
Abstract. Aim: To evaluate clinical outcomes of three-
dimensional conformal radiotherapy (3D-CRT) alone in
patients with bladder cancer who were unfit for concurrent
standard chemotherapy. Patients and Methods: Between
January 2007 and May 2016, 34 patients (20 men, 14
women) aged 65-97 years (median=83) with bladder cancer
cT1-4bN0-1M1 were treated with conformal whole-bladder
radiotherapy with fractions of 1.8-3 Gy up to a total dose of
40-50 Gy. Results: Median survival was 10 months
(range=1-99); 1-year and 3-year survival was 51.4% and
34.3%, respectively. Radiation dose >50 Gy was associated
with improved survival. Three-year local control (LC) rate
was 58.8%. On multivariate analysis, only radiation dose
showed a significant association with LC. Conclusion: Our
results demonstrated the safety and feasibility of
radiotherapy in patients with bladder cancer unfit for
concurrent standard chemotherapy. A higher radiation dose
may confer superior LC and overall survival (OS) without
complications.

The annual incidence of bladder cancer in Japan has
increased in recent years to approximately 7.6 per 100,000
people (1). Up to 45% of all newly diagnosed bladder
cancers are pathologically high-grade, more than half of
which are muscle-invasive at the time of diagnosis (2).
Muscle-invasive bladder cancer (MIBC) has a dismal
prognosis with 5-year survival rates of 30-50% depending on
the type of treatment (3-6). The standard therapy for MIBC

is radical cystectomy (7), which is associated with 3-year
recurrence-free survival rates of about 60% (4, 8-10). 

Trimodality treatments that combine radiochemotherapy
based on cisplatin (CDDP) with transurethral resection of the
bladder tumour (TUR-BT) are usually only offered to
patients with intent to preserve bladder or in whom surgery
is contraindicated due to current disease and/or advanced age
(11-13). However, the optimal sequence of approach for
MIBC is not clear (14). Although a slightly favourable
survival is seen in patients who are treated with an optimal
bladder conserving multimodality approach (surgery plus
radiotherapy or concurrent chemoradiation therapy), the
superiority of surgery over a bladder-preserving strategy has
not been proven (7, 15-18). 

Concurrent chemoradiotherapy (CCRT), a standard
approach for bladder preservation with radical or palliative
intent (19-21), is preferred in patients who are not suitable
candidates for radical cystectomy owing to poor general
condition, comorbidity or extension of the disease. CCRT
has been shown to confer superior locoregional control (LC)
and overall survival (OS) compared to that with radiotherapy
alone (5, 11, 22). However, chemotherapy is sometimes not
administered because of potential adverse effects, poor renal
function due to hydronephrosis, poor associated quality of
life (QOL) or on patient’s refusal. This leaves the
combination of TUR-BT and radiotherapy alone as the only
treatment option to control tumour and haematuria. 

The use of radiotherapy in very elderly patients provides
an opportunity to treat these patients. The reported incidence
of acute (grade G≥2) and late toxicity associated with
radiation dose of 55-70 Gy to the bladder is 20-67% and 7-
17%, respectively (23-28). These figures may not be
extrapolated to patients with bladder cancer who are unable
to receive chemotherapy due to advanced age and/or
associated morbidity. Data on outcomes achieved with use
of radiotherapy alone in elderly patients with bladder cancer
and/or those with significant comorbidity, are rather limited.
In this study, we evaluated clinical outcomes and toxicity of
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conformal radiotherapy alone in elderly patients with
bladder cancer who were unfit for concurrent standard
chemotherapy. 

Patients and Methods 

This retrospective study included 34 patients (20 males) aged 65-
97 years (median=83) with histological or cytological diagnosis of
bladder cancer who received three-dimensional conformal
radiotherapy (3D-CRT), without standard chemotherapy (CDDP-
based) between January 2007 and May 2016. At our Institute, the
routine treatment protocol for MIBC is either radical cystectomy
and/or preoperative chemotherapy. Patients with poor general
condition, old age and those who do not consent to radical
cystectomy are treated with CCRT-based cisplatin protocol. 

Standard chemotherapy (MVAC: methotrexate, vinblastine,
doxorubicin, cisplatin, GC: gemcitabine, cisplatin) for MIBC was
indicated in patients with a performance status (PS) of 0-1 and renal
function within the normal limit. Although there was no strict age-
limit, a cut-off of 85 years was used as the upper age limit for
patients with PS 2. Even in patients who met the indications for
standard chemotherapy, 3D-CRT alone was selected for patients
who refused chemotherapy. 

The most common reasons for selecting radiotherapy alone were
renal impairment, followed by poor PS, increased age and patient
refusal. Repeat TUR-BT was performed as the standard treatment
for non-muscle-invasive bladder cancer (T1); radiotherapy
treatment was not considered until the disease was difficult to treat
with further TUR-BT or could not be controlled by this procedure.
During this period, CCRT was performed in 82 patients with
bladder cancer. This represents 41% of patients with bladder
cancer, in whom radiotherapy was required, being treated with
radiotherapy alone.

Staging investigations. Staging was performed using findings of
contrast-enhanced computed tomography (CT), magnetic
resonance imaging (MRI), and cystoscopy of bladder. In four
patients, staging was performed on radiological examination and
urine cytology only. Whole-body CT was performed to exclude
distant metastases. Positron emission tomography (PET) was
performed for only two patients. Staging, therapeutic effect and
presence or absence of recurrence was determined by a radiologist,
radiotherapist and urologist. 

Radiation therapy. The treatment plan was performed with CT after
urination. Scans were assessed in 5-mm sections at the lesion site
and 10-mm sections elsewhere. The gross tumour volume (GTV) is
the volume of the area occupied by the tumour as measured on
imaging and cystoscopy. The clinical target volume (CTV) was
defined as whole-bladder and GTV+0.5 cm. The internal target
volume (ITV) is the CTV plus the tumour margin for any organ
movement. The ITV included a 2 cm ‘set up’ margin to establish
the planning target volume (PTV). The radiation field was defined
as PTV plus a 5-mm leaf margin. In the end, the radiation field was
defined as the whole-bladder plus approximately 2-2.5 cm. We
included any lymph node located near the bladder but did not select
small/whole-pelvis irradiation. 

Using a 10-MV X-ray beam, multifield irradiation to more than
four fields (all coplanar irradiation) was administered. Each beam was

created using PTV along the path of the beam with a margin.
Intensity-modulated radiotherapy (IMRT) was not used because our
institution has no established policy for use of this treatment modality
in patients with bladder cancer. In this study, we used only 3D-CRT
and not IMRT. Image-guided radiotherapy was not performed. 

The Clarkson algorithm was used to calculate the irradiation
dose. The minimum and maximum doses according to the PTV
were 95% and 107%, respectively. The whole-bladder with a 2- to
2.5-cm margin was irradiated with fractions of 1.8-2 Gy, up to a
total dose of 40-50 Gy. In 11 patients treated with radiotherapy, a
concomitant boost to the GTV (with 1-1.5 cm margin) was
administered during the last one or two weeks of treatment, up to a
total dose of 54-60 Gy. Patients who received a total dose of 60 Gy,
with some receiving higher doses of radiation in the small bowel,
were administered a local boost of 20 Gy after their lesions had
been reduced by irradiation at 40 Gy, as early as possible. The
others in whom optimal small-bowel dose was possible were
administered a local boost of 10 Gy after their lesions had been
reduced by irradiation at 50 Gy. All other patients received
conventional radiotherapy administered in a single fraction per day.
None of the patients was administered with accelerated
hyperfractionated radiation therapy.

Oral chemotherapy. Even among patients with bladder cancer for
whom standard chemotherapy was contraindicated, those with
relatively good general condition and those who provided informed
consent continued with UFT (tegafur and uracil) treatment after
radiotherapy. There was no strict protocol for the duration of the
UFT treatment and this treatment was continued for the purpose of
achieving local control (LC) as long as adverse drug effects were
manageable.

Evaluation of initial clinical response and toxicity on follow-up.
Follow-up response was assessed within 4 weeks from the date of
completion of treatment by routine urine examination and cytology.
Cystoscopy and CT scan were performed within 3 months after
treatment as an option. The recommended follow-up protocol at our
institute includes investigations at 3-month intervals for the first six
months and every six months, thereafter. However, the majority of
our patients, who received radiotherapy with a palliative intent
tended to change hospitals, were unable to visit our hospital.
Therefore, we were unable to carry out strict follow-up for many
patients. In these cases, information on the patients’ conditions was
obtained from their families telephonically.

A complete response (CR) was defined as the disappearance of
all disease as observed on cystoscopy or CT and absence of
cytological class IV or V and absence of macrohaematuria. Partial
response (PR) was defined as a reduction in macrohaematuria or a
reduction in tumour size on CT. Progressive disease (PD) was
defined as either an increase of macrohaematuria or CT views or
worsening of cytological grade. Stable disease (SD) was defined
when there was no change in macrohaematuria or CT findings or
cytological grade. Responses were scored when the treatment was
most effective. Local recurrence was defined as changes similar to
those of PD. The date of recurrence was determined as the first day
when the PD criterion was observed. Adverse events were defined
according to the Common Terminology Criteria (CTC) for Adverse
Events, version 4.0, with toxicity graded as mild (CTC Grade 1),
moderate (CTC Grade 2), severe (CTC Grade 3) or life-threatening
(CTC Grade 4) (29).
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Statistical analysis. OS after 3D-CRT was calculated based on the
interval from the last day of treatment to the date of death or of the
most recent follow-up as of May 2016 with Kaplan-Meier method.
Data on patients who reached the end of the follow-up period
without sustaining an event were censored. LC was calculated based
on the interval from the first day of treatment until local relapse.
Data on patients who died with no evidence of recurrence were
censored. Univariate survival comparisons were performed using
the log-rank test. The analysed prognostic factors for survival were
age (<80 vs. ≥80), T-stage (≤T2 vs. ≥T3), PS (≤1 vs. ≥2), radiation
dose (≤50 vs. >50), concurrent UFT (yes vs. no) and tumour grade
(G2 vs. G3). Independent variables that showed a statistically
significant association on univariate analysis were included in
multivariate analysis. p<0.05 indicated statistical significance. All
calculations and survival displays were conducted using SPSS 15.0
J statistical software (SSPS Inc., Chicago, IL, USA).

Patients’ consent. The present study was a retrospective analysis of
data on diagnosis and treatment. Written informed consent was
obtained from all patients for inclusion of their data in the study.
Patients’ records/information were anonymised and de-identified
prior to analysis in this study. All procedures performed in the
studies were in accordance with the ethical standards of the
institutional and/or national research committee and with the 1964
Helsinki declaration and its later amendments or comparable ethical
standards.

Results

Patients’ and treatment characteristics. Baseline patients’
characteristics are listed in Table I. Fifteen patients were
administered a total radiation dose of 50 Gy. Two patients
who were administered radiation doses delivered at 3 Gy per
fraction with haemostatic intent, completed their treatment
courses earlier based on their general condition. In contrast,
11 patients with good general condition, whose maximal
value of small-bowel radiation tolerance was possible,
received at least 54 Gy to the GTV. Four patients were
diagnosed based on cytology alone and, therefore, the grade
of bladder cancer was estimated to be G2. UFT treatment
was continued after irradiation in 12 patients (35%) whose
prevention of disease progression was deemed necessary due
to mild adverse effects. TUR-BT was followed by irradiation
in the majority of patients (30 patients, 88%). Furthermore,
TUR-BT after irradiation was performed in three patients.

Patients’ survival, response and tumour recurrence. The
median duration of follow-up was 34 months (range=1-99).
Thirteen patients died during follow-up. The cause of death
was primary disease or related to the primary disease in nine
patients, other cancers in two and unknown in two patients.
The 1-year and 3-year OS rates were 51.4% and 34.3%,
respectively (Figure 1).

Data on survival and prognostic factors identified on
univariate and multivariate analyses are listed in Table II.
Improved OS was associated with T-stage (hazard ratio

(HR)=5.423; 95% confidence Interval (CI)=1.125–26.149;
p=0.035)) and radiation dose >50 Gy HR=10.625; 95%
CI=1.067-105.839; p=0.044)) on both univariate and
multivariate analyses. CR and PR were recorded in eight
patients (23.5%), each. Five patients in CR and 2 patients in
PR were diagnosed on cystoscopy. SD occurred in 14
patients (41%); PD and the outcomes were unknown in two
patients (6%), each. The overall response rate was 47% and
the 3-year LC rate was 58.8% (Figure 2). 
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Table I. Baseline clinical characteristics of patients.

Characteristics                                                           Number

Patients                                                                           34
Age, median (range)                                                83 (65-97)
    <80 years                                                                    14
    ≥80 years                                                                    20
Gender                                                                              
    Male                                                                            20
    Female                                                                        14
PS                                                                                      
    1                                                                                  27
    2                                                                                   7
Histology                                                                          
    urothelial carcinoma                                                  30
    Unknown                                                                     4
T–stage                                                                              
    T1                                                                                 3
    T2                                                                                13
    T3                                                                                 9
    T4                                                                                 9
N-stage                                                                              
    0                                                                                  31
    1                                                                                   3
Tumour grade                                                                   
    2                                                                                  15
    3                                                                                  15
    unknown                                                                      4
Dose (Gy), median (range)                                     50 (30-60)
    30Gy, 3Gy/f                                                                 1
    40Gy, 2Gy/f                                                                 2
    42Gy, 3Gy/f                                                                 1
    44Gy/f, 2Gy/f                                                              1
    45Gy, 1.8Gy/f                                                              3
    50Gy, 2Gy/f                                                                15
    54 (50 + 4)Gy, 2Gy/f                                                  2
    56 (50 + 6)Gy, 2Gy/f                                                  4
    60 (0 + 10)Gy, 2Gy/f                                                  3
    60 (40 + 20)Gy, 2Gy/f                                                2
TUR-Bt                                                                             
    Yes                                                                              30
    No                                                                                4
UFT                                                                                   
    Yes                                                                              12
    No                                                                               22

PS, Performance status; UFT, tegafur-uracil; TUR-Bt, transurethral
resection of the bladder tumour; f, fraction. 



On univariate analysis, radiation dose and UFT were
significantly associated with LC (Table III). On multivariate
analyses, only radiation dose was a significant predictor of
LC (HR=11.784; 95% CI=1.138–121.979; p=0.039).
Radiation toxicity. Acute genitourinary toxicity of Grade 1
and 2 was observed in 22/34 (65%) and 2/34 (6%) patients,
respectively. Late gastrointestinal toxicity was not reported.
No severe adverse events were observed.

Discussion

In this retrospective study, we investigated the possible role
of 3D-CRT monotherapy for patients who refused and/or did

not tolerate concurrent standard chemotherapy, based on
CDDP for bladder cancer. TUR-BT was associated with a 3-
year OS of 34.3% with whole bladder or local radiotherapy.
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Figure 1. Overall survival in patients with bladder cancer treated with
radiotherapy alone. The 1- and 3-year overall survival rates were 51.4
and 34.3%, respectively.

Figure 2. Patients had 3-year local control rate of 58.8%.

Table II. Correlates of overall survival on univariate and multivariate
analysis.

Variables                          p-Value               Multivariate analysis       

                                                            HR               95%CI                 p

Age                                         
<80 vs. ≥80                       0.161       1.140         0.239-5.435          0.870
                                                               
PS                                                           
≤1 vs. ≥2                            0.201       0.192         0.028-1.304          0.091
                                                               
T-stage                                                   
T1, 2 vs. T3, 4                   0.011       5.423        1.125-26.149         0.035
                                                               
Tumour grade                                        
G2 or unknown vs. G3     0.346       0.500         0.101-2.469          0.395
                                                               
Dose                                                       
≤50 vs. >50                       0.020      10.625      1.067-105.839        0.044
                                                               
UFT                                                        
Yes vs. no                          0.946       0.513         0.092-2.873          0.448

HR, Hazard ratio; CI, confidence interval; PS, performance status; UFT,
tegafur-uracil.

Table III. Correlates of local control on univariate and multivariate
analyses.

Variables                          p-Value               Multivariate analysis       

                                                            HR              95% CI                 p

Age                                         
<80 vs. ≥80                       0.542       0.356         0.084-1.509          0.161
                                                                                                              
PS                                                                                                          
≤1 vs. ≥2                            0.337       0.663         0.120-3.647          0.636
                                                                                                              
T-stage                                                                                                   
T1, 2 vs. T3, 4                   0.125       2.396        0.588–9.769         0.223
                                                                                                              
Tumour grade                                                                                       
G2 or unknown vs. G3     0.126       0.779         0.588-9.769          0.745
                                                                                                              
Dose                                                                                                      
≤50 vs. >50                       0.017      11.784      1.138-121.979        0.039
                                                                                                              
UFT                                                                               
Yes vs. no                          0.025       4.473        0.645-31.017         0.130 

HR, Hazard ratio; CI, confidence interval; PS, performance status; UFT,
tegafur-uracil. 



We found acute urinary toxicity rates of grade ≥2 only in two
patients, whereas none of the patients developed severe late
urinary and intestinal toxicity. The main purpose of the
present study was to establish the feasibility of radiotherapy
alone in a cohort that is unfit for chemotherapy.

Regarding the usage of chemotherapy, RT with concurrent
chemotherapy is a standard approach for bladder preservation.
The key role of chemotherapy is to improve LC and reduce
the likelihood of distant metastases. CCRT has been
investigated in an attempt to take advantage of the
radiosensitising capabilities of drugs in patients with invasive
bladder cancers; concurrent chemotherapy has been well-
recognised to improve the clinical outcomes through
improvement of the LC rates without compromising QOL (30,
31). Fluorouracil and mitomycin C are known to radiosensitize
tumours but are not expected to have significant effects on
systemic disease at the dose and schedule tested (11). In the
present study, UFT, an oral prodrug of fluorouracil, was used
based on the general condition of the patients. UFT is not a
first-line treatment option for bladder cancer but is anticipated
to increase radio-sensitization and improve LC of the disease.
Our policy is that, although cisplatin-based chemotherapy is
the standard treatment for bladder cancer, radiotherapy with
or without UFT is selected as second-line treatment option for
patients who are unable to receive first-line chemotherapy for
various reasons. 

In this study, we used 3D-CRT and not IMRT. Recent
improvements in radiation therapy techniques have led to the
widespread popularity of IMRT for reducing damage to
normal tissues. However, IMRT requires greater precision
and accuracy than 3D-CRT. Patients’ characteristics, such as
management of the urination and general physical condition,
can render IMRT quite challenging to perform. Furthermore,
IMRT is not available at all institutions and is used for
bladder cancer only at a limited number of institutions. In
such instances, it is reasonable to perform 3D-CRT. Thus, we
believe that analysis of data on conventional 3D-CRT is of
much clinical relevance.

The median age of patients in this study was 83 years,
which is more than that in previous reports. Our results are
comparable to those reported in previous studies (11, 32),
especially with respect to the 3-year OS with radiotherapy
alone (Figure 1). However, the 3-year OS with
chemoradiotherapy alone reported by Maebayashi et al. (32)
compares favourably to our results. This study reconfirmed
radiotherapy alone to be inferior to CCRT, as previously
reported. Given the older age of patients in our study, the
results appear reasonable. The 3-year LC rate with
radiotherapy alone (58.8%) in the present study is comparable
to that reported elsewhere (53-64%) (23, 26, 27, 33). 

In the current study, radiotherapy was frequently
performed for haemostatic purposes, as well as for lesion
control. Owing to the older age of patients in our study, the

incidence of complications was higher than that reported
from other bladder cancer cohorts. However, symptom
amelioration in these patients was comparable to that
reported in previous studies.

On multivariate analyses, OS and LC were influenced
significantly by the radiation dose (≤50 vs. >50). In the
absence of concurrent chemotherapy, a tumour dose of >50
Gy (whole-bladder plus local boost) is advocated, except
when small bowel dose constraints are exceeded. In our
study, T-stage and radiation dose were a predictor of OS,
whereas, in previous studies, tumour grade, tumour stage,
performance status, complete resection and lymphatic
invasion were all reported as predictors of OS (16, 28, 33). 

Previous studies have reported toxicity (grade ≥2) rates of
approximately 15% (23, 28). In the present study, incidence
of acute genitourinary toxicity of G2 was lower (6%) than
that reported earlier. Since the risk of bladder injury
increases for doses >50 Gy (34), the tissue volume exposed
to a boost dose of 55 Gy should be kept as small as possible.
In the present study, because whole bladder plus local
irradiation (not the entire bladder) was delivered if the total
dose exceeded 50 Gy, the incidence of adverse reactions may
have been reduced. 

In previous studies, the volume of bowel exposed to at
least 45 Gy was most predictive of intestinal toxicity (25, 35).
However, administration of a radiation dose of 50 Gy to the
whole bladder inevitably exposes the small bowel as, in the
majority of elderly patients, the small bowel often drops
downward into the pelvis. The same was true for this study.
The irradiated volume should be decreased whenever
possible; however, the small bowel can necessarily be
included in the irradiated field in elderly patients whose urine
output is insufficient to prepare for radiation therapy and if
the institution lacks the ability to perform intensity modulated
radiation therapy and image-guided radiation therapy. 

In this study, no serious adverse reactions occurred in
patients receiving 50 Gy to the whole bladder with a 2- to
2.5-cm margin, even if the small bowel was included in the
irradiated field. 

The relatively short follow-up duration and the small
sample size are key limitations of our study because of
which the results of multivariate analyses were unclear.
Many of the patients studied received radiotherapy with
palliative intent. Some were then transferred to other
hospitals immediately after irradiation and others were lost
to follow-up. Therefore, the LC rate was sometimes assessed
based on the degree of haematuria as the CT and cystoscopy
results could not be used as reference data. Thus, the
assessment of the local control rate in some cases was not
accurate. The acute toxicity rate was accurately assessed in
our study, though the late toxicity rate could not be assessed
due to the short duration of follow-up. These limitations may
be addressed in the future studies.
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Conclusion

The retrospective nature of this study and the small sample
size of patients who were available within a single centre do
not detract from the value of these preliminary findings. This
study demonstrated that 3D-CRT may be used as monotherapy
for patients with bladder cancer, as a second-treatment option
for patients who are unable to undergo operation/CCRT.
Although the therapeutic efficacy outcomes in this small study
were inferior to those reported for CCRT, the safety outcomes
and the feasibility were comparable. Furthermore, we found
that >50 Gy (50 Gy plus focal simultaneous boost) improved
OS and LC without a significant increase in adverse events.
These findings support a role for 3D-CRT alone as a treatment
option for patients who refuse or may not tolerate CCRT, as
well as for elderly patients with bladder cancer with a high
chance of preservation of bladder function. The results of this
study may represent reference information for radiotherapeutic
management of bladder cancer.
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