dose, hormonal treatment, IUP, PLA, and
age had no impact on the incidence and duration of GI
symptoms.

Overall, 94 116 (81.0%) of patients experienced Grade 1
or less acute GU toxicity (Fig. 2). Only 15 116 (12.9%) of
patients required medication for bladder symptoms. Severe
acute morbidity (Grade 3 or 4) developed in 7 116 (6.1%)
of patients. Urinary frequency hourly or more often was
observed in 3 patients, while a temporary catheter had to
be inserted in 4 patients because of bladder obstruction.
The urinary catheter was removed 3 months after the end

a uniform dose of 70 Gy was initially given to all patients,
since April 1998, patients with T1 and T2 tumors received
70 Gy, and those with T3 tumors were given 74 Gy.

Treatment veri� cation was required weekly using an
electronic portal imaging device (PortalVision 3.8, Varian).
Portal images in 10 randomly selected patients were ana-
lyzed to assess the set-up reproducibility. For the three
axes, the systematic and random errors of the mean
isocenter displacement were 1.6–2.3 mm (1 SD) and 1.3–
1.4 mm (1 SD), respectively (unpublished data). The repro-
ducibility of the PTV, rectum, and bladder localization has
not been veri� ed.

Acute toxicity e×aluation

Acute lower gastrointestinal (GI) and genitourinary (GU)
symptoms were graded according to the EORTC RTOG
scoring system (Table 2) (6, 12). All patients were seen at
least weekly during the course of radiotherapy. The � rst
follow-up visit was scheduled to take place 4 weeks after
the completion of treatment and the second 8 weeks
thereafter. Patients were then seen every 3 months. Symp-
toms occurring in the course of radiotherapy and up to 90
days from the end of treatment were considered for the
acute toxicity evaluation. The medication for relief of
symptoms was prescribed—if needed—by the attending
radiation oncologist. The duration of symptoms after the
completion of treatment (less than 4 weeks, 4 to 12 weeks,
more than 12 weeks) was also recorded. Fig. 1. Incidence of acute GI toxicity.
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Fig. 2. Incidence of acute GU toxicity. Fig. 4. Acute toxicity in relation to the mean percentage of critical
organs (9 1 SD) exposed to a dose of 70 Gy.

of treatment at the latest in 3 out of 4 patients. Clinical
stage, dose, hormonal treatment, IUP, PLA, and age had
no impact on the incidence of GU symptoms. A trend
suggesting increased rates of Grade 3 and 4 GU toxicity in
patients with prior IUP was observed (p¾0.097).

Signs of GU toxicity lasted more than 4 weeks after the
completion of 3D-CRT in 27 77 (35.1%) of patients who
experienced at least Grade 1 GU symptoms during treat-
ment. Interestingly, a positive history of IUP was a signi� -
cant predictor of acute toxicity duration (Fig. 3). Four
weeks after the end of radiotherapy, the GU symptoms
persisted in 14 27 (51.9%) patients with a positive history
of IUP compared with 13 50 (26.0%) of those with a
negative history of IUP (p¾0.02). Only 7 77 (9.1%) pa-
tients were symptomatic 12 weeks after treatment: 5 50
(10.0%) of the patients in the group without prior IUP and
2 27 (7.4%) of those with a history of IUP. The interval
between TURP TVPE and the start of 3D-CRT (520
weeks vs. \20 weeks) had no impact on toxicity duration,
as 5 12 (41.7%) patients with a shorter interval suffered
from protracted GU symptoms, compared to 9 15 (60.0%)
of those with a longer interval (p¾0.34). Moreover, toxic-
ity duration did not depend on the type of invasive proce-
dure (TURP vs. TVPE, p¾0.88).

Dose-volume histogram analysis failed to reveal a statis-
tically signi� cant correlation between exposed volume of
critical organs and acute toxicity grade (Fig. 4). A large

volume of bladder (ccm) receiving 74 Gy or more was
associated with a higher incidence of severe acute GU
morbidity (Grade 3 or 4). Nevertheless, this correlation did
not reach a statistically signi� cant level (p¾0.11); more-
over, a small number of patients with severe toxicity
(n¾7) should be considered.

DISCUSSION

Acute GU morbidity associated with 3D-CRT is accept-
able even with doses exceeding 70 Gy (3, 5, 6, 8, 13–16)
(Table 3). In our group of patients, the incidence of Grade
2 GU toxicity was particularly low. On the other hand,
severe urinary toxicity was slightly more pronounced. 7
116 (6.0%) patients experienced Grade 3 or 4 bladder
symptoms. What is noteworthy is that in 5 of these 7
patients the 3D-CRT was preceded by TURP TVPE.

Out of 116 patients, 42 (36.2%) had a previous history
of IUP. In this patient population, the rate of IUP is two
to three times higher than that in comparable published
reports (3, 8). A considerable incidence of IUP suggests
that many patients had suffered from obstructive symp-
toms before the diagnosis of cancer was made. Surpris-
ingly, an almost identical incidence of TURP TVPE was
observed among patients with T1, T2 tumors—30 84
(35.7%)—compared with those with T3 tumors—12 32
(37.5%).

To our knowledge, no signi� cant reduction in acute GU
toxicity has been reported so far in randomized trials
comparing conformal and conventional radiotherapy for
localized prostate cancer (5–7). It has been suggested that
urinary symptoms are predominantly caused by mucositis
and edema in the prostatic part of the urethra. This
assumption is supported by the nature of the symptoms
(urinary frequency, urgency) as well as the particularly low
incidence of acute GU toxicity in patients treated with
3D-CRT after radical prostatectomy (17). 3D-CRT has the
potential for sparing more of the bladder volume as com-
pared with conventional radiotherapy but the prostatic
urethra region is always exposed to a prescribed dose.

Fig. 3. Impact of prior TURP TVPE on the duration of acute
GU toxicity.
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Table 3

Acute GU toxicities during 3D-CRT reported in the literature

Total dose (Gy) Prior TURP (%)No. of patients Acute GU toxicity (%)Reference

Grade 2 Grade 3»4

52 66.6–79.2 10 33 0Chou et al. (8)
66 NSKoper et al. (5) 16 2129

68.4–73.8 NS 25288 1.7Michalski et al. (13)
29Pollack et al. (6) 78 NS 28 3.4

68 NS 15 NSSoffen et al. (14) 26
66 NS 23291 0Wachter et al. (15)

743Zelefsky et al. (3) 64.8–81.0 12 37 0.7
75.6 NSZelefsky et al. (16) 1 48 8.723

1 3D-CRT combined with neoadjuvant and concomitant chemotherapy (estramustine phosphate and vinblastine).

Consequently, a signi� cant reduction in acute urinary
symptoms cannot be expected, even with advanced 3D
techniques.

In our study we found that the IUP was a strong
predictor of acute GU toxicity duration. Four weeks after
the end of treatment, signi� cantly more patients were
symptomatic in the group with prior IUP compared with
those who did not have a history of IUP (p¾0.02). Note,
however, that the protracted acute GU toxicity mostly
resolved with time. Only 9.1% of the initially symptomatic
patients had signs of toxicity 12 weeks after treatment.
Similarly, Soffen et al. (14) reported acute symptoms last-
ing more than one month in 3 26 (11%) patients treated
with 3D-CRT. The authors did not distinguish between GI
and GU symptoms. In a recent analysis by Chou et al. (8),
13 52 (25%) patients experienced residual urinary symp-
toms one month after conformal radiotherapy.

When TURP is required before radiotherapy, the litera-
ture suggests that delaying radiation by 6 to 8 weeks from
the time of TURP will minimize incontinence and bladder
neck contractures to acceptable levels (18, 19). In our
group of patients, the interval between TURP TVPE and
3D-CRT was rather long (median 20.5 weeks) and had no
impact on GU toxicity.

A controversy exists regarding an association between
the incidence of acute symptoms and the onset of late
complications (3, 20, 21). In a report by Zelefsky et al. (3),
acute toxicity was a signi� cant predictor of development of
late toxicity. Furthermore, a prior TURP was a signi� cant
predictor of development of urethral stricture. The 5-year
actuarial likelihood was 4% for patients who had a prior
TURP, compared with 1% for those who did not undergo
an invasive procedure (p¾0.03). Conversely, in a random-
ized study comparing conformal and conventional radio-
therapy in 225 men treated with 64 Gy, Dearnaley et al.
(20) were unable to demonstrate any relationship between
the incidence of acute toxicity and the development of late
complications.

In summary, the incidence of acute toxicity, observed in
our group of patients treated with 3D-CRT for prostate
cancer, did not differ signi� cantly from that found in
similar published series. IUP was identi� ed to be a signi� -
cant predictor of protracted urinary toxicity. However, the
acute GU symptoms resolved in the overwhelming major-
ity of patients within 3 months. A longer follow-up is
needed to evaluate whether IUP is likely to in� uence late
toxicity.
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