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ARTICLE INTFO ABSTRACT

Article history: Aim: This study aimed to evaluate the treatment result of intensity-modulated radiation

Received 23 August 2017 therapy (IMRT) in a large number of Japanese patients with prostate cancer.

Accepted 26 November 2017 Background: A total of 1091 patients with localized prostate cancer were recruited between

Available online 12 December 2017 March 2006 and July 2014. The patients were stratified into low- (n=205 [18.8%]),
intermediate- (n =450 [41.2%]), high- (n =345 [31.6%)]), and very high-risk (n =91 [8.3%)]) groups

Keywords: according to the National Comprehensive Cancer Network classification. All patients were

Prostate cancer irradiated via IMRT at a dose of 74-78 Gy with or without androgen-deprivation therapy. The

Intensity-modulated radiation mean follow-up period was 50 months (range, 2-120 months).

therapy Results: The biochemical failure-free rate (BFFR), the clinical failure-free rate, and the overall

External beam radiation therapy survival rate at the 5-year follow-up for all patients was 91.3%, 96.2%, and 99.1%, respectively.

In univariate analysis, the prostate-specific antigen (PSA) levels (<20 vs. >20 ng/ml) were
significantly correlated with BFFR. A trend toward higher BFFR was noted in patients with
a Gleason score (GS) of <7 than in patients with GS >8. In multivariate analysis, only PSA
(<20 vs. >20 ng/ml) was significantly correlated with BFFR. The cumulative incidence rate of
gastrointestinal and genitourinary toxicity (>grade 2) at the 5-year follow-up was 11.4% and
4.3%, respectively.
Conclusions: The findings of this study indicate that IMRT is well tolerated and is associated
with both good long-term tumor control and excellent outcomes in patients with localized
prostate cancer.
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1. Background and aim

In 2012, the world wide incidence of prostate cancer was
approximately 1,095,000 cases, resulting in 307,000 deaths.’ In
Japan, prostate cancer is the most commonly diagnosed can-
cer in men, with a projected incidence of 92,600 cases (16%
of 576,100 cancer cases at all primary sites) in 2016. In 2014,
11,507 patients died of prostate cancer.?

Among the optimal treatment options for prostate cancer
is external beam radiotherapy?; it is less invasive than other
treatment modalities and can be administered to patients
with comorbidities for which surgery is contraindicated.
Intensity-modulated radiation therapy (IMRT) has been widely
used for external beam irradiation of localized prostate can-
cers. Several studies have revealed that IMRT is safer than
three-dimensional conformal radiation therapy (3D-CRT), par-
ticularly in terms of gastrointestinal (GI) adverse events.*”’
The safety of IMRT also allows dose escalation, leading to
better tumor control.? However, most large, single-institution
studies on the efficacy of IMRT for localized prostate cancer
have been performed in Western institutions. To the best of
our knowledge, studies with more than 1000 patients with
prostate cancer treated with IMRT are yet to be performed in
Japan. Because the physique and prostate glands of Asians are
smaller than those of Westerners, the outcomes and toxicity
might differ between Asian and Western patients. Accordingly,
this retrospective study aimed to evaluate the outcomes and
late toxicity associated with IMRT among Japanese patients
with prostate cancer.

2. Material and methods
2.1. Patients

Between March 2006 and July 2014, 1252 patients with prostate
cancer were treated with IMRT at our institution. Patients
with lymph node and distant metastases and those whose
prostate-specific antigen (PSA) levels were not measured at
least once after IMRT were excluded. As a result, 1091 patients
were included in this analysis. Patient characteristics are
shown in Table 1. All tumors were histologically confirmed
as adenocarcinomas. The median patient age was 70 years
(range, 38-80 years). The median PSA level at diagnosis was
8.53ng/ml (range, 2.65-370.00ng/ml). A total of 427 (39.1%),
331 (30.3%), 38 (3.5%), 125 (11.5%), 122 (11.2%), 39 (3.6%), and
9 (0.8%) patients had cT1c, T2a, T2b, T2c, T3a, T3b, and T4,
respectively. The patients had a Gleason Score (GS) of <6
(n=316 [29.0%)), 7 (n =482 [44.2%)), 8 (n=175 [16.0%]), O (n =104
[9.5%]), and 10 (n=14 [1.3%)]). Following the National Compre-
hensive Cancer Network (NCCN) classification, 205 (18.8%), 450
(41.2%), 345 (31.6%), and 91 (8.3%) patients belonged to the low-
,intermediate-, high-, and very high-risk groups, respectively.’
Low-risk was defined as T1c-T2a, PSA levels <10 ng/ml, and GS
<6. Intermediate-risk was defined as T2b-T2c, GS=7, or PSA
levels of 10-20ng/ml. High-risk was defined as T3a, <3 cores
with GS 8-9 (primary GS # 5). Very high-risk was defined as
T3b-T4, primary GS=5, or >4 cores with GS=8-10. The mean
follow-up period was 50 months (range, 2-120 months).

Table 1 - Patient characteristics (N=1091).

Median age (range) (years) 70 (38-80)
Median initial PSA (range) (ng/ml) 8.53 (2.65-370.00)

<10 630 (57.7%)
>10, <20 281 (25.8%)
>20 180 (16.5%)
Clinical stage
Tic 427 (39.1%)
T2a 331 (30.3%)
T2b 38 (3.5%)
T2c 125 (11.5%)
T3a 122 (11.2%)
T3b 39 (3.6%)
T4 9 (0.8%)
Gleason score
<6 316 (29.0%)
7 482 (44.2%)
8 175 (16.0%)
9 104 (9.5%)
10 14 (1.3%)
NCCN classification
Low risk 205 (18.8%)
Intermediate risk 450 (41.2%)
High risk 345 (31.6%)
Very high risk 91 (8.3%)
ADT use
Yes 646 (59.2%)
No 445 (40.8%)

PSA: prostate-specific antigen, NCCN: National Comprehensive
Cancer Network, ADT: androgen-deprivation therapy.

2.2.  Treatment planning

Patients were instructed to empty their bladder 60 min prior to
the treatment. Each patient was positioned supine on a couch
within the immobilization devices and underwent computed
tomography (CT). Axial CT images of 2.5-mm thickness were
obtained from the superior border of the sacroiliac joint to
5cm below the ischial tuberosity.

The IMRT plans were created using the TomoTherapy Treat-
ment Planning System (TomoTherapy Inc., Madison, WI, USA).
The IMRT plans with helical tomotherapy (HT) were created
using an inverse treatment planning system. The CT datasets
with structures and contours in Pinnacle® (Hitachi Medical
Co., Tokyo) were transferred to the HT planning workstation.
The clinical target volume (CTV) was defined as the prostate
and the proximal portions of the seminal vesicles in patients
with T1-T3a cancers. For patients with T3b cancers, the entire
seminal vesicle was included in the CTV. The planning tar-
get volume (PTV) margin was set at 5mm in all directions. For
low- and intermediate-risk patients with biopsy-positive core
rate <50%, the prescribed dose was 74 Gy; for intermediate-
risk patients with biopsy-positive core rate >50%, it was 76 Gy;
and for high- and very high-risk patients, it was 78 Gy. The
daily fraction dose was 2.0Gy, 5 times a week. The dose con-
straints for PTV were as follows: the dose administered to 95%
of the PTV was >90% (>95% is preferable); the PTV receiving at
least 90% of the prescribed dose was >96% (>98 is preferable);
and the maximum dose was <110% of the prescribed dose. The
rectum was delineated from 15mm superior to 15mm infe-
rior to the PTV. As such, a rectal wall thickness of 3mm and
a bladder wall thickness of 3mm were created. The rectum
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and bladder were used for optimization. Because higher doses
were received by the rectal and bladder walls than the corre-
sponding solid organs, the rectum and bladder walls were used
to create a dose-volume histogram.'? The dose constraints for
the rectum were as follows: V40 <60%, V60 <30%, V70 <20%,
and V78 <1%. Meanwhile, the dose constraints for the bladder
were as follows: V40 <60% and V70 <35%. Vx is defined as the
percentage of the volume of the structure receiving at least one
dose of “x” Gy. Megavoltage CT image-guided verification was
performed daily prior to each treatment. The photon energy
used was 6 MV.

Patients in the intermediate-, high- and very high-risk
groups received androgen-deprivation therapy (ADT) that was
commenced 3-6 months prior to radiotherapy. Adjuvant ADT
was continued for patients with high- and very high-risk dis-
ease for a maximum of 2 years.

2.3. Evaluation

Biochemical failure was established according to the Phoenix
criteria.'! Local failure was confirmed via biopsy. Clinical fail-
ure was diagnosed based on the imaging modalities, such
as CT, magnetic resonance imaging, or bone scintigraphy.
Failure-free rate and survival rate were defined as the time
between the completion of IMRT and the development of any
event. Biochemical failure-free rate (BFFR), clinical failure-free
rate (CFFR), and overall survival (OS) rate was calculated using
the Kaplan-Meier method, and group comparisons were made
using the log-rank test. The Cox proportional hazard model
was used for both univariate and multivariate analyses to eval-
uate the predictors of BFFR, CFFR, and OS. The independent
variables were as follows: age, T stage (T1lc-T2c vs. T3a-T4),
GS (<7 vs. =8), PSA (<20 vs. >20ng/ml) and the presence or
absence of ADT use. Variables with a p-value of <0.10 in uni-
variate analysis were subjected to multivariate analysis.

The cumulative incidence rate of grade >2 GI and genitouri-
nary (GU) toxicities according to the Common Terminology
Criteria for Adverse Events (v4.0) was calculated using the
Kaplan-Meier method.?

A p value <0.05 was considered to indicate a significant
difference.

3. Results

PSA failure was observed in 72 (6.6%) cases. The BFFRs at the
3- and 5-year follow-up for the low-, intermediate-, high-, and
very high-risk groups were 98.9% and 95.7%, 94.9% and 91.4%,
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Fig. 1 - Biochemical failure-free rate for each risk group.

95.9% and 91.4%, and 85.5% and 80.2%, respectively (Fig. 1). In
univariate analysis, PSA (<20 vs. >20 ng/ml) was significantly
correlated with BFFR. A trend toward higher BFFR was noted
more in patients with GS of <7 than in those with GS of >8. In
multivariate analysis, PSA (<20 vs. >20) was also significantly
correlated with BFFR (Table 2).

Clinical failure was observed in 33 (3.0%) cases. The sites of
first failure were the prostate (local), pelvic node, para-aortic
node, bone, and lungs in 8, 10, 1, 14, and 1 cases, respec-
tively. One patient was concurrently diagnosed with pelvic
node recurrence and bone metastasis. The CFFRs at the 3-
and 5-year follow-up for the low-, intermediate-, high-, and
very high-risk groups were 99.4% and 96.2%, 98.3% and 97.8%,
97.6% and 96.2%, and 94.1% and 88.4%, respectively (Fig. 2).
In univariate analysis, PSA (<20 vs. >20) and T stage (T1c-T2c
vs. T3a-T4) were significantly correlated with CFFR. A trend
toward higher CFFR was noted in patients with GS of <7 than
in those with GS of >8. In multivariate analysis, no factor was
significantly correlated with CFFR (Table 3).

Eight (0.7%) patients died during follow-up. Among them,
only 2 died due to prostate cancer, while 3 died due to another
cancer and the other 3 due to pneumonia. The OS rates at the
3- and 5-year follow-up for the low-, intermediate-, high-, and
very high-risk groups were 100% and 98.7%, 99.8% and 99.8%,
99.0% and 99.0%, and 96.9% and 96.9%, respectively (Fig. 3).

Table 2 - Summary of univariate and multivariate analyses results for biochemical-failure free rate.

Parameters Univariate Multivariate

Hazard ratio (95% CI) p value Hazard ratio (95% CI) p value
Age 1.002 (0.965-1.040) 0.9227
PSA (<20 vs. >20) 3.082 (1.912-4.967) <0.0001 2.929 (1.799-4.770) <0.0001
T stage (T1c-T2c vs. T3a-T4) 1.513 (0.867-2.638) 0.1449 1.301 (0.793-2.137) 0.2976
Gleason score (<7 vs. >8) 1.569 (0.966-2.549) 0.0689
ADT (Yes vs. No) 1.051 (0.656-1.684) 0.8360

CIL confidence interval, PSA: prostate specific antigen, ADT: androgen-deprivation therapy.
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Fig. 2 — Clinical failure-free rate for each risk group.
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Fig. 3 — Overall survival rate for each risk group.

Grade >2 GI toxicity was observed in 102 (9.3%) cases.
Among them, 25 (2.3%) cases were grade 3. Meanwhile, no
cases of grade 4 GI toxicity were noted. The cumulative inci-
dence rate of GI toxicity (>grade 2) at the 3- and 5-year
follow-up was 9.8% and 11.4%, respectively (Fig. 4).

Grade >2 GU toxicity was observed in 32 (2.9%) cases.
Among them, 3 (0.3%) cases were grade 3. No cases of grade 4
GU toxicity were noted. The cumulative incidence rate of GU
toxicity (>grade 2) at the 3- and 5-year follow-up was 0.7% and
4.3%, respectively (Fig. 5).

4, Discussion

IMRT for prostate cancer is reported to have better dose cov-
erage of CTV and local control rate than 3D-CRT.'>'* IMRT
can reduce the dose to the organs at risk, particularly the
rectum, thus decreasing the rate of adverse events. The main-
tenance of quality of life after treatment was also better among
patients who underwent IMRT than among those who under-
went 3D-CRT.>1® Recently, IMRT has been widely used in
several facilities.'”

Using a large sample size from a single institution, Spratt
and Zelefsky et al. treated 1002 patients with prostate can-
cer with IMRT and reported good results.’® Kupelian et al.
treated 770 patients with prostate cancer using IMRT and
also reported good results.’® However, all the large population

studies were performed in Western countries. To the best of
our knowledge, studies on IMRT for prostate cancer using
a large sample size in Japan are yet to be conducted.
Japanese studies only involved approximately 300 patients
with prostate cancer treated with IMRT.?°?? Our study is the
first study to evaluate the results of IMRT in more than 1000
patients with prostate cancer at a single institution in Japan.

In this study, the BFFR, CFFR, and OS at the 5-year follow-
up for all patients was 91.3%, 96.2%, and 99.1%, respectively.
The cumulative incidence rate of GI and GU toxicity (>grade
2) at the 5-year follow-up was 11.4% and 4.3%, respectively.
The treatment results were good and the incidence of adverse
events was also within the acceptance range. In univariate
analysis, the PSA (<20 vs. >20 ng/ml) was significantly corre-
lated with BFFR. A trend toward higher BFFR was noted more
in patients with GS of <7 than in those with GS of >8. In multi-
variate analysis, only PSA (<20 vs. >20 ng/ml) was significantly
correlated with BFFR. Because BFFR was defined by PSA eleva-
tion, PSA was the primary factor that significantly influenced
BFFR. As for CFFR, PSA (<20 vs. >20 ng/ml) and T stage (T1c-T2c
vs. T3a-T4) were significantly correlated in univariate analy-
sis. A trend toward higher CFFR was noted more in patients
with GS of <7 than in patients with GS of >8. In multivari-
ate analysis, no factor was significantly correlated with CFFR.
This result may have been influenced by the low occurrence
of clinical failure.

Table 3 - Summary of univariate and multivariate analyses results for clinical-failure free rate.

Parameters Univariate Multivariate

Hazard ratio (95% CI) p value Hazard ratio (95% CI) p value
Age 1.019 (0.964-1.078) 0.5090
PSA (<20 vs. >20) 2.453 (1.188-5.066) 0.0153 1.872 (0.816-4.294) 0.1386
T stage (T1c-T2c vs. T3a-T4) 2.288 (1.088-4.810) 0.0290 1.506 (0.633-3.583) 0.3549
Gleason score (<7 vs. >8) 1.920 (0.955-3.861) 0.0672 1.567 (0.754-3.258) 0.2288
ADT (Yes vs. No) 1.262 (0.621-2.566) 0.5201

CIL: confidence interval, PSA: prostate specific antigen, ADT: androgen-deprivation therapy.
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In conclusion, the findings of this study indicate that IMRT
is well tolerated and is associated with both good long-term
tumor control and excellent outcomes in patients with local-
ized prostate cancer.
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