
Abstract. Aim: To evaluate our experience with radical
radiotherapy and chemotherapy in patients with muscle-
invasive bladder cancer. Patients and Methods: The study
consisted of 27 patients treated with cisplatin-based
chemoradiation (CCRT), 48 treated with radiation alone
(RT), and 42 with locally advanced disease treated with
neoadjuvant chemotherapy and radiation (neoCRT). Results:
The incidence of acute grade 3 or more genitourinary (GU)
toxicity in the RT, CCRT and neoCRT groups was: 25%, 11%
and 19%, respectively (p=0.029). The 3-year freedom from
grade 2 or more GU toxicity was: 81%, 89%, 54%,
respectively (p=0.36). The long-term outcomes of 3-year
local control, overall survival, and disease-free survival were
as follows: RT group: 74%, 61% and 55%; CCRT group:
76%, 76% and 56%; neoCRT group: 31%, 43% and 18%,
respectively. Conclusion: The preferable bladder-conserving
approach is CRT, however RT alone might also be an option
for appropriately selected patients. NeoCRT for those with
locally advanced tumors remain unsatisfactory; adequate
selection of patients for radical treatment is of importance.

Muscle-invasive bladder cancer is still a great challenge for
radical treatment. The gold-standard approach of ‘radical
cystectomy’ is now being questioned as the best solution, and
bladder-conserving tri-modality therapy is currently considered
a comparable alternative (1). Such treatment comprises

transurethral resection (TURBT) and concurrent chemoradiation
(CCRT), mainly based on cisplatin, however, other options
using mitomycin and 5-fluorouracil or gemcitabine can also be
utilized (2, 3). Treatment and fractionation schedules differ in
the literature, however, once-daily irradiation is commonly
adopted and was shown not to be inferior to twice-a-day
irradiation (2, 4). Although chemoradiation seems to be more
efficient than radiation alone (RT), revealing some improvement
in local or regional control but without significant impact on
overall survival, direct comparisons in randomized trials are
scarce (3, 5). Large retrospective studies, however, show the
benefits of chemoradiation over RT alone in terms of overall
survival (OS) (6). 

Patients with more advanced bladder tumors are a real
challenge. It is uncertain if they can be treated radically and
a large proportion of them should perhaps undergo palliative
treatment. RT alone probably does not suffice and it is an
open question if a CCRT with low-doses of radio-enhancing
cytostatics, often administered in monotherapy, is enough to
kill the micrometastatic spread of tumor cells. Even in the
case of a good local response, the chance of a long-lasting
cure may be questionable. In such patients, neoadjuvant
chemotherapy may potentially be a valuable option (7).

Hence, the aim of this study was to assess the outcome of
patients with muscle-invasive bladder cancer treated with
different bladder-conserving methods (TURB plus RT alone,
or CRT) which changed over the study period. Additionally,
a group with more advanced locally/regionally bladder
cancer treated with neoadjuvant chemotherapy and RT
(neoCRT) was evaluated.

Patients and Methods
Patients. The study group consisted of three separate subgroups of
patients with muscle-invasive urothelial bladder cancer treated with
bladder-conserving therapy: CCRT group: a prospective group
treated between 2010 and 2017 with tri-modality treatment of
TURBT plus CRT. RT group: a retrospective group treated in earlier
years (between 2006 and 2010) when TURBT and RT alone was a
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standard treatment for such patients; neoCRT: a retrospective group
of patients with more advanced tumors treated between 2005 and
2016 with neoadjuvant chemotherapy and subsequent RT.

The groups were somewhat different in the treatment intention
and characteristics. The RT group consisted of patients referred for
radiation because of patient preference, or contraindications to
surgery. In those years, TURBT plus RT was the main method of
treatment at our Institution. 

The CCRT group consisted of patients treated in subsequent years
when the protocol of tri-modality treatment had been implemented. 

The last group consisted mostly of patients with advanced and
larger-volume tumors. In order to exclude a possible bias related to
the evaluation of only patients undergoing the whole treatment
course, all patients who were eligible for neoadjuvant chemotherapy
were included in the intent-to-treat basis irrespective of the response
to chemotherapy and further treatment.

Although the groups were not prospectively selected, we wanted
to compare the outcome between the RT group, which represented
our previous standard, and the group treated with CCRT, which is
currently used. Owing to the fact that the RT and CCRT groups
were not well balanced with respect to T-stage, only patients with
T2 and T3 stages were selected from the RT group for further
analysis and comparison with CCRT group. A detailed statistical
comparison with the neoCRT group was not performed as it was a
different patient population (with more advanced disease).

The RT group consisted of 48 patients, the CCRT group of 27
patients and the neoCRT group of 42 patients. The clinical
characteristics of the study groups are presented in Table I.

Although there was some imbalance with respect to the tumor
grade, the differences between the RT group and the CCRT group
with respect to those with high-grade (or grade 3) tumors were
insignificant (p=0.24).

However, due to the fact the patients in the CCRT group had to
be fit in order to undergo CRT, that group might have had a better
comorbidity profile.

Treatment. RT group: Patients were treated with 3D conformal
intensity-modulated RT techniques using a linear accelerator with 6-
20 MV photons. Clinical target volume 1 (CTV1) was pelvic lymph
nodes and planning target volume 1 (PTV1) was constructed by
adding approximately a 0.5 cm margin around the CTV1. The CTV2
was the whole bladder, and PTV2 was created by adding a non-
uniform margin of approximately 1.0-1.2 cm in all directions except
for superior and anterior where it was about 1.8-2.0 cm. In almost all
cases, pelvic lymph nodes were irradiated to a total dose of 44 Gy
with 2 Gy per fraction. The boost to the PTV2 was administered to a
total dose of 66-70 Gy with a dose per fraction of 2 Gy. 
CCRT group: The contouring and irradiation rules were similar

to the RT group, but the final boost to the PTV2 was given to the
total dose of 64-66 Gy. Concurrent chemotherapy was given every
3 weeks with a cisplatin dose of 80 mg/m2. In total, three cycles of
chemotherapy were planned during RT. In 40% of patients,
chemotherapy was planned in other schedules, usually with a
weekly cisplatin schedule of 30 mg/m2 given six times during RT. 
NeoCRT: This was mainly based on gemcitabine with platinum

scheme or methotrexate, vinblastine, doxorubicin and cisplatin
(MVAC). In three patients, one cycle of neoadjuvant chemotherapy
was used (7%), in 17 patients (41%) two cycles, in 16 patients
(38%) three cycles, and in six patients (14%) four cycles were
applied. Disease in one patient progressed during neoadjuvant

chemotherapy and was referred to symptomatic treatment. Among
others, in five patients (12%) progression was observed after
neoadjuvant chemotherapy and those patients were referred to
palliative RT. Radical RT was therefore administered to 36 patients
(82%). The parameters of RT are reported only for this subgroup
(Table II) but the clinical characteristics are presented for the whole
neoCRT group. RT was performed similarly to the rules for the RT
group. Daily 2D-2D kV image guidance was performed with respect
to the pelvic bones from 2008. In earlier years, portal imaging was
performed before administration of the first treatment fraction.

The higher percentage of patients treated with dynamic techniques
in the CCRT group is related to the more common utilization of such
techniques in the later years of the study. The lower doses of RT given
in the CCRT group than in the RT group are due to the rigid dose
specification in the patient protocol for the former group. 

Toxicity and adverse events. The tolerance of radiotherapy was
assessed with the RTOG scale (8). Genitourinary (GU) and
gastrointestinal (GI) toxicities were evaluated. Additionally, for
patients treated with CCRT, hematological toxicity was evaluated
during the treatment with the Common Terminology Criteria for
Adverse Events (CTCAE) v3.0 (9). Acute toxicity was assessed as
a crude rate of maximum toxicity during the radiation course. Late
toxicity was assessed with a crude rate and with an actuarial method
focusing on patients with grade 2 or more GU or GI toxicity. The
time to the development of late toxicity was calculated from the
beginning of RT.

Outcome endpoints. The long-term outcome was evaluated in terms
of local control (LC), OS and disease-free survival (DFS),
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Table I. The clinical characteristics of the study groups.

Clinical factor               RT (n=48)         CCRT (n=27)    NeoCRT (n=42)

Age, years
  Mean±SD (range)    67±8.4 (49-87)    65±8.0 (44-76)    63±6.5 (49-75)
Gender
  M                                  39 (81%)             21 (78%)             35 (83%)
  F                                     9 (19%)               6 (22%)               7 (17%)
T-Stage, n (%)
  T2                                 37 (77%)             20 (74%)             11 (26%)
  T3                                 11 (23%)              7 (26%)              15 (36%)
  T4                                      0%                       0%                  16 (38%)
N-Stage, n (%)
  N0                                48 (100%)           27 (100%)            33 (79%)
  N+                                       0                          0                     9 (21%)
Grade, n (%)*
  G1                                6 (12.5%)                   0                     4 (10%)
  G2                               18 (37.5%)            7 (26%)               9 (21%)
  G3                                 12 (25%)              5 (19%)              18 (43%)
  LG                                  4 (8%)                6 (22%)                     0
  HG                                 5 (10%)                 9 (33)                       0
  Missing data                   3 (6%)                      0                    11 (26%)

RT: Radiotherapy alone; CCRT: cisplatin-based chemoradiation; NeoCRT:
neoadjuvant chemotherapy and radiation. *The 3-step grading system of
differentiation (grade 1-3) has been gradually replaced by the 2-step (LG:
low grade, HG: high grade) system in later years of the study.



calculated with an actuarial method using Kaplan–Meier estimation.
The time was calculated from the beginning of radiotherapy in the
RT and CCRT groups, and from the beginning of neoadjuvant
chemotherapy in the neoCRT group. Local failure was defined as
pathologically confirmed persisting tumor after RT or local
recurrence after tumor remission. In the neoCRT group, it was
additionally loss to follow-up, shortly after RT before the possibility
of an adequate response assessment, or non-completion of the whole
planned treatment course (for instance, no radical RT or non-
completion of radical RT after neoadjuvant chemotherapy). The
DFS was defined as no local, regional or distant progression or
death irrespective of cause. 

The incidence of acute toxicity was compared with the chi-
squared test, while late toxicity and long-term endpoints were
evaluated with the Kaplan–Meier method and compared with the
log-rank or Cox–Mantel test.

Results

The median follow-up was 6 years for the RT, 2 years for the
CCRT and 2.5 years for the neoCRT groups. 

Acute toxicity. The incidence and severity of acute GU and
GI toxicity are presented in Table III. 

Acute GU toxicity was similar for the RT and the neoCRT
groups. However, only patients in the RT group developed
serious grade 4 toxicity, in two cases; in one of them, RT
was terminated at 60 Gy dose, the other patient had a 12-day
gap and then treatment was continued. Patients in the CCRT
group tolerated RT very well with significantly less acute

grade 2 or more GU toxicity as compared to the RT group
(p=0.029). The differences between other groups were
statistically insignificant.

Acute GI toxicity was similar for the CCRT and neoCRT
groups. On the other hand, patients in the RT group
experienced more pronounced acute GI toxicity. The rate of
grade 2 or more acute GI toxicity was 27% as compared to
7% in the CCRT group (p=0.014) and 8% in the neoCRT
group (p=0.047). The differences between the latter two
groups were statistically insignificant.

In the CCRT group, hematological tolerance during
treatment was very good. Only one case of grade 3 toxicity was
reported. The higher rate of grade 2 toxicity for leucocyte count
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Table II. The parameters of radiotherapy in the studied groups.

Parameter                                                RT            CCRT         NeoCRT 
                                                            (n=48),        (n=27),         (n=36), 
                                                              n (%)           n (%)             n (%)

Elective pelvic lymph nodes RT
  Yes                                                   45 (94%)    27 (100%)     34 (94%)
  No                                                      3 (6%)              0               2 (6%)
RT technique pelvis*
  3DCRT                                             19 (42%)      3 (11%)       22 (65%)
  Dynamic (IMRT, VMAT)               26 (58%)     24 (89%)      12 (35%)
RT technique boost
  3DCRT                                             37 (77%)      5 (19%)       23 (64%)
  Dynamic (IMRT, VMAT)               11 (23%)     22 (81%)      13 (36%)
Total radiation dose
  60-64 Gy                                            1 (2%)       12 (44%)       4 (11%)
  66-68.4 Gy                                       17 (35%)     15 (56%)      10 (28%)
  68.4-70.2 Gy                                   28 (58%)            0             19 (53%)
  Not completed (<60 Gy)                   2 (4%)              0               3 (8%)

3DCRT: 3D Conformal radiotherapy; IMRT: intensity-modulated
radiotherapy; RT: radiotherapy alone; CCRT: cisplatin-based chemo-
radiation; NeoCRT: neoadjuvant chemotherapy and radiation; VMAT:
volumetric-modulated arc therapy. *Three patients in the RT-only group
and two patients in the neoCRT group had irradiation to the bladder alone. 

Table III. Acute radiotherapy-related toxicity among the treatment
groups.

Acute toxicity        Grade      RT group,     CCRT group,        NeoCRT 
                                                   n (%)               n (%)            group, n (%)

Genitourinary             0            7 (15%)           5 (19%)             5 (14%)
                                   1            7 (15%)          10 (37%)            8 (22%)
                                   2           22 (46%)          9 (33%)            16 (44%)
                                   3           10 (21%)          3 (11%)              7 (19%)
                                   4             2 (4%)                 0                         0
Gastrointestinal          0           24 (50%)         18 (67%)           24 (67%)
                                   1           11 (23%)          7 (26%)             9 (25%)
                                   2           13 (27%)           2 (7%)                2 (6%)
                                   3                 0                      0                         0
                                   4*               0                      0                    1 (3%)

RT: Radiotherapy alone; CCRT: cisplatin-based chemoradiation;
NeoCRT: neoadjuvant chemotherapy and radiation. *One patient
developed ileus during radiotherapy; pharmacological treatment was
introduced and radiotherapy was finished on a 30 Gy dose.

Table IV. Late radiation-related toxicity among the treatment groups*.

Acute toxicity        Grade      RT group,    CCRT group,        NeoCRT 
                                                   n (%)               n (%)            group, n (%)

Genitourinary             0           29 (60%)         19 (70%)           13 (36%)
                                   1            6 (12%)           4 (15%)             11 (30%)
                                   2             4 (8%)             2 (7%)               4 (11%)
                                   3             4 (8%)                 0                    3 (8%)
                                   4             1 (2%)                 0                         0
Gastrointestinal          0           39 (81%)         23 (85%)           31 (86%)
                                   1             3 (6%)             1 (4%)                    0
                                   2             1 (2%)                 0                         0
                                   3             1 (2%)             1 (4%)                    0

RT: Radiotherapy alone; CCRT: cisplatin-based chemoradiation;
NeoCRT: neoadjuvant chemotherapy and radiation. *For four patients
from the RT group, two patients from the CCRT group and five patients
from the neoCRT group, follow-up was too short to reliably assess late
toxicity.



(44%) than for neutrophil count (30%) was probably due to an
additional decrease in the lymphocyte count, which is a typical
observation for patients given pelvic irradiation (10). 

Late toxicity. The crude incidence of late toxicity by
treatment group is presented in Table IV.

The 3-year freedom from grade 2 or more GU toxicity
was: 81%, 89%, 54% in the RT, CCRT and neoCRT groups,
respectively (p=0.36). At 3 years, freedom from late grade 2
or more GI toxicity was 91%, 100% and 100% (p=0.87). 

Long-term outcomes. The treatment outcomes in terms of the
main endpoints of 3- and 5-year OS, LC and DFS for the RT
group were as follows: 61%, 74% and 55%, respectively and
53%, 69% and 47%, respectively. In the CCRT group, 3-year
OS, LC and DFS were 76%, 76% and 56%, whilst for the
neoCRT group they were 43%, 31% and 18%. Owing to the
shorter follow-up for the two latter groups, only the 3-year
observations are reported.

The differences in the analyzed end-points were compared
between the RT and CCRT groups because these groups
included comparable patient populations. The differences
were not statistically significant; however, with respect to OS,
a statistical trend was observed (OS, p=0.09) (DFS, p=0.93)
(LC, p=0.59). When the RT and CCRT groups were analyzed
together, the 3- and 5-year OS rates were 66% and 58% while
DFS rates were 56% and 47%, respectively.

Figures 1 and 2 show OS and DFS for all groups. 

Discussion

For muscle-invasive bladder cancer a trimodality treatment
(TURB plus CRT) seems to be a good alternative to radical
cystectomy (2, 4, 6, 11, 12). Whether CCRT is better than
surgery was not confirmed head-to-head and is probably not
going to be confirmed in the future because of difficulties in
accrual to such a kind of study (13). The pooled studies
show, however, at least comparable results (14). 
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Figure 1. Overall survival of 27 patients treated with cisplatin-based chemoradiation (CCRT), 48 treated with radiation alone (RT), and 42 with
locally advanced disease treated with neoadjuvant chemotherapy and radiation (neoCRT).



We found the results of a conservative approach with RT
or CCRT gave 3- and 5-year OS rates of 66% and 58%,
which are comparable to those reported in other prospective
and retrospective series (6, 11-12, 15-18). For example, Lee
et al. reported very similar OS and DFS of 50.8% and
39.9%, with good toxicity profiles (15), as was also noted in
our study. Murthy et al. reported 3-year OS and DFS rates
of 67% and 66% (17), which our observations are also very
similar to. Some studies reported an even better treatment
outcome than that observed by us, with a 5-year OS of 73%
(19). Based on our experience and that of others, it may be
stated that the results of a bladder-sparing approach may also
be very good outside a clinical trial in general practice. 

According to the experience from our center, we retained
relatively high (64-66 Gy) total radiation doses when
constructing the CCRT protocol. Although the clinical utility
of pelvic lymph node irradiation was not confirmed in a
randomized study, we used that approach because of the
potential benefit (18). Irrespective of high total dose and
pelvic irradiation, the tolerance of CCRT in the study group

was very good. Radiation toxicity for this group was not
increased in comparison to the RT group. Moreover, acute
toxicity seemed even to be significantly less pronounced.
The exact reason for this is not clear but it may be due to the
more contemporary study period for CCRT and related
technological capabilities such as image-guided RT, and
dynamic techniques. The GU toxicity in the CCRT group
was comparable to other modern image-guided intensity-
modulated RT series, while GI toxicity in our study was
either less pronounced or similar to others’ experience (17,
18, 20). It is important to point out that hematological
toxicity in the CCRT group was excellent. 

Interestingly, we found that RT alone after TURB gave a
similar treatment outcome to CCRT. It should be
emphasized, however, that the OS curves separated, favoring
CCRT treatment with a statistical trend (p=0.09). In the only
two trials with randomization, there was no significant
improvement of OS in the CRT arm, however, better
locoregional control was observed (2, 5). On the other hand,
the studies from Erlangen indicated an improvement of OS
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Figure 2. Disease-free survival of 27 patients treated with cisplatin-based chemoradiation (CCRT), 48 treated with radiation alone (RT), and 42
with locally advanced disease treated with neoadjuvant chemotherapy and radiation (neoCRT).



in the CCRT group over that treated with RT alone (6).
However, this was not a randomized trial with some possible
patient preselection. To overcome such preselection, we
decided to include in the analysis those patients who had
been treated with RT alone in the years before we
implemented the tri-modality protocol into our practice.
However, a drawback of such analysis was the difference in
follow-up between the groups, and a possible influence of
other confounding factors associated with progress in RT
technology throughout the study period. The retrospective
nature of the study and the small number of patients suggest
that our results should be interpreted with caution. 

Based on the relatively good results for RT alone, we also
believe that there may be a subgroup of patients who can be
treated with TURB and RT alone. Thus, our policy is to offer
such patients CCRT, but in the case of their not being
suitable for cisplatin chemotherapy, we may also offer RT
alone. 

Locally advanced bladder cancer is difficult to cure
because of a substantial risk of occult dissemination and the
probability that for large tumors, no pronounced regression
occurs after RT or CRT. Therefore, neoadjuvant
chemotherapy seems to be an attractive method. Local
regression after neoadjuvant chemotherapy may help in the
decision-making process, i.e. those patients who respond to
neoadjuvant chemotherapy fare much better than non-
responders (21). It may also indicate which patients are good
candidates for organ preservation (16). However,
neoadjuvant chemotherapy is not used commonly by the
RTOG group because RTOG 89-03 trial revealed substantial
toxicity in the neoadjuvant arm, which resulted in the
premature closure of the trial (22). 

Some of the treatment results in the literature are better
than those reported by us. However, it should be emphasized
that those groups were composed of more favorable patients
with muscle-invasive bladder cancer which should be rather
compared with our CCRT group (16, 23, 24). For instance,
very good results were observed in a retrospective study by
Perdona et al. (24) (5-year: OS=67.7%, LC=56.3%). 

Five-year OS of 30% was reported by Baxter et al. in a
population with locally advanced bladder cancer treated with
neoadjuvant CRT (25). Their observation is similar to ours.
On the other hand, others reported the possibility of achieving
better results, with a 5-year DFS of 43% in patients with
locally advanced bladder cancer (26). We speculate that
neoadjuvant chemotherapy plus cystectomy might be a
preferable option. However, if the main location of failure is
distant, there may be no clear advantage of cystectomy over
RT or CCRT, as also pointed out by others (16). 

It can be expected that in approximately 15% of patients,
disease will progress after neoadjuvant chemotherapy and
they will not be candidates for further radical treatment – as
was observed in our and others’ studies (16, 26). This may

be considered a drawback of neoadjuvant therapy. On the
other hand, such patient suitability for upfront radical
treatment and expectations towards long-term survival may
be questionable. In contrast, the vast majority of patients
with less advanced stages complete neoadjuvant
chemotherapy and subsequent RT successfully (23, 24). 

In another group of patients with advanced disease, with
22% of them presenting N+ disease and 68% of patients with
stage ≥T3, the 5-year OS was 32% (27). The authors stated
that a more effective systemic treatment might improve the
treatment outcome. We could expect some improvement in
treatment outcome with another, probably more efficacious,
neoadjuvant chemotherapy schedule such as dose-dense
MVAC (1, 28, 29). Such a schedule was not used in our
study. Nowadays more interest is placed on adjuvant therapy
than on neoadjuvant, and some authors postulate better
opportunities with such an approach (30). However, a direct
comparison of two such treatment schedules has not yet been
made in bladder cancer. Therefore, in a locally advanced
setting for patients who are borderline candidates for radical
treatment, it would be even more difficult to recommend one
option over another. 

Conclusion

The tolerance of CCRT was found to be very good, radiation
side-effects were not exacerbated by the administration of
concurrent cisplatin.

As long-term outcomes did not differ significantly
between the RT and CCRT groups, and was satisfactory in
both of them, in our opinion, RT alone after TURB may also
be an option for properly selected patients who are not
candidates for CCRT.

Due to a trend towards better OS in the group treated with
CCRT, and taking into consideration the safety of such
treatment in clinical practice, this is our recommended
bladder-conserving approach.

The results of neoadjuvant chemotherapy and subsequent
RT for locally advanced tumors are still not satisfactory,
however, such treatment gives an opportunity of cure to
some patients. More effort should be put into the selection
of patients for radical treatment and improvement in its
efficacy.
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