
Abstract. Background/Aim: We experienced an unexpected
high incidence of gastrointestinal (GI) toxicity in patients
undergoing image-guided intensity-modulated radiotherapy
(IG-IMRT) using helical tomotherapy in our initial 2.2
Gy/fraction schedule for prostate cancer; hence, a dose-
reduction trial from 2.2 Gy to 2 Gy/fraction was conducted
using modified planning target volume (PTV) contouring.
Patients and Methods: We compared 130 patients treated
using 2.2 Gy/fraction (Group A) and 144 treated using the 2
Gy/fraction (Group B) with modified PTV (excluding rectal
volume) with a median follow-up period of 62 months.
Prescribed dose was 72.6-74.8 Gy in 33-34 fractions (Group
A) and 72-74 Gy in 36-37 fractions (Group B). Results:
Patients in Group B had a reduced rectal and bladder V10-
V70 and were irradiated at the maximal dose. Their
cumulative incidence of grade ≤2 GI toxicity at 5 years
improved from 10.1% [95% confidence interval (CI), 4.9-
15.3%] to 1.4% (0-3.3%). Grade 2≤ urinary toxicity also
decreased from 5.5% (1.5-9.4%) in Group A to 1.4% 
(0-3.3%, p=0.0167) in Group B. The biochemical failure-free
5-year survival rate was 89.1% (95%CI=83.6-95.4%) and
87.5% (82.0-92.9%, p=0.75) in groups A and B, respectively.
Conclusion: The reduced dose fraction schedule decreased
the incidence of late GI toxicity without compromising

prostate-specific antigen control. Careful target volume
definition and fraction size are important even for IG-IMRT.

To achieve good outcomes for prostate cancer with little
adverse events, intensity-modulated radiotherapy (IMRT) has
a merit (1, 2) to reduce adverse events than three-
dimensional conformal radiotherapy (3D-CRT) (3-5). In
addition, image-guided (IG) RT contains meticulous
technique for more precise dose delivery, which may result
in a higher control rate with reduced toxicity (6-8). Because
helical tomotherapy (HT) permits the delivery of IG-IMRT
using megavoltage computed tomography (MVCT), we
began hypofractionated IG-IMRT (Group A) using soft tissue
matching for prostate cancer in 2006. However, a
paradoxically higher incidence of late GI toxicity was
observed even with IG-IMRT than that observed in other
studies (9). This prompted us to modify our dose fraction
schedule and PTV contouring (Group B), and we thereafter
began a modified schedule. Here, we report on a comparison
of the results of the initial 2.2 Gy/fraction schedule (Group
A) and the modified 2 Gy/fraction schedule (Group B) to
reduce late GI toxicity with IG-IMRT after a long term
follow-up of >5 years.

Patients and Methods
Patients. A total of 274 patients with stage T1-T4 N0M0 prostate
cancer who were treated using IG-IMRT from June 2007 to
September 2011 were included in this study. We employed 2.2 Gy
fraction schedule between June 2007 to June 2009 in 130 patients
(Group A) and a modified 2 Gy fraction schedule from June 2009
to September 2011 in 144 patients (Group B). All patients had
histology-proven adenocarcinoma. Patients were staged according
to the 2002 International Union Against Cancer version 6 staging
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classification system. The median patient age was 71 (range=51-86
years) years. Patients’ clinical characteristics are shown in Table I.
Prostate specific antigen (PSA) failure was defined using the
Phoenix definition (nadir, +2 ng/ml) or as the start of salvage
hormonal therapy. Common Terminology Criteria for Adverse
Events version 3.0 Toxicity was applied to toxicity analysis. All
patients provided informed written consent. This study was
conducted in accordance with the Declaration of Helsinki.

Treatment planning. Detailed method was prescribed in previous
manuscript (9). In brief, approximately 1 week before treatment
initiation, we obtained CT and magnetic resonance imaging (MRI)
data for treatment planning. At this time, each patient followed
instructions for rectal emptying and bladder filling to minimize the
interfraction motion. Patients were placed in the supine position,
and CT was performed with 2-mm slice thickness. MRI (T1w and
T2w) and CT images were fused to make meticulous radiotherapy
planning. The clinical target volume (CTV) was defined for the
prostate and proximal seminal vesicles and prostate only in the low
risk group (Damico’s: classification: stage, T1c; Gleason score, <7;
and PSA, <10 ng/ml). In the initial 2.2 Gy/fraction schedule, the
CTV-PTV expansion margin was 5 mm in all directions, not
avoiding the rectum. Pelvic nodal irradiation was not used. Ninety-
five percent of PTV (D95) received at least the prescribed dose of
74.8 Gy in 34 fractions (2.2 Gy/fraction, Group A), unless the tumor
was low risk in which case a dose of 72.6 Gy in 33 fractions was
used. After the schedule was modified, the prescribed dose was
reduced to 74 Gy (D95) in 37 fractions for the high and
intermediate risk groups and 72 Gy in 36 fractions for the low risk
group (2 Gy/fraction, Group B). The posterior CTV–PTV expansion
margin was also reduced to 3 mm and the rectal contour was
omitted from PTV, except in cases where the tumor was located
adjacent to the rectum. 

We defined the bladder and rectum as solid organs at risk. Rectal
volumes were contoured on axial slices from the recto-sigmoid
junction to the anal verge. Planning constraints were set for the
rectum and bladder: 35% and 18% of the rectal volume received
<40 Gy and <60 Gy, respectively, and 50% and 25% of the bladder
volume received <40 Gy and <65 Gy, respectively.

Daily treatment. All patients were treated using HT. MVCT scan
was performed before each treatment to confirm the location of
PTV and to verify that rectum and bladder conditions were met (9).
We then corrected the registered position to a simulated CT using
soft tissue matching. We defined an action level of rectal
displacement if the most anterior rectal region moved >5 mm and
could not be corrected using a couch adjustment (10). In these
cases, the patient was asked to get up from the couch and void the
rectum. If necessary, a rectal enema was used to dislodge a large
rectal stool and/or rectal gas (10). The accuracy and reproducibility
of these methods have been reported in a previous study (11). Late
GI toxicity was defined as any toxicity experienced 3 months after
the completion of radiotherapy. We then determined whether 
10-70 Gy volumes received in the rectum and bladder, planning
target volume, age, risk classification, use of hormonal therapy, and
treatment schedules correlated with adverse events.

Statistical analysis. StatView 5.0 statistical software was used for
statistical analyses. Percentages were analyzed using the chi-square
test, and Student’s t-test was used for normally distributed data. The

Mann–Whitney U-test for skewed data was used to compare means
or medians, and the Kaplan–Meier method was used to analyze PSA
control, overall survival, and cumulative risk of toxicities. Cox’s
proportional hazard model (survival and toxicity) were used for uni-
and multivariate analyses (variables with p<0.3 in the univariate
analysis and those that were not strongly correlated were included
in the multivariate analysis; i.e., V40, V60, and V70). A receiver
operating characteristic analysis was performed to generate the area
under curve (AUC) using R software for statistically significant
DVH parameters (12). p<0.05 was considered as statistically
significant.

Results

The median follow-up for the entire cohort was 62
(range=12-97 months) months. A comparison of the two
schedule backgrounds is shown in Table I. Group A showed
a higher Gleason score and shorter follow-up periods. Table
II shows the incidence of late GI and urinary toxicities. Late
GI toxicity grades 1, 2, and 3 occurred in 18 (14%), 11 (8%),
and three (2%) patients in Group A and in 12 (8%), zero
(0%), and two (1%) patients in Group B (p=0.001),
respectively. Grade 1, 2, and 3 late urinary toxicities
occurred in 12 (9%), 10 (8%), 0 (0%) patients in Group A
and in 25 (17%), one (1%), and one (1%) in Group B,
respectively (p=0.0058). There was a statistically significant
reduction in late toxicities using the modified Group B
schedule. The cumulative incidence of late GI and urinary
toxicities is shown in Figure 1. The incidence of ≥grade 2
GI toxicity was 10.1% [95% confidence interval (CI), 4.9-
15.3%] and 1.4% (95%CI=0–3.3%, p=0.0014) for groups A
and B, respectively (Figure 1). The incidence of ≥grade 2
urinary toxicity was 5.5% (95%CI=1.5-9.4%) in Group A
and 1.4% (95%CI=0-3.3%, p=0.0167) in Group B (Figure
1). Therefore, the modified strategy significantly reduced late
≥grade 2 GI and GU toxicities. Simultaneously, all GI and
GU DVH parameters (V10-V70) decreased under the
modified Group A schedule (Table III).

In addition, rectal V20-V70 showed a statistically
significant correlation to ≥grade 2 GI toxicity (Table IV),
whereas no correlation was observed between bladder DVH
parameters and urinary toxicity (data not shown). Among
them, V60 showed the highest AUC 0.722 with a threshold
of 10.0% (sensitivity, 81.2%; specificity, 52.7%). This
parameter was then applied to a multivariate analysis as a
representative DVH analysis. The multivariate analysis
revealed that schedule was the only statistically significant
factor for GI G2 ≤ (HR=8.795; 95%CI=1.110-64.649) (Table
V). The biochemical failure-free 5-year survival rate was
89.1% (95%CI=83.6-95.4%) and 87.5% (82.0-92.9%,
p=0.75) in groups A and B, respectively; it was 84.1% (84%
for Group A and 85% for Group B) for the high-risk group,
93% (95% and 89%) for the intermediate group, and 96%
(96% and 96%) for the low risk group (p=0.021). The

ANTICANCER RESEARCH 38: 385-391 (2018)

386



overall 5-year survival rate was 100% and 99.3%
(95%CI=97.9-100.7%; p=0.668) in groups A and B,
respectively.

Discussion

IMRT is an established modality for reducing the incidence
of GI adverse events. A pioneer group study reduced GI
toxicity from 14% using 3D-CRT to 2% using IMRT (1, 2,
7). Furthermore, IGRT enabled us to deliver precise radiation
exposure of the prostate, reducing uncertain exposure

obtained using non-IGRT methods. Therefore, IG-IMRT has
a potential to perform a higher-dose irradiation of the target
lesion without unnecessary irradiation of normal tissues, and
its use has increased in the recent years (6-8).

Although almost all IG-IMRT series reported up to 5%
gastrointestinal toxicity (1, 6, 8, 13-15), we encountered 
7-10% GI toxicity ≥grade 2 in the initial Group A schedule
(9), which prompted us to undertake this dose fraction de-
escalation trial. This unexpected high incidence of GI
toxicity may have been caused by several factors. Although
soft tissue matching enables us to deliver more accurate
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Table I. Characteristics and treatment factors of patients.
                                                                                                                                           
Variables                                             Strata               Group A (2.2 Gy fraction)                                        Group B (2 Gy fraction)                      p-Value
                                                                                                    n=130                                                                     n=144                                         

                                                                             No. or Median (range)         (%)                     No. or Median (range)             (%)                       

Age                                                                                 71 (51-83)                                                            72 (54-86)                                                0.076
T category                                              1                             41                        (32%)                                        46                            (32%)                  0.78
                                                               2                             56                        (43%)                                        63                            (44%)                     
                                                               3                             33                        (25%)                                        34                            (24%)                     
                                                               4                              0                          (0%)                                          1                              (1%)                       
iPSA                                                   ng/ml                 10.5 (4-265)                                                        9.3 (4.5-290)                                               0.57
Gleason score                                        -6                            51                        (39%)                                        38                            (26%)                  0.04
                                                               7                             36                        (28%)                                        42                            (29%)                     
                                                              8-                            43                        (33%)                                        66                            (46%)                     
Damico's risk classification                Low                          23                        (18%)                                        25                            (17%)                  0.64
                                                      Intermediate                    38                        (29%)                                        35                            (24%)                     
                                                            High                          69                        (53%)                                        84                            (58%)                     
Prescribed dose                                 74.8Gy                       107                       (82%)          74Gy                   119                           (83%)                   NA
                                                          72.6Gy                        23                        (18%)          72Gy                    25                            (17%)                     
Hormonal therapy                                Yes                           81                        (62%)                                        99                            (69%)                  0.26
                                                              No                            49                        (38%)                                        45                            (31%)                     
Follow-up                                         Months             81.5 (23.2-97.2)                                                   68.8 (36.8-85.8)                                          0.0001
                                                                                                                                                                                                                                          
*Bold values indicate statistical significance, NA; not available.

Table II. Characteristics of late toxicities.

Variables                                              Strata                      Group A (2.2 Gy fraction)                                     Group B (2 Gy fraction)                  p-Value
                                                                                                            n=130                                                                    n=144                                       

                                                                                         No. PT                      (%)                                       No. PT                    (%)                         
                                                                                                                                                                                                                                            
Gastrointestinal toxicity                         0                              98                        (75%)                                         130                     (90%)                  0.001
                                                                1                              18                        (14%)                                          12                       (8%)                        
                                                                2                              11                         (8%)                                            0                        (0%)                        
                                                                3                               3                          (2%)                                            2                        (1%)                        
Genitourinary toxicity                            0                             108                       (83%)                                         117                     (81%)                 0.0058
                                                                1                              12                         (9%)                                           25                      (17%)                       
                                                                2                              10                         (8%)                                            1                        (1%)                        
                                                                3                               0                          (0%)                                            1                        (1%)                        
                                                                                                                                                                                                                               

*Bold values indicate statistical significance.



irradiation, anterior rectal wall may receive higher dose of
irradiation compared with that obtained with conventional
bone matching. Furthermore, hypo-fractionation may cause
higher GI toxicity (17) because calculation of BED indicates
that using α/β=3 Gy for normal tissues, total doses of 72.6-

74.8 Gy for Group A equates to 2 Gy equivalent doses of
75.5-77.8 Gy. 

Dose fractionation is an important factor for GI toxicity
even using IG-IMRT. Lieng et al. (18) reported higher
(21%) grade 2≤ GI toxicity for the 66 Gy/22 fraction
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Figure 1. Cumulative incidence grade 2≤ toxicity. Modified standard dose- fractionation (group B; 2 Gy/fraction) reduced late gastrointestinal and
genitourinary toxicities than hypofractionation (group A; 2.2 Gy/fraction). a) Gastrointestinal toxicity. b) Genitourinary toxicity.

Table III. Comparison of treatment factors.

Variables                                                                      Group A (2.2 Gy fraction)                      Group B (2 Gy fraction)                                p-Value
                                                                                                     n=130                                                     n=144                                                      
                                                                                            Median (range)                               No. or Median (range)                                       

Target                                                                                                                                                                                                                           
   PTV volume                           cm3                                   94.1 (40.8-265.9)                                   84.3 (45.7-217.6)                                         0.14
Rectum                                                                                                                                                                                                                         
   V10                                           %                                          82(40-98)                                               74 (34-99)                                           <0.0001
   V20                                           %                                          82(40-98)                                               43 (18-75)                                           <0.0001
   V30                                           %                                          55(27-79)                                                29 (5-43)                                            <0.0001
   V40                                           %                                          35(18-49)                                                19 (6-32)                                            <0.0001
   V50                                           %                                           22(11-30)                                                12 (2-23)                                            <0.0001
   V60                                           %                                           14 (7-23)                                                 5 (1-14)                                             <0.0001
   V70                                           %                                            5 (1-11)                                                   1 (0-6)                                               <0.0001
   Max dose                                 Gy                                    78.5 (73.6-81.3)                                     75.8 (26.8-79.2)                                       <0.0001
Bladder                                                                                                                                                                                                                         
   V10                                           %                                        90.5(40-100)                                            76 (7-100)                                           <0.0001
   V20                                           %                                         75 824-100)                                           57.5 (27-88)                                          <0.0001
   V30                                           %                                          58 (23-85)                                              42 (18-68)                                           <0.0001
   V40                                           %                                          40 (16-59)                                             31.5 (13-50)                                          <0.0001
   V50                                           %                                           28 (9-40)                                                22 (9-36)                                            <0.0001
   V60                                           %                                           18 (7-33)                                                13 (5-25)                                            <0.0001
   V70                                           %                                           10 (3-14)                                                 7 (2-13)                                             <0.0001
   Max dose                                 Gy                                    78.9 (74.8-81.1)                                      78.2 (74-142.1)                                       <0.0001

*Bold values indicate statistical significance.



schedule compared to 4% in the 60 Gy/ 20 fraction schedule
over 8 years (18). This was consistent with our data where
reduced dose fractionation (from 2.2 Gy to 2Gy/fraction)
decreased late toxicities even using IG-IMRT. Our dose-
volume analysis revealed a significant reduction in V10-V70
of both rectal and bladder volumes by the modified
schedule, and this may have directly influenced the
reduction of toxicities (13).

There are several authorized dose constraint parameters
in the 3D-CRT era. For instance, quantitative analyses of
normal tissue effects in the clinic provided a suggestion

that if patients met the criteria of V50 <50%, V60 <35%,
V65 <25%, V70 <20%, and V75 <15%, then grade 2 GI
toxicity could be <15% using 3D-CRT (19). However,
little information was provided for DVH parameter for
IMRT and IG-IMRT. Pederson et al. reported that freedom
from ≥grade 2 gastrointestinal toxicity after a few years
was 100% for males with a rectal V70 ≤10%, V65 ≤20%,
and V40 ≤40% using IMRT (20). Almost all our patients
fulfilled these criteria (Table IV); however, they
experienced grade 2≤ GI toxicity. Therefore, our DVH
analysis contains some uncertainty and does not always
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Table IV. Predictive DVH parameters for late gastrointestinal toxicity grade 2 or more.

Variables                                                                   Rectal Bleeding ≥G2 positive               Rectal bleeding ≥G2 negative                            p-Value
                                                                                                      n=16                                                      n=258                                                      
                                                                                           Median (range)                                      Median (range)                                             

Target                                                                                                                                                                                                                           
   PTV volume                           cm3                                   88.1 (48.3-190.1)                                   86.5 (40.8-265.9)                                         0.92
Rectum                                                                                                                                                                                                                         
   V10                                           %                                         97(55-100)                                             85 (10-100)                                              0.17
   V20                                           %                                         78.5(40-96)                                             54 (18-98)                                               0.02
   V30                                           %                                         51.5(27-79)                                              36 (5-77)                                              0.0094
   V40                                           %                                          35(18-40)                                                25 (6-49)                                              0.0036
   V50                                           %                                         22.5(11-25)                                               17(2-30)                                              0.0126
   V60                                           %                                         13.5 (7-18)                                                9 (1-23)                                               0.0029
   V70                                           %                                            5 (2-11)                                                   2 (0-11)                                               0.0032
Max dose                                    Gy                                    77.9 (73.8-79.5)                                     76.9 (26.8-81.3)                                          0.11

*Bold values indicate statistical significance.

Table V. Univariate and multi-variate analysis for late gastrointestinal toxicity grade 2 or more.

Variable                                                  Strata                       n        G2-       (%)                 Univariate analysis                        Multivariate analysis

                                                                                                                                HR          95% CI          p-Value      HR          95% CI       p-Value

Age, years                                                <71                       157        7        (4%)        0.573     0.213-1.539         0.27       0.581     0.215-1.572    0.2848
                                                                 71≤                       117        9        (8%)                                                                                                             
Damico’s risk classification                   Low                       48         4        (8%)        1.552        0.5-4.81          0.4468                                                 
                                                     Intermediate-High           226       12       (5%)                                                                                                             
V40                                                         <26%                     136        4        (3%)        0.343     0.110-1.065        0.064                                                  
                                                               26%≤                     138       12       (9%)                                                                                                             
V60                                                         <10%                     139        3        (2%)        0.227     0.064-0.797       0.0207      1.181     0.203-6.867     0.853 
                                                               10%≤                     135       13      (10%)                                                                                                            
V70                                                        <2.5%                    139        3        (2%)        0.227     0.064-0.797       0.0094                                                 
                                                               2.5%≤                    135       13      (10%)                                                                                                            
Hormonal therapy                                    Yes                       180        9        (5%)        0.674     0.251-1.811        0.434                                                  
                                                                  No                        94         7        (7%)                                                                                                             
                                                                                                                                                                                                                                           
Treatment schedule               Group A (2.2 Gy fraction)    116       14      (12%)        7,74     1.756-34.128      0.0069      8,795    1.110-64.649   0.0395
                                                Group B (2 Gy fraction)      142        2        (1%)                                                                                                             
                                                                                                                                                                                                                            

Bold values indicate statistical significance.



warrant the safety of IG-IMRT. Several authors proposed
custom-made constraints based on generic and patient-
specific risk factors (21, 22). An Italian group attempted
to examine the influence of a prior abdominal surgery and
its correlation with G2-G3 bleeding (21, 22). They
proposed a modified constraint for bleeding of V70 <15%
and V75 <5% for patients with a history of abdominal or
pelvic surgeries, which otherwise was V70 <25% and V75
<15%-20%.

It is interesting that urinary toxicity was also reduced
under the modified schedule. It may be partly because of
reduced dose fractionation. In addition, IG-IMRT could add
merit to decreased GI toxicity. Zelefsky found a reduction
in GI toxicity from 20% to 10.4% in the IG-IMRT group
presented in the non-IG-IMRT era (7). They commented
that enhanced accuracy associated with IGRT resulted in
less exposure of the bladder or bladder neck region to high
doses of irradiation, translating into a reduced incidence of
late toxicity.

In a previous study, the margin was reduced from 10 to 6
mm circumferentially around the prostate, including the
prostate–rectal interface region by IG-IMRT using a fiducial
marker (7). Then, we tried to assess the required margin at
our institution using repeated MVCT before and after each
treatment session throughout the radiotherapy periods (9-11)
and reduced the posterior CTV-PTV expansion margin of the
prostate from 5 to 3 mm in group B and simultaneously
reduced the fraction dose from 2.2 to 2 Gy. Wust et al.
compared gold marker-based registrations and native MVCT
and concluded that there was little difference between the
two techniques (23).

There are several limitations to our analysis. First, as this
trial was not a randomized control trial, further validation by
means of external data is required. Second, we did not
examine other factors (i.e., DM, drug usage, PS) that may
influence GI toxicity because our aim was to compare
between two radiotherapy schedules. Third, a patient quality
of life (QOL) assessment would be useful and would provide
further merit of dose de-escalation. Lastly, although we
revealed safety of schedule B (74 Gy/37 fractions), it is now
not a standard schedule especially for intermediate to high
risk patients (24). We have, therefore, elevated the prescribed
dose to 78 Gy/39 fractions after confirmation of safety of
this protocol. 

In conclusion, a reduced dose schedule using PTV
modification of IG-IMRT decreased the incidence of late GI
toxicity without compromising PSA control. Therefore,
careful target volume definition and fraction size are
important for the safety of IG-IMRT.
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