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ABSTRACT
Although radical cystectomy (RC) is considered as the standard therapy 

for muscle-invasive bladder cancer (MIBC), trimodal therapy (TMT) combining 
transurethral resection of the tumor with radiotherapy and chemotherapy is 
increasingly recommended as an alternative approach for bladder preservation. In 
the absence of randomized trials, we compared the clinical outcomes between RC and 
TMT using propensity score matching with 50 patients in the RC arm and 29 patients 
in the TMT arm. With respective median follow-up periods of 23 and 32 months for 
the RC and TMT groups, 5-year distant metastasis-free survival (58% vs. 67%), 
overall survival (56% vs. 57%), and cancer-specific survival (69% vs. 63%) rates 
between the RC and TMT groups, respectively, were similar. However, the 5-year local 
recurrence-free survival was significantly better in the RC group than in the TMT group 
(74% vs. 35%). Following TMT, acute grade 3 hematological (n = 2) and late grade 
3 genitourinary (n = 1) toxicities were reported. These findings demonstrated that 
oncological outcomes of TMT were comparable with those of RC, except for poorer 
local control. Large-scale, randomized trials are warranted to confirm the findings of 
the present retrospective comparison and to guide toward best treatment options.

INTRODUCTION

Although radical cystectomy (RC) has been the 
mainstay treatment for muscle-invasive bladder cancer 
(MIBC), many patients with several comorbidities are 
unfit for RC. In addition, median patient age at MIBC 
diagnosis is about 70 years. As some patients strongly 
prefer to retain their own bladders, interest in trimodal 
therapy (TMT), which combines transurethral resection 
(TUR) of bladder tumor with radiotherapy (RT), and 
chemotherapy, is increasingly considered as alternative 
therapy for MIBC. TMT is the most effective bladder-
preserving treatment approach for MIBC [1, 2]; however, 
to date, a prospective randomized trial directly comparing 
RC and TMT has not been conducted. Several studies 

showed that overall survival (OS) with TMT was 
similar to that achieved with RC [3, 4]. Nevertheless, 
accumulating evidence from several studies indicated 
that patients receiving TMT tended to be older and had 
more comorbidities and poorer performance status 
than those treated with surgery alone, making accurate 
comparisons impossible. Discrepancies between clinical 
and pathological staging represent another major hurdle in 
comparisons between the two treatment options. Clinical 
staging is more likely to underestimate muscle invasion 
and can occur in up to 50% of patients [5].

Two previous studies with large cohorts reported 
similar OS rates between the two treatment strategies after 
multivariable adjustment to decrease bias [6, 7]. However, 
a meta-analysis comparing RC and TMT for MIBC 
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recently demonstrated that TMT was associated with a 
slightly better OS rate [8]. Despite the large number of 
patients, former studies lacked detailed data on patient and 
treatment characteristics that could impact survival rates. 
Additional limitations include missing and heterogeneous 
data.

The present study was thus conducted to evaluate 
and compare survival rates and failure patterns between 
RC and TMT for MIBC, with patient diagnosed, treated, 
and followed at a single tertiary referral center. To 
incorporate the significance of treatment effects in the 
nonrandomized design of our observational study and to 
decrease the effect of potential confounding factors on 
outcomes, a propensity score matching analysis was used.

RESULTS

Baseline characteristics of patients in RC and 
TMT groups

Characteristics of 308 patients that underwent RC 
and 32 patients that received TMT before propensity 
score matching are listed in Table 1. Patients selected after 
propensity score matching included 50 and 29 patients in 
the RC and TMT groups, respectively, as presented in 
Table 2.

In the TMT group, eight patients underwent RT 
alone because of poor performance status (n = 6) and/

or insufficient renal function (n = 2). Thirteen patients 
(45%) received concurrent cisplatin at a dose of 70 mg/
m2 every 3 weeks, whereas seven patients underwent 
neoadjuvant chemotherapy as well. Concurrent and 
adjuvant chemotherapy was administered in one patient. 
As neoadjuvant and adjuvant chemotherapy, four cycles 
of gemcitabine at 1,000 mg/m2 combined with cisplatin 
at 70 mg/m2 on day 1 and followed by gemcitabine 1,000 
mg/m2 on day 8 were administered at 3-week intervals. In 
both treatment arms, the majority of patients (88% in RC, 
97% in TMT) did not receive adjuvant treatment. Median 
RT dose was 60 Gy (range, 50-60 Gy); 16 patients (55%) 
received 60 Gy, whereas RT with 50 Gy was administered 
to only one patient. Intensity-modulated RT (IMRT) was 
utilized in 25 out of 29 TMT patients. Following TMT, 
most patients showed a complete (n = 21, 72%) or partial 
(n = 3, 10%) response, whereas four patients (14%) 
experienced disease progression.

Among a total of 13 patients with bladder-only 
recurrence in the TMT group, four patients with carcinoma 
in situ (Tis, n = 2) and T1 (n = 2) underwent salvage 
cystectomy, whereas eight patients (Ta, n = 1; Tis, n = 3; 
T1, n = 1; T2, n = 3) underwent additional salvage TUR. 
One patient who was simultaneously diagnosed with 
metastatic stomach cancer was not treated for bladder 
recurrence. After salvage cystectomy, an 86-year-old male 
died because of postoperative ileus and sepsis, whereas 
59-year-old male experienced postoperative urine leakage 
and sepsis, which required 2 months of hospitalized care. 
Eight patients underwent salvage TUR; of these, five 

Figure 1: Overall survival in patients with muscle-invasive bladder cancer before propensity score matching. HR, 
hazard ratio; CI, confidence interval; TMT, trimodal therapy; RC, radical cystectomy.
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patients, including two T2 patients, achieved complete 
resection.

Survival rates in RC and TMT groups before and 
after propensity score matching

Figure 1 shows OS rates in the unmatched patient 
population with median follow-up times of 43 months 
(range, 1-110 months) for the RC group and 31 months 
(range, 1-107 months) for the TMT group. There was no 
statistical difference in the 5-year OS between the two 
arms (RC vs. TMT, 65% vs. 50%; hazard ratio [HR], 0.90; 
95% confidence interval [CI], 0.47-1.74). Among a total 
of 32 patients in the TMT arm, 5-year local recurrence-
free survival (LRFS), distant metastasis-free survival 
(DMFS), and bladder-intact survival rates were 32%, 66%, 
and 77%, respectively. Comparison of survival endpoints 
between the two groups are presented in Table 3. With the 
exception of LRFS, there were no statistically significant 
differences in other survival endpoints between the two 
groups.

Figure 2 shows survival curves of the matching 
populations in both treatment arms. The median follow-
up periods of survivors were 23 months (range, 1-107 
months) and 32 months (range, 7-93 months) for the 
RC and TMT groups, respectively. Although the 5-year 

LRFS rate was significantly better in the RC group than in 
the TMT group (74% vs. 35%; HR, 4.18; 95% CI, 1.33-
13.14), the 5-year DMFS 58% vs. 67%; HR, 0.79; 95% 
CI, 0.32-1.93), OS (56% vs. 57%; HR, 0.89; 95% CI, 0.39-
2.03), and cancer-specific survival (CSS; 69% vs. 63%; 
HR, 0.96; 95% CI, 0.38-2.47) rates were similar between 
the two treatment strategies.

Toxicities associated with TMT are shown in Table 
4. Most of the acute toxicities were grade 1 or 2. Two cases 
of acute grade 3 hematological toxicities were resolved 
with transfusion. A late grade 3 genitourinary toxicity 
occurred in a 73-year-old female patient who experienced 
recurrent hematuria 1 year after TMT and was treated 
with hematoma evacuation and permanent percutaneous 
nephrostomy insertion.

DISCUSSION

Although the 5-year OS rate was not significantly 
different between the two modalities in the current study, 
RC showed far better local control than TMT, in line 
with the findings from previous results. A surgical series 
reported that the 10-year LRFS ranged from 84% to 97% 
in lymph node (LN)-negative MIBC patients [9-11], 
whereas the 5-year LRFS in several Radiation Therapy 
Oncology Group (RTOG) trials ranged between 39% and 

Table 1: Patient characteristics according to the treatment group
Characteristics RC (n = 308) TMT (n = 32) p-value

Median age, years (range) 65 (29-82) 77 (40-88) < 0.01

Gender Male
Female

260
48

25
 7 0.38

ASA classifications
1
2
3

62
240
6

5
23
 4

< 0.01

Grade
1
2
3

3
29
276

 0
 2
30

0.82

Multiplicity
Solitary
Multiple
Unknown

104
203
1

 7
25
 0

0.31

Clinical T stage
2
3
4

145
142
21

18
13
 1

0.49

Hydronephrosis Present
Absent

72
236

1
31 0.01

No. of TURB before RT or surgery
0
1

≥ 2

11
190
107

0
15
17

0.09

Completeness of TURB
Complete

Incomplete
Unknown

155
142
11

23
 9
 0

0.05

Neoadjuvant chemotherapy Yes
No

26
282

 8
24 0.01

ASA, American Society of Anesthesiologists; RC, radical cystectomy; RT, radiotherapy; TMT, trimodal therapy; TURB, 
transurethral resection of bladder tumor 
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71% [12-14]. Bladder recurrence, the main component of 
local failure, was observed in 13 out of the 17 patients 
who experienced local recurrence in the present analysis. 
A pooled analysis of six RTOG protocols also reported 
that bladder recurrence was a major characteristic of local 
failure, with a 5-year bladder recurrence-free survival 
rate of 57% [3]. Compared with other TMT series, the 
present study showed poorer bladder control, which we 
attribute to the following reasons: (1) in contrast  the 

abovementioned clinical trials, most of the patients in 
the current study were not ideal candidates for bladder 
preservation by TMT. According to the clinical guidelines, 
indications for TMT in MIBC include T2 stage, solitary 
tumor, tumor size < 5 cm, complete TUR of bladder 
tumor, absence of hydronephrosis, and normal bladder 
function [15, 16]. However, 26 out of the 29 TMT patients 
included in the current analysis did not meet these criteria. 
Furthermore, they were also deemed unfit for RC by 

Figure 2: Survival rates in patients with muscle-invasive bladder cancer after propensity score matching: A. local 
recurrence-free survival, B. distant metastasis-free survival, C. overall survival, and D. cancer-specific survival. HR, hazard ratio; 
CI, confidence interval; TMT, trimodal therapy; RC, radical cystectomy
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urological surgeons. For example, majority of the patients 
in the current study had multiple tumors (76%) and thus 
were not ideal candidates for TMT, reflective of a real-
life clinical situation; (2) because all patients but one 
in the current study were treated continuously without 
restaging TUR, the study cohort could have potentially 
included a subgroup of non-responders to induction 
chemoradiotherapy who might have had more residual 
tumors; (3) the RT dose in the current study appears to 
be insufficient. As most patients were treated continuously 

without treatment break for restaging TUR, a 60-Gy 
radiation dose was given with less concern over tumor 
repopulation during the treatment.

RT dose escalation is a potentially effective solution 
to poor bladder control. A phase I trial that evaluated the 
feasibility of simultaneous integrated tumor boost (to 
70 Gy) resulted in the absence of local muscle-invasive 
recurrence and low rates of late toxicity [17]. Accurate 
localization of the target should be a prerequisite for 
dose escalation. In this trial, meticulous bladder filling 

Table 2: Patient characteristics according to the treatment after matching for the propensity score
Characteristics RC (n = 50) TMT (n = 29) p-value

Median age, years (range) 72 (48-82) 76 (40-88) 0.67

Gender Male
Female

38
12

23
 6 0.67

ASA classifications
1
2
3

 8
41
 1

5
20
 4

0.10

Grade 2
3

 1
49

 1
28 1.00

Multiplicity Solitary
Multiple

10
40

 7
22 0.60

Clinical T stage
2
3
4

33
16
 1

16
12
 1

0.76

Hydronephrosis Present
Absent

 2
18

1
28 1.00

No. of TURB before RT or surgery
0
1

≥ 2

 1
20
29

0
15
14

0.58

Completeness of TURB Complete
Incomplete

35
15

20
 9 0.98

Neoadjuvant chemotherapy Yes
No

10
40

 7
22 0.60

Table 3: Hazard ratios for survival outcomes according to treatment strategy 

Abbreviations: RC, radical cystectomy; RT, radiotherapy; HR, hazard ratio; CI, confidence interval
*only for matched population
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using a Foley catheter during boost RT and daily cone-
beam computed tomography (CT) were implemented; 
however, some patients were intolerant to the procedure 
and delineating the residual tumor/tumor bed on cone-
beam CT images was difficult in these patients. Recently 
introduced novel procedures for improved localization 
of the primary bladder tumor or tumor bed include 
intramuscular lipiodol injection and implantation of 
fiducial markers [18, 19]; however, their utility has not yet 
been verified in large-scale patient populations.

Although there is no consensus on salvage 
treatment for bladder recurrence, cystectomy is commonly 
recommended for both non-MIBC and MIBC recurrences. 
Two of the four patients who received salvage cystectomy 
in the current study experienced postoperative morbidities, 
one of which resulted in death. Eswara et al. reported that 
delayed salvage cystectomy demonstrated acceptable 
morbidity; however, the median age of their patient cohort 
was 69.4 years, which was younger than our TMT group 
(median age, 76 years) [20]. Conversely, salvage TUR 
showed promising oncological results in present study. 
These findings suggest that, similar to the initial treatment, 
TUR and not salvage cystectomy might be considered as 
first choice for salvage treatment of recurrent bladder 
cancer following TMT, particularly in elderly patients.

In the current study, no patient experienced 
recurrence in pelvic LN areas. Routine regional LN 
irradiation that might have provided a beneficial effect 
for the prevention of nodal recurrence. The 5-year pelvic 
nodal recurrence rate has been reported as 13% in the 
pooled analysis of six RTOG protocols [3]. In contrast, 
a phase III trial has argued that elective nodal irradiation 
was unnecessary. Specifically, the investigators compared 
the oncological outcomes and toxicities between whole-
pelvic and bladder-only concurrent chemoradiotherapy 
regimens and concluded that patients in the bladder-only 
treatment group experienced less acute toxicity without 

compromising survival rates [21]. Three-dimensional 
conformal RT was implemented in that trial; therefore, the 
exact role of pelvic LN irradiation should be reexamined 
in the IMRT era. As shown in the IMRT series, acute 
toxicity was as infrequently reported with whole-pelvic 
RT as with small-field RT [22].

This study has limitations because of its 
retrospective design, which is inherently susceptible to 
selection bias, and the small number of patients. However, 
all patients were diagnosed and treated in a single tertiary 
medical center, which minimized heterogeneity in 
diagnosis and treatment. The data were analyzed using 
propensity score matching to decrease the impact of 
treatment selection bias and potential confounding factors 
that are often encountered in observational studies. On 
the basis of our previous attempts, a large phase III trial 
comparing RC and TMT might not be easily implemented 
[23]. In the absence of a randomized trial, we believe that 
the current study provided additional information for both 
patients and their physicians.

In conclusion, using propensity score matching 
analysis, we showed that the 5-year DMFS, OS, and 
CSS rates of TMT were comparable to those of RC, with 
acceptable toxicity profiles despite poorer local control. 
Additional efforts such as intramuscular lipiodol injection 
for better delineation of the residual tumor/tumor bed will 
be helpful to adopt dose-escalated RT, which in turn might 
decrease bladder recurrence following TMT. Large-scale, 
randomized trials are warranted to confirm the findings of 
present comparison.

MATERIALS AND METHODS

Between 2007 and 2014, 337 and 36 patients 
underwent RC and TMT, respectively. Patients with 
histologically-confirmed, MIBC with no evidence of LN 
involvement or distant metastases were included in the 

Table 4: Toxicities associated with trimodal therapy (n = 29)

GU, genitourinary; GI, gastrointestinal.
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analysis. In the RC group, 29 patients including those 
with LN metastasis (n = 16), non-urothelial carcinoma 
histology (n = 7), non-MIBC (n = 5), and double primary 
colon cancer (n = 1) were excluded. In the TMT group, 
two patients who refused to complete TMT, one patient 
histologically diagnosed with non-urothelial carcinoma, 
and one who did not undergo TUR were excluded. 
Consequently, clinical data from 308 patients in the RC 
arm and 32 patients in the TMT arm were reviewed and 
included for propensity score matching. This study was 
approved by the local institutional review board, and 
informed consent was waived.

Initial routine workup consisted of cystoscopy, 
urine cytology, complete blood count, chemistry profile, 
CT urography, and chest X-ray or chest CT. Surgical 
procedures for RC and pelvic LN dissection were 
previously described by Kwon et al. [24]. The extent of 
LN dissection was determined by the attending surgeon: 
standard dissection included distal common iliac, ex ternal 
iliac, internal iliac, obturator, and perivesical LNs, whereas 
extended dissection included additional LNs at the level of 
proximal common iliac artery, distal aorta, and vena cava. 
Urinary diversions, including ileal conduit di versions and 
orthotopic bladder substitutions, were performed after RC 
and bilateral pelvic lymphadenectomy.

TMT consisted of maximal TUR, RT, and 
chemotherapy. The RT dose, 46 Gy with a daily fraction 
size of 2 Gy, was applied to the bladder and elective 
pelvic nodal areas. In general, initial clinical target 
volume (CTV) encompassed the pelvic LN area below the 
common iliac vessels. Planning target volume (PTV) was 
generated by expanding the margins around the CTV by 
7-10 mm. Following whole-pelvic RT, a boost dose of 14 
Gy in seven fractions was delivered to the gross residual 
tumor or to the tumor bed in patients who achieved 
complete TUR before RT. At the time of CT-based boost 
planning, a Foley catheter was inserted into each patient, 
and normal saline was instilled into the bladder as much 
as was comfortably tolerable. Boost PTV was defined 
by expanding the residual tumor/tumor bed margins by 
10-15 mm. Both three-dimensional conformal RT and 
IMRT techniques were used. Daily cone-beam CT image 
guidance was utilized in patients who treated with IMRT 
and all boost treatments.

For chemotherapy in patients receiving TMT, 
cisplatin at a dose of 70 mg/m2 was administered 
concurrently with RT every 3 weeks. Neoadjuvant and 
adjuvant chemotherapy consisted of four cycles of 
gemcitabine at 1,000 mg/m2 with cisplatin at 70 mg/m2 on 
day 1, and gemcitabine 1,000 mg/m2 on day 8 at 3-week 
intervals. Following treatment completion, patients were 
followed up every 3 months for the first year, every 6 
months for the next 4 years, and annually thereafter. 
Each follow-up appointment consisted of histo ry taking, 
physical examination, blood tests, urine culture, and 
cytology. Cystoscopy, chest X-ray, and CT urography were 

performed every 6 months for the first year and annually 
thereafter.

Local recurrence was defined as regional LN 
recurrence at or below the common iliac bifurca tion in the 
RC group and as in-field recurrence in the TMT group. A 
malignant tumor in the ureter or urethra was considered 
a second primary tumor and not a recurrence. The RTOG 
radiation toxicity grading system was used to assess acute 
and late toxicities in the TMT group.

The primary endpoint was 5-year OS, and secondary 
endpoints were 5-year LRFS, DMFS, CSS, and toxicities. 
Survival was calculated from the date of the surgery in the 
RC arm and from the end of RT in the TMT arm. All data 
in this study were summarized as means with standard 
deviations for continuous variables and frequencies or 
percentages for categorical variables. Comparisons of 
categorical variables between the RC and TMT groups 
were conducted using the chi-square test or Fisher’s 
exact test, and Student’s t-test was used to compare 
continuous variables. For propensity score estimation, a 
logistic regression model based on the following factors 
was used: age, American Society of Anesthesiologist 
classification representing performance status and 
comorbidities, pathological grade, tumor multiplicity, 
clinical tumor stage, presence of hydronephrosis, number 
of TURs before the main treatment, extent of TUR, and 
neoadjuvant chemotherapy. Model calibration procedures 
were also performed and the discriminating ability of the 
propensity score was confirmed. A one-to-two matching 
of propensity scores was conducted using a proprietary 
Statistical Analysis System (SAS) algorithm (SAS 
Institute, Cary, NC, USA) that selected the best matching 
pair in the RC arm for each TMT patient, according to 
the absolute difference between the propensity scores of 
the RC and TMT cases. Greedy matching was applied 
and the control selected for a specific case was the one 
closest to that case in terms of distance; the maximum 
allowed distance for matching was set to 0.07. For 
the primary outcome variable, the 5-year OS rate, we 
conducted univariate analysis (unadjusted model), as 
well as multivariate analysis, using the Cox proportional 
hazards model with the full dataset and a stratified Cox 
model with the matched pair data. Same analyzes were 
conducted for the secondary end points such as 5-year 
LRFS, DMFS, and CSS; however, only the propensity 
score match results are presented in the Results section. 
The Kaplan-Meier analysis was also conducted for both 
treatment groups. All statistical analyzes were performed 
using SAS® version 9.4.

Author contributions

YJ Kim, SJ Byun and S Yoo participated in data 
acquisition and analysis, and literature research, and 
drafted the manuscript. YS Kim contributed to the 
conception and design of the study, and YS Kim, H Ahn, 



Oncotarget69003www.impactjournals.com/oncotarget

CS Kim, BS Hong, and JL Lee revised the manuscript.

CONFLICTS OF INTEREST

All authors declared that there is no conflict of 
interest.

GRANT SUPPORT

This study was supported by a grant (grant No. 
2016-0314) from the Asan Institute for Life Sciences, 
Asan Medical Center, Seoul, Korea.

REFERENCES

1. James ND, Hussain SA, Hall E, Jenkins P, Tremlett J, 
Rawlings C, Crundwell M, Sizer B, Sreenivasan T, Hendron 
C. Radiotherapy with or without chemotherapy in muscle-
invasive bladder cancer. New England Journal of Medicine. 
2012; 366: 1477-88. 

2. Byun SJ, Kim JH, Oh YK, Kim BH. Concurrent 
chemoradiotherapy improves survival outcome in muscle-
invasive bladder cancer. Radiation oncology journal. 2015; 
33: 294-300. 

3. Mak RH, Hunt D, Shipley WU, Efstathiou JA, Tester WJ, 
Hagan MP, Kaufman DS, Heney NM, Zietman AL. Long-
term outcomes in patients with muscle-invasive bladder 
cancer after selective bladder-preserving combined-
modality therapy: a pooled analysis of Radiation Therapy 
Oncology Group protocols 8802, 8903, 9506, 9706, 9906, 
and 0233. Journal of Clinical Oncology. 2014; 32: 3801-9.

4. Rödel C, Weiss C, Sauer R. Trimodality treatment and 
selective organ preservation for bladder cancer. Journal of 
clinical oncology. 2006; 24: 5536-44. 

5. Gray PJ, Lin CC, Jemal A, Shipley WU, Fedewa SA, Kibel 
AS, Rosenberg JE, Kamat AM, Virgo KS, Blute ML. 
Clinical–pathologic stage discrepancy in bladder cancer 
patients treated with radical cystectomy: results from the 
national cancer data base. International Journal of Radiation 
Oncology Biology Physics. 2014; 88: 1048-56. 

6. Bekelman JE, Handorf EA, Guzzo T, Pollack CE, 
Christodouleas J, Resnick MJ, Swisher-McClure S, Vaughn 
D, Ten Have T, Polsky D. Radical cystectomy versus 
bladder-preserving therapy for muscle-invasive urothelial 
carcinoma: examining confounding and misclassification 
biasin cancer observational comparative effectiveness 
research. Value in Health. 2013; 16: 610-8. 

7. Smith AB, Deal AM, Woods ME, Wallen EM, Pruthi RS, 
Chen RC, Milowsky MI, Nielsen ME. Muscle-invasive 
bladder cancer: evaluating treatment and survival in the 
National Cancer Data Base. BJU Int. 2014; 114: 719-26. 
doi: 10.1111/bju.12601.

8. Arcangeli G, Strigari L, Arcangeli S. Radical cystectomy 
versus organ-sparing trimodality treatment in muscle-

invasive bladder cancer: A systematic review of clinical 
trials. Critical reviews in oncology/hematology. 2015; 95: 
387-96.

9. Stein JP, Lieskovsky G, Cote R, Groshen S, Feng AC, 
Boyd S, Skinner E, Bochner B, Thangathurai D, Mikhail 
M. Radical cystectomy in the treatment of invasive bladder 
cancer: long-term results in 1,054 patients. Journal of 
clinical oncology. 2001; 19: 666-75. 

10. Madersbacher S, Hochreiter W, Burkhard F, Thalmann GN, 
Danuser H, Markwalder R, Studer UE. Radical cystectomy 
for bladder cancer today—a homogeneous series without 
neoadjuvant therapy. Journal of Clinical Oncology. 2003; 
21: 690-6.

11. Hautmann RE, Gschwend JE, de Petriconi RC, Kron M, 
Volkmer BG. Cystectomy for transitional cell carcinoma 
of the bladder: results of a surgery only series in the 
neobladder era. The Journal of urology. 2006; 176: 486-92. 

12. Shipley W, Winter K, Kaufman D, Lee W, Heney N, Tester 
W, Donnelly B, Venner P, Perez C, Murray K. Phase III 
trial of neoadjuvant chemotherapy in patients with invasive 
bladder cancer treated with selective bladder preservation 
by combined radiation therapy and chemotherapy: initial 
results of Radiation Therapy Oncology Group 89-03. 
Journal of Clinical Oncology. 1998; 16: 3576-83. 

13. Kaufman DS, Winter KA, Shipley WU, Heney NM, Chetner 
MP, Souhami L, Zlotecki RA, Sause WT, True LD. The 
initial results in muscle-invading bladder cancer of RTOG 
95-06: phase I/II trial of transurethral surgery plus radiation 
therapy with concurrent cisplatin and 5-fluorouracil 
followed by selective bladder preservation or cystectomy 
depending on the initial response. The Oncologist. 2000; 5: 
471-6.

14. Kaufman DS, Winter KA, Shipley WU, Heney NM, 
Wallace HJ, Toonkel LM, Zietman AL, Tanguay S, Sandler 
HM. Phase I-II RTOG study (99-06) of patients with 
muscle-invasive bladder cancer undergoing transurethral 
surgery, paclitaxel, cisplatin, and twice-daily radiotherapy 
followed by selective bladder preservation or radical 
cystectomy and adjuvant chemotherapy. Urology. 2009; 
73: 833-7.

15. Milowsky MI, Rumble RB, Booth CM, Gilligan T, Eapen 
LJ, Hauke RJ, Boumansour P, Lee CT. Guideline on 
Muscle-Invasive and Metastatic Bladder Cancer (European 
Association of Urology guideline): American Society of 
Clinical Oncology Clinical Practice Guideline Endorsement. 
Journal of Clinical Oncology. 2016: JCO659797.

16. Witjes JA, Compérat E, Cowan NC, De Santis M, Gakis 
G, Lebret T, Ribal MJ, Van der Heijden AG, Sherif A. 
EAU guidelines on muscle-invasive and metastatic bladder 
cancer: summary of the 2013 guidelines. European urology. 
2014; 65: 778-92.

17. Hafeez S, Warren-Oseni K, McNair H, Hansen V, Jones 
K, Tan M, Khan A, Harris V, McDonald F, Lalondrelle S. 
Prospective study delivering simultaneous integrated high 
dose tumour boost (up to 70Gy) with image guided adaptive 



Oncotarget69004www.impactjournals.com/oncotarget

radiotherapy (IGART) for the radical treatment of localized 
muscle invasive bladder cancer. International Journal of 
Radiation Oncology Biology Physics. 2016. 

18. Della Biancia C, Yorke E, Kollmeier MA. Image guided 
radiation therapy for bladder cancer: assessment of bladder 
motion using implanted fiducial markers. Practical radiation 
oncology. 2014; 4: 108-15.

19. Baumgarten AS, Emtage JB, Wilder RB, Biagioli MC, 
Gupta S, Spiess PE. Intravesical lipiodol injection technique 
for image-guided radiation therapy for bladder cancer. 
Urology. 2014; 83: 946-50.

20. Eswara JR, Efstathiou JA, Heney NM, Paly J, Kaufman DS, 
McDougal WS, McGovern F, Shipley WU. Complications 
and long-term results of salvage cystectomy after failed 
bladder sparing therapy for muscle invasive bladder cancer. 
The Journal of urology. 2012; 187: 463-8.

21. Tunio MA, Hashmi A, Qayyum A, Mohsin R, Zaeem A. 
Whole-Pelvis or Bladder-Only Chemoradiation for Lymph 
Node–Negative Invasive Bladder Cancer: Single-Institution 
Experience. International Journal of Radiation Oncology 
Biology Physics. 2012; 82: e457-e62.

22. Kim YJ, Park JH, Yun IH, Kim YS. A prospective 
comparison of acute intestinal toxicity following whole 
pelvic versus small field intensity-modulated radiotherapy 
for prostate cancer. Onco Targets Ther. 2016; 9: 1319-25. 
doi: 10.2147/OTT.S96646.

23. Huddart R, Birtle A, Lewis R, Bahl A, Falconer A, Maynard 
L, Hall E. Results of the SPARE feasibility study–selective 
bladder preservation against radical excision in muscle 
invasive T2/T3 transitional cell carcinoma of the bladder 
(CRUK/07/011). International Journal of Radiation 
Oncology Biology Physics. 2012; 84: S119-S20.

24. Kwon T, Jeong IG, You D, Hong B, Hong JH, Ahn H, Kim 
CS. Long-term oncologic outcomes after radical cystectomy 
for bladder cancer at a single institution. Journal of Korean 
medical science. 2014; 29: 669-75.


