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Background and Purpose: To report long-term outcomes of online image-guided (IG) adaptive radiation therapy
(aRT) versus conventional IG radiation therapy (cRT) for bladder preservation in muscle-invasive bladder cancer
(MIBC).

Materials and Methods: A retrospective review of patients with histologically proven MIBC who were prescribed
radical intent radiation therapy (RT) following trans-urethral resection of bladder tumour (TURBT) was con-
ducted. There were three groups based on their RT treatment modality: conventional RT (cRT), margin 5 mm
adaptive RT (aRT5mm) and margin 7 mm adaptive RT (aRT7mm).

Results: 171 patients were included in this study, with median age of 79.4 years (41-90). Approximately half of
all patients received concurrent chemotherapy. N = 57 underwent cRT, n = 39 underwent aRT5mm, and n = 75
underwent aRT7mm. Response evaluable patients in all three groups (n = 133) had high rates of complete
response (CR, 83%) on first post-RT cystoscopy with no significant differences between the groups. At a median
follow-up of 54 months, the 5-year freedom from muscle-invasive failure survival (FFMIFS) in the cRT, aRT5mm,
and aRT7mm groups were 75%, 59%, and 98%, respectively. The estimated cancer specific survival (CSS) at 5
years were 60%, 30%, and 59%, respectively. The estimated overall survival (OS) at 5 years were 43%, 26%, and
38%, respectively. The incidence of late grade 3 or 4 toxicity was n = 5 in aRT5mm, n = 2 in cRT group, and n =
1 in aRT7mm.

Conclusion: IG aRT with 7 mm expansion for MIBC provides higher rates of FFMIFS, similar 5-year CSS and OS, as
well as toxicity outcomes when compared to cRT. aRT with 5 mm expansion with this RT protocol is not rec-
ommended for treatment.

Introduction

Bladder cancer is the ninth most common cancer in the world, with
the highest incidence seen in the European male population [1].

Maximal safe trans-urethral resection of bladder tumour (TURBT)
followed by radical radiation therapy (RT) with concurrent radiation-
sensitising chemotherapy is an accepted alternative to radical cys-
tectomy for muscle invasive bladder cancer (MIBC) [2,3].

Bladder size is prone to both inter- and intra-fraction motion [4].
Therefore, ideal clinical target volume (CTV) to planning target volume
(PTV) expansion margins have been extensively analysed. Empirically, a
1.5 to 2.0 cm margin from CTV to PTV will encompass the CTV > 93% of

the time [5]. Meijer et al [4] recommended an anisotropic margin
expansion from CTV to PTV after considering set-up errors, organ mo-
tion, and small interobserver variations.

To account for the widely fluctuating sizes of the bladder, tumour
coverage, and unnecessarily excessive doses to organs at risk (OAR),
adaptive radiation therapy (aRT) techniques have been developed
around the world [6,7].

We report on the long-term clinical outcomes in patients with MIBC
treated using either conventional RT (cRT) or aRT as part of bladder
conserving therapy at the Peter MacCallum Cancer Centre (PMCC) in
Australia.
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Materials and methods
Inclusion Criteria

Patients with histologically MIBC proven urothelial cancer and its
variants, T2-T4NOMO, who were prescribed radical intent RT following
TURBT at a PMCC site were identified. Patients with co-existing primary
malignancies were excluded. Institutional Human Research Ethics
Committee approval was obtained prior to commencement of this study.
Patient data were retrospectively retrieved from institution electronic
medical records and paper records from November 2006 to 30th
September 2019.

Technical considerations: Radiation Therapy

Conventional RT (cRT) technique

The conventional treatment plan incorporated a 1.5 cm isotropic
expansion of the CTV (whole bladder) to construct a PTV. A 3D
conformal technique (3DCRT) was employed with 6 — 18 megavoltage
(MV) beams, using a minimum of three fields. Image guidance (IG) was
performed with daily kilovoltage (KV) or MV imaging and with cone
beam computed tomography (CBCT) only when available.

Online adaptive “plan of the day (PoD)” RT technique

The online adaptive process was based on an institutional pilot study
[8] and also defined in the Trans-Tasman Radiation Oncology Group
(TROG) multi-centre feasibility study [9]. Further details of the RT
planning and treatment technique, including staff training and cre-
dentialing, and quality assurance are in previous technical publications
[8-12]. Elective nodal irradiation was not undertaken [5,13]. RT boost
of gross tumour or partial bladder volume, whether sequential or
simultaneous integrated, was not applied to this study population.

In brief, patients were asked to void immediately prior to entering
the CT simulation room. During CT acquisition, patients were positioned
supine with pelvic immobilisation. A 3D conformal technique (3DCRT)
was employed with 6 — 18 megavoltage (MV) beams, using a minimum
of three fields. Intensity modulated radiation therapy (IMRT) was not
used at the time due to the increased time required for planning and
quality assurance, particularly in view of the need for development of
the adaptive plans during the second week of treatment.

All patients were prescribed 64 Gy in 32 daily fractions over 6 %
weeks to the middle of the bladder as defined by the ICRU50 reference
point [14]; complete coverage of the PTV by the 95% isodose was
required. Daily CBCT imaging were obtained prior to each fraction to
verify bladder size and position. Patients were asked to re-void if their
bladder extended beyond the largest PTV, and the CBCT IG process was
repeated.

For each patient, four plans were generated for the entire course of
treatment: conventional, small, medium and large. The adaptive plans
were created from a composite of the planning CT and the first 5 daily
on-treatment CBCTs. Conventional RT treatment plan, as outlined
above, was utilised to deliver the first 7 fractions. For fractions 8 to 32,
credentialed radiation therapy staff selected from one of the three
adaptive plans (small, medium and large).

In August 2010 the margin used for adaptive RT to the bladder
changed from 5 mm to 7 mm. This change occurred just as the TROG
10.01 BOLART study began recruitment. The decision for this was made
after retrospective review of post-treatment verification CBCT images
had shown some geographical misses. Therefore, for this study, all
analysis will be done according to three groups: conventional RT (cRT),
5 mm adaptive RT (aRT5mm) and 7 mm adaptive RT (aRT7mm).

Statistical analysis

Complete response (CR) was defined as no disease seen at cystoscopy
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or present at random biopsy. CR rate was described as a percentage with
95% confidence interval (Clopper-Pearson method). Response rate was
compared between treatments using Fisher exact test.

Overall survival (OS) and cancer specific survival (CSS) were
measured from date of commencement of RT until the date of death due
to any cause, or date of death from bladder cancer. Time to local muscle-
invasive bladder failure was measured in the subset of patients who
achieved CR, from the date of response assessment to the date of muscle-
invasive bladder failure (death was a censoring event). Kaplan-Meier
curves were used to describe all time to event endpoints. Cox propor-
tional hazard model was used to estimate the hazard ratio with 95%
confidence interval and to compare RT techniques.

Treatment-related grade 3 or 4 bladder and bowel side effects were
tabulated. Fisher exact test was used to compare the rate of grade 3 or 4
toxicities between RT techniques. New grade 3 or 4 adverse events were
defined as grade 3 or 4 adverse events reported any time after
commencing RT that were not present before commencing treatment. If
a grade 3 or 4 symptom was reported before and after RT, these are
regarded as being due to symptoms of the tumour rather than from the
treatment itself, and thus were not included in our results. However, if
there was a worsening of a symptom from a grade 1-2, to a grade 3 or
higher, they would be included. All statistical analyses were performed
in R version 3.6.3.

Results

Between November 2006 and December 2015, 171 patients were
identified. 57 (33%) received cRT, 39 (23%) received aRT5mm, and 75
(44%) received aRT7mm. cRT treatment start dates ranged from
September 2007 to September 2015. aRT5mm start dates ranged from
November 2006 to August 2010, after which aRT7mm was used.
Approximately half of all patients received concurrent radio-sensitising
chemotherapy, while the other half were deemed medically unfit and
had RT alone. The proportion of these patients in each group were not
statistically significantly different.

Patient and tumour characteristics are summarised in Table 1,

Table 1
Patient characteristics by RT technique.

RT Technique

Characteristic Conventional Adaptive 5 Adaptive 7 Total
n = 57 (33%) mm mm n=171
n=39(23%) n=75(44%) (100%)

Treatment Sep 2007 - Sep Nov 2006 - Sep 2010 - Nov 2006 -
period 2015 Aug 2010 Dec 2015 Dec 2015
Age

Mean 75.9 (8.8) 75.2 (11.1) 78.4 (8.5) 76.9 (9.3)

(SD)

Median 77.5 77.7 80.9 79.4

[range] [53.2-88.7] [41.0-87.6] [57.3-89.9] [41.0-89.9]

IQR 70.0-82.8 70.2-82.8 74.7-84.1 71.8-83.6
T stage

T2 43 (75%) 28 (72%) 63 (84%) 134 (78%)

T3 11 (19%) 8 (21%) 9 (12%) 28 (16%)

T4 3 (5%) 3 (8%) 3 (4%) 9 (5%)
N stage

NO 57 (100%) 39 (100%) 75 (100%) 171 (100%)
M stage

MO 57 (100%) 39 (100%) 75 (100%) 171 (100%)
ECOG

0 13 (23%) 11 (28%) 27 (36%) 51 (30%)

1 38 (67%) 25 (64%) 35 (47%) 98 (58%)

2 4 (7%) 3 (8%) 12 (16%) 19 (11%)

3 1(2%) 0 0 1 (1%)

4 1 (2%) 0 0 1 (1%)

Missing 0 0 1 1
Concurrent chemotherapy

No 29 (51%) 22 (56%) 36 (48%) 87 (51%)

Yes 28 (49%) 17 (44%) 39 (52%) 84 (49%)
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together with the RT technique, and concurrent chemotherapy use data.
All patients except one, were prescribed 64 Gy in 32 fractions of RT, with
or without concurrent radio-sensitising chemotherapy. One patient
received 60 Gy in 30 fractions in order to avoid excessive dose to his
transplanted pelvic kidney. He was included in the study in the cRT
group as his treatment was of radical intent. One patient (in aRT5mm
group) did not complete the prescribed RT due to other illness, ceasing
at 62 Gy in 31 fractions.

Of the total 171 patients, 133 (78%) had documented post treatment
response assessment data on retrospective review of the available
medical records. Their response assessment results are in Table 2. The
numbers within the square brackets denote the 95% confidence interval
of the percentage value.

There was no significant difference in response when comparing
aRT5mm vs cRT (p = 0.23) nor for aRT7mm vs cRT (p = 0.80). There
was also no significant difference in response when any aRT was
compared with cRT (p = 0.47).

Of the 38 who were not included, n = 10 were in the cRT group,n =8
in the aRT5mm group, and n = 20 in the aRT7mm group. Two had
refused to have check cystoscopy procedure, four had developed meta-
static disease and did not proceed to check cystoscopy, six had died prior
to check cystoscopy (n = 2 related cause, n = 3 unrelated cause, n = 1
unknown cause), ten had missing data, and the remaining 16 were lost
to follow-up.

The median follow-up period of this study was 54 months. Patients
who achieved CR at their response assessment had their time to local
muscle invasive failure measured. Fig. 1 shows the time to local muscle
invasive failure according to RT technique. One patient had no date of
response assessment and was excluded from the analysis. The 5-year
freedom from muscle invasive failure survival (FFMIFS) for the cRT,
aRT5mm, and aRT7mm groups were 75% (95% CI: 55% — 87%), 59%
(95% CI: 35% — 77%), and 98% (95% CI: 84% — 100%), respectively. The
hazard ratio (HR) for aRT5mm vs cRT was 1.9 (95% CI: 0.7 - 5.0, p =
0.19) and the HR for aRT7mm vs cRT was 0.1 (95% CI: 0.0 - 0.8, p =
0.032).

Six patients underwent cystectomy following initial CR at response
assessment. Three were in the cRT group, two in aRT5mm group, and
one in aRT7mm group.

Of the total 171 patients, cancer specific survival (CSS) was assessed
in 157 (92%) patients. Fourteen (8%) patients had their cause of death
missing and were not included in the analysis. This is shown in Fig. 2.
The 5-year CSS for the cRT, aRT5mm, and aRT7mm groups were 60%
(95% CI: 43% — 73%), 30% (95% CIL: 15% — 47%), and 59% (37% —
75%), respectively. The HR for aRT5mm vs cRT was 2.4 (95% CL:
1.3-4.4, p = 0.007) and the HR for aRT7mm vs cRT was 0.8 (95% CI:
0.4-1.6, p = 0.558).

Overall survival was assessed on all 171 patients. This is shown in
Fig. 3. The 5-year OS for the cRT, aRT5mm, and aRT7mm groups were
43% (95% CI: 28% — 58%), 26% (95% CI: 13% — 41%), and 38% (95%
CIL: 24% — 53%), respectively. The HR for aRT5Smm vs cRT was 1.9 (95%
CI: 1.1-3.1, p = 0.015) and the HR for aRT7mm vs cRT was 1.1 (95% CL:
0.7-1.9, p = 0.612).

Table 2
Response assessment.

RT Technique

Response cRT (n = 47) aRT5mm (n = aRT7mm (n = Total (n =
31) 55) 133)

CR 37 (79% [64, 28 (90% [74, 45 (82% [69, 110 (83% [75,
89 981) 91D 891

PR 5(11% [4, 1 (3% [0, 17]) 2 (4% [0, 13]) 8 (6% [3, 12])
23]

PD 511% [4, 2 (6% [1, 21]) 8(15% [6,27]) 15 (11% [6,
23]) 18])
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Toxicity

Adverse events were assessed on all patients. Table 3 and 4 shows
grade 3 or 4 adverse events after start of RT occurring in approximately
eighteen percent of the whole cohort: acute (occurred within 90 days of
start of RT) and late (occurred after 90 days from start of RT).

When treatment-related acute and late grade 3 or 4 adverse events
were combined, aRT5mm group had a higher rate of adverse events
compared to cRT group (p = 0.015). This rate of adverse events for
aRT7mm group was not statistically different than the cRT group (p =
0.238).

Discussion

For delineation of RT target volumes in MIBC, use of anisotropic CTV
to PTV margins are recommended [15] given it has been shown that
inter-fraction motion of the target is anisotropic, with greatest ampli-
tude of motion in the cranial and anterior directions [16-18]. Choice of
the size of CTV to PTV expansion margin largely depends on setup,
verification, and treatment techniques. Foroudi et al. [ 18] demonstrated
that when daily set-up is based on soft tissue imaging, a margin of 15
mm will provide coverage over 96%.

Adaptive RT with PoD technique based on patient specific CBCT
allows for intra-fraction bladder size variability, with the ultimate goal
of ensuring coverage of the target while sparing OAR. There have been
five other publications describing different methods of individualised
PoD based on CBCT approach. Three of these studies were retrospective
planning studies [19-21], one study only evaluated two patients [22],
and one study used their adaptive RT technique to treat patients in a
phase II study evaluating MRI guided online adaptive re-optimisation of
RT in MIBC [23]. A range of expansion margins to create PTV were used
in these studies.

Adaptive Radiotherapy with strict IG for MIBC was first implemented
at the PMCC in late 2007 [8]. In the pilot study, a 5 mm CTV to PTV
expansion margin was initially used. This was then increased to 7 mm
margin in the Trans-Tasman Radiation Oncology Group (TROG) 10.01
study, which reported on the feasibility of aRT when applied to 50 pa-
tients [9]. Considering the clinical outcomes of this study, despite it
having all the caveats of a retrospective analysis, we can infer that 5 mm
margin is too tight and the inferior results are likely related to
geographical misses of the PTV due to intra-fraction motion.

In the modern era of IMRT, particularly volumetric modulated arc
therapy (VMAT), the use of anisotropic expansion margins and daily IG
with CBCT to ensure accuracy of treatment may be considered an ideal.

While we await results of the phase II RAIDER study, to the best of
the authors’ knowledge, this is the first study that attempts to provide
long term clinical data of personalised adaptive RT with PoD based on
CBCT for radical intent whole bladder RT treatment for MIBC, as well as
directly comparing this to non-adaptive RT technique.

When attempting to compare the outcomes of this study to other
published radical RT in MIBC studies, care must be taken due to several
differences in patient and treatment factors.

The overall rates of CR in all groups of patients in this study were
comparable with those reported in the pooled analysis of multiple pro-
spective RTOG studies which evaluated long term outcomes of bladder
preserving combined modality therapy for MIBC [24]. However, the 5-
year cancer specific survival (CSS) and overall survival (OS) rates in this
retrospective study were lower. The cRT and aRT7mm groups had
similar estimated 5-year CSS of 60% and 59%, respectively, while the
pooled analysis had 5-year disease specific survival of 71%. This is likely
due to the differences in patient characteristics as well as rates of in-
clusion of chemotherapy in their treatment, and thus difference in their
systemic relapse risk. The median age of patients was significantly older
in this retrospective study (79.4 years) than in the pooled analysis (66
years). Approximately half of the patients in this retrospective study did
not receive any chemotherapy as part of their treatment, while all
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Fig. 2. Cancer specific survival according to RT technique.

patients in the prospective RTOG studies did. The RTOG studies also
included pelvic nodal volumes in the RT, while this study did not. The
estimated 5-year OS in the cRT and aRT7mm groups were again similar
to each other, at 43% and 38%, respectively, with a hazard ratio of 1.1
and p-value of 0.612.

Murthy et al. [25] reported on clinical outcomes following their
adaptive PoD approach in bladder carcinoma using intensity modulated
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radiation therapy (IMRT) with a shorter median follow up period than
this study. Their PoDs were generated from the planning CT, using
concentric anisotropic margins around the primary CTV, thus not indi-
vidualised to patients’ daily CBCT. Their 3-year disease free survival rate
and OS rates were 62.9% and 67.7%, respectively. Results from this
study also cannot be directly compared to the results of our study as
there were many differences including the median age of patients being
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Table 3
Treatment-related acute (<90 days from start of RT) grade 3 or 4 adverse events
by RT technique.

RT
Technique
Acute Adverse Event Conventional  Adaptive 5 Adaptive 7
mm mm
(n=57) (n=39) (m=75)
GU Toxicities 6 (11%) 11 (28%) 4 (5%)
Anorexia 0 0 1 (1%)
Rash 0 2 (5%) 0
Fatigue 0 1 (3%) 0
Number of patients experiencing at 6 (11%) 12 (31%) 5 (7%)

least one grade 3 or 4 toxicity

Table 4
Treatment-related late (90 + days from start of RT) grade 3 or 4 adverse events
by RT technique.

RT
Technique
Late Adverse Event Conventional Adaptive 5 Adaptive 7
mm mm
(n =57) (n =39) (n =75)
GU Toxicities 1 (2%) 4 (10%) 1 (1%)
GI Toxicity 1 (2%) 0 0
Pain - Other 0 2 (5%) 0
Fatigue 0 1 (3%) 0
Number of patients experiencing at 2 (4%) 5 (13%) 1(1%)

least one grade 3 or 4 toxicity

younger in the Murthy et al. study (65.5 years), a greater proportion of
the evaluable 106 patients received chemotherapy as part of their
treatment, and the RT technique included elective nodal volumes and
allowed for simultaneous integrated boost (SIB) for selected patients.
The impact of adding chemotherapy to RT is well known and shown
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in the randomised phase 3 BC2001 trial to be associated with a 33%
relative reduction in the risk of locoregional recurrence, and reduction
of almost 50% in invasive recurrence [26]. Extended median 10-year
follow-up of this study population has been presented in abstract form
only at the time of writing this paper, which further confirms the
improvement in locoregional control and invasive locoregional control
in the chemoradiotherapy arm [27]. Other chemotherapy regimens have
also been shown to be acceptable [24].

Overall rates of reported acute grade 3 or 4 toxicity in this retro-
spective study was 13% in the entire cohort of patients, while the re-
ported treatment-related late grade 3 or 4 toxicity was even lower at 5%.
This implies that the treatment was generally well tolerated. These
values are lower than those reported in other published studies [28-30],
acknowledging that the treatment received in these studies all included
concurrent chemotherapy, and the RTOG studies would have also
encompassed pelvic nodal volumes in the RT delivered. Another likely
factor is that toxicities in retrospective studies are more frequently
underreported compared to clinical trials.

It is unclear the reasons for the observed higher rate of toxicity in the
aRT5mm group. We suspect that a bigger proportion of patients in the
aRT5mm group were treated as part of a prospective pilot study [8] than
in the cRT and aRT7mm patient groups. The prospective study would
have specified stricter recording of toxicity data, and thus leading to an
imbalance of results when compared to retrospective collection of gen-
eral medical records where toxicity data is more likely to be under-
reported. Care must therefore also be taken when considering these
toxicity results given the added bias.

One of the main purposes of adopting an adaptive protocol was to
reduce the dose to OAR and therefore reduce the chance of toxicities.
The rate of grade 3 or 4 toxicity in the aRT7mm group was 8%, while it
was 14% in the cRT group. This study did not provide clear evidence that
aRT7mm indeed reduces the toxicity rate, however the results suggest
this may be true and a larger study is required to confirm.

Several inherent limitations apply to this retrospective study, most
importantly relating to missing data, whether it is due to patients being
lost to follow-up, or non-compliance with attending appointments, pa-
tients dying or developing metastatic disease prior to the first response
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cystoscopy assessment. There would be variability of inter-clinician
toxicity reporting. However, we would expect this variation to be
lower with higher grades of toxicity that require intervention.

Progression in technology and radiation techniques allowing for
dynamic volumetric intensity modulated radiation therapy, as well as
magnetic resonance imaging (MRI) guidance and implanted fiducial
markers also offers a means of more accurate, rapid, image-guided de-
livery of the daily dose of radiation that can overcome the concerns of
bladder filling and organ motion [31-36].

Conclusion

This retrospective study shows that image guided adaptive RT using
isotropic 7 mm CTV to PTV expansion margin can be considered safe and
effective to treat MIBC when compared to non-adaptive, conventional
RT. It also highlights the importance of selecting an adequate expansion
margin when planning adaptive RT, as a smaller 5 mm margin has been
shown to lead to inferior cancer control outcomes.
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