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Summary

Purpose: To investigate the early and late toxicity of a
hypofractionated radiotherapy (RT) schedule to treat mus-
cle-invasive bladder cancer in relation to radiation param-
eters according to the organs at risk.

Methods: Forty-three patients with T2-T3 bladder carcino-
ma were irradiated with a weekly hypofractionated sched-
ule with a total dose of 36 Gy in 0 fractions. Included in this
study were elderly patients with poor performance status
or unfit for surgery, while they complained of daily pain
on urination. Pain evaluation was assessed with the use
of the visual analogue scale (VAS) of pain, acute and late
toxicities were assessed using the combined RTOG/EORTC
criteria by using a dose of 50 Gy (D50), and the relapse free
survival (RFS) was estimated from the date of recurrence.

Results: No acute side effects were observed in the major-
ity of the patients. Grade I rectal toxicity was registered in

Introduction

An estimated number of 104,400 incident
cases of bladder cancer were diagnosed in Europe
in 2006, 82,800 (79.31%) of which were found in
men and 21,600 (20.69%) in women. These figures
represent 6.6% of the total number of cancers in
men and 2.1% in women. The frequency of blad-
der cancer is analogous to age and peaks at the
6th and 7th decade of life and it is 2.5-fold more
common in men than in women. A significant
number of these patients will have poor perfor-

67.4% of the patients, while grade II and III were noted in
30.25% and 2.3% of the patients, respectively. The worst
late rectal toxicity was grade I in 30.2% of the patients.
The VAS score of pain showed a significant improvement
after the hypofractionated schedule. There was a signifi-
cant correlation between acute and late toxicity on the one
hand and the D50 dosimetric parameter on the other. The
Kaplan-Meier plot showed a median RFS of 15 months,
while age did not have any impact on RFS in patients above
or under 75 years of age.

Conclusion: The performed hypofractionated schedule
permitted delivery of an increased radiation dose without
increased toxicity, and with a high probability of local con-
trol for elderly patients with low survival perspective.

Key words: bladder cancer, elderly patients, hypofraction-
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mance status [1].

Bladder cancer can be treated by surgery, RT,
chemotherapy or combinations of these 3 modali-
ties. The standard surgical approach for the treat-
ment of muscle-invasive bladder cancer is radical
cystoprostatectomy in the male patient and ante-
rior exenteration in the female patient, coupled
with pelvic lymphadenectomy and some form of
urinary reconstruction or diversion [2].

The procedure is associated with significant
mortality (2%) and up to 30% of patients expe-
rience at least one complication up to 3 months
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postoperatively. Therefore, short courses of hy-
pofractionated RT have been advocated for the el-
derly patients and those with poor performance as
an effective alternative to surgery [3].

The first end point of this study was to reg-
ister the early and late toxicities of a hypofrac-
tionated RT schedule in relation to the radiation
parameters according to the organs at risk (rec-
tum) in elderly people. The second end point was
to estimate the RFS.

Methods

Patient characteristics

From January 2005 to January 2009, 43 patients
with advanced bladder carcinoma were retrospectively
analysed. They all received a hypofractionated acceler-
ated RT scheme. All of them had muscle- invading tum-
ors (T2-T3 stage). Included and registered were elderly
patients with poor performance status unsuitable for
chemotherapy or patients unfit for surgery; all of them
complained of daily pain on urination. Their median
age was 75 years (range 68-90) (Table 1). All patients
signed informed consent for study inclusion.

Radiotherapy

All patients underwent a treatment planning com-
puted tomography (CT) scan of 5mm slice thickness in
supine position, with a triangle sponge placed under
their knees. All CT scans were contrast-enhanced while
no patient had node-positive disease, so no attempt was
made to electively irradiate the draining pelvic lymph
nodes. The bladder was empty during the CT scan. All
CT films were transferred to the treatment planning
system. The clinical target volume (CTV) included the
whole bladder and the planning target volume (PTV)
consisted of the CTV plus a uniform margin of 2 cm in
all directions, including the rectum margin. The rec-
tum was outlined from the anal verge to the rectosig-
moid junction. The small intestine was contoured from
the promontorium downward [4].

All patients were irradiated with a weekly hypof-
ractionated schedule with a total dose of 36 Gy in 6
fractions. The biologically effective dose (BED) was cal-
culated using the following formula:

d
(Ot//)’)_K (T_Tdelay)

BED=D,,, (1 +

where D is the total dose, d is the dose per fraction,
a and f are the coefficients for the linear and quadratic
terms in the LQ model, K is the daily BED equivalent
for repopulation in units of Gy per day, T is the overall
time and Td is the delay time before the onset of re-
population.

We considered that a/B=10, K=0.36 Gy/d and T
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delay = 20 days, BED = 57.6 Gy without including re-
population and 51.1 Gy including repopulation [5].

The minimum and maximum dose within the PTV
was >95% and <107% of the isocentric dose, respec-
tively. The maximum radiobiological equivalent dose
to the posterior rectal wall and to the femoral heads
was <55 Gy and <45 Gy, respectively.

Patient monitoring and follow up

The follow up was 3-monthly for the first 12
months, 6-monthly for the next 2 years and then an-
nually.

Acute toxicity was assessed on a weekly ba-
sis during treatment and 4 weeks post completion of
treatment. Late toxicity was assessed 9 months post
treatment. The maximum score for either acute or late
toxicity was chosen as the final toxicity score.

The follow up evaluation included cystoscopy
under general anesthesia; 3 months post treatment
and cystoscopy with urine cytology where necessary
(pathologic cystoscopic findings). CT scan of the pel-
vis was done every 3 months for the first 12 months,
every 6 months for the next 2 years and then annu-
ally. Patients were regarded as having local failure if
they had cystoscopic proof of persistent or recurrent
invasive disease and/or imaging evidence of local tu-
mor extension beyond the bladder wall. Patients who
failed to have cystoscopic assessment because of early
development of metastatic disease or death from inter-
current illness, were deemed not to have achieved local
control. Distant failure was diagnosed on the basis of
radiological or pathological findings.

The combined RTOG/EORTC criteria were em-
ployed to assess acute and late toxicity [6]. VAS was
used for pain assessment at the beginning and the com-
pletion of RT, with O indicating no pain and 10 indicat-
ing intractable pain [7].

Statistics

The time to acute and late toxicity was calculated
from the beginning of the treatment. RFS was defined
as the time period until the first local and distant fail-
ure or death due to cancer. The statistical difference be-
fore and after the treatment, in terms of VAS score, was
calculated with the Wilcoxon non parametric test. The
Spearman’s rho non-parametric test was used to assess
any correlation between toxicity (acute or late) and ei-
ther age or percentage of the rectum receiving a dose
of 50 Gy (D50). D50 was assessed from a regular dose
volume histogram (DVH) which was radiobiologically
converted to an equivalent dose of compatible scheme
(2 Gy per fraction; a/B=10 for acute toxicity, a/p=3 for
late toxicity). Survival analysis was performed with the
Kaplan-Meier method, while the comparison of acute
and late toxicity was done using the log-rank test. Pa-
tients were also divided in 2 age groups (less or more
than 75 years) to see for any impact on survival.
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Table 1. Patient characteristics (N=43)

Characteristics N %
Sex
Male 31 72
Female 12 28
Age (years)
Median 75
Range 68-90
T stage
T2 18 42
T3 25 58
N stage
NO 43 100
NI 0 0
Histological grade
II 2 5
11 41 95

Table 2. Spearman’s rho non parametric correlation
between acute and late toxicity as well as D50

Acute Late Age

D50 Spearman rho 0.39 0.46
p-value 0.01 0.002 NS

Acute  Spearman rho - 0.63
p-value - <0.001 NS

NS: non significant

Results

Basic patient and disease characteristics are
shown in Table 1. The majority of patients tolerat-
ed the treatment well without major acute side ef-
fects. Grade 1 rectal toxicity was seen in 67.4% of
the patients, grade 2 in 30.2% and grade 3 in 2.3%.

The worst late rectal toxicity seen during fol-
low up was grade 1 in 30.2% of the patients, while
69.8% of the patients had grade O toxicity.

Spearman’s rho test showed a significant cor-
relation between acute and late rectal toxicity
(tho=0.63, p<0.001). Moreover, there was a sig-
nificant correlation between either acute or late
toxicity with the D50 dosimetric parameter, as
shown in Table 2.

VAS before and after treatment was 3.93 (SE/
standard error 1.12) vs 1.86 (SE 0.60), respectively
(Wilcoxon test, p<0.001).

Kaplan-Meier method showed a median RFS
of 15 months (Figure 1), while no impact of age
(@above or under 75 years) on RFS was noted (log-
rank, p=0.87) (Figure 2).
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Figure 1. Kaplan-Meier curve of relapse free survival
(median = 15 months).
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Figure 2. Kaplan-Meier curve of relapse free survival
for ages over and under 75 years.

Discussion

The literature contains 8 studies for blad-
der cancer that have dealt with hypofractionated
schedules with daily doses greater than 2.5 Gy [8-
15].

Five of them were published more than 20
years ago, while 3 are the most recent ones [12-
14]. In the RTOG 7104 trial [8] the conventional
fractionation of 2 Gy/day to a total of 60 Gy was
compared to 55 Gy in 20 fractions (split 10+10
with 2 weeks gap). No difference in tumor control
rates or in side effects was registered.

Quilty et al. showed that 55 Gy was the op-
timal dose when using 20 fractions over 4 weeks;
this study was carried out before the application
of conformal techniques [9]. Subsequently, the
recommended dose was reduced to 52.5 Gy [10].

In the most recent trial Cowan et al. used
modern conformal techniques and 3D planning
[12]. They studied the whole bladder irradiation
with a total dose of 52.5 Gy in 20 fractions, and

JBUON 2013; 18(2): 409



410

Hypofractionated RT for bladder cancer in the elderly

partial bladder irradiation using a 20-fraction and
a l6-fraction regimen. The prescribed doses for
the partial bladder irradiation schedules varied
according to the size of the PTV (52.5-57.5 Gy for
the 20 fractions; 50-55 Gy for the 16 fractions).
Statistically, there was no significant difference
between the 3 arms in 5-year local control. Inad-
equate results were observed with the 16-fraction
schedule which was abandoned for the treatment
of bladder. Gastrointestinal and genitourinary
toxicity rates were similar in all 3 arms (grade I).

In conclusion for radical RT only to the blad-
der, hypofractionated schedules are neither bet-
ter nor worse than regimens of 60-66 Gy in 30-
33 daily fractions when using modern planning
(IMRT, IGRT) and conformal techniques.

In our departments we use hypofractionat-
ed schedules in elderly people for the treatment
of bladder, prostate and breast cancer because of
the long waiting lists and the lower treatment
costs [16-19]. Radiobiological modeling can pro-
vide guidelines for the design of new treatment
schemes. When treating tumors in which the a/p
ratio is lower than that of the surrounding late-re-
acting normal tissues (as proposed for prostate
cancer) the use of hypofractionation could en-
hance the therapeutic ratio. For bladder tumors
there is no reliable estimation of the value of
the a/pB ratio. According to few clinical reports, it
seems reasonable to use a conventional a/p ratio
of 10-15 Gy [10].

A retrospective analysis by Maciejewski and
Majewksi suggested that tumor clonogenic re-
population in transitional cell carcinoma of the
bladder accelerates after a lag period of 5-6 weeks
after the start of treatment and that a dose incre-
ment of 0.36 Gy/d is required to compensate for
this repopulation [17].

Late responding bowel, rectum and bladder
tissues have been reported with a/p ratio between
3 and 6 Gy. Rectal BED is calculated 97.7 Gy (a/
B=3.5Gy)

The conventional fractionation of 2 Gy/day up
to a total dose of 66 Gy results in bladder BED
79.2 Gy (without repopulation) and 70.2 Gy (with
repopulation) whereas rectal BED is 103.7 Gy.

Comparing the conventional fractionation
treatment scheme with other hypofractionation
schedules, since the bladder a/b ratio is 10 Gy,
it comes that short overall treatment times and
large fraction sizes have no potential of increas-
ing the therapeutic ratio and therefore cannot be
a treatment of choice [8-15].

However, there are pragmatic benefits in re-
ducing the number of treatment sessions and
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travelling requirements for elderly patients and
enabling better use of limited resources. Giv-
en the often limited department resources and
the long waiting lists, a reduction in the overall
treatment time is often realized by hypofraction-
ation. Moreover, one must remember that almost
all studies that have investigated changes in the
fractionation schedule were published before the
widespread introduction of conformal RT. It is
quite possible that any improvement in the ther-
apeutic ratio resulting from optimizing the radi-
obiological parameters with altered fractionation
may be nullified by poor dose distributions, ex-
ceeding the normal tissue tolerance doses.

The D50 has already been used as a favorable
dosimetric factor for radiation-induced rectal tox-
icity [18,19]. In our study, there was a significant
correlation between late and acute toxicity on the
one hand and the D50 dosimetric parameter on
the other, which is in accordance with previous
publications [18,19]. Age did not exert any impact
on toxicity or RFS, whereas VAS score showed a
significant improvement with the hypofractionat-
ed schedule in our study:.

According to various studies, it is known that
bladder volume changes during RT [20]. Further-
more, changes in rectal filling may lead to posi-
tional changes [16,20]. In addition, Henry et al.
applied cone beam computed tomography imag-
ing (CBCT) during a course of RT [21] and showed
that there are systematic and random variations
in bladder volume. Various studies showed great-
er movements towards the anterior and superior
direction (up to 30 mm) than towards laterally,
inferiorly and posteriorly (requiring margins of
about 10 mm) [22,23].

In any case, set-up errors seem to be relative
to the uncertainty of the urinary content of the
bladder during a course of radiotherapy [22-24].

The problem could possibly be solved by ap-
plying fiducial markers into the mucosa or pe-
rivescical fat around the tumor bed and into the
lateral wall. Fiducial markers can be displayed by
using electronic portal imaging for IGRT [20,25]
or by assisting the delineation of gross tumor vol-
ume (GTV), when the bladder is partially radiated.
Mangar et al. implanted 5-6 gold seeds into the
bladder wall, one week before planning computed
tomography in 8 patients [26]. Similar techniques
have also been used for the delineation of GTV
in various studies [20,27]. The placement of the
fiducial markers enables reducing the treatment
volume. Anyway, advances in imaging and tech-
niques of RT planning, verification and delivery
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offer the potential to keep both acute and late tox-
icity acceptable. The introduction of conformal RT
improved the dose distribution to the target vol-
ume and normal tissues, with a possibility for dose
escalation or for sparing normal tissues. However,
a possibility to conform the radiation dose closely
around the target volume could result in reduced
dosage to some parts of the target volume (geo-
graphic miss) because of organ movement, setup
errors, and several differences in PTV delineation
[23,24]. This could lead to a substantial decrease
in the treatment outcome. A routine practice is to
add safety margins around the target volume to
overcome the risk of a geographic miss; in any
case, this can result in unnecessary overtreatment
of the surrounding critical tissues.

The application of new techniques, such as
IMRT and IGRT, has led to the use of hypofrac-
tionated accelerated schemes with concomitant
boost of the tumor bed [28]. Furthermore, these
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