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Does the radiation approach affect acute toxicity in prostate 
cancer patients? A comparison of four radiation techniques
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Introduction Prostate cancer is treated with increasingly sophisticated radiation techniques. The aim  
of the study is to compare acute toxicity in patients managed with different therapeutic modalities.
Material and methods A total of 60 patients irradiated between 2012 and 2016 were analyzed: A. confor-
mal 3D – 11, B. intensity-modulated radiation therapy (IMRT)  20, C. image-guided radiation therapy (IGRT) 
– 19 and D. volumetric modulated arc therapy (VMAT) – 10. Patients' age ranged from 46 to 85 years (me-
dian 70.5), prostate-specific antigen values at the time of diagnosis were in the range of 3.54–154 ng/ml  
(median 15.9). Acute toxicity from the genitourinary  (GU) and gastrointestinal (GI) tracts according to the 
European Organization for Research and Treatment of Cancer (EORTC) /Radiation Therapy Oncology Group 
(RTOG) grading system were assessed. 
Results All irradiation techniques were well tolerated and neither 3 nor 4 degrees acute toxicity was ob- 
served. Importantly, IGRT and IMRT did not lead to Grade 2 GI acute toxicity. There was no relationship 
between the severity of GU acute toxicity depending on the irradiation technique used (p = 0.8), but a trend 
towards a significant relationship was noted for GI acute toxicity (p = 0.05).
Conclusions All assessed irradiation methods do not lead to severe acute adverse effects. Importantly, 
patients treated with IGRT and IMRT had only minor GI toxicity.
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therapy enables the creation of a 3-dimensional 
picture of the tumor in order to target the tumor 
accurately and give it the highest possible dose  
of radiation while sparing normal tissue as much as 
possible [1]. Visualization of soft tissues surround-
ing the prostate, especially bladder and rectum, en-
ables the limitation of irradiation of these organs.  
The invention of conformal 3D radiotherapy was  
an impulse to create more precise methods. 
Intensity-modulated radiation therapy (IMRT) was 
the next improvement of radiotherapy technique. 
Both IMRT and image-guided radiation therapy 
(IGRT) allow high radiation doses to be focused on 
the tumor while minimizing the dose to surround-
ing healthy tissue. Additional planning and safety 

INTRODUCTION

In prostate cancer management, increasingly sophis-
ticated radiation techniques are being used. Recent 
years brought many advancements in external beam 
radiotherapy. Since the constructing of the mega-
voltage linear accelerator and the creation of the 
Cobalt-60 unit, we have observed a continuous im-
provement of irradiation technology, and as a con-
sequence different techniques have been developed.
After the invention of computed tomography (CT), 
new possibilities of imaging of internal structures 
emerged. That enabled the first prostate radiation 
treatment planning and creation of 3-dimensional 
conformal radiotherapy. Conformal 3D radiation 
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checks are necessary due to their complexity. Com-
puter systems, which are based on radiological imag-
ing, optimize irradiation of the prostate [2]. IGRT 
consists of implantation of electromagnetic seeds 
into a prostate. Real-time movements of this organ 
are processed and radiation beams are modulated 
during treatment. This allows to further reduce the 
surrounding tissue margin to three millimeters, with 
a subsequent potential to decrease in bladder and 
rectum toxicity. The further desire of decreasing ad-
verse reactions focused on hypofractionation. Low-
ering of total doses of irradiation was possible due 
to invention of stereotactic body radiation therapy 
(SBRT). It combines image guidance with real-time 
tracking and using technique of volume-modulated 
arc (VMAT). In contrast to previously described 
step-and-shoot methods of radiotherapy, VMAT uses 
rotating gantry. As a result, the time of procedure is 
shorter. Furthermore, VMAT accurately shapes the 
radiation dose to the tumor [3]. 
The choice of the optimal treatment option for pa-
tients with prostate cancer aims at increasing ef-
fectiveness and lowering toxicity. The genitourinary 
(GU) and the digestive gastrointestinal (GI) tracts 
are particularly susceptible to damage during irra-
diation of a prostate because of their proximity [4]. 
The aim of the study is to assess short-term, acute 
radiation toxicity in prostate cancer patients irradi-
ated using different techniques.

MATERIAL AND METHODS

Sixty patients irradiated between 2012 and 2016 in 
the University Hospital in Zielona Góra were ana-
lyzed. Patients underwent treatment with four dif-
ferent techniques of external beam radiotherapy 
ie.: A. conformal 3D – 11 patients, B. IMRT – 20, C. 
IGRT – 19 and D. VMAT – 10 respectively. Patients' 
age ranged from 46–85 years (median 70.5), pros-
tate-specific antigen (PSA) concentration at the time  
of diagnosis were in the range of 3.54–154 ng/ml (me-
dian 15.9). 
Tumor characteristics in our group revealed: T1c  
(n = 19), T2a (n = 1), T2b (2), T2c (n = 29), T3a  
(n = 3), T3b (n = 6), grade Gleason 5 (n = 4), Glea-
son 6 (n = 18), Gleason 7(3+4) (n = 15), Gleason  
7(4+3) (n = 5), Gleason 8 (n =15), Gleason 9 (n = 3).  
Genitourinary (GU) and gastrointestinal (GI) acute 
toxicity (within 3-month follow-up) according to 
the EORTC /RTOG scale were evaluated. The scale 
from one to four was assigned to each patient. The 
study was approved by the hospital. Furthermore, 
all participants gave written consent to the Centre 
of Monitoring of Cancer Treatment. The parametric 
(ANOVA) and non-parametric methods (Pearson's 

chi-square) were used to assess the relationship be-
tween acute toxicity and irradiation method. The 
volume of the bladder and rectum covered by the 
70Gy dose was also analyzed depending on the treat-
ment technique used.

RESULTS

In our group of patients, all of the applied techniques 
of external beam radiotherapy were well tolerated. 
There was no acute Grade 3 and 4 toxicity reported 
in any presented method. Importantly, IMRT and 
IGRT did not lead to any Grade 2 acute toxicity  
of gastrointestinal system.
The adverse reaction of genitourinary system 
reached Grade 2 in 7 patients (11.67%), Grade 1 
in 26 patients (43.33%) and Grade 0 in 27 patients 
(45%). Acute toxicity of gastrointestinal system pre-
sented Grade 2 in 4 patients (6.67%), Grade 1 in 24 
patients (40%) and Grade 0 in 32 patients (53.33%).
Figure 1 presents number of patients who suffered 
from certain grade of acute toxicity of genitourinary 
system. Each technique and corresponding grade  
is represented as a circle with a size depending  
on the number of patients that were described with 
this adverse reaction. We used Pearson's chi-square 
with a p-value of 0.8. Therefore, we did not find a sta-
tistical relation between genitourinary acute toxicity 
grade and the radiotherapy technique used.

Figure 1. Grade of genitourinary acute toxicity depending on 
radiotherapy technique.  
Pearson's chi-square; p-value = 0.8 
V-Mat – volume-modulated arc therapy; IGRT – image-guided radiation therapy; 
IMRT – intensity-modulated radiation therapy; 3D-conformal – 3-dimensional 
conformal radiotherapy
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Figure 2 presents corresponding results in gastroin-
testinal system. P-value of Pearson's chi-square was 
0.05. There was a trend towards a statistical relation 
between gastrointestinal acute toxicity grade and 
radiotherapy technique. IGRT and IMRT appeared 
to have a better toxicity profile and treatment tol-
erance in comparison to 3D-conformal radiotherapy 
and VMAT.
Furthermore, we analyzed the volume of the blad-
der and rectum covered by the 70Gy dose. On the 
Figure 3 and Figure 4 we presented those volumes, 
respectively for bladder and rectum. They depended 
on the treatment modality used. The results showed 
that IMRT and VMAT provided the opportunity to 
decrease the volume of irradiation of these organs.

DISCUSSION

IMRT and VMAT remain the gold standard for de-
finitive treatment of prostate cancer by external-
beam radiation therapy [5]. Our results are in line 
with previous findings. Milecki et al. reported that 
3D conformal radiotherapy is well tolerated. They 
examined 42 patients with localized and locally ad-
vanced prostate cancer. 80% of them experienced 
Grade 0 or 1 acute GU toxicity, such as urgency, 
nocturia or dysuria. The remaining group (20%) de-
veloped Grade 2 toxicity. Acute GI toxicity of Grade 

0 or 1, such as rectal discomfort and mild diarrhea, 
was observed in 75% of patients while Grade 2  
in 25% of them [6]. In our group, we reported Grade 
2 acute toxicity in 18% (2/11), affecting both GU and 
as well GI. The remaining patients developed 0 or 1 
Grade toxicity. Stankovic et al., described an influ-
ence of 3D conformal radiotherapy on lower GI sys-
tem. They evaluated 94 patients with prostate can-
cer for acute toxicity and its predictive factors. 43.6% 
of them developed Grade 1 GI acute toxicity. There 
was a higher risk of this reactions when hemorrhoids 
the GI co-morbidities were present [7]. Chou et al., 
presented that 29% and 27% of patients developed 
Grade 1 and 2 acute GI toxicity while GU toxicity  
of that level was 40% and 33% respectively [8].  

Figure 2. Grade of gastrointestinal acute toxicity depending 
on radiotherapy technique. 
Pearson's chi-square; p-value = 0.05 
V-Mat – volume-modulated arc therapy; IGRT – image-guided radiation therapy, 
IMRT – intensity-modulated radiation therapy; 3D-conformal – 3-dimensional 
conformal radiotherapy

Figure 3. Distribution of the 70Gy dose of irradiation in the vol-
ume of urinary bladder depending on radiotherapy technique. 
1 – 3-dimensional conformal radiotherapy; 2 – intensity-modulated radiation 
therapy; 3 – image-guided radiation therapy; 4 – volume-modulated arc therapy

Figure 4. Distribution of the 70Gy dose of irradiation in the 
volume of rectum depending on radiotherapy technique.
Legend: 1 – 3-dimensional conformal radiotherapy, 2 – IMRT, 3 – IGRT, 4 – V-Mat
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Wortel and colleagues compared 3D conformal radio-
therapy and IGRT on a large group of patients (215 
and 260 patients respectively). According to RTOG 
scale Grade 2 or higher acute GI toxicity occurred in 
49% and 29% of patients in mentioned groups. GU 
toxicity was 48% and 38% respectively. The signifi-
cant reduction of a risk of acute toxicity character-
ized IGRT in comparison to 3DCRT [9].
Fonteyne presented the report on acute toxicity after 
IMRT treatment in 230 patients. According to the re-
sults no Grade 3 or 4 acute GI toxicity was observed 
and Grade 2 in 11% of patients. Acute GU toxicity  
of Grade 3 appeared in 7% and Grade 2 in 41% of pa-
tients. Additionally, a simultaneous integrated boost 
to intraprostatic lesion did not have an influence  
on acute toxicity. Our results show similar tendency 
but better outcomes. GI toxicity occurs less often 
than GU toxicity. However, we did not reported any 
Grade 2 complications, probably because of treating 
only 20 patients with IMRT. There was also no Grade 
3 GU toxicity and only 15% of patients developed 
Grade 2 GU toxicity [10]. 
Fang and colleagues described observation of 94 pa-
tients who underwent IMRT. 13.8% of them suffered 
from Grade 2 acute GI toxicity while 28.7% experi-
enced that level of GU toxicity. Also no patient had 
Grade 3 acute GI and GU toxicity. They stated that 
hypertension increases the risk of acute GI toxicity 
and androgen-deprivation therapy (ADT), similarly 
to International Prostate Symptom Score (IPSS), in-
creases acute GU toxicity [11].
De Meerleer et al., assessed the adverse effects of IMRT 
in a group 114 patients. According to RTOG scale they 
observed 39% and 27% of Grade 1 and 2 GI toxicity re-
spectively. 34% of patients were free from side effects. 
Grade 3 GU toxicity was experienced by 7% and Grade 

2 and 1 by 36% and 47% respectively. There were 10% 
of individuals that were free from GU toxicity [12].
Choong et al., assessed the toxicity of IGRT using 
fiducial markers. Acute GU toxicity of Grade 1 was 
observed in 62% and Grade 2 in 21% and GI toxicity 
in 29% and 11% respectively. Whereas Grade 3 was 
described in 1% of treated individuals [13].
Ishii et al., compared toxicity rates between whole-
pelvic and prostate-only VMAT. No statistical differ-
ence was observed. Grade 2 GI toxicity was 10.1% and 
6.7% while GU 12.6% and 10.5% respectively. Only an 
increased frequency of diarrhea in whole-pelvic VMAT 
was significant [14]. The above findings indicate that 
all of mentioned methods of radiotherapy are well tol-
erated. Grade 3 of acute toxicity appears rarely. In our 
study, irrespective of the irradiation technique used, 
neither Grade 3 nor 4 acute toxicity was observed. 
Generally, adverse reactions from genitourinary sys-
tem are observed more frequently than from gastro-
intestinal system. The selection of the most optimal 
treatment method belongs to decision of the multidis-
ciplinary team. Importantly, contrary to brachythera-
py [15] external beam radiotherapy does not require 
anesthesia and it is not limited by prostate size.
 The major limitation of our study is the relatively 
small number of patients analyzed, its retrospective 
nature and the fact that only (short-term) acute tox-
icity of radiotherapy was assessed. Although the de-
scribed techniques are generally very well tolerated, 
the radiation therapy is time-consuming (generally 
lasts for seven to eight weeks). Furthermore, in con-
trast to surgery, patients are treated with hormonal 
therapy with its known side effects. 
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