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Aim: To determine the influence of IGRT in terms of toxicities compared to non-IGRT patients

undergoing definitive RT.

Background: Image-guided radiotherapy (IGRT) enables immediate correction of target move-

ment by online imaging. For prostate cancer patients undergoing radiation therapy (RT), a

geographical miss of the prostate may result in increased dose–volume effects in the rectum

and bladder.

Methods: A total of 198 prostate cancer patients treated between 2003 and 2013 were recruited

randomly for this evaluation. The rates of genitourinary (GU) and gastrointestinal (GI)

toxicity for 96 non-IGRT patients (total dose: 72/73.8 Gy) were compared to those for 102

IGRT patients (total dose: 77.4 Gy) according to the Common Toxicity Criteria Version 3.0

(CTCAEv3.0). Follow-up information included treatment-related symptoms and PSA relapse.

Results: After a median follow-up of 55.4 months, a statistically significant difference was

noted for acute GI toxicities ≥1 in favour of IGRT. Significantly more patients treated by

IGRT were free of acute GI symptoms (43% vs. 19%, p = 0.0012). In the non-IGRT group, more

patients experienced acute GU side effects (89% vs. 80%, p = 0.07). Late toxicity scores were

comparable for both cohorts.
Conclusions: Based on the data, we demonstrated that despite dose escalation, IGRT enabled

us  to reduce the GI side effects of radiation. IGRT can therefore be considered to be the

standard of care for dose-escalated RT of localized prostate cancer.
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Fig. 1 – Comparison of acute gastrointestinal toxicity in
reports of practical oncology and 

.  Background

he efficacy of curative high-dose radiotherapy for local-
zed prostate cancer has been proven in several randomized
rials.1–3 It has been shown that improvements of radiation
reatment techniques could enhance biochemical relapse-free
urvival rates, but this has not been translated into better sur-
ival. Acute and chronic toxicities experienced by patients are
ependent on the total radiation doses and the technique used
or the treatment of prostate cancer. Pollack et al.3 demon-
trated that the biochemical control rate was improved by
ncreasing the total dose (70–78 Gy), but this approach also
ncreased toxicities to the organs at risk.

In the literature, acute (grade 2/3) genitourinary (GU) and
astrointestinal (GI) side effects have been reported in 30–50%
f cases, and severe side effects, including chronic rectal
leeding ≥ grade 2, have been reported in 6–20% of patients.4,5

Several studies analyzed the inter-and intrafractional dis-
lacements of the prostate, which ranged from 0.2 to 21 mm6

epending on rectal and bladder filling. Our prospective
nalysis of 66 prostate cancer patients demonstrated that
tandardized prostate immobilization using an endorectal
alloon significantly reduced organ motion.7 Furthermore,
rgan motion of the prostate can be reduced significantly
y standardized bladder-filling.8 Image-guided radiotherapy
nables an immediate correction of target movement  by
nline imaging.6,9 A geographical miss of the prostate may
esult in increased dose–volume effects on the organs at risk.
igher mean doses to the rectum and bladder are more  likely

o increase treatment-related side effects, such as proctitis or
ystitis. In addition, missing the target volume might result
n higher rates of local failure.7,9,10 In 2009, image  guidance
or dose-escalated irradiation of prostate cancer was imple-

ented in our clinic as the standard of care.

.  Aim

n this retrospective analysis, the influence of IGRT versus
on-IGRT in terms of treatment-related side-effects was deter-
ined for patients undergoing definitive radiotherapy with

alidated rectal and bladder filling protocols. For quality assur-
nce, all patients underwent the same toxicity assessment
nd were treated uniformly based on standardized in-house
rotocols with the same planning constraints. Biochemical
elapse rates for all patients were analyzed to demonstrate
reatment efficacy.

.  Material  and  methods

 total of 207 prostate cancer patients treated in our depart-
ent between 2003 and 2013 were randomly recruited for this

etrospective evaluation. To exclude any selection bias we  ran-
omly chose a two years period before and a two years period
fter commencing the IGRT program for our study, during

hich we  evaluated all patients with newly  diagnosed prostate

ancer that had undergone definitive radiotherapy.
Follow-up data were not complete for 9 patients and 198

atients were evaluable. In 60% of the patients androgen
IGRT vs. non-IGRT patients, p < 0.05.

suppression was performed. 52 (25%) of the patients were diag-
nosed at stage T1, 111 (62.2%) were diagnosed at stage T2, 33
(17.9%) were diagnosed at stage T3, including 3 patients with
lymph node metastasis, and 2 (1%) were diagnosed as stage
T4, including 1 patient with lymph node metastasis.

85% of patients had either intermediate- or high-risk
features defined by Gleason Score, PSA and T stage. Low-
risk patients had a PSA ≤ 10 ng/ml combined with Gleason
score 2–6 and stage cT1-2a. Intermediate risk was defined as
PSA ≥ 10.0 ≤ 20.0 and/or Gleason = 7 and/or stage cT2b. High
risk was defined as PSA ≥ 20.0 and/or Gleason 8–10 and/or
cT2c-T3.11

Prior to the implementation of IGRT, 96 patients were irra-
diated with a total dose of 72.0 Gy (15 patients)/73.8 Gy (81
patients). After commencing the IGRT program, 102 patients
were irradiated with a total dose of 77.4 Gy, 1.8 Gy fractions,
5 days/week.

All patients followed a standardized bladder-filling proto-
col. In addition, immobilization of the prostate was improved
by using an endorectal balloon (filled with 40 ml  of air), as
reported previously.7

All patients underwent 3D CT virtual simulation (GE
ADVSIM®) with knee and footstocks fitted onto an immo-
bilization board, and CT was conducted at 2.5 mm spacing
and 2.5 mm thickness. If possible, diagnostic MRI  images
and CT data sets were coregistered using the AW Server
Fusion 2.0 (GE Healthcare). The prostate and seminal vesi-
cles were contoured and the gtv, ctv and ptv were generated
using the ADVSIM® system. For low-risk patients, the ctv
included the prostate and the base of the seminal vesicles;
for intermediate- and high-risk patients, the ctv encompassed
the prostate and the entire seminal vesicles. For high-risk
patients, the regional pelvic lymph nodes were involved.
Margins for expansion were 10 mm in all directions, except
posteriorly, which was set at 6 mm for the ptv1 (50.4 Gy). For
boost contouring, the ctv2 included the prostate gland and any
gross tumours observed outside of the prostate gland, and the
expansion margins were 5 mm in all directions to generate the

ptv2.

The bladder and femoral heads/bone were delineated con-
secutively, and the rectum was defined as an organ at risk
beginning from 1 cm above the ptv1 to 1 cm below the ptv1.
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Table 1 – Patients baseline of the IGRT and non-IGRT
patient cohort (NA: not available).

Non-IGRT n (%) IGRT n (%)

T stage
1 29 (30) 23 (23)
2 53 (55) 58 (57)
3 13 (14) 20 (20)
4 1 (1) 1 (1)

Gleason score
≤6 51 (52) 32 (31)
7 33 (34) 47 (46)
8 8 (8) 15  (15)
9 2 (2) 6  (6)
10 0 (0) 2 (2)
NA 2 (2) 0 (0)

Risk score
Low 23 (24) 7 (7)
Intermediate 35 (36) 33 (32)
High 38 (40) 62 (61)

Histopathological grade
G1 11 (1) 1 (1)
G2 74 (77) 65 (64)
G3 10 (10) 22 (22)
NA 1 (1) 14 (14)

Age (years)
Mean (range) 72.3 (41–86) 73.6 (47–82)

Androgen suppression
Yes 57 (59) 61(60)
No 39 (40) 41 (37)

Pretreatment PSA (ng/ml)
<10 68 (71) 74 (73)
190  reports of practical oncology an

The small bowel was drawn from the inferior small bowel loop
as a continuous structure to 1 cm above the planning target
volume.

For treatment planning, the dose–volume constraints for
the rectum were as follows: V50 Gy ≤ 50%, V60 Gy ≤ 40%,
and V70 Gy ≤ 25%. The dose constraints for the bladder
were V65 < 50% and a mean dose of <60 Gy. The dose con-
straint for the small bowel was a maximum dose of <50 Gy
and V45 ≤ 25 cm3. 3D conformal radiotherapy (3D-CRT) and
IMRT/RapidArc® (Varian Medical Systems) planning were per-
formed using the EclipseTM Treatment Planning System.

All IGRT patients underwent daily online matching. Fur-
thermore, for 46 IGRT patients, fiducial markers were used.
Three gold markers were implanted under ultrasound (US)
guidance into the prostate before CT planning. Before each
treatment, MV/KV images were obtained daily to align the
markers to the planning data set. For 56 IGRT patients,
the prostate position was detected by cone beam-CT (CBCT)
scan before treatment. The patients were shifted for dis-
crepancies in setup, and additional images were obtained
to verify treatment accuracy. The alignment was performed
with the contours based on soft tissue 3D images. According
to published recommendations, a standardized patient setup
verification protocol based upon a daily acquisition of portal
images and cone-beam CTs were used to eliminate systematic
deviations in patient setup.12,13

Treatment-related side effects were recorded weekly dur-
ing the course of radiotherapy. All acute and late GI and
GU symptoms were scored according to the Common Toxic-
ity Criteria Version 3.0 (CTCAEv3.0).14 Follow-up information
included history, PSA values and physical examinations dur-
ing the interval from the completion of irradiation to the last
follow-up contact. Late toxicity was defined as side effects
occurring later than 6 months after the completion of treat-
ment. In addition, radiation-dependent cutaneous toxicities
and fatigue symptoms were documented. The highest acute
and late toxicity scores for each type of toxicity were evaluated
for each patient.

The data were evaluated by descriptive statistical meth-
ods using the SPSS software package (Windows) and the
Real Statistics Data Analysis ToolTM/Excel/Microsoft Word.
The different variables were evaluated by contingency tables.
Associations between the different variables were calculated
using the chi-square test and Fisher’s exact test (two-tailed).
P < 0.05 was considered to be statistically significant. Bio-
chemical relapse rates for each treatment group (±IGRT) were
compared. Biochemical failure was defined using the Phoenix
definition.15

Approval of the study (no. 2191-2014) was given by the
ethics committee of the Hannover Medical School.

4.  Results

A total of 207 patients were randomly included in this analysis.
Follow-up data were not complete for 9 patients. In the non-

IGRT cohort, 96 patients were evaluable, and 102 evaluable
patients underwent image-guided radiotherapy. The patient
characteristics are presented in Table 1. The baseline data for
the patients in each treatment group were comparable except
10 to <20 14 (14) 20 (19)
≥20 14 (14) 8 (8)

for the risk score which was graded as high-risk in 40% of the
non-IGRT patients and 61% of the IGRT patients (p < 0.05). Anti-
hormonal therapy was applied in 74% (non-IGRT) and 75%
(IGRT) of the high-risk patients. In addition, comorbidities (dia-
betes and hypertension) were reported for 36% and 34% of the
patients in the non-IGRT and IGRT groups, respectively. The
median follow-up for all the patients was 55.4 months (range
13–101 months), and the median follow-up periods by treat-
ment group were 7.3 years (range 76–101 months, non-IGRT,)
and 1.9 years (range 13–37 months, IGRT). Dose–volume analy-
sis was performed for each patient during treatment planning.
The mean dose to the bladder was 47.8 Gy, and the mean
dose received by the rectum was 48.2 Gy. There was no sig-
nificant difference between the treatment groups concerning
the dose–volume relationships of the organs at risk.

Acute GI and GU toxicities based on treatment type are doc-
umented in Table 2. Acute GI toxicities, according to the CTCAE
score, were noted in 44% (grade 1), 17% (grade 2) and 5% (grade
3) of the cases, respectively. Severe acute side effects (grade 4)
were observed in 3% of each treatment group. 3 IGRT patients
and 2 non-IGRT patients suffered from haemodynamic collap-
ses due to severe diarrhoea and 1 non-IGRT patient suffered
from significant spontaneous rectal bleeding. Acute GU side

effects were observed in 50% (grade 1), 27% (grade 2) and 7%
(grade 3) of the patients. No patient had acute grade 4 GU tox-
icities. The comparisons of acute toxicities ≥1, ≥2, and ≥3 are

dx.doi.org/10.1016/j.rpor.2016.01.005
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Table 2 – Maximum toxicity score during radiotherapy according to CTCAEv3.0a (GI: gastrointestinal, GU: genitourinary,
n: number of patients).

Grade Acute GI toxicity Acute GU toxicity

Non-IGRT IGRT Non-IGRT IGRT
n (%) n (%) n (%) n (%)

0 18(19%) 44 (43) 11 (11) 20 (20)
1 48 (50) 39 (38) 51 (53) 48 (47)
2 20 (21) 14 (14) 25 (26) 29 (28)
3 7 (7) 2 (2) 9 (9 5 (5)
4 3 (3) 3 (3) 0(0) 0(0)

a Common Toxicity Criteria Version 3.0.13

Table 3a – Comparison of acute gastrointestinal toxicities
(GI), maximum toxicity score during radiotherapy
according to CTCAEv3.0a (n: number of patients).

Acute GI toxicity grade Non-IGRT IGRT p-value
in % in %

≥1 81 57 0.0012
≥2 31 19 0.15
≥3 10 5 0.18

a Common Toxicity Criteria Version 3.0.13

Table 3b – Comparison of acute genitourinary toxicities
(GU), maximum toxicity score during radiotherapy
according to CTCAEv3.0a (n: number of patients).

Acute GU toxicity grade Non-IGRT IGRT p-value
in % in %

≥1 89  80 0.07
≥2 34 34 1
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Table 4 – Late toxicity score after radiotherapy according
to CTCAEv3.0a (GI: gastrointestinal, GU: genitourinary, n:
number of patients).

Grade late GI toxicity late GU toxicity

Non-IGRT IGRT Non-IGRT IGRT
n (%) n  (%) n  (%) n  (%)

0 51 (54%) 51 (50) 77 (80) 50 (49)
1 34 (35) 34 (33) 10 (10) 35 (34)
2 10 (10) 17 (17) 9 (9) 17 (17)
3 1 (1) 0 (0) 0 (0) 0 (0)
4 0 (0) 0 (0) 0 (0) 0 (0)

a Common Toxicity Criteria Version 3.0.13

Table 5 – Comparison of late toxicities ≥ grade 2
according to CTCAEv3.0.a

Toxicity ≥ grade 2 Non-IGRT (%) IGRT (%)  p-value

Diarrhoea 10 17 0.15
Rectal bleeding 1 0 0.32
Urgency, dysuria 9 17 0.09
≥3 9 5 0.41

a Common Toxicity Criteria Version 3.0.13

hown in Tables 3a and 3b. A statistically significant difference
as noted for acute GI toxicities ≥1 in favour of IGRT treat-
ent. Significantly more  patients treated by definitive IGRT
ere free of acute GI symptoms (43% vs. 19%, p = 0.0012, Fig. 1,
able 3a). There were no statistically significant differences in
cute GU toxicities between the groups, but in the non-IGRT
roup, more  patients experienced treatment-related symp-
oms (89% vs. 80%, p = 0.07, Table 3b). Proportionally, there were

ore patients with grade 1 and grade 3 GU reactions in this
roup.

Late toxicity scores were comparable for both irradia-
ion cohorts, indicating that most patients recovered quickly
ithin 6 weeks after treatment. Chronic grade 1 GI toxicities
ere observed in 34% of the cases. 13.5% of the patients suf-

ered from late grade 2 GI toxicities. Only one non-IGRT patient
eveloped chronic rectal bleeding (grade 3). Complete chronic
I and GU toxicities depending on treatment modality are

isted in Tables 4 and 5. Although IGRT patients had a higher
ate of grade 2 GU late effects (17% vs. 9%), this group experi-
nced relatively less grade 1 toxicity (10% vs. 34% in non-IGRT
atients).

Chronic grade 2 and 3 GI toxicity was mostly caused

y diarrhoea and rectal bleeding, and GU toxicity mainly
eveloped from urgency and dysuria. We  did not observe
ny cases of urethral stricture during the follow-up period.
Fatigue 4 5 0.73

a Common Toxicity Criteria Version 3.0.13

Overall, fatigue-related symptoms were reported by 4.5% of
the patients without a treatment-related difference.

All non-IGRT patients and 80.4% of the 102 patients
treated with IGRT received 3D-CRT, whereas 19.6% of the
IGRT patients were irradiated using the IMRT/RapidArc tech-
nique. The median follow-up time for the patients treated with
IMRT/RapidArc was 1.4 years. A subset analysis did not reveal
any significant differences compared to the entire IGRT group.

Kaplan–Meier analysis was performed to determine sur-
vival rates. The probabilities of PSA relapse-free survival were
100%, 95%, 86% and 84% at 6, 10, 12 and 18 months, respec-
tively, for all the patients.

Considering the short median follow-up for the IGRT
patients the comparison of PSA relapse free survival rates
between the two treatment groups was not reliable to detect
any differences.

5.  Discussion
The incidence of acute and late side effects after definitive
irradiation varies among published studies, but grade 2/3 tox-
icities have been reported in up to 40% of cases.2,4,16,17,18,19

dx.doi.org/10.1016/j.rpor.2016.01.005
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Until now, acute and chronic gastrointestinal and genitouri-
nary toxicities are the main sources of morbidity for prostate
cancer patients. Severe treatment-related side effects may
reduce patient compliance and thereby impede the comple-
tion of therapy protocols as well as the effective treatment
of the cancer. Furthermore, such side effects may adversely
affect the patient’s quality of life.20

The toxicity experienced by patients is mainly influenced
by the irradiation technique employed. Modern high-dose
treatment techniques have been shown to improve biochemi-
cal control rates and clinical results,1,2,3 but toxicity is a serious
concern for treatments administering dose-escalated irradi-
ation up to 78–84 Gy.21 Therefore, many  efforts are made to
spare the organs at risk by using internal and external immo-
bilization devices.7,8,17,22 The application of an endorectal bal-
loon with 40-ml air filling spares the rectal and anal wall dur-
ing 3D-CRT7,22,23 leading to reduced acute and late gastroin-
testinal toxicity rates. According to these data, our patients
followed a validated bladder and rectal filling protocol.

In our study, we evaluated the toxicity in patients before
and after the implementation of image  guidance and dose-
escalated irradiation up to a total dose of 77.4 Gy. Despite the
limitations of a retrospective analysis, the baseline character-
istics of each a study group were comparable (Table 1) without
significant differences. In addition, patients were treated uni-
formly on standardized immobilization and setup protocols,
and we  were able to directly analyze the influence of image
guidance and dose escalation.

In our trial, significantly more  patients treated by definitive
IGRT were free of acute GI symptoms. The proportion of ben-
efit was 24% less for grade ≥1 reactions, despite escalation of
the total dose from 73.8 to 77.4 Gy. We  could not prove any sig-
nificant effects concerning GU side effects, but more  patients
experienced dysuria symptoms in the non-IGRT group.

As shown by Haaren et al.,24 a large dose spread by organ
movement  can be reduced by including daily setup correc-
tions. More  precise targeting reduces unnecessary radiation
of the rectum. In addition, our subset analysis did not observe
any significant differences between IMRT  patients and all IGRT
patients, as we  used the same dose constraints for 3D-CRT and
IMRT planning; we  observed grade 2 toxicities in 14% of the
IGRT patients.

Other studies of IGRT have reported acute grade 2 GI toxi-
cities in between 8% and 35%.3,9,19,25,26 These data are limited
in terms of the quantifiable benefits of IGRT due to differences
in the number of patients, the protocols and the dose con-
straints. Contradictory to our results, the incidence of grade 2
GI effects was 30%, compared to 35% in the non-IGRT group,
in the study by Gill et al.9 after delivering a total dose of 78 Gy.
Lips et al.26 evaluated 330 patients treated by IMRT/IGRT with a
total dose of 76 Gy. Acute grade 2 GU and GI toxicities occurred
in 47% and 30% of the cases, respectively, but the data were
not compared to those for non-IGRT cases. Comparable to our
data, a study that analyzed 238 IGRT-treated prostate cancer
patients reported an incidence of grade 2 side effects of 19%.27

Acute grade 3 and 4 toxicities were described in 0–8% of the
28
patients. Pollack et al. evaluated 100 prostate cancer patients

irradiated by IGRT with a total dose of 76 Gy, and only 2% of the
patients suffered from severe toxicities. In our trial, severe GI
and GU toxicities were reduced from 10% and 9%, respectively,
iotherapy 2 1 ( 2 0 1 6 ) 188–194

to 5% by implementing IGRT without any grade 4 GU reac-
tions. In comparison to other studies, the incidence of acute GI
toxicity was lower, potentially because of the validated appli-
cation of an endorectal balloon to effectively stabilize prostate
motion.7 Early grade ≥2 GU toxicity occurred in 34% of our
patients. Notably, 20% of the IGRT patients did not complain of
any GU symptoms, compared to 11% of the non-IGRT patients
(p = 0.07). As reported by Ghadjar et al.,4 acute urinary symp-
toms occur in up to 56% of cases. Severe GU side effects were
rare, occurring in 9% of the non-IGRT group and in 5% of the
IGRT group, without any grade 4 reactions. These results cor-
responded with published data.4,9,25,26

The incidence of late grade ≥2 GI toxicity was 17% (IGRT)
vs. 11% (non-IGRT), and only one patient suffered from rectal
bleeding 12 months after treatment. There were no significant
differences between treatment groups in regard to late grade
≥2 GU toxicity.

The limitation of our retrospective analysis was the shorter
follow-up period of only 1.9 years for IGRT-treated patients
compared to the 55.4-month mean follow-up for all patients.
According to published data, the majority of later rectal side
effects manifest during a follow-up period of 36 months.26,29

Nevertheless, these data compare well to those from the ran-
domized trial published by Zietman et al.,29 which reported
late grade 2 GI side effects in 17% of the patients and grade
3 reactions in 1% of the patients (total dose of 79.2 Gy). In
addition, acute toxicity is predictive of late rectal and GU
side effects.30 A meta-analysis21 of randomized trials of dose-
escalated irradiation reported late grade ≥2 GI and GU toxicity
rates of 17–43% and 21–56%, respectively. Although there were
more  cases of late grade ≥2 GI toxicity after dose escalation,
no significant increase in RTOG grade 3 late urinary or rectal
morbidity was identified (high-dose RT vs. conventional-dose
RT).21 Therefore, most studies have applied IGRT/IMRT with
smaller ptv margins. It is noteworthy that we  demonstrated
the advantage of image  guidance without margin reduction.

Approximately 5% of the patients reported late grade ≥2
fatigue symptoms, but there was no difference between the
treatment groups. Fatigue is a systemic symptom, but organ
toxicity, such as severe diarrhoea, has been shown to be a sig-
nificant determinant. We  did not find any associations with
severe reactions due to the small number of fatigue cases.
A quality of life study of prostate cancer patients observed
a deterioration in global health status, fatigue and pain at
occasional time points.31

As proven in randomized trials,3,29 men  with clinically
localized prostate cancer have a lower risk of biochemical fail-
ure if they receive high-dose, rather than conventional-dose,
conformal radiation. Due to the median follow-up time of
only 1.9 years after dose-escalation from 73.8 to 77.4 Gy our
analysis was not able to show any significant improvement
in PSA relapse rate or biochemical relapse-free survival. The
advantage of dose escalation might be evident with a longer
follow-up period.
6.  Conclusion

Even though this study was retrospective, we  consider our
conclusions to be of significant informative value. Notably, all

dx.doi.org/10.1016/j.rpor.2016.01.005
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f the patients included in the study were treated at the same
nstitution with identical positioning aids and internal immo-
ilization, including rectal balloons and a drinking protocol
o standardize the bladder content. Furthermore, all of the
atients were treated given the availability of the same tech-
ical means and conditions and were evaluated for toxicities
t the same centre. Based on the data generated from a large
atient cohort, we  showed that despite dose escalation, IGRT
nabled us to reduce the GI side effects of radiation. Therefore,
GRT can be considered the standard of care for dose-escalated
adiation therapy of localized prostate cancer.
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