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The effect of intensity-modulated radiotherapy and
rectum volume on formation of acute
gastrointestinal toxicity in prostate cancer
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SUMMARY Ayfer Ay Eren
Mehmet Fuat Eren
Objective: High-dose radiotherapy (RT) in prostate cancer has a high local
control rate. Generally, the normal tissue toxicity of high doses is
overlooked. We aimed to evaluate the rectal volume, diameter, and related
dosimetric evaluation that may cause acute gastrointestinal (GIS) side

effects in prostate cancer that we treated with intensity-modulated 2’1\(3"5[30'([)30%0&}82 %‘?2?;3378
radiotherapy (IMRT). AE. -0003-0641-

Method: Seventy-nine patients we treated with definitive or postoperative M.F.E. 0000-0002-6531-978X

IMRT were evaluated for acute GIS toxicity according to Radiation Therapy
Oncology Group (RTOG) toxicity criteria. The presence of acute GIS side
effects and dosimetric parameters including grade and rectal volume and
diameter were evaluated.

Results: Seventy-nine patients treated with IMRT were evaluated. Acute
GIS toxicity was observed in 21 (26.6%) patients after RT, Grade Il side
effects were observed in 7 (8.8%), and grade | acute side effects were
observed in 14 (17.6%). Grade I1l and 1V toxicity was not observed in any
of the cases. No significant correlation was found between the grade of acute
GIS side effects and the rectum values of V75, V65, V40, and V30 in dose-
volume histograms (DVH), respectively, and rectal volume (cm3) and
largest diameter (cm) measurements (p>0,05). The D median for definitive
RT of PTV was 78 Gy, and the D median was 66 Gy for postoperative RT.
No significant correlation was found between the occurrence of acute GIS
side effects and grade of definitive or postoperative radiotherapy (p values,
respectively, p=0.693, p=0.307). No significant correlation was found
between the widest rectal diameter of less than 5 cm in planning and acute
GIS side effects and acute GIS side effects Grade | (p=0.414, p=0.546).
Conclusions: Prostate cancer treatment with IMRT had low rates of acute
GIS toxicity. According to our study, the occurrence of acute GIS side
effects was independent of rectal volume, diameter, and dosimetric
parameters.
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INTRODUCTION

Prostate cancer is the most common type of cancer
in men, accounting for one-third of all cancers *.
Radiotherapy (RT) in prostate cancer is one of the
main treatment modalities used in primary,
postoperative, and salvage treatments. In
radiotherapy, over the years, two-dimensional (2D-
RT) and 3-dimensional conformal radiotherapy
(3D-CRT) techniques have been shifted to
intensity-modulated radiotherapy (IMRT), in
which the surrounding normal tissues are better
protected, and even image-guided radiotherapy
(IGRT) in which organ movement is followed.

Studies have shown that the desired local control
and survival contribution cannot be achieved
unless doses of 70 Gy and above are increased in
localized prostate cancer with 3D-CRT and IMRT
>4 In some dose-escalation studies, it has been
shown that increased treatment doses also increase
early and late rectal toxicity, in addition to local
control and improved survival *®. While the most
common side effects in RT are increased urinary
frequency, burning during urination, and loss of
erection, the most common rectal side effect is
rectal bleeding . Both acute rectal and acute
urinary side effects are independent predictors of
RT-induced  late  toxicity  °'°  Lower
gastrointestinal (GIS) toxicity can be observed at
the rate of the dose received by the rectum in
prostate RT in which ionizing radiation is applied.
Lower GIS toxicity is divided into two groups:
Acute toxicity (covering the treatment and the first
three months after it) and late toxicity (covering the
end of treatment three months and later) ***2,
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Although increasing doses with RT in prostate
cancer increase local control, it causes an increased
dose in the surrounding normal tissue. The rectum
is one of the organs most likely to be affected by
increased normal tissue doses during RT. The
rectum is a solid and lumen organ, and it has an
inner and an outer wall. In addition to the total
volume of the rectum entering the treatment area,
many parameters such as the dose received by the
inner and outer walls of the rectum, the
neighborhood of the treated area, daily organ
movement, and the condition of the organ lumen
are effective in the formation of acute side effects.
Many dose-volume histogram studies have
examined the relationship between the doses taken
by the rectum and rectal wall and the development
of acute side effects 8,

This study aimed to evaluate the organ dose-
volume histogram (DVH) parameters that affect
the development of acute rectal side effects in
prostate cancer patients who underwent RT with
IMRT.

MATERIAL AND METHODS

Seventy-nine patients who underwent definitive or
postoperative IMRT with localized and locally
advanced prostate cancer diagnosis between
January 2020 and December 2020 were
retrospectively included in the study. Ethics
committee approval of our study was received from
Kartal Dr.Litfi Kirdar City Hospital on
25.08.2021. Patients who did not complete the
treatment and did not come to follow-up after RT
were not taken into consideration as exclusion
criteria. For reducing possible side effects, all
patients were given a bowel-regulating laxative,



simethicone preparation, during RT, starting one
week before RT. Planning tomography was
performed with a full bladder (200-300cc) and an
emptied rectum, congested with urine 45-60
minutes after 1.5 liters of water was given to
patients who had an enema and came with an empty
rectum. Patients were treated by drinking 1.5 liters
of water before each treatment, waiting for 45-60
minutes, urinating, and emptying their rectums.
Before RT, daily images were taken from each
patient, and set-up was performed online under the
supervision of a doctor. Weekly acute toxicity
follow-ups of the patients were carried out, and
acute toxicity evaluations were continued three
months after RT. Acute toxicity assessment was
performed using the Radiation Therapy Oncology
Group (RTOG) and European Organization for
Research and Treatment of Cancer (EORTC)
criteria 2.

The DVH of the patients whose treatment was
completed, and side effects were followed up were
given as the entire rectal volume (cc) for the rectum
and the most extensive rectal length included in the
treatment area in the planning tomography as
anterior-posterior diameter (cm®). V75, V65, V40,
V30 percentages (%) were defined for the rectum
in DVH. Maximum, minimum, median, and mean
doses were evaluated for the planning target
volume (PTV). Dosage schemes of 78 Gy
(39fx/2Gy) were preferred for curative patients and
66 Gy (33fx/2Gy) for postoperative patients. For
definitive RT, PTV was created by giving a margin
to the prostate site in low-risk patients. In contrast,
in intermediate-risk patients, the PTV prostate site
included the proximal and seminal vesicle. In high-
risk patients, PTV was obtained by margining the
prostate and the entire seminal vesicle, and in
postoperative RT, PTV was created by giving a
margin to the prostate site.

The statistical analysis was completed by
transferring the data to the IBM SPSS Statistics 23
program. While evaluating the study data,
frequency distribution (number, percentage) for
categorical variables and descriptive statistics
(mean, standard deviation) for numerical variables
were given. An independent sample t-test was used
to determine whether there was a difference
between the two groups and whether there was a
difference between more than two groups was
analyzed with a one-way analysis of variance (One
Way ANOVA). In addition, chi-square analysis
was used to examine the relationship between
categorical variables. P<0.05 was accepted for
significance.
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RESULTS

Seventy-nine patients who received definitive or
postoperative radiotherapy for prostate cancer in
2020 were evaluated retrospectively. Patient
characteristics are summarized in Table 1. The
mean age of the patients was 70 (70.13 £ 6.23).
Definitive RT was applied to 70 patients (88.6%),
and postoperative RT was applied to 9 patients
(11.4%). The pathological diagnosis of all patients
was adenocarcinoma. Distribution of patients
according to Gleason scores (GS); The GS of 10
patients were 0-6 (7.9%), 7 (13.43%) of 17
patients, and 8-10 (78.67%) of 52 patients.
According to the D’amico risk classification, 14
patients (18.2%) were in the low-risk group, 29
patients were in the medium (37.7%), and 34
patients were in the high (44.2%) risk group *.
TNM staging system was used in which tumor
characteristics (T), lymph node (N), and metastasis
(M) status were evaluated %°. According to TNM
classification, 30 (38%) patients were stage 1, 49
(62%) patients were stage 2-3. Seventy patients
received 78 Gy for definitive RT and 66 Gy for
postoperative RT in 9 patients. The mean PSA
values of the patients before RT were 20.16 ng/ml
(+ 24.18), and the mean PSA values after RT were
0.11 ng/ml (£ 0.22). RT was performed in 6 of 9
patients who received postoperative RT because of
local recurrence in the prostate site. All patients
who received postoperative RT had positive
surgical margins in the pathology report.

Acute rectal toxicity was observed in 21 (26.6%)
patients after RT, Grade | (66%) acute side effects
were observed in 14 patients, and Grade Il acute
side effects were observed in 7 (33%) patients.
Treatment was given to 15 of 21 patients due to
acute GIS side effects, and treatment was not
interrupted in any of the patients. The percentage
of rectum receiving 75 Gy was 3.49+2.65,
receiving 65 Gy was 8.5+4.53, receiving 40 Gy
was 26.68+6.9, and receiving 30 Gy was
37.66+8.74 in the presence of acute Gl side effects
and grade and DVH, respectively. There was no
statistically significant difference between the
volume (cm®) and the largest diameter (cm)
measurements of the rectum (p>0.05). In Table 2,
acute GIS side effects and their relationship with
grade and DVH parameters are summarized.

PTV was found to be Dmedian 78 Gy (72-84 Gy)
for definitive RT and Dmedian 66 Gy (63-72 Gy)
for postoperative RT. When the relationship
between definitive or postoperative radiotherapy
and occurrence of acute GIS side effects and acute
GIS side effects and grade was evaluated, no
statistically significant difference was found (p
values, respectively, p=0.693, p=0.307) (Table 3).



When the relationship between the widest rectum
diameter of less than 5 cm in the treatment area and
acute GIS side effects in planning and acute GIS

significant
p=0.546).

Table 1: Characteristics of the patients (n=79)

side effects and grade were examined,
relationship was found (p=0.414,
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N | %

Age (mean + standard deviation[Mean£SD] ) 70,13+6,23

0-6 10 12,7
Gleason score 7 17 21,5

8-10 52 65,8

1 30 38,0
Stage 2 39 49,4

3 10 12,7
Baseline PSA (Mean+SD) 20,16+24,18

Low risk 14 18,2
Treatment risk group Medium risk 29 37,7

High risk 34 442
Hormone therapy No 16 20,3

Yes 63 79,7
Hormone therapy duration (months) (Mean+SD) 9,80+7,32
Radiotherapy (dose) (Mean+SD) 74,05+9,53
Post-treatment PSA (Mean+SD)) 0,11+0,22
Recurrence place Prostate,\(S,LN 3

Prostate site 6
Post-surgical RT Adjuvant 3

Salvage 6
Reason for adjuvant RT Surgical margin pos_i tivity - 9

Involvement of seminal vesicle 1

All 1
Postoperative PSA (Mean+SD) 4,70+12,29
Post-surgical hormone therapy duration (months) (Mean+SD) 2,86+6,06
PSA rare value (Mean=SD) after adjuvant or salvage RT 0,0016+0,0029
Treatment Curative RT 70 88,6

Surgery+Salvage RT 9 11,4

Table 2: The relationship between acute GIS side effects and acute GIS grade and DVH parameters

V75 rectum % | V65 rectum % | V40 rectum % | V30 rectum % Rectum 3 . Largest
volume (cm®) | diameter (cm)
Mean+SD Mean+SD Mean+SD Mean+SD Mean+SD Mean+SD
Acute GIS side effects
No 2.64+1.85 6.62+3.62 25.32+7.81 38.17+12.05 77.39+29.63 4.53+0.79
Yes 3.494+2.69 8.50+4.53 26.68+6.90 37.66+8.74 71.62+21.29 4.5540,63
Acute GIS grade
No 2.64+1.85 6.62+3.62 25.32+7.81 38.17+12.05 77.39+29.63 4.47+0.79
Grade | 4,19£2.91 8.41+5.26 26.15+7.11 36.79+9.72 64.97+14.52 4.53+0.67
ﬁrade 2224181 8.68+2.89 27.7546.86 39.40+6.69 | 84.91+27.28 4,70£0,57




400

Table 3: Investigation of the relationship between acute GIS side effects and grade and treatment conditions

Initial Treatment
Definitive RT Adjuvant RT Chi-Square/p-value
N % N %
Acute GIS side No 52 74.3 6 66.7
effects Yes 18 25.7 3 33.3 0.237/0.693
No 52 74.3 6 66.7
Acute GIS grade Grade | 13 18.6 1 11.1 2.360/0.307
Grade 11 5 7,1 2 22.2

In our study, acute rectal side effects were observed
in 21 (26.6%) of 79 patients, Grade | toxicity was
observed in 14 (66%), and Grade Il toxicity in 7
(33%) patients. Grade IlI-1V toxicity was not
observed in any patient. Although side effects were
independent of the rectum volume and the largest
diameter of the rectum, the mean anterior-posterior
diameter of the patients without side effects was
4.53 cm (£0.79) and was lower than the ones with
side effects. Although the relationship between the
anterior-posterior diameter of the rectum and the
grade of side effect was insignificant, it was
observed that the anterior-posterior diameter of the
rectum increased as the grade increased,
respectively. Mean values were found as Grade 0;
4.47 cm, Grade 1; 4.53 cm, Grade 2; 4.70 cm.,
respectively.

DISCUSSION

In our retrospective study of 79 patients, we aimed
to examine the relationship between the occurrence
of acute Gl side effects and DVH parameters.
Increased bowel activity, diarrhea, severe rectal
bleeding, pain, and fistula can be seen as GIS
symptoms in prostate RT. While the GIS responds
to RT with inflammation in the acute side-effect
period, it manifests itself with sclerosis and fibrosis
in the gastrointestinal tract during the post-
treatment chronic side-effect period %2 In their
study, Campostrian et al. pathologically confirmed
that the occurrence of acute toxicity is directly
related to the occurrence of late toxicity,
independent of the RT technique . In addition,
studies have shown that RT and acute GIS toxicity
are associated with persistent and late GIS toxicity
242 This situation has made it even more critical
to determine the parameters that affect acute GIS
toxicity. It has been observed that GIS side effects
have decreased with the use of modern RT
techniques today and the increase in the use of
IMRT %,

Similarly, some non-randomized studies have
shown that IGRT, like IMRT, reduces radiation-

related side effects 228, However, the necessity of
using a marker for IGRT appears to be the most
significant limiting step in applying this technique
2930 Markers placed in IGRT are essential to
minimize the difference in organ movement
between the fractions and follow the organ
correctly *. In IMRT, on the other hand, it is tried
to prevent normal tissue dose increases due to
organ movement by giving the required set-up
margin to the target volume.

Although the side effects of prostate RT can be
reduced by techniques that protect normal tissue
well, such as IGRT and IMRT, it has been shown
that DVH parameters are also effective in the
development of acute GIS toxicity. In our study,
although we examined the relationship between
rectal doses, rectal volume (cm?®), and anterior-
posterior rectum diameter on acute GIS side
effects, we found that rectal diameter tended to
increase from Grade 0 to Grade 2, but it was not
statistically significant. Contrary to our study, in
many studies, it was shown that the doses taken by
the anterior wall of the rectum instead of the entire
rectal volume for the formation of rectal side
effects were associated with the occurrence of side
effects. The percentage and specific doses of the

anterior wall of the rectum were evaluated in DVH
13-18

In recent years, while dose-escalation studies in
prostate RT show an increase in survival, it has
been shown that it also causes an increase in side
effects. In the GETUG-06 study comparing 70 Gy
and 80 Gy, the rates of acute side effects in the
second month after treatment were shown as 43%
and 48%, respectively *2. In our study, the rate of
acute Gl side effects in the first three months at the
end of the treatment was 26.6% in our patients who
were treated with a dose of 78 Gy (2 Gy*39fx) for
definitive RT and 66 Gy (2Gy*33fx) for
postoperative RT. In addition, while Grade Il and
IV toxicity was not observed in any patient, grade
| toxicity was observed in 14 patients and Grade 11
toxicity in 7 patients. In their study of 743 patients,



Skwarchuk et al. emphasized that increased
prostate RT doses were also associated with late
rectal bleeding in patients with acute rectal toxicity
. Our study could not evaluate late rectal
bleeding, as there was not enough follow-up time
for the patients treated in 2020.

In another study in which 1132 prostate cancer
patients were evaluated, it was emphasized that the
rectal dose-volume limit for rectal bleeding is V75
Gy <5%, and a V70 Gy <15-20% in postoperative
patients can reduce rectal bleeding *. In our study,
grade | acute GIS toxicity was V75 Gy on average
4.19%, and Grade 2 toxicity was 2.22%. On the
other hand, in another study performed with 3D-
CRT and applied 74 Gy, Grade Ill and Grade IV
acute GIS toxicity was never encountered. Acute
rectal toxicity Grade Il was found with a rate of
5.8%, and this study emphasized that the
percentage of V70 is a reliable predictor for late
rectal toxicity *.

In the studies of Droge et al. in 40 patients treated
with hypofractionated IMRT (75 Gy /25 fx), acute
Gl toxicity was observed at a rate of 12.9%, and as
in our study, no relationship was found between
DVH parameters and acute toxicities *°. In the
study of Kapoor R et al., similar to our study, Grade
Il and higher acute toxicity was not observed,;
similarly, Grade | 20%, Grade Il 8% acute GIS
toxicity was found, and no significant relationship
was found between DVH and occurrence of acute
side effects . In conclusion, in contrast to our
study, higher rates of acute GIS toxicity were
reported in many studies in the literature 1% 333638,

The retrospective nature of our study is one of the
most significant limitations. Other limitations of
the study can be listed as the fact that it covers all
primary and postoperative RT patients with low,
medium, and high risk. The number of groups
differs from each other. It is thought that
prospective studies in which the whole rectum and
the rectal wall are specifically examined, and the
acute and late side effects of other organs except
the rectum are evaluated will be more helpful in
assessing this issue.

CONCLUSION

Prostate cancer treatment with IMRT has low rates
of acute GIS toxicity. Although studies show the
relationship between acute GIS toxicity in prostate
cancer radiotherapy and rectal volume and
diameter in DVH, our study found that acute Gl
side effects were independent of the rectum’s
volume, diameter, and dosimetric parameters.
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