
Abstract. Aim: The standard therapy for muscle invasive
bladder cancer (MIBC) is radical total cystectomy; however,
radiotherapy (RT) is performed in patients who cannot tolerate
surgery due to advanced age. This study aimed to
retrospectively examine whether the feasibility of concurrent
use of intra-arterial chemotherapy (IAC) can be assessed using
both treatment results of RT for MIBC in elderly patients and
the G8 Screening Tool. Patients and Methods: We studied 16
patients who had received intra-arterial chemoradiotherapy
(IACRT) or RT alone between February 2004 and December
2012. The median age was 83 (range=75-91) years. Twelve
patients had stage II and 4 had stage III disease. Ten patients
received IACRT and six received RT alone. In order to
determine whether the G8 score distinguishes patients for
treatment with IACRT or RT alone, we calculated the cut-off
of the G8 score for addition of IAC. Results: The overall
median G8 score was 12 (range=9-15), with scores of 13
(range=12-15) in the IACRT group and 10 (range=9-11) in the
RT-alone group. The G8 score was 12 or more in all patients
in the IACRT group. The median follow-up period was 35
(range=6-64) months. The 2- and 5-year overall survival rates
were 80% and 66.7% in the IACRT group. The 1- and 2-year
survival rates in the RT-alone group were 50% and 25%,
respectively. Regarding late adverse events, only one patient
experienced grade 2 genitourinary toxicity. Conclusion: IACRT
was considered to be useful for the treatment of MIBC in
elderly patients, with tolerable adverse events. Moreover, used
in conjunction with age and performance status, the G8
Screening Tool is potentially applicable for determining the

feasibility of performing IAC. To our knowledge, this is the first
report about the correlation between G8 score and feasibility
of IAC.

The standard therapy for muscle-invasive bladder cancer
(MIBC) is radical total cystectomy. However, the number of
cases experiencing recurrence is not insignificant (1-3).
Since the peak age range for urinary bladder cancer
incidence is 60 to 70 years of age (4), it is necessary to
assume a higher incidence of perioperative complications in
these patients than in young patients. 
To date, no studies have compared surgery and

chemoradiotherapy (CRT). Moreover, the results of a phase
III clinical study comparing radiotherapy (RT) alone with
CRT showed no improvement in the percentage of surviving
patients with the add-on effect of chemotherapy (5, 6). At
present, RT alone, or CRT with cisplatin etc., with the
expectation of a radiosensitizing action, is performed in
patients who cannot undergo surgery due to advanced age or
comorbidities. We consider the efficacy of RT on MIBC to
be relatively high, with tolerable adverse events. When intra-
arterial chemotherapy (IAC) is concurrently used at our
hospital, various measures are taken to reduce adverse events. 
RT indications for MIBC, methods, and total radiation

doses vary (7), and there is no consensus on the types of
anticancer drugs that should be used, nor on the optimal
mode of CRT administration. However, combined IAC and
RT (IACRT) is more commonly used in Japan than in other
countries (8-10). 
In Japan, people 65 to 75 years of age are classified as the

early-stage elderly and those 75 years and older as the latter-
stage elderly (the late elderly) (11). As treatment policy
cannot be determined based on age alone, we sought to
examine whether the use of chemotherapy could be
determined with the G8 Screening Tool (12). The G8
Screening Tool is now increasingly used to evaluate the
prognosis for functional decline in elderly patients and the
overall survival rate (31), because it is easier to use than
other screening tools such as the Vulnerable Elders Survey
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(VES-13) (30), the Flemish version of the Triage Risk
Screening Tool (f TRST), and the abbreviated comprehensive
geriatric assessment (CGA) (31). We retrospectively
examined whether IACRT was the optimal treatment choice,
using treatment results of RT for MIBC in elderly patients
and the G8 Screening Tool (12). 

Patients and Methods

Ethics approval and consent to participate. All clinical procedures
were performed in accordance with the ethical standards of the
institutional and national research committee and with the 1964
Helsinki declaration and its later amendments or comparable ethical
standards.

Patient characteristics. We retrospectively studied 16 patients who
had received RT alone or IACRT between 2004 and 2012. In all
patients, transurethral resection of bladder tumor (TURBT) was the
procedure performed for urinary bladder cancer, and pathological
tissues were diagnosed as urothelial carcinoma or MIBC. Six
patients received RT alone and 10 received IACRT. The baseline
characteristics of our patients are presented in Table I. There were
11 men and five women, ranging in age from 75 to 91 years
(median=83 years). Twelve patients had clinical stage II and 4 had
stage III disease. Six patients received RT alone and 10 received
IACRT. Cisplatin was a key drug in chemotherapy. The Eastern
Cooperative Oncology Group (ECOG) Performance Status (PS) was
1 in all patients. Bladder preservation or local control was defined
as the state in which there was no recurrent or persistent tumor in
the bladder.

Radiotherapy. The device employed for radiotherapy was the
SIEMENS PRIMUS KD2 (SIEMENS Oncology Care Systems,
Concord, CA, USA) and Synergy linear accelerator (Elekta Inc.,
Stockholm, Sweden). For treatment planning, XiO (version 4.4.0-
4.6.0; Elekta, CA, Germany) and MONACO 5.0 (Elekta Inc.,
Stockholm, Sweden) was employed and the isocenter dose was
calculated by Clarkson’s method and Collapsed Cone’s method.
Irradiation fields were determined as follows: Firstly, a 1.5-cm
margin was added to the clinical target volume (CTV=whole
bladder), which was the planning target volume (PTV), and then a
5-mm margin was added to the PTV, which was the irradiation field.
Irradiation was performed using 10-MV X-rays; irradiation with 4-
field or more irradiation was performed. 
The fractional and total RT doses were, in principle, 1.8 Gy and

45 Gy, respectively, in patients receiving IACRT and 2 Gy and 50-
60 Gy, respectively, in patients receiving RT alone. When the total
dose exceeded 50 Gy, additional irradiation was locally
administered to lesion sites as boost radiation. In the two patients
given 60 Gy in total, localized irradiation of tumor sites was
performed as boost radiation after the dose had exceeded 50 Gy.
The irradiation field was the entire urinary bladder alone. 

Chemotherapy. In the IACRT group, the drugs were administered
via an indwelling catheter in the internal iliac artery over 30 min.
Chemotherapy regimens were cisplatin plus tetrahydropyran in six
patients (6/10), cisplatin plus adriamycin in three patients (3/10),
and cisplatin plus adriamycin with methotrexate in one patient
(1/10). The doses given are presented in Table II. 

G8 Screening Tool. The G8 Screening Tool is a questionnaire for
geriatric assessment which contains eight items – nutritional status,
weight, mobility, neuropsychological problems, body mass index
(BMI), medications and health status (31).

Study objectives. The primary end-points of this study were to
determine the cut-off of the G8 score for addition of IAC, overall
survival and urinary bladder preservation rates. In order to
determine whether the G8 score distinguishes very elderly patients
for treatment with IACRT or RT alone, we calculated the cut-off of
the G8 score for addition of IAC.

Statistical analysis. Survival was calculated by the Kaplan–Meier
method, and differences were expressed at a 5% significance level
with a two-tailed log-rank test. Overall survival was defined as the
time between the start of radiotherapy and death or last follow-up
for surviving patients. All calculations and survival displays were
conducted using the SPSS 21.0J statistical software package (IBM
Corp., Armonk, NY, USA). Late complications were graded
according to the National Cancer Institute-Common Terminology
Criteria (NCI-CTC), Version 4.0 (13). 

Results
G8 score. Overall, the median G8 score was 12 (range=9-15);
it was 10 (range=9-11) for the RT-alone group and 13
(range=12-15) for the IACRT group. The G8 score was 12 or
more in all patients in the IACRT group (Tables III and IV).
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Table I. Patient characteristics. Follow-up periods, sex, age, stage,
grade, G8 Screening Tool score and radiation dose are shown, with
percentages indicated in parentheses. Other data are presented as the
number of patients, with percentages in parentheses. 

                                                       RT alone           IACRT           Total 
                                                          (n=6)               (n=10)           (n=16)

Follow-up (months)                                                                             
    Median                                            12                     40                  35
    Range                                            6-44                  7-64              6-64
Age (years)                                                                                           
    Median                                            87                     82                  83
    Range                                           84-91                75-87            75-91
Gender                                                                                                  
    Male                                              4 (67)               8 (80)           12 (75)
    Female                                          2 (23)               2 (20)            4 (25)
Stage                                                                                                     
    II                                                    5 (83)               7 (70)           12 (75)
    III                                                  1 (17)               3 (30)            4 (25)
Grade                                                                                                    
    2                                                    4 (67)               2 (20)            6 (38)
    3                                                    2 (23)               8 (80)           10 (62)
G8 Screening Tool score                                                                     
    Median                                             10                     12                  12
    Range                                             9-11                 12-15             9-15
Radiation dose (Gy)                                                                             
    Median                                             50                     50                  50
    Range                                            45-60                45-60            45-60

RT, Radiotherapy; IACRT, intra-arterial chemoradiotherapy.
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Table II. Chemotherapy regimens and acute adverse events experienced under therapy.

Regimen                            n=10                        CDDP                         THP-ADM/ADM             Adverse events                  Acute adverse events
                                                                           (mg)                                      (mg)                        (neutropenia), n                      (radiotherapy), n

CDDP+THP-ADM              6              60-120 (median=110)            18-50 (median=48)                    G1: 1                                 Cystitis G1: 1
                                                                                                                                                                 G2: 2                             Enterocolitis G1: 1
                                                                                                                                                                 G3: 3
                                                                                                                                                                 G4: 1
CDDP+ADM                       3              75-110 (median=110)            30-50 (median=30)                    G2: 2                                 Cystitis G1: 2
                                                                                                                                                                 G3: 1                             Enterocolitis G2: 1
CDDP+ADM+MTX            1                              40                         25 (plus MTX 25 mg)                  None                   Cystitis and enterocolitis G1: 1

CDDP, Cisplatin; THP-ADM, pirarubicin; ADM, adriamycin; MTX, methotrexate; G: grade.

Table III. Characteristics of the 10 patients who received intra-arterial chemoradiotherapy.

No.     Age     Stage  Fractional Total RT    Pathology*        Chemotherapy       G8          Adverse           Hematotoxicity,      Survival        Bladder 
       (years)/                   dose          dose                                                               score           event                  neutropenia          (months),    preservation 
        gender                   (Gy)          (Gy)                                                                                                                                            outcome        (months)

1        83/M        II             2               60                 G3            CDDP+THP-ADM   12        Cystitis: G1                    G2                   7, Died              7
                                                                                                                                                                                                        from disease
2        82/M       III            2               60               G2>3              CDDP+ADM        15        Cystitis: G1                    G2                  38, Died            18
                                                                                                                                                                                                        from disease
3        75/F        II             2               50            G3 with      CDDP+THP-ADM   14    Enterocolitis: G1    Neutropenia: G3           53                  53
                                                                         squamous                                                                               Thrombopenia: G2
                                                                     differentiation
4        82/F        II           1.8             45                 G3            CDDP+THP-ADM   12    Enterocolitis: G1               G3                       42                  27
5        83/M        II           1.8             45            G3 with      CDDP+THP-ADM   13             None                         G3                       33                  33
                                                                         squamous
                                                                     differentiation
6        87/M        II             2               50                 G3                CDDP+ADM        12             None                         G1                  23, Died             8
                                                                                                                                                                                                        from disease
7        85/M        II           1.8             45               G3>2              CDDP+ADM        12    Enterocolitis: G2               G2                       64                  64
8        78/M       III            2               56               G3>2              CDDP+ADM        14        Cystitis: G1                    G3                       60                  34
9        77/F        II             2               60                 G3          CDDP+ADM +MTX 14        Cystitis: G1                    G0                      55,                 55
                                                                                                                                                                                                        Dropped out
10      79/M        II           1.8             45               G2>3         CDDP+THP-ADM   13        Cystitis: G1                    G4                       37                  37

*Urothelial cancer. CDDP, Cisplatin; THP-ADM, pirarubicin; ADM, adriamycin; MTX, methotrexate; G: grade.

Table IV. Characteristics of the six patients who received radiotherapy alone.

No  Age (years)/   Stage   Fractional Total radiation Pathology*     G8        Adverse      Hematotoxicity,          Survival time      Bladder preservation 
           gender                   dose (Gy)      dose (Gy)                          score          event             neutropenia          (months), outcome            (months)

1           84/F            II             2                   50                 G2             11       Cystitis: G1               G0              28, Died from disease                7
2           86/M           III             2                   60                 G2              9       Cystitis: G1               G0               7, Died from disease                 3
3           91/M            II             2                   56                 G2             10      Cystitis: G1        NHL after               44, Survived                       44
                                                                                                                                                    treatment
4           91/M            II             2                   50               G3>2           10      Cystitis: G1               G1              10, Died from disease                8
5           84/F            III           1.8                  45                 G2             11            None                    G0               6, Died from disease                 3
6           88/M            II             2                   50                 G3           10.5          None                    G1                   13, Dropped out                    13

*Urothelial cancer. G: Grade; NHL: non-Hodgkin’s lymphoma.



Overall survival. Overall, the median follow-up period was
35 (range=6-64) months; it was 12 (range=6-44) months in
the RT-alone group and 40 (range=6-64) months in the
IACRT group. Overall, the 2-year and 5-year survival rates
were 68.2% and 52.6%, respectively (Figure 1), and the
corresponding rates were 80% and 66.7% in the IACRT
group. The 1-year and 2-year survival rates in the RT-alone
group were 50% and 25%, respectively (Figure 2). 
Urinary bladder preservation and post-treatment. Overall,
the bladder preservation rates at 2 and 5 years were 55.6%
and 40.5%, respectively (Figure 3), and the corresponding
rates were 70% and 48% for the IACRT group. The bladder

preservation rates at 1 and 3 years were both 33.3% in the
RT-alone group (Figure 4). When patients experienced
recurrence, doxifluridine or uracil-tegafur was used as post-
treatment, or salvage treatment in combination with TURBT.
Only one patient received gemcitabine alone. 

Adverse events. Adverse events in the IACRT group included
grade 3 or more severe hematotoxicity in five out of 10 cases
and cystitis, as an acute-phase grade 2 adverse event, in one
case (Tables II and III). Regarding late adverse events, there
were no grade 2 or more severe urological or gastrointestinal
adverse events. 
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Figure 1. Overall survival curve of all patients.

Figure 2. Overall survival in the radiotherapy (RT) alone and intra-
arterial chemoradiotherapy (IACRT) groups. p-Values were calculated
by the log-rank test stratified according to the treatment group.

Figure 3. Bladder preservation curve considering all patients.

Figure 4. Bladder preservation in the radiotherapy (RT) alone and
intra-arterial chemoradiotherapy (IACRT) groups. p-Values were
calculated by the log-rank test stratified according to the treatment
group.



Discussion

Total cystectomy is the standard therapy for MIBC. However,
postoperative recurrence rates of approximately 40% have
been reported (1-3). Additionally, postoperative quality-of-life
impairment resulting from urinary diversion after cystectomy
cannot be ignored. Therefore, at present, RT is performed as
radical or palliative therapy in patients who are poor
candidates for surgery due to comorbidities. Moreover, elderly
patients with MIBC are often frail and thus may reject surgery.
In such cases, RT alone or CRT is usually selected. The
combination of chemotherapy with RT has been reported to
achieve good outcomes (14-21) and may be comparable to
surgery in terms of treatment results (22). 
At our hospital, the treatment policy when performing

resection of MIBC in combination with RT is the use of
IACRT, if feasible. Concurrent use of IAC is
comprehensively determined at conferences attended by
urologists and radiation oncologists. The reason for using
IAC is that the dose of anticancer drugs can be reduced with
local injection of highly concentrated anticancer drugs as
compared with systemic chemotherapy. At our hospital,
platinum agents are primarily used in chemotherapy
regimens, although the guidelines have no clear standard as
to whether the treatment should be monotherapy or a
combination regimen (27). We perform combination
chemotherapy according to our long-standing policy because
we have not as yet compared platinum-based monotherapy
with combination therapy. This remains a future challenge. 
With regard to RT methods for MIBC, no definitive

conclusion has been reached as to whether the area of
irradiation should be the small pelvis or the entire urinary
bladder. Moreover, there is no consensus on total radiation
dose (7, 14). In reports from Japan, the total radiation dose
is low when RT is combined with IAC (8-10). 
At our institution, the total radiation dose is set lower than

that in the guidelines (27) because even routine irradiation may
cause unexpected complications in elderly patients (23-26). In
addition, according to reports of adverse reactions in the
treatment of prostate cancer (28) and uterine cervical cancer
(29), hemorrhagic cystitis and atrophic cystitis associated with
RT can occur as late adverse events, resulting in marked
impairment of quality of life. In order to reduce adverse events,
irradiation is delivered to the entire urinary bladder at our
hospital, followed by boost irradiation when a large lesion is
found after TURBT in patients concurrently receiving IAC. 
The treatment results in latter-stage elderly patients at our

hospital were comparable to those of a multicenter study by the
Japanese Radiation Oncology Study Group (14), with tolerable
adverse events. In the IACRT group, the 2- and 5-year survival
rates were 80% and 66.7%, and the bladder preservation rates
were 70% and 48%, respectively. These results suggest the
importance of IACRT even in latter-stage elderly patients.

Furthermore, it is noteworthy that a small fraction of elderly
patients do respond to concurrent invasive IAC. 
The 2-year survival rate in the RT-alone group was 25%,

lower than that in a past report (14). Four out of our six
patients (66.7%) receiving RT alone died of their primary
disease in less than 1 year. Although there might be some
bias, these poor treatment results are considered to be
associated with a large number of patients receiving
palliative treatment. However, the difference between our
two groups of latter-stage elderly patients did not reach
statistical significance, showing only a trend (p=0.06). The
possible reasons for the combination of IAC plus RT being
found not to have a significant impact on outcomes include
the use of RT alone showing a certain efficacy (14) and the
sample size having been small. 
Considering that all latter-stage patients with MIBC had a

PS of 1 during the study period, we examined whether the G8
Screening Tool (12, 28) might be applicable in determining
concurrent use of IAC in elderly patients. The scores were 11
points or less in the RT-alone group and 12 points or more in
the IACRT group. The results of this study showed a trend
which reflects clinical judgment, suggesting that IAC may be
concurrently used even in very elderly patients as long as the
G8 score is at least 12 points. Cut-off scores for elderly patients
of 14 points or more for the G8 Screening Tool have been
recommended (32, 33). Our present results indicate that IACRT
can reasonably be selected in patients with scores of at least 12
points, but such patients tended to experience more adverse
events. Further study is needed to assess whether IAC may
result in fewer adverse events than systemic chemotherapy. 
The most important aspect of managing patients with

MIBC is deciding the actual treatment policy in clinical
practice, although the evaluation of the general PS may
change over the limited time of conducting routine
examinations. Since CRT is considered to be more beneficial
than RT alone for MIBC (14-22), in the future, the G8 score
may be used as a method of determining whether concurrent
use of IAC would be beneficial. Meanwhile the population
continues to age and, since treatment methods cannot be
determined by age alone, we intend to further study MIBC
as well as other diseases based on our present findings. 

Conclusion

IAC was considered to be useful, with tolerable adverse
events, for MIBC in elderly patients. Moreover, in addition
to age and PS, the G8 Screening Tool may be used to
determine the feasibility of performing IAC. 
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