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Early toxicity of hypofractionated radiotherapy for prostate cancer
Pavel Krupaa,b, Hana Tichac, Tomas Kazdaa, Radana Dymackovaa, Jana Zitterbartovaa, Anna Odlozilikovac, Libor Komineka, 

Lukas Bobeka, Ales Kudlaceka, Pavel Slampaa,b

Background. Hypofractionated accelerated radiotherapy (HART) is now a feasible option for prostate cancer treatment 
apropos toxicity, biochemical control and shortening of treatment. The aim of this study was to investigate hypofrac-
tionated schedules in the treatment of patients with localized prostate cancer. 
Patients and Methods. Between 2011-2014, 158 patients were treated using the RapidArc technique with IGRT. The 
target volume for low risk patients was the prostate alone with a prescribed dose of 20x3.0 Gy (EQD2=77 Gy). Targets 
volumes for intermediate and high risk patients were prostate and two thirds of the seminal vesicles with a prescribed 
dose 21-22x3.0/2.1 Gy (EQD2=81/45.4-84.9/47.5). Based on radiobiological modelling of early toxicity, we used four 
fractions per week in the low risk group and four fractions in odd weeks and three fractions in even weeks in interme-
diate and high risk groups. The RTOG/EORTC toxicity scale was used. 
Results. Early genitourinary (GU) toxicity was observed for grades 0, 1, 2, 3 and 4 in 73 (46%), 60 (38%), 22 (14%), 0 and 
3 (2%), respectively; early gastrointestinal (GI) toxicity was recorded for grades 0, 1, 2 and 3 in 119 (75%), 37 (23%), and 
2 (1%) patients, respectively. 
Conclusion. A combination of moderate hypofractionation, number of fractions per week adapted to target volume 
and precise dose delivery technique with image guidance appears safe with low early toxicity. Longer follow up is 
needed to assess late toxicity and tumor control probability.
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INTRODUCTION

Prostate cancer is now one of the most common ma-
lignant diseases in men in the USA. Expansion of PSA 
screening has led to a remarkable rise in low-risk prostate 
cancer detection1. Conventional fractionated radiothera-
py, provided for eight weeks, is one of the longest sched-
ules in radiation oncology practice. Shortening the overall 
treatment period is advantageous from many points of 
view, including patient compliance and economic consid-
erations. Increasing numbers of clinical trials discussed 
below show the non-inferiority of hypofractionated ac-
celerated radiotherapy (HART) in comparison to con-
ventionally fractionated curative radiotherapy of prostate 
cancer. From the radiobiology point of view, the most 
important is the α/β ratio, which appears to be much 
lower for prostate cancer than for other tumors. Moreover, 
it appears to be even lower than the value of late reacting 
tissues2. The most frequtly published value is α/β=1.5 Gy 
(ref.3). The lower the α/β ratio is, the higher the response 
to increased dose per fraction of ionizing radiation. In 
other words, the same equivalent dose to tumor and lower 
equivalent dose to surrounding tissues, including these re-
sponsible for late toxicity, may be achieved by HART. This 
assumption is supported by a number of current clinical 

studies4-7. However, with increasing dose per fraction, the 
probability of early toxicity rises. Extracranial Stereotactic 
radiotherapy uses high doses per fraction, usually 7–10 Gy 
in 4–5 fractions. Precise dose delivery and image guidance 
systems, mostly using robotic linear accelerator and auto-
matic fiducials tracking, are used. Mild hypofractionation 
uses lower doses per fraction, usually 2.5–4 Gy. Taking 
into account the phenomenon of repopulation, we assume 
that partial reduction of early effects may be achieved by 
inserting free days into the fractionation schedule2. The 
aim of this study was to confirm that the hypofractionated 
regimens used were feasible without undue early toxicity 
and with perspective to show acceptable late toxicities 
and disease control.

PATIENTS AND METHODS

Patients
Between January 2011 and March 2014, 158 patients 

with localized, histologically confirmed prostate adeno-
carcinoma were treated at the Masaryk Memorial Cancer 
Institute in Brno, Czech Republic with volumetric modu-
lated arc therapy (RapidArc) (ref.8). Patients were strati-
fied into two risk groups according to NCCN clinical 
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guidelines in oncology, Prostate cancer, version 1.2011 
(ref.9) as low risk (PSA < 10 ng/mL, GS ≤ 6, T1-T2a) as 
one group and intermediate risk (PSA 10 -20 ng/mL or 
GS = 7 or T2b-T2c) and high risk (PSA > 20 ng/mL, or 
GS > 7, or T3a) together as the second group. This clas-
sification was based on the work of D’Amico et al.10. Basic 
patient characteristics are summarized in Table 1.

Schedule preparation
In preparing the HART schedule, dose volume his-

tograms of 80 patients were analyzed using the methods 
of radiobiological modeling of normal tissue complica-
tion probability (NTCP) and tumor control probability 
(TCP) (ref.11). We searched for a universal scheme that 
metthe criteria for isoeffectiveness (TCP) and isotoxicity 
(NTCP) evaluated for early and late toxicity for rectum 
and bladder. For late toxicity, Quantec12,13 data were used. 
For early toxicity we used data published by Strigari et al. 
Radiobiological modeling was performed with the Biogray 
software14. For each DVH a set of TCP and NTCP val-
ues was obtained. Then we searched for an appropriate 
schedule with 3.0 Gy per dose. The models used took into 
account the repopulation factor. In this way, early toxicity 
depending on number of free days per week could be mod-
eled. Two separate schedules for different irradiated vol-
umes (for prostate alone and for prostate and two thirds 

of the seminal vesicles) were created. For prostate alone, 
the final scheme was 20x3.0 Gy, 4 days per week (77 Gy 
with conventional fractionation). For irradiating the pros-
tate and 2/3 of the seminal vesicles as PTV1 and prostate 
alone as PTV2, the prescribed doses were 21-22 x 3.0 Gy 
for PTV2 a and 21-22 x 2.1 Gy for PTV1, alternately 3 
and 4 days per week, using simultaneous integrated boost 
technique. The doses corresponded to 81-84.9 Gy and 
45.4-47.5 Gy with conventional fractionation.

Radiotherapy planning and patient preparation
Standard planning CT study of pelvis with 3 mm slice 

thickness was performed with iodine contrast agent ad-
ministrated half an hour before scanning. After adminis-
tration, patients were instructed to urinate and drink 0.5 
L of water, in order to have a conformably full bladder at 
the time of CT scanning. Organs at risk (bladder, rectum 
from anal sphincter to sigmoid junction and both femo-
ral heads) were contoured by a radiation oncologist. In 
low risk patients, clinical target volume included prostate 
alone, while in intermediate and high risk patients, two 
clinical target volumes were defined - prostate with two 
thirds of the seminal vesicles and prostate alone. Image of 
contrast agent in bladder was used to precisely differenti-
ate the border between bladder and prostate prominence, 
if present. In order to calculate the correct dose margin, 

Table 1. Patient’s characteristics.

  Low risk
Intermediate 
and high risk

All

Number of patients 48 110 158
Median of age 74 75 74
Median of follow-up (months) 28 20 22
Median of PSA (ng/mL) 6.4 9.1 7.6

Gleason score (GS)
GS = 3 1 (2%) 1 (1%) 2 (1%)
GS = 4 1 (2%) 0 (0%) 1 (1%)
GS = 5 6 (13%) 1 (1%) 7 (4%)
GS = 6 40 (83%) 29 (26%) 69 (44%)
GS = 7 0 (0%) 72 (65%) 72 (46%)
GS = 8 0 (0%) 5 (5%) 5 (3%)
GS = 9 0 (0%) 2 (2%) 2 (1%)

T Stage
T1 39 (81%) 61 (56%) 100 (63%)
T2 9 (19%) 45 (41%) 54 (34%)
T3 0 (0%) 4 (3%) 4 (3%)
N1 Stage 0 (0%) 0 (0%) 0 (0%)
Hormonal therapy 20 (42%) 65 (59%) 85 (54%)
Intervention on prostate 
(transurethral or retropubic)

2 (4%) 2 (2%) 4 (3%)

Risk Group (NCCN)
Low risk 48 (100%) 0 (0%) 48 (30%)
Intermediate risk 0 (0%) 94 (85%) 94 (59%)
High risk 0 (0%) 16 (15%) 16 (10%)

Applied dose
20x3.0 Gy 48 (100%) 0 (0%) 48 (30%)
21x3.0 Gy 0 (0%) 71 (65%) 71 (45%)
22x3.0 Gy 0 (0%) 39 (35%) 39 (225%)
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the volume of contrast agent in CT image was substituted 
with water-density equivalent. CTV-PTV was 10 mm in all 
directions except for 8 mm towards the rectum in compli-
ance with internal IGRT protocol. Prescribed doses are 
summarized above.

Dose-volume constraints for organs at risk are sum-
marized in Table 2. For all patients, volumetric modulated 
RapidArc technique was planned with Aria 8.6 (2011-
2013) and Aria 8.11 (2014). The dose was delivered by 
Clinac iX (Varian). 

To prevent early toxicity, treatment for low-risk cancer 
was performed four days per week (with Wednesday typi-
cally as the free day), and for intermediate/high-risk alter-
nately three and four days per week (usually Wednesday 
in odd weeks and Tuesday and Thursday in even weeks 
as free days). During therapy, daily cone beam CT was 
performed for image guidance purposes. Cone beam CT 
and planning CT images were co-registered based on soft 
tissue. Position correction was made every day with no 
action threshold using self-acting Table movement. Before 
each fraction, patients were asked to defecate, if possible, 
and exactly half an hour before irradiation to urinate and 
then drink 0.5 L of water. Patients underwent a regular 
weekly clinical examination for assessment of early toxic-
ity. The worst grade observed during radiotherapy was 
recorded as a definitive early toxicity grade. The follow 
up visits were performed on the 1st, 3rd and then every 
6th month after radiotherapy was terminated, or more 
frequently, according to physician decision. Toxicity 
was evaluated according to the RTOG/ EORTC scale15. 
Patients who needed any kind of drug support were clas-
sified as G2. Three patients who needed urethral catheter-
ization, were identified as G4.

Statistical analysis
In this study, descriptive statistics (average, median, 

frequency) were used.

RESULTS

Low-risk patients
48 patients with low-risk cancer underwent therapy on 

the prostate alone. 20 (42%) of these were treated with 
neoadjuvant hormonal therapy administered by a urolo-
gist. Two (4%) patients had transurethral prostatectomy 
in their medical history. Early genitourinary (GU) toxicity 

was observed for grades 0, 1, 2 , 3 and 4 in 20 (42%), 18 
(38%), 9 (19%), 0 and 1 (1%), respectively; early gastro-
intestinal (GI) toxicity was recorded for grades 0, 1 and 
2 in 31 (65%), 16 (33%) and 1 (2%) patients respectively.

Intermediate and high-risk patiens
94 patients with intermediate and 16 with high-risk 

cancer underwent therapy on prostate alone as one and 
prostate and 2/3 of seminal vesicles as the second target 
volume. 65 (59%) of thesewere treated with neoadjuvant 
and concomitant hormonal therapy. Two (2%) patients 
had transurethral prostatectomy in their medical history. 
Early genitourinary (GU) toxicity was observed for grades 
0, 1, 2, 3 and 4 in 53 (48%), 42 (38%), 13 (12%), 0 and 2 
(2%), respectively; Early gastrointestinal (GI) toxicity was 
recorded for grades 0, 1, and 2 in 88 (80%), 21 (19%), 1 
(1%) and 0 patients, respectively.

Cumulative results of all patients
Altogether, 158 patients with localized prostate cancer 

were treated with hypofractionated schedule. 85 (54%) 
were administred with neoadjuvant and 65 (41%) with 
concomitant hormonal treatment as well. Early genitouri-
nary (GU) toxicity was observed for grades 0, 1, 2, 3 and 
4 in 73 (46%), 60 (38%), 22 (14%), 0 and 3 (2%), respec-
tively; early gastrointestinal (GI) toxicity was recorded for 
grades 0, 1, 2 and 3 in 119 (75%), 37 (23%), and 2 (1%) 
patients, respectively. 

The results are summarized in Table 3.

Table 2. Dose-volume constraints. 

Maximal dose  
[Gy] (in volume of organ)

Rectum 63 (15%)

58 (20%)

54 (25%)

50 (35%)

42 (50%)

Bladder 68 (15%)

63 (25%)

59 (35%)

55 (50%)

Femoral heads 42 (5%)

Table 3. Early toxicity.

  Low risk Intermediate + high risk All

  GI GU GI GU GI GU
G0 31 (65%) 20 (42%) 88 (80%) 53 (48%) 119 (75%) 73 (46%)
G1 16 (33%) 18 (38%) 21 (19%) 42 (38%) 37 (23%) 60 (38%)
G2 1 (2%) 9 (19%) 1 (1%) 13 (12%) 2 (1%) 22 (14%)
G3 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%)
G4 0 (0%) 1 (1%) 0 (0%) 2 (2%) 0 (0%) 3 (2%)
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Aluwini et al.23 recently published results of phase III 
randomized study, enrolling patients with intermediate or 
high risk prostate cancer. 391 patients received 39x2.0 Gy, 
five fractions per week and 403 patients received 19x3.4 
Gy, three fractions per week. IMRT with IGRT focusing 
on applied fiducial markers was used. Early GU toxicity 
worse than G2 was 58% versus 61% (P = 0.43) and GI 
toxicity 31% versus 42% (P = 0.0015) for conventional 
fractionation versus hypofractionation respectively.

Trials using extreme hypofractionated schedules show 
overall low early toxity. Most of them use robotic linear 
accelerator, image guidance with fuducials tracking and 
very small CTV-PTV margines or special imobilisation 
techniques.

These and other studies are summarized in Table 4.
These studies are difficult to compare owing to differ-

ent dose delivery techniques, dose per fraction, usage of 
IGRT, etc. It can be said that most studies show mild early 
GI (4.5-42%) and GU (7.6-61%) toxicity ≥G2.

In comparison to the studies mentioned above, our 
study achieved low levels of early toxicity. This can be 
explained by choice of free days inserted into the sched-
ule in combination with precise dose delivery represented 
by volumetric arc technique with daily cone beam image 
guidance.

Smaller CTV-PTV margines used contemporary in our 
clinic can show further lowering of early toxicity.

From a radiotherapy clinic time management point 
of view, the concept of free days can be better optimized. 

DISCUSSION

Technological progress in accuracy of radiation de-
livery dose enables reduction in irradiated volumes. This 
improvement enables application of different accelerated 
regimens and schedules, from mild hypofractionation to 
stereotactic techniques. Higher precision of dose deliv-
ery and image guidance is one approach for accelerated 
fractionation schedules. In prostate cancer, we there ia 
another assumption which is supported by different ra-
diobiological characteristics. The concept that prostate 
cancer’s α/β ratio is lower than α/β of rectum and blad-
der, was published by Brenner and Hall16. A number of 
other studies suggested high sensitivity dose per fraction.
These would favor hypofractionated schedules17-19. Dasu 
and Toma-Dasu3 analyzed the clinical data of 14 168 
patients and concluded, that the α/β ratio is very low  
(1-1.7 Gy). In tumors with high α/β value, the late toxicity 
NTCP increases with increasing dose per fraction, while 
the TCP increases much more slowly. Reverse ratio is 
applicable in prostate cancer radiotherapy. With increas-
ing prescribed daily dose, the TCP curve should increase 
faster than NTCP. Taking into account healthy tissues 
repopulation, we assume that early toxicity can be reduced 
by using less than five fractions per week. Owing to larger 
irradiated volume (seminal vesicles) and higher total dose 
in intermediate and high-risk patients, one and two free 
days a week alternately were needed to reach the isotoxic 
scheme in our radiobiological modeling, while only one 
free day was needed when prostate alone was irradiated.

The concept of hypofractionation has been tested in a 
few randomized and nonrandomized trials. The authors 
concerned have described early as well as chronic toxicity, 
as low or acceptable.

Arcangeli et al.6 tested a regimen with 20x3.1 Gy, 
4 fractions per week versus 40x2.0 Gy in patients with 
high-risk prostate cancer. Whole pelvis was not irradiated. 
No significant difference in toxicity was observed. With 
a median follow-up of 70 months, isoefficiency of both 
fractionation schedules was confirmed.

Pollack et al.20 actualized the data of their randomized 
study which compared regimens 38x2.0 Gy versus 26x2.7 
Gy. No significant difference was found in toxicity or in 
biochemical control.

Faria et. al.21 assessed 82 patients with intermediate 
risk prostate cancer without any hormonal therapy with 
a median follow up of 81 months. The applied dose was 
22x3.0 Gy, 3D CRT technique, 7 mm CTV-PTV margin. 
G2 toxicity for GI was 18% and for GU 21% (worst re-
corded grade). In the last clinical evaluation, the level of 
G2 toxicity decreased to 2% and 7%, respectively.

Jereczek-Fossa et al.22 assessed a group of 179 older 
men (median age 74 years) treated with dose 26x2.7 Gy 
with IGRT and smaller CTV-PTV margin versus 174 
younger (median age 71 years) treated with a dose of 
42x2.0 Gy without IGRT and bigger CTV-PTV margin. 
GI toxicity grade 2 or higher was recorded in 12.3% pa-
tients treated with hypofractionation and 6.3% patients 
treated with conventional fractionation (P = 0.014), GU 
toxicity was 39.2% and 20.7% respectively (P < 0.0001).

Fig. 1. Early toxicity distribution.

Fig. 2. Incidence of early toxicity ≥ G2.
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One example is a schedule with alternating two and three 
radiation days per week and dose per fraction which will 
preserve corresponding equivalent dose, as well as shorten 
all treatment periods in comparison with conventional 
fractionation.

CONCLUSION

This study confirms the feasibility of hypofractionated 
approach in themanagement of prostate cancer curative 
radiotherapy from the viewpoint of early toxicity. The 
dose 20-22x3.0 Gy, three to four days per week, is associ-
ated with acceptable early toxicity. Late toxicity and PSA 
response is not reported due to short follow-up. 

Use of radiobiological principles in combination with 
precise dose delivery and image guidance systems is prom-
ising in terms of to very short radiotherapy course to the 
advantage of patients, hospitals and the public health 
system.
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