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ABSTRACT
Introduction:Introduction: We aimed to investigate the long-term outcome of trimodality therapy consisting of transurethral resection 
of bladder tumor, external beam radiation therapy, and concurrent intra-arterial low dose cisplatin for patients with 
muscle invasive bladder cancer.
Materials and Methods: Materials and Methods: We retrospectively reviewed the medical records of 37 consecutive patients (28 men and 9 women) 
who underwent trimodality therapy for T2-3N0M0 bladder cancer at our hospital between 1996 and 2011. A total of 
60Gy of external beam radiation therapy was administered. A daily low dose of cisplatin was administered intra-arterially 
through a subcutaneously placed reservoir on the days of radiation therapy. Complete response was defi ned as no residual 
cancer in transurethral resection specimens and negative cytology. When a complete response could not be achieved, 
patients underwent additional intra-arterial chemotherapy.
Results: Results: Five-year cause specifi c, disease free, and overall survival rates were 86.4%, 69.7%, and 69.6%, respectively, with 
a mean follow-up period of 56.5 ± 6.1 months. Five-year cause specifi c survivals of the complete response group after 
the trimodality therapy, the complete response group after additional intra-arterial chemotherapy and the non-complete 
response group were 100% (n = 21), 85.9% (n = 9) and 0% (n = 7), respectively. Five-year overall survivals of the complete 
response group after the trimodality therapy, the complete response group after additional intra-arterial chemotherapy 
and the non-complete response group were 82.8%, 85.3% and 0%, respectively.
Conclusions: Conclusions: This trimodality therapy for muscle invasive bladder cancer could achieve favorable survival rates with 
bladder preservation and minimal adverse events. This trimodality therapy can be one of the useful treatment options.
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INTRODUCTION

The standard treatment for patients with muscle 
invasive bladder cancer (MIBC) is radical cystectomy. 
The 5-year survival rate after radical cystectomy is 
reported to be less than 60%,[1] and approximately 
50% of patients who undergo radical cystectomy 

eventually die of distant metastases. In addition, quality of 
life is considerably lowered due to urinary diversion-related 
problems.

Bladder preservation therapy is considered an alternative 
to radical cystectomy.[2] A number of studies[3-5] report the 
results of multimodality therapy for MIBC consisting of 
transurethral resection of the bladder tumor (TUR-BT), 
external beam radiation therapy (EBRT), and systemic 
chemotherapy, with 5-year survival rates similar to those in 
patients who underwent radical cystectomy. These studies 
suggest that bladder preservation could be achieved using 
multimodality therapy as a substitute for radical cystectomy. 
However, systemic chemotherapy may cause unfavorable 
adverse events, especially in the elderly.

Intra-arterial chemotherapy (IACT) is an effective treatment 
method for delivering highly concentrated anticancer drugs to 
the tumor site with less systemic toxicity. It has been reported 
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that multimodality therapy combined with IACT produces 
survival rates similar to that of radical cystectomy, with 
bladder preservation and minimal adverse events.[6,7] In the 
present study, we report our results of trimodality therapy 
consisting of TUR-BT, EBRT, and IACT in patients with MIBC.

MATERIALS AND METHODS

Patients
This study was approved by the ethical committee of Nara 
Prefectural Nara Hospital. We reviewed the medical records 
of 37 consecutive patients (28 men and 9 women) who 
underwent trimodality therapy (TUR-BT, followed by EBRT 
and concurrent IACT for MIBC (T2-3N0M0)) at our hospital 
between 1996 and 2011. This treatment was performed in 
patients who were unable to undergo radical cystectomy 
and urinary diversion due to such conditions as advanced 
age, poor performance status, severe co-morbidity, and 
refusal to undergo surgery. Consent was obtained after 
histological confi rmation of MIBC following initial TUR-BT. 
All patients were informed that the standard treatment for 
MIBC was radical cystectomy, and that this trimodality 
therapy was currently under investigation. TNM classifi cation 
was staged according to the International Union Against 
Cancer Staging System (6th, 2002). Staging information 
in all cases was obtained through cystoscopy, computed 
tomography, magnetic resonance imaging, bone scintigraphy, 
and histological fi ndings obtained by TUR-BT. All adverse 
events were graded using version 4.0 of the National Cancer 
Institute Common Terminology Criteria for Adverse Events.

Treatment schedule
Our treatment schedule is shown in Figure 1. Initially, all 
patients underwent TUR-BT, in which all visible tumors 
including the muscle layer were resected as deep as possible 
to confi rm the pathological tumor stage and reduce the 
volume of the tumor. Prior to chemoradiotherapy, a 
port (P-U CELSITE PORT®, TORAY, Japan) was placed in 
the femoral subcutaneous tissue and a catheter (ANTHRON 

P-U CATHETER®, TORAY, Japan) was placed in the internal 
iliac artery. Coil embolization of superior and inferior gluteal 
arteries and obturator arteries were performed to modify the 
blood fl ow. In 19 patients, ports and catheters were placed 
bilaterally in the right and left internal iliac arteries, and 
in the remaining 18 patients in either the right or left iliac 
artery, according to the location of the main tumor.

Five fractions weekly of 2.0 Gy per fraction, for a total of 
40-60 Gy, were delivered to the whole pelvis using the 
four-fi eld box technique, and an additional 10-20 Gy was 
administered to the urinary bladder using an opposing 
two-fold technique with 6 MV photons from a linear 
accelerator. EBRT was withheld if grade 3 or greater 
EBRT-related adverse events were observed.

Low dose cisplatin (CDDP, 5-10 mg/body) was administered 
intra-arterially through the port immediately before 
every fraction of EBRT, and this IACT was continued 
until the full dose of EBRT was completed. Two patients 
were administered carboplatin (a total of 450 and 520 mg, 
respectively) instead of CDDP because of renal dysfunction. 
IACT was withheld if grade 3 or greater adverse events 
appeared. Granulocyte colony-stimulating factor was given 
if neutrophil counts were below 500/mm3 or total white 
blood cell counts were below 1000/mm3.

Evaluation/Additional IACT
First evaluation of response: TUR-BT was performed in all 
patients 1-3 months after chemoradiotherapy for histological 
evaluation. Complete response (CR) was defi ned as no 
residual cancer in TUR specimens and negative cytology 
after treatment. Non-CR was defi ned as viable cancer in 
TUR specimens and/or positive cytology.

Additional IACT/Second evaluation: If a patient did not 
achieve CR at the fi rst evaluation, additional IACT consisting 
of CDDP 5-10 mg/body and pirarubicin/doxorubicin 
(THP/DXR) 8-10 mg/body was administered bi-weekly on 
an out-patient basis for 3 months. One to 3 months after the 
completion of additional IACT, patients underwent TUR-BT 
for a second histological evaluation. The defi nition of second 
CR and non-CR was the same as that of the fi rst evaluation.

Follow-up procedures
Follow-up studies of patients who achieved CR included 
computed tomography, cystoscopy, and urine cytology every 
3 months for 2 years, every 6 months for the next 3 years, 
and every 12 months thereafter.

Statistical analysis
The cause-specifi c survival, disease-free survival, and overall 
survival rates were calculated by the Kaplan–Meier method. 
A P < 0.05 was considered to be signifi cant. All statistical 
analyses were conducted using Prism software (GraphPad 
Software, San Diego, CA).Figure 1:Treatment schedule
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RESULTS

Patient characteristics are presented in Table 1. The mean age 
was 75.3 ± 1.1 (61-87) years. The histologic type identifi ed 
in TUR specimens was urothelial carcinoma only. There 
were 17 patients in T2 and 20 patients in T3. The mean 
dosage of radiotherapy was 60 ± 0.6 (50-70) Gy. The mean 
of the total amount of CDDP in IACT concomitant with 
EBRT was 169.5 ± 9.5 (42-300) mg, and the means of the 
amount of CDDP and THP/DXR in the additional IACT 
were 51.3 ± 2.1 (36-60) mg and 54.7 ± 1.8 (40-60) mg, 
respectively. The total amount of CDDP administered to 
each patient in the full schedule of treatment was 42 to 
300 (mean 190 ± 10.7) mg. The mean follow-up period was 
56.5 ± 6.1 (6-137) months.

The 5-year cause-specifi c, disease-free, and overall survival 
rates were 86.4%, 69.7%, and 69.6%, respectively [Figure 2].

First evaluation
Twenty-one patients (56.8%) achieved CR at the first 
evaluation. Among these patients, 2 subsequently developed 
recurrence of non-muscle invasive bladder tumors. 
None of the CR patients developed recurrence of muscle 
invasive tumors or distant metastasis. Seventeen were alive 
(16 without disease and 1 with non-invasive recurrence), and 
4 died of other causes. Of the 16 non-CR patients (43.2%) at 
the fi rst evaluation, 5 developed local recurrences (3 with 
non-invasive tumors and 2 with invasive tumors), and 3 had 
distant metastases. Seven were alive at the latest follow-up 
(5 without disease and 2 with distant metastases) and 9 died 
(5 of bladder cancer and 4 of other causes).

Second evaluation
Of the 16 patients who did not achieve CR at the fi rst evaluation, 
14 underwent additional IACT with CDDP and THP/DXR, 

and 2 received no additional treatment due to poor general 
condition. After completing additional IACT, 9 of 14 patients 
achieved CR at the second evaluation. Among these patients, 
4 developed local recurrences in the bladder (3 non-invasive 
and 1 invasive tumors), and 2 had distant metastases. Six 
were alive at the latest follow-up (5 without disease and 1 
with distant metastasis) and 3 died (2 of bladder cancer and 
1 of other cause). Of the 7 non-CR patients, 1 was alive with 
distant metastasis and 6 died (3 of bladder cancer and 3 of other 
causes). The 5-year cause specifi c survivals of the CR group 
at the fi rst evaluation, the CR group at the second evaluation 
and the non-CR group were 100% (n = 21), 85.9% (n = 9) and 
0% (n = 7), respectively [Figure 3]. The 5-year cause specifi c 
survivals of the CR groups were signifi cantly higher than that 
of the non-CR group (P < 0.0001, P = 0.0163, respectively). The 
5-year overall survivals of the CR group at the fi rst evaluation, 
the CR group at the second evaluation and the non-CR group 
were 82.8%, 85.3% and 0%, respectively [Figure 4]. The 
5-year overall survivals of the CR groups were signifi cantly 

Figure 2:Cause-specifi c (CSS), disease-free (DFS), and overall survival rates 
(OS) in all cases (n=37). Five-year CSS, DFS, and OS were 86.4%, 69.7%, and 
69.6%, respectively

Figure 3:Cause-specifi c survival rates (CSS) of complete response (CR) at the 
fi rst evaluation, CR at the second evaluation and the non-CR. Five-year CSS of 
these three groups were 100% (n=21), 85.9% (n=9) and 0% (n=7), respectively. 
Five-year CSS of CR groups were signifi cantly higher than that of non-CR group 
(P<0.0001, P=0.0163, respectively)

Figure 4: Overall survival rates (OS) of complete response (CR) at the fi rst 
evaluation, CR at the second evaluation and the non-CR. Five-year OS of these 
three groups were 82.8% (n=21), 85.3% (n=9) and 0% (n=7), respectively. 
Five-year OS of CR groups were signifi cantly higher than that of non-CR group 
(P<0.0001, P=0.0014, respectively)

Table 1: Patient characteristics (n=37)

Characteristics

Age (years) 75.3±1.1 (61-87)

Male/Female 28/9

T classifi cation (T2/T3) 17/20

Tumor grade (low/high) 5/32

Primary/recurrent 30/7

Port for IACT (Unilaterally/Bilaterally) 18/19

Radiation dose (Gy) 60±0.6 (50-70)

Total CDDP in IACT with EBRT (mg) 169.5±9.5 (42-300)

CDDP and THP/DXR in the additional 

IACT (mg)

CDDP 51.3±2.1 (36-60)

(n=14) THP/DXR 54.7±1.8 (40-60)

Follow-up period (month) 56.5±6.1 (6-137)

Plus-minus values are mean±SD. IACT=Intra-arterial chemotherapy, 
CDDP=Cisplatin, EBRT=External beam radiation therapy,
THP/DXR=Pirarubicin/doxorubicin
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higher than that of the non-CR group (P < 0.0001, P = 0.0014, 
respectively).

Adverse events
None of the patients developed grade 4 toxicity. Grade 3 
myelosuppression occurred in 2 patients (1 patient was 
treated with granulocyte colony-stimulating factor due to 
neutropenia and the other required a blood transfusion). 
Four patients had infections in their port sites and were 
forced to remove them. Two patients required conservative 
treatment in the hospital due to grade 3 gross hematuria. 
One patient developed severe lower gastrointestinal 
hemorrhage 2 months after chemoradiotherapy and needed 
a blood transfusion. One patient had vesicovaginal fi stula 
84 months after treatment. Other grade 1-2 toxicities 
were renal dysfunction in 9 patients, gastrointestinal 
toxicities (anorexia, nausea, and diarrhea) in 9, small bladder 
capacity in 8, myelosuppression in 5, and acute prostatitis 
in 1. Toxicities related to port-catheter placement and coil 
embolization (gluteal pain, imperceptions of the legs, and 
intermittent claudication) were observed in 8 patients. There 
was no vascular access related problem.

DISCUSSION

Standard treatment for MIBC is radical cystectomy. However, 
the morbidity rate reported with radical cystectomy is 
over 30%.[8] In addition, the 5-year overall survival rate 
after radical cystectomy is less than 60%.[1]

Recently, considerable interest has been focused on 
trimodality treatment, consisting of TUR-BT, chemotherapy, 
and radiotherapy for MIBC as bladder preservation therapy.[2] 
Shipley, et al.,[9] reported the outcome of patients with 
MIBC (stage T2-4) treated with trimodality therapy: The 
CR rate was 64% and the 5-year overall survival rate was 
54% with a median follow-up of 7 years. Other groups 
have reported similar results of trimodality therapy for 
MIBC.[3-5] However, both severe acute and late toxicities 
associated with systemic chemotherapy and radiotherapy 
have negative impacts on the advantages of trimodality 
therapy, especially for the elderly or those who have severe 
co-morbidity. In addition, because of differences in patients 
and protocols among studies, it is diffi cult to compare their 
results with those of surgery alone and the best regimen for 
trimodality therapy remains to be elucidated.

IACT has been employed instead of systemic chemotherapy 
to improve local tumor control and minimize 
chemotherapy-related toxicities.[10] The concentration of 
CDDP in bladder tumor tissue was higher with administration 
via the internal iliac artery than that with intravenous 
infusion, and CDDP levels in peripheral tissues were almost 
the same as those with intravenous infusion.[11] Okada, 
et al.,[12] also reported that platinum levels in internal iliac 
venous blood after administration of CDDP through the 

internal iliac artery were higher than those after systemic 
intravenous administration. No signifi cant difference was 
found in platinum levels in the systemic blood between 
intra-arterial and intravenous infusions. Thus, IACT can exert 
the same treatment effects as intravenous administration 
even with a lower dose of chemotherapeutic agents, resulting 
in reducing adverse events.

Recently, Hashine, et al.,[6] reported their favorable results of 
trimodality therapy using IACT. Ninety-four patients with 
MIBC were treated with radiotherapy at a total of 44-60 Gy 
concomitant with IACT using CDDP (20-25 mg/m2, day 1-3) 
and THP/DXR (15 mg/m2, day 8-10). With a median 
follow-up period of 72.9 months, 5 and 10-year overall 
survival rates were 66.6% and 47.4%, and cause-specifi c 
survival rates were 76.2% and 67.5%, respectively. Similar 
results were reported in other studies of radiotherapy and 
concurrent IACT for MIBC.[7,10] In the present study, the 
5-year overall survival rate was 69.6% and cause-specifi c 
survival rate was 86.4%, with a mean follow-up period 
of 56.5 ± 6.1 months, which are comparable to those of 
previous reports.

In our IACT protocol, low dose CDDP was administered 
before every fraction of EBRT, and CDDP and THP/DXR were 
administered every 2 weeks to patients who did not achieve 
CR at the fi rst evaluation. Grade 3 chemotherapy-related 
toxicities occurred in only 2 patients (myelosuppression), and 
grade 1-2 toxicities in 15 patients (myelosuppression, renal 
dysfunction, and gastrointestinal toxicities). The adverse 
events observed in this study were obviously fewer than 
those reported in previous studies of trimodality therapy using 
systemic chemotherapy[3-5,9] and even those using IACT.[6,7,10]

A total of 60 Gy was administered to the majority of our 
patients (40 Gy to the whole pelvis, 20 Gy to the urinary 
bladder). Grade 3 EBRT-related toxicities occurred in 
4 patients (hematuria, lower gastrointestinal hemorrhage, 
and vesicovaginal fi stula). Some studies showed the potential 
of reducing the radiation dose with IACT. Ikushima, et al.,[10] 
reported that the 3-year overall survival rate was 81%, when 
patients with MIBC were treated with EBRT of 40 Gy and 
concurrent IACT. Similarly, Sumiyoshi, et al.,[13] reported the 
5-year overall survival rate was 74% by treatment with EBRT 
of 36-50 Gy and IACT. IACT-specifi c adverse events such as 
port site infection, gluteal pain, imperceptions of the legs, 
and intermittent claudication, which were partly due to the 
embolization of gluteal and obturator arteries, were observed 
in 12 patients (32%), although these were not severe.

Certain chemotherapeutic agents were reported to act as a 
radiation sensitizer against tumor cells in addition to their 
direct cytotoxic effects.[14,15] CDDP has also been shown 
to sensitize tumor tissues to radiation.[16] The effi cacy of 
EBRT and concurrent low dose CDDP was reported in 
patients with non-metastatic non-small cell lung cancer: 
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Schaake-Koning et al.,[17] demonstrated in their large scale 
randomized study that a combination of EBRT and low dose 
CDDP produced a signifi cantly higher overall survival rate 
than that with EBRT alone.

In the present study, patients who did not achieve CR at the 
fi rst evaluation were treated with additional IACT consisting 
of CDDP and THP/DXR every 2 weeks for 12 weeks. Of the 
14 patients who underwent additional IACT, 9 achieved CR 
at the second evaluation. While it is possible that the residual 
tumor after initial trimodality therapy was completely 
resected by TUR performed as the fi rst evaluation, second 
CR could partly be due to this additional IACT. If the initial 
trimodality therapy failed, salvage cystectomy should be 
considered for patients with non-metastatic MIBC. Our 
patients were considered to be unable to undergo invasive 
surgical treatment due to advanced age, poor performance 
status, severe co-morbidity, or refusal to undergo surgery. 
Traditionally, doxorubicin has been used as part of the 
MVAC regimen for urothelial carcinomas. Some studies used 
doxorubicin with CDDP as IACT and reported favorable 
results.[6,7,10]

We showed that 5-year cause-specifi c and overall survival 
rates of patients who achieved CR at the fi rst or second 
evaluation were signifi cantly higher than those of non-CR 
patients. Hashine, et al.,[6] reported that 89.4% of patients who 
were treated with trimodality therapy using IACT obtained 
CR, and that clinical stage T2 patients without hydronephrosis 
were good candidates for bladder preservation therapy. We 
were unable to fi nd any signifi cant factors associated with 
CR possibly because of the small sample size.

This study has some limitations. The patients were unable 
to undergo radical cystectomy, thus there is a selection bias. 
Defi nitive pathological staging cannot be assessed because 
radical cystectomy was not performed. Although the tumor 
stage was confi rmed to be at least T2 with transurethral 
resection, clinical mis-staging may be included. We showed 
the potential of this trimodality therapy without severe 
adverse events. Further studies are needed to compare 
results with radical cystectomy or other bladder preservation 
therapies for MIBC.

CONCLUSIONS

Patients with MIBC can obtain benefi ts with trimodality 
therapy consisting of complete TUR-BT and EBRT with 
concomitant IACT. However, the standard indication and 
treatment regimen for trimodality therapy remains to be 
elucidated.
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