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Abstract. Background/Aim: The aim of this study was to
review the outcomes of palliative radiotherapy (RT) for
hematuria treated with modern RT techniques. Patients and
Methods: This was a retrospective cohort study. The primary
endpoint was symptom response rate. Secondary endpoints
included symptom recurrence rate, overall survival and
treatment-related toxicity. Results: Median age was 82 years
(range=36-98 years). Median biologically effective dose (BED)
was 36 Gy. Sixty-seven percent of patients (39/58) responded to
RT. The median survival duration was 5.6 months (range=0.02-
47.6 months). One third (13/39) of responders had recurrence
of hematuria. Competing Risk regression with death as the
competing risk showed that patients treated with low BED
regimen (<36 Gy) had 5.76 times the hazard of recurrence
compared to high BED regimen (>36 Gy) (p=0.01). One patient
(2%) developed grade 3 nausea and vomiting which required
admission for intravenous hydration. Conclusion: BED
regimens should be recommended as they are associated with
a significantly lower rate of recurrent hematuria.

Bladder cancer ranks 7th worldwide based on the age
standardized incidence rate and accounted for approximately
550,000 new cases and 200,000 deaths worldwide in 2018
(1). Patients with bladder cancer often present with advanced
disease. Patients with locally advanced disease with or
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without distant metastases often present with bleeding
(hematuria). There are several treatment options for
palliation of hematuria including palliative cystectomy,
internal iliac artery embolization, bladder washout,
transurethral resection of bladder tumour, cystodiathermy,
intravesical formalin and palliative radiotherapy (RT).

Effective treatments with low toxicity are preferred for
patients with advanced disease and limited life expectancy.
Palliative RT has been shown to be effective in treating bleeding
at other cancer sites, including lung and gastric cancers (2-5).
It has the benefit of controlling the symptoms while reducing
the burden of symptoms. There is limited evidence for the use
of palliative RT in bladder cancer. Most studies report
improvement of hematuria in 16-69% of patients (6-8). These
studies had small patient numbers and used two-dimensional RT
techniques for treatment. Currently, there is a limited number
of reports on treatment toxicities for localized palliative bladder
RT using modern RT techniques. In addition, there is currently
no standard dose fractionation regimen for the palliation of
hematuria. Palliative RT for hematuria can be delivered using
high biologically effective dose (BED) regimens that typically
entail daily treatments over weeks or more, or low BED
regimens in which daily treatments are given over 5 days or
less. At present, the response rates and duration of response of
high versus low BED regimens in palliation of hematuria is not
clear. If low BED regimens are equivalent to high BED
regimens, then they should be the preferred treatment of choice
due to increased convenience and shorter treatment time.

Therefore, the aim of this study was to review of the
outcomes of palliative RT for bladder cancer at two tertiary
hospitals in Singapore.

Patients and Methods

This study was a retrospective cohort study. The study was approved
by the National Healthcare Group Institutional Review board.
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Patients. Eligibility criteria: The study included patients treated
with palliative radiotherapy from January 2001 to December 2016.
Patients aged 21 years and above with histopathological or
radiological diagnosis of bladder cancer with hematuria, as the key
index symptom, who received palliative intent radiotherapy were
included. Tumour staging was based on the American Joint Cancer
Committee (AJCC) 7th edition Cancer Staging Manual (9).

Exclusion criteria: Patients with previous abdominal/pelvic
radiotherapy or those who received concurrent chemotherapy were
excluded.

Data collection. Data was obtained from the electronic medical
records of the National University Hospital and the Tan Tock Seng
Hospital. Index symptoms were identified. Data collected included
patient demographics such as gender, age, smoking status and
Eastern Cooperative Oncology Group (ECOG) performance status.
Tumour details collected included tumour stage, histology and
grade. Radiotherapy details collected included radiotherapy dose
fractionation regimens, total radiotherapy dose, treatment technique
and whether Computed Tomography (CT) planning was used.
Details of chemotherapy used before or after RT were collected.

Covariates. Covariates studied included BED (<36 Gy vs. =36 Gy),
age (<70 vs. =270), gender (male vs. female), smoking (non-smoker
vs. current smokers, ex-smokers, unknown), ECOG performance
status (2, 3, 4 vs. 1), stage (locally advanced vs. metastatic) and
bleeding response (Yes vs. No).

Outcomes. Primary outcome: The primary outcome was response
rate for hematuria after palliative RT to the bladder. Response was
defined as no further blood transfusion needed after RT and within
one week of completion of RT and no further hematuria following
RT and within one week of completion of RT.

Secondary outcomes: The following were the secondary
outcomes considered and their respective definitions:
1. Duration of bleeding palliation was defined as the time from
response of patients who achieved satisfactory palliation until
recurrence of hematuria or death.
2. To quantify the percent net bleeding symptom relief, the duration
of relief from hematuria and survival time from RT was first
determined for each patient. The ratio from duration of relief from
hematuria and survival multiplied by 100 was calculated to obtain
the “percent net symptom relief”. This represented the percentage
of the remaining patient’s life after RT that was spent with relief of
hematuria and without need for further treatment (10).
3. Bleeding recurrence was defined as recurrence of hematuria after
initial response.
4.0Overall survival time was defined as survival from the end of
radiotherapy to death from all causes.
5. Treatment toxicity would be retrospectively scored using the
Common Toxicity Criteria (CTC) v4.0 (11).

Follow-up. Patients were followed up 1 month after the completion
of RT and thereafter every 3 months with physical examination.
Data was censored at December 2016. Laboratory investigations
were performed at the discretion of the treating radiation oncologist.

Statistical analysis. Frequency with percentage and median with

range (minimum-maximum) were used to describe the patient and
tumour characteristics of this study cohort for categorical and
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Table 1. Patient and tumour characteristics.

Patient Total Low BED High BED p-Value

characteristics (n=58) (n=36) (n=22)

Age (years) (%) 0.02
>70 46 (79) 32 (89) 14 (64)
<70 12 (21) 4 (11) 8 (36)

Gender (%) 0.97
Male 42 (72) 26 (72) 16 (28)

Female 16 (28) 10 (28) 6 (72)

Smoking (%) 0.65
Never 21 (36) 13 (36) 8 (37)

Current 7(12) 3(8) 4 (18)
Ex-smoker 10 (17) 6 (17) 4 (18)
Unknown 20 (35) 14 (39) 6 (27)

Performance status

(ECOG) (%) 0.11
1 23 (40) 11 (30) 12 (54)

2 10 (17) 5 (14) 5(23)
3 17 (29) 14 (39) 3(14)
4 8 (14) 6 (17) 2(9)

Race (%) 0.59

Chinese 45 (77) 28 (78) 17 (77)
Indian 8 (14) 5(14) 3 (13)
Malay 4 (7) 3(8) 1(5

Others 1(2) 0 (0) 1(5)

Tumour characteristics

T-stage (%) 0.45

T1 1(2) 0 (0) 1(5)
T2 17 (29) 12 (33) 5(23)
T3 22 (38) 14 (39) 8 (36)
T4 17 (29) 9 (25) 8 (36)
Unknown 1(2) 1(3) 0 (0)

N-stage (%) 0.21

0 44 (76) 27 (75) 17 (77)
1 2 (3) 1(3) 1(5)
2 4(7) 4 (10) 0 (0)
3 6 (11) 2 (6) 4 (18)

X 2 (3) 2 (6) 0 (0)

Stage (%) 0.49
Locally advanced 40 (69) 26 (72) 14 (64)
Metastatic 18 (31) 19 (28) 8 (36)

Histology (%) 0.32
TCC 47 (81) 27 (75) 20 (91)

Unknown 11 (19) 9 (25) 2(9)

Tumour grade (%) 0.33

1 0 (0) 0 (0) 0 (0)
2 1(2) 0 (0) 1(5)
3 49 (84) 30 (83) 19 (86)

Unknown 8 (14) 6 (17) 2(9)

ECOG: Eastern Cooperative Oncology Group; BED: biologically
effective dose; T: tumour stage; N: nodal stage; TCC: transitional cell
carcinoma.

continuous variables respectively. For the primary outcome, the
proportion of patients experiencing symptom relief was reported.
Logistic regression was performed to identify factors associated
with bleeding response. Secondary outcome on duration of symptom
response and percent net relief were reported descriptively as
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Table II. Bleeding response and recurrence according to BED.

Low BED % High BED % Total %

Bleeding response N=36 N=22 N=58
No 14 39 5 13 19 33
Yes 22 61 17 77 39 67
Bleeding recurrence N=22 % N=17 % N=39 %
No 11 50 15 87 26 67
Yes 11 50 2 13 13 33

BED: Biologically effective dose.

median and mean, respectively. Differences in response and
recurrence rates between high BED (RT regimen with BED above
or equal to the median BED) and low BED (RT regimen with BED
below the median BED) regimens using the median BED as the cut
off were compared. Overall survival was described using the
Kaplan-Meier curves with survivors censored on the last date
known to be alive. Difference in survival curves between high and
low BED was compared using the log rank test. Cox proportional
hazard model was performed to identify independent factors
associated with survival. Competing risk regression with death as a
competing risk, using the backward elimination method was
performed to identify variables associated with symptom recurrence
(12). For adverse events outcomes, the proportion of patients
experiencing a grade 3 or above adverse events was reported.
Statistical analysis was performed using STATA v14. A two-sided
p-value of <0.05 was considered to indicate statistical significance.

Results

Baseline characteristics of study the population. From
January 2001 to December 2016, a total of 58 patients with
bladder cancer underwent palliative RT for hematuria.
Median follow-up was 24.3 months (range=0-47.6 months)
months. Median age was 82 years (range=36-98 years) years
(Table I). Significantly more patients aged 70 years and
above received low BED regimen as compared to high BED
regimen. Approximately 90% of patients in the low BED
group were aged 70 years or older, as compared to 64% in
the high BED group. The majority of patients were male
(42/58), and Chinese (45/58). Regarding smoking, 21 (36%)
patients were never smokers, 7 (12%) were smokers, 10
(17%) were ex-smokers and smoking history was not
available in 20 (35%) patients. Forty-seven (81%) patients
had transitional cell carcinoma (TCC) (Table I). Eighteen
(31%) patients had T1-2 disease and 39 (67%) had T3-4
disease. Eighteen (31%) patients had known distant
metastatic disease at presentation. The majority of the
patients (84%) had grade 3 tumours.

Pelvic radiotherapy treatment details. The RT dose
fractionation regimens were heterogeneous, ranging from
8 Gy in a single fraction to 40 Gy in 16 fractions. The

median BED was 36 Gy. Thirty (62%) patients received a
BED of <36 Gy (low BED) and 22(38%) received a BED of
236 Gy (high BED). Fifty-three of 58 patients (91%) were
CT planned. The distribution of patients who were treated
with two, three and four field plans were 20/58 (35%), 23/58
(40%) and 15/58 (25%), respectively.

Palliative chemotherapy treatment details. Five patients
received palliative chemotherapy. Two patients received
gemcitabine/cisplatinum chemotherapy prior to RT, two
patients received gemcitabine/carboplatin chemotherapy (one
patient before RT and one patient after RT) and one patient
received intravesical mitomycin-C prior to RT.

Recurrent hematuria treatment details. Patients who recurred
were treated with bladder washout, re-RT, blood transfusion,
cystodiathermy or fluid resuscitation. Thirteen patients had
recurrence hematuria. All thirteen patients responded to the
treatment for recurrent hematuria. Six patients received re-
RT for recurrent hematuria. One patient received 6 Gy in a
single fraction, 2 patients received 20 Gy in 10 fractions, one
patient received 30 Gy in 12 fractions, one patient received
30 Gy in 10 fractions and one patient received 20 Gy in 8
fractions.

Primary outcome: Symptom response. Thirty-nine (67%)
patients responded to palliative RT. Twenty-two of 36
patients (61%) who were treated with low BED regimen
responded while 17 of 22 (77%) patients who were treated
with high BED regimen responded. The median duration of
response was 3.7 months (range=0-44.5 months). Mean
percent net relief was 86.9% (range=10-100%). Table II
details bleeding response and recurrence according to BED.
Factors including BED, age, gender, smoking, performance
status and stage were not found to be significantly associated
with bleeding response (Table III).

Secondary outcome: Symptom recurrence. Thirteen of 39

(33%) patients developed recurrence of hematuria. Eleven of
22 (50%) patients who were treated with low BED regimen
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Figure 1. Cumulative incidence of recurrence of hematuria according
to BED.

Table III. Multivariate analysis of factors associated with hematuria
response.

Bleeding response OR 95%C1 p-Value
BED

=36 Gy 1.00

<36 Gy 1.51 0.37-6.21 0.57
Age

<70 1.00

>70 0.14 0.15-1.43 0.10
Gender

Male 1.00

Female 2.86 0.57-14.3 0.20
Smoking

Non-smoker 1.00

Current 1.99 0.22-17.8 0.54

Ex-smoker 0.72 0.10-5.0 0.74

Unknown 1.20 0.27-5.33 0.81
Performance status

1 1.00

2 0.17 0.02-1.17 0.07

3 0.42 0.08-2.22 0.31

4 0.89 0.11-6.95 0.90
Stage

Locally advanced 1.00

Metastatic 091 0.23-3.62 0.99

BED: Biologically effective dose.

developed recurrent hematuria while 2 of 17 (13%) patients
who were treated with high BED regimen developed recurrent
hematuria. Competing risk regression (with death as
competing risk) showed that the hazard of recurrent hematuria
was increased in low BED regimen (Subdistribution HR=5.75;
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Figure 2. Overall survival according to BED.

Table IV. Factors significantly associated with recurrent hematuria.

Bleeding recurrence SHR 95%CI p-Value
BED
>36 Gy 1.00
<36 Gy 5.76 1.50-22.1 0.01
Smoking 0.11
Non-smoker 1.00 1.10-17.31
Current 4.36 0.07-7.40 0.04
Ex-smoker 0.74 0.35-6.95 0.80
Unknown 1.56 0.56

BED: Biologically effective dose; SHR: subdistribution hazard ratio.

95%CI=1.50-2.21, p=0.01) as compared to high BED
regimen, and in current smokers (SHR=4.36; 95%CI=1.10-
17.31, p=0.04) as compared to nonsmokers (Figure 1) (Table
IV). Factors such as age, gender, performance status and stage
were not significantly associated with the risk of recurrent
hematuria.

Duration of response and percent net relief. Median duration
of response was 3.7 (range=0-44.5) months. Percent net
relief was 86.9% (range=10-100%).

Survival. The median survival of all patients was 5.6 months
(range=0-47.6 months). Median survival of responders was
5.6 months (range=0-47.6 months) as compared to 3.5
months (range=0-13.4 months) of non-responders. The 30-
day mortality was 14% (n=8). Cox regression analysis
suggested that patients with ECOG performance status 4 had
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7.35 times the hazard of death compared to patients with
ECOG performance 1 (HR=7.35; 95%CI=2.13-23.40,
p<0.01). BED was not significantly associated with
mortality (HR=0.64; 95%CI=0.33-1.25 p=0.19) (Figure 2).
In addition, factors such as age, gender, smoking, stage and
response of hematuria to palliative RT were not significantly
associated with increased hazard of mortality.

Treatment toxicities. Acute toxicity: Palliative RT was well
tolerated. Two patients (3.5%) had grade 1 or grade 2
diarrhea. One patient had grade 1 pelvic pain. Another
patient (1.7%) had grade 3 nausea and vomiting requiring
admission for intravenous hydration.

Late toxicity: No grade 3 or higher late toxicities were
recorded.

Discussion

This study showed that palliative RT for hematuria in
patients with bladder cancer was associated with high
response rates. There was no significant difference in
response rates of hematuria between high BED and low BED
regimens. Patients treated with low BED regimen had a
significantly increased hazard for recurrence of hematuria.
Treatment was also well tolerated with only one grade 3
acute toxicity recorded (2%).

Our results are consistent with outcomes of palliative
radiotherapy for other tumour sites (2, 3, 5). In a systematic
review of palliative RT for hemoptysis in lung cancer,
Fairchild et al. have reported that there was no significant
difference in response rates between high dose versus low
dose regimens (2). Similarly, a systematic review of
palliative radiotherapy for gastric cancer did not find a
significant difference in response rates of gastric cancer
bleeding between patients treated with high BED versus low
BED regimens (3). A retrospective review, however, found a
trend for poorer control in patients with gastric cancer treated
with low BED regimens (13). In this study, we found no
factor significantly associated with bleeding response.

Patients who responded to RT had a durable response.
This was reflected in the mean percent net relief. The mean
percent net relief was 86.9% which indicated that on
average, patients were free from hematuria for 86.9% of their
remaining life. In addition, the median duration of response
is 3.7 months, which is close to the median survival of 5.6
months. Although there was no difference in initial bleeding
response between low and high BED regimens, we found
that patients treated with low BED regimen had a
significantly increased hazard for recurrence of hematuria.
For patients who had responded to RT, death was regarded a
competing risk for recurrence of hematuria as these patients
had advanced disease with limited life expectancy.
Competing risk regression with death as a competing risk

showed that patients treated with high BED regimens were
significantly less likely to have recurrent hematuria. This
finding is important. Many radiation oncologists prescribe
low BED regimens for patients with hematuria due to shorter
treatment time, increased patient convenience and possibly
lesser side effects. Our study suggests that high BED
regimens should be prescribed whenever possible to prevent
recurrent hematuria which may lead to recurrent
hospitalizations, increased hospital stay and increased costs
in the long term. In addition, patients are at risk for side
effects of retreatment of recurrent hematuria such as
radiation cystitis. The benefit of high BED regimens in
producing a more durable response compared to low BED
regimens is also acknowledged in trials of palliative RT for
lung cancer (2).

We found that current smokers have increased hazard for
recurrent hematuria compared to nonsmokers. Current
smokers have a worse prognosis compared to non-smokers
and there is a strong biological basis underlying this finding.
The biological effect of RT is mediated via the production of
free radicals, a process that is enhanced in the presence of
oxygen. Well oxygenated cells are two to three times more
radiosensitive then hypoxic cells. Cigarette smoking
produces chronic hypoxia via chronic exposure to carbon
monoxide which binds to haemoglobin and decreases oxygen
availability (14). The detrimental effects of smoking during
RT have also been seen in other tumour sites. In a matched
case control study of 202 patients with squamous cell
carcinoma of the head and neck, it was found that patients
who smoked during RT had significantly worse 5-year
overall survival, locoregional control and overall survival
(15). Similarly in prostate cancer, a systematic review of the
association of smoking status among patients undergoing
radiotherapy or surgery has found that current smokers were
at higher risk of developing biochemical recurrence,
metastases and cancer specific mortality as compared to
nonsmokers (16).

The ECOG performance scale (17) was developed to
assess how a disease is affecting the activities of daily living
of the patient and therefore aids in determining treatment and
management. Studies have shown that for patients with
advanced cancer, survival was approximately halved for each
deterioration of performance level based on the ECOG
performance score (18). Similarly, our study showed that
increased ECOG levels were associated with worse
prognosis. Patients with ECOG performance status of four
had 7.35 times the hazard of death compared to patients with
ECOG performance status of one.

Treatment was well tolerated with one patient having
grade 3 nausea/vomiting. This may be because of the
improvements in RT planning and delivery. Prior studies of
palliative bladder radiotherapy included RT treatment based
on 2-dimensional (2D) simulation and Anterior-posterior
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(AP)/Posterior-Anterior (PA) field arrangements. Ninety-one
percent of patients were treated with 3DCRT, and more than
60% of patients were treated with a multifield plan. This may
have accounted for the low toxicity rates.

The strengths of our study are that first, we performed
competing risk analysis with death as a competing risk for
recurrence of hematuria outcome instead of the Cox
proportional hazard model. It has been shown that when the
Cox proportional hazard model is used to describe outcomes
other than all-cause mortality, the results may be biased if
there is a related competing risk such as death (19-21).
Second, the response rates in our study are consistent with
the published literature. Third, there is no randomized trial
data providing evidence regarding the incidence of recurrent
hematuria amongst patients treated with high versus low
BED. As far as we know, this is the first study that compared
hematuria recurrence rates among patients who had an initial
response to low and high BED regimens. Lastly, we provided
toxicity outcomes of patients treated with modern
radiotherapy techniques. We showed that palliative bladder
RT is well tolerated in the modern era (i.e. incidence of
grade 3 or greater nausea/vomiting is <2%), with the dose
fractionation regimens prescribed in this study.

There are several limitations to our study. First, the small
sample size might not provide enough power to demonstrate
differences in response rates and survival between low and
high BED regimens. Second, this is a retrospective study
which might be prone to reviewer bias, leading to
underreporting treatment toxicity. Third, being a non-
randomized study, there may be confounders that were not
recognized and hence they were not adjusted for.

The implications of this study are that a high BED
radiotherapy regimen should be prescribed whenever possible
for palliation of hematuria from bladder cancer. This is
because a higher BED regimen is associated with a
significantly lower rate of recurrent hematuria. This may
translate to decreased readmissions for treatment of recurrent
bleeding, improving the patient’s quality of life. Toxicities of
retreatment can be avoided. In addition, it may also be cost-
effective due to avoidance of retreatment and hospital stay.

Conclusion

Palliative bladder RT is associated with high response rates
irrespective of low or high BED regimens. High BED
regimens should be prescribed whenever possible. Future
randomized trials incorporating cost and quality of life
analysis should be performed to confirm the benefit of high

versus low BED regimens.
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