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ABSTRACT

Aim: To evaluate acute toxicity and symptoms palliation of a weekly hypofractionated
3DCRT schedule as radical treatment in elderly patients with organ confined bladder
cancer cT1-2NO.

Materials and Methods: Between February 2005 and June 2011, 58 prospectively se-
lected patients diagnosed with organ confined bladder cancer were treated with exter-
nal 3DCRT (4-field arrangement). All candidates were medically inoperable, with poor
performance status, and with age ranged from 75 to 88 years (median 78). A dose of
36 Gy in 6 weekly fractions was prescribed. The primary study endpoints were the
evaluation of haematuria, dysuria, frequency and pain palliation as well as the acute
toxicity according to the RTOG/EORTC scale: an assessment was performed at baseline,
during and 3 months after radiotherapy, while the maximum reported score was taken
into account.

Results: The gastrointestinal acute toxicities were 13/58 (22.4%) and 5/58 (5.6%), for
grade I and II respectively. The genitourinary acute toxicities were 19/58 (32.7%) and
10/58 (17.2%), for grade I and II respectively. In terms of clinical outcome, 55/58 pa-
tients (94.8%) reported palliation of haematuria, while 19 out of 58 reported no change
in frequency and dysuria. All patients reported significant improvement (P < 0.01) for
pain, concerning the visual analogue score before and after radiotherapy. The median
progression free survival was 14 months.

Conclusions: The incidence of patient-reported acute toxicity following weekly hypo-
fractionated external 3DCRT is low while the symptom palliation compares very favo-
rably with other reported outcomes.
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INTRODUCTION

Bladder cancer represents the fourth most
common cancer and is three times more common
in men than in women in United States. It is rarely
diagnosed in individuals younger than 40 years.
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Because the median age of diagnosis is 65 years,
medical comorbidities are a frequent considera-
tion in patient management (1). Bladder cancer
is estimated to have an annual incidence in the
United States of 68,810 cases, accounting for 5%
of all newly diagnosed cancers. Approximately



14,100 people per year will die of this disease, ac-
counting for 2.5% of all cancer-related mortality
in the United States and 3% of all cancer deaths in
men (2). The highest incidence rates are in Western
countries (3). From the early 1970s to 2004 the in-
cidence of this cancer rose slightly while mortality
fell. This phenomenon is likely attributable to the
increased detection of localized lesions and im-
proved therapies (4).

A group of patients encompasses the in-
vasive lesions, and the goal is to determine if the
bladder should be removed or preserved without
compromising survival and to determine if the
primary lesion can be managed independently or
if patients are at high risk for distant spread re-
quiring systemic approaches to improve the like-
lihood of cure. Cystectomy is the standard appro-
ach for the treatment of invasive bladder cancer.
As a single modality, however, results were disa-
ppointing, with high local failure rates and poor
survival (5,6).

Radiotherapy (RT) can be an effective al-
ternative in medically inoperable patients, in poor
performance status, who cannot tolerate a cystec-
tomy or chemotherapy (7).

We completed a prospective study of loca-
lized bladder cancer elderly patients (cT1-2 NO) at
our institution. All patients received dose-escalated
radiation using a hypofractionated RT schedule con-
sisted of 36 Gy in 6 weekly fractions. The prima-
ry endpoints of this study were the assessment of
symptom palliation and acute gastrointestinal (GI)
and genitourinary (GU) toxicity from patients treated
only with 3D conformal Radiotherapy technique wi-
thout previous cystectomy. The second endpoint was
the evaluation of progression free survival (PFS).

MATERIALS AND METHODS

Patient characteristics

Clinical data of the 58 patients treated at
University Hospital of Athens Attikon between Fe-
bruary 2005 and June 2011 were collected. The
pretreatment evaluation included medical history,
physical examination, laboratory tests (including
complete blood count, liver function tests, BUN,
creatinine, alkaline phosphatase, uric acid), cys-
toscopy with bladder mapping, urine cytology and
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staging exams as computed tomography (CT) and/
or Magnetic Resonance (MRI) of the abdomen and
pelvis. The patients’ characteristics are shown in
Table-1. The study was approved by the local ethi-
cal committee.

Inclusion - exclusion criteria

Eligible patients had histologically confir-
med clinical localized Bladder Cancer Stage (cT1-
2 NO) (according to American Joint Committee on
Cancer staging manual, 7th edition, 2010). The
patients included were medically inoperable with
age more than 75 years and Karnofsky performan-
ce status lower than 70%.

Patients were ineligible if they had un-
dergone previous pelvic RT or cystectomy, lymph
node metastatic involvement, distant metastases,
or had a hip prosthesis.

Treatment planning and Simulation

Each patient underwent a virtual CT-si-
mulation, in supine position, using “knee sponge”
to consistently align lower extremities. Patients
were instructed to have an empty bladder and
rectum (following an enema) during simulation.
Moreover, during the whole course of treatment,
they were instructed to have certain dietary course
with food including minimum fibers, in order to
prevent diarrhea.

For treatment planning, a CT scan cove-
ring a region from the first lumbar vertebra to the
lower part of the perineum was obtained for each
patient. A conventional virtual CT simulation be-
fore computed tomography (CT) scan was perfor-
med to define preliminary isocenter and beam wi-
dth. Patients were placed in a supine position, and
a small amount of oral contrast was administered
for the delineation of small bowel.

Planning CT scan of the pelvis was then
performed with a 0.5 cm spacing between slices.
The CT datasets were transferred to the Prosoma®
virtual simulation system and after the delineation
of the targets (clinical target volume - CTV, plan-
ning target volume - PTV) and the organs at risk
(OAR), the images were transferred to Eclipse Va-
rian Treatment Planning (Release 6.5, Varian As-
sociates, Palo Alto, CA). Organ at risk (OAR) was
defined to be an uninvolved organ that, if given



Table 1 - Patients' characteristics.

Age median (range) 77 (70-91)
T 12
T2 46
PS
60%-70% 10
50%-60% 48
Male / female 47 /11

an excess radiation dose, might be damaged and
would compromise the success of the course of
radiation therapy.

The clinical target volume (CTV) was the
bladder; the planning target volume (PTV) was
obtained by expanding CTV with a margin of 1
cm in each direction, and of 0.5 cm posteriorly. In
order to keep the bladder emptiness during treat-
ment, the patients undergone their irradiation as
soon as they have urinated. Rectum was manually
contoured from the distal ischiatic branch to the
sigmoid flexure. In addition small bowel and fe-
moral heads were contoured. The entire bladder
was treated, using a four field technique with 15
MYV X-ray energy beams. The dose was prescribed
according to ICRU criteria (8).

The dose constraints for the OARs are des-
cribed below:

1. Rectum: V70 < 20-25%, V50 < 5000.
2. Femoral heads: V50 < 5%.
3. Small bowel: V52 = 0%.

Where Vx is the volume or the organ/tar-
get that receives the x dose.

In order to extrapolate the previous data
according to our irradiation schedule, we used
linear-quadratic (LQ) modeling in order to equate
the hypofractionation schedules to the Normali-
sed Total Dose (NTD) if delivered in 2Gy-fractions
(9). Thus, NTD represents the dose given in 2Gy
fractions that would give the equivalent biologic
effect to the new hypofractionated dose:
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NTD= DHW‘M
2+alf

Where Dnew and dnew are respectively
the total dose and dose per fraction for a sugges-
ted hypofractionation scheme. Normalized Total
Dose - NTD has been calculated and tabulated for
both bladder carcinona (o/pf = 10Gy) and normal
tissues (a/B = 3Gy) (10). Taking into account that
a/p = 10, then NTD was 48Gy, while considering
that o/p = 3, then NTD was 64.8Gy.

Patient setup was monitored weekly using
portal films.

Before (at base line), during and 3 months
after the completion of the treatment, the patients
were evaluated by a radiation oncologist in terms
of toxicity and symptom palliation. We used the
RTOG/EORTC acute radiation morbidity scoring
system for gastrointestinal (GI) and genitourina-
ry (GU) toxicity grading (11). For the symptom
palliation we used the incidence of haematuria,
dysuria and frequency, while for the pain we used
the visual analogue score (VAS) (12). In terms of
heamaturia, dysuria and frequency, the patients
were asked if there was a definite improvement in
the above parameters or not.

Statistical methods

For the assessment of the statistical di-
fference between VAS score before and after ra-
diotherapy we used the Wilcoxon non-parametric
test. For the correlation between symptom pallia-
tion and VAS score improvement, we used the
spearman-rho test. The assessment of significant
differences in symptom palliation before and after
RT was performed with the chi* test. The level of
statistical significance was set at the 0.05. All the
statistical analysis was performed with the SPSS
v.10 software (IL, USA).

RESULTS

The total number of patients with GI acute
toxicity were 13 out 58 (22.4%) and 5 out of 58
(5.6%), for grade I and II respectively. The total
number of patients with GU acute toxicity were



19 out of 58 (32.7%) and 10 out of 58 (17.2%), for
grade I and II respectively. No patients had Grade
3 or higher GI or GU toxicity scores. The detailed
radiation induced toxicities are shown in Table-2.
The treatment that was administered for the radia-
tion toxicity was: non-steroids antinflammatory
for dysuria, urgency, frequency, nocturia; diet,
antidiarrheals for diarrhea; rectal non-steroids
antinflammatory and corticosteroids for rectal ir-
ritation and pain.

In terms of clinical outcome, 55 out of 58
patients (94.8%) reported palliation of haematu-
ria, while 19 out of 58 reported no change in fre-
quency and dysuria (Table-3). As shown in Figu-
re-1, the VAS score significantly improved from
4.2 (+ 1.1) to 1.8(+ 0.6), before and after RT. No
correlation was noted between the VAS score and
the other parameters palliation such as dysuria,
frequency and haematuria. The median progres-
sion free survival (PFS) was 14 months.

DISCUSSION

In an attempt to improve external beam
radiotherapy in bladder cancer, the current study
investigated the possibility of shortening the days
of irradiation. Shortening of the overall treatment
time could increase the efficacy of the treatment

Table 2 - EORTC/RTOG acute radiation induced toxicity.

but could also increase toxicity. The conventio-
nal fractionation of 2Gy/day up to a total dose of
66Gy seems quite equivalent in terms of radio-
biology with the scheme of six fractions of 6Gy,
according to linear-quadratic model, when the a/f
ratio is taken equal to 3 (13). Comparing the con-
ventional fractionation treatment scheme with the
other hypofractionated schedules, since the blad-
der /P ratio is 10 Gy, it comes out that short ove-
rall treatment times and large fraction sizes have
no potential of increasing therapeutic ratio and
therefore cannot be the treatment of choice.
However, there are pragmatic benefits in
reducing the number of treatment sessions and
travelling requirements for elderly patients and
enabling better use of limited resources. We have
to keep in mind that Greece is a Country with a lot
of isolated villages either in the mountains or in
the islands. Patients are often unable to undergo-
ne a schedule with 33 daily session for more than
a month. Given also the often limited department
resources and the long waiting lists, a reduction in
the workload of the linear accelerator is often re-
alized by hypofractionation. Moreover, one must
remember that almost all studies that have inves-
tigated changes in the fractionation schedule were
published before the widespread introduction of
conformal radiotherapy. It is quite possible that

Grade 0 Grade | Grade Il
Gl acute toxicity 40/58 (68.9%) 13/58 (22.4%) 5/58 (5.6%)
GU acute toxicity 29/58 (50%) 19/58 (32.7%) 10/58 (17.2%)

Table 3 - Symptom palliation before and post RT.

Before RT After RT P (chi? test)
Heamaturia 50/58 (86.2%) 3/58 (5.2%) <0.01
Dysuria 34/58 (58.6%) 19/58 (32.7%)
Frequency 44/58 (75.8%) 19/58 (32.7%)
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Figure 1 - Bladder related pain VAS scores before and after radiotherapy (P < 0.001, Wilcoxon test).

VAS

Baseline

Post-RT

any improvement in therapeutic ratio resulting
from optimizing the radiobiological parameters
with altered fractionation may have been nullified
by poor dose distributions, exceeding the normal
tissue tolerance doses.

In our study the acute toxicity was mild,
without any grade III morbidity noted, while the
response to treatment was low with a median PFS
of 15 months. There are several equivalent reports
in the literature. A large study applying 36 Gy in
six fractions in 18 days reported an acceptable
severe late toxicity but only a 31% 5 year local
control rate (14). Pos et al. (15) treated 50 patients
with a T2-T4 NOMO transitional cell carcinoma of
the bladder with a dose of 40 Gy in 2-Gy fractions.
The irradiation was administered to the small pel-
vis with a concomitant boost limited to the blad-
der tumor area plus margin of 15 Gy in fractions
of 0.75 Gy. The total tumor dose was 55 Gy in 20
fractions in 4 weeks. Severe acute toxicity G3 was
observed in seven patients (149%). Severe late toxi-
city G3 was observed in six patients (13%). Thirty-
-seven patients (74%) showed a complete and five
(10%) a partial remission after treatment.

In another trial, McLaren et al. (16) repor-
ted a study with 55 patients who underwent the
same weekly scheme as ours with 6 Gy per session,
while the total dose ranged from 60-66 Gy. Totally
64% of the patient noticed an improvement at a
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1 month review. In the same way as in our study,
92% of patients with haematuria were completely
palliated compared to only 24% of those with dy-
suria and frequency. Median overall survival was
as low as 9 months (range 2-41months). Howe-
ver, the toxicity was higher than our reported rate,
with a grade 3 acute urinary and bowel treatment
related toxicity recorded in 18% and 9% of pa-
tients, respectively. However, no significant late
toxicity (> grade 2) was recorded.

Patients offered definitive irradiation
have typically been nonsurgical candidates with
various comorbidities and more advanced disea-
se, contributing to poorer prognoses than those
selected for surgery (17,18). The 5-year survival
rate for muscle-invasive bladder cancer treated
with definitive external-beam radiotherapy alone
is 20% to 40% (18). Similar to surgical series, sur-
vival rates following definitive radiotherapy have
been higher in patients with invasion limited to
the bladder compared with those with extravesical
(T3b or T4) disease (16-20).

At last but not least we have to emphasi-
ze the possibility of hypofractionated radiothera-
py with minimum sessions in a group of patients
with poor prognosis (16) and with the inability
to follow more than 5 weeks of daily irradiation
schedules. In our study the patients had a mild
toxicity with good palliation of symptoms.



CONCLUSIONS

Our study showed that 3D-CRT is a feasible
and safe modality allowing for hypofractionation
up to 36 Gy .This study demonstrates that it is
possible to deliver hypofractionated 3DCRT to the
bladder with an acceptable acute toxicity rate in a

poor prognostic patient group.
ABBREVIATIONS

RT: radiotherapy

GI: gastrointestinal

GU: genitourinary

CTV: clinical target volume
PTV: planning target volume
OAR: organs at risk

CT: computerized tomography
VAS: visual analogue score
PFS: progression free survival.
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